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Abstract
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Four experiments examined children’s inferences about the relation between objects’ internal
parts and their causal properties. In Experiment 1, 4-year-olds recognized that objects with
different internal parts had different causal properties, and those causal properties transferred if
the internal part moved to another object. In Experiment 2, 4-year-olds made inferences from an
object’s internal property to its causal properties without being given verbal labels for objects or
being shown that insides and causality covaried. Experiment 3 found that 4-year-olds would
choose an object with the same internal part over one with the same external property when
asked which object had the same causal property as the target (which had both the internal part
and external property). Finally, Experiment 4 demonstrated that 4-year-olds made similar
inferences from causal properties to internal parts, but 3-year-olds relied more on objects’
external perceptual appearance. These results suggest that by the age of 4, children have
developed an understanding of a relation between an artifact’s internal parts and its causal

properties.
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The Blicket Within: Preschoolers’ Inferences about Insides and Causes

Classical research in cognitive development has suggested that preschool children do not
understand causality (e.g., Piaget 1929, 1930). However, contemporary studies, particularly in the
framework of “naive theories,” suggest that 3- to 5-year-old children do understand the causal
relations involved in everyday physics (e.g., Bullock, Gelman, & Baillargeon, 1982; Shultz, 1982),
biology (Inagaki & Hatano, 1993; Kalish, 1996), and psychology (Gopnik & Wellman, 1994;
Wellman, 1990). By this age, children can also make causal predictions (e.g., Shultz, 1982),
generate causal explanations (e.g., Schult & Wellman, 1997), and understand counterfactual claims
(e.g., Harris, German, & Mills, 1996).

Several different types of information might go into making such causal inferences. In
this paper, we focus on two types of information. The first is the pattern of covariation among
events — events that are causally related tend to co-occur. The second involves the ways in
which objects and events affect each other. Certain physical relations are more likely to be
causal than others. For example, a billiard ball that moves towards and makes physical contact
with a second billiard ball is seen as causing that second billiard ball to move. When such cues
are interpreted as causal, they are often described in terms of “mechanisms.” In the billiard ball
example, the mechanism is that an underlying force or energy is transferred when the first ball
makes spatial contact with the second. In this paper, we will focus on a particular physical
relation: the internal parts of objects.

There is extensive evidence that adults make causal inferences based on simple patterns
of covariation (Allan, 1980; Shanks, 1995), and on more complex patterns of covariation (e.g.,
Cheng, 1997), in the absence of mechanistic cues. Preschoolers can also make causal inferences

based on patterns of covariation (Gopnik, Sobel, Schulz, & Glymour, 2001; Schulz & Gopnik,
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2004; Sobel, Tenenbaum, & Gopnik, 2004). There is ample evidence that adults can use
physical or mechanistic cues to make causal inferences (Ahn, Kim, Lassaline, & Dennis, 2000;
Michotte, 1963), and there is evidence that suggests such information is used even if it cannot be
articulated or fully specified (e.g., Rosenblit & Keil, 2002). Young children also recognize the
importance of physical relations in making causal inferences (Shultz, 1982), and infants seem to
register the billiard-ball causal relations captured in Michottean-type displays (Cohen & Amsel,
1998; Leslie & Keeble, 1987; Oakes & Cohen, 1990; for brain correlates of Michottean causal
processing in adults see Blakemore, Fonlupt, Pachot-Clouard, et al., 2001).

The question we wish to pose is whether children can integrate covariation information
and mechanism information together. Can young children use patterns of correlation involving
objects (particularly artifacts) to make inferences about a particular physical property of those
objects — that is, their internal structure? Conversely, can young children use information about
the objects’ insides to make inferences about the potential patterns of covariation they will
observe? To examine these questions, we introduced children to a novel causal property of
objects, which led to a novel pattern of covariation between those artifacts and a new event — a
machine activating. Then, we examined the kinds of inferences children would make about the
relation between this causal property and the internal structure of the objects.

Various studies have examined the relation between the causal properties of objects and
those objects’ category membership (often reflected by an object’s label) as well as the relation
between the internal physical properties of objects and category membership. Research
examining causal properties and category membership has shown that young children recognized
that objects with the same causal or functional properties should be placed in the same category

(i.e., given the same label) even when their perceptual features were quite different. Similarly,
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children believed that objects with the same label would have the same causal properties, even
when the two objects were perceptually dissimilar (Gopnik & Sobel, 2000; Kemler-Nelson,
1995; Kemler-Nelson, Russell, Duke, & Jones, 2000; Nazzi & Gopnik, 2000, 2003).

Category membership and inferences about internal structure also appear to be related
(for a thorough review, see Gelman, 2003). Keil (1989) demonstrated that school-age children
understood that an animal that has undergone external cosmetic changes (but remained the same
on the inside) retained its original identity. Gelman and Wellman (1991) found that preschoolers
differentiate between the insides and the outsides of an object, and that children recognized that
insides were important in determining what category an object belongs to. Specifically, in their
second experiment, they demonstrated that 4-year-olds recognize a difference between “insides-
relevant” and “insides-irrelevant” objects: children recognized that changing the insides of a dog
or an egg would fundamentally change the object’s category membership, but changing the
insides of a jar would not. Similarly, they found that 4-year-olds inferred that removing “inside-
relevant” object’s insides would change that object’s function.

Further, investigations on induction have shown that preschoolers extend internal
properties between two objects given the same verbal label, even if those objects are dissimilar
in perceptual appearance. Indeed, children made this inference more often than when the two
objects were given different verbal labels (i.e., assigned to different categories) and were similar
in perceptual appearance (e.g., Gelman & Coley, 1990; Gelman & Markman, 1987). These data
have often been taken to suggest that the link between category membership and internal
properties was particularly important for biological kinds. An open question is whether young
children believe that there is a specific connection between an object’s causal properties and its

internal structure, independent of the category knowledge presented by object labels. For



The Blicket Within 6

instance, in the Gelman and Wellman (1991) experiments, whereas 4-year-olds recognized that
changing an object’s insides changed its function, children were always provided with verbal
labels for the objects, and it might be argued that such labels could have facilitated children’s
inferences.

A further difficulty with investigating children’s causal knowledge is that there might be
a strong role of prior knowledge in children’s inferences. Some theorists have suggested that the
previous categorization results reflect past histories of association among stimuli or overall
patterns of similarity (e.g., Rogers & McClelland, 2004). Rather than making the general
assumption that objects’ internal structure and causal properties are related, children may have
learned a set of specific empirical generalizations about such relations. Similarly, Harris and
colleagues have suggested that children learn a great deal from “testimony” — verbal information
from others (e.g., Harris & Koenig, 2006; Harris, Pasquini, Duke, Asscher, & Pons, 2006). This
suggests that in previous investigations children may have relied on a verbal framework
provided by adults instead of spontaneously engaging in causal inference. For example, Carey
(1995) has argued that children in the Gelman and Wellman (1991) experiments may have
simply repeated information previously told to them by adults.

Moreover, in the natural world, objects in the same category tend to have perceptual,
internal, linguistic, and causal properties in common. It can be difficult to untangle the roles of
these different properties. What is needed is a method for studying children’s assumptions about
the relation between object’s internal structure and causal properties (a) in which children do not
have substantial prior knowledge that could influence their reasoning, (b) in which the internal
structure and external perceptual appearance of objects can be pitted against each other, and (c)

in which the amount of verbal information about the objects can be minimized.
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One such method involves a device called a “blicket detector,” which was designed to
present a novel causal property of an object (Gopnik & Sobel, 2000). The blicket detector is a
machine that lights up and plays music when certain objects (controlled by the experimenter) are
placed on top of it. In the four experiments presented here, we use this device to examine how
preschoolers relate causal and internal properties of objects. Will children assume that objects
with the same causal properties have the same internal physical properties, and that objects with
the same internal parts have the same causal properties? Or will children rely on the perceptual
similarity of objects or patterns of association to make predictions about novel causal effects and
novel internal properties of objects?

In Experiment 1, we considered whether 4-year-olds understood that if an object’s
internal properties were moved to another object, the original object’s causal properties moved
as well. In some respects, this experiment paralleled Keil’s (1989) investigations about
transformations on artifacts. Keil (1989) found that 5-6-year-olds recognized that changing the
insides of an artifact would change its category membership. Experiment 1 investigated 4-year-
olds, looking at inferences about objects’ causal properties as opposed to category membership.

Although Experiment 1 used a novel causal property of objects — whether they activated
a novel machine — children had to have some familiarization with the objects and machine to
complete the experimental procedure. This familiarization might have been sufficient to skew
children’s conceptions of how causal and internal properties of objects are related. Experiments
2-3 used no such familiarization and examined whether 4-year-olds understood that objects with
shared internal properties would have shared causal properties, even in the face of a conflict with
the object’s external perceptual appearance (Experiment 2) or a hidden external property

(Experiment 3). As in Experiment 1, 4-year-olds were examined to parallel the majority of prior
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research relating categorization with causal properties of objects (e.g., Nazzi & Gopnik, 2000)
and categorization with internal properties of objects (e.g., Gelman & Wellman, 1991). Finally,
Experiment 4 considered whether children would make the opposite inference: and recognize
that objects with shared causal properties had shared internal parts. To consider this question
developmentally, we examined both 3- and 4-year-olds in this Experiment.
Experiment 1

Experiment 1 examined whether 4-year-olds would infer that objects with a particular
internal property (in this case, artifacts with a particular part inside) would share causal
properties when that internal part was transferred from one object to another. Children were
shown a demonstration in which an object that contained a particular metal part caused the
detector to light up. When the same object contained a different metal part inside, it had no
effect on the detector. The two internal parts were then transferred to two novel objects that
were externally identical to each other, and children were asked to make the machine go. We
hypothesized that children could use the pattern of evidence to infer that only a specific internal
property was causally efficacious. This would suggest that children recognize that there was a
relation between an object having a particular internal property and its causal efficacy — its
ability to activate the detector.

Method

Participants

The sample consisted of 64 four-year-olds (M = 54.03 months, range = 53.6-54.4
months), recruited by telephone from a University participant list. Three additional participants
were recruited, but were excluded from the study for failing to pass the pretest. An equal

number of boys and girls participated; 51 children were Caucasian, 2 were Hispanic, 1 was
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Asian American, 8 were multiracial, and 2 did not provide information about race or ethnicity.
No child had participated in any previous experiment in the lab.
Materials

The blicket detector used in this experiment was similar to those used in previous
experiments (e.g., Gopnik & Sobel, 2000). The detector was 17.5 x 12.3 x 8.0cm, and the top
had a slightly recessed panel of orange plastic. When an object was placed on the detector, the
top recedes a little such that it provides more of an illusion that the object is affecting the
detector. The detector was controlled using a remote switchbox with an on/off switch. When
the switch was *“on,” the detector turned on as soon as an object made contact with it and
continued to light up and play music as long as the object remained in contact. When the switch
was in the “off” position, the detector did not activate even if an object was placed upon it. This
provided a strong impression that something about the object itself caused the effect. The
switchbox was located under the table so that the experimenter could surreptitiously control
whether an object would activate the machine.

Three specially constructed wooden blocks and two metal inserts were used. Each block
could be opened to reveal a 3.5 x 3.5 x 2.5cm cavity. The first block was a white pentagon. The
other two blocks were both blue diamonds. The first metal insert had a silver appearance and
was made of stainless steel; the second insert appeared gold, and was made of brass. Both
inserts could be placed inside the cavity of either block. The shape of the base was the same for
both inserts, but the stainless steel insert had a square top and the brass insert had a rounded top.
The two inserts were identical in weight. Additional stimuli used in the pretest were: three
ordinary building blocks (two yellow triangles and one red square), a white ceramic knob, and a

copper t-joint.
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Procedure

After a warm-up period in which the child was familiarized with the experimenter, the
blicket detector and two yellow triangles were placed on the table. The experimenter said, “This
is my blicket machine, blickets make it light up and play music.” The experimenter placed the
one triangle on the detector, and the detector lit up and played music. The experimenter verbally
labeled this triangle as a blicket. The experimenter then placed the other triangle on the detector,
and the detector did not activate. The child was told that this triangle was not a blicket. Each
triangle was demonstrated a total of 3 times. This initial demonstration was the only time the
child was provided with a label (i.e., “blicket”) or causal language (“blickets make it light up”).

Children were first given a pretest, to familiarize them with the blicket detector. The
three pretest objects were then placed on the table: a red square block, a piece of copper pipe,
and a ceramic knob. Each object was placed on the detector, one at a time. Two of the objects,
selected at random, activated the detector; the third object did not. Children were then asked
whether each object was a blicket. Children who correctly answered this question for all three
objects (i.e., chose the objects that activated the detector) were given the main task. If children
did not correctly answer all of the questions, the pretest was repeated with three new objects.
Three children did not pass the pretest after two attempts, and were not included in the study.

The demonstration and test phases of the experiment are depicted in Figure 1. At the
start of the demonstration phase, the two metal inserts and the white pentagon-shaped block were
placed on the table. The experimenter placed the block on the detector, which did not activate.
The experimenter took the block off the detector and opened it, which revealed that the block
was empty. One of the metal inserts was then put inside the block (for expository purposes we

will assume that the first block had causal efficacy, but this was counterbalanced). The block
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was placed on the detector again, and the detector activated. The first insert was then removed
and the other insert was placed inside the block. The block was placed on the detector a third
time, and the block no longer activated the detector. This pattern of events provided covariation
information between a specific internal part and the machine activating.

[Insert Figure 1 Approximately Here]

The white pentagon-shaped block was then removed, and the two metal inserts were left
on the table. The experimenter then brought out the two identical blue diamond-shaped blocks
and opened them. Both blocks were empty. One metal insert was placed into each of the
identical blue blocks, and then both blocks were closed.

The blocks were passed to the child, and the child was asked an intervention question,
“Can you make my machine light up?” Note that for this measure, the child was faced with two
blocks that were identical in appearance (both blue diamonds), neither of which had made the
machine go in the past, and both had “insides.” The experimental question was whether children
would use the block with the causally efficacious internal part based on the pattern of evidence
given earlier in the demonstration. After the child’s response, the experimenter took the metal
inserts out of the blocks, and asked identification questions: children were asked whether each of
the inserts were “blickets.” The question was whether children would spontaneously label the
causally effective insert as a “blicket”. An undergraduate research assistant who was naive to
the experimental hypotheses scored these two measures from videotapes. A second assistant
coded the responses live. Agreement between coders was 100%.

Results and Discussion
Sixty-one percent of the children placed the block that had the causally efficacious

internal part onto the detector, binomial test, one-tailed, p = .05*. Additional analyses indicated
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that the type of insides (which were counterbalanced) had no effect, x*(1, N = 64) = 0.07, ns, but
that there was a side preference (children selected the block with the causally efficacious insert
more often when it was on the right-hand side), (1, N = 64) = 28.90, p < .001. For the
identification measure, children were asked two yes/no questions — whether each of the metal
inserts was a “blicket.” Eighty-three percent of the children identified the causally efficacious
internal part as a blicket and the inert part as not a blicket, significantly more than expected by
chance (0.5 x 0.5 = .25), binomial test, p <.001. These results indicate that children were able to
distinguish between two different types of insides, and traced the movement of the causal agent
as it was transferred from one block to another.

This experiment showed that children recognized that a specific internal property was
required to activate the detector. Children made this distinction after viewing a single
demonstration and could track the causal efficacy of those parts even when they were moved into
new blocks (which were identical in external appearance). But in this experiment, children were
provided with covariation information relating the objects’ internal properties and the detector’s
activation. They were presented with a label for objects that activated the detector (although this
was not used during the demonstration phase). They were also presented with a correlation
between the causally efficacious metal insert and the detector’s activation. Are children
responding based on this covariation information, or would inferences relating internal and
causal properties of objects persist if this information was eliminated? Experiments 2-4 examine
this question.

Another question is whether children treated the metal inserts used in these experiments
as internal parts, or as separate objects that were placed in a container. We do not believe

children treated these inserts as separate objects: No child attempted to remove either metal
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insert and place it on the machine when asked to make the machine activate. Even if children
believed that the insert was a separate object, the results still parallel previous work on internal
causes. For instance, Kalish (1996) found that children recognized germs as an internal cause of
illnesses, but that germs were not intrinsic to the person they infected. Experiment 1 suggested
that children can keep track of the causal status of this internal object (regardless of whether it is
considered a separate object or a property of the larger object), and recognize that its causal
properties move from one external object to another even though it is the external block that is
placed on the machine.

To ensure that children reasoned specifically about internal parts of objects, in
Experiments 2-4 we used a new set of objects for which the internal property was more clearly
an intrinsic part of the object and was not removable or separable from the object. We examined
whether children would treat objects with similar internal parts as having similar causal
properties. If children reasoned that two objects with the same type of internal part produced the
same causal property, over another object that shared the same external perceptual appearance
but lacked that internal part, then it would suggest that children recognized that such internal
parts were connected to objects’ causal properties. Specifically, in Experiments 2 and 3,
children were shown whether objects contained these parts, and were asked to make inferences
about whether the objects would activate the blicket detector. In Experiment 4, children were
shown whether each object activated the detector, and were asked to make an inference about
whether the objects contained internal parts.

Experiment 2
In Experiment 2, children were shown the internal properties of three new objects (i.e.,

whether they contained an internal part). They were then shown that a target object with an
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internal part activated the detector. Then, children were asked to select another object that
would activate the detector. They could choose either an object that was externally identical to
the target object, but internally dissimilar, or an object that was externally dissimilar but had a
similar inside. Children were given no covariation or linguistic cues to guide their inferences,
and the internal property could not be removed from the block, making it more likely to be
interpreted as intrinsic to the object. Since multiple data points could be collected using this
procedure, we used a smaller sample size than in Experiment 1.
Method

Participants

Twenty-four 4-year-olds (M = 53.8 months, range = 52.7-55.6 months) were recruited by
telephone from a University participant list. An equal number of boys and girls participated; 18
children were Caucasian, 2 were multiracial, 1 was Hispanic, 1 was African American, 1 was
Asian American, and 1 did not provide this information. No child had participated in any
previous experiment in the lab.
Materials

This study used the same blicket detector as in Experiment 1. Twelve wooden blocks of
various shapes, colors, and sizes were also used (see Figure 2). A 1.3 cm (diameter) x 2.5 cm
(depth) hole was drilled into each block. Eight of the blocks contained a large white map pin
inside the hole; the remaining four blocks were empty. The map pin was placed deep enough so
that the child could see it and touch it, but could not remove it from the block. Each block also
had a removable dowel that covered the hole, making it impossible to see whether any individual
block contained a map pin without removing the dowel. These blocks were divided into four

sets of three. In each set, two blocks had identical external perceptual features. One of these
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blocks contained a map pin. The other did not contain a map pin. A third block differed from
the other two in both color and shape, but did contain a map pin.

Four ordinary building blocks were used in a warm-up: a large blue rectangular block, a
red square block, a small yellow rectangular block, and a smaller green square.

[Insert Figure 2 Approximately Here]
Procedure

Warm-up. Children were first given a warm-up activity to ensure that they would point
to objects and respond to the experimenter. Four warm-up blocks were brought out, and children
were asked to point to the biggest one, then the red one, then the smallest one, and then the blue
one. If children failed to answer, or responded incorrectly, corrective feedback was given. Such
feedback was rarely necessary (for only 6% of the questions).

Test Phase. After the warm-up, the blicket detector was brought out, and children were
told that they were going to play a game with a very special machine. The first set of three
objects was brought out (see Figure 2). The position of the three objects was counterbalanced
across participants. Children were shown that each of the objects had a small dowel inserted in
it. The experimenter picked up each object, removed the dowel, and pointed out an external
feature of the object and whether the block had an internal property (in counterbalanced order).
For instance, the experimenter might say, “This one is blue, and it has a little white thing inside,”
or, “This one is empty, and it is blue.” One of the externally identical objects (the target object)
contained a white internal part; the other did not. The third, externally distinct object contained
the same internal part. This information was presented twice. We described both an internal and

external property of the object to ensure that children would not pay more attention to either one
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of the two features. The order in which these properties were mentioned was counterbalanced
across participants.

Afterwards, the experimenter selected the target object (with its dowel inserted, so that its
contents were not visible) and placed it on the blicket detector, which activated. The
experimenter said, “Look at that, it makes the machine light up.” The experimenter then asked,
“Can you point to another one that makes the machine light up?” Children were not allowed to
try any object on the detector, nor were they given feedback on their answers. Children were
given four such trials, in one of four randomly predetermined orders.

Results and Discussion

The child’s task was to pick the other object that would make the machine light up. For
each trial, children were given a score of 1 if they selected the internally similar object and O if
they selected the externally similar object. Preliminary analyses revealed no effect of the order
in which the object sets were presented, Kruskal-Wallis test, ¥%(3) = 1.30, ns., and children were
not more likely to select the internally similar object as a function of trial number, Cochran’s
Q(3) = 1.53, ns. Therefore, the data from the four trials were combined to make an overall total
score that ranged from 0 to 4. These data are shown in Table 1, as well as what pattern of
performance would be expected by chance responding.

[Insert Table 1 Approximately Here]

Children chose the internally similar object on approximately 66% of the trials (M = 2.63,
SD = 1.21). The data were first compared against chance responding. Since two of the expected
values were below 5, we collapsed the data into three response patterns: internal responses
(selected the internally similar object on 3-4 trials), neutral responses (selected internally and

externally similar objects equally often), and external responses (selected the internally similar
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object on 0 -1 trials). The distribution of selections differed significantly from chance, x*(2, N =
24) = 8.24, p = .016. Most importantly, significantly more children (58.3%) fell into the internal
response category (selected the internally similar object on 3 or 4 of the trials) than would be
expected by chance (31.25%), binomial test, p = .005.

Children inferred that objects that shared a similar internal part (a little white thing
inside) also shared a novel causal property (activating the detector). Children relied on the
presence of this internal part, rather than the object’s external perceptual appearance to predict
the object’s efficacy in activating the detector. Children made this inference without any
training or prior exposure to the detector. Similarly, children did not receive feedback, and there
were no differences in performance in earlier versus later trials, indicating that children did not
simply learn the relation between internal parts and causal properties over the course of the
experiment.

These data suggest that 4-year-olds believe that objects’ internal properties are more
reliable than their external appearance when making an inference about those objects’ causal
properties. However, the procedure used here might have called more attention to the internal
property than the perceptual similarity between the objects. Telling children about the internal
part also revealed a non-obvious property of the object: each object’s external perceptual
appearance was always visible, but the internal parts were not since the dowels were present.
The fact that the internal parts were hidden and then revealed might have made them particularly
salient. In Experiment 3, both an internal and an external property were revealed during the
course of the trial, so they should be equally salient.

Experiment 3
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In Experiment 3, children were shown three objects of similar shape, color, and size.
One object had both a hidden internal part and hidden external property (situated on its rear
face). One object had the internal part, but not the external property, and one had the external
property, but not the internal part. After pointing out the internal and external features of each
object, we showed children that the object with both the internal and external property activated
the blicket detector, and asked them to pick out another object that did so. Would children
choose objects with a shared internal part, or a shared external feature?

Methods

Participants

The sample consisted of 16 four-year-olds (9 girls, M = 53.1 months; range = 49.0-62.0
months) recruited by telephone from a list of hospital births. Eleven children were Caucasian,
and there was one child each from the following other groups: African-American, Asian
American, Middle Eastern, Hispanic, and Pacific Islands. No child had participated in any
previous experiment in the lab.
Materials

A blicket detector similar to the one used in previous experiments was used. This
detector was gray with a red top, but all other functions were the same. Four new sets of three
blocks were constructed. In each set, the three blocks were identical in size, color, and shape
and each had a hole and dowel as the blocks in Experiment 2. One block in each set contained a
white map pin and also had a white circular sticker (1.9cm in diameter) attached to it, facing
away from the child, so that it could be placed on the table without the child seeing it. Another

block possessed a sticker in a similar location, but had no map pin inside. The third block had
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no sticker, but did contain a map pin. The same blocks in the warm-up in Experiment 2 were
also used.
Procedure

Children received the same warm-up procedure as in Experiment 2. Corrective feedback
was rarely necessary (for only 3% of the questions).

Test Phase. The first set of three blocks was brought out and placed on the table such that
children could not see whether each had a sticker on it. Children were told that they were going
to play a game with these toys, and specifically that, “some of the toys have things inside them,
and some do not; and some of these toys have stickers on them and some do not”.

Children were then shown whether each block had a white part inside and/or a sticker on
its back. Specifically, the dowel was removed, revealing the insides of the object, and then the
object was flipped over, revealing whether it had a sticker on its back. The experimenter
narrated these properties, for example by saying, “This one has a white thing inside and a sticker
on its back.” The order of these statements was constant for the trials, but counterbalanced
across participants (i.e., half were told about the internal property first, half about the sticker
first). After children observed and were told about the internal and external properties of each
object, the experimenter brought out the blicket detector, and children were told that some of the
toys made the machine go, and some did not. On each trial, children were shown that the object
with both the internal and external property activated the machine. Children were asked to point
to another object that would also make the machine go. At this point in the procedure, all three
objects had dowels on them, concealing their insides, and the objects were placed on the table

such that children could not see whether any had a sticker on it.
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Children received four trials of this procedure. The blicket detector was present on the
table for the second through fourth trial. The order of the trials was presented in one of four
quasi-random orders, counterbalanced across participants. The spatial location of the three
blocks was randomly determined for each trial.

Results and Discussion

For each trial, children were given a score of 1 if they selected the internally similar
object and 0 if they selected the object with the shared external property. Preliminary analyses
revealed no effect of the order in which the object sets were presented, Kruskal-Wallis test, %*(3)
=5.63, ns., nor were children affected by whether they were shown the sticker first or the
internal property first, Mann-Whitney U = 29.50, z = -0.32, ns. Children were also not more
likely to select the internally similar object differently among the four trials, Cochran’s Q(3) =
1.98, ns. The data were combined to make a total score that ranged from 0 to 4. These data are
shown in Table 1.

Children chose the internally similar object on approximately 66% of the trials (M = 2.62,
SD =0.62). As in Experiment 2, the data were compared against chance responding, and as
before we collapsed the data into three patterns of response: internal responses (selected the
internally similar object on 3 or 4 trials), neutral responses (selected internally and externally
similar objects equally often), and external responses (selected the internally similar object on O
or 1 trials). The distribution of selections differed significantly from chance, y(2, N = 16) =
11.07, p = .004. Furthermore, significantly more children (11/16 = 69%) fell into the internal
response category than would be expected by chance (31.25%), binomial test, p = .002.

Children inferred that objects with shared internal properties were more likely to produce

a novel causal property (i.e., activate the blicket detector) than objects that shared similar
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external features. Children made this inference with no training or prior exposure to the blicket
detector and since children did not appear to be changing their responses over trials, they were
not simply learning the relation between the internal parts and causal property of the objects
during the course of the experiment.
Experiment 4

In Experiment 4, we explored inferences in the other direction: from causal properties to
internal properties. We also wanted to ensure that children were focusing on the causal
properties of these objects and not just associations between specific objects and the machine’s
activation. In the previous experiments, children might not have recognized that the interaction
between the objects and detector was causal — that the object caused the detector to activate. It is
possible that they only thought that the objects were associated with the detector’s activation,
and responded based on this association. Experiment 4 included a control group in which
objects were associated with the detector’s activation but did not cause the activation. We
examined whether children would make inferences about internal properties when objects shared
causal properties, but not when objects were only associated with the detector’s activation.

Experiments 1-3 demonstrated that 4-year-olds make inferences from an object’s internal
properties to its causal properties. What about younger children? There are several
investigations that suggest children younger than 4 use an object’s functional properties as a
guide to categorization (e.g., Kemler-Nelson et al., 1995, 2000). However, in these cases, the
artifacts’ functions were directly observable. Kelemen (2001, 2004) demonstrated that 4-5-year-
olds, but not 3-year-olds, relied on an artifact’s intended function (an unobservable property) as

a guide to categorization, as opposed to the artifact’s actual function (see also Matan & Carey,
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2001). This suggests that children’s ability to make inferences about unobservable causal
properties might lag behind inferences about what is directly observable.
Method

Participants

The participants were 32 three-year-olds (16 girls, M = 42.50 months, range = 36-47
months) and 32 four-year-olds (17 girls, M = 56.0; range = 48.0-63.0 months). Children were
recruited from two preschools and flyers posted in local preschools. Seven other children were
tested, but not included: 2 were excluded because of experimental error, 1 was a non-native
speaker of English, and 4 had participated in a different experiment with the blicket detector
prior to the experimental session. Fifty-two children were Caucasian, 3 were Hispanic, and 7
were Asian, and 2 were African-American. No child in the final sample had participated in any
previous experiment in the lab.
Materials

The same blicket detector as in Experiment 3 and the same blocks as in Experiment 2
were used here.
Procedure

Children were given the same warm-up as in Experiments 2-3. Corrective feedback was
rarely necessary (7% of the time). Children who required corrective feedback were included in
the final sample. An equal number of children in each age group were randomly assigned to one
of two groups. In the causal group, a set of three objects was brought out — the target object, the
externally similar object, and the internally similar object. Children were not shown the internal
properties of the objects. The objects were placed on the machine one at a time. The target

object and the internally similar (but externally distinct) object activated the detector; the third
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did not. Children saw this demonstration twice. No causal language or object labels were used
to describe these events; children were only told to look.

A second group was given an association control similar to the one used by Gopnik and
Sobel (2000). This group was treated identically to the causal group, but instead of placing each
object on the detector, the experimenter held each object approximately 6 inches above the
detector with one hand. The experimenter’s other hand was positioned on top of the detector.
When objects that would have activated the detector for the causal group (i.e., the objects with
the map pins inside) were held over the detector, the experimenter pressed down on the top of
the detector (causing the top to recede, just like an object being placed on it would), activating it.
Children in the association group observed the same association between the objects and the
detector as children in the causal group; however, the experimenter’s hand was a clear
alternative cause. This indicated that the objects themselves did not cause the blicket detector to
light up but were merely associated with that effect.

For both groups, the experimenter then said, referring to the objects, “Look, they have
little doors on them. Let’s open one up.” The experimenter then selected the target object and
opened it to reveal that it had a white pin inside it. The experimenter said, “Oh look, it has a
little white thing inside of it. Can you point to another one with a white thing inside it?”
Children were then given the opportunity to respond. The experimental question was whether
they chose the object that had the same external features as the target or the one that had the
same causal properties (made the machine light up). Children were not allowed to open up the
other objects, nor were they given feedback on their answer to this question. Children were
given four such trials, in one of four quasi-random orders, counterbalanced across participants.

The spatial location of the three objects was randomly determined for each trial.
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Results and Discussion

For each trial, children were given a score of 1 if they selected the causally similar object
and a score of 0 if they selected the externally similar object. Preliminary analyses revealed no
effect of the order in which the object sets were presented, Kruskal-Wallis test, x*(3, N = 64) =
2.78, ns., and children were not more likely to make a causal response on any individual trial,
Cochran’s Q(3) = 1.80, ns. Therefore, the data were combined to form an overall score that
ranged from O to 4. These data are shown in Table 1.

Three-year-olds chose the internally similar object on approximately 31% of the trials in
the causal condition (M = 1.25, SD = 1.48), and 19% of the trials in the association condition (M
=0.75, SD = 1.24). Four-year-olds chose the internally similar object 72% of the time in the
causal condition (M = 2.88, SD = 1.36) and 17% of the time in the association condition (M =
0.69, SD = 1.01). These data were analyzed by a 2 (Age Group) x 2 (Condition) ANOVA, which
revealed main effects of age, F(1, 60) = 5.91, p =.018, and condition, F(1, 60) = 17.48, p < .001.
A significant interaction between age and condition was also found, F(1, 60) = 6.89, p = .011.
This interaction resulted from 4-year-olds in the causal group scoring higher (i.e., producing
more causal responses) than 3-year-olds in the causal group, t(30) = -3.23, p < .01 with a Scheffé
correction. No such age difference was found in the association group. Similarly, 4-year-olds
scored higher in the causal group than the association group, t(30) = -5.16, p < .01 with a Scheffé
correction. Three-year-olds showed no significant difference between the causal and association
conditions.

Examination of the group means revealed that for several groups, one standard deviation
from the mean was outside the possible range of responses; as a result, we supplemented this

analysis with a nonparametric consideration of the data. We first considered differences between
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the causal and associative groups. A significant difference was found for the 4-year-olds, Mann-
Whitney U = 31.50,z =-3.78, p <.001. The 3-year-olds did not show such a difference, Mann-
Whitney U = 101.50, z = -1.09, ns.

We next considered the data against chance responding. As in Experiment 2, we
collapsed the data into three categories: causal responses (selected the causally similar object on
3 or 4 trials), neutral responses (selected causally and externally similar objects equally often),
and external responses (selected the causally similar object on 0 or 1 trials). The distribution of
4-year-olds’ selections differed significantly from chance in both the causal group, (2, N = 16)
=10.50, p = .005, and the associative group, y*(2, N = 16) = 14.50, p = .001, but, importantly,
did so in opposite directions. Four-year-olds were significantly more likely to fall into the causal
group in the causal condition (69% of the time) and the perceptual group in the associative
condition, (75% of the time) than would be expected by chance responding (31.25%), binomial
tests, both p-values < .005. The distribution of 3-year-olds’ selections also differed significantly
from chance in both the causal group, x%(2, N = 16) = 18.38, p < .005, and the associative group,
v?(2, N = 16) = 27.78, p < .001. In both cases, 3-year-olds fell into the perceptual response
group more often than would be expected by chance (69% and 81% of the time respectively,
compared with 31.25%), binomial tests, both p-values < .005.

The data suggest that 4-year-olds used information about an object’s causal properties to
predict whether it contained an internal part, even though this information conflicted with the
external perceptual appearance of the objects. Younger children did not show this pattern, and
instead relied more on the external perceptual features of the objects to make inferences about
internal parts. As in Experiments 2-3, 4-year-olds made this inference without any

familiarization with the machine or the objects. Moreover, the control group showed that when
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the objects were only associated with the machine’s activation, 4-year-olds did rely on the
external perceptual features of the objects to make inferences about their internal properties.
This suggests that by age 4, children recognize that there is a link between the object’s causal
and internal properties.

General Discussion

These studies suggest that by the age of 4, children can use causal information, derived
from patterns of covariation to make inferences about the internal structure of objects, and vice-
versa. These inferences were made even when they were in conflict with the external perceptual
similarity of the objects. Instead of choosing an object that was the same shape, size, and color
as the target, children chose an object that was internally (Experiment 2) or causally (Experiment
4) consistent. Children also do not simply rely on their specific prior knowledge about objects
and machines. In Experiments 2-4, children made such inferences based on their initial exposure
to the blicket detector — a completely new device.

We are certainly not claiming that external perceptual appearance has no bearing on
inferences about object’s internal properties. In Experiment 4, when 3- and 4-year-olds were
only given associative (and not causal) information, children relied on the external perceptual
appearance of the objects to make inferences about their internal structure. This is consistent
with the hypothesis that, in general, objects that share external perceptual features also share
linguistic category membership and non-obvious features, such as internal properties. However,
when this information is in conflict, 4-year-olds appear to rely more on causal properties than
external perceptual information when making inferences about object’s internal properties.
Experiment 2 and 3 also suggest that the inferences can run in the other direction as well: By age

4, children relied more on internal properties than external perceptual features when making
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inferences about an object’s causal properties. These data are consistent with the hypothesis that
by age 4, children’s causal knowledge integrates covariation and mechanism information
(Cheng, 1997; Gopnik, Glymour, Sobel, Schulz, Kushnir, & Danks, 2004; Woodward, 2003).

How can we explain the developmental change between ages 3 and 4 that was observed
in Experiment 4? One possibility is to consider children’s past history of exposure to objects
(see e.g., Rogers & McClelland, 2004). Since children usually see that objects with similar
external perceptual properties have similar causal properties and similar internal properties, they
might initially associate all three types of information. Learning that causal and internal
properties, may still be related, even in light of competing perceptual appearances simply takes
more time, since there are few examples of such conflict in the environment.

Another possibility is that children initially believe that category membership, an objects’
perceptual appearance, internal structure, and causal properties are all related, but their
understanding of this relation is not fully developed. Younger children may understand that
category membership and internal properties are connected, especially in the biological domain
(Gelman, 2003; Gelman & Wellman, 1991), and equally appreciate a link between categories
and causal properties (Gopnik & Sobel, 2000; Kemler-Nelson et al., 1995, 2000), but not yet
appreciate that there is relation between object’s causal properties and internal properties. In
order to build the link between objects’ causal properties and their internal structure, children
might rely on their earlier belief that an object’s causal properties are more important than its
perceptual appearance in determining its linguistic category membership. This would suggest
that providing linguistic labels for the objects — a key to category membership — might affect
performance. Specifically, in Experiment 4, if objects that activated the detector were all labeled

“blickets,” then the younger children might connect object’s causal properties with their internal
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structure more easily. Similarly, if objects with the same perceptual appearance were all given
the label “blicket”, perhaps 4-year-olds’ responses would be more like the younger children.

There might be still other reasons for the developmental difference. Unlike most
previous cases in which children inferred that the internal properties of biological kinds were
responsible for their causal properties, these experiments involved novel physical artifacts. One
possibility is that young children’s knowledge of the relation between causal and internal
properties in the physical domain does not develop until age 4. Indeed, Gottfried and Gelman
(2005) demonstrated that although 4-year-olds make appropriate inferences about the internal
parts of biological and physical entities (namely hearts and gears respectively), younger children
had more difficulty with these inferences, especially in the physical domain.

Finally, the procedures used across all these experiments were quite difficult. For
instance, in Experiment 4, children had to remember the causal property of each object — a non-
obvious property — and use that information instead of the objects’ more obvious perceptual
information to base a response. This shows a strong demonstration of 4-year-olds understanding
of the relation between objects’ causal properties and insides. But, one could imagine the
developmental difference observed in Experiment 4 resulted from these task demands, and if
such demands were reduced, 3-year-olds might respond in a similar manner to the 4-year-olds
here. We do have some reason to suspect that this developmental difference is real, and not the
result of task demands: Sobel and Blumenthal (submitted) found a similar difference between 3-
and 4-year-olds’ ability to recognize that the internal part of an artifact to result in the artifact
producing a causal property. Importantly, this experiment demonstrated that the 3-year-olds

easily understood the information inherent in the procedure.
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An open question is whether children, at least by age 4, recognize that in these
experiments, an object’s internal properties are responsible for its causal properties — that is,
those insides act as a mechanism for the object’s causal effects. In Experiment 1, 4-year-olds
could keep track of a causally efficacious and inefficacious internal part, which suggests that
they could use covariation information to identify a specific mechanism (a single type of metal
insert) rather than a more general mechanism (the presence of any metal insert) as being
responsible for the activation of the blicket detector. Being able to make this type of distinction
is critical to understanding phenomena in the real world. For instance, we cannot see radiation
outside of the visible spectrum, making both ultraviolet and infrared radiation invisible to us.
However, we know that ultraviolet radiation causes sunburn, but infrared radiation does not, and
this is important for real-world action and scientific understanding of light. We suggest this as
an open question for future investigations.

Overall, these results suggest that children recognize a link between objects’ causal
properties and their internal structure. The present studies involved a particular class of objects:
mechanical artifacts. We do not know whether insides are equally important for other types of
objects, or for causal relations beyond the domain of physical mechanical causation. These
results also do not demonstrate that children spontaneously seek out internal causes as
explanations of object’s causal properties. Such explanation data would support the hypothesis
that children represent their causal knowledge more abstract ways than simple association (see
e.g., Wellman & Liu, in press). What we have shown is that by the age of 4, children use both
covariation and mechanism information in concert to recover causal relations among objects,

connecting causes and insides.
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Table 1

Experiments 2, 3 and 4: Number of Children Making Internal/Causal Responses

Number of Internal/Causal Responses (out of 4)

0 1 2 3 4 Mean SD
Experiment 2
4-year-olds (N = 24) 1 4 5 7 7 2.63 1.21
Expected by Chance 15 6 9 6 1.5
Experiment 3
4-year-olds (N = 16) 0 1 4 11 0 2.62 0.62
Expected by Chance 1 4 6 4 1
Experiment 4
Causal Group
3-year-olds (N = 16) 7 4 1 2 2 1.25 1.48
4-year-olds (N = 16) 2 0 3 4 7 2.88 1.36
Expected by Chance 1 4 6 4 1
Associative Group
3-year-olds (N = 16) 10 3 1 1 1 0.75 1.24
4-year-olds (N = 16) 10 2 3 1 0 0.69 1.01

Expected by Chance 1 4 6 4 1
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Figure Captions

Figure 1. Schematic depiction of Experiment 1. The demonstration phase is shown in
panels 1-6. The test phase is shown in panels 7-9. Children saw two metal inserts and one
block; the block did not activate the detector (1). The block was opened, and the first insert was
placed inside (2). The block was demonstrated again, and this time it activated the detector (3).
Next, the first insert was removed, and the second insert was placed inside the block (4, 5). The
block was placed on the detector a third time, and nothing happened (6). In the test phase, the
block was then removed from view, and two externally identical blocks were placed on the table
(7). The inserts were placed into the new blocks (8). The experimenter then asked the child to
make the detector light up and then label objects as “blickets” (9).

Figure 2. Stimuli from Experiments 2 and 4. Each row represents one object set. In
each set, the object in the center is the target object (externally similar to the object on the left,
internally similar to the object on the right). Similar stimuli were used in Experiment 3, but in

that experiment, all three objects were the same shape, color, and size.
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Endnotes

! When a two-tailed test is used, this finding was not statistically significant (p < .10). We
employed a directional test based on preliminary data, reported in Yoachim, Sobel, and Meltzoff
(2005). These data showed that 4-year-olds tracked the causal power of a single internal part

when it moved between two objects. Details of this experiment are available upon request.



