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In learning about the world children must not only make inferences based on minimal evidence, but must
deal with conflicting evidence and question those initial inferences when they appear to be wrong. Four
experiments (N = 144) found that young children were significantly more likely to revise their initial infer-
ences when conflicting evidence was explicitly demonstrated for them. Four- and five-year-old children saw
deterministic evidence about which objects had causal powers, and then saw counterevidence conflicting with
that initial pattern. Critically, the conflicting evidence was either demonstrated communicatively and peda-
gogically, or produced in an intentional but nonpedagogical manner. Only when evidence was explicitly
demonstrated for them did children revise their initial hypothesis and use a subtle clue to infer the correct
rule.

As human beings, we live in a world of unfath-
omable uncertainty, but we assume that within that
noise there are signals that will help us derive
meaning and order. We continuously search for
reliable patterns (Cimpian & Salomon, 2014), and
we use those patterns to guide inferences and
actively construct a coherent conceptual and causal
understanding of the world and its structure (Gel-
man, 2003; Gelman & Wellman, 1991; Gopnik &
Wellman, 2012; Keil, 1989; Xu & Kushnir, 2013).
And yet, since we must draw inferences from the
limited, and sometimes even skewed, data that
come from our everyday interactions with the phys-
ical and social world, some of the initial inferences
that we make are wrong. Indeed, some people infer
that the earth is flat, that the sun orbits the earth,
that moving objects have a hidden force inside
them, and believe verbal testimony that invisible
entities determine everyday events (Shtulman, 2017;
Shtulman & Harrington, 2016). Much of the evi-
dence available to us, especially that which is most
readily apparent and easily gathered, is insufficient
to ensure accurate conceptions, and may often lead
to incorrect conclusions and common misconceptions.

Given this limitation, the capacity to continually
revise our inferences on the basis of new and some-
times conflicting evidence is critical to constructing
a coherent and accurate understanding of the
world. And though this is undoubtedly true
throughout the lifespan, it is especially important
for children to be able to revise their initial theories,
as these theories have the potential to frame and
constrain subsequent learning across development.
This was, of course, one of the lynchpins of Piaget’s
(1952) theory of cognitive development, in which
new information leads to disequilibrium, which
then must be resolved either through assimilation
of that evidence into existing schemas, or through
accommodation of those schemas to fit the new evi-
dence.

Although even very young children are sensitive
to surprising and unexpected evidence, at least
when it presents a clear conflict (Legare, 2012;
Macris & Sobel, 2017; Stahl & Feigenson, 2015,
2017), we know from decades of research that
adults are famously bad at reasoning about evi-
dence that conflicts with their beliefs (see Nicker-
son, 1998 for a thorough review), often testing
hypotheses by choosing only examples that would
fit their expectations. (e.g., Bruner, Goodnow, &
Austin, 1956; Wason, 1960) And such tendencies
are not merely limited to physical reasoning, but to
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Given the challenges inherent in revising initial
inferences, children may use other people as a
source of knowledge to guide this process. Much as
they use adults to guide their initial inferences from
minimal evidence by reasoning about the ways in
which adults manifest that evidence (Gergely &
Jacob, 2012), we propose that they also reason
about the social history of how counterevidence is
produced in order to infer whether that counterevi-
dence warrants revisiting their initial inferences.
The current research thus aims to bring prior work
on children’s use of social cues to guide inductive
inference to bear on the critical process of hypothe-
sis revision in the face of counterevidence. Specifi-
cally, we asked whether children might be more
likely to make use of counterevidence in revising
their initial inferences when it was deliberately
demonstrated for their pedagogical benefit, than
when the identical counterevidence was produced
in an intentional manner, but one that was not
explicitly pedagogical.

Children’s Use of Social Cues to Guide Inductive
Inferences

A foundational capacity for learning is the ability
to make broad inductive generalizations on the
basis of limited evidence. This capacity is central to
causal reasoning, is necessary for prediction and
explanation, and underlies conceptual development
more broadly. But inference from minimal evidence
presents an inductive problem. Children need to
figure out what of all the novel information they
encounter provides good bases for generalization,
what information should be dismissed or ignored
as irrelevant, and what the scope of a generaliza-
tion should be if one is warranted (Goodman,
1965). Although our cognitive architecture appears
to rely heavily on reasoning in terms of kinds and
categories (Cimpian, 2016; Gelman, 2003), such rea-
soning may sometimes be insufficient to gauge the
importance of a novel piece of minimal evidence.

Recent research has shed light on children’s abil-
ity to use others as a source of knowledge to help
guide inductive inference in the face of uncertainty.
Specifically, this research has explored the ways in
which children employ their social cognitive skills
—their ability to understand the intentions behind
others’ actions—in order to gauge the importance
of information being conveyed by knowledgeable
others. In particular, children are sensitive to social
cues such as eye gaze and joint attention that signal
a pedagogical intention to communicate relevant
information (Csibra & Gergely, 2009; Csibra &

Shamsudheen, 2015; Gergely & Jacob, 2012). Even
very young infants show such sensitivity, process-
ing information differently when it is accompanied
by these cues (Egyed, Kir�aly, & Gergely, 2013; Fut�o,
T�egl�as, Csibra, & Gergely, 2010; Wu, Kirkham,
Swan, & Gliga, 2011; Wu, Tummeltshammer, Gliga,
& Kirkham, 2014; Yoon, Johnson, & Csibra, 2008).

At least by age 4, children use this sensitivity to
guide their inductive inference process. Pedagogical
demonstration of evidence leads children to make
inductive generalizations that are stronger and
more resistant to counterevidence (Butler & Mark-
man, 2012b, 2016; Butler & Tomasello, 2016; Hernik
& Csibra, 2015). It also leads them to construct radi-
cally different conceptions of novel categories, for
example, organizing their notion of category mem-
bership on the basis of deeper, semantic, or func-
tional information rather than shared perceptual
features (Butler & Markman, 2014; Fut�o et al., 2010;
Kov�acs, T�egl�as, Gergely, & Csibra, 2016; Yoon
et al., 2008; Yu & Kushnir, 2016). Finally, pedagogi-
cal demonstration leads children to infer that a
demonstrated action is the only (Bonawitz et al.,
2011) or normatively correct (Butler, Schmidt,
B€urgel, & Tomasello, 2015; Vredenburgh, Kushnir,
& Casasola, 2015) way to act. Taken together, this
literature suggests that children’s sensitivity to
whether actions are carried out with pedagogical
intent shapes the inferences they make about the
evidence those actions produce.

Sensitivity to Counterevidence in Inductive Inference

The research described above paints a clear pic-
ture of the role that pedagogical cues play in chil-
dren’s inductive inference process. However, this
research has largely focused on children’s initial
inductive inferences—their construction of an impli-
cit hypothesis based on preliminary evidence. But
as we describe above, our initial inferences about
the world are often wrong. Just as important as the
ability to make inferences on the basis of minimal
evidence is the capacity to evaluate and revise those
inferences in light of new evidence. This is espe-
cially important as young children form the theories
that will frame their subsequent learning.

Children are clearly motivated to and capable of
engaging with and exploring counterevidence, and
do so from very early in life. For example, infants
shown events that conflict with their intuitive
expectations about how objects should behave in
the physical world (e.g., a car that hovers in mid-
air or seems to magically pass through a solid
wall), not only show surprise at such events but
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selectively explore those intuition-violating objects
in order to verify that they truly behave in such a
counterintuitive way (Stahl & Feigenson, 2015).
Likewise, preschoolers shown evidence that an
object does not balance the way they would expect
it to selectively explore to figure out why (Bonaw-
itz, van Schijndel, Friel, & Schulz, 2012; Bonawitz,
Ullman, Gopnik, & Tenenbaum, 2012), and witness-
ing an event that produces surprising evidence
seems to improve learning about the objects pro-
ducing that evidence (Stahl & Feigenson, 2017). Fur-
thermore, preschoolers who are explicitly taught a
causal rule (e.g., that “blickets” make a machine
turn on, while “daxes” do not), and are then shown
evidence that conflicts with that rule (e.g., a “dax”
that works and a “blicket” that does not), selec-
tively explore that inconsistency in the hopes of
explaining it (Legare, 2012; Legare, Gelman, &
Wellman, 2010). Finally, preschoolers are more
likely to revise an initial hypothesis when they are
prompted to explain it prior to seeing counterevi-
dence, when they are given a diverse sample of
counterevidence, or when counterevidence comes in
the form of explicit testimony (Macris & Sobel,
2017). Taken together, this literature clearly sug-
gests that preschool children have the capacity to
revise their initial inferences on the basis of new
and conflicting evidence.

That said, it is important to distinguish the capac-
ity to revise beliefs based on counterevidence,
which children clearly have from an early age, from
the factors that influence when children do and do
not actually carry out such belief revision. Specifi-
cally, in prior work, the conflict between children’s
initial hypotheses and the counterevidence has been
relatively clear. In some cases, this was due to the
salience of the counterevidence, either because it
conflicted with children’s intuitive conceptions of
the physical world (Bonawitz, Ullman, et al., 2012;
Bonawitz, van Schijndel, et al., 2012; Stahl &
Feigenson, 2015, 2017), or because it was a diverse
sample of counterevidence (Macris & Sobel, 2017).
In other cases, the conflict was clear because the ini-
tial rule was explicitly taught through deliberate
demonstration, because children were prompted to
explain either their initial evidence or the conflicting
event, or because the counterevidence was deliv-
ered via explicit testimony (Legare, 2012; Legare
et al., 2010; Macris & Sobel, 2017).

But in many cases, new evidence may not pre-
sent such a stark conflict with children’s initial
inferences, or children’s prior expectations may be
strong enough to lead them to override that new
evidence. In other words, when their prior

expectations are strong, counterevidence may be
insufficient to lead most children to revise their ini-
tial beliefs. This is true when counterevidence is
probabilistic and thus less clear (Kushnir & Gopnik,
2007), as well as when counterevidence is highly
counterintuitive given children’s prior knowledge
(Schulz, Bonawitz, & Griffiths, 2007). Thus, children
are capable of revising their inferences on the basis
of counterevidence but may fail to do so when the
conflict is not, on its own, strong enough to over-
ride their initial inferences. Indeed, simply noticing
inconsistent evidence does not always lead children,
or even adults, to revise their hypotheses (e.g.,
Dunbar & Klahr, 1988; Kuhn, 1989; Vosniadou &
Brewer, 1992). This may be because individuals
ignore or reject inconsistent evidence (see Chinn &
Brewer, 1993), or because they simply fail to recog-
nize it as directly relevant to the hypothesis or the-
ory with which they are currently engaging.

Motivation for Current Research

What then, may facilitate children’s reasoning in
cases where prior evidence is clear and resulting
expectations are strong, whereas counterevidence is
minimal, uncertain, or counterintuitive? There is
reason to believe that a sensitivity to pedagogical
cues may well facilitate not only children’s initial
inferences, but also their use of further evidence
that may conflict with what they have already
inferred. Although not explicitly investigating coun-
terevidence per se, prior studies do suggest that
children use pedagogical cues to shift from an ini-
tial, default conception of a novel category to one
based on previously unknown or nonobvious fea-
tures (Butler & Markman, 2014; Yu & Kushnir,
2016). Given this, it seems logical that pedagogical
demonstration may help facilitate reasoning about
counterevidence.

In the current research, we asked whether chil-
dren would be more likely to make use of a mini-
mal piece of counterevidence (in this case, that an
object they expected not to produce a causal func-
tion in fact does, or vice versa) in exploring and
revising their initial, implicit inference, when that
counterevidence was pedagogically demonstrated
for their learning benefit. Specifically, we manipu-
lated whether that piece of counterevidence was
demonstrated pedagogically or produced in an
intentional manner, but one which was not accom-
panied by pedagogical cues. Children then saw a
previously hidden clue that could help resolve the
conflict, and we asked whether children would use
that clue accordingly to revise their initial inference.
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The key prediction was that pedagogical demon-
stration of a minimal piece of counterevidence
would encourage children to see that counterevi-
dence as more relevant and important, and thus
make them more likely to search for a possible
solution to resolve that conflict. Absent this peda-
gogical demonstration, we expected children to be
just as likely to notice the minimal piece of coun-
terevidence regardless of how it was presented, but
to more easily dismiss it light of their prior knowl-
edge.

The current research builds on prior work in sev-
eral key ways. First, in some previous research
(e.g., Butler & Markman, 2014; Yu & Kushnir,
2016), the evidence presented a conflict with chil-
dren’s initial hypothesis because it suggested a nov-
el, nonobvious function that conflicted with
perceptual appearances. In contrast, the counterevi-
dence in the current work was only novel because
the previously inferred causal rule was violated.
Children had no a priori reason to expect a particu-
lar rule to be the case, and thus the counterevidence
was not surprising or counterintuitive on its own
merits. The conflict was thus much subtler than in
prior studies.

Second, in this prior work the novel evidence
itself presented the solution to the conflict—children
could switch from a preconceived notion, a default
assumption that the category was based on percep-
tual similarity, to categorizing on the basis of the
novel, functional property. But of course, this is not
always the case in situations where we encounter
conflicting evidence—often we are left at a loss as
to why something surprising happened and must
search for a resolution to it. In the current work,
the counterevidence itself did not present a solution
—it was simply one piece of evidence that was
inconsistent with the pattern of evidence children
had so far accumulated. Rather, children had to
decide whether this minimal counterevidence was
important and relevant to their causal inference,
and if so, how to resolve the conflict. The potential
resolution, in this case the fact that there was a hid-
den feature on the bottom of some but not all
objects, was never shown to the child, but all chil-
dren saw a clue to this possibility when the initial
piece of counterevidence was presented. This clue
was equally visible to children regardless of
whether the counterevidence had been demon-
strated pedagogically.

Finally, unlike in other prior work in which the
conflict was made salient in one of several ways
(e.g., Legare, 2012; Legare et al., 2010; Macris &
Sobel, 2017), the counterevidence in the current

research was subtle, minimal, and potentially easy
for children to dismiss in the absence of a particular
reason to believe it might be important. Impor-
tantly, children were never asked to state their ini-
tial inference, so the conflict was only with an
implicitly held hypothesis. Thus, the current studies
test whether, in cases when children’s default might
be to ignore or dismiss minimal but important
counterevidence, pedagogical demonstration would
facilitate their search for and use of a resolution to
revise their initial hypotheses.

Experiment 1a

Method

The research described below and in Experi-
ments 1b, 2, and 3 was approved by our univer-
sity’s Institutional Review Board. Informed consent
was obtained from parents or legal guardians for
children’s participation, and verbal assent was
given by participating children.

Participants

Thirty-two 4- and 5-year-old children participated
(Mage = 53 months; range = 48–71 months; 16 girls,
16 boys). Children were recruited at a children’s
museum in a mid-sized city in the mid-Atlantic
region. Children were predominately middle- and
upper-middle-class but represented diverse ethnic
and racial backgrounds. Overall, 51% of participants
were White or Caucasian, 7% Black or African
American, and 26% from other or mixed ethnic
backgrounds, whereas 16% of parents chose not to
provide race or ethnicity data. Four additional chil-
dren were recruited but did not provide usable data,
either because of experimenter error (n = 1) or
because they did not want to explore in the initial
exploration phase and thus the participant’s data
was determined to be unusable prior to the manipu-
lation, and the remainder of the procedure was com-
pleted purely for the child’s benefit (n = 3).

Materials

The materials consisted of a novel music box toy
and three sets of objects: eight exploration objects,
eight categorization objects, and one demonstration
object. The music box was made from a small plas-
tic bin (13 9 9 9 6 in.) covered in red duct tape
and blue electrical tape. The top of the box was
covered with black foam core and had a piece of
curved white plastic piping extending from it (see
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Figure S1 for a picture of the experimental materi-
als). Inside the music box was a doorbell receiver
which could be activated using a wireless remote.

Of the eight exploration objects, four were cylin-
ders made from plastic piping and covered in red
electrical tape, and four were rectangles made from
a wooden block and covered in red electrical tape.
All the cylinders in the exploration set had a small
barcode on the bottom, made using white electrical
tape and black stripes drawn with black permanent
marker. None of the rectangles had this barcode.
The set of categorization objects was identical to the
exploration objects, except that in this set half of
each shape had the barcode on the bottom, and half
did not. This was done so that barcode and shape
were confounded in the exploration phase, in case
children discovered the barcode during exploration
(only two children did, one in each condition).
Finally, the demonstration object was an additional
rectangular object, identical to those in the set of ex-
ploration objects, but with a barcode on the bottom.

Procedure

Children were invited into a private area on the
museum floor. They were first introduced to the
novel music box toy and told that the toy played
music when you put certain things on it.

Exploration phase. Children were then given
the toy and a bin with the eight exploration objects
and were told they could “go ahead and play.” The
experimenter turned to the side, not looking at the
child, and allowed the child to explore freely for
60 s. She surreptitiously kept an eye on children’s
exploration, pressing the remote for the hidden
doorbell inside the toy whenever children put one
of the cylindrical objects on it. Children thus gener-
ated deterministic, unconfounded evidence that
cylindrical objects made the toy play music,
whereas rectangular objects did not. We did not
ask them to articulate their hypotheses, but given
the literature on even much younger children’s abil-
ity to draw causal inferences even from more com-
plex evidence (e.g., screening off to determine
which of several candidate variables truly has cau-
sal power; see Gopnik, Sobel, Schulz, & Glymour,
2001; Schulz & Gopnik, 2004; Sobel & Kirkham,
2006), we are confident that children at least implic-
itly inferred that shape determined causal power.
Some children even spontaneously stated this cau-
sal inference (e.g., saying “the round ones work” or
“the blocks don’t work”), further suggesting that
they had formed this hypothesis.

Demonstration phase. After children explored
and generated deterministic evidence supporting
the inference that the cylindrical objects made the
toy work, the experimenter took the exploration
objects away and placed the demonstration object on
the toy, making it play music. Thus, children saw a
rectangular object activate the machine. This was a
potentially surprising and novel event, because all
the others of had previously failed to activate the
toy.

Critically, the experimenter produced this coun-
terevidence in two perceptually similar, but socially
distinct, manners. In the pedagogical condition, the
experimenter established eye contact with children,
saying, “Look, watch.” She then looked back at the
object and deliberately placed it on the toy. Criti-
cally, the only point during the demonstration dur-
ing which the experimenter exhibited any
pedagogical cues was while placing the object on
the toy. Every other aspect of the procedure was
identical in both conditions. In the nonpedagogical
condition, the experimenter carried out the identical
action, except that she did not look at or talk to the
child, and thus did not explicitly draw the child’s
attention to potentially useful counterevidence.

In both conditions, the experimenter then non-
chalantly placed the object on its side, with the bot-
tom facing toward children, thus revealing a
previously hidden barcode, and then immediately
took the music box toy away. The presence of this
barcode was a potential clue to an alternate infer-
ence, namely that the barcode, and not the shape,
might determine each object’s causal power. The
experimenter never pointed out or remarked on the
barcode in any way.

Importantly, this action was made in a flowing,
continuous, and natural manner, such that the
placement of the demonstration object on its side
appeared incidental. This was done to reduce the
possibility that children might see this part of the
demonstration phase as explicitly pedagogical.
Importantly, prior work has shown that by age 4
children are quite adept at distinguishing which
actions within an ongoing action stream are truly
meant for their pedagogical benefit. For example,
even when the production of evidence takes place
in an un-interrupted pedagogical context, and thus
even a nonpedagogical action could be taken as a
clear demonstration, 4-year-olds nevertheless only
make stronger inferences when the specific action
producing the evidence is directly proceeded by
pedagogical cues (Butler & Markman, 2016; Yu &
Kushnir, 2016).
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Categorization phase. Finally, the experimenter
presented children with the set of eight categoriza-
tion objects along with two empty bins into which
to sort the objects. As described above, only half of
each shape had a barcode in the bottom, but chil-
dren could only discover this by picking up the
object and looking at the bottom. The experimenter
asked children to put all the objects they thought
would make the toy play music in one bin, and all
the objects they thought would not play music in the
other bin, and looked away while children sorted
the objects.

Results

We first coded to make sure that children were
paying attention equally in both conditions. Two
coders examined each video. The coders were not
fully blind to condition because they had to watch
the demonstration, but they were not told anything
about the study’s hypotheses. The coders coded
whether children were looking toward the object
during the demonstration phase. Inter-rater reliabil-
ity was high (Cohen’s j = .970), and any disagree-
ments were resolved by discussion. All 32 children
were attending.

In order to assess children’s categorization strat-
egy, we had two dependent measures. The first was
whether children based their categorization judg-
ments on the presence of the hidden barcode. We
did not expect that children would always be
perfect in their sorting strategy, and thus chose a

cut-off of 75% of the objects (6 of 8 test objects), con-
sistent with criteria used in prior studies (cf. Butler
& Markman, 2014). If children checked at least 75%
(6 of 8) of the objects for the barcode and sorted
them accordingly, they were coded as categorizing
according to barcode. If children sorted at least 75%
(6 of 8) of the categorization objects according to
whether they were the same shape as the demon-
stration object, they were coded as categorizing
according to shape. All 32 children categorized the
objects according to either shape or barcode on this
criterion, and there were no disagreements between
the two coders (Cohen’s j = 1.00).

Our second, and related, dependent measure
was the mean number of objects (of 8) that children
sorted on the basis of the presence of the barcode.
This provides a continuous measure that is less
arbitrary than the categorical measure, and also
allows for the possibility that the condition effect
may be subtle, with children sorting some, but not
all, objects according to a particular strategy. This
measure is more sensitive than the continuous mea-
sure. We report both measures below. As with the
categorical measure, there were no disagreements
between coders (Cronbach’s a = 1.00).

In the nonpedagogical condition, children never
used the barcode to make their judgments. In con-
trast, in the pedagogical condition 7 of 16 children
based their judgments on presence of the barcode,
suggesting they had revised their previous causal
inferences (Fisher’s exact test, p = .007 two-tailed;
see Figure 1).
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Figure 1. Proportion of children sorting by barcode or object shape in Experiment 1 (n = 16).
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On our second measure, the number of objects
sorted according to barcode, the modal response was
0. Because of this, we analyzed thismeasure using non-
parametric Mann–Whitney tests. Consistent with the
categorical coding, children sorted significantly more
of the objects according to barcode in the Pedagogical
condition (M = 4.00, SD = 4.02) than in the NonPeda-
gogical condition (M = 0.14, SD = 0.36, Mann–Whit-
neyZ = 2.29, p = .026 two-tailed, d = 1.35).

Discussion

Simply pedagogically demonstrating a subtle
piece of counterevidence led nearly half of the chil-
dren to notice a potential clue that might provide
an explanation for a potentially surprising event,
and to use it to revise their initial causal hypothesis.
This is a particularly striking effect given that chil-
dren’s initial causal hypothesis was formed via
active, hands-on exploration, and children have pre-
viously been shown to be especially prone to privi-
lege evidence they have generated themselves in
making causal inferences (Kushnir, Wellman, &
Gelman, 2009).

Experiment 1b

The results of Experiment 1a provide support for
the claim that children use pedagogical cues to
guide whether to use counterevidence in refining
their inductive inferences. In order to replicate this
finding, and to address any concerns about power
and sample size, we conducted a preregistered
replication of Experiment 1a, with 50% more chil-
dren in each condition (see https://osf.io/u95jg/?
view_only=0f914a5153fb4a12981ce6c6a2686f82).

Method

Participants

An additional 48 preschoolers
(Mage = 57 months; 22 girls) participated. Half of
the children were between 4 years, 0 months, and
4 years, 10 months (Mage = 52.5 months), and half
of the children were between 5 years, 0 months,
and 5 years, 11 months (Mage = 64.7 months). Chil-
dren in each age group were distributed evenly
across the conditions. As previously, children were
predominately middle- and upper-middle-class but
represented diverse ethnic and racial backgrounds.
Overall, 49% of participants were White or Cau-
casian, 8% Black or African American, and 35%

from other or mixed ethnic backgrounds, whereas
8% of parents chose not to provide race or ethnicity
data. Nine additional children were recruited but
did not provide usable data, either because of tech-
nical problems with the music box (n = 4) or
because they did not want to explore in the initial
exploration phase (n = 5).

Materials and Procedure

The materials and procedure were the same as
those used in Experiment 1a.

Results

As in Experiment 1a, we first coded children’s
attention during the critical demonstration phase.
Of 48 children, 41 were coded as attending during
the counterevidence phase (Cohen’s j = 1.00). Of
the remaining seven children, three children were
coded as not clearly paying attention during this
period (two in the pedagogical condition and one
in the nonpedagogical condition) and four children
(one in the pedagogical condition, and three in the
nonpedagogical condition) could not be coded for
attention because their parent or guardian did not
allow us to videotape their face. All analyses
reported below hold whether or not these children
are included (see Supporting Information).

As in Experiment 1a, we had two measures: the
number of children sorting according to the hidden
barcode across conditions (Cohen’s j = .978), and the
mean number of objects children sorted according to
barcode across conditions (Cronbach’s a = .998).

As in Experiment 1a, children were significantly
more likely to sort according to the presence of the
hidden barcode in the pedagogical condition (11 of
24 children) than in the nonpedagogical condition
(3 of 24 children; Fisher’s exact test, p = .024 two-
tailed; see Figure S2).

On average, children also sorted more objects
according to barcode on average in the pedagogical
condition (M = 4.13, SD = 3.75) than in the nonped-
agogical condition (M = 1.58, SD = 2.70; Mann–
Whitney Z = 2.22, p = .026 two-tailed, d = 0.78).

Discussion

These data provide a replication of Experiment
1a, with a 50% larger sample size. Children used
the barcode to sort the objects significantly more
when the counterevidence was demonstrated peda-
gogically, than when it was produced in a nonped-
agogical manner.
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Experiment 2

The results of Experiments 1a and 1b illustrated the
potential for pedagogical demonstration to facilitate
children’s engagement with and use of counterevi-
dence to revise their hypotheses. Specifically, the
findings showed that even a simple pedagogical
demonstration, which may have drawn attention to
the surprising counterevidence, but not a direct res-
olution of the conflict that counterevidence pre-
sented, had a clear effect on children’s engagement
with that counterevidence. Absent such a pedagogi-
cal demonstration, when children saw a clear inten-
tional action producing conflicting evidence, but
that evidence was not demonstrated explicitly for
their benefit, they failed to use it to revise their ini-
tial inference. In contrast, a brief pedagogical clue—
establishing eye contact with the child and suggest-
ing that they watch what is going to happen next—
was sufficient for nearly half of the children to rec-
ognize the relevance of this conflicting evidence
and, most critically, then use the potential clue to
revise their initial inference.

In Experiment 2, we aimed to again replicate
these findings with a new sample of children, as
well as to push them one step further by asking
whether children might show the same effect when
the counterevidence was a failure for an object to
have an expected causal power, rather than a sur-
prising success for an object to have an unpredicted
one. We hypothesized that this might be harder for
children, both because the event producing the rele-
vant counterevidence was essentially a nonevent—
no causal effect occurred—as well as because the
potential clue—the barcode on the bottom of the
demonstration object—represented an inhibitory
cause rather than a generative one (although see
Schulz & Sommerville, 2006, for evidence that chil-
dren can reason about inhibitory causes given
enough scaffolding). We predicted that children
would show the same general effect as in Experi-
ment 1, only revising their initial hypothesis when
they saw the relevant counterevidence demon-
strated pedagogically.

Method

Participants

An additional 32 4- and 5- year-old children par-
ticipated (Mage = 53 months; range = 48–70 months;
16 girls, 16 boys). Children were recruited at the
same children’s museum as in Experiment 1. As in
Experiment 1, children were predominately middle-

and upper-middle-class but represented diverse eth-
nic and racial backgrounds. Overall, 52% of partici-
pants were White or Caucasian, 10% Black or
African American, and 29% from other or mixed
ethnic backgrounds, whereas 9% of parents chose
not to provide race or ethnicity data. Five addi-
tional children were recruited but did not provide
usable data, either because of experimenter error
(n = 3) or because they did not want to explore in
the initial exploration phase, and thus the data
were deemed unusable prior to the manipulation
(n = 2).

Materials

The materials were identical to those used in
Experiment 1, except that in Experiment 2 the rect-
angular objects in the exploration phase turned the
machine on, whereas the cylindrical objects did not,
and thus the demonstration object that produced
the counterevidence was a rectangular object with a
barcode on the bottom, which failed to turn the
machine on.

Procedure

The procedure in Experiment 2 was identical to
that used in Experiment 1, with one key change.
Instead of the counterevidence suggesting a surpris-
ing generative effect (i.e., an object that children
would not have expected to turn the machine on
did), the counterevidence suggested a surprising
inhibitory effect (i.e., an object that children would
have expected to turn the machine on which failed
to do so). All other aspects of the procedure
remained the same.

Results

All 32 children were coded as attending during
the demonstration phase (Cohen’s j = .938). Again,
we had two key dependent measures. The first was
whether they sorted objects according to the pres-
ence or absence of the hidden barcode. This was
coded using the same system as previously, and
there were no disagreements between the two
coders (Cohen’s j = 1.00).

In the nonpedagogical condition, children never
used the barcode to make their judgments. In con-
trast, in the pedagogical condition 6 of 16 children
based their judgments on presence of the barcode,
suggesting they had revised their previous causal
inferences (Fisher’s exact test, p = .018 two-tailed,
see Figure S3).
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The second dependent measure was the number
of objects that children sorted according to barcode.
There were no disagreements between coders on
this measure (Cronbach’s a = 1.00). Children sorted
significantly more objects according to barcode in
the pedagogical condition (M = 3.36, SD = 3.91)
than in the nonpedagogical condition (M = 0.07,
SD = 0.27; Mann–Whitney Z = 2.05, p = .041 two-
tailed, d = 1.19).

This replicated Experiments 1a and 1b, finding
that having the counterevidence demonstrated ped-
agogically led children to use that counterevidence
to revise their initial causal hypothesis.

Discussion

As in Experiments 1a and 1b, children used the
minimal counterevidence to revise their initial infer-
ences significantly more when it had been demon-
strated pedagogically for them, than when they
saw identical counterevidence presented in an
intentional, but nonpedagogical manner. Thus, this
basic finding, now shown in three experiments,
suggests that at least when conflicting evidence is
minimal or subtle, children reason about others’
knowledge and intentions in choosing to manifest
that conflicting evidence in order to decide whether
it warrants revisiting and potentially overturning
their initial inference.

In interpreting these findings, we must consider
the possible mechanisms by which pedagogical
demonstration could affect children’s inductive
inference process. Broadly, there are two possibili-
ties. One is that the mechanism is purely atten-
tional. On this argument, which we will call the
Attention Hypothesis, pedagogical demonstration’s
power comes solely from the fact that it draws chil-
dren’s attention to the property being demonstrated
or communicated about, and this in turn boosts or
heightens learning about or from that property.

A second possibility is that the power of peda-
gogical cues lies not only in their drawing of atten-
tion, but in their cueing of the relevance of the
information those cues accompany. Of course, it is
important to note that attention is always part of
the process, and pedagogical cues do draw atten-
tion to what is being conveyed by the demonstra-
tor. However, on this second argument, which we
will call the Relevance Hypothesis, pedagogical
cues signal that the communicator is manifesting
information and deliberately drawing attention to it
because they think it is important and relevant for
the recipient. Carrying out an action that is not
merely instrumental (for the actor’s own benefit) but

rather pedagogical (that is, done communicatively
for the recipient’s benefit) conveys that this action,
like all communicative acts, has an intended mean-
ing. This triggers a process of evaluating the possi-
ble why this individual is choosing to communicate
this information in this particular context (Gergely
& Jacob, 2012; Sperber & Wilson, 1986). In many
(but of course not all) learning situations the most
likely reason is that a communicator wants to con-
vey particularly important information (Csibra &
Gergely, 2009).

Before turning to how each hypothesis might
explain the data in the current experiments, we
must first ask which hypothesis has clearer support
in the empirical literature. There is some disagree-
ment over which hypothesis best characterizes the
mechanism operating in infancy. Communicative
cues help direct infants’ attention in ways that pro-
mote learning (Tummeltshammer, Mareschal, &
Kirkham, 2014; Tummeltshammer, Wu, Sobel, &
Kirkham, 2014; Wu et al., 2011, 2014). As men-
tioned above, attention is always part of the story,
but the question is whether the effects go beyond
purely attentional effects. Some work suggests that
it does. For example, communicative cues lead
infants to remember semantic rather than merely
episodic information (Yoon et al., 2008), and to
form novel object categories based on functional
features rather than perceptual ones (Fut�o et al.,
2010; Kov�acs et al., 2016).

Regardless, even if there is some debate as to
which hypothesis best characterizes the results from
research with infants, research with older children
is clearer. At least by age 4, children’s use of peda-
gogical cues is most consistent with the Relevance
Hypothesis. Preschoolers show no clear effect of
pedagogy on their attention to, interest in, or even
initial inferences from evidence regardless of
whether it is demonstrated pedagogically or pro-
duced in an instrumental but noncommunicative
manner (Butler & Markman, 2012b, 2016; Schmidt,
Butler, Heinz, & Tomasello, 2016; Schmidt,
Rakoczy, & Tomasello, 2011). But the inferences
that they make on the basis of pedagogical demon-
stration are stronger and more resistant to coun-
terevidence than those made the basis of accidental
or even intentional actions that are carried out
without explicit pedagogical cues (Butler & Mark-
man, 2012b, 2016; Butler et al., 2015). These diver-
gent results are not consistent with the Attention
Hypothesis, but they are predicted by the Rele-
vance Hypothesis. Forming an initial inference or
belief on the basis of minimal evidence is relatively
easy and low-cost, and does not require the
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presence of explicit pedagogical cues, even if those
cues would draw attention to that evidence. But
children make stronger inferences about the rele-
vance and importance of evidence, ones that are
more resistant to counterevidence, when evidence is
explicitly demonstrated for their pedagogical bene-
fit.

The reason for this, according to the Relevance
Hypothesis, is that the power of pedagogical
demonstration stems not only from its ability to
direct a child’s attention, but from the inferences
children make about the intended meaning of a
demonstration as a communicative act. If a presum-
ably knowledgeable adult deliberately manifests
evidence for the child’s learning benefit, this is
likely because they mean to signal that this is par-
ticularly important or relevant information. Thus
the evidence produced by that demonstration is
likely to weigh quite heavily in children’s reason-
ing, holding up even under the weight of possible
counterevidence.

How might each of the two hypotheses explain
the results reported in Experiments 1a, 1b, and 2?
On the Attention Hypothesis, pedagogical demon-
stration drew children’s attention to the object that
produced unexpected counterevidence (the previ-
ously inactive shape activated the machine). Chil-
dren were thus more likely to notice the barcode on
the bottom of that object, more likely to check
which other objects also had that barcode, and
more likely to sort accordingly. Simply put, on this
account the information provided by the demon-
stration was simply more salient and more likely to
lead to hypothesis revision, without children mak-
ing any inference about why the demonstrator was
highlighting it. That is, children paid more attention
to the demonstration object and its resulting infor-
mation (potentially including the barcode), without
wondering or making an inference about why they
were doing so.

In contrast, the Relevance Hypothesis suggests
that children made an epistemic inference about
why the demonstrator might want them to pay par-
ticular attention to this information. On this argu-
ment, children recognize that the demonstrator is
drawing their attention to the demonstration object
and the information it provides because they have
a specific communicative goal. That is, children
might infer that the adult is highlighting this object
because it presents conflicting information, and is
using that object to convey that the barcode is the
more relevant property the child ought to attend to.
That is, the Relevance Hypothesis suggests that
children who saw a pedagogical demonstration

reasoned that the adult wanted them to pay atten-
tion to this conflict because it was informative,
potentially suggesting that their initial inference
might have been incorrect, and they ought to search
for a resolution to that potential conflict.

How might we determine which of the two alter-
native hypotheses is most consistent with the cur-
rent findings? We doubt that the effects seen in
Experiments 1a, 1b, and 2 were purely driven by
attention. Although the pedagogical cues may have
drawn attention to the demonstration that pro-
duced the counterevidence, they did not specifically
draw attention to the barcode itself, as that was
revealed in an incidental manner, absent any peda-
gogical cues, after the demonstration had been car-
ried out. Thus it remains unclear whether the
Attention Hypothesis would in fact predict that
children would infer the barcode to be relevant.
Certainly an attentional account would involve pay-
ing more attention to the object that unexpectedly
activated the machine, and thus children might be
more likely to notice the barcode on the bottom of
it and see that as possibly relevant. But any account
of this finding must include at least some interpre-
tation of why that barcode is relevant, which is not
clearly part of the Attention Hypothesis.

The Relevance Hypothesis, however, predicts
that children interpret the pedagogical demonstra-
tion as suggesting that this counterevidence should
not be dismissed. Rather, the demonstration was a
deliberate manifestation of evidence in order to
teach the child something, namely that perhaps
shape was not as predictive as children originally
inferred it to be. Given this framing, when children
then see the barcode on the bottom, they may see
this as a potential explanation for the conflict. Fur-
thermore, though the barcode is not deliberately
demonstrated, children may interpret the experi-
menter’s pedagogical choice to show them an object
where the shape would not have predicted func-
tionality, but one that then has a barcode on the
bottom, as indicating that they intend for the child
to see the barcode as relevant as well. Thus, while
the Attention Hypothesis does not provide a clear
prediction that children should make use of the bar-
code in guiding their sorting strategy, the Relevance
Hypothesis certainly does.

Nevertheless, it is important to directly test
which account best explains the current results. In
Experiment 3 we set out to directly test these two
accounts. We used the same setup and experimen-
tal manipulation, but employed a measure on
which we would expect no effect of pedagogical
demonstration.
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Experiment 3

It seems unlikely that the effects seen in Experi-
ments 1 and 2 were consistent with the Attention
Hypothesis, for the reasons described above. That
said, let us imagine that children’s attention to the
barcode was indeed boosted in the pedagogical
condition. In this case, one could argue that the
two hypotheses might make the same prediction on
the sorting task used in Experiments 1a, 1b, and 2,
namely that children would be more likely to use
the barcode to categorize in the pedagogical condi-
tion.

However, there is another measure that could
help differentiate between these two hypotheses:
whether children would explore the barcode more
in the pedagogical condition when simply given a
chance to play freely the objects, without any speci-
fic task to complete. If children’s increased use of
the barcode was purely due to attention, then this
increased attention ought to affect their exploratory,
free play behavior as well, if only due to curiosity
about whether that hidden property was shared
across the other objects. Thus, the Attention
Hypothesis would predict that pedagogical cues
would lead to increase in both task-relevant explo-
ration (as in the previous experiments), and task-ir-
relevant exploration, in which children play freely
without a specific task to complete.

The Relevance Hypothesis, however, makes a
different prediction. On the Relevance Hypothesis,
children viewed the information presented by the
demonstration object, including the barcode, as
being manifested for their benefit because of its rel-
evance and importance. In Experiments 1a, 1b, and
2, children were given the explicit task of judging
which objects had a causal power, and thus would
have viewed the barcode as relevant to that task.
Thus, on this account the pedagogical demonstra-
tion led children to engage in more task-relevant
exploration, in which they checked the bottom of
the objects in order to generate more evidence to
guide them in their sorting task. However, absent
that clear task to which the counterevidence and
the barcode might be seen as relevant, the Rele-
vance Hypothesis would predict that children
would be just as likely to engage in task-irrelevant
exploration regardless of how the counterevidence
was demonstrated.

Given this, in Experiment 3 we presented chil-
dren with an open-ended opportunity to explore
the objects, rather than an explicit sorting task. On
this measure, the Attention Hypothesis predicts that
children would show the exact same pattern as in

Experiments 1a, 1b, and 2, namely exploring and
checking the objects to see if they had the barcode
significantly more in the Pedagogical condition,
because their attention had been drawn to the
demonstration object. In contrast, the Relevance
Hypothesis predicts that absent an explicit task to
which the information is meant to be relevant, chil-
dren would spontaneously explore and check the
objects equally across the conditions. Thus, the
Attention Hypothesis predicts a significant effect of
condition in Experiment 3, whereas the Relevance
Hypothesis predicts no effect.

Method

Participants

An additional thirty-two 4- and 5-year-olds par-
ticipated (Mage = 57 months; range = 48–71 months;
16 girls, 16 boys). Children were recruited at the
same children’s museum as in Experiments 1 and 2.
Half of the children were between 4 years,
0 months, and 4 years, 10 months
(Mage = 52.6 months, and half of the children were
between 5 years, 0 months, and 5 years, 11 months
(Mage = 63.4 months). Children in each age group
were distributed evenly across the conditions. As
previously, children were predominately middle-
and upper-middle-class but represented diverse eth-
nic and racial backgrounds. Overall, 46% of partici-
pants were White or Caucasian, 11% Black or
African American, and 33% from other or mixed
ethnic backgrounds, whereas 10% of parents chose
not to provide race or ethnicity data. Ten additional
children were recruited but not provide usable
data, either because of technical problems with the
music box (n = 6) or because they did not want to
explore in the initial exploration phase, and thus
the data were deemed unusable prior to the manip-
ulation (n = 4).

Materials

The materials were identical to those used in
Experiment 1, except with no plastic bins for the
categorization task. Additionally, technical issues
with the music box led us to change the mechanism
to an iPhone-activated song instead of a doorbell.

Procedure

The procedure was identical to that used in
Experiment 1, with one key change. Instead of ask-
ing the children to sort the categorization objects
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according to which ones they thought would make
the toy play music, they were simply told, “I need
to go write something down for a minute, but you
can go ahead and play.” The experimenter then
gestured in an open and welcoming way to the cat-
egorization objects, indicating the children were free
and welcome to play with them, and then turned
and pretended to write on her clipboard for 60 s.

Results

As previously said, we coded to ensure that all
the children were attending during the key demon-
stration. All 32 children were attending during the
demonstration phase (Cohen’s j = .970). Our key-
dependent measure in Experiment 3 was not how
the children sorted the objects, but whether they
checked to see if additional objects (beyond the
demonstration object) had a barcode on the bottom.
Checking was operationalized as deliberately turn-
ing over at least one object and looking at the bot-
tom. There were no disagreements either on this
measure (Cohen’s j = 1.00), or the continuous mea-
sure (Cronbach’s a = 1.00).

Children were equally likely to spontaneously
check at least one object for a barcode (6 of 16 in
the pedagogical condition; 7 of 16 in the nonpeda-
gogical condition; Fisher’s exact test, p = 1.00 two-
tailed, see Figure S4). They also spontaneously
checked approximately the same number of objects
for the presence of a barcode across in both the
pedagogical (M = 3.25, SD = 3.86) and nonpeda-
gogical conditions (M = 3.00, SD = 4.00; Mann–
Whitney Z = 0.06, p = .952, d = 0.07).

Discussion

As predicted by the Relevance Hypothesis, chil-
dren engaged in equivalent levels of task-irrelevant
exploration across the conditions. These results sug-
gest that the findings of Experiments 1 and 2 were
not due to lack of attention to or noticing of either
the conflicting evidence or of the barcode, but
rather the fact that the pedagogical demonstration
led them to see the counterevidence as relevant—as
something that ought to lead them to question and
revisit their initial inference and search for addi-
tional evidence.

These findings are consistent with evidence from
the literature, which suggests that children make
inferences about information on the basis of the
intended meaning of communicative demonstra-
tions. For example, children draw the same infer-
ences from pedagogical demonstrations directed at

a third party (Bonawitz et al., 2011), and weigh evi-
dence produced by an adult differently depending
on whether it was produced with an appropriate,
pedagogically relevant rationale (Sobel & Som-
merville, 2009). They also draw different inferences
depending on whether a demonstrator agrees with
their hypothesis, often drawing stronger inferences
when a demonstrator disagrees with them (Young,
Alibali, & Kalish, 2012). Adding the current results
to this body of evidence suggests that the Relevance
Hypothesis is the best explanation for how peda-
gogical demonstration affects children’s learning
from evidence.

General Discussion

In forming accurate causal representations of the
world, we need to be able to make broad inductive
inferences on the basis of minimal evidence, as well
as to revise those inferences on the basis of new
evidence. Recent research has shown that young
children are sensitive to counterevidence that pre-
sents a clear conflict with their expectations, and
they selectively explore to resolve those inconsisten-
cies (Legare, 2012; Legare et al., 2010; Macris &
Sobel, 2017; Stahl & Feigenson, 2015, 2017). The
current research focuses on whether, in cases where
a conflict may be easily overlooked or dismissed,
pedagogical demonstration of conflicting evidence
can facilitate children’s ability to use that coun-
terevidence to revise their beliefs. Children first
explored and learned that objects of one shape
seemed to have the causal power of making a
music box toy turn on, whereas objects of a second
shape did not. They then saw minimal counterevi-
dence (one additional object that had the opposite
effect as predicted), produced either pedagogically
or in an identical intentional, but nonpedagogical,
manner. Children then saw a possible clue repre-
senting a previously hidden feature that might
explain this discrepancy (a barcode on the bottom
of the counterevidence-producing object, which was
incidentally revealed by the experimenter), and
were then asked to categorize an additional set of
objects according to which they expected would
turn the machine on.

In Experiments 1a, 1b, and 2, we found that
when presented with a minimal piece of counterevi-
dence conflicting with their initial hypothesis, chil-
dren were significantly more likely to make use of
that counterevidence, that is, actively checking for
and using the previously hidden barcode feature to
categorize the objects, when the counterevidence
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was demonstrated pedagogically. In contrast, chil-
dren were much less likely to revise their initial
hypotheses when the identical counterevidence was
produced in an intentional, but nonpedagogical
manner, even though they were attending equally
to the manifestation of the evidence. Experiment 3
tested directly whether our results were best
explained by the Attention Hypothesis or Relevance
Hypothesis. Specifically, the Attention Hypothesis
would predict the same increased attention to and
engagement with counterevidence regardless of the
task children was given. The Relevance Hypothesis,
in contrast, would predict that children should
show no effect of pedagogical demonstration when
they are simply provided with the opportunity to
play the set of objects in an open-ended, task-irrele-
vant manner. Consistent with the Relevance
Hypothesis, children were equally likely in both
conditions to check to see if any of the other objects
also had barcodes on the bottom.

Taken together, these results suggest that in
cases where counterevidence is minimal and other-
wise likely to be easily overlooked, manifesting that
counterevidence in a deliberately pedagogical way
can facilitate children’s ability to use it in revising
their initial causal inferences. Critically, the peda-
gogical demonstration merely signaled the impor-
tance of this minimal counterevidence, but
provided no additional information about the role
of the minimal evidence.

There are several open questions that arise from
the current research, which present important ave-
nues for future work. First, in the current experi-
ments children formed an initial hypothesis by
exploring one set of objects, then saw counterevi-
dence presented via an object that they had not yet
explored, and finally were asked to categorize (or
in, Experiment 3, given the chance to play with) an
additional set of objects. Although this second set
of objects was identical to the first, and thus we
have no reason to believe they saw them as mean-
ingfully distinct from the first, it remains possible
that children might have treated them as different
categories of objects, with a different distribution of
causal powers. Though we have no evidence that
suggests that children did so, it is worth consider-
ing how this might plausibly have affected their
reasoning. If children saw the two sets as meaning-
fully distinct, then the categorization task becomes
one in which children need to make at least some
generalization. That is, they would have had to
decide whether the pattern of causal powers they
observed in their exploration of the first set likely
generalized to the second set. Absent any reason to

doubt that, and given that they were perceptually
identical, children seem to have done so readily.
But it is plausible that children might have inter-
preted the pedagogical demonstration and then
invitation to categorize the second set as an indica-
tion that something might well be different, and
thus might have led them to consider how the sets
might be different. This account of children’s
behavior is entirely consistent with our argument
about how pedagogical demonstration affects chil-
dren’s inferences—they still had to interpret the rel-
evance of the demonstration with respect to a new
set of objects. That said, this possibility warrants
further investigation, for example, by referring to
the novel objects using a shared category label, or
by giving children the opportunity to further inves-
tigate the original set of objects. These possible
extensions of the current research present potential
targets for fruitful future research.

Second, the current studies raise the question of
what other approaches could be recruited to further
bolster children’s hypothesis revision. As in prior
research (e.g., Kushnir & Gopnik, 2007; Macris &
Sobel, 2017; Schulz et al., 2007), less than half of
children in fact revised their hypotheses. The major-
ity stuck to their initial inference that shape pre-
dicted which objects would turn the music machine
on. This is not particularly surprising. The initial
evidence was both more extensive and fully deter-
ministic, whereas the counterevidence was a single
data point that might easily be dismissed as an
aberration. Furthermore, the initial evidence was
produced via their own hands-on exploration,
whereas the counterevidence was not (see Kushnir,
Wellman, & Gelman, 2009). And the potential solu-
tion—the barcode—was hidden and only inciden-
tally revealed. All this was deliberate on our part,
in order to investigate whether pedagogical demon-
stration might facilitate children’s use of counterevi-
dence to revise their hypotheses in such a case
where many factors might have made them disin-
clined to do so. Given this, the fact that nearly half
of children revised their hypotheses just based on a
brief and simple pedagogical demonstration, is all
the more striking.

Nevertheless, it is worth considering what other
factors might be helpful in facilitating children’s
reasoning about counterevidence. As we mentioned
above, open-ended exploration that gives children
an opportunity to produce counterevidence on their
own is one promising target. There are several
other ways that might be promising. For example,
prompting children to state their hypothesis prior
to seeing the counterevidence, or to explain the
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conflicting event, both proven effective in other
work on belief revision (Legare, 2012; Legare et al.,
2010; Macris & Sobel, 2017; see also Walker, Lom-
brozo, Legare, & Gopnik, 2014, for evidence that
prompts for explanation promote reasoning beyond
perceptual properties). Giving children causal fram-
ing can help them attend to the important variables
at play (see Butler & Markman, 2012a; Garvin &
Woodward, 2015). And various kinds of training or
familiarization might put children in the frame of
mind to be more skeptical or more explicitly aware
of the process of forming and revising hypotheses.
Whether those approaches would negate the power
of pedagogical demonstration to foster engagement
with counterevidence, or whether demonstration
would bolster that engagement above and beyond
these approaches, is an open empirical question.

Finally, the current studies leave open the ques-
tion of development. Given our design and rela-
tively small sample sizes, the fact that we did not
see any clear developmental effects in the current
studies does not mean there is no development
happening during the preschool age. We specifi-
cally targeted 4- and 5-year-olds, as this is an age at
which we have clear evidence about the role that
pedagogical cues play in children’s inference-mak-
ing process. However, the role that pedagogical
demonstration, as well as the other approaches
mentioned above, might play in children’s engage-
ment with counterevidence and hypothesis forma-
tion and revision across childhood is open question.
It seems likely that what factors are most impor-
tant, how sensitive children are to counterevidence,
and what strategies they employ to resolve conflicts
between prior expectations and new evidence, will
change over the course of development, and thus
these represent potentially important directions for
future research.

Overall, the current studies tackle an important
problem—how subtle differences in the manner in
which adults point out or demonstrate conflicting
evidence may facilitate children’s ability to use
counterevidence to revise their causal beliefs. This
is an important problem with a variety of social
and educational consequences. Children’s under-
standing is rife with misconceptions, and in many
cases these early misunderstandings are never fully
overturned, persisting even into adulthood (Shtul-
man, 2017; Shtulman & Harrington, 2016). These
misunderstandings have the potential to undermine
scientific literacy, a capacity that appears to be
declining in the general population (Funk & Goo,
2015), and which has become a key target of scien-
tific organizations (Clough, 2011). Ultimately,

research focused on what factors facilitate engage-
ment with and learning from conflicting evidence
has the potential to inform the practice of educa-
tors and policymakers who aim to promote scien-
tific literacy in children and in society more
broadly (see Butler, 2020). This is especially
promising when the factors involved, such as brief
demonstrations, prompts to question or explain,
and other simple strategies, present low-cost and
efficient levers for fostering belief revision. If we
can build an understanding of what simple social
practices such as these facilitate reasoning about
counterevidence, we can prepare parents and edu-
cators with the tools to help foster these empirical
habits of mind in the next generation. In sum, the
current research opens up important avenues for
future investigations into how subtle social and
contextual factors can influence children’s hypothe-
sis formation and revision and how this may play
out in the wide variety of settings in which learn-
ing takes place.
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Figure S4. Proportion of Children Spontaneously
Exploring the Barcode in Experiment 3 (n = 16)
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