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Constructivist views of cognitive development often converge on 2 key points: (a) the child’s goal is to
build large conceptual structures for understanding the world, and (b) the child plays an active role in
developing these structures. While previous research has demonstrated that young children show a
precocious capacity for concept and theory building when they are provided with helpful data within
training settings, and that they explore their environment in ways that may promote learning, it remains
an open question whether young children are able to build larger conceptual structures using selfgenerated evidence, a form of active learning. In the current study, we examined whether children can
learn high-order generalizations (which form the basis for larger conceptual structures) through free play,
and whether they can do so as effectively as when provided with relevant data. Results with 2- and
3-year-old children over 4 experiments indicate robust learning through free play, and generalization
performance was comparable between free play and didactic conditions. Therefore, young children’s
self-directed learning supports the development of higher-order generalizations, laying the foundation for
building larger conceptual structures and intuitive theories.
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of biology (Carey, 1985; Kemp, Perfors, & Tenenbaum, 2007;
Kemp & Tenenbaum, 2009; Perfors, Tenenbaum, Griffiths, & Xu,
2011; Shipley, 1993; Xu, Dewar, & Perfors, 2009). Similarly, in
word learning, children may begin by learning about individual
words (e.g., balls are round; spoons are spoon-shaped) then draw
the second-order inference that names for object categories tend to
refer to distinct shapes (e.g., Landau, Smith, & Jones, 1988).
Several developmental studies have shown that the capacity for
making higher-order generalizations is present in infants and
young children across domains (e.g., Dewar & Xu, 2010; Macario,
Shipley, & Billman, 1990; Samuelson, 2002; Smith, Jones, Landau, Gershkoff-Stowe, & Samuelson, 2002; Walker & Gopnik,
2014), allowing young learners to make inferences even when the
specifics of new examples have almost nothing in common with
previously seen examples. Many have also argued that these
higher-order generalizations provide a larger framework that propels development forward, an idea that has been termed as the
blessing of abstraction argument (Kemp et al., 2007; Perfors et al.,
2011; Tenenbaum, Kemp, Griffiths, & Goodman, 2011). By extracting generalizations at multiple levels, the learner needs less
specific evidence before building a general conceptual framework
that guides future learning. For example, if a child has extracted
the shape bias from the few object category labels she already
knows, she will look for a distinct shape when encountering a new
object category label. Similarly, if a child is fairly confident that
each animal kind has a distinct diet given her current biological
knowledge, she may ask “what does it eat?” when meeting a new
kind of animal at the zoo.
A rich body of research has also documented a myriad of ways
in which children are active learners. Starting from the second half
of the first year, infants manipulate and play with objects in ways
that may promote learning (Adolph, Eppler, & Gibson, 1993;
Gibson, 1988; Needham, 2000; Stahl & Feigenson, 2015) and

Proponents of constructivist views of cognitive development
vary on many of their theoretical commitments (e.g., how to
characterize the initial state, what is the nature of the learning
mechanisms), but they all agree that (a) conceptual structures are
built during the course of development, allowing the child to
understand and explain the world, and (b) the child plays an active
role in learning and the development of these conceptual structures
(Bruner, 1961; Carey, 2009; Gopnik & Meltzoff, 1997; Piaget,
1954; Vygotsky, 1978; Xu & Kushnir, 2012, 2013).
One way to characterize children’s construction of larger conceptual structures is through the development of intuitive theories
(Carey, 1985, 2009; Gopnik & Meltzoff, 1997; Wellman &
Gelman, 1992). One mechanism for building intuitive theories is
by forming higher-order generalizations (also known as overhypotheses, Goodman, 1955). For example, children may begin by
learning about specific animals (e.g., cows eat grass; frogs eat
insects; goats milk their young; polar bears hibernate in the winter). Over time, they start to form second-order generalizations
about animal kinds—that each kind has a typical diet, habitat, and
method of reproduction. By forming these higher-order generalizations, children can go beyond the knowledge gained about
specific exemplars and categories, and begin to differentiate mammals from nonmammals, insects from reptiles, and so forth The
mechanism of forming higher-order generalizations, along with an
understanding of the causal relationships among various biological
phenomena, lay the foundation for developing an intuitive theory
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allocate their attention systematically to more learnable parts of a
cluttered environment that surrounds them (e.g., Gerken, Balcomb,
& Minton, 2011; Kidd, Piantadosi, & Aslin, 2012). Preschoolers
explore more when they encounter ambiguous evidence (e.g.,
Schulz & Bonawitz, 2007), and as they become more proficient in
language, they begin to ask questions and seek explanations frequently and spontaneously (Chouinard, 2007; Frazier, Gelman, &
Wellman, 2009; Legare, Mills, Souza, Plummer, & Yasskin,
2013). Other studies have also shown that young children can
sometimes learn from self-generated evidence (e.g., Bonawitz, van
Schijndel, Friel, & Schulz, 2012), and they may even learn better
when given the opportunity for discovery first (Bruner, Jolly, &
Sylva, 1976; Sobel & Sommerville, 2010; Sylva, Bruner, &
Genova, 1974).
These previous studies have demonstrated in powerful ways that
children actively engage their environment from early on. Yet one
key aspect of constructivist views of cognitive development has
yet to be explored: Are young children able to build larger conceptual structures through active learning? That is, can they form
higher-order generalizations using self-generated evidence? If yes,
can they do so as effectively as when they are provided with the
relevant data? These are the main research questions we investigate in the current experiments.
The current study also bears on a lively debate in education and
developmental psychology, namely the role of self-directed learning using self-generated evidence in development and learning in
school settings. On the one hand, research in education has demonstrated that play promotes academic skills such as literacy,
language and math (Bergen & Mauer, 2000; Bruner, 1961; HirshPasek, Golinkoff, Berk, & Singer, 2008; Roskos, Christie, Widman, & Holding, 2010; Sarama & Clements, 2009a; Seo & Ginsburg, 2004; Singer, Hirsh-Pasek, & Golinkoff, 2009), but children
in most of these studies were not required to independently generate evidence during play to fulfill a learning goal. A recent study
by Fisher, Hirsh-Pasek, Newcombe, and Golinkoff (2013) has
made significant headway in mitigating this gap in the education
literature, demonstrating that for geometric concepts (e.g., the
definitional properties of a triangle), 4- and 5-year-old children
may benefit from learning within a playful context with guidance
from an experimenter, but not from free play alone (see further
discussion in the General Discussion).
On the other hand, previous studies in cognitive development
have largely focused on when children explore more (e.g., when
encountering surprising or ambiguous evidence, Schulz &
Bonawitz, 2007; Stahl & Feigenson, 2015), but most of these
studies do not typically include outcome measures for learning.
Therefore it remains an open question what children learn from the
evidence that they generate by themselves (Cook, Goodman, &
Schulz, 2011; Legare, 2012; Schulz & Bonawitz, 2007). Two
exceptions are Bonawitz et al. (2012) and Schulz and Bonawitz
(2007), both of which examined the relationship between exploration and eventual learning accuracy in 5- to 7-year-olds.
Bonawitz et al. (2012) tested 6- and 7-year-old children who had
incorrect beliefs about how objects balance. These children were
considered “Center Theorists,” as they believed that blocks would
balance at the geometric center, rather than the center of mass.
After these children were shown evidence conflicting with their
prior belief, and were also given the opportunity to freely interact
with the block, researchers found that the children revised their
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belief and made a correct prediction that a new block should
balance at its center of mass. Schulz and Bonawitz (2007) examined whether 5-year-olds could, through the course of free play,
generate interventions that would help them learn the causal structure of the system they were interacting with. The causal system
was a machine consisting of two gears that spin simultaneously
when a switch was flipped on. Several different causal structures
were possible; for example, causal chain (the switch causes gear A
to spin, and gear A causes gear B to spin), or common cause (the
switch causes gears A and B to spin, independently of each other),
and so forth. Their findings suggest that children could generate
the requisite evidence when they played in dyads, but it was
unclear that the children who played with the system singly actually performed better than chance when asked to identify the
underlying causal structure of the machine.
Thus it remains an open question how early children can effectively learn from self-generated evidence, and whether selfgenerated evidence through play can support the development of
larger conceptual structures.
Like Schulz and Bonawitz (2007) and Sobel and Sommerville
(2010), we chose to examine these research questions in the causal
domain. Causal learning is particularly important, as learning
about our world is to learn the casual relations among the objects
and events within it. It is the basis of all theory formation and
change (Gopnik, 2012; Gopnik, Sobel, Schulz, & Glymour, 2001;
Gopnik & Wellman, 2012). There is extensive evidence that children are good at causal learning: from an early age, they make
causal predictions and give causal explanations (see Gopnik et al.,
2004; Gopnik & Wellman, 2012; Griffiths & Tenenbaum, 2009 for
reviews). More recently, studies have demonstrated that even
infants and toddlers can engage in causal learning with just small
amounts of training evidence (Gweon, Tenenbaum, & Schulz,
2010; Sobel & Kirkham, 2006; Walker & Gopnik, 2014). Furthermore, children’s real-world environment is filled with many examples of causal systems, and they have numerous opportunities to
interact with such systems; for example, they play with toys that
have buttons and levers, they turn on light switches and remote
controls, and so forth. Given the rich environmental input, there is
reason to believe that even younger children may be able to
successfully learn about simple causal systems based on selfgenerated evidence.
In the current study, we designed a causal learning task in which
2- to 3-year-old children were presented with three different categories of “blicket” machines (cf. Gopnik & Sobel, 2000) and
three blocks of different shapes and colors. For half of the children,
the machines were activated using a shape rule: a shape-match
block had to be used to activate the machine, while for the other
half, the machines were activated using a color rule: a color-match
block had to be used to activate the machine. The causal system
was intentionally designed to be more straightforward— each
block activated one and only one category of machine—than the
causal systems presented in Schulz and Bonawitz (2007) and Sobel
and Sommerville (2010), where children had to learn more complex causal structures such as common cause or chain.
In Experiment 1, we tested children in a didactic learning
condition. Like most other experiments, we gave children the data
directly, and examined what they had learned from the training
data. To do this, an experimenter demonstrated the activations of
three categories of machines by using the appropriate block to
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activate each machine. We then asked the children to make both
first-order generalizations, where they had to choose from a new
set of blocks to activate a previously seen machine, and secondorder generalizations, where they had to choose from a new set of
blocks to activate a novel machine. We then tested children in two
different versions of free play in Experiments 2 and 3, in order to
compare children’s performance with that in the didactic condition. Finally, in Experiment 4, we measured children’s baseline
performance in these generalization tests.
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Experiment 1
Method
Participants. Thirty-two English-speaking 2- and 3-year-olds
(12 boys and 20 girls) with a mean age of 35.8 months (range ⫽
31.1 to 42.3 months) were tested. The sample size in this experiment, as well as in Experiments 2 and 3, was determined based on
previous generalization studies (e.g., Smith et al., 2002; Walker &
Gopnik, 2014) that had sample sizes of 16 –38 children. All participants were recruited from Berkeley, California, and its surrounding communities. The sample was representative of the ethnic diversity in these communities: the participants were
predominantly non-Hispanic White, with 9% Asian, 9% Hispanic,
and 6% African American. An additional two children were tested
but excluded due to refusal to make a choice at test (N ⫽ 1), or
experimenter error (N ⫽ 1).
Materials. Four categories of toy machines were used in this
experiment, with two identical machines in each category. The
categories differed in shape and color, that is, machines in Category 1 were blue and rectangular; machines in Category 2 were red
and triangular; machines in Category 3 were green and circular;
and machines in Category 4 were orange and L-shaped (each
approximately 30 cm ⫻ 10 cm ⫻ 5 cm). Each set of machines
produced a unique sound when activated (see Figure 1). This effect
was achieved by hiding a doorbell in each machine that was
activated by an experimenter with a remote-control device.
A variety of small blocks (approximate 4 cm ⫻ 2 cm ⫻ 1 cm)
with different shapes and colors were used to activate these machines. Some of these blocks matched the toy machines in shape
but not color (shape-match blocks), some matched the machines in
color but not shape (color-match blocks), and others did not match
the machines in shape or color (distracter blocks). Three white
trays with separators were also used to easily present the activator
blocks during the learning phase and the test phase.
Procedure. Children were tested individually in the laboratory. The parents were also present in the testing room, but sat
about 80 cm behind the children throughout the experiment, in
order to not influence their actions and choices. Children were
introduced to the machines and blocks under the pretext of the
experimenter showing them her toys.
The experiment consisted of two phases: a learning phase and a
test phase. To begin the learning phase, the experimenter presented
a white tray containing three blocks differing in shape and color.
The child was free to play with these blocks for about 20 seconds.
After this exploration, the blocks were returned onto the tray and
pulled close to the experimenter, but remained visible to the child.
The experimenter then presented the first toy machine (e.g., blue
rectangular machine), and activated the machine with one of the

Figure 1. Schematic diagram of materials and procedure for children
presented with the machines, which were activated according to a shapematch rule. See the online article for the color version of this figure.

three blocks by placing it on top of the machine (e.g., red rectangular block, if the machines were being activated by a shape rule;
blue triangular block, if the machines were being activated by a
color rule). Upon the machine’s activation, the experimenter drew
attention to the event by saying, “Look! The block made the
machine go; it made it go!” The experimenter next showed the
child another machine that was identical to the first one, and
activated it using the same block. This first set of two machines
was then cleared from the table. The experimenter repeated this
procedure with two other sets of training machines, activating
them with their respective shape-match or color-match blocks.
A total of six machines were presented during the learning
phase, and each child saw each machine being activated only once.
The three categories of machines chosen as the training set were
randomized, leaving the fourth category of machines for the test
phase (i.e., each category could be used in the training or the test
phase). The order of presentation for the categories of training
machines was also counterbalanced. The duration of this phase
was about 4 min.
A test phase immediately followed the learning phase. The test
phase consisted of a first-order generalization test and a secondorder generalization test (see Figure 1). In the first-order test, each
child was presented with a familiar machine, which is a machine
that was previously presented in the learning phase. Then, the child
was provided with three novel choice blocks in a white tray: a
shape-match block, which is similar to the target machine in shape
but not color; a color-match block, which is similar to the target
machine in color but not shape; and a distracter block, which
differed from the target in both color and shape. The experimenter
requested the child to hand her a block that made the target
machine go, “Can you give me the block that makes this machine
go?”
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In the second-order test, each child was presented with a novel
machine, which is a machine that was not previously presented in
the learning phase. The child was again asked to activate the
machine by choosing among three novel choice blocks: a shapematch block, a color-match block, and a distracter block. The
presentation order of the three choice blocks were counterbalanced
for both test trials. The duration of the test phase was about 1 min.
Coding. The children’s responses in the test trials were scored
for accuracy. For the children exposed to the shape rule during the
learning phase, choosing a shape-match block was scored as 1
point. Correspondingly, for children exposed to the color rule,
choosing a color-match block was scored as 1 point. The maximum score for each child was 2 points, as there were 2 test trials
in total. The children’s scores were then converted into percentage
of accuracy. A second coder recoded all of the children’s responses
offline, and the level of agreement between the coders was 100%.
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chines (e.g., whether machines from the different categories were
presented first, second, or third during the training phase), and rule
type (shape rule vs. color rule) on children’s accuracy on the test
trials. Critically, there was no difference between children’s performance on the first-order and second-order generalization trials,
Wald Chi-Square ⫽ .49, p ⫽ .48.

Discussion
These results converge with and extend the results found in
many previous training studies examining learning and generalization in young children. With a short training session and a small
amount of instructive evidence, 2- and 3-year-old children in
Experiment 1 learned first-order and second-order generalizations
about the causal structure of the machines, picking out the correct
activator blocks according to the rule that they were exposed to
within a didactic learning context.

Results
An alpha level of 0.05 was used in all statistical analyses. As
Figure 2 shows, children performed accurately on the test trials,
frequently selecting the correct block to activate the machines. We
found that 69% of the children chose the correct activator block in
the first-order generalization test, exact binomial p (two-tailed) ⫽
.05. Seventy-five percent of the children chose the correct activator
block in the second-order generalization test, exact binomial p
(two-tailed) ⫽ .007. Note that we used a conservative criterion of
.5 for the binomial test even though children were offered three
activator choices in each test trial, as the children chose the
shape-match (52%) or the color-match block (34%) more often
than the distractor block (14%).
Using children’s responses on the two test trials, we also performed a repeated measures logistic regression. Our results indicate that there were no effects of gender, age, trial order (first test
trial vs. second test trial), presentation order of the training ma-

Figure 2. Proportion of children choosing the correct activator block at
test. Dashed line indicates chance performance. Error bars represent 95%
confidence intervals.

Experiment 2
In Experiment 2, we investigated whether children would successfully acquire first-order and second-order generalizations
based on evidence generated by themselves during the course of
free play.

Method
Participants. Twenty-four English-speaking 2- to 3-year-olds
(10 boys and 14 girls) with a mean age of 36.1 month (range ⫽
30.3 to 42.3 months) were tested. All participants in Experiment 2
were recruited from Berkeley, California, and its surrounding
communities. The sample was representative of the ethnic diversity in these communities: the participants were predominantly
non-Hispanic White, with 17% Asian, 13% Hispanic, and 4%
African American. An additional three children were tested but
excluded due to refusal to make a choice at test (N ⫽ 1), no
attempts to make any activations (N ⫽ 1), or experimenter error
(N ⫽ 1).
Materials and procedure. The procedure for Experiment 2
consisted of three phases: a familiarization phase, a learning phase,
and a test phase. To begin the familiarization phase, the experimenter presented the child with a cross-shaped yellow machine,
together with its activator block. This block matched the machine
both in shape and color. The familiarization phase served to
introduce the child to the sound-making function of these novel
machines. This phase was not necessary in Experiment 1, since the
machines’ function would be introduced in the learning phase. The
experimenter then activated the machine, drawing attention to the
event by saying, “Look! The block made the machine go. It made
it go!” The child was then given the activator block, and was
allowed to activate the machine freely. The experimenter ensured
that each child saw at least two activations of this familiarization
machine.
The learning phase followed, and it began by the experimenter
exclaiming, “Oh no! I just remembered that I have some work to
do. While I’m doing my work, you can play with some of my
toys!” The experimenter then laid out three plastic bins, each
consisting of two identical machines together with their corresponding activator block (e.g., if the machines were being acti-
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vated by a color rule, then the blue activator block was placed in
the same plastic bin as the blue machines). The experimenter
subsequently moved to a table and pretended to work, telling the
child, “You can go ahead and play!” All three activator blocks and
the three categories of machines were simultaneously available to
the child, who was then given 5 min to play freely with the
machines and blocks. After 5 min, the experimenter announced
that she was done with her work and that it was time to put the toys
away. The test phase that immediately followed was identical to
that in Experiment 1.
Coding. The coding scheme used in Experiment 2 was identical to that of Experiment 1.

Results
Due to the free-play nature of Experiment 2, individual children’s behaviors varied in the following dimensions: the number
of activations for each category of machines (M ⫽ 5.07, SD ⫽
5.12; recall that children in Experiment 1 each saw two activations
per category of machines), and the number of times that negative
evidence was generated, as defined by the number of times the
child placed an activator block on a machine from a different bin
(M ⫽ 3.7, SD ⫽ 5.11). We also found that 79% of the children
activated every category of machines that was presented during the
free-play phase (i.e., the set of activations presented in Experiment
1), and 42% of the children generated more evidence than what
was presented to children in Experiment 1.
Children performed accurately under free play in Experiment 2,
often selecting the correct block to activate the machines. Our
results showed that 71% of the children chose the correct activator
block in the first-order generalization test, exact binomial p (twotailed) ⫽ .06, and 75% of the children chose the correct activator
block in the second-order generalization test, exact binomial p
(two-tailed) ⫽ .02. Note once again that we used a conservative
criterion of .5 for the binomial test even though children were
offered three activator choices in each test trial, as the children
chose the shape-match (37%) or the color-match block (50%)
more often than the distractor block (13%).
Using children’s responses on the two test trials in Experiment
2, we performed a repeated measures logistic regression. Our
results indicate that there were no effects of gender, age, trial order
(first test trial vs. second test trial), presentation order of the
training machines (e.g., whether machines from the different categories were presented first, second, or third during the training
phase), and rule type (shape rule vs. color rule) on children’s
accuracy on the test trials. Critically, there was no difference
between children’s performance on the first-order and secondorder generalization trials (M ⫽ .75, SD ⫽ .44), Wald ChiSquare ⫽ .13, p ⫽ .71.

Discussion
The results of Experiment 2 demonstrate that children can
successfully acquire higher-order generalizations in the causal
domain during the course of free play. However, the way to
generate useful evidence in this experiment was quite transparent
to the children—all they had to do was to place each block on top
of the machines that were placed in the very same bin. Would
children also learn successfully when the evidence generation
process is more obscure?

Experiment 3
In Experiment 3, we increased the difficulty of the free-play task
by handing the activator blocks directly to the child, such that the
blocks were no longer presented together with their associated
machines.

Method
Participants. Thirty-two English-speaking 2- to 3-year-olds
(17 boys and 15 girls) with a mean age of 36.4 months (range ⫽
30.3 to 44.4 months) were tested. All were recruited from Berkeley, California, and its surrounding communities. The sample was
representative of the ethnic diversity in these communities: the
participants were predominantly non-Hispanic White, with 16%
Asian, 9% Hispanic, and 3% African American. An additional
three children were tested but excluded due to parental intervention (N ⫽ 1), no attempts to make any activations (N ⫽ 1), or
experimenter error (N ⫽ 1).
Materials and procedure. The materials and procedure used
in Experiment 3 were identical to those of Experiment 2, except
that after laying out the machines in three separate bins in the
free-play phase, the experimenter handed the three activator blocks
directly to the child.
Coding. Children’s responses in the test trials of Experiment
3 were scored in the same way as that of Experiments 1 and 2.

Results
Just as in Experiment 2, individual children’s behaviors varied
in the following dimensions: the number of activations for each
category of machines (M ⫽ 18.81, SD ⫽ 16.08), and the number
of times that negative evidence was generated, as defined by the
number of times the child placed an activator block on a machine
that leads to a nonactivation (M ⫽ 13.06, SD ⫽ 15.51). Sixty-eight
percent of the children activated every category of machines that
was presented during the free play phase (i.e., the set of activations
presented in Experiment 1); this group of children also all generated more evidence than the data presented to children in Experiment 1. Regression analyses found that the above variables were
not significant predictors of children’s overall accuracy at test: (a)
the number of successful activations, ␤ ⫽ .043, t(28) ⫽ 1.28, p ⫽
.21, (b) the number of negative evidence children generated,
␤ ⫽ ⫺.05, t(28) ⫽ ⫺1.31, p ⫽ .20, and (c) the number of
categories activated, ␤ ⫽ ⫺.052, t(28) ⫽ ⫺1.04, p ⫽ .31.
Children also performed accurately under free play in Experiment 3, selecting the correct block to activate the machines. We
found that 69% of the children chose the correct activator block in
the first-order generalization test, exact binomial p (two-tailed) ⫽
.05, and 69% of the children chose the correct activator block in
the second-order generalization test, exact binomial p (twotailed) ⫽ .05. Note once again that we used a conservative criterion of .5 for the binomial test, even though children were offered
three activator choices in each test trial, as the children chose the
shape-match (42%) or the color-match block (45%) more often
than the distractor block (13%).
A repeated measures logistic regression indicated that there
were no effects of gender, age, trial order (first test trial vs. second
test trial), presentation order of the training machines (e.g.,
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whether machines from the different categories were presented
first, second or third during the training phase), and rule type
(shape rule vs. color rule) on children’s accuracy on the test trials.
Critically, there was no difference between children’s performance
on the first-order and second-order generalization trials, Wald
Chi-Square ⫽ .0, p ⫽ 1.
An overall comparison also revealed that children’s performance on the test trials did not differ across the three experiments.
A repeated measures logistic regression with Experiment (1 vs. 2
vs. 3) as a between-subjects variable did not indicate Experiment
to be a significant predictor of children’s accuracy on the two test
trials, Wald Chi-Square ⫽ .14, p ⫽ .71.
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A repeated measures logistic regression indicated that there
were no effects of gender, age, trial order (first test trial vs. second
test trial), presentation order of the training machines (e.g.,
whether machines from the different categories were presented
first, second, or third during the training phase), and rule type
(shape rule vs. color rule) on children’s accuracy on the test trials.
Critically, there was no difference between children’s performance
on the first-order and second-order generalization trials, Wald
Chi-Square ⫽ .21, p ⫽ .65.
An overall comparison across the four experiments with Experiment (1 vs. 2 vs. 3 vs. 4) as a between-subjects variable indicated
Experiment to now be a significant predictor of children’s accuracy on the two test trials, Wald Chi-Square ⫽ 4.22, p ⫽ .04.

Discussion
The results of Experiment 3 replicated those of Experiment 2.
Two- to 3-year-old children, in the course of free play, can generate the necessary data for their own learning; they were able to
use the self-generated evidence to acquire higher-order generalizations, even when the data generation process was less transparent. The accuracy of their learning did not differ whether they were
trained by an experimenter (Experiment 1), or allowed to play with
the toys freely by themselves (Experiments 2 and 3).

Experiment 4
In Experiment 4, we tested another group of children in a
baseline condition to address the possibility that children would be
similarly successful at the generalization tests without any prior
training or free play.

Method
Participants. Twelve English-speaking 2- to 3-year-olds (7
boys and 5 girls) with a mean age of 39.2 months (range ⫽ 30.0
to 44.6 months) were tested.1 All participants were recruited from
Berkeley, California, and its surrounding communities. The sample was representative of the ethnic diversity in these communities:
the participants were predominantly non-Hispanic White, with
17% Asian, 17% Hispanic, and 8% African American. An additional two children were tested but excluded due to parental
interference (N ⫽ 1) or experimenter error (N ⫽ 1).
Materials and procedure. The procedure of Experiment 4
consisted only of the test phase of Experiments 1–3. The test phase
consisted of two test trials. For each test trial, the experimenter
presented the child with one machine and said, “This machine
makes a sound.” She then provided the child with three choice
blocks: a shape-match block, a color-match block, and a distractor,
and asked, “Which block makes this machine go?”
Coding. Children’s responses in the test trials of Experiment
4 were scored in the same way as that of Experiments 1–3.

Results
We used a criterion of .33 for the binomial tests. As Figure 2
shows, 33% of the children chose the correct activator block in the
first-order generalization test, exact binomial p (two-tailed) ⫽ 1,
and 42% of the children chose the correct activator block in the
second-order generalization test, exact binomial p (two-tailed) ⫽
.55.

Discussion
Children’s accuracy in Experiment 4 differed from those in
Experiments 1–3. This finding demonstrated that without any prior
training or free play, children were not successful at the generalization tests.

General Discussion
The present study examined whether 2- and 3-year-old children
can form higher-order generalizations in the causal domain based
on self-generated evidence during the course of free play, or
experimenter-generated evidence within a didactic learning context. The results demonstrate that children can do so: In Experiments 1–3, children as young as 2½ rapidly made first-order and
second-order generalizations about how the machines and the
activator blocks interacted with one another, and they extended
these generalizations appropriately to novel toy machines. Furthermore, the accuracy of children’s generalizations was comparable
across the first three experiments, indicating that young children
are equally effective in learning from both types of evidence.
Experiment 4 provided a baseline measure, demonstrating that
without prior training or free play, children would perform at
chance levels on the generalization tests.
These results make several important contributions to the literature. First, previous research has documented that children, even
infants, explore in a nonrandom manner, and they can learn from
self-generated evidence under some circumstances. Here we show
that even when children were not shown a confounded or surprising event (as in Bonawitz et al., 2012; Schulz & Bonawitz, 2007),
and in the absence of explicit instructions, they can, in the course
of free play, generate the relevant evidence in order to form
appropriate higher-order generalizations.2 This learning condition
is much closer to what children encounter in the real world, where
preschoolers are often allowed to play freely, and engage with
whatever aspects of the environment they find interesting and
appealing. Although the setup in Experiments 2 and 3 is more
constrained than the free play one may observe in children’s
homes, we believe that it nonetheless captures the most important
characteristic of free play, namely that no parent, teacher, or
1
The sample size in this experiment was smaller as we had strong
intuitions that children would not be successful at the generalization tests
without any prior training or free play.
2
We thank Elizabeth Bonawitz for this suggestion.
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experimenter guides the play and learning process. Therefore, our
results constitute new evidence that children’s spontaneous exploratory play may indeed be motivated by their desire to understand
what rules govern the behavior of the objects around them, in the
service of developing larger conceptual structures that generate
predictions and explanations.
Second, children’s success in these experiments constitutes the
first demonstration that data from children’s free play supports the
formation of higher-order generalizations. Our finding that children performed comparably in the first-order and second-order
generalization tests is consistent with previous computational work
with hierarchical Bayesian models demonstrating that abstract
knowledge can be acquired very quickly with sparse data. At
times, higher-order learning may even proceed faster than the
learning of lower-level details (Simons & Keil, 1995), in what is
known as the blessing of abstraction, because while specific data
points provide evidence for lower-level generalizations, the entire
set of data points provides evidence for higher-order generalizations (Kemp et al., 2007; Perfors et al., 2011; Tenenbaum et al.,
2011). These findings therefore lend further empirical support to
the learning to learn view (e.g., Griffiths & Tenenbaum, 2009;
Kemp et al., 2007; Tenenbaum, Griffiths, & Niyogi, 2007), which
argues that early input provides the basis for developing inductive
constraints and biases, and that subsequent learning is guided by
these learned constraints.
Third, and most importantly, this series of experiments investigates a key question in developing a constructivist theory of
cognitive development: Given that conceptual structures and intuitive theories are built in the course of development, and given how
actively engaged children are in their own learning from early on,
are children capable of generating evidence themselves in support
of building larger conceptual structures? The answer is clearly
“yes”, and even toddlers can do so as effectively as when they are
provided with highly instructive evidence by an experimenter.
Previous studies investigating how children acquire higher-order
generalizations, which is one important mechanism by which
children develop larger conceptual structures and intuitive theories, often take the form of providing children with the relevant
data in the laboratory, and test to see if they have formed generalizations at multiple levels. In the real world, especially during the
early years, children are rarely provided with such informative
evidence by parents or caregivers. Instead, the child is largely on
her own—playing and tinkering with toys and gadgets, pointing at
objects they may want to learn more about, and asking questions
that interest them. It is not obvious how these spontaneous activities facilitate learning, even though most of us have strong intuitions that they are likely to play an important role in development.
The results of the current study demonstrate clearly that when
children engage in free play (admittedly in an environment that is
more controlled than a typical American middle-class family
room), they spontaneously generate evidence that may be critical
for conceptual development. This type of empirical evidence lends
strong support to a constructivist view of cognitive development,
and helps all students of cognitive development understand what it
means for a child to be an active, constructivist learner.
Several aspects of our results merit further discussion, especially
in the context of understanding the nature of active learning in
early development and potential implications for education. Our
findings also raise many questions for future research.

First, how do children generate data on their own? Our work
leaves open the issue of why children performed just as well under
free play as compared to a didactic learning context. Our analyses
of children’s choice of actions during the free play period in
Experiment 3 did not reveal any relationship between children’s
generalization accuracy and (a) the number of successful activations, (b) the number of unsuccessful activations (i.e., negative
evidence: observing that a block does not make the machine go),
and (c) the number of categories of machines successfully activated. We speculate that one important reason for children’s success under free play in Experiments 2 and 3 is that they successfully generated a superset of the evidence observed by children in
Experiment 1, possibly through a trial-and-error approach. Given
that the set of evidence presented in Experiment 1 was instructive
in forming the appropriate higher-order generalizations, it is perhaps unsurprising that children in Experiments 2 and 3—who
generated more relevant data themselves—were likewise able to
perform well at test. Future work will more closely examine the
systematicity of children’s actions during the free-play period of
Experiments 2 and 3, with one promising direction being information gain analyses. Information gain is a formal measure that
quantifies how much uncertainty is reduced, with respect to the
true hypothesis (e.g., in our studies, the shape or color rule that
governs how the machines work), when a particular action is taken
(Nelson, 2005). To engage effectively in hypothesis testing, learners should systematically choose actions that lead to the highest
expected information gain. Such analyses may shed light on the
underlying processes that drive children’s actions during free play,
and give insight about how engaging in free play may lead to
learning and generalization, as demonstrated in the present study.
At the same time, we note that such an analysis would be neither
straightforward nor comprehensive. It is not clear that every action
that children take during free play is about hypothesis testing. For
example, 2- and 3-year-old children in our study often repeated
their actions during free play, especially after successfully activating a machine. Repetitions provide no new information when it
comes to learning about a deterministic system, but they do generate a lot of joy and excitement. When it comes to free play, the
learner may have at least two competing goals: (a) to learn about
the system that one is interacting with, and (b) to enjoy that very
interaction. Given these different goals, it remains to be seen how
children’s actions during free play can be properly analyzed (see
Coenen, Rehder, & Gureckis, 2015 for discussion of similar issues
in adults).
Second, are there any developmental changes in the capacity to
learn through self-generated evidence in the causal domain? Preliminary results with 19-month-olds suggest “yes” (Sim & Xu,
2015). When 19-month-old infants were tested in procedures similar to Experiments 1 and 2, we found a different picture: these
toddlers produced chance performance whether they were directly
provided with instructive evidence or given a free-play opportunity. When their play was facilitated by an experimenter or a
parent, we found instead that these toddlers were able to acquire
the appropriate higher-order generalizations like the 2- and 3-yearolds in the present study. It is noteworthy that these preliminary
results align very well with Fisher et al. (2013). In their study,
when 4- to 5-year-olds were allowed to engage in free play, they
failed to extract the definitional properties of geometric shapes
(e.g., all triangles have three sides and three angles) despite being
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provided with enriched materials. In contrast, children who engaged in guided play, where an adult experimenter was present to
scaffold their learning (e.g., guiding children to “discover” the
definitional properties of triangles as having three sides and three
angles), showed a robust improvement in their shape knowledge
with relatively little decline over a 1-week period.
At the same time, the striking difference we found between the
19-month-old infants and the 2- and 3-year-old toddlers begs the
question of what would explain the developmental change. Was
the task too open-ended for the 19-month-old infants, who presumably have less well-formed prior beliefs to constrain the hypothesis space, as compared to the toddlers?3 Or do they not
understand what constitutes evidence and how to generate it
through their own actions? As Weisberg, Hirsh-Pasek, Golinkoff,
and McCandliss (2014) explain, guided play is an example of an
adult-structured mise en place (i.e., an environment that prepares
and nudges children toward engaging in particular types of actions), and having such a mise may be especially important for
younger children who have poorer proactive control mechanisms
as compared to their older counterparts. More research is necessary
to better understand how this capacity may develop and interact
with contextual factors over early childhood.
Lastly, how do our findings bear on the debate on discovery
learning in education? The findings of the present study may
appear inconsistent with previous work in the field of education
suggesting that free play (also known as “pure discovery” or
“unassisted discovery”), as an instructional method, leaves little to
be desired (Alfieri, Brooks, Aldrich, & Tenenbaum, 2011; Chien et
al., 2010; Kirschner, Sweller, & Clark, 2006; Mayer, 2004; Weisberg, Hirsh-Pasek, & Golinkoff, 2013). However, it should be
noted that many of these education studies focus on academic
content— domains such as literacy, mathematics, and science.
While these domains are appropriate for investigating the effectiveness of different instructional methods in preschool and school
settings, they may not be the best candidates for revealing a natural
capacity for young children to learn from evidence that they
independently generate through free play. Reasoning about causal
relations, on the other hand, is fundamental and central to building
intuitive theories without formal instruction, and consequently, causal
knowledge may thus be a domain in which young children can
effectively learn about through free play. In contrast, it is highly
unlikely that young children can discover mathematical concepts
when they play with math-related objects by themselves (Fisher et al.,
2013; Sarama & Clements, 2009b). In addition, pure discovery or
unassisted discovery tasks within education are likely to be more
complex and open-ended, resulting in a much larger set of possible
hypotheses that children would have to sift through, as compared to
our free play task in Experiments 2 and 3, where the hypothesis space
is relatively constrained and children were somewhat limited in their
choice of actions. We suggest that a child’s capacity to learn from
self-generated evidence is likely to be strongly influenced by both the
domain and the complexity of the learning task. Future work is
needed to more closely examine the cognitive and task factors that
influence children’s success in these different learning contexts.
In summary, the present study provides strong evidence that
young children are motivated to understand the world, and their
exploratory behavior supports learning that goes beyond figuring
out properties of individual objects (“Does pushing this button
make the toy play music?”). Children are able to generate the
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relevant evidence on their own that supports the learning of higherorder generalizations (“What kinds of buttons would make what
kinds of toys play music?”), which lays the foundation for building
larger conceptual structures and intuitive theories. Future research
will investigate the optimality of the active learning that children
partake in, as well as its limits, to shed light on how early learning
occurs in the real world.

3

We thank the anonymous reviewers for this suggestion.
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