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Abstract

Do children’s flexible causal inferences promote more cre-
ative causal discovery for observing adults? Inspired by a task
in which children are more likely to consider unconventional
causal forms (Lucas, Bridgers, Griffiths, & Gopnik, 2014;
Wente et al., 2019), we designed a new method in which child-
adult pairs work together to solve a causal task and assessed
the relative influence of each member of the pair on the other’s
causal inference. Consistent with previous research, children
were better than parents at learning the unusual conjunctive re-
lationship, suggesting that children make more flexible causal
inferences than adults. Our research also revealed a surpris-
ing and new result – that observing a child explore broadly
helped parents to be more flexible and open-minded in their
causal learning. In contrast, a child observing an adult’s ex-
ploratory interventions had no negative consequence on the
child’s ability to infer the correct relation. Follow-up exper-
iments explored the degree to which this child-led bootstrap-
ping for adults was due to the particular exploratory evidence
generated by the child during play, or merely the presence of
a child. Results suggest that both factors may play a role in
shaping adult’s causal inferences.

Keywords: causality, cognitive development, parent-child in-
teraction

Introduction
Like scientists, children explore, discover, and learn. Those
of us with the good fortune to spend ample time with these
little scientists can’t help but be inspired by their curiosity
and reminded of our own creative and inquisitive pasts. As
Gopnik (2016) has suggested, childhood may be a unique
time for greater exploration, cognitive flexibility, and cre-
ativity, leading to innovation for our species driven by our
youngest. Of course, much research has focused on how
children learn from adults, but perhaps there are cases when
adults can learn from these innovative explorers. Perhaps
there are cases when the flexible minds of children lead to
knowledge and learning when adults lack.

Indeed, evidence from several research studies indicated
that children learn specific and abstract causal structure and
sometimes do so more readily than adults (Gopnik et al.,
2017; Lucas et al., 2014; Wente et al., 2019). These find-
ings suggest that children may be more open to new possibil-
ities and willing to consider different hypotheses than adults
(Gopnik et al., 2017). Often times, children encounter and
explore new information in the presence of adults who may
hold contrasting ideas about the world. Here we ask, how
do children and adults interact with each other to explore and
come to understand the world around them? In this study, us-
ing a new method in which child-adult pairs work together to
solve a causal task, we look at whether exploratory patterns

differ between children and adults and the extent to which
these differences have consequences for causal inference in
the observers.

Young children’s ability to infer abstract causal principles
has been studied using the forms of overhypotheses including
conjunctive and disjunctive causal relationships. An overhy-
pothesis is a broad framework that constrains the range of
hypothesis learners consider (Goodman, 1955; Griffiths &
Tenenbaum, 2007). A conjunctive causal relation is a func-
tional form in which multiple causes jointly produced an ef-
fect; a disjunctive relation is a functional form in which a sin-
gle cause can bring out an outcome independently (e.g., see
Cheng, 1997). These overhypotheses are not bounded to a
particular context but are applicable to many other scenarios,
and having these assumptions shape future learning by limit-
ing the number of possible hypotheses that are considered.

Prior research has revealed developmental differences in
inferring a certain form of overhypotheses (Lucas et al.,
2014). After having the same amount of exposure to evi-
dence that is statistically best explained by (the unconven-
tional) conjunctive causal form, children outperformed adults
by correctly generalizing the conjunctive causal relationship
to new objects. While both adults and children were success-
ful at inferring a disjunctive form, the ability to infer conjunc-
tive forms appears to be decreased with age. When given evi-
dence that supported a conjunctive form, adults instead main-
tained a disjunctive relationship (Lucas et al., 2014). The de-
velopmental differences in learning of the conjunctive (but
not disjunctive) causal form suggest that young children are
more flexible than adults in incorporating evidence to guide
future learning (See also Gopnik et al., 2017; Wente et al.,
2019; Gopnik, Griffiths, & Lucas, 2015).

In these past studies, participant’s ability to infer abstract
causal forms was tested by asking for judgments about the
causal efficacy of each cause or to use potential causes to
produce an outcome. However, in these studies, participants
were not given the opportunity to explore and generate their
own evidence. Thus, it remains an open question whether
adult and child participants will generate different patterns of
exploration when given the opportunity to test out possible
causal forms.

One concern is whether children will be able to generate
meaningful play at all. However, recent findings are sup-
porting the claim that young children may be more com-
petent and capable explorers than previously believed. For
example, children shape their explorations to conduct inter-
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Figure 1: Stimuli and task procedure; During two sets of training, parent-child pairs watched experimenter demonstrating
evidence in favor of a conjunctive causal form. Following the training, parent-child pairs were randomly assigned to solo,
child-led, and parent-led conditions. In the solo condition, the parent and child each explored the set of testing objects. In the
child-led group, the child explored the testing objects while parent watched. In the parent-led group, the parent explored the
testing objects while the child watched. Finally, the experimenter asked the parent and child individually to judge whether each
object was a blicket and to turn on the machine.

ventions to deconfound variables (Schulz & Bonawitz, 2007;
Schulz, Kushnir, & Gopnik, 2007; Schulz, 2012; Schulz,
Gopnik, & Glymour, 2007). Further, children plan their fu-
ture exploration based on the inference about pedagogical
goals of teachers based on available information (Bonawitz et
al., 2011; Eaves & Shafto, 2012; Gweon, Pelton, Konopka, &
Schulz, 2014). These studies provide evidence for the claim
that children’s exploration is guided by the evidence. How-
ever, it remains an open question whether the evidence gen-
erated during children’s and adults’ explorations may differ-
ently reflect beliefs going into the task.

Prior studies revealed developmental differences in the
conjunctive causal inference by examining child and adult
groups individually. Despite the importance of caregiver-
child interaction on play and development (Weisberg, Hirsh-
Pasek, & Golinkoff, 2013; Fisher, Hirsh-Pasek, Newcombe,
& Golinkoff, 2013; Honomichl & Chen, 2012), little is
known about the impact of observing either child’s or par-
ent’s patterns of exploration on one another. Thus, we were
also interested in whether observing children’s broad hypoth-
esis search would promote more creative and flexible think-
ing in causal learning for observing adults. Of course, observ-
ing adults’ exploration may also influence children’s conjunc-
tive causal learning. For example, instructions constrain chil-
dren’s explorations indicating that children are sensitive to
inductive biases in their explorations (Bonawitz et al., 2011).
Similarly, a body of literature on guided play highlights that
it is critical for adults to scaffold learning goals as well as let
children direct their exploration and discovery (Weisberg et
al., 2013; Fisher et al., 2013). This balance between scaffold-
ing and letting the child take the lead could be particularly

important when children and adults hold different assump-
tions about the world.

In the present work, we examined the extent to which ex-
ploration patterns differed between children and adults and
whether observing another’s exploration shaped consequent
learning. In Experiment 1, we examined children and their
parents’ exploration and learning following the exposure to
evidence consistent with a conjunctive causal relationship.
Critically, we manipulated who the actor was generating the
evidence including a child-led condition, parent-led condi-
tion, and solo conditions for each group as controls. Con-
sistent with prior research, we hypothesized that children
would be more likely than adults to generalize a conjunc-
tive causal relationship. However, we also predicted differ-
ential exploratory patterns for children and adults. We looked
at whether these differences have consequences for learning
in the observers. Specifically, observing parent-led explo-
ration may restrict children’s causal inference, thus resulting
in more adult-like responses. On the other hand, observing
child-led exploration may result in flexible learning in par-
ents.

Experiment 1
Methods

Participants Seventy-two parent-child dyads were re-
cruited from various settings (i.e., museum, home, and com-
munity event; Children: n = 72, 53% Female, M = 5.03, SD
= 0.84, Range = 4.0-6.9 years; Parents: n = 72, 56% Moth-
ers). The dyads were randomly assigned to the Solo (n =
24), Child-Led (n = 24), and Parent-Led (n = 24) conditions.
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Additional two dyads were recruited but excluded due to not
finishing the study (n = 1) or experimental errors (n = 1).

Stimuli and Apparatus Our procedure involved both real
objects and interactive video stimuli. The interactive video
stimuli were developed using jsPsych (De Leeuw, 2015) and
displayed on a touch-screen tablet computer (10.1-in. Galaxy
Tab; Samsung America, San Jose, CA). The video included
images of three circles, a square, a green button, and a car-
toon bear (see Figure 1). Images of objects were presented
on the three circles, and each object moved to the square
when tapped. The button was designed to test objects once
they were placed on the square. In addition, to provide a way
for participants to respond without influencing the listening
other, two identical yes-no response sheets were created so
participants could silently point to their response behind a
barrier. The sheets included two rectangles (green and red),
each includes a smiley or frowny face with “yes” or “no” writ-
ten at the bottom, respectively.

Procedure Participants were tested in a quite place. The
yes-no response sheets were placed in front of the partici-
pants. The experimenter asked a simple question about color
(i.e., Is this white?) to both the child and the parent. If partic-
ipants pointed to the wrong answer or responded verbally, the
experimenter asked additional questions until children suc-
cessfully responded using the yes-no response sheet.

Next, a backward blocking task was conducted (e.g. see
Sobel, Tenenbaum, & Gopnik, 2004). This task was designed
to acclimate the participants to an ambiguous causal reason-
ing task as well as familiarize participants with the instruc-
tions. The participants were introduced to a machine that de-
tects “wugness”. The experimenter explicitly stated that wugs
are very rare and can not be judged solely by looking, but they
possess wugness inside them. First, the experimenter placed
two potential causes (Objects A and B) on the machine, which
produced an outcome. Then the participants observed that the
outcome occurred with the presence of only one of the causes
(A). After observing these two events, the participants were
asked to judge whether each object (A, B) was a wug, respec-
tively.

Upon the completion of the backward blocking task, the
experimenter introduced the tablet and stated that they would
now play a completely different game (see Figure 1). The
experimenter also mentioned that blickets are very rare and
can not be judged just by looking, but have blicketness in-
side them. After a brief introduction to the features of the
tablet game, the experimenter introduced an object (C) and
ask if the participant thought that object as a blicket with-
out any evidence; this allowed us to test participants’ priors
for the probability of an object being a blicket. Then the ex-
perimenter presented the first set of three training objects (D,
E, F) which activated the machine according to a conjunc-
tive causal rule. This was followed by another set of different
training objects (D’, E’, F’) that also provided evidence for a
conjunctive rule, as in Lucas et al. (2014).

Figure 2: Differing exploratory patterns as measured by total
object used (left) and unique actions (right) during the Ex-
ploration Phase. Compared to children, parents used more
unique combinations of objects, but also fewer objects were
tried on each trial. Error bars denote SE.

Following the two training trials, the experimenter intro-
duced the new set of three testing objects (G, H, I) that the
participants would have the opportunity to explore and test
themselves. During this phase, one object (I) was perma-
nently attached to the square. This was designed so that the
evidence generated during the free intervention phase would
maintain ambiguity. At the beginning of the exploration
phase, the participants were told that the object (I) was stuck
on the machine and that they can test the object (I) by itself
or with the other objects. There were four exploration trials,
and participants could choose one of the four possible options
(I, GI, HI, GHI) in each trial. Our critical between-subjects
design varied who controlled the interventions. In the solo
condition, both parent and child had their own tablets, and
could not see the screens or exploratory choices of the other.
In the Child-Led condition, the child made all intervention
choices while the parent watched. In the Parent-Led condi-
tion, the parent made all intervention choices while the child
watched. Participants were given four intervention trials (a
trial was counted once the participant depressed the test but-
ton); the intervention choices were recorded automatically
with the tablet software. Next, the experimenter asked the
parent and child to judge whether each object was a blicket.
Lastly, as our critical test measure, the experimenter asked
the parent and child individually to generate the effect using
the objects (“Which of these objects would you use to turn on
the machine?”). We coded whether two or more objects were
used.

Results
We first assessed what kinds of interventions children and
adults performed during the exploration phase. Results re-
vealed that overall, children were more likely than adults to
explore objects jointly, Welch t(90.5) = 3.19, p = .001 (Fig-
ure 2, left), suggesting that children may have been more
amenable to the conjunctive rule as early as the exploration
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phase. However, the quality of children’s interventions was
not strictly better than adults: parents tried more deconfound-
ing causal explorations by testing more unique combinations
of objects, t(72.9)= -2.36, p = .021 (Figure 2, right). Within
each age group (child and adult, respectively), there was no
significant difference between solo and joint groups, p >
.250.

Critically, we explored whether any particular group was
more successful at generating the correct response in the final
test phase. Overall, and replicating previous findings, chil-
dren performed better on average than the adults, χ2(1) =
20.39, p < .001. We conducted a logistic regression to pre-
dict the probability of selecting one or more objects to ac-
tivate the machine as a function of condition. As shown in
Figure 3, the parents in the Child-Led group were more likely
to use multiple objects to activate the machine than those in
the Parent-Led group, b = 1.44, p = .022, suggesting that ob-
serving evidence generated by children helped parents to be
more flexible and exploratory in their own causal inferences.
The probability of choosing multiple objects as blickets in the
Parent-Solo condition did not differ from that in the Child-
Led condition b = 0.84, p = .152, or the Parent-Led condition,
b = 0.59, p = .353.

Consistent with previous research, children were better
than parents at learning the unusual conjunctive relationship,
suggesting that children make more flexible causal inferences
than adults. Our research also revealed a surprising result –
that merely observing a child’s exploratory behavior may suf-
fice to help parents to be more flexible and open-minded in
their causal learning. Two possible explanations exist for this
result. One possibility is simply that watching a child inter-
act with the toy (regardless of the patterns of exploration) was
sufficient to get adults in a childlike frame of reference, open-
ing their mind to a broader set of hypotheses. Another pos-
sibility is that the particular evidence generated by children
(which differed from adults) was critical in helping adults in-
fer the conjunctive form. In Experiment 2, we explored these
possibilities by having adults view a child actor perform in-
terventions for all conditions. Critically we varied the par-
ticular interventions presented, yolking the evidence to the
specific interventions attempted in the Child-Solo, Child-Led,
and Parent-Led conditions of Experiment 1.

Experiment 2

Methods

Adults participants were recruited from Amazon Mechani-
cal Turk. The final sample of 72 participants were randomly
assigned to the Child-Solo-Exploration-Data (n = 24), Child-
Led-Exploration-Data (n = 24), and Parent-Led-Exploration-
Data (n = 24) conditions. An additional 10 participants were
excluded from analysis because of the failure to pass an at-
tention check question. Participants were paid $.75 for com-
pleting the 6-8 minute survey.

Figure 3: Proportion of participants who selected multiple
objects on the final test trial by condition (Solo, Child-Led,
Parent-Led). Children correctly attempted multiple objects to
turn on the machine regardless of condition. However, adults
were only more likely to test multiple objects in the Child-
Led condition. Error bars denote SE.

Procedure
The stimuli and procedure was the same as that of Experi-
ment 1 except the following differences. First, the data col-
lection was conducted online; thus, the training phase was in-
troduced with a series of screenshots of tablet games, and the
participants were required to click a button to proceed. Sec-
ond, for the exploration phase, the participants saw a video of
a preschooler trying to figure out which objects are blickets
using the tablet game. The same child actor generated differ-
ent exploratory patterns, which was organized to match the
patterns of exploration data generated from the three condi-
tions (Child-Solo, Child-Led, Parent-Led) in Experiment 1.
The preschooler was described to the participants as being a
randomly selected example of a child exploring the toy.

Results
We used a logistic regression model as a function of condition
(Child-Solo-Exploration-Data, Child-Led-Exploration-Data,
Parent-Led-Exploration-Data) to predict the probability of
using two or more objects to turn on the machine. There was
a significant difference between the Child-Solo-Exploration-
Data (67%) condition and the Parent-Led-Exploration-Data
(38%) condition such that the group of participants who ob-
served child-solo-exploration data showed a higher probabil-
ity of using multiple objects to activate the machine compared
to those who observed parent-led-exploration data, b = 1.20,
p = .046. Unexpectedly, there was also a marginally sig-
nificant difference between the Child-Solo-Exploration-Data
(67%) and Child-Led-Exploration-Data condition (42%), b =
1.02, p = .085.

These results revealed that observing children’s ex-
ploratory patterns based on broad, exploratory hypotheses
supported adults’ learning of an unconventional abstract
causal form (at least in cases when data from the Child-
Solo-Exploration-Data condition were observed). Experi-
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ment 2 provides additional support for the idea that observ-
ing child-generated exploratory patterns increases the flexi-
bility of adult’s causal reasoning. It remains unclear whether
the child-generated exploratory evidence alone would be suf-
ficient to promote adults’ causal reasoning, or whether it is
this evidence in conjunction with a child-directed play that
helps adults. Further, Experiment 2 was conducted via an
online survey platform; thus, the findings may be limited
in their generalization to adults in a live setting. To ex-
plore this further, in Experiment 3, we used an in-lab set-
ting to conduct child-yoked interventions, but performed by
adults. We focus our attention on the two critically differ-
ent yolked-data conditions: Child-Led-Exploration-Data and
Parent-Led-Exploration-Data.

Experiment 3

Methods

Forty-eight undergraduate students (M = 20.60, SD = 3.13,
range: 18-31 years) were randomly assigned to the Child-
Led-Exploration-Data (n = 24) or Parent-Led-Exploration-
Data (n = 24) conditions. An additional 5 participants were
excluded from analysis because of experimental errors in gen-
erating the data from the yolked trials.

Procedure

The stimuli and procedure was the same as to that of Experi-
ment 1 except the following differences. First, the data collec-
tion was conducted in the lab. Second, each participant was
paired with a confederate who secretly worked with the lab
but who was introduced as another naive participant. During
the exploration phase, the participant observed the confeder-
ate exploring the testing objects, as if choices were “in the
moment” decisions. Instead, however, the confederate com-
pleted the four exploration trials as yolked to the data gener-
ated from the two conditions (Child-Led, Parent-Led) in Ex-
periment 1.

Figure 4: Histogram of age of participants for each condition
(Child-Led-Exploration-Data, Parent-Led-Exploration-Data)
in the sample. Age was ranged from 18 to 31 years.

Figure 5: Proportion of participants who selected multi-
ple objects for each condition (Child-Led-Exploration-Data,
Parent-Led-Exploration-Data). Adults in the Child-Led-
Exploration-Data condition were more likely to use two or
more objects to turn on the machine than those in the Parent-
Led-Exploration-Data condition. Shading indicates 95% con-
fidence intervals.

Results
Comparing overall performance in terms of endorsement of
two or more casual blocks between Child-Led-Exploration-
Data and Parent-Led-Exploration-Data conditions revealed
no overall differences, χ2(1) = 0.35, p = .555. This result is
surprising, given the condition differences observed in Exper-
iment 2. One possible explanation for this difference is that
indeed the presence of the child generating the particular in-
terventions was required to help adults consider the unlikely
conjunctive form.

However, we also noticed that the age of the partici-
pants in our lab sample (ranging from 18-31 years; see Fig-
ure 4) significantly differed from the parents in Experiment
1 (ranging in mid-thirties to forties), and so we performed
an unplanned exploratory analysis using a logistic regression
model with age as a continuous variable and condition (Child-
Led-Exploration-Data, Parent-Led-Exploration-Data) to pre-
dict the probability of using two or more objects to turn on the
machine. In fact, there was a significant interaction between
age and condition such that the group of participants who ob-
served child-led-exploration data showed a higher probability
of using multiple objects to activate the machine compared to
those who observed parent-led-exploration data with increas-
ing age, b = 1.46, p = .018 (see Figure 5). The pattern stayed
the same for a narrower age range (18-24 years).

These results suggest that while child-yoked interventions
may assist adults with causal form inferences, age may mod-
erate this effect. Specifically, observing child-generated ev-
idence was particularly helpful for the older participants of
our sample.

Discussion
Consistent with previous research showing that adults are less
likely to generate a conjunctive causal form than children,
children were better than parents at generalizing the unusual
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conjunctive form to their exploration and learning (Gopnik
et al., 2017; Lucas et al., 2014; Wente et al., 2019). By ex-
amining exploration, we revealed that parents tried more de-
confounding explorations than children. In contrast, children
performed more interventions that involved multiple blocks,
suggesting that children were engaging in hypothesis confir-
mation consistent with having inferred the conjunctive form
from the previous training trails.

Strikingly, parents in the Child-Led group were more likely
to generalize the conjunctive relationship than those in the
Parent-Led group. Child-yoked interventions performed by
either a child or adult similarly improved causal form infer-
ences, suggesting that observing evidence generated by chil-
dren may help adults to be more flexible in their own causal
inferences.

In our study, young children generalized the unconven-
tional conjunctive relationship to their exploration and learn-
ing regardless of whether the free play period was led by an
adult or not. Of course, if children had already inferred the
correct causal form from the initial training trials, than any
intervention observed would continue to confirm children’s
overhypothesis because we designed the toy to produce out-
comes consistent with the conjunctive form. In contrast, if
adults had not yet inferred the correct form prior to the ex-
ploration phase, then observing their children repeatedly use
multiple blocks to activate the machine may have been suf-
ficient to raise the salience of this alternative hypothesis and
facilitate learning.

The results from Experiments 2 and 3 suggest that adults’
causal inferences can benefit from observing child-yoked ex-
plorations, especially when those exploratory patterns were
generated by a child than an adult. However, as these two
experiments were conducted in different environments (in-
person vs. online), the contextual factor may have contributed
to the differences. Thus, an important next step would be to
test the effect of the age of the model who demonstrates child-
led exploratory patterns in the same setting. Future work will
examine whether watching a video of an adult demonstra-
tor performing child-yoked interventions similarly improves
adults’ causal form inferences, controlling for the familiarity
of the adults to the demonstrator. Further, future studies could
explore the characteristics of adult observers such as age and
experience working with young children.

The current findings show the importance of observing
other’s exploration when beliefs are in conflict with each
other. Adults at least may be able to recognize the rela-
tionship between attempted interventions and considered hy-
potheses, raising awareness of hypotheses that were not previ-
ously considered. Such an account is consistent with the Wis-
dom of the Crowds (Vul & Pashler, 2008) or the adage that
two heads are better than one. However, our results go one
step further, suggesting that even observing the exploratory
actions of another may help bootstrap inference to the best
explanation.

More broadly, these findings support the importance of

adult-child play, but with a surprising twist. Adults may ben-
efit from play with children (rather than the other way around,
as is often considered in the literature). Such work suggests
the importance of giving children opportunities to lead their
own exploration and discovery.

Parent-child joint play occurs in numerous settings involv-
ing both concrete and digital materials. In light of the perva-
sive interactive technology in young childrens everyday lives,
it is important to understand how these tools can be used not
only to transmit information but also support active explo-
ration and discovery. This line of research can help us under-
stand the ways in which parents and children conjunctively
learn about the world.
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