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A B S T R A C T

In a society inundated with information, fostering empirical habits of mind in young children is
critically important. Perhaps the most fundamental epistemic principle is that claims, no matter
who is making them, must be supported by sufficient evidence. Building on past research on
young children’s selective social learning, three experiments with 3- to 7-year-old children (N =
136) investigated when children come to understand this central principle. The results suggest
clear age differences: By age 4, children consistently selected an individual who verified their
claims over one who did not and by age 6, children were able to do so even if that act of ver-
ification conflicted with that individual’s past history of reliability. Further, with age, children’s
ability to explicitly justify those choices in terms of informants’ epistemic practices improved
dramatically. Overall, this work presents an important next step in investigating children’s de-
veloping understanding of the process by which evidence supports epistemic claims.

1. Introduction

A pressing issue facing society is ensuring a populace that approaches the world with a critical, evaluative lens. Particularly in an
era when nearly unlimited information is available at our fingertips, we must continually assess whether claims we encounter are
supported by sufficient evidence. This requires the cultivation of a set of empirical reasoning capacities comprised both of the ability
and of the tendency to carry out key empirical processes in gathering and processing information, including formulating and asking
empirical questions, generating and testing hypotheses, making inferences from data, and communicating those inferences to others.
Critically, engaging with the world in this way requires both carrying out these empirical processes oneself, as well as evaluating
whether others have done so effectively. These empirical habits of mind form the foundation not only of scientific literacy, but of
critical engagement across many aspects of modern life and thus, as a society, we must work to ensure that our children develop these
habits early in life (see Butler, 2020 for a comprehensive review).

Most of the research on children’s understanding of evidence, per se, has focused on children’s sensitivity to and inferences from
various patterns of statistical evidence (see Gopnik, 2012; Schulz, 2012). However, children encounter a great deal of evidence not in
the form of clear patterns of cause and effect, but in the form of verbal testimony—of others making factual claims about the world
which children have to either trust or reject (Harris, 2012). Learning from others’ testimony is inherently epistemologically chal-
lenging. Children must often infer whether information is reliable without actually knowing whether it is true.

Previous research has demonstrated that children’s trust is selective rather than indiscriminate (see Harris, Koenig, Corriveau, &
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Jaswal, 2018), and children are judiciously skeptical of the informants they encounter (Mills, 2013). Recent research has also de-
monstrated that children are remarkably nuanced in the reliability judgments that they make about others, showing an early sen-
sitivity to epistemic cues, such as others’ accuracy and inaccuracy (e.g., Birch, Vauthier, & Bloom, 2008; Corriveau, Meints, & Harris,
2009), other’s expertise (e.g., Danovitch & Keil, 2004, 2007) and possession of or access to the right kind of knowledge (Brosseau-
Liard & Birch, 2011; Koenig et al., 2015; Kushnir, Wellman, & Gelman, 2008; Kushnir, Vredenburgh, & Schneider, 2013; Nurmsoo &
Robinson, 2009; Pillow, 1989; Robinson, Butterfill, & Nurmsoo, 2011). Children also show a marked sensitivity to many socially
relevant aspects of their informants, including authority (e.g., Michener & Burt, 1975) familiarity (e.g., Corriveau & Harris, 2009),
whether the informant belongs to the same social group as them, be it one based on race, accent, gender, or even a minimal group
manipulation (Chen, Corriveau, & Harris, 2013; Corriveau, Kinzler, & Harris, 2013; Hetherington, Hendrickson, & Koenig, 2014;
Jaswal & Neely, 2006; Shutts, Banaji, & Spelke, 2010), dominance (Bernard et al., 2016), prestige (Chudek, Heller, Birch, & Henrich,
2012), and even attractiveness (Bascandziev & Harris, 2016). They also continually adjust their appraisals of informant reliability as
they accumulate more information about an individual’s accuracy (Ronfard & Lane, 2018). Further, they use this assessment to decide
who to ask for different kinds of information (Danovitch & Keil, 2004, 2007; Kushnir et al., 2013; Mills, Legare, Grant, & Landrum,
2011), and to fine-tune how much weight to place on testimony from different individuals (Baum, Danovitch, & Keil, 2008; Corriveau
& Kurkul, 2014; Mills & Keil, 2005, 2008). Finally, in situations where they are not evaluating others’ testimony but rather crafting it
themselves, they tailor their arguments to others’ knowledge or lack thereof (Köymen, Rosenbaum, & Tomasello, 2014; Köymen,
Mammen, & Tomasello, 2016).

This literature makes clear that young children are selective social learners, but it does not directly address a fundamental
question about children’s empirical understanding. All empirical approaches to knowledge rest upon the foundational principle that
any factual claim must be based on sufficient knowledge and evidence, and that one ought to be skeptical of or reject claims that are
not. We cannot always assess whether an individual claim is true, but we often can assess the validity of the process by which someone
has acquired (or failed to acquire) the necessary knowledge to make a claim. Relatedly, an informant’s prior accuracy or reliability,
though broadly relevant to whether we trust what they tell us, is irrelevant if they do not have access to the right kind of information
in the current situation. Imagine a scientist, presumably reliable within her domains of expertise, who makes a claim about an
entirely different field of study. Rather than simply trusting the scientist as a universally knowledgeable informant, it is important to
evaluate the empirical process by which she has come to that claim and evaluate it on the basis of whether it is supported by sufficient
evidence.

Thus, in learning from others, children need to integrate their ability to judge reliable informants with their understanding of
what constitutes sufficient verification for particular factual claims. Given the literature reviewed above, young children clearly
possess the ability to do the former. Recent evidence also suggests that young children can evaluate whether an individual claim is
acceptable when based on little evidence (Butler, Schmidt, Tavassolie, & Gibbs, 2018). But integrating these two capacities—making
attributions about informants’ reliability on one hand and evaluating whether informants’ claims are based on sufficient evidence on
the other—may be more challenging, especially when they may lead to conflicting judgments.

Very little research has targeted this integration question. Brosseau-Liard and Birch (2011) found that preschool-aged children
could successfully use situation-specific cues (e.g., verifying the contents of boxes prior to making claims about them) and person-
specific cues (e.g., history of accuracy in a labeling task) when deciding from whom they wanted to learn about either the identity or
the name for hidden objects. However, we also need to ask how children weigh competing, epistemically-relevant cues to knowledge,
when the role of person-specific cues is not pertinent, or only peripherally so. Two findings are relevant to this issue. First, Terrier,
Bernard, Mercier, and Clément (2016) found that 3- and 4-year-olds, who generally favor informants who share their own gender, can
override this and base their judgments on who has visual access. Second, Stephens and Koenig (2015) found that when an individual
had established a previous history of reliability about semantic information (the name of novel objects), 3- and 4-year-old children
were more likely to prefer that informant on later test trials than an informant who has established a previous history of reliability
about episodic information (the location of a hidden object). Interestingly, this pattern held regardless of whether the test trials
involved semantic or episodic testimony, suggesting that children may struggle to inhibit their reliance on prior accuracy when the
cues to that accuracy are no longer relevant. However, neither of these papers provided a contrast between prior reliability and
current access to knowledge.

2. The current research

In order to further investigate whether and at what age children understand the foundational empirical principle that any claim
must be based on sufficient evidence, even if it comes from a previously reliable, trustworthy informant, we begin with an extremely
simple scenario: one in which one individual has access to and generates the right kind of evidence to make a claim while another, in
contrast, makes a claim without having generated that evidence. The current research makes several steps forward in this line of
inquiry. First, in prior work (e.g., Brosseau-Liard & Birch, 2011), children chose between an epistemically-relevant cue (looking in a
box) and an epistemically-irrelevant cue (standing on a box). The current experiments provided a stricter test, forcing children to
select an informant on the basis of two epistemically-relevant cues (looking at vs. looking in). This is an important distinction. Young
children may understand that visual access is necessary, and preferable to a complete lack of visual access, but they may have a
relatively blunt understanding of what constitutes sufficient in each given case. Indeed, one might plausibly be able to make an
educated guess simply by looking at the outside of a container, depending on the situation. Thus, the distinction we use (looking at vs.
looking in) presents a relatively conservative test of children’s understanding of what counts as sufficient verification. Prior work
manipulating visual access has either contrasted epistemically-relevant vs. irrelevant actions (Brosseau-Liard & Birch, 2011), or
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provided children with explicit verbal scaffolding of who did and did not have visual access (Terrier et al., 2016). It is entirely
conceivable that children may show age differences in whether or not they can make the more fine-grained distinction between
sufficient and insufficient epistemically-relevant actions. Using this more conservative manipulation of visual access may thus
provide a more accurate picture of the development of children’s understanding of verification.

Second, the current research provides a more objective test of children’s understanding. Most, if not all, of the research on
children’s selective social learning focused on their conclusions about what is true, on the basis of different epistemic and social cues.
That is, children are tasked with learning, and experiments test whether they selectively learn from a reliable or an unreliable source.
However, children’s own learning is not the same as their understanding of how one ought to learn. Findings from several literatures
are relevant here. First, children between 3 and 8 appear to be constructing an understanding of what learning is and how it works,
and this work has emphasized the importance of distinguishing between children’s reasoning about how they themselves learn, how
others learn, and how teaching works (Sobel & Letourneau, 2015, 2016, 2018) Second, work on children’s epistemological reasoning
(e.g., Kuhn, Cheney, & Weinstock, 2000) suggests that younger children begin as objectivists about knowledge—that is they believe
there are objective truths in every case—and that assertions are direct reflections of the world, even in subjective cases like personal
taste or preference. Later in development, this yields to subjectivity—believing in the primacy of opinions even in cases with an
objective truth Finally, the objectivist and subjectivist perspectives are integrated. Critically, by around age 4, children begin to
understand that assertions or claims are reflections of individuals’ beliefs, and those beliefs may be more or less valid with respect to
reality (see Kuhn, 2000). Thus, children at this age can reflect on the relation between knowledge and claims. Finally, work in the
area of normative reasoning suggests that around age 3, children develop the ability to reason about how one ought to behave, and
use normative language when others engage in non-normative behavior (Tomasello & Vaish, 2013; Tomasello, 2018). Though fo-
cused on different questions than the current research, that work is relevant to children’s thinking about how knowledge ought to be
gathered and conveyed. Indeed, by age 3, children can understand the normative dimensions of false claims (Fedra & Schmidt, 2019)
In order to more directly ground our work in the question of children’s understanding of how one ought to gather information, we
asked if children could use their understanding of verification on behalf of a third party, that is to help guide their choice of whether a
naïve third-party ought to learn from an informant making verified or unverified claims.

Third, the current research asked not only whether children could use their understanding to guide their selection of whom a
third-party individual ought to learn from, but their explicit understanding of why the third-party individual ought to learn from one
informant and not the other. To assess this explicit understanding, we asked children to justify their forced-choice responses, allowing
us to examine the explicit reasoning underlying their choices. Most of the literature on selective trust (see Harris et al., 2018) has
relied solely on forced-choice measures, which do not directly assess children’s explicit understanding of why one source out to be
trusted over another. However, the work on argumentation and joint decision-making suggests that, at least by age 5, children are
able to provide explicit, valid justifications in their reasoning and decision-making (Köymen et al., 2014, 2016; see also Mercier, 2011
for a broad review of children’s argumentation skills). Particularly relevant to the current work, Köymen et al. (2014, 2016) found
that children flexibly make use of who knows what in order to guide their arguments, suggesting an understanding that successful
claims are grounded in knowledge or the lack thereof. Given this, adding a measure of children’s explicit reasoning may shed
important light on the developing understanding of verification.

Finally, the current work investigates a broader developmental range, from age 3 to age 7. In conjunction with the factors outlined
above, especially the inclusion of the explicit reasoning prompt, this provides a more comprehensive picture of possible age dif-
ferences than previously demonstrated in the literature.

In the current experiments, children were shown puppet shows similar to those depicted in the Brosseau-Liard and Birch (2011)
studies. In Experiment 1, 4- to 7-year-olds had to select between an informant who had performed the right epistemically relevant
action (looking in a box before making a claim about what was inside it) an epistemically relevant but insufficient action (looking at
the box and making a claim about what was inside it), and then had to justify those responses. In Experiment 2, we adapted this
paradigm to assess 3-year-olds’ understanding of this distinction. Finally, in Experiment 3, 4- to 7-year-olds saw the same puppet
shows as in Experiment 1, but in this case, the two informants had previously established a history of accuracy or inaccuracy by
providing correct or incorrect labels for familiar objects. On half of the test trials, the puppets’ epistemically relevant actions were
congruent with their past reliability (the previously accurate puppet also verified her claim, and the previously inaccurate puppet
failed to do so) or incongruent with past reliability (the previously accurate puppet failed to verify her claim, while the previously
inaccurate puppet did so successfully).

3. Experiment 1

Experiment 1 served to replicate prior work (e.g., Brosseau-Liard & Birch, 2011), as well as to extend those investigations by more
tightly controlling the epistemically relevant behaviors of the two informants, testing this in an objective, third-party context, and
assessing children’s explicit reasoning. In this study, 4- to 7-year-old children were shown a digitalized puppet show depicting two
puppets, one who consistently made claims only after verifying their accuracy, and one who consistently failed to do so. After each
trial, children were asked to indicate which of the two informants did a better job teaching a third, naïve puppet, and to provide
justifications for their selections. Thus, we examined whether 4- to 7-year-old children could successfully arbitrate between in-
formants who either did or did not verify evidence prior to making claims, and whether they would use that arbitration to select from
which of two informants a naïve, third-party learner should learn.

We had three main predictions: First, based on previous research, we predicted that children at all ages would choose the puppet
who verified their claims over the puppet who failed to verify their claims at significantly more often than chance, with increasing
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success across ages. Second, we predicted that the extent to which children’s justifications for their selections explicitly referenced the
process of checking or verifying would increase with age and would correlate significantly with their selections on the forced choice
test question.

3.1. Participants

In Experiment 1 we tested 24 4- and 5-year-old children (Mean age = 62 months; 12 males, 12 females) and 24 6- and 7-year-old
children (Mean age = 81 months; 12 males, 12 females). Children were recruited from a local children’s museum in a medium-sized
mid-Atlantic city. Although the sample was largely upper-middle class, children represented a range of ethnic backgrounds (50 %
Caucasian/White, 25 % Biracial/Mixed, 11 % African American/Black, 8% Asian/Pacific Islander, 6% Hispanic/Latino/a). Some
participants opted not to provide ethnic/racial information.

3.2. Procedure

Children were shown a digitally rendered puppet show (presented as PowerPoint slides on a laptop). Children were first in-
troduced to a naïve puppet (“Bear”) and were told that “Bear is from a country really far away and doesn’t know much about the
things we have here or the things we do here,” and were asked whether they could help Bear learn the right things. Then children
were introduced to two more puppets (“Mouse” and “Sheep”) and were told that they would teach Bear some things. However,
children were told, “sometimes they’ll do a good job teaching Bear, and tell him the right things, and sometimes they won’t do such a
good job teaching Bear and tell him the wrong things.” After each trial, children were asked to indicate which of the two informants
they believed Bear should listen to, and to provide justification for their selection.

3.2.1. Accuracy trials
Children saw four accuracy trials as a familiarization for the test phase, during which they watched videos of Mouse and Sheep

accurately or inaccurately labeling familiar objects (e.g., in reference to a soccer ball, “That’s a ball!” vs. “That’s a cup!”). After each
trial, children were asked to choose which of the two informants Bear should listen to (e.g., “Who should Bear listen to, Mouse or
Sheep?”), and to provide justifications for their selections (e.g., “Alright, why should Bear listen to [child’s choice]?”). Both the order
of trials and the identity of the accurate and inaccurate puppets were counterbalanced across participants.

3.2.2. Verification trials
Following the accuracy trials, children were then introduced to two new puppets (“Pig” and “Duck”). Again, children were told

that these two informants would teach Bear some things, and that sometimes they would do so reliably and sometimes unreliably. On
the four verification trials, children saw videos of Pig and Duck making conflicting claims about the contents of boxes. On each trial,
one informant looked inside the box (verified claim), while the other looked at the box but did not open it (unverified claim). After
each trial, children were again asked to select which of the two informants Bear should listen to, and to provide justifications for their
selections. Both the order of trials and the identity of the puppet verifying or failing to verify were counterbalanced across parti-
cipants.

3.3. Coding

Children’s performance on the accuracy and verification trials were coded as either correct (selecting the puppet who used the
correct label on the accuracy trials; selecting the puppet who looked inside the box on the verification trials) or as incorrect (selecting
the puppet who used the incorrect label on the accuracy trials; selecting the puppet who failed to look inside the box on the
verification trials). Children thus received a total score of 0–4 for each type of trial.

We also coded children’s explanations for their choice on the verification trials (their justifications for their forced-choice se-
lections) to assess the sophistication of the reasoning underlying their selections. To do so, children were given a score from 0-3.
Children received a 3 if they explicitly referenced verification (e.g., “because he looked in the box,” “because he opened it,” “because
he saw what’s in there”). Children received a 2 if they failed to explicitly reference verification per se, but explicitly referenced
knowledge (e.g., “because he knows what’s in the box”). Children received a 1 if they made only an implicit reference to the puppet’s
knowledge, accuracy, or confident assertion (e.g., “because he said the right thing,” “because he said it was shoes,” “because he’s
right”). Children received a 0 for all other responses.

3.4. Results

3.4.1. Accuracy trials
Although the accuracy trials served primarily as a familiarization in this study, we nevertheless analyzed whether children’s

success at choosing the accurate informant varied with age. A repeated-measures ANOVA, with age group as a between-subjects
factor, trial as a within-subjects factor, and forced-choice selection as a dependent measure, revealed a non-significant effect of age
group (F(1,46) = 2.76, p = .103, partial η2 = .057). Consistent with prior research, children performed above chance on the
accuracy trials (M = 3.88 out of 4 trials, SD = .531, t(47) = 24.47, p< .001, d = 3.54).
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3.4.2. Verification trials
Our key measure of interest for this study was children’s success on the verification trials, and its relation to their explicit

reasoning (see Fig. 1). In order to assess this, we conducted a repeated-measures ANOVA, with age group as a between-subjects
factor, trial as a within-subjects factor, mean explanation score as a covariate, and forced-choice selection as a dependent measure.
This analysis revealed a non-significant effect of age group (F(1,45) = 2.17, p = .148, partial η2 = .046), and a significant effect of
their mean explanation score (F(1,45) = 10.4, p = .002, partial η2 = .188). Both 6- and 7-year-olds (M = 3.63, SD = .647, t(23) =
12.31, p< .001, d= 2.51), and 4- and 5-year-olds (M= 2.88, SD= 1.45, t(23) = 2.95, p= .007, d= .607) selected the puppet who
had verified their claims above levels expected by chance. This suggests that they understood that the naïve puppet ought to learn
from the informant who had verified their claims by checking the contents of the containers, and that this understanding is related to
their explicit understanding of the process of making knowledge-based claims.

Furthermore, results showed some evidence of age differences in the consistency of children’s responses across the forced choice
trials. Thirteen out of 24 (54.2 %) of 4- and 5-year-olds chose correctly on all 4 trials, and 15 out of 24 (62.5 %) chose correctly on at
least 3 trials. Seventeen out of 24 (70.1 %) of 6- and 7-year-olds chose correctly on all 4 trials, and 22 out of 24 (91.7 %) chose
correctly on at least 3 trials.

In order to further assess children’s explicit understanding of verification, as measured by the quality of their explanations, and its
relation both to age and to their performance on the force-choice task, we conducted several additional analyses. First, to assess the
relation between age and children’s explanations, we ran an additional repeated measures ANOVA, with age group as a between-
subjects predictor and explanation score as a dependent measure. This analysis revealed a significant effect of age group (F(1,45) =
4.42, p = .041, partial η2 = .089). Six- and 7-year-olds had higher average explanation scores (M6-7-year-olds = 1.37 out of 3, SD =
1.11) than the 4- and 5-year-olds (M4-5-year-olds = .771 out of 3, SD = .847, t(46) = 2.09, p = .042, d = .603).

Finally, we assessed the alignment between children’s explanations and their forced choice responses. To do this, we coded for
each trial whether their forced-choice and explanations matched. A trial was coded as a match either if they chose correctly and gave
an explanation that was coded as a 2 or 3 (explicitly referencing either verification or knowledge) or if they chose incorrectly and
gave an explanation that was coded as a 0 or 1 (only implicitly referencing something relevant about the puppet’s mental states or
accuracy, or providing an irrelevant response). A trial was coded as a mismatch either if children answered correctly but gave an
explanation that was coded as a 0 or 1, or if they chose incorrectly but gave an explanation that was coded as a 2 or 3. Overall,
children matched on 1.83 out of 4 trials, and mismatched on 2.17 out of 3 trials. However, no children in the entire sample chose
incorrectly on the forced-choice while providing a higher-level explanation—all the mismatches were ones in which children chose
correctly but did not provide a higher-level explanation. This suggests that children’s ability to explain their reasoning by explicitly
referencing the relevant mental states of the puppets was sufficient, but not necessary, for them to choose the correct puppet on the
forced-choice task. This is consistent with the conclusion that children’s implicit understanding of verification may precede their
ability to articulate it.

3.5. Discussion

The results of Experiment 1 demonstrate that by age 4, children are at least somewhat capable of understanding that epistemic
claims need to be based on evidence and can extend this understanding beyond their own learning aims to guide a naïve, third party
towards choosing a reliable source. However, there were clear age-related differences both in terms of how reliably children indicated
that the third party should listen to the individual who had verified their claims, as well as to what extent they were able to explicitly
justify those selections in terms of verification behavior. Further, the extent to which they used verification to judge who a third party
should learn from was related to the quality of their explanations.

Fig. 1. Mean proportion of accuracy and verification trials on which children in each age group selected the correct informant in Experiment 1.
Error bars represent +/- 1 SEM. The dashed line represents chance responding (50 %). ** p < .01; *** p < .001.
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Critically, in the current research, children had to make these selections without knowing the truth value of any of the individuals’
statements. Children never saw what was inside the containers, and thus they could only base their judgments on the evidentiary
process by which individuals arrived at their claims. Children were able to do so by age 4, but show development in the sophistication
of this skill between 4 and 7. In Experiment 2, we test whether children as young as 3 show evidence of this understanding.

4. Experiment 2

4.1. Participants

In Experiment 2 we tested an additional 24 3-year-old children, (Mean age = 42 months; 12 boys, 12 girls). As in Experiment 1,
children were recruited from a local children’s museum in a medium-sized mid-Atlantic city. Although the sample was largely upper-
middle class, children represented a range of ethnic backgrounds (58 % Caucasian/White, 25 % Biracial/Mixed, 13 % African
American/Black, and 4% Asian/Pacific Islander).

4.2. Procedure

The procedure was identical to Experiment 1, with one modification. Pilot testing indicated that these younger children struggled
to focus through the entire task, and thus children in Experiment 2 saw an abbreviated version, with only 3 accuracy and 3 ver-
ification trials.

4.3. Results

4.3.1. Accuracy trials
As with older children, 3-year-olds performed above chance on the accuracy trials, selecting the accurate over the inaccurate

informant (M = 1.92 out of 3, SD = .929, t(23) = 2.20, p = .038, d = .452).

4.3.2. Verification trials
As in Experiment 1, the key measure of interest for this study was children’s success on the verification trials, and its relation to

their explicit reasoning. In order to assess this, we conducted a repeated-measures ANOVA, with trial as a within-subjects factor,
mean explanation score as a covariate, and forced-choice selection as a dependent measure. This analysis revealed only a significant
effect of children’s mean explanation score (F(1,22) = 9.83, p = .005, partial η2 = .309). Overall, however, 3-year-olds selected the
verifying puppet only marginally more often than chance (M = 1.86 out of 3, SD = .899 t(23) = 2.04, p = .053, d = .400). In order
to assess potential developmental differences within this age group, we ran several bivariate correlations between age, in months, and
both the number of verification trials correct and the number of trials referencing verification. There was a marginal correlation
between age and number of verification trials correct (r = .376, p = .070), and a significant correlation between age and their mean
explanation score (r = .426, p = .038).

Further, children’s responses across the forced-choice trials were not as consistent as those of older children. Only 6 out of 24
children (25 %) answered correctly on all 3 trials, and 17 out of 24 (70.1 %) chose correctly on at least 2/3 of trials.

Finally, children showed a similar level of alignment between their explanations and their forced-choice responses as seen in older
children. Overall, 3-year-olds matched (as described above) on 1.13 out of 3 trials and mismatched on 1.87 out of 3 trials. Of those
who mismatched, children never chose the incorrect puppet on the forced-choice question while providing a higher-level explana-
tion. Thus, as with older children, their ability to articulate their reasoning about verification seems to be sufficient, but not ne-
cessary, for them to select the verifying puppet, suggesting that their explicit understanding may be preceded by an implicit un-
derstanding.

4.4. Discussion

These results suggest that 3-year-olds are just beginning to understand the importance of verification in making claims, at least as
assessed by the current measures. However, as in the older children, the quality of their explanations both correlated with age, as well
as with their forced-choice performance.

Taken together, the results of Experiment 1 and 2 show substantial development in children’s understanding of verification as a
necessary condition for making factual claims, both as assessed by their forced-choice selections on behalf of a naïve third party, as
well as by their developing ability to provide explicit justifications of those choices.

However, children hardly ever receive information in a vacuum. It is conveyed by individuals, with a variety of both social and
epistemic motives. In many cases, it is likely adaptive to judge factual claims on the basis of their source—that is, information from a
trustworthy source is taken as true, even without any information about its legitimacy. By and large, this form of trust is likely to lead
to the uptake of accurate information. However, this social learning mechanism presents a danger, in that generally reliable sources,
though trustworthy overall, cannot be assumed to be reliable at all times, in all domains, without constraints. In particular, in cases
where a previously reliable individual makes a plausible, potentially true claim about something they in fact lack sufficient
knowledge of, we need to be able to inhibit our general trusting stance in general in favor of skepticism in the moment. Children’s
ability to integrate their reasoning about informant reliability with their understanding of what constitutes sufficient evidence for
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particular factual claims is addressed in Experiment 3.

5. Experiment 3

Experiment 3 builds on the first two experiments by asking an additional critical question. Specifically, as they develop an
understanding that factual claims must be based on access to sufficient knowledge, are children able to use that understanding to
evaluate such claims even when access to knowledge conflicts with the previous reliability of a given individual? As mentioned in the
introduction, we cannot simply trust, say, a scientist as a universally knowledgeable informant about all things, even in her subject
area, but rather must evaluate the process by which she has weighed evidence and made claims. Consider several further examples
from modern life. A lawyer is, by necessity, highly educated and assumed to be an expert in legal issues. However, we do not rely on
lawyer’s general expertise and presumed trustworthiness in making decisions about guilt and culpability. Rather, we rely on an
impartial assessment based on the “facts of the case,” and we rely on individuals who have a legitimate claim to knowledge (i.e.,
eyewitnesses) to provide compelling evidence. With all its pitfalls, the legal system is predicated on the assumption that specific
knowledge and evidence outweigh general trustworthiness as a matter of principle.

On a more everyday level, consider two mechanics trying to diagnose a problem with your car. You take it to your trusted
mechanic, on whom you have relied for many years, but they are busy, do not take the time to look carefully at your vehicle, and give
you a guess about what they think the problem is. You decide to get a second opinion, at a new mechanic about whom you have not
heard great things. They spend half a day inspecting all the systems in your vehicle and arrive at a completely different conclusion.
Who do you trust? Even though you might feel badly about it, chances are your previous mechanic just lost your business, at least for
this repair, and with good reason. Despite their previous reliability, they were negligent in this case, while the new mechanic did their
due diligence. You are better off going against your initial impulse, and trusting the new mechanic, at least in this case.

To return to children’s reasoning, the scenario children encountered in Experiments 1 and 2 is broadly similar to the mechanic
example, but with no prior history of reliability, making the decision rather straightforward. The question asked in Experiment 3
more closely parallels the mechanic example, asking how children grapple with the dilemma of trusting a previously reliable source
who is being negligent in the moment, versus a previously unreliable source who has the right kind of knowledge for the current
situation, children are able to choose basis on current access to knowledge.

To assess this question, the procedure in Experiment 3 was identical to that of the previous experiments, except that the in-
formants making verified or unverified claims were the same ones who had previously labeled familiar objects accurately or in-
accurately, thus giving them a baseline level of reliability against which their current verification (or failure to verify) could be
measured. Critically, as in Brosseau-Liard and Birch (2011), on some trials, the puppets’ verification or lack of verification was
congruent with their previous accuracy (i.e., the accurate puppet verified her claims and the inaccurate puppet failed to), and on
other trials, the puppets’ verification or lack of verification was incongruent with their previous accuracy (i.e., the inaccurate puppet
verified her claims and the accurate puppet failed to). These incongruent trials are particularly revealing, as they directly ask the
question of whether children can inhibit their tendency to base trust decisions on prior reliability when an individual’s current
negligence ought to outweigh it.

The current work closely parallels that by Brosseau-Liard and Birch (2011) but adds to it in several important ways, as detailed in
the introduction. First, the distinction between the behaviors of the two informants was subtler. Both informants performed an
epistemically relevant behavior, but only one did enough to gain the right kind of information (looking in as opposed to looking at the
box). Second, we asked children to make their selections on behalf of a naïve third party, providing a measure of their objective
understanding of the importance of verification. Third, we asked children to explicitly explain their forced choices, providing a
measure of their explicit understanding of the relation between verification and claims.

We had two key predictions: First, we predicted that children would be less likely to successfully select the puppet who had
verified their claims, when they had previously labeled familiar objects inaccurately. Second, we predicted that this would show age-
related differences. Specifically, we predicted an age by condition interaction, with older children more likely to consistently select
the verifying puppet specifically on incongruent trials, in which the previously accurate informant failed to verify her claims, and the
previously inaccurate informant did so successfully. Additionally, we predicted that, as in Experiment 1, children’s ability to ex-
plicitly justify their selections would increase with age and would be correlated with their success at selecting the verifying in-
formant.

5.1. Participants

In Experiment 3, we recruited an additional 32 4- and 5-year-old children (Mean age = 59.3 months; 16 males, 16 females) and
an additional 32 6- and 7-year-old children (Mean age = 83.4 months; 16 males, 16 females). Children were recruited from the same
local children’s museum, located near a medium-sized mid-Atlantic city. This sample was similarly upper-middle class, and also
represented individuals from a range of ethnic backgrounds (53 % Caucasian/White, 20 % Biracial/mixed, 12 % African American/
Black, 11 % Asian/Pacific Islander, and 4% Hispanic/Latino/a).

5.2. Procedure

The procedure was identical to that of Experiment 1, with one key change. Instead of the puppets in the accuracy trials being
different puppets from those in the verification trials, this time they were the same. That is, Pig and Duck engaged in accurate and
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inaccurate labeling, and then Pig and Duck verified or failed to verify their claims about the contents of novel containers. Thus, before
the verification trials, these puppets had established a history of reliability, with one having accurately labeled the familiar objects,
and one having inaccurately labeled them. Two of the four verification trials were congruent (the previously accurate informant also
verified, while the previously inaccurate informant failed to), and two trials were incongruent (the previously accurate informant
failed to verify, and the previously inaccurate informant verified). The order of trials and trial types, as well as the identity of the
previously accurate or inaccurate puppet were counterbalanced across participants.

5.3. Results

5.3.1. Accuracy Trials.
As in Experiment 1, children at both ages chose the accurate puppet over the inaccurate puppet on accuracy trials significantly

above chance (M4-5-year-olds = 3.38, SD = 1.21, t(31) = 6.45, p< .001; M6-7-year-olds = 3.97, SD = .177, t(31) = 63.0, p< .001).

5.3.2. Verification trials
The key measure of interest for this study was children’s success on each of the two types of verification trials (congruent vs.

incongruent), and its relation to their explicit reasoning (see Fig. 2). In order to assess this, we conducted a repeated-measures
ANOVA, with age group as a between-subjects factor, condition and trial as within-subjects factors, mean explanation score as a
covariate, and forced-choice selection as a dependent measure. This analysis revealed a significant interaction between age group and
condition (F(1,61) = 5.32, p = .024, partial η2 = .080, and a significant effect of their mean explanation score (F(1,61) = 12.0, p =
.001, partial η2 = .164).

The 4- and 5-year-olds performed above chance on congruent trials (M = 1.56, SD = .716 t(31) = 4.45, p< .001, d = .782), but
showed at chance performance on incongruent trials (M = 1.03, SD = .822, t(31) = .226, p = .823, d = .037). They thus performed
significantly better on congruent than incongruent trials, (t(31) = 3.16 p = .004, d = .688). Six- and 7-year-olds performed above
chance on both congruent trials (M= 1.44, SD = .716, t(31) = 3.26, p = .003, d = .615) and incongruent trials (M= 1.38, SD =
.609, t(31) = 3.48, p = .002, d = .624).

Furthermore, the consistency of children’s performance across the trials varied by trial type. For congruent trials, 24 out of 32 (75
%) of 4- and 5-year-olds and 19/32 (59.4 %) of 6- and 7-year-olds answered both trials correctly. Thirty out of 32 (93.8 %) of 4- and
5-year-olds and 27/32 (84.4 %) of 6- and 7-year-olds answered at least 1 trial correctly.

For incongruent trials, performance was more mixed. Eleven out of 32 (34.4 %) of 4- and 5-year-olds and 14 out of 32 (43.8 %) of
6-7-year-olds answered correctly on both trials. Twenty-two out of 32 (68.8 %) of 4- and 5-year-olds and 29 out of 32 (90.6 %) of 6-
and 7-year-olds answered at least 1 trial correctly.

In order to further investigate the development of children’s explicit reasoning about verification, we conducted a repeated
measures ANOVA, with age group as a between subject factor, condition and trial as within-subject factors, and children’s ex-
planation score as a dependent measure. The only significant effect revealed was a trial by age group interaction (F(1,62) = 6.13, p=
.016, partial η2 = .090). The 4- and 5-year-olds showed no difference in their mean explanation scores between the first (M = .672,
SD = .819) and second (M = .703, SD = .932) of each trial type (t(31) = .263, p = .794, d = .035), but 6- and 7-year-olds showed
significant improvement from the first (M = .797, SD = 1.05) to the second of each trial type (M = 1.39, SD = 1.37, t(31) = 3.07, p
= .004, d = .486). This suggests that as children saw the contrast between the first two exemplars of the two trial types, they were
better able to articulate their explanations for their forced choices.

Finally, as in Experiments 1 and 2, we assessed the consistency of children’s forced-choice responses and their explicit ex-
planations. Overall, as in the previous studies, nearly children at both ages either matched in their forced-choice success and the level
of the explanation (M = 2.08 out of 3, SD = 1.34), or made correct selections on the forced-choice questions but failed to give a

Fig. 2. Mean proportion of verification trials on which children in each age group selected the verifying informant across the congruent and
incongruent trials in Experiment 2. Error bars represent +/- 1 SEM. The dashed line represent chance responding (50 %). ** p < .01; *** p < .001.
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higher-level explanation (M = 1.84 out of 3, SD = 1.35). Only two children ever gave a higher-level explanation without also
choosing correctly. Thus, as in Experiments 1 and 2, children’s implicit understanding as referenced by their forced-choice selections
may precede their explicit understanding.

5.4. Discussion

The results of Experiment 3 illustrate clear age-related differences in children’s understanding of verification. Children in
Experiment 1 were able to use verification behavior to guide their choice about who a naïve individual should learn from as early as
age 4, and this effect replicated in the current study on congruent trials, when the informants’ verification behaviors were consistent
with their prior accuracy. But on incongruent trials, when informants’ prior accuracy and current verification behavior were in
conflict, children younger than age 6 did not reliably select the verifying puppet. This shows that children are working to integrate
their reasoning about the evidentiary process by which a claim is made with their reasoning about other relevant cues to reliability,
and this integration process appears to be nuanced and challenging. Indeed, past reliability is probably a relatively good heuristic for
deciding who to trust, and previous work (e.g., Brosseau-Liard & Birch, 2011; Nurmsoo & Robinson, 2009) has indicated that children
may actually weigh this cue relatively equally to other critical epistemic cues. And yet, as we have described above, there are cases in
which one must set aside one’s knowledge of who an informant is and whether they are generally reliable in favor of their current
epistemically-relevant behavior. The most expert person in the world is not omniscient and cannot base a claim on knowledge they do
not have.

6. General discussion

Much of what we know about the world around us is based purely on what others tell us (Harris, 2012). But in depending on
testimony from others, a crucial challenge is using epistemic reasoning to assess whether others’ testimony about unknown domains
of knowledge or sources of evidence is likely to be reliable. The critical thinking skills required to assess the validity of communicated
information is essential to children both as they gain knowledge in various academic disciplines, and to the construction of a reliable
conceptual understanding of the world more broadly. In order for children to become skeptical, critical consumers of information,
they must be able evaluate the quality of the evidentiary actions underlying specific acts of testimony. Moreover, children need to
integrate their understanding of the factors that indicate that an individual is a reliable source of information, with their under-
standing of what constitutes sufficient evidence for particular factual claims. They must also learn to privilege the gathering of
sufficient evidence above and beyond, and sometimes regardless of, the general trustworthiness of the individual making a particular
claim.

The current research suggests that, by age 4, the majority of children recognize that one ought to accept verified claims over
unverified ones, and use this understanding to guide a naïve learner, Moreover, the consistency with which children use this un-
derstanding in selecting information increases with age, and is related to a developing ability to explicitly articulate why they made
those selections. Further, although younger children were not able to correctly select information on the basis of verification at
above-chance levels, their ability to do so was similarly related to their ability to justify their choices. Finally, there were indications
of developmental differences in whether children were able to successfully integrate their reasoning about informant reliability with
their evaluation of the evidence underlying particular claims. When faced with a conflict between individuals’ past reliability and
their current faithfulness or negligence in verifying information, only older children were above chance in choosing the informant
who gathered sufficient information, even if they had previously in inaccurate. Four-and 5-year-olds were able to use verification to
evaluate from whom a naïve third-party should learn when an informants’ verification behavior was consistent with their prior
accuracy, thus presenting clear-cut, non-conflicting cues to reliability. When their verification conflicted with their prior accuracy,
however, children in this age group performed at chance. In contrast, 6- and 7-year-olds’ use of verification was more robust, and they
were reliably able to choose the correct, verifying informant above chance even when that informant had a previous history of
inaccuracy. This is consistent with the findings from Brosseau-Liard and Birch (2011), who found that when informants made verbal
claims about the contents of the containers, they were at chance at selecting the previously accurate puppet who failed to look in the
box or the previously inaccurate puppet who did look in the box.

The current research makes several contributions to the nascent literature on children’s ability to integrate their evaluation of
informant reliability and their evaluation whether claims are based on sufficient verification, when tasked with selective social
learning. First, as mentioned previously, this is one of the first investigations that directly targeted this integration issue, asking
whether children understand that all factual claims must be based on sufficient evidence, even if they are made by a previously
reliable individual. Second, the inclusion of a broader age range than in previous studies gives us a more comprehensive develop-
mental picture than previous studies have been able to provide and illustrates that the integration of these two capacities is chal-
lenging for young children. Third, the addition of open-ended explanations means that these studies provide not only a window not
into children’s implicit understanding, as measured by the forced-choice selection measure, but into their explicit reasoning about why
one ought to select one informant over the other. As the results of all three studies show, the quality of children’s explanations was a
consistent predictor of children’s forced-choice answers. Although children sometimes chose correctly without being able to explain
why, the reverse was never true, suggesting that their implicit understanding may precede their ability to provide explicit verbal
justification of their reasoning.

Nevertheless, there remain important open questions that must be addressed in future research. The first concerns the devel-
opmental mechanisms underlying the results of these studies. Although showing clear development in this age range, the current
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work does not directly address the questions of what precisely underlies this development. There are several possibilities. First,
although children do reliably pass tests of false belief by age 4 (Wellman, Cross, & Watson, 2001), there is still considerable de-
velopment in children’s social cognitive skills over this developmental span (see Wellman & Liu, 2004). To the extent that reasoning
about verification may rely on social cognitive inferences about informants’ knowledge and belief states, children’s ability to reason
about evidence may be relative to their capacity to engage in these cognitive skills. Second, children’s executive function skill-
s—including working memory and cognitive control, among others—are also developing during this time period (Diamond, 2013;
Zelazo et al., 2003), and thus to the extent to which these tasks require considering multiple perspectives about the same question,
individual differences in executive function skills may help explain some of the variance in children’s reasoning about verification, as
well as variability in their selection of the verifying informant on behalf of a third party. This seems especially true for Experiment 3,
in which children must consider both the prior history of accuracy and the current verification behavior, and must inhibit reasoning
about accuracy, which they have considered for 4 trials prior to this test phase, in favor of reasoning only about verification.

Second, the current research, as well as that on which it builds, has focused primarily on the rudimentary, basic cognitive
foundations for reasoning about the link between evidence, verification, and knowledge-based claims. Specifically, the current work
focused on the fundamental principle underlying all empirical approaches to reasoning, namely that one must have evidence to make
factual claims, and that one may only make claims for which one has sufficient evidence. However, more work remains to be done in
order to clearly connect these basic building blocks to the broader issue of scientific reasoning and its development. There is a wealth
of evidence for preschool-aged children’s ability to use patterns of evidence in order to support inferential conclusions, most notably
from the literature on causal inference (see Gopnik, 2012; Schulz, 2012, for in-depth reviews). However, the ability to make in-
ferences on the basis of causal evidence, and the ability to understand the inferential process, are not one and the same. Much of the
work on children’s understanding of the connection between scientific evidence and inferential conclusions focuses on older children
and is less sanguine about younger children’s scientific reasoning capacities (see Kuhn & Dean, 2004; Kuhn, Katz, & Dean, 2004, for
in-depth reviews). However, preschoolers do show some ability to reason in more explicitly scientific ways. For example, by
sometime between the ages of 6 and 8, children are able to differentiate between notions that might be true (i.e., hypotheses), and
actual evidence for those hypotheses (Sodian, Zaitchik, & Carey, 1991). By age 6, and potentially even as young as 4, children can
correctly reason about what someone will conclude from a pattern of false evidence (Koerber, Sodian, Thoermer, & Nett, 2005;
Ruffman, Perner, Olson, & Doherty, 1993). And between ages 3 and 6, children are able both to systematically test hypotheses and to
provide evidence to help correct someone else’s false conclusion (Köksal-Tuncer & Sodian, 2018). This work poses several important
questions for further research integrating these literatures. First, can children use their understanding of both causal relations and the
logic of verification to reason about who is producing the right kind of evidence to reach a particular inferential conclusion, and who
is producing relevant but insufficient evidence? Can children distinguish between inferences that are conclusively supported by a
pattern of evidence, from ones that are consistent with the data but about which there remain confounds? That is, can children
recognize when individuals overstate their conclusions, and draw inferences that go beyond what they ought to conclude form a
given set of data?

Further, it will be important to investigate how children integrate this understanding with their developing social cognitive skills
in order to reason about why individuals might make unverified claims, and whether individuals are making claims for less prosocial
motivations such as persuasion or deceit. Do they understand that scientific reasoning is predicated on the notion that one is
transparent and truthful in producing and conveying evidence? That is, do they grasp that making unsubstantiated claims is not only
incorrect in terms of the conclusions one can draw, but unethical and potentially harmful to others (cf., Fedra & Schmidt, 2018)?
Claims, especially misleading or unverified ones, may be made for a variety of social motives, and thus future work should investigate
how children reason about those motives.

Finally, more work is needed to move these lines of investigation beyond scientific reasoning to other areas of learning. Indeed,
learning in any domain, be it science, history, or social studies, relies on claims made and lessons drawn from a body of gathered
information. Although what it means to “verify” information varies greatly across subject matters, understanding the process of
inquiry and knowledge-generation in different academic disciplines is critical to successful engagement in those disciplines. To put it
another way, by age 4, children understand the bedrock principal that you cannot say what you do not know. But learning how to
learn in different fields requires both understanding how one knows something and what counts as verification in that field, as well as
fostering the empirical habit of mind of continually asking, “how do we know?” Given the basic foundational capacities that children
display in the current research, future work should investigate how best to capitalize and build on those capacities as children begin
formal education across different subject areas.

Children and adults alike are increasingly inundated with information from sources of varying degrees of reliability and trust-
worthiness. We rely heavily on what others tell us in order to learn about the world and assessing the veracity of various sources is an
important life skill. This is especially true with respect to critical thinking and scientific literacy, where insufficiently verified claims
(e.g., that vaccines cause autism) are often made, adopted, and spread, leading to misconceptions and misunderstanding about
important issues. Indeed, fostering scientific literacy, and combatting its possible decline, has been termed a “shared responsibility”
by the Smithsonian Institution (Clough, 2010).

The ability to engage critically with the world, to actively question what we see and are told, and to use that questioning to guide
further inquiry, is thus of ever-increasing importance in modern society. As a step towards addressing this issue, the current research
aimed to start building a coherent picture of how and when children develop the ability to critically evaluate empirical claims.
Ultimately, future research has the potential to generate clear targets for programs and interventions that seek to foster the devel-
opment of these skills at the earliest age possible, helping us, as a society, to train critical consumers who can navigate an increasingly
complex informational world.
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