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ABSTRACT

Adults’ ability to detect online misinformation is improved by cognitive reflection and targeted instruction. Is the
same true for children, who are also on the internet and may also be exposed to online misinformation? We
explored this question by asking children aged 4 to 12 (N = 135, 54 % female, 31 % white) to judge the veracity
of news stories that had circulated on the internet, some real and some fake. We compared their differentiation of
fake news from real news to their performance on a developmental version of the Cognitive Reflection Test, the
CRT-D. We also administered a brief tutorial encouraging children to scrutinize the plausibility of a story’s
content or the credibility of its source. Children’s differentiation of fake news from real news was strongly
correlated with their CRT-D scores but did not improve with instruction; rather, instruction made children more
skeptical of all news. A comparison group of adults (N = 117) demonstrated similar findings with the exception
that instruction improved adults’ differentiation of fake news from real news for those who received source-
based instruction. These findings indicate that the evaluation of online news is aided by cognitive reflection
from the start and that knowledge of news sources, and news production more generally, may be critical for

developing adult-level competencies at detecting online misinformation.

1. Introduction

Before the internet, the news landscape looked very different. News
was disseminated by teams of professional reporters, editors, and fact
checkers who systematically vetted the stories they published. Although
professional journalists were not immune to mistakes or bias, they
employed a set of standards that ensured that the news they reported
was generally accurate. This assumption is no longer valid in the age of
digital media. Anyone can post anything on the internet, and false posts
can be shared as easily as true ones. Indeed, studies of how information
spreads on social media have found that fake news—or news designed to
deceive or mislead—spreads faster and farther than real news
(Vosoughi, Roy, & Aral, 2018).

The prevalence of false or misleading information on the internet
forces internet users to grapple with the challenge of detecting it. This
challenge is epistemically complex; it requires coordinating factual
knowledge of events that have (or have not) happened, conceptual
knowledge of events that are likely (or unlikely) to happen, and social
knowledge of reliable (and unreliable) informants. Such epistemic de-
mands can be burdensome for any internet user (van der Linden, 2023),
but they are perhaps most burdensome for the internet’s youngest users:
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elementary-school-aged children.

Most elementary schoolers in the US have regular access to the
internet and routinely use the internet for both entertainment and ed-
ucation (Rideout & Robb, 2020). But children of this age have a limited
understanding of what the internet is and how it works. Many think that
information found on the internet is generally accurate, particularly
younger children (Girouard-Hallam, Tong, Wang, & Danovitch, 2023).
Many also think that the credibility of a website can be gleaned from its
appearance (Metzger, Flanagin, Markov, Grossman, & Bulger, 2015).
When searching for information online, they avoid websites that contain
typos but are largely indifferent to websites that contains exaggerations,
like “it snows everyday during winter,” or falsehoods, like “seals are
bright green mammals” (Einav, Levey, Patel, & Westwood, 2020), likely
because they fail to register these errors. A national survey of elementary
schoolers in the UK found that only 3 % were able to identify which of
six news stories were false (National Literacy Trust, 2018).

Older children’s understanding of the internet is not much better.
Many middle schoolers fail to recognize that some websites are hoaxes,
such as websites on male pregnancy (Metzger et al., 2015) or the Pacific
Northwest Tree Octopus (Loos, Ivan, & Leu, 2018), and most middle
schoolers have trouble explaining why sponsored content from a bank
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might not provide objective financial advice or why statistics cited in the
comments section of a news site should not be included in a research
paper (McGrew, Breakstone, Ortega, Smith, & Wineburg, 2018). Most
middle schoolers also have trouble discriminating news stories from
other content posted online such as opinion pieces and sponsored ad-
vertisements (McGrew et al., 2018). Even high schoolers tend to eval-
uate the credibility of a source based solely on what the source has
posted about itself (Wineburg, Breakstone, McGrew, Smith, & Ortega,
2022).

In the present study, we explore children’s susceptibility to online
misinformation in the context of a controlled paradigm used to study
adults’ susceptibility: a fake news detection task, pioneered by Penny-
cook and Rand (2019). Participants in this task are shown a variety of
news stories, some real and some fake, and asked to judge the veracity of
each. Successful performance on this task varies with several factors,
including partisan identity (Roozenbeek et al., 2022), social media
habits (Ceylan, Anderson, & Wood, 2023), and aging (Brashier &
Schacter, 2020). Two additional factors, potentially relevant to children,
are reflection and instruction. Adults who exhibit higher levels of
cognitive reflection, or the ability to identify and override erroneous
intuitions, are better at discriminating fake news from real news
(Batailler, Brannon, Teas, & Gawronski, 2022; Pehlivanoglu et al., 2021;
Pennycook & Rand, 2019), as are adults instructed to focus on the ac-
curacy of the stories they are reading (Martel et al., 2024; Panizza et al.,
2022; Pennycook & Rand, 2022).

Here, we investigate how well children are able to differentiate fake
news from real news and whether this ability is influenced by reflection
and instruction. Children have less knowledge to apply to the challenge
of detecting fake news, either content knowledge or source knowledge,
but this deficit does not necessarily render them more credulous. Ample
research indicates that children are naturally skeptical of dubious in-
formation (Woolley & Ghossainy, 2013) and dubious informants (Mills,
2013), and the current study explores whether, and how, that skepticism
manifests itself in the context of online misinformation and in relation to
children’s emerging reflectiveness about their own cognition. Cogni-
tively reflective children have been shown to prioritize analysis over
intuition across a variety of reasoning tasks (Shtulman & Young, 2023),
and such skills may aid children in differentiating plausible news stories
from implausible ones as well as credible news sources from noncredible
ones.

2. Children’s evaluation of secondhand information

Children’s susceptibility to misinformation on the internet stands in
stark contrast to their vigilance toward accepting dubious information in
other contexts. When children encounter implausible information in a
conversation or storybook, they are highly skeptical. Children as young
as three easily recognize when events violate physical laws and classify
such events as magic (Johnson & Harris, 1994). They also recognize that
people cannot violate physical laws and reject stories in which people
grow smaller, stay awake forever, walk through a wall, or float in the air
(Browne & Woolley, 2004; Sobel, 2004).

If children do err in their judgments of possibility, they err on the
side of judging too little possible (Woolley & Ghossainy, 2013). Young
children not only reject events that violate physical laws but also reject
events that violate mere regularities—events that are improbable but
not impossible, like drinking onion juice or finding an alligator under
the bed (Shtulman & Carey, 2007). Young children correctly claim a
person could not own a pet unicorn in real life, but they incorrectly claim
a person could not own a pet peacock; they correctly claim a person
could not make lightning-flavored ice cream, but they incorrectly claim
a person could not make pickle-flavored ice cream (Goulding & Fried-
man, 2021; Shtulman, Goulding, & Friedman, 2024). Children’s ten-
dency to judge improbable events impossible has been observed across
contexts (Williams & Danovitch, 2022), cultures (Nissel et al., 2024),
and instruction (Lane, Ronfard, Francioli, & Harris, 2016).
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This conflation of improbability with impossibility suggests that
children’s judgments of whether an event could happen are based on
superficial reactions, such as surprise or confusion, rather than reasoned
considerations, such as whether the event violates a known principle.
Indeed, children’s ability to differentiate improbable events from
impossible events improves not only with age but also with cognitive
reflection (Shtulman et al., 2023), implying that children’s initial
skepticism about the plausibility of unexpected events is broad but
shallow.

Another form of skepticism that children exhibit from an early age is
skepticism about who to believe. Children do not believe just anyone;
they selectively trust some informants over others. When confronted
with two informants asserting contradictory claims, children as young as
two side with the informant demonstrating greater accuracy, knowl-
edge, or competence (Harris, Koenig, Corriveau, & Jaswal, 2018), and
they make such assessments when considering a variety of claims,
including claims about the names of objects, the functions of tools, the
rules of games, and the locations of toys (Mills, 2013). By five, children
can even tell which of two informants is more trustworthy when both
have stated true facts but the facts stated by one informant are
misleading (Levush & Butler, 2024).

Epistemic qualifications like accuracy and knowledge are not, how-
ever, the only cues children take into account when deciding who to
trust. Children also consider superficial cues such as how attractive an
informant is or whether they speak with a foreign accent (Lascaux,
2020). Children are particularly swayed by whether an informants’
claims are written down. As soon as children can read, they defer to text
as an authoritative source of knowledge (Robinson, Einav, & Fox, 2013)
and privilege written information over oral information (Corriveau,
Einav, Robinson, & Harris, 2014; Einav, Robinson, & Fox, 2013). Even
children who are poor readers themselves side with written assertions
over oral ones (Chandler-Campbell, Ghossainy, Mills, & Corriveau,
2022).

Writing also overrides children’s inclination to reject implausible
claims (Eyden, Robinson, Einav, & Jaswal, 2013). If, for instance, they
are shown a hybrid animal that looks mostly like a bird and partly like a
fish, they will accept that the animal is a fish if labeled “fish.” Children
who are simply told the animal is a fish reject that assertion, insisting
that it is a bird instead. Children’s willingness to trust text over their
own intuitions is potentially problematic when applied to the internet,
where all information is conveyed by text, accurate or not.

These findings indicate that children are epistemically sophisticated
in some ways but naive in others. They exhibit a healthy dose of skep-
ticism in the face of implausible claims and unreliable informants, but
they can be persuaded to change their minds by the trappings of au-
thority and authenticity. Such trappings abound on the internet, where
children do appear to be swayed by professional-looking formatting and
professional-sounding credentials (McGrew et al., 2018; Metzger et al.,
2015). In the present study, we further explore the tension between
children’s early skepticism and their receptivity to seemingly official
testimony by measuring how well they can parse real information from
misinformation when both are presented in the same journalistic format.

3. The role of reflection in detecting fake news

Cognitive reflection is the disposition to privilege analysis over
intuition. It is traditionally measured with Frederick’s (2005) Cognitive
Reflection Test or CRT. The CRT consists of three math problems that
elicit intuitive, yet inaccurate, responses correctable with a reanalysis of
what the problem asks. Cognitive reflection has been associated with
several hallmarks of rational thought, including sensitivity to base rates,
sensitivity to sample size, recognition of statistical fallacies, and dis-
counting of sunk costs (Toplak, West, & Stanovich, 2011). Conversely, a
lack of reflection has been associated with epistemically questionable
practices, such as rejecting science, accepting conspiracy theories,
adhering to superstition, and agreeing with bullshit (Pennycook,
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Fugelsang, & Koehler, 2015).

Acceptance of fake news is another epistemically questionable
practice predicted by low cognitive reflection. In a pioneering study of
adults’ susceptibility to online misinformation, Pennycook and Rand
(2019) presented adults with real and fake political news, such as
“Trump strikes conciliatory tone in meeting with tech executives” from
wsj.com (a real story) and “Trump to ban all TV shows that promote gay
activity” from colossill.com (a fake story). They found that adults were
generally poor at discriminating fake stories from real stories, but
discrimination varied with cognitive reflection; those who performed
better on the CRT were also better at discriminating the two types of
stories.

The correspondence between cognitive reflection and fake news
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detection has been replicated with many news stories and in many
participant populations (e.g., Bago, Rand, & Pennycook, 2020; Batailler
et al., 2022; Lemaire, Ye, Le Stanc, Borst, & Cassotti, 2025; Maertens
et al., 2024; Pehlivanoglu et al., 2021; Saltor, Barberia, & Rodriguez-
Ferreiro, 2023). Cognitive reflection is not only a consistent predictor of
news evaluation but also a stronger predictor than partisan identity
(Pennycook & Rand, 2021). Adults tend to judge stories that align with
their political beliefs as more accurate than those that challenge their
beliefs, but this tendency is overshadowed by the benefits of reflection
such that adults with high CRT scores are better at detecting fake news
than those with low scores regardless of its political content.

The value of reflection independent of content suggests that reflec-
tion may improve children’s news evaluation as well. Children cannot be

A Walrus Named Freya Is Sinking Boats and Causing Mayhem in Norway
Freya is quickly becoming an international icon, but the stress of fame has become

bothersome for her.
HUFFPOST.COM

Rare Species of Owl Found in the Western United States and Parts of China

Research suggests that the Rainbow Owl is responsive to music and attracted to human

singing.
TYPEPAD.COM

Fig. 1. Examples of real news (top) and fake news (bottom).
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expected to identify political misinformation, as they know little of
politics, but misinformation comes in many flavors. Consider the two
stories presented in Fig. 1: a real story about a walrus “sinking boats and
causing mayhem in Norway” (from huffpost.com) and a fake story about
a rainbow owl “responsive to music and attracted to human singing”
(from typepad.com). Both stories were widely circulated on the internet
and could easily have been viewed by children. Might cognitive reflec-
tion have assisted children in recognizing that only the walrus story is
true?

Previous research has shown that adolescents’ scores on the CRT
predicts their ability to differentiate real news from fake news (Lemaire
et al., 2025), but the CRT is too mathematically demanding to admin-
ister to elementary-school-aged children. We administered instead the
Cognitive Reflection Test, Developmental version, or CRT-D (Young &
Shtulman, 2020a). The CRT-D consists of nine brainteasers appropriate
for children as young as four. A sample question is “What do cows
drink?”, which elicits the intuitive response “milk.” This response can be
identified as wrong with reflection on the fact that cows produce milk
but do not drink it; they drink water.

Children’s scores on the CRT-D predict several measures of rational
thought, such as privileging evidence over anecdotes, selecting favor-
able outcomes by probability rather than frequency, and drawing in-
ferences from counterintuitive premises (Gong, Young, & Shtulman,
2021). Children’s CRT-D scores also predict several facets of higher-
order cognition, including scientific reasoning (Young & Shtulman,
2020b), mathematical reasoning (Kirkland, Guang, Cheng, & McNeil,
2024), statistical reasoning (Young & Shtulman, 2024), and reasoning
about possibility (Shtulman et al., 2023). The CRT-D thus provides a
comparable alternative to the CRT for investigating how reflection in-
fluences children’s news evaluation.

4. The role of instruction in detecting fake news

Adults’ detection of fake news can be improved with a variety of
interventions. Teaching adults internet search strategies, such as
resisting the urge to click on the first search result or investigating the
origins of a photo with reverse image search, improves their differen-
tiation of fake news from real news (Moore & Hancock, 2022). Showing
adults videos about common forms of online manipulation, such as
creating false dichotomies or making ad hominem attacks, improves
their subsequent detection of manipulative web content (Roozenbeek,
Van Der Linden, Goldberg, Rathje, & Lewandowsky, 2022), as does
involving them in a video game covering the same topics (Roozenbeek &
Van der Linden, 2019). Even simple interventions work. Paying adults
for correct judgments of whether a story is true or false yields higher
rates of fake news detection (Panizza et al., 2022), and asking adults to
rate the accuracy of a single fake news story reduces their subsequent
willingness to share other fake stories (Pennycook et al., 2021).

Similar interventions have proven effective for adolescents. High
schoolers trained to identify techniques for manipulating trust, such as
impersonating experts, fueling polarization, or floating conspiracy the-
ories, are better at identifying social media posts that exemplify these
techniques (Axelsson, Nygren, Roozenbeek, & van der Linden, 2024).
High schoolers trained to “read laterally,” or verify the accuracy of an
online post by searching for what other online sources say about the
post, are better at spotting and dissecting online misinformation
(Wineburg et al., 2022; see also Brodsky et al., 2021). And middle
schoolers shown the consequences of sharing misinformation through a
game-based simulation are better at identifying social media posts that
should not be shared (Barzilai et al., 2023).

Such interventions, though useful for adolescents, are too complex
for elementary schoolers. Children of this age are unfamiliar with poli-
tics, so trainings that focus on partisanship or polarization (e.g., Axels-
son et al., 2024) are unlikely to resonate. Children of this age also have
limited ability to search the internet themselves, as many are still
learning to read and write, so trainings that encourage lateral reading (e.
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g., Wineburg et al., 2022) are not yet appropriate either.

Accordingly, we designed our own trainings—trainings that high-
light aspects of a news story that elementary schoolers should be able to
evaluate in light of their natural skepticism toward dubious information
and dubious informants. Specifically, we encouraged children to scru-
tinize the plausibility of a story’s content or the credibility of a story’s
source. Both tactics have proven successful in a classroom setting, where
teaching children to question implausible claims (Sinatra & Lombardi,
2020) or unreliable sources (Brante & Strgmsg, 2018) improves text
comprehension and inferential reasoning. Naturally, older children
should be more successful at these tasks than younger ones given that
they have more knowledge relevant to both content and sources, but
even younger children could benefit from the prompt to reflect on a
story’s legitimacy if their evaluations would otherwise be based on su-
perficial impressions.

5. Current study

Our study is the first to explore elementary school-aged children’s
differentiation of fake news from real news. We designed trainings
appropriate for this age group as well as assessment materials. The
assessment materials consisted of news stories that circulated on the
internet whose truth would be challenging to discern but whose content
was neither too complex nor too mature for use with children. Whereas
adult studies have typically used political stories (following Pennycook
& Rand, 2019), we used stories that covered child-friendly topics such as
food, weather, animals, vehicles, and social customs. To assess the
overall discriminability of our fake stories from our real stories, we
tested adults alongside children. We expected that adults’ discrimina-
tions would correlate with individual differences in cognitive reflection
and would improve with instruction, but it was an open question how
well children would discriminate real news from fake news and whether
that discrimination would track the same variables.

6. Method

The protocol and stimuli for this study were approved by Occidental
College’s Institutional Review Board (approval code SP23-03-SHT).

6.1. Participants

The participants were 135 children between the ages of 4 and 12 (M
age = 8.1). We targeted children old enough to complete our measures
of cognitive reflection but not so old as to have their own social media
accounts. Children in this age range have different amounts of experi-
ence with the internet but could all be considered novices with respect to
evaluating a news feed. The youngest children in our sample were least
likely to have been exposed to online news, but their judgments provide
a baseline for how children might evaluate such news on first encounter.

Child participants were recruited from public parks in the Los
Angeles area and tested onsite using iPads. According to parental report,
54 % of the children were female and 46 % were male; 31 % were white,
23 % were mixed race, 16 % were Hispanic or Latino, 13 % were Asian,
and 4 % were a different race or ethnicity (Black, Indian, Armenian). The
race of the remaining 15 % was unreported. Parents of child participants
were not asked to report their income; however, the median household
income for residents in the main recruitment area (Pasadena) is
$103,778, with 13.2 % of the population living below the poverty line
(U.S. Census Bureau, 2020). Children were distributed fairly evenly
across the age range; 7 % were four, 16 % five, 16 % six, 14 % seven, 14
% eight, 13 % nine, 7 % ten, 4 % eleven, and 9 % twelve.

We also tested 117 adults between the ages of 18 and 22. Adult
participants were recruited from psychology and cognitive science
courses at Occidental College and compensated with course credit. They
were not asked to provide any demographic information. Adults
completed all tasks in the form of an online survey.
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Sample size was determined by testing period. We sampled as many
children as possible over the course of one semester and one summer
(January through August 2023) and as many adults as possible over the
course of one semester (January through May 2023) with the goal of
sampling at least 100 participants in each age group. Retrospective
power analyses using G*Power 3.1.9.6 indicate that both samples were
sufficiently powered to detect a moderate within-participants effect (d
= 0.5) with more than 95 % probability and a small within-participants
effect (d = 0.25) with more than 80 % probability.

6.2. Procedure

The first task that all participants completed was the CRT-D,
including adults. Adults perform substantially better on the CRT-D
than children, but they still exhibit robust variability, and this vari-
ability correlates with other measures of cognitive reflection, including
the original CRT, as well as standard measures of rational thought and
normative thinking dispositions (Gong et al., 2021).

The nine items of the CRT-D were presented in random order, and
participants were scored on the number of items answered correctly.
Consistent with prior research (Young & Shtulman, 2020a), children
answered an average of 3.0 items correctly (SD = 2.2), and scores were
strongly correlated with age in months (r = 0.61, p < .001). Adults
answered an average of 7.7 items correctly (SD = 1.4), and most (62 %)
answered fewer than nine correctly.

Following the CRT-D, participants evaluated the truth of 24 news
stories, 12 real and 12 fake. Children’s evaluations were elicited with
two questions. First, they were asked whether the story was true or false.
Second, they were asked whether the story was “definitely” true/false or
“probably” true/false. Together, these questions comprised a four-point
rating scale, ranging from “definitely false” (scored 0) to “probably
false” (1) to “probably true” (2) to “definitely true” (3). Adults rated
each story using the same scale with all options presented at once.

The 24 news stories were broken into two blocks of 12 presented
before and after a brief training on how to evaluate the veracity of a
news story (described below). Each block contained six real stories and
six fake stories, and the blocks were counterbalanced across participants
so that the block that served as pretest for half the participants served as
posttest for the other half. The stories within each block were presented
in a random order.

6.3. Materials

All news stories were culled from Snopes.com, a fact-checking
website. Snopes investigates questionable stories that circulate on the
internet and determines whether those stories are true or false. We
searched Snopes’s list of true stories for suitable exemplars of real news
and its list of false stories for suitable exemplars of fake news. The
stories’ appearance on Snopes.com ensured that all stories were
implausible enough to raise suspicion but not so implausible as to be
dismissed out of hand. Most stories that appear on Snopes.com are po-
litical and thus unsuitable for children. We limited our selection to
stories that children would be able to evaluate on the basis of general
knowledge, such as stories about unusual animals, unusual technology,
or unusual events. The full list can be found in the Supplemental
Materials.

The stories were presented as they would appear on social media: a
headline, an image, a brief summary, and a URL source, as depicted in
Fig. 1. Most stories were presented as they had originally appeared on
the internet, but some were slightly edited to fit the chosen format.
Stories that lacked a summary were supplemented with text from the
main body, and stories that lacked an image were supplemented with a
generic image related to that topic. Stories were also selected from
different sources to prevent the possibility that participants’ evaluation
of a story could have been influenced by their evaluation of other stories
from the same source.
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Sandwiched between two blocks of stories was a training. The
training focused on either the plausibility of a story’s content or the
credibility of its source. The content training encouraged participants to
ask themselves whether the story makes sense given what they know
about the topic and whether it makes sense given what they know about
the world in general. The source training encouraged participants to ask
themselves whether the story comes from a professional news organi-
zation, and, if they cannot tell, whether it is reported neutrally and
objectively.

Each strategy was modeled with two examples of fake news: a story
titled “California newborn becomes first baby to be named an emoji: Her
name is [heart-eyes][heart-eyes] [heart-eyes]” from prettycoolsite.com
and a story titled “Man hospitalized after his apple airpods exploded in
his ear” from huzlers.com. Trainings took approximately five minutes to
complete. Children were led through the training by an experimenter;
adults read through the training on their own. The protocols for each
training can be found in the Supplemental Materials.

Due to experimenter error, more children received the content
training (n = 83) than the source training (n = 52). However, the type of
training children received did not influence any of the results reported
below. All assessment materials and training materials are available on
the Open Science Framework (tinyurl.com/mv8x3fth); all data and an-
alyses are also available at this site.

7. Results

We analyzed participants’ news evaluation skills using three metrics:
truth ratings, judgment accuracy, and news differentiation scores. Truth
ratings were first-order judgments of whether a story was definitely false
(0), probably false (1), probably true (2), or definitely true (3). These
ratings were averaged by story type (real vs. fake) and assessment period
(pretest vs. posttest), yielding four composites per participant.

Judgment accuracy was analyzed at the item level. Each truth rating
was converted into a binary score (1 = correct, 0 = incorrect). A
response was coded as correct if a participant judged a real story as
“probably true” or “definitely true,” or if they judged a fake story as
“probably false” or “definitely false.”

News differentiation scores were also derived from participants’
truth ratings. Participants’ average truth rating for fake news was sub-
tracted from their average truth rating for real news at each assessment
period. A score of 3 would indicate perfect differentiation of real news
from fake news, achievable only if every real story was judged “defi-
nitely true” and every fake story was judged “definitely false.” A score of
0 would indicate no differentiation of the two types of news. News dif-
ferentiation scores correspond to what Pennycook and Rand (2019) term
“media truth discernment.” They provide a global assessment of par-
ticipants’ news evaluation skill and, accordingly, they are the metric we
use to determine whether individual differences in news evaluation are
predicted by cognitive reflection.

Because the focus of this study is children’s news evaluation, we
analyze children’s judgments separately from adults’. Adults were ex-
pected to differentiate fake news from real news with high fidelity, so
their performance serves as a benchmark for interpreting the sufficiency
of children’s performance.

We analyzed participant data with (generalized) linear mixed-effects
models (LMM/GLMM) using the Ime4 package (Bates, Machler, Bolker,
& Walker, 2015). All models were fit with maximal converging random-
effects structures (Barr, Levy, Scheepers, & Tily, 2013). We tested fixed
effects using Type II Wald F tests with Kenward-Roger degrees of
freedom for LMMs and Type II likelihood-ratio 2 tests for GLMMs. We
estimated marginal means and simple effects using the emmeans package
(Lenth, 2025).

7.1. Truth ratings

As shown in Fig. 2, both adults and children reliably differentiated
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Fig. 2. Estimated mean truth ratings for adults (top) and children (bottom) before and after training. Error bars represent 95 % Cls and jittered points represent raw

participant means.

fake news from real news, rating real news as more true than fake news
at each assessment period. Adults differentiated news types more suc-
cessfully than children, particularly after source training.

We analyzed mean truth ratings by fitting separate LMMs for adults
and children, with fixed effects of news type (fake vs. real), training type
(content vs. source), assessment period (pretest vs. posttest), and their
interactions, along with by-participant random intercepts and slopes for
news type and assessment period. Adults’ truth ratings varied by news
type, F(1, 115) = 817.29, p < .001, assessment period, F(1, 115) =
16.41, p < .001, and marginally by training type, F(1, 115) = 3.45,p =
.066. These effects were qualified by a three-way interaction, F(1, 115)
= 24.28, p < .001. For adults who received content training, skepticism
increased across the board. From pretest to posttest, their truth ratings
decreased for fake news (M = 0.76 to 0.55; A = —0.21, 95 % CI [-0.33,
—0.10]), as well as for real news (M = 1.90 to 1.58; A = —0.32, 95 % CI
[—0.44, —0.21]). A different pattern emerged for adults who received
the source training. From pretest to posttest, they rated real news as
more true (M = 1.83 to 2.05; A = 0.23, 95 % CI [0.12, 0.34]) and fake
news as less true (M = 0.76 to 0.56; A = —0.20, 95 % CI [-0.21,
—0.09]). Thus, only source training had the desired outcome of
increasing adults’ ability to differentiate real from fake news.

Children’s truth ratings varied by news type, F(1,133) = 86.54, p <
.001, and assessment period, F(1, 133) = 23.22, p < .001. Unlike adults,

training type had no effect, F(1, 133) = 1.87, p = .174, and did not
interact with any other factor (ps > 0.28). Children judged real news as
more true than fake news (M = 1.35 vs. 95; A = 0.40, 95 % CI [0.32,
0.48]), but they judged both types of news as less true from pretest to
posttest (M = 1.23 to 1.06; A = —0.18, 95 % CI [-0.25, —0.10]). News
type did not interact with assessment period, F(1, 133) = 1.25, p =.265,
indicating that children’s differentiation of fake news from real news
remained consistent even with increased skepticism toward both types
of news at posttest.

7.2. Judgment accuracy

Fig. 3 displays participants’ correct judgments, i.e., judging real
news as true and fake news as false. Both children and adults tended to
judge fake news as false, and the accuracy of these judgments increased
with training. However, only adults tended to judge real news as true,
and only adults who received the source training demonstrated higher
accuracy for real news following training.

We analyzed response accuracy by fitting separate binomial GLMMs
for adults and children, with fixed effects of news type (fake vs. real),
training type (content vs. source), assessment period (pretest vs. post-
test) and their interactions. For adults, we included by-participant
random intercepts and slopes for news type, assessment period, and



A. Shtulman et al.

Cognition 265 (2025) 106279

Content Training

Source Training

1.00 ~

*_//

0.754

0.50 1

-8~ Fake News

0.254 Real News

Probability Correct: Adults

0.00

Pretest

Posttest

Pretest Posttest

1.00 1
0.75 +/ |
0.50 -

0.25 1

Probability Correct: Children

0.00

T
Pretest

T
Posttest

T T
Pretest Posttest

Fig. 3. Estimated probabilities of accurate judgments for adults (top) and children (bottom) before and after training. Error bars represent 95 % Cis and jittered

points represent participants’ raw proportion of correct judgments.

their interaction, as well as by-item random intercepts. For children, we
included by-participant random intercepts and slopes for news type and
by-item random intercepts and slopes for training type.

Adults’ accuracy varied by news type, ¥%(1) = 6.96, p = .008, with
higher accuracy for fake news than real news (93 % vs. 76 %; OR = 4.48,
95 % CI [1.96, 10.18]), and assessment period, Xz(l) =4.65,p = .031,
with improved accuracy from pretest to posttest (84 % to 90 %; OR =
1.77,95 % CI [1.26, 2.48]). These effects were qualified by a three-way
interaction, Xz(l) =4.69, p =.030. Adults who received content training
improved accuracy for fake news from pretest to posttest (90 % to 97 %j;
OR = 3.45, 95 % CI [1.58, 7.56]), but their accuracy for real news
declined (79 % to 62 %; OR = 0.43, 95 % CI [0.29, 0.65]). In contrast,
adults who received source training improved accuracy for both fake
news (86 % to 96 %; OR = 4.08, 95 % CI [2.02, 8.25]) and real news (76
% to 84 %; OR = 1.60, 95 % CI [1.04, 2.44]). Thus, source training
enhanced accuracy for both news types, whereas content training
increased accuracy for fake news while impairing accuracy for real
news. In fact, accuracy for real news was impaired by a larger margin
(17 %) than their accuracy for fake news was improved (7 %).

Children’s accuracy varied by news type, x2(1) = 24.32, p < .001,
with higher accuracy for fake news than real news (75 % vs 45 %; OR =
3.67, 95 % CI [2.21, 6.11]). This effect was qualified by an interaction
between news type and assessment period, y*(1) = 28.30, p < .001.
From pretest to posttest, children’s accuracy for fake news improved (70
% to 79 %; OR = 1.62, 95 % CI [1.27, 2.071), but their accuracy for real
news declined (49 % to 41 %; OR = 0.71, 95 % CI [0.57, 0.89]). Children
performed similarly for both types of training, and training type did not
interact with news type or assessment period. In other words, children
become more accurate for fake news but less accurate for real news
regardless of training type.

7.3. News differentiation scores

To explore the effects of cognitive reflection on participants’ ability
to differentiate fake news from real news, we computed a news differ-
entiation score for each participant at pretest and posttest by subtracting
their mean truth rating for fake stories from their mean truth rating for
real stories. The highest score one could achieve was 3.0. On average,
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adults achieved a news differentiation score of 1.10 at pretest (SD =
0.52) and 1.27 at posttest (SD = 0.59), and children achieved a news
differentiation score of 0.36 at pretest (SD = 0.68) and 0.44 at posttest
(SD = 0.62).

We first analyzed news differentiation scores by fitting separate
LMMs for adults and children, with fixed effects of CRT-D, training type
(content vs. source), assessment period (pretest vs. posttest), and their
interactions, along with by-participant random intercepts. Fig. 4 dis-
plays participants’ news differentiation scores by CRT-D scores. These
scores were positively associated with news differentiation scores for
both adults, F(1,113) = 8.62, p = .004, b = 0.09, 95 % CI [0.03, 0.14],
and children, F(1,131) = 35.82,p <.001,b=0.11,95 % CI [0.07, 0.14].
Higher cognitive reflection predicted greater differentiation of real news
from fake news. Crucially, this effect was not qualified by any in-
teractions; CRT-D’s influence did not vary as a function of training type
or assessment period for either adults or children (ps > 0.16). This
suggests that cognitive reflection is a robust predictor of news
differentiation.

We next examined the relation between children’s age and news
differentiation score. We fit an LMM with fixed effects of age, training
type (content vs. source), assessment period (pretest vs. posttest), and
their interactions, along with by-participant random intercepts. As can
be seen in Fig. 5, age was positively associated with children’s news
differentiation scores, F(1, 131) =54.41, p < .001. A one year increase in
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age predicted a 0.12 increase in news differentiation score, 95 % CI
[0.09, 0.15]. Like CRT-D, the effect of age did not interact with any other
factors (ps > 0.23).

As noted earlier, children’s CRT-D scores were strongly correlated
with their age (r = 0.61, p < .001), raising the possibility that age rather
than reflection drove children’s news differentiation. To investigate this
possibility, we fit an LMM with fixed effects of age, CRT-D, assessment
period, and their interactions, along with by-participant random in-
tercepts. Both CRT-D, F(1, 131) = 5.30, p = .023, b = 0.05, 95 % CI
[+0.00, 0.09], and age, F(1, 131) = 20.44, p < .001, b = 0.09, 95 % CI
[0.05, 0.13], continued to predict children’s news differentiation, indi-
cating that cognitive reflection and age contributed independently to
children’s differentiation of fake news from real news.

8. Discussion

When children access the internet, they will encounter both real
information and misinformation. Can they differentiate the two? Our
findings suggest yes, at least to a moderate degree. The children in our
study judged fake news as false more often than they judged real news as
false, even though both types of news were surprising enough to merit
fact-checking by an established fact checker (Snopes.com). Older chil-
dren differentiated fake news from real news more reliably than younger
children, and children who scored high on a test of cognitive reflection
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Fig. 4. Estimated news differentiation scores by CRT-D scores for adults (top) and children (bottom) before and after training. Error ribbons represent 95 % ClIs and
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differentiated the two types of news more reliably than those who scored
low, even when controlling for age.

Children were less successful than adults at differentiating fake news
from real news, but the main difference between these groups lay in
their judgments for real news, not fake news. Our models of participants’
accuracy indicate that, on average, fake stories were judged false 75 % of
the time by children and 93 % of the time by adults (a difference of 18
%), whereas real stories were judged true 45 % of the time by children
and 76 % of the time by adults (a difference of 31 %). Children and
adults generally agreed that the fake stories were false but disagreed
about whether the real stories were true.

This finding is surprising given the commonsense belief that children
should be more susceptible to misinformation than adults. It is less
surprising, however, when considering that the real stories used as
stimuli were culled from the same fact-checking website as the fake
stories, done to ensure that all stories presented a comparable challenge.
Studies of adults’ news evaluation also tend to use stimuli that are
matched for surface-level plausibility, and those studies find, similar to
ours, that real news is judged false more often than fake news is judged
true (Pfander & Altay, 2025).

Children’s rejection of real stories is also consistent with the finding
that children err on the side of skepticism rather than credulity when
evaluating the possibility of expectation-defying events (see Shtulman,
2023, for a review). Just as children are prone to reject the possibility of
improbable events, they appear prone to reject the veracity of implau-
sible news. Not all news is implausible, of course, but implausibility is a
recurrent feature. As journalists say, “Dog bites man, who cares? Man
bites dog, now that’s news!” Implausible stories are not only common
but also provide a stringent test of children’s news evaluation. If plau-
sibility were confounded with veracity such that all real stories were
plausible and all fake stories were implausible, children could succeed at
differentiating fake news from real news simply by following their gut
and rejecting any story that violated their expectations; no additional
reflection on a story’s content or source would be necessary.

That said, children’s skepticism of all news raises the question of
whether concerns about children’s susceptibility to fake news are un-
founded. Is it a problem that children err on the side of rejecting real
news rather than accepting fake news? We would argue that it is because
media literacy requires not just the detection of fake news but the dif-
ferentiation of fake news from real news, and many of the children in our
sample failed to show any such differentiation, especially the youngest
children. At pretest, 57 % of four- to five-year-olds earned a

differentiation score of zero or below, as did 50 % of six- to seven-year-
olds, 30 % of eight- to nine-year-olds, and 14 % of ten- to twelve-year-
olds.

Lack of differentiation implies that children’s judgments are shallow,
based on superficial impressions rather than reasoned considerations,
and shallow judgments are more likely to be overridden by social
pressure, such as how often a story has been liked, how often it has been
shared, or whether it was shared by a trusted friend or authority. Chil-
dren’s lack of differentiation, relative to adults, may be why children
appear particularly susceptible to misinformation in studies that have
focused directly on children’s understanding of websites and web con-
tent (e.g., Einav et al., 2020; Metzger et al., 2015). The youngest chil-
dren in our study may not have fully understood the task, given their
limited experience with social media and online news, and their dif-
ferentiation of fake news from real news could potentially be improved
with additional scaffolding or instruction. Still, the task was designed to
emulate the everyday challenge of detecting misinformation in an online
news feed, and children will encounter this challenge as soon as they
become social media users themselves.

Consistent with the idea that children’s skepticism reflects shallow
judgments, children’s ability to differentiate fake news from real news
tracked their cognitive reflection scores, indicating that children who
are inclined to privilege analysis over intuition are better at identifying
the elements of a news story that signal its legitimacy or illegitimacy.
This finding replicates the well-documented correspondence between
cognitive reflection and fake news detection in adults (Pennycook &
Rand, 2021)—a correspondence also documented in the current study
using the CRT-D. Even though adults performed substantially better on
the CRT-D than children, individual differences in CRT-D scores pre-
dicted individual differences in news differentiation in both age groups.
Reflection may thus be a critical safeguard against misinformation
across the lifespan.

In contrast to reflection, instruction did not aid children’s differen-
tiation of fake news from real news. Encouraging children to think more
deeply about the plausibility of a story’s content or the credibility of its
source made children more skeptical of fake news but it also made them
more skeptical of real news, yielding no overall improvement in the
accuracy of their judgments. What kind of instruction, then, might boost
children’s news evaluation skills?

The training effects observed among adults suggest that source-based
instruction may hold more promise than content-based instruction.
Adults encouraged to scrutinize source credibility demonstrated more
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accurate judgments at posttest, whereas adults encouraged to scrutinize
content plausibility demonstrated less accurate judgments. The latter
made gains in detecting fake news but those gains were offset by losses
in detecting real news—an outcome that has been observed for other
content-based interventions as well (Modirrousta-Galian & Higham,
2023).

Content may not provide sufficient leverage for differentiating fake
news from real news because the features that make fake news salient,
such as evocativeness or controversiality, are the same features that
make real events newsworthy. Source information, on the other hand,
can provide critical insights into a story’s origin, motivation, and pro-
duction, and these factors may be better indicators of accuracy than
whether the story accords with prior knowledge. Arguably, even
implausible stories should be accepted as true if published by credible
sources, i.e., sources that maintain rigorous standards for how they
investigate and report their stories.

The reason source training was effective for adults but not children is
presumably that children lack knowledge of how news is produced and
by whom (Ku et al., 2019). Future research could bridge this gap with
instruction about news production, though it is an open question
whether children would benefit from general information about jour-
nalistic standards or would need to learn about specific news outlets that
maintain those standards. The latter may be more helpful when con-
fronted with social-media-style posts that limit source information to a
URL, but this approach would be contentious given the politics of to-
day’s media landscape (Gallup, 2018). Another approach is to highlight
the unreliability of unreliable sources through guided exploration. This
technique has been shown to increase children’s attentiveness to
whether sources cite evidence (Orticio, Meyer, & Kidd, 2024) and
decrease their trust in sources that make blatantly false claims (Tong,
Danovitch, Wang, & Wang, 2025).

9. Limitations & future directions

In many studies of fake news detection, participants are asked to
make two judgments: whether a story is accurate and whether they
would share that story with others on social media. In the present study,
we did not ask children whether they would share the story because
children do not yet have social media accounts and would not be
experienced making such judgments. Still, children do share information
offline. Studies of how children share information in pedagogical con-
texts, like teaching new facts to a peer, find that children privilege true
information over false or ambiguous information (Pueschel, Ibrahim,
Franklin, Skinner, & Moll, 2023), yet children’s sharing decisions are
not driven solely by truth (Qiu, Park, Vite, Patall and Moll, 2025).
Children preferentially share information that their audience will find
useful (Danovitch, 2020), novel (Saylor, Baird, & Gallerani, 2006), or
provocative (Qiu, Ipek, & Moll, 2024), similar to the kinds of informa-
tion that adults share on social media (Chen, Pennycook, & Rand, 2023).
Future research could measure children’s sharing intentions alongside
their accuracy judgments to determine how these assessments are
related from the start of online activity, as children begin spreading
news in addition to consuming it.

Future research might also explore other means of teaching children
to avoid online misinformation. Our teaching interventions encouraged
children to critically analyze specific features of a story, but an alter-
native approach is encouraging them to critically ignore stories with
questionable content (Kozyreva, Wineburg, Lewandowsky, & Hertwig,
2023). Fake news is designed to capture attention and elicit strong re-
actions, so the more we engage with fake news the more we has suc-
cumbed to the intentions of those who created it. The normative strategy
for dealing with questionable content, adopted by professional fact
checkers, is to disengage from that content and seek verification from
other, external sources (Wineburg & McGrew, 2019). This strategy,
known as lateral reading, has proven effective at helping adolescents
identify online misinformation, as noted above.

10
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We did not broach the topic of lateral reading in the current study
because our participants were generally too young to carry it out, but
future research could introduce elementary schoolers to a scaled-down
version of lateral reading that stresses the fundamentals of this
approach without also requiring search skills. It should be noted, how-
ever, that disengaging from fake news and other dubious web content
requires identifying such content as dubious in the first place. Differ-
entiating real information from misinformation is a prerequisite for
ignoring the latter. Many social media posts do not include enough in-
formation for viewers to make a sound determination of accuracy,
thereby necessitating an external search, but viewers must be able to
identify cues to misinformation to initiate any search at all. Children’s
awareness of such cues is thus a worthy topic of investigation even if the
ultimate goal of media literacy is to foster disengagement rather than
deeper engagement.

Related to this concern are concerns about what even counts as
misinformation. Some critics have argued that fake news detection
paradigms have limited real-world applicability because fake news is
not a discrete category of web content (Adams, Osman, Bechlivanidis, &
Meder, 2023), nor is it as prevalent as commonly believed (Altay, Ber-
riche, & Acerbi, 2023). Likewise, fake news impacts some segments of
the public more than others (Brashier, 2024), and its impact may be less
significant than the impact of true but misleading news (Allen, Watts, &
Rand, 2024). Should researchers use fake news as stimuli if its preva-
lence and impact may be overblown?

We would argue that fake news and its detection has instrumental
value. While fake news may not be as prevalent as real news, it is present
on the internet nonetheless, and internet users will likely encounter the
most viral strains of such misinformation. Every story used in the current
study circulated on the internet far enough and wide enough for pro-
fessional fact checkers to take note. And while the impact of a specific
article is difficult to gauge, the fake-news detection paradigm was not
designed to assess impact. Rather, it was designed to measure partici-
pants’ ability to differentiate fake news from real news and how that
differentiation varies with dispositional and situational factors.

This skill is foundational to more advanced forms of media literacy,
and studying its emergence provides valuable insights into when and
how a more nuanced understanding of today’s digital landscape can be
acquired. Indeed, future research could explore the emergence of news
evaluation skills in relation to how children understand the digital
landscape. As that landscape shifts in the wake of Al-generated content,
children will likely encounter more warnings about the internet and its
veracity, and those warnings may affect their willingness to accept on-
line information as true, even before they spend much time online
themselves.

10. Conclusion

Children, like adults, are regularly on the internet and may thus be
exposed to online misinformation. Our study indicates that children are
not as skilled as adults at differentiating misinformation from real in-
formation but do have the capacity to do so, and this capacity is
enhanced by a disposition to reflect on one’s own cognition. Instructing
children to scrutinize the plausibility of news content or the credibility
of news sources increases their skepticism of online news but does not
increase the accuracy of their truth judgments. Instructing adults to
scrutinize the credibility of news sources does increase accuracy and
may prove effective for children as well if accompanied by additional
instruction on news production. Detecting misinformation is not the
only skill that children need to protect themselves against digital
manipulation, but it is a critical first step for engaging other tools in the
toolkit that constitutes sound media literacy.

CRediT authorship contribution statement

Andrew Shtulman: Writing - original draft, Supervision, Project



A. Shtulman et al.

administration, Methodology, Investigation, Formal analysis, Data
curation, Conceptualization. Lucy Stoll: Investigation, Data curation,
Conceptualization. Lesly Sabroso: Investigation, Data curation,
Conceptualization. Andrew G. Young: Methodology, Investigation,
Formal analysis, Conceptualization.

Declaration of competing interest

The authors confirm that they have no affiliation with or involve-
ment in any organization with interests (financial or otherwise) in the
reported research.

Acknowledgements

We would like to thank Jane Baden, Claire Dao, Stephanie Endara,
Hugo Enser, Andei Fukushige, Mohuli Ganguly, Ariel Igielski, Talia
Kurtz, Noel Lee, Anvi Murarka, Joomi Park, Teddy Rountree-Shtulman,
Carolyn Schmidt, Caiti Simmons, Bee Stanton, Sydney Sullivan, and
Christina Yu for their assistance with data collection.

Data availability

All data and analyses are available at the Open Science Framework:
https://osf.io/wshke/?
view_only=fb222a78d31c462382236a6c56769642

References

Adams, Z., Osman, M., Bechlivanidis, C., & Meder, B. (2023). (Why) is misinformation a
problem? Perspectives on Psychological Science, 18, 1436-1463. https://doi.org/
10.1177/17456916221141344

Allen, J., Watts, D. J., & Rand, D. G. (2024). Quantifying the impact of misinformation
and vaccine-skeptical content on Facebook. Science, 384, eadk3451. https://doi.org/
10.1126/science.adk3451

Altay, S., Berriche, M., & Acerbi, A. (2023). Misinformation on misinformation:
Conceptual and methodological challenges. Social Media + Society, 9, 1-13. https://
doi.org/10.1177/20563051221150412

Axelsson, C. A. W., Nygren, T., Roozenbeek, J., & van der Linden, S. (2024). Bad News in
the civics classroom: How serious gameplay fosters teenagers’ ability to discern
misinformation techniques. Journal of Research on Technology in Education, 1-27.
https://doi.org/10.1080/15391523.2024.2338451

Bago, B., Rand, D. G., & Pennycook, G. (2020). Fake news, fast and slow: Deliberation
reduces belief in false (but not true) news headlines. Journal of Experimental
Psychology: General, 149, 1608-1613. https://doi.org/10.1037/xge0000729

Barr, D. J., Levy, R., Scheepers, C., & Tily, H. J. (2013). Random effects structure for
confirmatory hypothesis testing: Keep it maximal. Journal of Memory and Language,
68, 255-278. https://doi.org/10.1016/j.jm1.2012.11.001

Barzilai, S., Mor-Hagani, S., Abed, F., Tal-Savir, D., Goldik, N., Talmon, I., & Davidow, O.
(2023). Misinformation is contagious: Middle school students learn how to evaluate
and share information responsibly through a digital game. Computers & Education,
202, Article 104832. https://doi.org/10.1016/j.compedu.2023.104832

Batailler, C., Brannon, S. M., Teas, P. E., & Gawronski, B. (2022). A signal detection
approach to understanding the identification of fake news. Perspectives on
Psychological Science, 17, 78-98. https://doi.org/10.1177/1745691620986135

Bates, D., Machler, M., Bolker, B., & Walker, S. (2015). Fitting linear mixed-effects
models using lme4. Journal of Statistical Software, 67, 1-48. https://doi.org/
10.18637/js5.v067.i01

Brante, E. W., & Strgmsg, H. I. (2018). Sourcing in text comprehension: A review of
interventions targeting sourcing skills. Educational Psychology Review, 30, 773-799.
https://doi.org/10.1007/510648-017-9421-7

Brashier, N. M. (2024). Fighting misinformation among the most vulnerable users.
Current Opinion in Psychology, 101813. https://doi.org/10.1016/j.
copsyc.2024.101813

Brashier, N. M., & Schacter, D. L. (2020). Aging in an era of fake news. Current Directions
in Psychological Science, 29, 316-323. https://doi.org/10.1177/0963721420915872

Brodsky, J. E., Brooks, P. J., Scimeca, D., Todorova, R., Galati, P., Batson, M., &
Caulfield, M. (2021). Improving college students’ fact-checking strategies through
lateral reading instruction in a general education civics course. Cognitive Research:
Principles and Implications, 6, 23. https://doi.org/10.1186/s41235-021-00291-4

Browne, C. A., & Woolley, J. D. (2004). Preschoolers’ magical explanations for violations
of physical, social, and mental laws. Journal of Cognition and Development, 5,
239-260. https://doi.org/10.1207/5s15327647jcd0502_4

Ceylan, G., Anderson, I. A., & Wood, W. (2023). Sharing of misinformation is habitual,
not just lazy or biased. Proceedings of the National Academy of Sciences, 120, Article
€2216614120. https://doi.org/10.1073/pnas.2216614120

Chandler-Campbell, I. L., Ghossainy, M. E., Mills, C. M., & Corriveau, K. H. (2022). Is
secondhand information better read or said? Factors influencing children’s

11

Cognition 265 (2025) 106279

endorsements of text-based information. Cognitive Development, 63, Article 101215.
https://doi.org/10.1016/j.cogdev.2022.101215

Chen, X., Pennycook, G., & Rand, D. (2023). What makes news sharable on social media?
Journal of Quantitative Description: Digital Media, 3, 1-27. https://doi.org/10.51685/
jqd.2023.007

Corriveau, K. H., Einav, S., Robinson, E. J., & Harris, P. L. (2014). To the letter: Early
readers trust print-based over oral instructions to guide their actions. British Journal
of Developmental Psychology, 32, 345-358. https://doi.org/10.1111/bjdp.12046

Danovitch, J. H. (2020). Children’s selective information sharing based on the recipient’s
role. The Journal of Genetic Psychology, 181, 68-77. https://doi.org/10.1080/
00221325.2020.1712319

Einav, S., Levey, A., Patel, P., & Westwood, A. (2020). Epistemic vigilance online: Textual
inaccuracy and children’s selective trust in webpages. British Journal of
Developmental Psychology, 38, 566-579. https://doi.org/10.1111/bjdp.12335

Einav, S., Robinson, E. J., & Fox, A. (2013). Take it as read: Origins of trust in knowledge
gained from print. Journal of Experimental Child Psychology, 114, 262-274. https://
doi.org/10.1016/j.jecp.2012.09.016

Eyden, J., Robinson, E. J., Einav, S., & Jaswal, V. K. (2013). The power of print:
Children’s trust in unexpected printed suggestions. Journal of Experimental Child
Psychology, 116, 593-608. https://doi.org/10.1016/j.jecp.2013.06.012

Frederick, S. (2005). Cognitive reflection and decision making. Journal of Economic
Perspectives, 19, 25-42. https://doi.org/10.1257/089533005775196732

Gallup. (2018). Perceived accuracy and bias in the news media. Gallup/Knight Foundation.
https://knightfoundation.org/reports/perceived-accuracy-and-bias-in-the-news-me
dia/.

Girouard-Hallam, L. N., Tong, Y., Wang, F., & Danovitch, J. H. (2023). What can the
internet do?: Chinese and American children’s attitudes and beliefs about the
internet. Cognitive Development, 66, Article 101338. https://doi.org/10.1016/j.
cogdev.2023.101338

Gong, T., Young, A. G., & Shtulman, A. (2021). The development of cognitive reflection
in China. Cognitive Science, 45, Article €12966. https://doi.org/10.1111/cogs.12966

Goulding, B. W., & Friedman, O. (2021). A similarity heuristic in children’s possibility
judgments. Child Development, 92, 662-671. https://doi.org/10.1111/cdev.13534

Harris, P. L., Koenig, M. A., Corriveau, K. H., & Jaswal, V. K. (2018). Cognitive
foundations of learning from testimony. Annual Review of Psychology, 69, 251-273.
https://doi.org/10.1146/annurev-psych-122216-011710

Johnson, C. N., & Harris, P. L. (1994). Magic: Special but not excluded. British Journal of
Developmental Psychology, 12, 35-51. https://doi.org/10.1111/j.2044-835X.1994.
tb00617.x

Kirkland, P. K., Guang, C., Cheng, Y., & McNeil, N. M. (2024). Mature number sense
predicts middle school students’ mathematics achievement. Journal of Educational
Psychology, 116, 1404-1420. https://doi.org/10.1037/edu0000880

Kozyreva, A., Wineburg, S., Lewandowsky, S., & Hertwig, R. (2023). Critical ignoring as
a core competence for digital citizens. Current Directions in Psychological Science, 32,
81-88. https://doi.org/10.1177/09637214221121570

Ku, K. Y., Kong, Q., Song, Y., Deng, L., Kang, Y., & Hu, A. (2019). What predicts
adolescents’ critical thinking about real-life news? The roles of social media news
consumption and news media literacy. Thinking Skills and Creativity, 33, Article
100570. https://doi.org/10.1016/j.tsc.2019.05.004

Lane, J. D., Ronfard, S., Francioli, S. P., & Harris, P. L. (2016). Children’s imagination
and belief: Prone to flights of fancy or grounded in reality? Cognition, 152, 127-140.
https://doi.org/10.1016/j.cognition.2016.03.022

Lascaux, A. (2020). Of kids and unicorns: How rational is children’s trust in testimonial
knowledge? Cognitive Science, 44, Article e12819. https://doi.org/10.1111/
cogs.12819

Lemaire, M., Ye, S., Le Stanc, L., Borst, G., & Cassotti, M. (2025). The development of
media truth discernment and fake news detection is related to the development of
reasoning during adolescence. Scientific Reports, 15, 6854. https://doi.org/10.1038/
541598-025-90427-z

Lenth, R. (2025). emmeans: Estimated marginal means, aka least-squares means. R
package version 1.11.1-00001 https://rvlenth.github.io/emmeans/.

Levush, K. C., & Butler, L. P. (2024). Children’s developing ability to recognize deceptive
use of true information. Journal of Experimental Child Psychology, 244, Article
105952. https://doi.org/10.1016/j.jecp.2024.105952

van der Linden, S. (2023). Foolproof: Why misinformation infects our minds and how to build
immunity. W. W. Norton.

Loos, E., Ivan, L., & Leu, D. (2018). “Save the Pacific northwest tree octopus™ A hoax
revisited. Or: How vulnerable are school children to fake news? Information and
Learning Science, 119, 514-528. https://doi.org/10.1108/1LS-04-2018-0031

Maertens, R., Gotz, F. M., Golino, H. F., Roozenbeek, J., Schneider, C. R., Kyrychenko, Y.,
... van der Linden, S. (2024). The misinformation susceptibility test (MIST): A
psychometrically validated measure of news veracity discernment. Behavior Research
Methods, 56, 1863-1899. https://doi.org/10.3758/513428-023-02124-2

Martel, C., Rathje, S., Clark, C. J., Pennycook, G., Van Bavel, J. J., Rand, D. G., & van der
Linden, S. (2024). On the efficacy of accuracy prompts across partisan lines: An
adversarial collaboration. Psychological Science, 35, 435-450. https://doi.org/
10.1177/09567976241232905

McGrew, S., Breakstone, J., Ortega, T., Smith, M., & Wineburg, S. (2018). Can students
evaluate online sources? Learning from assessments of civic online reasoning. Theory
& Research in Social Education, 46, 165-193. https://doi.org/10.1080/
00933104.2017.1416320

Metzger, M. J., Flanagin, A. J., Markov, A., Grossman, R., & Bulger, M. (2015). Believing
the unbelievable: Understanding young people’s information literacy beliefs and
practices in the United States. Journal of Children and Media, 9, 325-348. https://doi.
org/10.1080/17482798.2015.1056817


https://osf.io/wshkc/?view_only=fb222a78d31c462382236a6c56769642
https://osf.io/wshkc/?view_only=fb222a78d31c462382236a6c56769642
https://doi.org/10.1177/17456916221141344
https://doi.org/10.1177/17456916221141344
https://doi.org/10.1126/science.adk3451
https://doi.org/10.1126/science.adk3451
https://doi.org/10.1177/20563051221150412
https://doi.org/10.1177/20563051221150412
https://doi.org/10.1080/15391523.2024.2338451
https://doi.org/10.1037/xge0000729
https://doi.org/10.1016/j.jml.2012.11.001
https://doi.org/10.1016/j.compedu.2023.104832
https://doi.org/10.1177/1745691620986135
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1007/s10648-017-9421-7
https://doi.org/10.1016/j.copsyc.2024.101813
https://doi.org/10.1016/j.copsyc.2024.101813
https://doi.org/10.1177/0963721420915872
https://doi.org/10.1186/s41235-021-00291-4
https://doi.org/10.1207/s15327647jcd0502_4
https://doi.org/10.1073/pnas.2216614120
https://doi.org/10.1016/j.cogdev.2022.101215
https://doi.org/10.51685/jqd.2023.007
https://doi.org/10.51685/jqd.2023.007
https://doi.org/10.1111/bjdp.12046
https://doi.org/10.1080/00221325.2020.1712319
https://doi.org/10.1080/00221325.2020.1712319
https://doi.org/10.1111/bjdp.12335
https://doi.org/10.1016/j.jecp.2012.09.016
https://doi.org/10.1016/j.jecp.2012.09.016
https://doi.org/10.1016/j.jecp.2013.06.012
https://doi.org/10.1257/089533005775196732
https://knightfoundation.org/reports/perceived-accuracy-and-bias-in-the-news-media/
https://knightfoundation.org/reports/perceived-accuracy-and-bias-in-the-news-media/
https://doi.org/10.1016/j.cogdev.2023.101338
https://doi.org/10.1016/j.cogdev.2023.101338
https://doi.org/10.1111/cogs.12966
https://doi.org/10.1111/cdev.13534
https://doi.org/10.1146/annurev-psych-122216-011710
https://doi.org/10.1111/j.2044-835X.1994.tb00617.x
https://doi.org/10.1111/j.2044-835X.1994.tb00617.x
https://doi.org/10.1037/edu0000880
https://doi.org/10.1177/09637214221121570
https://doi.org/10.1016/j.tsc.2019.05.004
https://doi.org/10.1016/j.cognition.2016.03.022
https://doi.org/10.1111/cogs.12819
https://doi.org/10.1111/cogs.12819
https://doi.org/10.1038/s41598-025-90427-z
https://doi.org/10.1038/s41598-025-90427-z
https://rvlenth.github.io/emmeans/
https://doi.org/10.1016/j.jecp.2024.105952
http://refhub.elsevier.com/S0010-0277(25)00219-7/rf0185
http://refhub.elsevier.com/S0010-0277(25)00219-7/rf0185
https://doi.org/10.1108/ILS-04-2018-0031
https://doi.org/10.3758/s13428-023-02124-2
https://doi.org/10.1177/09567976241232905
https://doi.org/10.1177/09567976241232905
https://doi.org/10.1080/00933104.2017.1416320
https://doi.org/10.1080/00933104.2017.1416320
https://doi.org/10.1080/17482798.2015.1056817
https://doi.org/10.1080/17482798.2015.1056817

A. Shtulman et al.

Mills, C. M. (2013). Knowing when to doubt: Developing a critical stance when learning
from others. Developmental Psychology, 49, 404-418. https://doi.org/10.1037/
20029500

Modirrousta-Galian, A., & Higham, P. A. (2023). Gamified inoculation interventions do
not improve discrimination between true and fake news: Reanalyzing existing
research with receiver operating characteristic analysis. Journal of Experimental
Psychology. General, 152, 2411-2437. https://doi.org/10.1037/xge0001395

Moore, R., & Hancock, J. (2022). A digital media literacy intervention for older adults
improves resilience to fake news. Scientific Reports, 12, 6008. https://doi.org/
10.1038/541598-022-08437-0

National Literacy Trust. (2018). Fake news and critical literacy. Commission on Fake News
and the Teaching of Critical Literacy in Schools (pp. 1-30).

Nissel, J., Xu, J., Wu, L., Bricken, Z., Clegg, J. M., Li, H., & Woolley, J. D. (2024). Why
wearing a yellow hat is impossible: Chinese and US children’s possibility judgments.
Cognition, 251, Article 105856. https://doi.org/10.1016/j.cognition.2024.105856

Orticio, E., Meyer, M., & Kidd, C. (2024). Exposure to detectable inaccuracies makes
children more diligent fact-checkers of novel claims. Nature Human Behaviour, 8,
2322-2329. https://doi.org/10.1038/541562-024-01992-8

Panizza, F., Ronzani, P., Martini, C., Mattavelli, S., Morisseau, T., & Motterlini, M.
(2022). Lateral reading and monetary incentives to spot disinformation about
science. Scientific Reports, 12, 5678. https://doi.org/10.1038/541598-022-09168-y

Pehlivanoglu, D., Lin, T., Deceus, F., Heemskerk, A., Ebner, N. C., & Cahill, B. S. (2021).
The role of analytical reasoning and source credibility on the evaluation of real and
fake full-length news articles. Cognitive Research: Principles and Implications, 6, 1-12.
https://doi.org/10.1186/541235-021-00292-3

Pennycook, G., Epstein, Z., Mosleh, M., Arechar, A. A., Eckles, D., & Rand, D. G. (2021).
Shifting attention to accuracy can reduce misinformation online. Nature, 592,
590-595. https://doi.org/10.1038/s41586-021-03344-2

Pennycook, G., Fugelsang, J. A., & Koehler, D. J. (2015). Everyday consequences of
analytic thinking. Current Directions in Psychological Science, 24, 425-432. https://
doi.org/10.1177/0963721415604610

Pennycook, G., & Rand, D. G. (2019). Lazy, not biased: Susceptibility to partisan fake
news is better explained by lack of reasoning than by motivated reasoning. Cognition,
188, 39-50. https://doi.org/10.1016/j.cognition.2018.06.011

Pennycook, G., & Rand, D. G. (2021). The psychology of fake news. Trends in Cognitive
Sciences, 25, 388-402. https://doi.org/10.1016/j.tics.2021.02.007

Pennycook, G., & Rand, D. G. (2022). Accuracy prompts are a replicable and
generalizable approach for reducing the spread of misinformation. Nature
Communications, 13, 2333. https://doi.org/10.1038/541467-022-30073-5

Pfander, J., & Altay, S. (2025). Spotting false news and doubting true news: A systematic
review and meta-analysis of news judgements. Nature Human Behaviour, 9, 688-699.
https://doi.org/10.1038/541562-024-02086-1

Pueschel, E. B., Ibrahim, A., Franklin, T., Skinner, S., & Moll, H. (2023). Four-year-olds
selectively transmit true information. PLoS One, 18, Article e0284694. https://doi.
org/10.1371/journal.pone.0284694

Qiu, F. W, Ipek, C., & Moll, H. (2024). Children teach sensational information—As long
as it is true. Journal of Experimental Child Psychology, 242, Article 105895. https://
doi.org/10.1016/j.jecp.2024.105895

Qiu, F. W., Park, J., Vite, A., Patall, E., & Moll, H. (2025). Children’s selective teaching
and informing: A meta-analysis. Developmental Science, 28, Article e13576. https://
doi.org/10.1111/desc.13576

Rideout, V., & Robb, M. (2020). The common sense census: Media use by kids age zero to
eight. Common Sense Media. https://www.commonsensemedia.org/research/the
-common-sense-census-media-use-by-kids-age-zero-to-eight-2020.

Robinson, E. J., Einav, S., & Fox, A. (2013). Reading to learn: Prereaders’ and early
readers’ trust in text as a source of knowledge. Developmental Psychology, 49,
505-513. https://doi.org/10.1037/a0029494

Roozenbeek, J., Maertens, R., Herzog, S. M., Geers, M., Kurvers, R., Sultan, M., & van der
Linden, S. (2022). Susceptibility to misinformation is consistent across question
framings and response modes and better explained by myside bias and partisanship
than analytical thinking. Judgment and Decision making, 17, 547-573. https://doi.
org/10.1017/51930297500003570

Roozenbeek, J., & Van der Linden, S. (2019). Fake news game confers psychological
resistance against online misinformation. Palgrave Communications, 5, 65. https://
doi.org/10.1057/541599-019-0279-9

12

Cognition 265 (2025) 106279

Roozenbeek, J., Van Der Linden, S., Goldberg, B., Rathje, S., & Lewandowsky, S. (2022).
Psychological inoculation improves resilience against misinformation on social
media. Science Advances, 8, Article eabo6254. https://doi.org/10.1126/sciadv.
abo6254

Saltor, J., Barberia, 1., & Rodriguez-Ferreiro, J. (2023). Thinking disposition, thinking
style, and susceptibility to causal illusion predict fake news discriminability. Applied
Cognitive Psychology, 37, 360-368. https://doi.org/10.1002/acp.4008

Saylor, M. M., Baird, J. A., & Gallerani, C. (2006). Telling others what’s new:
Preschoolers’ adherence to the given-new contract. Journal of Cognition and
Development, 7, 341-379. https://doi.org/10.1207/s15327647jcd0703_7

Shtulman, A. (2023). Learning to imagine: The science of discovering new possibilities.
Harvard University Press.

Shtulman, A., & Carey, S. (2007). Improbable or impossible? How children reason about
the possibility of extraordinary events. Child Development, 78, 1015-1032. https://
doi.org/10.1111/j.1467-8624.2007.01047.x

Shtulman, A., Goulding, B., & Friedman, O. (2024). Improbable but possible: Training
children to accept the possibility of unusual events. Developmental Psychology, 60,
17-27. https://doi.org/10.1037/dev0001670

Shtulman, A., Harrington, C., Hetzel, C., Kim, J., Palumbo, C., & Rountree-Shtulman, T.
(2023). Could it? Should it? Cognitive reflection facilitates children’s reasoning
about possibility and permissibility. Journal of Experimental Child Psychology, 235,
Article 105727. https://doi.org/10.1016/j.jecp.2023.105727

Shtulman, A., & Young, A. G. (2023). The development of cognitive reflection. Child
Development Perspectives, 17, 59-66. https://doi.org/10.1111/cdep.12476

Sinatra, G. M., & Lombardi, D. (2020). Evaluating sources of scientific evidence and
claims in the post-truth era may require reappraising plausibility judgments.
Educational Psychologist, 55, 120-131. https://doi.org/10.1080/
00461520.2020.1730181

Sobel, D. M. (2004). Exploring the coherence of young children’s explanatory abilities:
Evidence from generating counterfactuals. British Journal of Developmental
Psychology, 22, 37-58. https://doi.org/10.1348/026151004772901104

Tong, Y., Danovitch, J. H., Wang, F., & Wang, W. (2025). Children weigh internet
inaccuracy when trusting in online information. Journal of Experimental Child
Psychology, 249, Article 106105. https://doi.org/10.1016/j.jecp.2024.106105

Toplak, M. E., West, R. F., & Stanovich, K. E. (2011). The cognitive reflection test as a
predictor of performance on heuristics-and-biases tasks. Memory & Cognition, 39,
1275-1289. https://doi.org/10.3758/s13421-011-0104-1

U.S. Census Bureau. (2020). Quick facts: Pasadena city, California. Retrieved from
https://www.census.gov/quickfacts/fact/table/pasadenacitycalifornia/.

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

Williams, A. J., & Danovitch, J. H. (2022). Is what Mickey mouse says impossible?
Informant reality status and children’s beliefs in extraordinary events. Journal of
Cognition and Development, 23, 323-339. https://doi.org/10.1080/
15248372.2021.2022680

Wineburg, S., Breakstone, J., McGrew, S., Smith, M. D., & Ortega, T. (2022). Lateral
reading on the open internet: A district-wide field study in high school government
classes. Journal of Educational Psychology, 114, 893-909. https://doi.org/10.1037/
edu0000740

Wineburg, S., & McGrew, S. (2019). Lateral Reading and the nature of expertise: Reading
less and learning more when evaluating digital information. Teachers College Record,
121, 1-40. https://doi.org/10.1177/016146811912101102

Woolley, J. D., & Ghossainy, M. (2013). Revisiting the fantasy-reality distinction:
Children as naive skeptics. Child Development, 84, 1496-1510. https://doi.org/
10.1111/cdev.12081

Young, A. G., & Shtulman, A. (2020a). Children’s cognitive reflection predicts conceptual
understanding in science and mathematics. Psychological Science, 31, 1396-1408.
https://doi.org/10.1177/0956797620954449

Young, A. G., & Shtulman, A. (2020b). How children’s cognitive reflection shapes their
science understanding. Frontiers in Psychology, 11, 1247. https://doi.org/10.3389/
fpsyg.2020.01247

Young, A. G., & Shtulman, A. (2024). Children’s cognitive reflection predicts successful
interpretations of covariation data. Frontiers in Developmental Psychology, 2, Article
1441395, https://doi.org/10.3389/fdpys.2024.1441395


https://doi.org/10.1037/a0029500
https://doi.org/10.1037/a0029500
https://doi.org/10.1037/xge0001395
https://doi.org/10.1038/s41598-022-08437-0
https://doi.org/10.1038/s41598-022-08437-0
http://refhub.elsevier.com/S0010-0277(25)00219-7/rf0230
http://refhub.elsevier.com/S0010-0277(25)00219-7/rf0230
https://doi.org/10.1016/j.cognition.2024.105856
https://doi.org/10.1038/s41562-024-01992-8
https://doi.org/10.1038/s41598-022-09168-y
https://doi.org/10.1186/s41235-021-00292-3
https://doi.org/10.1038/s41586-021-03344-2
https://doi.org/10.1177/0963721415604610
https://doi.org/10.1177/0963721415604610
https://doi.org/10.1016/j.cognition.2018.06.011
https://doi.org/10.1016/j.tics.2021.02.007
https://doi.org/10.1038/s41467-022-30073-5
https://doi.org/10.1038/s41562-024-02086-1
https://doi.org/10.1371/journal.pone.0284694
https://doi.org/10.1371/journal.pone.0284694
https://doi.org/10.1016/j.jecp.2024.105895
https://doi.org/10.1016/j.jecp.2024.105895
https://doi.org/10.1111/desc.13576
https://doi.org/10.1111/desc.13576
https://www.commonsensemedia.org/research/the-common-sense-census-media-use-by-kids-age-zero-to-eight-2020
https://www.commonsensemedia.org/research/the-common-sense-census-media-use-by-kids-age-zero-to-eight-2020
https://doi.org/10.1037/a0029494
https://doi.org/10.1017/S1930297500003570
https://doi.org/10.1017/S1930297500003570
https://doi.org/10.1057/s41599-019-0279-9
https://doi.org/10.1057/s41599-019-0279-9
https://doi.org/10.1126/sciadv.abo6254
https://doi.org/10.1126/sciadv.abo6254
https://doi.org/10.1002/acp.4008
https://doi.org/10.1207/s15327647jcd0703_7
http://refhub.elsevier.com/S0010-0277(25)00219-7/rf0340
http://refhub.elsevier.com/S0010-0277(25)00219-7/rf0340
https://doi.org/10.1111/j.1467-8624.2007.01047.x
https://doi.org/10.1111/j.1467-8624.2007.01047.x
https://doi.org/10.1037/dev0001670
https://doi.org/10.1016/j.jecp.2023.105727
https://doi.org/10.1111/cdep.12476
https://doi.org/10.1080/00461520.2020.1730181
https://doi.org/10.1080/00461520.2020.1730181
https://doi.org/10.1348/026151004772901104
https://doi.org/10.1016/j.jecp.2024.106105
https://doi.org/10.3758/s13421-011-0104-1
https://www.census.gov/quickfacts/fact/table/pasadenacitycalifornia/
https://doi.org/10.1126/science.aap9559
https://doi.org/10.1080/15248372.2021.2022680
https://doi.org/10.1080/15248372.2021.2022680
https://doi.org/10.1037/edu0000740
https://doi.org/10.1037/edu0000740
https://doi.org/10.1177/016146811912101102
https://doi.org/10.1111/cdev.12081
https://doi.org/10.1111/cdev.12081
https://doi.org/10.1177/0956797620954449
https://doi.org/10.3389/fpsyg.2020.01247
https://doi.org/10.3389/fpsyg.2020.01247
https://doi.org/10.3389/fdpys.2024.1441395

	Children’s detection of online misinformation
	1 Introduction
	2 Children’s evaluation of secondhand information
	3 The role of reflection in detecting fake news
	4 The role of instruction in detecting fake news
	5 Current study
	6 Method
	6.1 Participants
	6.2 Procedure
	6.3 Materials

	7 Results
	7.1 Truth ratings
	7.2 Judgment accuracy
	7.3 News differentiation scores

	8 Discussion
	9 Limitations & future directions
	10 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Data availability
	References


