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Chapter 12

Young infants’ expectations
about self-propelled objects

Renée Baillargeon, Di Wu, Sylvia Yuan,
Jie Li, & Yuyan Luo

12.1 Introduction

Investigations of the development of infants’ physical reasoning over the past
20 years have revealed that even young infants possess expectations about
physical events (for recent reviews, see Baillargeon et al., 2006; Baillargeon
et al., 2009). These findings, which come increasingly from both viola-
tion-of-expectation tasks (e.g., Aguiar & Baillargeon, 1999, 2002; Hespos
& Baillargeon, 2001b; Lécuyer & Durand, 1998; Luo & Baillargeon, 2005b;
Spélke et al., 1992; Wang et al., 2005; Wilcox et al., 1996) and action tasks
(e.g., Goubet & Clifton, 1998; Hespos & Baillargeon, 2006, 2008; Hofstadter
& Reznick, 1996; Hood & Willatts, 1986; Kochukhova & Gredeback, 2007;
Ruffman et al., 2005; von Hofsten et al., 2007), support the notion that
infants are born with an abstract, unconscious, physical-reasoning system,
which provides them with a shallow causal framework for making sense
of the displacements and interactions of objects and other physical enti-
ties (e.g., Baillargeon et al., 2009; Carey & Spelke, 1994; Gelman, 1990;
Keil, 1995; Leslie, 1994; Premack & Premack, 1995; Spelke, 1994; Wellman &
S. A. Gelman, 1997). )

Gelman (1990; Gelman & Spelke, 1981; Gelman et al., 1995; Subrahmanyam
et al., 2002) and Leslie (1984a, 1994, 1995; Leslie & Keeble, 1987) have sug-
gested that part of the skeletal causal framework infants bring to bear when
interpreting physical events is a fundamental distinction between inert and
self-propelled objects. When watching a novel object begin to move or change
direction, infants’ physical-reasoning system attempts to determine whether
the change in the object’s motion state is caused by forces internal or external
to the object. According to Leslie (1994), ‘the more an object changes motion

* state by itself and not as a result of external impact, the more evidence it pro-
vides, the more likely it is, that it is [self-propelled]’ (p. 133). An object that
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is judged to be self-propelled is endowed with an internal source of energy.
A self-propelled object can use its internal energy directly to control its own
motion and indirectly (through the application of force) to control the motion
of other objects. '

Do young infants distinguish between inert and self-propelled objects? Do
they endow self-propelled objects with internal energy? One way to address
these questions empirically is to examine whether young infants hold differ-
ent expectations for physical events involving inert and self-propelled objects.
Upon observing that a novel object begins to move on its own, or changes
direction on its own, do infants hold different expectations about how the
object might behave in various physical events? Are these expectations causally
consistent with the notion that the object possesses internal energy it can use
to control its motion or that of other objects?

This chapter is organized into two sections. In the first, longer section, we
summarize the results of several series of experiments from our laboratory that
compared the responses of 2.5- to 6.5-month-old infants to various physical
events involving an inert or a self-propelled object. To control for extraneous
factors, the inert and the self-propelled object used in each experiment was
typically the same novel object. During familiarization, half the infants were
given evidence that the object was self-propelled (e.g., it initiated its motion in
plain view); the other infants were given no such evidence and so presumably
categorized the object as inert. During test, the infants saw new physical events
involving the object. The experiments tested whether infants (1) would view
the outcomes of some events as surprising when they categorized the object as
inert but 1ot when they categorized it as self-propelled, because in the latter
case they could infer that the object had used its internal energy to bring about
the observed outcomes; and (2) would view the outcomes of other events as
surprising whether they categorized the object as inert or as self-propelled,
because they realized that no application of internal energy could have brought
about the observed outcomes.

In the second, shorter section of the chapter, we consider what might be the
links between the concept of self-propelled object explored here and other key
concepts. Are young infants who see a novel object initiate its own motion
likely to view it only as a self-propelled object endowed with internal energy—
or are they likely to view it as something more? For example, could infants view
the object as an agent that can detect its environment and move intentionally
in pursuit of goals, or as an animal composed of biological matter? We discuss
various characterizations and consider their implications for infants’ con-
strual of the novel self-propelled objects studied in this chapter (for additional
discussion of these issues, see Shutts et al., Chapter 8).
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12.2 Infants’ expectations about self-propelled objects

To our knowledge, the first experiment that directly compared infants’ responses
to physical events involving inert and self-propelled objects was conducted by
Woodward and her colleagues (Spelke, Phillips et al., 1995; Woodward et al.,
1993). This experiment examined whether 7-month-old infants believe that (1) a
self-propelled object can initiate its own motion, whereas an inert object cannot,
and (2) an inert object can be set into motion only through contact with (and the
application of force by) another physical entity. The infants were assigned to an
inert or a self-propelled condition. Infants in the inert condition were habituated
to a videotaped event involving two different, large (human-sized), wheeled pil-
lars. To start, one pillar stood partly visible at the right edge of a large occluder at
the center of the television monitor (events in this and in all other experiments
in this chapter are described from the infants’ perspective). The second pillar
moved into view on the left side of the monitor and disappeared behind the left
edge of the occluder; after an appropriate interval, the first pillar moved to the
right and disappeared on the right side of the monitor. The entire event sequence
was then repeated in reverse. Following habituation, the occluder was removed,
and the infants saw two test events in which the pillars moved as before; the only
difference between the events had to do with what happened during the previ-
ously occluded portion of the pillars’ trajectories. In one event (contact event),
the moving pillar collided with the stationary pillar and set it in motion; in the
other event (no-contact event), the moving pillar stopped short of the station-
ary pillar, which then set off on its own, Infants in the self-propelled condition
saw identical events except that the two pillars were replaced with a man and a
woman who walked along the same path as the pillars.

The infants in the inert condition looked reliably longer at the no-contact
than at the contact event, whereas those in the self-propelled condition tended
to look equally at the two events. These and control results suggested three
conclusions. First, because there was no clear indication that the pillars were
self-propelled during the habituation trials (it was unclear what caused them to
roll into view on either side of the television monitor), the infants categorized
them as inert; infants thus appear to hold the default assumption that a novel
object is inert unless given unambiguous evidence that it is not. Second, the
infants believed that inert objects can be set in motion only through contact
with (and the application of force by) other physical entities, and thus, they
inferred that one pillar must be colliding with the other behind the occluder.
Third, the infants realized that humans are self-propelled objects, and thus,
they understood that each human could move on its own or as a result of an
application of force by the other human.
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The preceding results suggest that, by 7 months of age, infants hold different

expectations for at least some physical events involving inert and self-propelled
objects. As alluded to earlier, our own experiments attempted to extend these
results in several directions. First, they asked whether infants younger than
7 months might also hold such differential expectations. Second, our experi-
ments compared infants’ responses to events involving the same novel object,
presented as either inert or self-propelled. One limitation of the results described
in the preceding paragraph is that, because the events involving the pillars and
humans were so different, it is difficult to determine what role perceptual
differences or prior experiences with humans might have played in the infants’
responses. Our approach; in essence, was to compare infants’ responses to
events involving only pillars (and other similar objects such as boxes, cylinders,
and balls), to determine what additional expectations infants might hold simply
from observing that a pillar was inert or self-propelled. Third, our experiments
explored a wide range of physical events. In choosing these events, we consid-
ered specific ways in which a self-propelled object might use its internal energy
to control its motion or that of other objects. Thus, as described in the following
sections, we asked whether young infants would believe that a self-propelled
object might use its internal energy (1) to alter the direction of its motion, (2)
to change location when out of sight, (3) to change the orientation or position
of its parts when out of sight, (4) to remain stationary when hit, (5) to remain
stable when released without adequate external support, and finally (6) to ‘hold’
an inert object so as to prevent it from falling.

12.2.1 Can a self-propelled object alter the
direction of its motion?

The results of Woodward and her colleagues (Spelke, Phillips et al., 1995;
Woodward et al., 1993) suggested that infants realize that a self-propelled
object can initiate its own motion, whereas an inert object cannot (see also Kosugi
& Fujita, 2002; Kosugi et al., 2003; Kotovsky & Baillargeon, 2000; Saxe et al., 2005;
Saxe et al,, 2007). Our first experiment asked whether 5-month-old infants hold
different expectations not only for the onset of inert and self-propelled objects’
motion but also for the path they follow once in motion (Luo et al., in press).
As adults, we expect an inert object traveling on a horizontal plane to follow a
smooth path, without abrupt changes in direction;! in contrast, we recognize

! The expectation that an inert object traveling on a horizontal plane will follow a smooth
path, with no abrupt change in direction, is consistent with, though considerably weaker
than, the Newtonian principle of inertia. According to this principle, if no external forces
act on a body, it moves uniformly, that is, always with the same velocity along a straight
line’ (Einstein & Infeld, 1960, p. 8). In everyday life, however, uniform motion can ‘never
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that a self-propelled object may use its internal energy to change directic?n at
will. Thus, we would be surprised if a ball rolling on a table changed direc-
tion as it reached each corner so as to follow the perimeter of the table: for
inert objects, abrupt changes in direction cannot be achieved without external
impact. Experiment 1 (Luo et al., in press) thus asked whether 5-month-old
infants would expect an inert but not a self-propelled object to followa smooth
path, with no abrupt change in direction.

Previous research suggested that young infants are in fact not surprised when
an inert object abruptly deviates from its initial path. Spelke etal. (1994) habit-
uated 4- and 6-month-old infants 6 an event in which a ball rested in the front
right corner of a large table; a horizontal screen hid the left half of the table. An
experimenter’s hand hit the ball, which then rolled diagonally across the table
until it disappeared under the screen at the center of the table. Next, the screen
was remaved to reveal the ball resting in the back left corner of the table, fur-
ther along its pre-occlusion trajectory. Following habituation, the infantsl saw
a linear and a nonlinear test event. The linear event was similar to the habitua-
tion event, except that the ball started from the back right corner of the table; it
rolled diagonally across the table until it disappeared under the screen, and was
revealed resting in the front left corner of the table, as expected. In the non-
linear event, the ball again started from the back right corner of the table and
rolled diagonally across the table; however, when the screen was removed, the
ball rested in the same back left corner as in the habituation event, as though
it had performed a 90° turn when under the screen. The infants did not look
longer at the nonlinear than at the linear event, and Spelke and her colleagues
conucluded that young infants do not expect an inert object, once in motion, to
follow a smooth path, with no abrupt change in direction.

However, other interpretations of these negative results were possible.
Because of limitations in the apparatus used to implement the experimental
design, the infants were actually presented with a more subtle violatién thz}n is
suggested by the preceding description. In reality, most of th'e le.:ft s.1de of the
table was filled with a large insert with a central indentation in its right edge;
the ball came to rest in the front or back corner of this indentation. Thus,
rather than seeing the ball at rest in the front or back left corner of the table at
the end of the test events (a large and salient absolute difference), the infants

be realized; a stone thrown from a tower, a cart pushed along road can never move abso-
lutely uniformly because we cannot eliminate the influence of external forces’ (Einstein
& Infeld, 1960, p. 8). Not surprisingly, as the principle of inertia is derived from scientific
reasoning rather than from immediate observation, it was not understood for many centu-
ries, until the discoveries of Galileo and Newton, and it plays little role in adults’ everyday
physical reasoning {e.g., Einstein & Infeld, 1960; McCloskey, 1983; Spelke et al., 1994).
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saw the ball at rest in the front or back corner of the indentation {a smaller and
perhaps less salient absolute difference). This arrangement might have made it
difficult for the infants to determine whether or how far the ball had deviated
from its pre-occlusion trajectory. Keeping in mind that young infants might
be limited in their ability to detect path deviations, we presented the infants in
Experiment 1 with a very salient violation: a full reversal, in plain view.

The infants were assigned to an inert or a self-propelled condition
(see Fig. 12.1) and sat in front of a large apparatus whose right side was occlud-
ed by a large screen. A small box (5 cm high, 19.5 cm wide, 17 cm deep) was
visible on the left side of the apparatus; this box was covered with red felt and
had a “skirt’ made of white lace that reached the apparatus floor and hid the
motorized system that controlled the box’s motion back and forth across the
apparatus. In the inert condition, an experimenter’s gloved hand activated this
system by simultaneously hitting the box and a microswitch located next to
the box;, so that it appeared as though the hand caused the box to move. In the
self-propelled condition, the experimenter activated the system by depressing a
button on a control panel located under the apparatus floor, so that it appeared
as though the box began to move on its own. The box’s motion back and forth
across the apparatus was accompanied by noise from the motorized system; this
noise was identical in the inert and self-propelled conditions.

In the familiarization events shown in the inert condition, the gloved hand
hit the box, which then moved to the right until it disappeared behind the left
edge of the screen. After a few seconds, the box reappeared from behind the
same edge of the screen and returned to its starting position to begin a new
event cycle (in all experiments in this chapter, unless otherwise noted, events
were repeated until the trial ended). Following familiarization, the screen was
removed, and the infants watched a near- and a far-wall test event (here and
in all other pertinent experiments in this chapter, order of presentation was
counterbalanced). In the near-wall event, the hand again hit the box, which
moved to the right until it hit a wall partition at the right end of the appa-
ratus; the box then reversed direction and returned to its starting position
(although the box appeared to hit the partition and ‘bounce back’, in actuality
only its lace skirt contacted the partition; a reverse-switch under the apparatus
caused the box to reverse direction). In the far-wall event, the wall partition
was placed farther to the right; because the box moved exactly as before, it no
longer hit the partition and thus appeared to reverse direction on its own. As
the partition changed position in the near- and far-wall test events, it was also
placed in the same two positions on alternate familiarization trials; however,
because the screen was in place during these trials, only the very top of the
partition was visible above the screen (see Fig. 12.1).
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Self-propelied
condition

Inert
condition

Familiarization evenis

Far-wall event

Test events

Far-wall event Far-wall gyem

iliarization a i iment 1
Fig. 12.1 Schematic of the familiarization and test events used in Exper

{Luo et al,, in press).

The infants in the self-propelled condition saw identical near- and far-wall

familiarization and test events, except that the box initiated its own motion;

the hand remained stationary on the apparatus floor. . -
Our reasoning was as follows. If at 5 months infants tend to view an objec

as inert unless given unambiguous evidence that it is not (e.g., Leslie, 1994,
1995; Luo & Baillargeon, 2005a; Spelke, Phillips et al., 1995;. Woodward e-t al,
1993), then the infants in the inert condition should categorize the box as inert
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during the familiarization trials because (1) they saw the hand set it in motion
and (2) they had no evidence as to what caused its reversal behind the screen. In
contrast, the infants in the self-propelled condition should categorize the box
as self-propelled, because they saw it initiate its own motion in plain view.

Furthermore, if at 5 months infants (1) endow self-propelled but not inert
objects with internal energy and (2) expect an object to follow a smooth path
unless a force—either internal or external to the object—intervenes to bring
about an abrupt change, then the infants in the inert and self-propelled condi-
tions should respond differently to the test events. In the inert condition, the
infants should be surprised when the box appeared to reverse direction sponta-
neously, but not when it reversed direction after hitting the wall partition: this
impact provided an external cause for the abrupt change in its trajectory. The
infants should thus look reliably longer at the far- than at the near-wall event.
In the self-propelled condition, in contrast, the infants should not be surprised
when the box reversed direction either spontaneously—it could use its inter-
nal energy to do so—or after hitting the wall partition. The infants should thus
look about equally, and equally short, at the far- and near-wall events.

Results were as predicted: the infants in the inert condition looked reli-
ably longer at the far- than at the near-wall event, whereas those in the self-
propelled condition tended to look equally, and equally short, at the two events.
These results suggested that the infants in the inert condition (1) categorized
the box as an inert object because they received no evidence to the contrary;
(2) expected the box to follow a smooth path, with no abrupt deviation, in the
absence of external impact; and hence (3) were surprised when it spontane-
ously reversed direction. In contrast, the infants in the self-propelled condition
(1) categorized the box as self-propelled because it initiated its own motion,
(2) understood that the box could use its internal energy to alter its path, and
hence (3) were not surprised when it spontaneously reversed direction.

12.2.1.1 Links to other findings: predictive tracking and reaching

The results of the inert condition in Experiment 1 help reconcile previously
discrepant findings in the infancy literature. In contrast to the violation-
of-expectation findings of Spelke et al. (1994) described in Section 12.2.1, exper-
iments using action tasks such as predictive reaching (for visible objects) and
predictive tracking (for occluded objects) have found that young infants do
expect objects to follow a smooth path, with no abrupt change in direction (e.g.,
Kochukhova & Gredeback, 2007; Spelke & von Hofsten, 2001; von Hofsten et al.,
1998; von Hofsten et al., 2007). These contrastive results have sometimes been
taken to point to the existence of a dissociation between the physical knowl-
edge underlying infants’ responses in violation-of-expectation and action tasks
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(e.g., von Hofsten et al., 1998). However, the positive results of the inert condi-
tion in Experiment 1 suggest that the design used by Spelke et al. was perhaps
less than optimal and that young infants can demonstrate an expectation that
objects follow a smooth path in both violation-of-expectation and action tasks.

To give an example of such an action task, Kochukhova and Gredebick
(2007) showed 6-month-old infants computer-animated events in which a self-
propelled object approached and then disappeared behind an occluder; while
behind the occluder, the object effected a 90° turn (e.g,, the object disappeared
behind the left edge of the occluder and reappeared at its bottom edge). Analyses
of the infants’ anticipatory responses using an eye tracker revealed that, on the
initial trials, the infants expected the object to reappear further along its pre-
occlusion trajectory, on the opposite side of the occluder (e.g., at the occluder’s
right edge). After two or three trials, however, the infants began to anticipate
the object’s reappearance on the correct side of the occluder (e.g., at the-occlud-
er’s bottomr edge). One interpretation of these results, consistent with those of
Experiment 1, is that when watching a self-propelled object move behind an
occluder, young infants initially hold the default assumption that the object
will follow a smooth path, with no abrupt change in direction, just as they do
for an inert object. However, if this expectation is violated, infants conclude
that the object is using its internal energy to alter its trajectory when behind the
occluder, and they then allow their prior observations (about where the object
has reappeared on previous trials) to guide their future anticipations.

Finally, the results of the self-propelled condition in Experiment 1 are con-
sistent with a plethora of violation-of-expectation experiments over the past
20 years that have presented young infants with a self-propelled object moving
back and forth across an apparatus, with or without occluders at the center of
the apparatus (e.g., Aguiar & Baillargeon, 1999, 2002; Baillargeon & DeVos,
1991; Baillargeon & Graber, 1987; Bremner et al., 2005; S. P. Johnson, 2004;
S. P. Johnson et al., 2003; Kellman & Spelke, 1983; Luo & Baillargeon, 2005a,
2005b; Luo et al., 2003; Slater et al., 1996; Spelke, Kestenbaum et al., 1995;
Wilcox, 1999; Wilcox & Baillargeon, 1998b; Wilcox & Schweinle, 2003).
Although this issue was typically not examined directly, there was no empiri-
cal reason to suspect that the infants in these experiments were surprised when
the object reversed direction at either end of its trajectory, and the present data
support this interpretation.

12.2.1.2 Control findings

One possible objection to our interpretation of the results of the self-propelled
condition in Experiment 1 and in Woodward et al. (1993; see also Spelke,
Phillips et al., 1995) was the following: perhaps the infants were merely

293
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confused by the test events they were shown and hence held no specific
expectations about their outcomes. This interpretation seemed unlikely:
as was just mentioned in the last section, numerous experiments over the past
20 years have presented infants with events involving self-propelled objects;
had infants found these objects confusing, the results of the experiments
would have been consistently negative, and they were not. Nevertheless,
Experiment 2 (Luo et al,, in press) was conducted to rule out this alternative
interpretation.

A large body of evidence suggests that young infants interpret physi-
cal events in accord with a principle of persistence (e.g., Baillargeon, 2008;
Baillargeon et al., 2009), which states that objects persist, as they are, through
time and space. An important corollary of this principle is the solidity prin- 1
ciple, which states that, for two objects to each persist in time and space, the
two cannot occupy the same space at the same time. Numerous investiga-
tions have shown that infants aged 2.5 months and older recognize that an
object, whether self-propelled or not, cannot pass through space occupied by
another object (e.g., Aguiar & Baillargeon, 1998, 2003; Baillargeon, 1986, 1987,
1991; Baillargeon et al., 1985; Baillargeon et al., 1990; Baillargeon & DeVos,
1991; Hespos & Baillargeon, 2001a, 2001b; Luo et al,, 2003; Saxe et al., 2006;
Sitskoorn & Smitsman, 1995; Spelke et al,, 1992; Wang et al., 2004; Wanget al,,
2005). Experiment 2 therefore examined whether 5-month-old infants would
recognize that an object, whether self-propelled or not, cannot pass through
another object.

The infants were assigned to an inert or a self-propelled condition
(see Fig. 12.2) and received familiarization trials identical to those shown in
the inert and self-propelled conditions of Experiment 1, respectively, with one
exception: in these trials, as in all other trials of Experiment 2, the wall partition & Orientation events
was always in the far position (with the large screen occluding the right side of b Elockgvant ; Tableevent
the apparatus, the infants in the inert condition could not determine just how
far the box traveled behind the screen or what caused it to reverse direction.)

Inert condition

Familiarization event

Orientation events
Block event Table event

Test events
Block event Table event

Self-propelled condition

Familiarization event

Next, the familiarization screen was removed, and the infants received two ori- 1 ;
entation trials in which they were introduced to a large table (table orientation
event) and a large block (block orientation event); each rested across the box’s ' Test events
X . - . ! e Block event Table event
path, directly in front of the infants, and was briefly rotated upward to make 5 S— S

clear that it extended from the front to the back of the apparatus. Finally, the
infants were shown a table and a block test event.

In the table event shown in the self-propelled condition, the box began to
move to the right, passed under the table, reversed direction, passed under the
table once more, and finally returned to its starting position. The block event
was similar except that the table was replaced with the block; the box appeared

Fig. 12.2 Schematic of the familiarization, orientation, and test events used in
Experiment 2 {Luo et &l., in press).
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to pass through the block once as it traveled to the right and once more after it
reversed direction to return to its starting position (the block used in the block
test event had a small tunnel that allowed the box to pass through; because the
infants sat centered in front of the block, they could not see the opening of
the tunnel on either side of the block). The infants in the #rert condition saw
the same test events except that the box did not initiate its motion: as in the
familiarization trials, the box began to move only after it was hit by the experi-
menter’s gloved hand.

Wereasoned thatiftheinfants in the self-propelled condition of Experiment 1
looked about equally at the test events because they were confused by our self-
propelled box, then the infants in the self-propelled condition of Experiment 2
should also be confused and hence should also look about equally at the test
events. However, if the infants in the self—i)ropel]ed condition of Experiment 1
looked about equally at the test events because they realized that the box could
reverse its motion either spontaneously or following impact with the wall
partition, then the infants in Experiment 2 should respond differentially to the
block and table test events. Because even young infants realize that an object,
whether self-propelled or not, cannot pass through another object, the infants
should be surprised when the box appeared to pass through the block but not
under the table. The infants should thus look reliably longer at the block than
at the table event. In contrast, the infants in the inert condition should find
both test events surprising: the table event, because the box appeared to reverse
direction spontaneously (as in the far-wall test event of Experiment 1), and the
block event, because the box appeared to reverse direction spontaneously and
to pass through the block. The infants should tend to look equally, and equally
long, at the block and table events.?

Results were as predicted: the infants in the self-propelled condition looked
reliably longer at the block than at the table event, whereas those in the inert
condition looked about equally, and equally long, at the two events. These
results, together with those of Experiment 1, supported the proposal that
young infants endow self-propelled objects with an internal source of energy.
On the one hand, infants are not surprised when a self-propelled object spon-
taneously initiates or reverses its motion, because they realize that the object
can use its internal energy to do so; on the other hand, infants are surprised

% Readers might wonder why we did not predict that the infants in the inert condition
would look reliably longer at the block than at the table test event, becasue the block event
was, in a sense, doubly surprising: the box not only reversed on its own but also passed
through the block. The reason we did not is that in our experience the violation-of-
expectation method is a categorical rather than a proportional measure: it tells us whether
infants view an event as unexpected, not how unexpected it appears to them.
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when a self-propelled object passes through an obstacle, because they realize
that no application of internal energy could allow the object to do so. Infants’
expectations about self-propelled objects are thus neither undefined nor arbi-
trary but appear causally consistent with the notion that self-propelled objects
use their internal energy to control their motion.

12.2.2 Can a self-propelled object change location when
out of sight?

If young infants realize that self-propelled objects can initiate their motion
at will, could they posit hidden displacements to make sense of events that
would otherwise seem impossible? In particular, could infants infer that a self-
propelled object had moved to another hiding location when out of sight, to
make sense of a disappearance that would otherwise seem inexplicable? Our
next experiment examined this question, and built on two bodies of experi-
mental findings.

One body concerned another corollary of the principle of persistence, the
continuity principle, which states that objects exist and move continuously
in time and space. Numerous experiments have shown that infants aged 2.5
months and older recognize that an object, whether inert or self-propelled,
cannot magically appear or disappear, nor can it magically move from one
location to another without traveling the distance between them (e.g., Aguiar
& Baillargeon, 1999, 2002; Ahmed & Ruffman, 1998; Baillargeon et al., 1989;
Baillargeon & Graber, 1988; Luo & Baillargeon, 2005b; Spelke, Kestenbaum
et al., 1995; Wilcox et al., 1996; Xu & Carey, 1996). The other body of findings
involved experiments showing that, when confronted with events that seem to
violate the continuity principle, infants are sometimes able to generate expla-
nations for these violations, typically by inferring the presence of additional
objects in the events (e.g., Aguiar & Baillargeon, 2002; Spelke, Kestenbaum
etal,, 1995; Xu & Carey, 1996). For example, when a self-propelled toy mouse
disappears at one edge of a screen and reappears at the other edge without
appearing in a large opening at the bottom of the screen, 3.5-month-old
infants assume that two mice are involved in the event, one traveling to the left
and one to the right of the screen (Aguiar & Baillargeon, 2002).

In Experiment 3 (Luo et al., in press), we presented young infants with an
apparent continuity violation: an inert or a self-propelled object magically
disappeared when behind.a screen. We asked whether infants might infer that
the self-propelled object had used its internal energy to move to a different
hiding location when the physical layout of the apparatus made such an invis-
ible displacement possible. Experiment 3 thus examined whether 6-month-
old infants would be surprised (1) if an inert but not a self-propelled object
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disappeared from behind a screen, when the self-propelled object could have
‘moved to an alternative hiding place, and {2) if an inert or a self-propelled
object disappeared from behind a screen, when no alternative hiding place was
available. ’

The infants were assigned to an inert or a self-propelled condition and saw
novel familiarization events suggested by the results of Experiments 1 and 2.
At the start of the familiarization event in the self-propelled condition, the wall
partition was in its far position, and the box rested in its usual starting position
at the left end of the apparatus; however, the box was now hidden by a large
screen. During the event, the box emerged to the right of the screen, traveled
to the right a short distance, reversed direction on its own (at its usual reversal
point), and returned behind the screen. The familiarization event in the inert
condition was similar except that the wall partition was in its near position:
the box thus hit the wall partition before reversing direction and returning
behind the screen. The familiarization event in the self-propelied condition
thus offered unambiguous evidence that the box was self-propelled, because it
reversed direction spontaneously. In contrast, the familiarization event shown
in the inert condition offered no such evidence, because (1) it was uniclear what
caused the box to emerge from behind the screen and (2) the box reversed
direction as a result of external impact, after hitting the wall partition.

During test, half of the infants in each condition saw a one-screen event
(see Fig. 12.3), and half saw a two-screen event (see Fig. 12.4).

In both events, the box rested on the apparatus floor, and a gloved hand
pointed to its top surface; the hand reached into the apparatus through a win-
dow in the left wall. Next, a screen was raised and then lowered to reveal that
the box had disappeared; the hand pointed to the space previously occupied by
the box. Finally, the screen was again raised and lowered to reveal that the box
had reappeared, beginning a new event cycle (because the gloved hand rested
on the apparatus floor between the screen and the window when the screen was
lifted and lowered, it was clear that it could not have surreptitiously removed
and replaced the box). The only difference between the one- and two-screen
events was that in the latter event a second screen stood to the right of the box.
When raised, the first screen occluded the left edge of the second screen, mak-
ing it possible for the self-propelled box to surreptitiously move behind it.

Results were as expected: in the self-propelled condition, the infants who
saw the one-screen event looked reliably longer than those who saw the two-
screen event; in the inert condition, the infants tended to look equally, and
equally long, at both events. These results suggested two conclusions. First, the
infants attended to the box’s reversal during the familiarization trials, and they
categorized the box as self-propelled when it reversed direction spontaneously
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Fig. 12.3 Schematic of the familiarization and test events used in the one-screen
condition of Experiment 3 {Luo et al., in press).

and as inert when it reversed direction only after hitting the wall partition.
Second, during the test trials, the infants in the inert condition detected the
continuity violation in the one- and two-screen events: in each case, they were
surprised that the box inexplicably disappeared and reappeared. In contrast,
the infants in the self-propelled condition found the one- but not the two-
screen event surprising, because they were able to generate an explanation for
the latter event: they inferred that the box used its internal energy to move
behind the second screen when it ‘disappeared’, and to return from behind the
second screen when it ‘reappeared’.

12.2.2.1 Test with younger infants

Would infants younger than 6 months also invoke invisible displacements
to make sense of continuity violations involving self-propelled but not inert
objects? Experiment 4 (Wu etal,, 2006) attempted to address this question and
tested 4-month-old infants using a new experimental design. We reasoned
that positive findings would suggest that infants as young as 4 months of age
already hold different expectations for at least some physical events involving
inert and self-propelled objects.
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Two-screen condition

Familiarization event
Inert condition

Test event

Fig. 12.4 Schematic of the familiarization and test events used in the two-screen
condition of Experiment 3 (Luo et al,, in press).

The infants were assigned to an inert or a self-propelled condition
(see Fig. 12.5). The infants in the inert condition faced a wide screen with
two closed windows located a short distance apart. In the familiarization trial,
an experimenter’s gloved hand (which reached into the apparatus through a
fringe curtain in the back wall) lifted a red column above the screen, between
the two windows. The hand gently tilted the column to the left and right twice,
and then lowered it back behind the screen, in the same location as before.
Next, the hand performed exactly the same actions with a black ball. Infants
in the self-propelled condition saw a similar occlusion event except that the
objects now appeared to move by themselves. Each object had a thin stick at
its back that protruded through a slit in a cardboard inserted behind the fringe
curtain; the experimenter used the stick, out of the infants’ view, to move the
column and ball as in the inert condition.

Following the familiarization trial, all the infants saw the same one- and
two-window test events. In the two-window event, the gloved hand opened
the right window in the screen (by pulling a handle that protruded above the
screen) to reveal the column, and then closed the window; next, the hand
opened the left window to reveal the ball, and then again closed the window.
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Familiarization event
Inert condition

Test events

One-window event

Fig. 12.5 Schematic of the familiarization and test events used in Experiment 4
(W et &l., 2006).

In the one-window event, the hand again opened the right window to reveal
the column, but then opened the same window to reveal the ball. The two
objects thus appeared in different windows in the two-window event, but in
the same window, in alternation, in the one-window event.

Our reasoning was as follows. Prior research on infants’ physical reason-
ing suggests that, by 4 months of age, infants have identified height, width,
and shape as occlusion variables, and thus typically include such informa-
tion in their representations of occlusion events (e.g., Baillargeon & DeVos,
1991; Wang et al., 2004; Wilcox, 1999). Thus, we expected that the infants
in Experiment 4 would attend to the differences in height, width, and shape
between the column.and the ball, and would conclude that two different
objects were involved in the familiarization event, even though the objects
followed exactly the same path when moving above the screen. Furthermore,
given the results of Experiments 1 to 3, we expected that the infants in the
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inert condition would categorize the objects as inert, because they received
no evidence to the contrary, and that the infants in the self-propelled condi-
tion would categorize the objects as self-propelled, because they spontane-
ously altered their motions in plain sight (récall that the objects rose above
the screen and then tilted left and right twice before returning behind the
screen.) Finally, we reasoned that the infants in the inert condition should
find the one- but not the two-window test event surprising: whereas the two-
window event was consistent with there being two inert objects, a column
and a ball, occupying two distinct locations behind the screen, the one-win-
dow event involved a continuity violation, because the two objects appeared
to magically exchange locations behind the screen. On the other hand, if
infants as young as 4 months of age recognize that self-propelled objects
can move at will, then the infants in the self-propelled condition might not
view either test event surprising: when faced with the one-window event, the
infants could infer that the objects surreptitiously exchanged locations when
out of sight.

As predicted, the infants in the inert condition looked reliably longer at
the one- than at the two-window event, whereas those in the self-propelled
condition looked about equally, and equally short, at the events. These results
suggested that infants as young as 4 months of age (1) distinguish between
inert and self-propelled objects, (2) endow self-propelled objects with internal
energy, and (3) infer that self-propelled objects are engaging in invisible dis-
placements to make sense of occlusion events that would otherwise violate the
principle of continuity.

Experiment 5 (Wu et al,, in preparation) was designed to provide converging
evidence for our interpretation of the results of the self-propelled condition.
The experiment examined whether 4-month-old infants would infer that two
self-propelled objects (now a multicolored column made of Lego blocks and a
green ball) exchanged locations out of view when it was physically possible for
the objects to do so, but not otherwise. )

The infants faced a wooden vertical frame; each end of the frame was hid-
den by a screen. Each screen had a tab at its outer top corner, which was held
by an experimenter’s gloved hand (the experimenter stood behind a window
filled with a fringed curtain in the back wall of the apparatus and held the left
screen’s tab in her right hand and the right screen’s tab in her left hand.) Each
tab could be used to lower the screen to the apparatus floor, in the manner of a
drawbridge. The area between the two screens was either closed by a cardboard
insert (closed condition) or open (open condition). The infants in the closed
condition (see Fig. 12.6) first saw a one- and a two-screen orientation event
designed to introduce them to the motion of the screens.
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Fig. 12.6 Schematic of the orientation, familiarization, and test events used in the
closed condition of Experiment 5 (Wu et al, in preparation).

In the two-screen event, the experimenter lowered the right screen to the
apparatus floor (to reveal empty space behind it), and then raised it again;
next, the experimenter performed the same actions on the left screen (again to
reveal empty space). The one-screen event was identical except that the experi-
menter lowered and raised only the right screen. Next, as in the self-propelled
condition of Experiment 4, the infants saw a familiarization event in which
the column and ball rose (one at a time) above the center of the frame, tilted
gently to the left and right twice, and then returned behind the frame. Finally,
the infants saw two test events identical to the one- and two-screen orientation
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Open condition
Orientation events
One-screen event

Two-screen event

Familiarization event
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One-screen event

Fig. 12.7 Schematic of the orientation, familiarization, and test events used in the
open condition of Experiment 5 (Wu et al., in preparation).

events except that the column and ball were now present. In the two-screen
event, the column was revealed behind the right screen and the ball behind the
left screen; in the one-screen event, the two objects were revealed behind the
right screen, in alternation. The infants in the open condition (see Fig. 12.7)
were tested using the same procedure except that the area between the two
screens was open in the orientation and test events (it was closed in the famil-
iarization event, when the column and ball rose above the frame.)

Although the one-screen test event was possible in the closed condition (the
infants could infer that the column and ball exchanged locations when the
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two screens were raised), it was not possible in the open condition, where the
area between the screens remained visible and empty, making it clear that the
objects did not exchange locations. .

As predicted, the infants in the open condition looked reliably longer at
the one- than at the two-screen event, whereas those in the closed condition
looked about equally, and equally short, at the events. Together, these results
suggested that the infants (1) categorized the column and ball as self-propelled
during the familiarization trial; (2) did not find the one-screen event surprising
when the area between the screens was closed, because they could then infer
that the objects exchanged locations out of sight; but (3) did find the one-
screen event surprising when the area between the screens was open, because
such an explanation was then not possible; the objects appeared to magically
exchange locations, which constituted a continuity violation.

Together, the results of Experiments 3 to 5 suggest that infants aged 4 months
and older believe that self-propelled objects can use their internal energy to
move to new locations when out of view. However, these invisible displace-
ments are expected to be constrained by the continuity principle: similar to
inert objects, self-propelled objects cannot magically disappear, nor ¢an they
magically move from one location to another without traveling the distance
between them.

12.2.2.2 Links to other findings: are humans subject to the

continuity principle?

Kuhlmeier et al. (2004) reported data (collected with a design adapted from
Spelke, Kestenbaum et al., 1995) that might be taken to challenge the notion
that infants expect all objects, whether inert or self-propelled, to move con-
tinuously through time and space, in accordance with the continuity principle.
In one condition (box condition), 5-month-old infants were habituated to
a videotaped event in which a self-propelled box slid back and forth across
a room, briefly passing behind two door-sized screens placed some distance
apart; the box never appeared in the gap between the screens. During test,
the screens were removed, and the infants saw two test events: in one, a single
box moved back and forth across the room (one-object event); in the other,
two boxes moved back and forth, in a manner consistent with the habituation
event (two-object event). Infants in another condition (human condition)
saw similar habituation and test events, except that the self-propelled box was
replaced with a woman walking across the room; the woman and her twin, in
identical clothes, were involved in the two-object event. The results of these
and other conditions suggested that infants in the box condition viewed the
one-object event as surprising, whereas infants in the human condition viewed
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neither event as surprising. The authors concluded that at 5 months of age
infants apply the continuity principle to nonhuman but not to human self-
propelled objects, suggesting perhaps that they do not view humans as physical
entities.

However, the results of Experiments 3 to 5 suggest another interpretation of
the human condition data (for other interpretations, see Rakison & Cicchino,
2004). If young infants can posit invisible displacements to make sense of
apparent continuity violations, then the habituation event in the human con-
dition was open to two different explanations (which could have been gen-
erated by the same or by different infants). One explanation, as in the box
condition, was that two different women were involved in the event. The other
explanation was that a single woman left and reentered the room through hid-
den doorways in the wall behind the screens. After all, infants have a great deal
of experience watching adults (although not self-propelled boxes) leave and
enter rooms through doors that are open or ajar; the fact that the screens were
door-sized may have helped remind the infants of these familiar experiences,
leading them to posit invisible displacements. In this view, the infants in the
human condition thus looked equally at the one- and two-object test events

because both events were consistent with possible explanations for the habitu-
ation event.

12.2.3 Can a self-propelled object move or change its
parts when out of sight?

Research on object segregation indicates that young infants view contiguous
surfaces that move together as connected surfaces that belong to a single object;
furthermore, this conclusion holds whether the surfaces are similar or dissimi-
lar in shape, pattern, and color (e.g., Kestenbaum et al., 1987; Needham, 1998,
1999, 2000; Spelke, 1988). This research suggested that young infants who saw
a novel box with distinct parts move across an apparatus floor would perceive
the box and its parts as a single, connected object.

Our next experiments (Wu & Baillargeon, 2006, 2007a, 2008) examined
infants’ responses to events in which one or more parts of a box moved while
the box was briefly hidden. In designing these experiments, we considered
three different ways in which parts might move; for ease of communica-
tion, we refer to these as changes in location, position, and orientation. A
location change is one in which a part moves from one side of the object to
another; a position change is one in which a part remains on the same side of
the object, but moves up or down; and finally, an orientation change is one

in which a part preserves its location and position on the object but changes
its orientation.
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Evidence that infants might discriminate between at least some of these
changes came from research by Slaughter and Heron (2004). In one experiment,
12-month-old infants were habituated to pictures of a novel three-dimensional
‘geobody’, which consisted of a large ¢ylindrical red ‘torso’ with two cylindri-
cal blue ‘legs’, two cylindrical green ‘arms’, and a square yellow ‘head’. Across
pictures, the geobody was shown with its arms and legs in different orientations.
During the test, the infants were shown scrambled geobodies with their arms
and legs either disconnected or moved to different locations (e.g., one-arm and
one leg were now attached to a different side of the torso, or both arms were
attached to the head.) The infants dishabituated to these scrambled geobod-
ies, suggesting that they (1) represented which parts were located where on the
habituation geobody and (2) discriminated between the orientation changes
shown in habituation and the location changes shown in test.

In the following, we describe our experiments on orientation, position, and
location changes, and conclude with an experiment on appearance changes.

12.2.3.1 Orientation changes

In Experiment 6 (Wu & Baillargeon, 2006), 5.5-month-old infants were shown
an inert or a self-propelled box with two salient parts; during test, while the box
was briefly hidden, the orientation of its parts was changed. Our experiments
examined whether the infants would view this change as surprising when the box
was inert but not when it was self-propelled, because in the latter case they could
infer that the box had used its intéma} energy to reorient its parts {¢.g,, in the same
way that a man might change the orientation of his arms while out of sight).

The infants were assigned to an inert or a self-propelled condition
(see Fig. 12.8) and were shown events involving a blue box with two large
rectangular flaps. The flaps were attached to the upper left and right edges of
the box and rested against each other at the top, above the box (similar to two
large ‘ears’ touching each other at the top). The interior and exterior surfaces
of the flaps and the top of the box were red and decorated with bright yellow
dots. The familiarization trials were modeled after those in Experiment 3 and
used the same apparatus. '

In the self-propelled condition, the wall partition at the right of the appa-
ratus was in its far position; the box emerged to the right of the large screen,
traveled to the right a short distance, and then reversed direction on its own
to return behind the screen. In the inert condition, the wall partition was in its
near position; the box moved as before but now hit the wall partition before
reversing direction and returning behind the screen. Following the familiariza-
tion trials, all of the infants received a single test trial in which they saw either
a no-change or a change event. At the start of each event, the box stood behind
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Fig. 12.8 Schematic of the familiarization and test events used in Experiment 6
(Wu & Baillargeon, 2006).

a small screen laying flat on the apparatus floor, near the left wall. The screen
was rotated upward to hide the box and, after a pause, was rotated back down
again. When revealed, the box was either the same as before {no-change event)
or was altered: its flaps had moved apart and now extended on either side ofits
top surface, parallel to the apparatus floor (change event). The screen was then
rotated again, to begin a new event cycle; the box always had its flaps together
in the no-change event and had its flaps alternately together and apart in the
change event.

In the inert condition, the infants who saw the change event looked reliably
longer than those who saw the no-change event; in the self-propelled condi-
tion, in contrast, the infants tended to look equally at the two events. Together,
these results suggested that 5.5-month-old infants realize that a self-propelled
object can use its internal energy not only to control its motion through space,

JNFANTS? EXPECTATIONS ABOUT SELF-PROPELLED OBJECTS

as we saw in previous sections, but also to alter the orientation of its parts.
Additional support for this interpretation came from another experiment
(Experiment 7) that used a new blue box with a single; jagged flap extending
from its upper left edge, parallel to the apparatus floor (see Fig. 12.9). The
lower portion of the flap was red and was decorated with yellow dots; its upper
portion consisted of three yellow, triangular projections. In the change test
event, the flap was flipped upward to hang above the box (similar to a large
‘tail’ extending either behind or above the back of an animal). The results of
Experiment 7 were identical to those of Experiment 6, and confirmed that
young infants are surprised when the parts of an inert but not a self-propelled
object spontaneously change orientation.

12.2.3.2 Position changes

Our next experiment (Wu & Baillargeon, 2008) examined infants’ responses
to events in which the parts of a box changed position, rather than orientation,
when the box was briefly hidden. As mentioned earlier, by a position change
we mean a change in the place where a part is connected to the box: the part
remains on the same side of the box but moves up or down. We speculated
that, as with orientation changes, young infants might view position changes
as surprising for an inert but not a self-propelled box. To young infants with
a limited understanding of how connections are made or of how far they can
stretch or shift in any direction, it might seem possible for a sel f-propelled box
to use its internal energy to move its parts up or down (e.g., perhaps in the
same way that a man can move his shoulders, or his eyebrows, up or down.)

Experiment 8 used the same design as Experiments 6 and 7, with a new red
box that was decorated with two blue stripes at the bottom and that sported
a yellow rectangular flap on either side, parallel to the apparatus floor (see
Fig. 12.9). For half the infants, the flaps were even with the top of the box in
the familiarization and the no-change test events and were positioned lower
(just above the blue stripes) in the change test event; for the other infants, the
reverse was true. Results were identical to those in Experiments 6 and 7: in the
inert condition, the infants who saw the change event looked reliably longer
than those who saw the no-change event, whereas in the self-propelled condi-
tion, the infants looked about equally at the two events, The infants were thus
surprised when the inert but not the self-propelled box changed the position
of its flaps up or down.

12.2.3.3 Location changes

As was mentioned earlier, location changes refer to changes in which a part
moves to a different side of a box. We speculated that such changes, unlike
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orientation and position changes, might seem surprising to infants even for a
self-propelled box. If infants interpreted a location change as indicating that
a part had become disconnected from its initial location on the box and had
become reconnected at the new location, then such a change would violate two
corollaries of the principle of persistence: the cohesion and boundedness prin-
ciples (e.g., Spelke, 1990, 1994; Spelke, Phillips et al., 1995). These principles
state that objects are connected and bounded entities: they cannot spontane-
ously fragment as they move (cohesion) or fuse with other objects (bounded-
ness). Numerous experiments have shown that infants aged 3 months and
older detect violations when objects spontaneously break apart or become
connected to other objects (e.g., Kestenbaum et al., 1987; Needham, 1999,
2000; Needham & Baillargeon, 1997; Spelke, 1988; Spelke et al., 1993).

In Experiment 9 (Wu & Baillargeon, 2008), 5.5-month-old infants were test-
ed with the same procedure as in the self-propelled condition of Experiments
6 to 8, using a new red box with two rectangular yellow flaps (see Fig. 12.9). For
half the infants, the flaps were on opposite sides of the box, flush with its top,
in the familiarization and the no-change test events, and the right flap moved
to a new location a short distance below the left one in the change test event;
for the other infants, the reverse was true. Results indicated that the infants
who saw the change event looked reliably longer than those who saw the
no-change event. For the first time in this series of experiments, infants viewed
the change introduced—a part movingfrom one side of a self-propelled box
to the other—as unexpected, as though they realized that no application
of internal energy could result in a part becoming disconnected from one
location and reconnected at another location.

The results of Experiment 9 extend the results of Slaughter and Heron
(2004) mentioned earlier in several ways. First, they suggest that, when shown
a simple self-propelled object with two parts, infants as young as 5.5 months
of age detect when one of the parts changes location. Second, the results
indicate that infants’ ability to detect location changes does not depend on
the parts being symmetrically distributed; similar results were obtained in
Experiment 9 whether the two parts were initially on the same side or on
opposite sides of the box. Finally, the results suggest that infants not only
detect location changes but view them as unexpected. Infants in Experiments
6 to 9 looked reliably longer at the change event when the parts of the self-
propelled box changed location behind the screen, but not when they sim-
ply changed orientation or position. These results suggest that the infants
realized that no application of energy could allow a self-propelled object to
disconnect a part (a cohesion violation) and reconnect it elsewhere (a bound-
edness violation).

Orientation change

Location change

L

Fig. 12.9 Boxes used to investigate infants’ sensitivity to an orientation change
(Experiments 6 and 7; Wu & Baillargeon, 2006), a position change (Experiment 8;
Wu & Baillargeon, 2008), a location change (Experiment 9; Wu & Baillargeon, 2008),
and an appearance change (Experiment 10; Wu & Baillargeon, 2007a).
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12.2.34 Appearance changes

Experiment 10 (Wu & Baillargeon, 2007a) examined 5.5- month old infants’
responses to events in which a part of a self- propelled box preserved its orienta-
tion, position, and location but changed its appearance (i.e., its size, shape, pat-
tern, and color) while the box was occluded by a screen. We expected thatinfants
would find such a change surprising. According to the principle of persistence
(e.g., Baillargeon, 2008; Baillargeon et al., 2009), an object, whether inert or
self-propelled, cannot magically change its appearance: apples cannot change
into bananas, and frogs (no matter what the fairy tales say) cannot change into
princes. Whether infants detect an appearance change in an event depends on
(1) whether they have identified the relevant variables (e.g., size, shape, pattern,
and color) for the event category involved, and hence (2) whether they include
information about these variables in their physical representation of the event
(e.g., Wang & Baillargeon, 2006, 2008). Prior research indicates that, by 4.5
months of age, infants have identified height, width, and shape as occlusion
variables (e.g., Baillargeon & DeVos, 1991; Wang & Baillargeon, 2006; Wang
et al,, 2004; Wilcox, 1999) and thus detect appearance changes involving these
variables in occlusion events. For example, Wilcox (1999; Wilcox & Baillargeon,
1998a, 1998b) found that infants aged 4.5 months and older are surprised if a
self-propelled box changes into a self-propelled ball when passing behind a
screen too narrow to hide both objects at once. Experiment 10 built on these
results and asked whether infants would realize that not even a part of a seli-
propelled box could change its appearance while the box was briefly occluded.

Infants were tested with the same procedure as in the self-propelled condi-
tion of Experiments 6 to 8. For half the infants, the box used in the familiariza-
tion and the no-change test events was the blue box with the yellow jagged flap
from Experiment 7, and the box used in the change test event was a similar
blue box with a new flap consisting of a red half circle outlined with light green
tape and decorated with dark green stars (see Fig. 12.9); for the other infants,
the reverse was true. In either case, infants who saw the change event looked
reliably longer than those who saw the no-change event, indicating that by 5.5
months of age infants recognize that a self-propelled box cannot change the
appearance of a part. (Because at 5.5 months infants have identified size and
shape but not yet pattern and color as occlusion variables, we suspect that the
infants in Experiment 10 responded primarily to the impossible change in the
size and shape of the box’s flap; Wilcox, 1999.)

12.2.3.5 Persistence revisited

One important theme to emerge from the research reported in this and the
preceding sections is that even young infants recognize that the principle of
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persistence applies somewhat differently to self-propelled and inert objects.
Infants recognize that, when behind a screen, a self-propelled object may
use its internal energy to move to an alternative hiding place (Experiments
3 to 5), to change a part’s orientation (Experiments 6 and 7), or to change
a part’s position (Experiment 8). At the same time, infants view as impos-
sible other changes that cannot be explained by an application of internal
energy, such as disappearing into thin air (Experiment 3), changing a part’s
location (Experiment 9), or changing a part’s appearance (Experiment 10).
For inert objects, in contrast, infants construe all of the changes listed here as
impossible.

These findings suggest two conclusions. First, when it comes to distinguish-
ing between possible and impossible changes, what the principle of persistence
essentially states is that objects can undergo no uncaused change. Because a
self-propelled object can use its internal energy to change the orientation of its
parts, such a change is deemed possible; because an inert object cannot spon-
taneously reorient its parts, such a change is deemed impossible and is flagged
as a persistence violation. Second, infants adopta conservative stance in judg-
ing what changes might be caused or uncaused in the world. If the handle of a
teacup changes orientation behind a screen, infants do not assume that some
causal process unknown to them must have effected the change; only when
they possess some hint about the causal process that could have produced a
change (e.g., an application of internal energy) do they view the change as pos-
sible. Of course, because of their limited physical knowledge, infants are very
often wrong about the nature, operation, or details of these causal processes;
we return to this point in a later section.

12.2.3.6 Links to further results: expecting self-propelled objects

to move

In all of the experiments discussed so far, infants aged 4-6 months categorized
the novel object they were shown as self-propelled based on what might be
called behavioral information: the object either initiated its motion in plain
view or reversed direction on its own. Prior research suggests that infants aged
7 months and older can also use featural information to determine which
objects are likely to be self-propelled and which are not (e.g., Golinkoff et al,,
1984; Johnson et al., 1998; Markson & Spelke, 2006; Poulin-Dubois et al., 1996;
Poulin-Dubois & Shultz, 1988, 1990; Rakison, 2003; Rakison & Poulin-Dubois,
2001, 2002; Spelke, Phillips et al., 1995; Traeuble et al., 2006; Woodward et al,,
1993). Indeed, we have already discussed evidence to this effect: recall that the
7-month-old infants tested by Woodward and her colleagues (Spelke, Phillips
et al,, 1995; Woodward et al., 1993) viewed the man and woman who walked
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back and forth behind the occluder as self-propelled. Additional evidence
comes from research by Traeuble et al. (2006). In one experiment, 7-month-
old infants first received a trial in which they saw two objects standing apart
and motionless on an apparatus floor: a ball and a novel toy animal with a face
and a furry body. In the next trial, the ball and animal were intemvined and
moved together in a self-propelled manner. In the final trial, the two objects
again stood apart and motionless. The infants Jooked reliably longer at the
animal on the last than on the first trial, suggesting that they (1) believed that
the animal was more likely than the ball to be self-propelled, (2) assumed that
the animal was the cause of the two objects’ joint motions, and (3) anticipated
that the animal might move again.

These results give rise to an interesting question concerning some of the
experiments discussed in previous sections. To see why, consider the infants
in Experiments 6 to 8 who saw the no-change event in the test trial. Given the
results of Traeuble et al. (2006), we might ask whether the infants who believed
the box was self-propelled tended to look longer than those who believed the
box was inert, becanse they expected the box to move again. Of course, such
a prediction might not hold in our experiments, for two reasons: first, the
screen in front of the box was continually raised and lowered throughout the
trial, so that the infants might have been preoccupied with other aspects of
the event; second, the effect observed by Traeuble et al. might be found prima-
rily in situations where infants are presented with two objects standing side by
side, one inert and one self-propelled. Nevertheless, to get at this question, we
pooled the data from Experiments 6 to 8 and compared the responses to the
no-change test event of the infants in the inert and self-propelled conditions.
No reliable difference was found, suggesting that our experiments did not cre-
ate an appropriate context to observe the effect reported by Traeuble and her
colleagues.

Markson and Spelke (2006) reported findings that might at first appear con-
sistent with those of Tracuble et al. (2006) but inconsistent with our own. In
a series of experiments, 7-month-old infants saw two familiarization events in
which they were presented with two different windup toys from the same cat-
egory (e.g., two animals, two vehicles, or two amorphous shapes consisting of
the toy animals covered with various materials). In one event, an experimenter’s
hand held one object (e.g., a bear) and moved it across the apparatus (inert
event). In the other event, the hand held a different object (e.g., a rabbit) and
released it; the object then moved across the apparatus until it was stopped by
the hand (self-propelled event). During the test trials, the two objects stood apart
and motionless on the apparatus floor, and the infants’ looking time at each
object was measured. Analysis of the test data revealed two findings. First, as
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in Traeuble et al,, the infants looked reliably longer at the self-propelled object,
as though anticipating that it would move again. Second, this last result was
obtained when the two objects were animals but not when they were vehicles or
shapes. Markson and Spelke concluded that the infants could ‘reliably learn the
property of self-propelled motion only for animate objects’ (p. 67).

This conclusion is surprising in light of the results of the many experiments
reported in this chapter where infants readily learned whether the objects
shown in the familiarization trials were self-propelled or not. However, Shutts
et al. (Chapter 8) recently suggested that extraneous factors might have con-
tributed to the different results Markson and Spelke (2006) obtained with their
animals, vehicles, and shapes. Specifically, when released by the hand, the ani-
mals moved in a way that clearly suggested they were self-propelled, because
they had various parts that moved independently (e.g., a mouth that opened
or a head that bobbed up and down); in contrast, the vehicles and shapes
moved rigidly across the apparatus, leaving open the possibility that the hand
had set them in motion when releasing them. According to this interpretation,
the infants failed to learn which object in each pair of vehicles or shapes was
self-propelled simply because they received no clear evidence that either object
was in fact self-propelled. To test their interpretation, Shutts et al. conducted
experiments with vehicles and other objects that gave unambiguous evidence
of self-propulsion (e.g., a truck that had independently moving parts and peri-
odically changed direction, a shape that flipped over backwards several times).
As predicted, and consistent with the findings reported in this chapter, infants

now readily learned which object was inert and which was self-propelled in all
pairs of objects,

12.2.4 Can a self-propelled object remain stationary
when hit?

The evidence reviewed in the previous sections suggests that young infants
believe that a self-propelled object can use its internal energy to spontaneously
move itself or its parts, either in or out of view. In this section and the next, we
examine whether young infants also believe that a self-propelled object can use
its internal energy to resist moving,

The point of departure for Experiment 11 (Luo et al., in press) came from
investigations of infants’ responses to collision events. Prior research with inert
objects (e.g., Baillargeon, 1995; Kotovsky & Baillargeon, 1998, 2000; Wang
et al., 2003) suggests that, when a first object hits a second object, infants as
young as 2.5 months of age expect the second object to be displaced and are
surprised if it is not. By 5.5 to 6.5 months, infants take into account the size (or
weight) of the first object, and they expect the second object to be displaced
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farther when hit by a larger (or heavier) as opposed to a smaller (or lighter)
object. Finally, by about 9 months, infants begin to take into account the size
(weight) of the second object, and now they expect a very large (heavy) object
to remain stationary when hit by a small (light) object. Prior research with self-
propelled objects (e.g., Leslie, 1982, 1984b; Leslie & Keeble, 1987; Oakes, 1994),
however, paints a different picture: in particular, it suggests that young infants
may not expect a self-propelled object to be displaced when hit.

In a seminal experiment, Leslie and Keeble (1987) habituated 6-month-old
infants to one of two filmed events; both events involved two self-propelled
objects, a red and a green brick.? In one event (launching event), one brick
began to move toward the other brick and collided with it; the second brick
then immediately moved off. In the other event (delayed-reaction event), the
second brick moved off only after a 0.5-s delay. During test, the infants watched
the same event they had seen during habituation, now shown in reverse. The
infants habituated to the launching event showed greater recovery of atten-
tion than those habituated to the delayed-reaction event, suggesting that the
infants attributed a causal role to the first brick only in the launching event:
they assumed that the first brick caused the second one to move in the habitu-
ation trials, and they looked reliably longer when the bricks’ causal roles were
reversed in the test trials.

From the present perspective, the results of the habituation trials were just
as interesting: the infants tended to look equally whether they were shown the
launching or the delayed-reaction event (see also Leslie, 1982, 1984b; Oakes,
1994). This finding suggested that the infants were not surprised when the
second brick did not move off immediately when hit. As such, this finding gave
rise to the possibility that infants also might not be surprised if a self-propelled
object did not move off at all when hit. Experiment 11 examined this possibil-
ity: it asked whether 6-month-old infants would be surprised when an inert
but not a self-propelled object remained stationary when hit.

The infants were assigned toan inertoraself-propelled conditionand received
familiarization trials identical to those in Experiment 3 (see Fig. 12.10): a box
emerged from behind a large screen, traveled to the right, and then reversed
direction either spontaneously (self-propelled condition) or after hitting a
wall partition at the right end of the apparatus (inert condition). Next, all of
the infants saw the same test event, on two successive trials: an experimenter’s
gloved hand hit the box, which remained stationary.

3 Because the first brick always initiated its motion in plain view, and the two bricks differed
only in color, we assume that the infants viewed not only the first brick but both bricks as
self-propelled.
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Fig. 12,10 Schematic of the familiarization and test events used in Experiment 11
(Luo et at, in press).

In line with the research summarized in the preceding paragraphs, we
predicted that the infants in the inert condition would expect the box to move
when hit and would be surprised that it did not; in contrast, the infants in
the self-propelled condition would not be surprised that the box did not move
when hit, because they could infer that the box was using its internal energy
to counteract the hand’s impact. We thus predicted that the infants in the
inert condition would look reliably longer during the test trials than would the
infants in the self-propelled condition.

Results indicated that, although the infants in both conditions looked
equally during the familiarization trials, infants in the inert condition looked
reliably longer than those in the self-propelled condition during the test trials.
Similar results were obtained in another experiment in which the gloved hand
pulled on a strap attached to the left side of the box; as in Experiment 11, the
box remained stationary when acted upon.

Together, these results suggest that, by 6 months of age, infants assume that
a self-propelled object can use its internal energy to resist or counteract efforts
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to move it. As such, these results are consistent with the evidence reviewed ear-
lier that infants are not surprised when a self-propelled object do€s not move
immediately upon being hit (e.g., Leslie, 1982, 1984b; Leslie & Keeble, 1987;
Oakes, 1994). When a self-propelled object is hit, infants apparently assume
that (1) it can elect to go along with the efforts to move it (recall that the
infants tested by Leslie and Keeble (1987) assumed that the first brick caused
the second one to move; and the infants tested by Woodward et al. (1993) may
also have assumed that the first human caused the other human to move in the
contact test event); or (2) it can elect to resist these efforts, in which case it may
choose to move after a delay, or not at all.

12.2.5 Can a self-propelled object remain stable in midair?

If young infants believe that a self-propelled object can use its internal energy
to resist moving when hit, do they also believe that it can also use its internal
energy to resist falling when released in midair? Experiment 12 (Luo et al,, in
press) was designed to examine this question. '

The point of departure for this experiment came from investigations of
infants’ responses to support events. We have suggested (Lietal., in preparation;
Yuan & Baillargeon, 2008, 2009) that infants are born with the intuitive under-
standing that each object has a weight, which causes it to fall; furthermore,
the heavier the object, the greater its tendency to fall. As infants learn about
support, they learn about the ways and means by which an object’s tendency to
fall can be checked: either (1) by the application of a force (as when a person’s
hand holds an object; the heavier the object, the greater the force needed to
hold it in place) or (2) by the introduction of a surface in the path of the object,
blocking its fall.

Consistent with this analysis, prior research with inert objects (e.g.,
Baillargeon, 1995; Baillargeon et al,, 1992; Hespos & Baillargeon, 2008;
Li et al., 2006, under review; Needham & Baillargeon, 1993; Yuan &
Baillargeon, 2008, in preparation) suggests that, by 2.5-3.5 months of age,
infants (1) expect an object to fall when released in midair, (2) expect an
object to be stable when held by a hand, and (3) have no clear expectation as
to whether an object should be stable or fall when released in contact with
another object. By about 4.5-5.5 months of age, infants identify a first sup-
port variable, type-of-contact: they now expect an object to be stable when
released on top of, but not against the side of, another object. By about
6.5 months of age, infants identify another support variable, proportion-
of-contact: they now expect an object to be stable when released on another

object only if half or more of the supported object’s bottom surface rests on
the supporting object.
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In contrast to these findings, prior research with self-propelled objects (e.g.,
Leslie, 1984a) suggests that young infants may not expect a self-propelled
object to fall when in midair. In one experiment, Leslie (1984a) habituated
7-month-old infants to one of several different filmed events. At the start of
one event, a hand grasped a doll resting on a table; the hand lifted the doll
and carried it off screen, exiting at the top left corner of the television screen.
In another event, the hand was separated from the doll by a short gap. Other
events were similar to the first two, except that the hand was replaced with a
box. For present purposes, the key finding was that the infants looked about
equally at all of the events during the habituation trials, suggesting that they
were not surprised to see a self-propelled object move in midair.

This conclusion is consistent with findings from myriad experiments in the
infancy literature—on object completion, object individuation, and physical
reasoning, in' particular—that have presented infants, for reasons of meth-
odological convenience, with events involying self-propelled objects moving
in midair (e.g., Bremner et al,, 2005; S. P. Johnson, 2004; S. P. Johnson et
al., 2003; Kellman & Spelke, 1983; Kochukhova & Gredebick, 2007; Slater
et al., 1996; Spelke, Kestenbaum et al., 1995; see also Experiments 4 and 5).
Had the infants in these experiments been surprised or confused to see the
objects move in this manner, the results of the experiments would have been
consistently negative; the fact that they were not suggests that young infants
believe that self-propelled objects require no external support to move in
midair. Experiment 12 examined this issue more directly, and asked whether
6.5-month-old infants would expect an inert but not a self-propelled box
to fall when released in midair.

The infants were assigned to an inert or a self-propelled condition and were
given the same familiarization trials as in Experiment 11. Next, all of the infants
saw the same test event, on two successive trials: to start, an experimenter’s
gloved hand held the box in midair; after a pause, the hand released the box,
which remained stationary (see Fig. 12.11).

In line with the research summarized in the preceding, we predicted that
infants in the inert condition would expect the box to fall when released and
would be surprised that it did not; in contrast, infants in the self-propelled
condition would ot be surprised that the box did not fall, because they could
infer that the box was using its internal energy to counteract its own weight
and thus in effect to resist falling. We thus predicted that infants in the inert
condition would look reliably longer during the test trials than would infants
in the self-propelled condition.

Results indicated that, although the infants in the two conditions looked
equally during the familiarization trials, infants in the inert condition looked
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Fig. 12.11 Schematic of the familiarization and test events used in Experiment 12
(Luo et al., in press).

reliably longer than those in the self-propelled condition during the test trials.
Similar results were obtained in another experiment in which the box, instead
of being released in midair, was released with only 1/6 or 1/3 of its bottom
surface supported on a platform; as before, the box remained stationary when
released. Infants in the inert condition realized that the box was released with-
out adequate support and should fall (recall that infants this age have already
identified proportion-of-contact as a support variable); in contrast, infants
in the self-propelled condition recognized that the box could remain stable
because it could use its internal energy to keep itself in place.

12.2.5.1 Tests with younger infants

We have suggested that infants are born with an intuitive understanding that
each object has a weight which causes it to fall unless this weight is counter-
acted (1) by a force, which may be either external to the object (e.g., a hand
holding a cup) or internal to the object (e.g., a hummingbird hovering near a
flower), or (2) by a surface blocking the object’s path. If infants are born with
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Fig. 12.12 Schematic of the test events used in Experiment 13 (Yuan & Baillargeon,
2008).

this causal knowledge, they should be able to demonstrate it at a very early
age. Experiment 13 (Yuan & Baillargeon, 2008) examined this question, with
infants aged 2.5-3 months.

The infants were assigned to an inert or a self-propelled condition
(see Fig. 12.12) and saw a supported and an unsupported test event.

In the supported event shown in the inert condition, an experimenter’s
gloved hand held a red cylinder in midair, lowered it onto a platform, released
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it for a few seconds, and then lifted it back to its starting position. In the
unsupported event, the hand performed the same actions but the platform
now stood to the side so that the cylinder was released and remained stable
in midair. The infants in the self-propelled condition saw similar test events
except that the hand was absent and the cylinder moved by itself.

As predicted, the infants in the inert condition looked reliably longer at the
unsupported than at the supported event (this result was replicated in another
experiment conducted with a slightly different procedure); in contrast, the
infants in the self-propelled condition looked about equally at the two test
events. These results suggested that, by 2.5-3 months of age, infants already
hold different expectations about the support of novel inert and self-propelled
objects.

However, an alternative interpretation of the results of the self-propelled
condition was that the infants were merely confused by the self-propelled
cylinder and held no expectation about its behavior. Experiment 14 (Yuan &
Baillargeon, 2008) was designed to address this alternative interpretation and
also to confirm the results of the self-propelled condition in Experiment 13
(see Fig. 12.13).

The infants first received a familiarization trial. To start, the infants
faced a small table with a scalloped front edge that hid its top surface. An
experimenter’s gloved hands grasped the two right legs of the table and rotated
it forward so that the infants could inspect its top surface. For half the infants,
this surface was closed (closed condition); for the other infants, the surface
had a large opening in its center (open condition). Next, all of the infants saw
the same test event, on two successive trials. At the start of the event, the table
stood upright, and a self-propelled cylinder stood stationary in midair above
it. The cylinder then moved down, passing through the table until it was visible
beneath it, and then returned to its starting position.

Although the infants in the two conditions tended to look equally during
the familiarization trial, the infants in the closed condition looked reliably
longer during the test trials than did the infants in the open condition. These
results suggested two conclusions. First, consistent with the solidity principle
discussed in Experiment 2, the infants realized that the self-propelled cylinder
could not pass through the closed table; this result in turn suggested that the
infants were not, in fact, confused by the cylinder and unable to reason about
its displacements. Second, consistent with the results of Experiment 13, the
infants were not surprised to see the cylinder travel up and down through the
open table, presumably because they inferred that the cylinder was using its

internal energy to initiate its motion and counteract its weight so as to resist
falling.
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Fig. 12.13 Schematic of the familiarization and test events used in Experiment 14
(Yuan & Baillargeon, 2008).

12.2.5.2 Kinds of explanations

To adults, the results of Experiments 12 to 14 (see also Experiments 4 and 5)
may appear particularly surprising: why would infants believe that a novel
self-propelled object can move through the air or can remain stable in midair?
However, a moment’s reflection is sufficient to realize that from this perspective
we are not so very different from infants. If we were watching an unfamiliar insect
crawl on a table and saw it suddenly fly to a plant and hover near it, we would
not be astounded: if the insect flies and hovers, then it follows that it can fly and
hover, and we would take these actions to be part of its behavioral repertoire.
Of course, as adults we know a great deal more than infants do about what
physical structures and processes might allow an insect—or any other self-
propelled object, suchasa bird, butterfly, helicopter, or plane—to move through
the air. Infants’ reasoning in our experiments is no doubt highly abstract and
divorced of most mechanistic details: although infants may believe that a self-
propelled object can use its internal energy to move through the air, they can
have no conception at all of the particular mechanism that allows it to do so.
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This notion is strongly reminiscent of Keil’s (1995) claim that our concepts
are ‘embedded in theory-like structures which owe their origins to a small
but diverse set of fundamental modes of construal ... one key part of these
early modes of construal may be more general expectations ... [that] exist
before any specific explanation or detailed intuitive theory, and thus indicate
kinds of explanations rather than any particular explanation’ (pp. 260-261).In
line with Keil’s claim, we would argue that the infants in our experiments are
offering kinds of explanations, rather than specific or particular explanations,
for the actions of our self-propelled objects.

12.2.6 Can a self-propelled object act on an inert object?

Do young infants believe that a novel self-propelled object can use its internal
energy to control not only its own motion, but also that of other objects? In
particular, do they believe that a novel self-propelled object can set an inert
object into motion, or prevent it from falling, through the application of force?
We discuss each question in turn.

12.2.6.1 Setting an inert object into motion

If infants believe that (1) an inert object cannot initiate its own motion and
(2) a self-propelled object can use its internal energy to exert a force on an
inert object and set it in motion, then the following prediction should hold:
if infants see an inert object emerge from behind an occluder and are asked
which of two stationary targets, one inert and one self-propelled, could have
set it in motion, they should select the self-propelled target. Of course, infants
realize that an inert object, once in motion, can cause another inert object to
move (e.g., Kotovsky & Baillargeon, 1998, 2000; Wang et al., 2003; Woodward
et al., 1993). However, when confronted with two stationary targets, as in
the situation described above, infants should correctly infer that only the
self-propelled target could have initiated its own motion out of view and acted
on the inert object to set it in motion.

A number of researchers have recently examined infants’ ability to draw
inferences about the likely cause of an inert object’s motion (e.g., Kosugi et al.,
2003; Saxe et al., 2005, 2007). For example, in an experiment by Saxe et al.
(2007), 7-month-old infants saw two boxes standing left and right of midline
on an apparatus floor; each box had no top and no back. During the habituation
event, a beanbag was thrown out of one of the boxes (right box for half of the
infants, left box for the others) and landed on the apparatus floor between the
boxes. Next, the infants saw two test events similar to the habituation event
except that, after the beanbag came to rest on the apparatus floor, the fronts
of the boxes were lowered. In the same-side event, the infants saw a stationary
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human hand in the box from which the beanbag had been thrown (the hand
emerged from a curtain at the back of the apparatus), and a block in the other
box. In the different-side event, the positions of the hand and block were
reversed. The infants looked reliably longer at the different- than at the same-
side event, suggesting that they (1) categorized the hand as a self-propelled
object (they no doubt recognized it as a human body part) and the beanbag and
block as inert objects (they had no evidence to the contrary); (2) understood
that the beanbag could not initiate its own motion; and (3) realized that the
hand could have set the beanbag into motion, but the block could not.

The research reported in this chapter suggests that infants shouldlook equally
at the different- and same-side events if they saw the block move by itself prior
to the test trials so that they categorized it as self-propelled, Evidence for this
suggestion comes from another experiment conducted by Saxe et al. (2007)
with9.5-month-old infants. Prior to the experiment, the infants were given
evidence that a small furry puppet was self-propelled: it jumped slowly across
the apparatus floor (it was controlled by invisible threads). At the start of each
test event, two screens stood on the apparatus floor on either side of midline.
The screens were lowered to reveal two stationary objects: the puppet on one
side and a toy train on the other. Next, the screens were raised, and a beanbag
was thrown from behind one of the screens to land on the apparatus floor. The
infants looked reliably longer when the beanbag emerged from the screen with
the train than from the screen with the puppet, suggesting that they judged
that the puppet could have set the beanbag in motion, but the train could not.
Because the puppet had no arms and was about the same size as the beanbag,
the infants’ responses seemed to reflect an abstract inference that the puppet
could have used its internal energy to act on the beanbag rather than a specific
belief in the puppet’s ability to throw or kick objects. This conclusion is
consistent with our claim in the last section that infants are producing abstract
kinds of explanations, divorced of all mechanistic details, for the actions of
self-propelled objects (Keil, 1995).

12.2.6.2 Preventing an inert object from falling

We saw earlier that infants expect an inert object to fall unless a surface blocks
its path or an external force counteracts its weight (e.g., Baillargeon, 1995;
Li et al., under review; Needham & Baillargeon, 1993; Yuan & Baillargeon,
2008). This research gave rise to the following question: would-infants believe
that a novel self-propelled object could use its internal energy to exert a force
on an inert object and prevent it from falling (e.g., in the same manner that
a hand might hold a cup in midair)? To address this question, we conducted
experiments with 4.5- to 5,5-month-old infants (Li et al,, 2009a).
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Baseline condition :

Test evenis
Unsupported event

Supported event

Fig. 12.14 Schematic of the test events used in the baseline condition of Li et al.
(2006).

Our research built on prior experiments that tested whether 4.5-month-old
infants have identified the variable type-of-contact in support events and thus
realize that an object can be stable when released on top of, but not against,
another object (Li et al., 2006). In a baseline condition, infants were shown a
supported and an unsupported test event (see Fig. 12.14).

At the start of each event, a large yellow platform stood on the apparatus
floor, and a yellow box rested at the bottom of the platform’s right wall.
In both test events, an experimenter’s gloved hand placed a small green
box against the center of the platform’s right wall and then released it. In
the supported event, the yellow box was sufficiently tall that the green box
rested on it; in the unsupported event, the yellow box was much shorter so
that the green box rested well above it. The experiment thus asked whether
the green box could be stable when resting against the right wall of the
platform, with no surface immediately under it. Results indicated that 4.5-
month-old female infants looked reliably longer at the unsupported than
at the supported event, whereas male infants looked about equally at the
two events. Additional results indicated that (1) male infants aged 5-5.5
months looked reliably longer at the unsupported than at the supported
event and (2) female infants aged 3.5-4 months tended to look equally at
the two events. These and control results (in which the hand never released
the green box) suggested that the variable type-of-contact is identified a few
weeks earlier in female than in male infants, most likely because of female
infants’ superior depth perception at this stage of development {e.g., Bauer
et al., 1986; Gwiazda et al., 1989a, 1989b). (In order to learn that objects

Familigrization event

Test events
Unsupported event

Supported event

Fig. 12.15 Schematic of the famiiiarization and test events used in Experiment 15
(Li et al., in preparation).

typically fall when released against the side of a platform, infants have to be
able to determine whether the objects are released against the platform or
in midair next to it; infants would expect the objects to fall when released in
midair.) L7

Experiment 15 (Li et al., in preparation) built on the preceding results
and asked whether infants would respond differently to the supported and
unsupported test events if first shown that the yellow platform was self-
propelled (see Fig. 12.15). Would infants then conclude that the unsupported
event was in fact possible because the platform could use its internal energy
to ‘hold’ the green box in place? Participants were 4.5-month-old females
and 5.5-month-old males. Prior to seeing the test events, they received two
familiarization trials in which they saw the yellow platform move back and
forth across the apparatus floor; the small green box stood stationary at the
front of the apparatus (to make it cleat to the infants that the green box was
inert). Unlike infants in the baseline experiment, those in Experiment 15
tended to look equally at the supported and unsupported events, suggesting
that they believed that the self-propelled platform could use its internal energy
to ‘hold’ the green box against its midsection.
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Familiarization event

Test events
Unsupported event

Supported event

Fig. 12.16 Schematic of the familiarization and test events used in Experiment 16
(Li et al., in preparation).

Of course, another possible interpretation was that the infants were simply
confused by the self-propelled platform and thus had no expectation about the
outcomes of the subsequent events. To examine this alternative interpretation, in
Experiment 16 (Li et al,, in preparation; see Fig. 12.16), 4.5-month-old females and
5.5-month-old males saw the same familiarization and test events as in Experiment
15, with one exception: in the test events, the platform was now shifted 10 cm to
the left. The tall and short yellow boxes stood in the same position as before, and
the gloved hand performed the same actions as before. Thus, in the supported
event, the hand placed the green box on the tall yellow box; in the unsupported
event, the hand placed the green box in the same position above the short yellow
box, so that the green box appeared to float or hover in midair above it. The
infants now looked reliably longer at the unsupported than at the supported
event, suggesting that (1) they were not confused by the self-propelled platform
and (2) they believed that the self-propelled platform could use its internal energy
to ‘hold’ the green box in place when the two were in direct contact, but not when
they were separated by a short distance. Infants in Experiment 16 could generate
no explanation for why the green box remained stable when released above the
short yellow box, and they were thus surprised by this event.

INFANTS’ EXPECTATIONS ABOUT SELF-PROPELLED OBJECTS

The results of Bxperiments 15 and 16 are consistent with prior results from
collision experiments with inert objects, which suggest that infants as young as
2.5 months of age realize that a force can only be applied through direct contact
(e.g., Kotovsky & Baillargeon, in Baillargeon, 1995; Kotovsky & Baillargeon,
2000). These experiments showed that, although infants expect a wheeled toy
bug to be displaced when hit by a rolling cylinder, they also expect the bug
not to be displaced when a small obstacle prevents the cylinder from coming
into direct contact with the bug. In the same manner, infants in Experiments
15 and 16 apparently understood that the platform could ‘hold’ the green box
only through direct contact.

Readers might be puzzled by the results of Experiment 15. How could the
infants believe that the yellow platform prevented the green box from falling
by exerting a force upon it? The platform could not grip the green box, so
how could it ‘hold’ it in place? How could the platform exert a force on the
green box directly through its right wall? Here again, following Keil (1995),
we believe that infants are generating only an abstract kind of explanation
divorced from all specific mechanistic details: they assume that the platform is
exerting a force on the green box to ‘hold’ it in place, but they have no idea at
all of the mechanism by which this feat is accomplished.

As adults, we too might occasionally find ourselves in the same position
as the infants in Experiment 15. Consider the following situation: we are
watching a science-fiction movie and see a box-shaped alien creature fly to
an inert object on a planet’s surface (e.g., a rock filled with kryptonite), make
contact with the object, and fly off with it. We would assume that the alien had
used its internal energy to somehow seize arid carry off the object—just as the
infants in Experiment 15 assumed that theself-propelled platform was using
its internal energy to somehow ‘hold’ the green box against its midsection.

12.2.7 Summary

The evidence reviewed in this section suggests that, from a very young age,
infants distinguish between inert and self-propelled objects. Furthermore,
infants seem to endow self-propelled objects with an internal source of energy.
On the one hand, infants are not surprised when shown events that can be
explained by assuming that a self—propelled object used its internal energy
to control its motion or that of other objects. THus, infants are not surprised
when a self-propelled object initiates its own motion, alters the direction of its
motion, moves to a different location when out of sight, changes the orienta-
tion or position of a part when out of sight, remains stationary when hit or
pulled, remains stable when released without adequate external support, and
sets an inert object into motion or ‘holds’ it to prevent it from falling. On the
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other hand, infants are surprised when shown events that cannot be explained
by appealing to a self-propelled object’s internal energy. Thus, infants-are sur-
prised when a self-propelled object passes through a solid obstacle; magically
disappears and reappears out of thin air, changes the location or appearance
of a part, and perhaps sets an inert object info motion or ‘holds’ it in place
without direct contact (infants may construe these last events without
reference to the self-propelled object and simply assume that the inert object is
behaving in an inexplicable fashion.)

12.3 How do infants characterize self-propelled objects?

In Section 12.2, we have provided evidence that infants distinguish between
inert and self-propelled objects and attribute to the latter an internal source of
energy. But is this really how infants construe self-propelled objects? Perhaps
infants view objects that spontaneously initiate or alter their motion as objects
that possess a rich constellation of properties, only one of which is self-propul-
sion. Humans, for example, are not only self-propelled objects: they are also
agents that can pursue goals and animals that are composed of biological mat-
ter and that can undergo biological transformations such as growth. Is it pos-
sible that the infants in our experiments viewed the self-propelled boxes, balls,
columns, and cylinders we showed them not merely as self-propelled objects
but as agents or animals? We discuss each possibility in turn.

12.3.1 Do infants distinguish between self-propelled
objects and agents?

‘When infants see a novel object move by itself across an apparatus, do they tend
to view it as an agent that does so because it wants to do so? Recent research
{reviewed in the following section) suggests that infants do not in fact equate
self-propulsion and agency: a self-propelled object is not necessarily an agent,
and an agent is not necessarily self-propelled.

In order to be categorized as an agent, an object must demonstrate that it
possesses at least two essential properties: first, its behavior must appear to
be autonomous or self-generated, and second, its behavior must appear to be
intentional or guided by mental states such as perceptions, dispositions, and
goals. For ease of communication, we refer to the first property as autonony
and to the second as intention; each property is discussed in turn.

12.3.2 Autonomy

In a seminal series of experiments, Woodward (1998, 1999) tested 5- to 12-month-
old infants’ ability to reason about a human agent’s motivational states.

HOW DO INFANTS CHARACTERIZE SELF-PROPELLED OBJECTS

The infants first received habituation trials in'which they faced two toys: object
A, on the left, and object B, on the right. In each trial, 2 human agent’s left
hand reached into the apparatus and grasped object A. During test; the two
toys® positions were reversed, and the agent grasped either object A (old-object
event) or object B (new-object event). Across experiments, the infants consist-
ently looked longer at the new- than at the old-object event. We take these
results to suggest three conclusions: (1) during habituation, the infants attrib-
uted to the agent a particular disposition, a preference for object A over object
B; (2) duiing test, the infants expected the agent to maintain this preference
and hence to form the goal of reaching for object A in its new position; and
hence (3) during test, the infants were surprised when the agent grasped object
B instead of object A. These results provided the first experimental demonstra-
tion that infants as young as 5 months of age can already attribute motivational
states—such as dispositions and goals—to agents.

In additional experiments, Woodward (1998) found that infants did not look
reliably longer at the new- than at the old-object event when the human agent
was replaced with a flat occluder shaped like an arm and hand, a rod tipped
with a sponge, or a mechanical claw. Woodward concluded that infants initially
attribute goals to human but not to nonhuman agents. However, there was
another possible interpretation for the negative findings of the occluder, rod,
and claw experiments: because each object extended from the right side of the
apparatus, its right end was hidden from view, making it unclear whether its
actions were externally or internally caused. If an object must appear to be act-
ing autonomously to be construed as an agent, then perhaps the infants did not
attribute motivational states to the occluder, rod, and claw simply because the
available information did not clearly mark them as agents. This interpretation
predicted that 5-month-olds might attribute such states to a nonhuman agent if
given unambiguous evidence that they were faced with an autonomous agent.

Experiment 17 (see Fig. 12.17) examined this prediction (Luo & Baillargeon,
2005a), with 5-month-old infants, The experiment included orientation,
familiarization, display, and test trials. During the orientation trials, a small
green box moved back and forth across the central portion of the apparatus.
During the familiarization trials, a tylinder and cone were placed on either
side of the box near the left and right walls of the apparatus, respectively. In
each trial, the box moved toward and rested against the cone. During the dis-
play trial, the positions of the cone and cylinder were reversed. Finally, during
the test trials, the box approached and rested against either the cone (old-
object event), as before, or the cylinder (new-object event). As in Woodward’s
(1998, 1999) experiments, the infants looked reliably longer at the new- than
at the old-object event suggesting that (1) they viewed the box as an agent;
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Fig. 12.17 Schematic cf the orientation, familiarization, display, and test events used
in Experiment 17 (Luo & Baillargeon, 2005a).

(2) during familiarization, they attributed to the box a preference for the cone
over the cylinder; and (3) during test, they expected the box to maintain this
preference and hence to approach the cone in its new position. Support for
these conclusions came from a control condition (see Fig. 12.17) identical
to the experimental condition just described, with one exception: during the
familiarization trials, only the cone was present. Although the infants in this
condition could view the actions of the box during the familiarization trials as
directed toward the goal of contacting the cone, they had no information as to
whether the box would prefer the cone or the cylinder when both objects were
present in test. As a result, the infants tended to look equally at the new- and
old-object test events.

The results of Experiment 17 indicated that infants as young as 5 months of
age can attribute motivational states to nonhuman agents. As such, these results
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Fig. 12.18 Schematic of the orientation, familiarization, display, and test events used
in Experiment 18 (Luo & Baillargeon, 2005a).

provided support for the hypothesis that the infants in Woodward’s (1998)
experiment failed to attribute motivational states to the occluder, rod, and
claw because it was unclear whether these objects were acting autonomously.
To provide additional evidence for this interpretation, in Experiment 18 (see
Fig. 12.18), infants were tested with the same procedure as in the experimen-
tal condition of Experiment 17, except that a handle was attached to the box
(Luo & Baillargeon, 2005a). When the handle was long and protruded from
the right side of the apparatus (loxlg;handle condition), making it unclear
whether the box was acting autonomously, infants looked about equally at
the new- and old-object test events. In contrast, when the handle was short so
that the box appeared to be acting on its own (short-handle condition), as in
Experiment 17, then infants again looked reliably longer at the new- than at
the old-object event.
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Together, the results of Experiments 17 and 18 provided evidence for two
conclusions. First, infants as young as 5 months of age attribute motivational
states not only to human but also to nonhuman agents. Second, and most
relevant to the present discussion, infants do not view an object as an agent if
it does not clearly appear to be acting on its own. A rod, claw, or long-handled
box that protrudes-from one side of an apparatus and consistently approaches
object A over object B is not seen as an agent exhibiting a preference for object
A because it is unclear whether its behavior is self-generated or is caused by
some external force.t

12.3.3 Intention

In light of the results of Experiments 17 and 18, should we conclude that the
infants in the experiments reviewed in Section 12.2 of this chapter viewed the
self-propelled objects they were shown (e.g., the boxes, balls, columns, cylin-
ders, etc.} as agents? After all, the objects appeared to be acting on their own,
with no visible handles guiding them to and fro. However, recent research by
Johnson, Csibra, and their colleagues (e.g., Csibra, 2008; Johnson et al., 2007;
Shimizu & Johnson, 2004) suggests that autonomous action alone is not suffi-
cient for infants to view a self-propelled object as an agent: the object must also
provide evidence that it is acting intentionally; perceptions, dispositions, goals,
and/or other mental states inside the object must be causing its actions.

In this view, an object that follows the same fixed path over and over again
(think of a ceiling fan going round and round, or of the sun following the same
arc daily across the sky), or an object whose behavior appears random (think
of a tree branch swaying in the wind), is unlikely to be viewed as an agent.
Only objects whose actions appear to be intentional, or guided by mental
states, can be agents. As we will see, infants seem to be sensitive to several types
of evidence for intention, from taking turns in a conversation with a partner
to modifying one’s behavior in order to achieve a goal, to selecting different
means at different times to achieve the same goal. Interestingly, all of these
examples involve goal-directed actions, suggesting that intention may be easi-
est to detect in the context of communicative or other goals, as agents detect
and act on or react to external stimuli.

In a seminal series of experiments, Johnson and her collaborators (Johnson
et al., 2007; Shimizu & Johnson, 2004) tested 12-month-old infants in a task

4 Recent research suggests that, if provided with sufficient cues, infants may view the actions
of a rod or claw that protrudes from one side of an apparatus as goal-directed in the sense
that they construe the rod or claw as a mechanical device or tool manipulated by an
unseen agent to achieve a certain goal (e.g., Biro & Leslie, 2007; Hofer et al., 2005).
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modeled after that of Woodward (1998). As in Experiments 17 and 18, the
human agent was replaced with a nonhuman self-propelled object, an oval-
shaped ‘blob’ covered with bright green fiberfill. The blob was placed near
the front of the apparatus; at the back of the apparatus were two {oys, object
A on the left and object B on the right. During each habituation trial, the blob
approached and stopped against object A. During the test trials, the toys’
positions were reversed, and the blob approached either object A (old-object
event) or object B (new-object event). At the start of each habituation and test
trial, the blob’s front-to-back axis was aligned with the object it approached
during the trial. The infants tended to look equally at the new- and old-object
events. This negative result suggested that the infants viewed the blob as a self-
propelled object—because it initiated its motion in plain sight—but not as
an agent: although the blob appeared to move autonomously, it followed the
same fixed path on every habituation trial and thus gave no clear evidence that
it was acting intentionally.

To borrow an analogy from Section 12.2 of this chapter, consider an object
that emerges from behind a screen and comes to a stop. The object could be
self-propelled—but it could also be an inert object set in motion by some
external force behind the screen. We saw that in such cases infants typically
select the second, weaker interpretation: they do not view an object as self-
propelled unless it gives (what they construe as) clear evidence that it pos-
sesses an internal source of energy. In the same way, a blob that repeatedly
approaches and contacts object A could be pursuing the goal of approaching
its preferred toy—but it could also be a self-propelled object moving on a fixed
path that happens to intersect with object A. These.results suggest that infants
again select the second, weaker interpretation: they do not view an object as
an agent unless it gives (what they construe as) clear evidence that it possesses
mental states. '

Support for this interpretation comes from additional results by Johnson
and her colleagues (Johnson et al., 2007; Shimizu & Johnson, 2004), Infants
looked reliably longer at the new- than at the old-object event in two key
conditions. In one, instead of being aligned with object A at the start of each
habituation trial, the blob faced a position midway between the two toys and
turned toward object A—as though making a choice—before approaching
it. In the other condition, the blob participated in a scripted ‘conversation’
with an experimenter prior to the habituation trials; the experimenter spoke
English and the blob responded with a varying series of beeps. The positive
results obtained in each condition suggested that the infants now viewed the
blob as an agent: they interpreted its behavior in habituation as revealing a
preference for object A, they expected this preference to be maintained in
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test, and they thus looked reliably longer when the blob approached object B
instead. Interestingly, negative results were obtained (1) if the blob remained
silent when the experimenter spoke (suggesting that it was not merely séeing
the experimenter talk to the blob that led the infants to view it as an agent)

~or-(2)if the blobbeeped as before but the experimenter remained silent
and stared at the floor (suggesting that it was not merely observing that the
box could produce varying beeps that led the infants to view it as an agent;
apparently, variable self-generated behavior, if it appears random, does not
constitute evidence of agency).

Not surprisingly, positive results were also obtained when the experimenter
and the blob conversed at the start of the test session and the blob turned
toward object A at the start of each habituation trial: because each factor alone
led to an attribution of agency, both factors together naturally did so as well
{Shimizu & Johnson, 2004). Finally, in converging experiments using a ‘gaze-
following’ measure, Johnson and her colleagues (e.g., Johnson, 2003; Johnson
et al., 1998, 2008) found that, after observing the blob turn toward one of two
targets, 14- to 15-month-old infants tended to turn in the same direction if the
blob first participated in a conversation with an experimenter (agent condi-
tion), but not if it beeped and the experimenter remained silent (nonagent
condition).

Together, these results suggest that (1) infants view an object as an agent if
its actions appear not only autonomous but also intentional or guided by men-
tal states and (2) infants are sensitive to several types of evidence for intention,
A blob that beeps contingently in a conversation with an experimenter gives
evidence of intention because it appears to be detecting and responding to the
utterances of the experimenter (a blob that beeps on its own could be beeping
randomly). Similarly, a blob that first rotates toward and then approaches a
toy gives evidence of intention because it appears to be adjusting its behavior
50 as to achieve a particular goal: namely, contacting its preferred toy. The
same could be said of the self-propelled box in Experiments 17 and 18 (short-
handle condition): although the box moved back and forth across the center of
the apparatus in the orientation trials, it approached and stopped against the
cone in the familiarization trials, suggesting that it was modifying its behavior
50 as to contact its preferred object.

Recent work by Csibra (2008) points to yet another type of evidence for
intention: choosing different means to achieve the same goal across trials. This
research built on work by Kamewari et al. (2005), which itself was designed to
extend earlier work by Csibra, Gergely, and their colleagues (e.g., Csibra et al.,
1999; Gergely et al., 1995). Kamewari et al. habituated 6.5-month-old infants
to a videotaped event in which an agent moved around an obstacle to reach
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a target. The agent was either a human, a human-like robot, or a self-pro-
pelled box. In test, the obstacle was removed; and the agent either moved in a
straight line to the target (new-path event) or followed the same path as before
(old-path event). Infants looked reliably longer at the new- than at the old-
path event when the agent was the human or the robot, but not when itwas the
self-propelled box. Csibra (2008) replicated this last, negative result and sug-
gested that, because the novel self-propelled box followed the same fixed path
in every habituation trial, infants were not certain whether it was an agent; it
was dlearly acting autonomously, but there was perhaps insufficient evidence
that its actions were intentional.

To test this idea, Csibra (2008) again habituated 6.5-month-old infants to
events in which a self-propelled box moved around an obstacle to reach a
target; however, the box now moved around the right or the left end of the
obstacle on“alternate habituation trials. Results were now positive, suggesting
that this slight variation in means was sufficient to lead the infants to conclude
that the box’s behavior was intentional. They attributed to the box the goal of
reaching the target, and they expected it to do so efficiently in every trial. Thus,
when the obstacle was removed in test, they expected the box to now move
directly toward the target, and they were surprised when it did not.

Together, the results summarized here suggest that for infants a self-
propelled object is an agent if it gives evidence that it possesses mental states
such as perceptions, dispositions, and goals. To return to the question raised
at the start of this section (i.e., did the infants in the experiments reviewed in
Section 12.2 of this chapter view-the novel self-propelled objects they were
shown as agents?), we suspect that in at least some cases the answer was no.
For example, the infants in Experiments 1 and 2 would have had little basis to
view the box as an agent because it followed the same fixed path in every trial
as it moved back and forth across the apparatus.

12.3.4 Inert agents

The research on autonomy and intention leads to a strong prediction; infants
might view an inert object as an agent if it gave evidence that (1) it could pro-
duce some behavior on its own and (2) this behavior was guided by mental
states. Think, for example, of the Magical Mirror in the fairy tale ‘Snow White’,
who always responds accurately when asked for the name of the fairest woman
in the kingdom. Most adults would agree that the Magical Mirror is an inert
agent: although it cannot initiate its own motion, its communicative behavior
is self-generated and intentional.

Experiments 19 and 20 (Wu & Baillargeon, 2007b) were designed to
examine whether 14-month-old infants could view an object as an inert agent.
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Inspired by the work of Johnson and her colleagues (Johnson et al.,, 2007, 2008;
Shimizu & Johnson, 2004), we used a beeping box as our agent,

In Experiment 19 (see Fig. 12.19), we first asked whether infants would
view a box that responded with beeps in a conversation with an experiment-
er, but otherwise remained stationary, as inert. Alternative possibilities were
that infants might expect any object capable of self-generated behavior (such
as beeping) to be self-propelled, or that they might view any agent as self-
propelled. To test whether the infants would view the box as inert, we built
on the results of Experiments 12 to 14 and examined whether infants would
expect the box to fall when released in midair.

The infants were assigned to an inert or a self-propelled condition. The only
difference between the two conditions involved the first, orientation trial: the
box either remained stationary {inert condition) or moved back and forth
a short distance (self-propelled condition), Next, in a conversation trial, all
infants observed an experimenter (with bare hands) participate in a scripted
conversation with the box. The experimenter sat at window in the left side
of the apparatus and spoke English; the box responded with varying series of
beeps. Following the conversation (which lasted about 47 s), the experimenter
closed the curtain in the window and the box remained stationary and silent
until the trial ended. In the next, familiarization trial, the box was held above :
the apparatus floor by a gloved hand that reached through a fringed curtain in - Familiarization event
the window. Finally, in the test trial, the hand released the box, which remained l
stationary in midair.

Although the infants in the self-propelled condition looked reliably longer
than those in the inert condition during the orientation trial (not surprisingly,
the box was more interesting when it moved than when it remained stationary),
the infants in both conditions tended to look equally during the conversation
and familiarization trials. During the test trial, however, the infants in the inert
condition looked reliably longer than those in the self-propelled condition.
Together, these results suggested that the infants in the inert condition viewed
the box as an inert agent: although it beeped in response to the experimenter
in the conversation trial, it never moved on its own and hence possessed no
internal energy that could allow it to resist falling when released in midair.

Experiment 20 was designed to provide additional support for the
notion that the infants in the inert condition viewed the box as an inert agent
(see Fig. 12.20).

Similar to Experiments 17 and 18, and the experiments of Johnson and her
colleagues (Johnson et al., 2007; Shimizu & Johnson, 2004), Experiment 20
was modeled after Woodward’s (1998) work and asked whether infants - Fig, 12.19 Schematic of the orientation, conversation, familiarization, and test
would attribute to a box that beeped only when one of two toys was revealed ' events used in Experiment 19 {(Wu & Baillargeon, 2007b).
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Fig. 12.20 Schematic of the orientation, familiarization, display, and test events used
in Experiment 20 (Wu & Baillargeon, 2007b).
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a preference for that toy over the other toy. The infants first received the same
orientation and conversation trials as in the inert condition of Experiment 19.
Next, the infants received familiarization trials in which the box stood cen-
tered and behind two small covers. Hidden under the covers were two toys, a
ball and a block; toy position (left or right cover) was counterbalanced across
infants. A gloved hand lifted and lowered the left cover and then the right
cover; the box beeped when the left cover was lifted to reveal object A, but not
when the right cover was lifted to reveal object B. Next, the infants received a
display trial in which the box was absent and the hand lifted and lowered each
cover in turn to show that the toys’ positions had been reversed. Finally, in the
test trials, the box stood in its original position, the hand lifted and lowered
the left and right covers in turn, and the box beeped when object B but not
object A was revealed (new-object event), or when object A but not object B
was revealed (old-object event),

Results indicated that the infants looked reliably longer at the new- than at
the old-object event, suggesting that they (1) viewed the box as an agent based
on its behavior in the conversation trial, (2) attributed to the box a preference
for object A over object B during the familiarization trials, and (3) expected
this preference to be maintained in the test trials and were therefore surprised
in the new-object event when the box beeped to object B instead of object A,
This interpretation was supported by the results of a control condition similar
to that in Experiment 17: when only one toy was present in the familiarization
trials, the infants tended to look equally at the new- and old-object test events,
because they had no information as to which toy the box would prefer when
both toys were present in test.

12.3.2 Do infants distinguish between self-propelled
objects and animals?

In the previous section, we asked whether the infants in the experiments
reviewed in Section 12.2 might have viewed the self-propelled objects they
were shown as agents. In this section, we ask whether the infants might have
viewed the objects as animals. As might be expected, how one answers this
question depends on how one characterizes infants’ concept of animal; here
we consider two possible characterizations.

123.2.1 Animals as self-propelled agents

In a recent chapter, Mandler (in press) suggested that infants ‘divide the world
of objects into animals and nonanimals’ (p. 5), and that their concept of ani-
mals is composed of two conceptual primitives: objects ‘that start motion by
themselves’ and objects ‘that interact contingently with other objects from a
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distance’ (p. 13). According to Mandler, conceptual primitives are ‘innate,
in the sense that they are activated by innate attentional proclivities’ (p. 22);
they correspond to ‘pieces of spatial information, especially movements in
space’ (p. 7); and they are used by a Perceptual Meaning Analysis mechanism
to redescribe (reduce and recode) perceptual patterns into global and skeletal
concepts such as that of animal.

As may be clear from the evidence and arguments presented in previous
sections of this chapter, our position differs from that of Mandler (in press)
on several counts, First, although we also emphasize the central importance of
the concepts self-propelled object and agent for infants, we see each of these
concepts as embedded in a causal framework—the concept of self-propelled
object (with its link to internal energy) in the causal framework that makes
possible infants’ physical reasoning {e.g., Baillargeon et al., 2006, 2009; Gelman
et al., 1995; Leslie, 1994; Spelke, 1994) and the concept of agent (with its link
to mental states) in the causal framework that makes possible infants’
psychological reasoning (e.g., Gergely & Csibra, 2003; Johnson, 2003;
Luo & Baillargeon, 2007; Premack, 1990; Scott & Baillargeon, 2009; Song
et al., 2008). Second, infants appear to realize that self-propelled objects may
not be agents, and that agents may not be self-propelled, suggesting that
they recognize that the world of objects is not snnplv composed of inert objects
and self-propelled agents.

Despite these differences, we can still adopt Mandler’s {in press) suggestion
that, for infants, animals are essentially self-propelled agents. If this hypoth-
esis is correct, then it is likely that the infants in the experiments reported in
Section 12.2 did not view the novel self-propelled objects they were shown as
animals: as was discussed earlier, there was tvplcally little or no evidence that
the objects were agents.

12.3.2.2 Animals as self-propelled biological agents

Subrahmanyam et al. (2002) reviewed evidence that young children distin-
guish between animals, moving machines, sentient machines, and inert objects.
According to these authors, for an object to be classified as an animal, it is not
sufficient that it be self-propelled and an agent: it must also be composed of the
‘right kind of stuff’: namely, ‘biological stuff (p. 347). This is because young
children’s reasoning about animate objects is informed by domain-specific
causal principles allowing them to appreciate ‘the connection between biologi-
cal matter and animate motion’ (p. 346). As the authors point out, ‘although
all objects obey the laws of physics, animate objects also obey biochemical
ones ... the cause of animate motion and change comes from the channeled
release of internally stored chemical energy that is characteristic of biological
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entities’ (p. 346). Although young children do not possess an adult-like biclogical
theory (e.g., their attribution of animate properties to animals is highly selective;
see also Carey, 1985), their concept of animal still has fundamental biclogical
properties. Thus, when asked which objects can move by themselves and which
cannot, children typically justify their answers with ‘relevant comments about
their material composition and the inside of these objects’ (p. 369).

What are the implications of the research and theoretical views of
Subrahmanyam et al. (2002) for infants’ reasoning about animals? There are
at least two developmental possibilities. One is that infants attribute internal
energy to self-propelled agents without distinguishing between biological and
nonbiological energy. In this view, as in Mandler’s (in press) view, animals
are initially self-propelled agents. In the course of development, children
would come to recognize that (1) certain self-propelled agents—animals—
are made of ‘biological stuff’ and (2) animals’ energy emanates from the very
stuff they are made of. Such expectations appear to be in place by at least
4 years of age: for example, Gottfried and S. A. Gelman (2005) found that
4-year-olds who were interviewed about unfamiliar animals and machines
were reliably more likely to answer yes when asked if the animals, as opposed
to the machines, used their ‘own energy’ to move and grow (see also Massey
& Gelman, 1988; S. A. Gelman & Gottfried, 1996; Morris et al., 2000).

Another developmental possibility is that infants possess expectations about
self-propelled agents that go beyond their separate properties of being self-
propelled and agents and that might be characterized as biological. One such
expectation has to do with the notion of insides. Previous research suggests
that by 3-5 years of age children already expect animals and artifacts to have
different insides (e.g., Gelman, 1990; S. A. Gelman & Gottfried, 1996; Gottfried
& §. A. Gelman, 2005; Simons & Keil, 1995). Here we are focusing on the
simpler question of whether infants expect certain objects to have insides, If
infants expect self-propelled agents to have insides (but have no clear expecta-
tions about the insides of self-propelled objects that are not agents or about
the insides of agents that are not self—propelled), then it might suggest that
infants’ concept of animal is not reducible to that of self-propelled agent. We
are beginning experiments to explore this possibility.

12.4 Conclusions

The evidence reviewed in this chapter suggests three broad conclusions. First,
from a very early age, infants distinguish between inert and self-propelled
objects and endow self-propelled objects with an internal source of energy,
A self-propelled object can use its internal energy either directly to control its
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own motion (e.g., to alter the direction of its motion, to move to a new loca-
tion, to change the orientation or position of its parts, to resist moving when
hit, or to resist falling when released in midair) or indirectly to control the
motion of other objects, through the application of force (e.g., to set another
object in motion or to prevent it from falling).

Second, just as infants do not view an object as self-propelled unless it pro-
vides (what they construe as) unambiguous evidence that it can move itself
and thus has internal energy, infants do not view a self-propelled object as an
agent unless it provides (what they construe as) unambiguous evidence that it
can act intentionally and thus has mental states. Infants thus appear to hold
separate concepts of self-propelled object and agent, the first rooted in the
causal framework that makes possible their physical reasoning and the second
rooted in the causal framework that makes possible their psychological reason-
ing. Whether infants possess separate concepts of self-propelled agent and of
animal is at present unclear.

Finally, infants” concepts of self-propelled object and agent function as
abstract ‘kinds of explanations’ (Keil, 1995; Wilson & Keil, 2000) that are
devoid of all mechanistic details but still make possible rich inferences about
objects” actions in new contexts. Thus, infants who endow a box that initiates
its own motion with internal energy may not understand exactly how this
internal energy works or where it comes from, but they recognize that the box
can also use its energy to counteract a force exerted by another object (e.g., to
remain stationary when hit) or to exert a force of its own (e.g., to hold objects
so as to prevent them from falling).

Together, these various lines of evidence are thus helping us to better under-
stand the conceptual basis of infants’ cognitive development. -

Acknowledgments

The research reported in this chapter was supported by a grant from the
National Institute of Child Health and Human Development (HD-21104) to
R. Baillargeon. We thank Jerry DeJong for helpful discussions, Amélie Bernard
for helpful comments and suggestions, the staff of the University of Illinois
Infant Cognition Laboratory for their help with the data collection, and the
parents and infants who participated in the research.

References
Aguiar, A., & Baillargeon, R. (1998). Eight-and-a-half-month-old-infants’ reasoning about
containment events. Child Development, 69, 636-653.

Aguiar, A., & Baillargeon, R. (1999). 2.5-month-old infants’ reasoning about when objects
should and should not be occluded. Cognitive Psychology, 39, 116-157,

REFERENCES

Aguiar, A,, & Baillargeon, R. (2002). Developments in young infants’ reasoning about
occluded objects. Cognitive Psychology, 45, 267-336.

Aguiar, A., & Baillargeon, R. (2003). Perseverative responding in a violation-of-expecta-
tion task in 6.5-month-old infants. Cognition, 88, 277-316.

Ahmed, A., & Ruffman, T. (1998). Why do infants make A not B errors in a search task, yet
show memory for the location of hidden objects in a non-search task? Developmental
Psycholagy, 34, 441-453.

Baillargeon, R. (1986). Representing the existence and the location of hidden objects:
object permanence in 6- and 8-month-old infants. Cognition, 23, 21-41.

Baillargeon, R. (1987). Object permanence in 3.5- and 4.5-month-old infants.
Developmental Psychology, 23, 655-664.

Baillargeon, R. (1991). Reasoning about the height and location of a hidden object in
4.5- and 6.5-month-old infants: Cognition, 38, 13-42.

Baillargeon, R. (1995). A model of physical reasoning in infancy. In C. Rovee-Collier, & L. P.
Lipsitt (Eds.), Advarices in Infancy Research, Vol. 9 (pp. 305-371). Norwood, NJ: Ablex.

Baillargeon, R. {2008). Innate ideas revisited: for a principle of persistence in infants’
physical reasoning, Perspectives on Psychological Science, 3, 2~13.

Baillargeon, R., & DeVos, J. (1991). Object permanence in young infants: further evidence.
‘Child Development, 62, 1227-1246.

Baillargeon, R., DeVos, J., & Graber, M. (1989). Location memory in 8-month-old infants
in a non-search AB task: Further evidence. Cognitive Development, 4, 345-367.

Baillargeon, R., & Graber, M. (1987). Where’s the rabbit? 5.5-month-old infants’ represen-
tation of the height of a hidden object. Cognitive Development, 2, 375~-392.

Baillargeon, R., & Graber, M. {1988). Evidence of location memory in 8-month-old infants
in a non-search AB task. Developmental Psychelogy, 24, 502-511.

Baillargeon, R., Graber, M., DeVos, J., & Black, J. (1990). Why do young infants fail to
search for hidden objects? Cognition, 36, 225-284..

Baillargeon, R., Li, J., Luo, Y., & Wang, S. (2006). Under what conditions do infants detect
continuity violations? In Y. Munakata, & M. H. Johnson (Eds.), Processes of Change
in Brain and Cognitive Development (Attention and Performance XXI, pp. 163~188).
New York: Oxford University Press.

Baillargeon, R., Li, J., Ng, W., & Yuan, S. (2009). An account of infants’ physical reasoning.
In A. Woodward, & A. Needham (Eds.}, Learning and the Infant Mind, (pp. 66-116).
New York: Oxford University Press.

Baillargeon, R., Needham, A., & DeVos, J. (1992). The development of young infants’
intuitions about support. Early Development and Parenting, 1, 69-78.

Baillargeon, R, Spelke, E. S., & W asserman, S. (1985). Object permanence in 5-month-old
infants, Cognition, 20, 191-208.

Bauer, J., Shimojo, S., Gwiazda, J., & Held, R. {1986). Sex differences in the develop-
ment of binocularity in human infants. Investigative Ophtalmology and Visual Science
(Supplement), 27, 265.

Biro, S., & Leslie. A. M. (2007). Infants’ perception of goal-directed actions: development
through cue-based bootstrapping. Developmental Science, 10, 379-398.

Bremner, J. G., Johnson, S. P., Slater, A. M., et al, {2005). Conditions for young infants’
perception of object trajectories. Child Development, 74, 1029-1043.

345



346

YOUNG INFANTS® EXPECTATIONS ABOUT SELF-PROPELLED COBJECTS

Carey, S. (1985). Conceptual Development in Childhood. Cambridge, MA: MIT Press.

Carey, S., & Spelke, E. S. (1994). Domain-specific knowledge and conceptual change.

In L. A. Hirschfeld, & S. A. Gelman (Eds.), Mapping the Mind: Domain Specificity in
Cognition and Culture (pp. 169-200). New York: Cambridge University Press.

Csibra, G. (2008). Goal attribution to inanimate agents by 6.5-month-old infants.
Cognition, 107, 705-717.

Csibra, G., Gergely, G., Biro, S., Koos, O., & Brockbank, M. (1999) Goal attribution with-
out agency cues: the perception of “pure reason’ in infancy. Cognition, 72, 237-267.

Einstein, A., & Infeld, L. (1960). The evolution of physics: From early concepts to relativity
and quanta, 2nd edn. New York: Simon and Schuster. )

Gelman, R. (1990). First principles organize attention to and learning about relevant data:
number and the animate-inanimate distinction as examples. Cognitive Science, 14,
79-106.

Gelman, R., Durgin, F., & Kaufman, L. (1995). Distinguishing between animates and
inanimates: not by motion alone. In D. Sperber, D. Premack, & A, J. Premack {(Eds.),
Causal Cognition: A Multidisciplinary Debate (pp. 150-184). Oxford: Clarendon Press.

Gelman, R., & Spelke, E. S. (1981). The development of thoughts about animate and
inanimate objects: implications for research on social cognition. In J. H. Flavell & L.
Ross (Eds.), Social Cognitive Development: Frontiers and Possible Futures (pp. 43-66).
Cambridge: Cambridge University Press. '

Gelman, S. A., & Gottiried, G. M. (1996). Children’s causal explanations of animate and
inanimate motion. Child Development, 67, 1970-1987.

Gergely, G., & Csibra, G. (2003). Teleological reasoning in infancy: the naive theory of
rational action. Trends in Cognitive Science, 7, 287-292.

Gergely, G., Nédasdy, Z., Csibra, G., & Bir6, S. {1995). Taking the intentional stance at 12
months of age. Cognition, 56, 165-193.

Golinkoff, R., Harding, C., Carlson, V., & Sexton, M. E. (1984). The infants’ perception of
causal events: the distinction between animate and inanimate objects. In L. P. Lipsitt, &
C. Rovee-Collier {(Eds.), Advances in Infancy Research, Vol. 3 {pp. 145-151}. Norwood,
NJ: Ablex.

Gottfried, G. M., & Gelman, S. A. {2005}. Developing domain-specific causal-explanatory
frameworks: the role of insides and immanence. Cognitive Development, 20, 137-158.

Goubet, N., & Clifton, R. K. {1998}. Object and event representation in 6.5-month-old
infants. Developmental Psychology, 34, 63-76.

Gwiazda, J., Bauer, J., & Held, R. (1989a)}. Binocular function in human infants: correla-
tion of stereoptic and fusion-rivalry discriminations. Jeurnal of Pediatric Ophthalmology
and Strabismus, 43, 109-120.

Gwiazda, J., Bauer, J., & Held, R. (1989b). From visual acuity to hyperacuity: a 10-year
update. Canadian Journal of Psychology, 43, 109-120,

Hespos, S. J., & Baillargeon, R. (2001a). Infants’ knowledge about occlusion and contain-
ment events: a surprising discrepancy. Psychological Science, 12, 140-147.

Hespos, S. J., & Baillargeon, R. (2001b). Knowledge about containment events in very
young infants. Cognition, 78, 204-245.

Hespos, S. J., & Baillargeon, R. (2006). Décalage in infants’” knowledge about occlusion and
containment events: Converging evidence from action tasks. Cognition, 99, B31-B41.

REFERENCES

Hespos, S. J., & Baillargeon, R. (2008). Young infants’ actions reveal their developing
knowledge of support variables: converging evidence for violation-of-expectation
findings. Cognition, 107, 304-316.

Hofer, T., Hauf, P., & Aschersleben, G. (2005). Infants’ perception of goal-directed actions
performed by a mechanical device. Infant Behavior and Development, 28, 466—480.

Hofstadter, M., & Reznick, J. S. (1996). Response modality affects human infant delayed-
response performance. Child Development, 67, 646-658.

Hood, B., & Willatts, P. (1986). Reaching in the dark to an object’s remembered position:
evidence of object permanence in 5-month-old infants. British Journal of Developmental
Psychology, 4, 57-65.

Johnson, S. C. (2003). Detecting agents. Philosophical Transactions of the Royal Society of
London, Series B, 358, 549-599.

Johnson, S. C., Bolz, M., Carter, E,, Mandsanger, J., Teichner, A., & Zettler, P. (2008).
Calculating the attentional orientation of an unfamiliar agent in infancy. Cognitive
Development, 23, 24-37.

Johnson, S. C., Shimizu, Y. A., & Ok, §-J. (2007). Actors and actions: the role of agent
behavior in infanis’ attribution of goals. Cognitive Development, 22, 310-322.

Johnson, S. C., Slaughter, V., & Carey, S. {1998). Whose gaze will infants follow? The elici-
tation of gaze-following in 12-month-olds. Developmental Science, 1, 233-238.

Johnson, S. P. (2004). Development of perceptual completion in infancy. Psychological
Science, 15, 769-775.

Johnson, S. P., Amso, D., & Slemmer, J. A. (2003). Development of object concepts in
infancy: evidence for early learning in an eye-tracking paradigm. Proceedings of the
National Academy of Sciences (USA}, 100, 10568—10573.

Kamerawi, K., Kato, M., Kanda, T, Ishiguro, H., & Hiraki, K. (2005). Six-and-a-half-
month-old children positively attribute goals to human action and to humanoid-robot
motion. Cognitive Development, 20, 303-320.

Keil, F. {1995). The growth of causal understandings of natural kinds. In D. Sperber,

D. Premack, & A. J. Premack (Eds.), Causal Cognition: A Multiplinary Debate
(pp. 234-267). Oxford: Clarendon Press. .

Kellman, P. ]., & Spelke, E. S. (1983). Perception of partly occluded objects in infancy.
Cognitive Psychology, 15, 483-524.

Kestenbaum, R., Termine, N., & Spelke, E. S. {1987). Perception of objects and object bound-
aries by 3-month-old infants. British Journal of Developmental Psychology, 5, 367-383.

Kochukhova, O., & Gredeback, G. (2007). Learning about occlusion: Initial assumptions
and rapid adjustments. Cognition, 105, 26—46.

Kosugi, D., & Fujita, K. (2002). How do 8-month-old infants recognize causality in object
motion and that in human action? Japanese Psychological Research, 44, 66-78.

Kosugi, D., Ishida, H., & Fujita, K. (2003). 10-month-old infants’ inference of invisible
agent: distinction in causality between object motion and human action. Japariese
Psychological Research, 45, 15-24.

Kotovsky, L., & Baillargeon, R. {1998). The development of calibration-based reasoning
about collision events in young infants. Cognition, 67, 311-351.

Kotovsky, L., & Baillargeon, R. (2000). Reasoning about collision events involving inert
objects in 7.5-month-old infants. Developmental Science, 3, 344-359.

347



348

YOUNG INFANTS" EXPECTATIONS ABOUT SELF-PROPELLED OBIJECTS

Kuhlmeier, V. A, Bloom, P., & Wynn, K. (2004). Do 5-month-old infants see humans as
material objects? Cognition, 94, 95-103.

Lécuyer, R., & Durand, K. (1998). Bi-dimensional representations of the third dimension
and their perception by infants. Perception, 27, 465-472.

Leslie, A. M. (1982). The perception of causality of infants. Perception, 11, 173~186.

Leslie, A. M. (1984a). Infant perception of a manual pick-up event. British Journal of
Developmental Psychology, 2, 19-32.

Leslie, A. M. (1984b). Spatiotemporal continuity and the perception of causality in infants.
Perception, 13, 287-305.

Leslie, A. M. (1994). ToMM, ToBY, and Agency: core architecture and domain specificity.
In L. A. Hirschfeld, & S. A, Gelman (Eds.), Mapping the Mind: Domain Specificity in
Cognition and Culture (pp. 119-148). New York: Cambridge University Press.

Leslie, A. M. (1995). A theory of agency. In D. Sperber, D. Premack, & A. J. Premack
(Eds.), Causal Cognition: A Multidisciplinary Debate (pp. 121-141). Oxford: Clarendon
Press.

Leslie, A. M., & Keeble, S. (1987). Do six-month-old infants perceive causality? Cognition,
25, 165--288. .

Li, J., Baillargeon, R., & Needham, A. (2006). When is an object released in contact with
another object stable? Learning about support events in young infants. Paper presented
at the Biennial International Conference on Infant Studies, Kyoto, Japan.

Li,, J., Baillargeon, R., & Needham, A. {in preparation). Learning about support events in
young infants.

Li, J., Yuan, S., Needham, A., & Baillargeon, R. (under review). 3-month-old infants except
an object to fall when unsupported.

Luo, Y., & Baillargeon, R. (2005a). Can a self-propelied box have a goal? Psychological
reasoning in 5-month-old infants. Psychological Science, 16, 601-608.

Luo, Y., & Baillargeon, R. (2005b). When the ordinary seems unexpected: evidence for
incremental physical knowledge in young infants. Cognition, 95, 297-328.

Luo, Y., & Baillargeon, R, (2007). Do 12.5-month-old infants consider what objects others
can see when interpreting their actions? Cognition, 105, 489-512.

Luo, Y., Baillargeon, R,, Brueckner, L., & Munakata, Y. (2003). Reasoning about a hid-
den object after a delay: Evidence from robust representations in 5-month-old infants.
Cognition, 88, B23-B32.

Luo, Y., Kaufman, L., & Baillargeon, R. {in press). Young infants’ reasoning about physical
events involving inert and self-propelled objects. Cognitive Psychology.

Mandler, J. M. (in press). In the beginning. In J. Snedeker, & S. Niyogi (Eds.), Responses to
Fodor’s Problem of Concept Acquisition. Cambridge, MA: MIT Press.

Markson, L., & Spelke, E. 8. (2006). Infants’ rapid Jearning about self-propelled objects.
Infancy, 9, 45-71.

Massey, C. M., & Gelman, R. (1988). Preschoolers’ ability to decide whether a photo-
graphed unfamiliar object can move itself. Developmental Psychology, 24, 307-317.

McCloskey, M. (1983). Naive theories of motion. In D. Gentner, & A. L. Stevens (Eds.),
Mental Models (pp. 299-324). Hillsdale, NJ: Erlbaum.

Morris, S. C., Taplin, J. E., & Gelman, S. A. (2000). Vitalism in naive biological thinking,
Developmental Psychology, 36, 582-595.

REFERENCES

Needham, A. (1998). Infants’ use of featural information in the segreation of stationary
objects. Infant Behavior and Development, 21, 47-76.

Needham, A, (1999). The role of shape in 4-month-old infants’ segregation of adjacent
objects. Infant Behavior and Development, 22, 161-178.

Needham, A. (2000). Improvements in object exploration skills may facilitate the
development of object segregation in early infancy. Journal of Cognition and
Development, 1, 131-156.

Needham, A., & Baillargeon, R. (1993). Intuitions about support in 4.5-month-old infants.
Cognition, 47, 121-148.

Needham, A, & Baillargeon, R. (1997). Object segregation in 8-month-old infants.
Cognition, 62, 121-149.

Oakes, L. M. (1994). The development of infants’ use of continuity cues in their perception
of causality. Developmental Psychology, 30, 869~879.

Poulin-Dubois, D., Lepage, A., & Ferland, D. (1996). Infants’ concept of animacy.
Cognitive Development, 11, 19-36.

Poulin-Dubois, D., & Shultz, T, R. (1988). The development of understanding of human
behavior: from agency to intentionality. In J. W. Astington, P. L., Harris, & D. R. Olson

(Eds.), Developing Theories of Mind (pp. 109-125). Cambridge: Cambridge University Press.

Poulin-Dubois, D., & Shultz, T. R. (1590). The infant’s concept of agency: the distinction
between social and nonsocial objects. Journal of Genetic Psychology, 151, 77-90.

Premack, D. {1990}. The infant’s theory of self-propelled objects. Cognition, 36, 1-16.

Premack, D., & Premack, A. ., {1995) Origins of human social competence. In M. S.
Gazzaniga (Eds), The Cognitive Neurosciences (pp. 205~218). Cambridge, MA: MIT
Press.

Rakison, D. H. (2003). Parts, motion, and the develpment of the animate-inanimate dis-
tinction in infancy. In D.H. Rakison, & L. M. Oakes (Eds.), Early Category and Concept
Development: Making Sense of the Blooming, Buzzing Confusion (pp. 159-192). New
York: Oxford University Press.

Rakison, D. H., & Cicchino, D. H. (2004). Is an infant a people person? Cognition, 94,
104-107.

Rakison, D. H., & Poulin-Dubois, D. {2001).Developmental origin of the animate-inani-
mate distinction. Psychological Bulletin, 127, 209-228.

Rakison, D. H., & Poulin-Dubois, D. (2002). You go this way and I'll go that way: develop-
mental changes in infants’ attention to correlations among dynamic features in motion
events. Child Development, 73, 682-699.

Ruffman, T., Slade, L., & Redman, J. (2005}. Young infants’ expectations about hidden
objects. Cognition, 97, B35-B43. -

Saxe, R., Tenenbaum, J., & Carey, S. (2005). Secret agents: 10- and 12-month-old infants’
inferences about hidden causes. Psychological Science, 16, 995-1001.

Saxe, R., Tzelnic, T., & Carey, S. {2006). Five-month-old infants know humans are solid,
like inanimate objects. Cognition, 101, B1-B8.

Saxe, R., Tzelnic, T., & Carey, S. (2007). Knowing who-dunnit: infants identify the causal
agent in an unseen causal interaction. Developmental Psychology, 43, 149-158.

Scott, R. M., & Baillargeon, R. {in press). Which penguin is this? Attributing false beliefs
about object identity at 18 months. Child Development.

349



350

YOUNG INFANTS® EXPECTATIONS ABOUT SELF-PROPELLED OBJECTS

Shimizu, Y. A., & Johnson, S. C. (2004). Infants’ attribution of a goal toa morpbologlcally
unfamiliar agent, Developrmental Science, 7, 425-430.

Sitskoorn, S. M., & Smitsman, A. W. (1995). Infants’ perception of dynamic relations
between objects: passing through or support? Developmental Psychology, 31, 437447,

Simons, D. J., & Keil, F. (1995). An abstract to concrete shift in the development of bio-
logical thought: the insides story. Cognition, 56, 129~163.

Slater, A., Johnson, S. P., Brown, E., & Badenoch, M. (1996). Newborn infant’s perception
of partly occluded objects. Infant Behavior and Development, 19, 145-148.

Slaughter, V., & Heron, M. (2004). Origins and early development of human body knowl-
edge. Monographs of the Society for Research in Child Development, 69(2 Serial no. 276).

Song, H., Onishi, K. H., Baillargeon, R., & Fisher, C. (2008). Can an agent’s false belief be
corrected by an appropriate communication? Psychological reasoning in
18-month-old infants. Cognition, 109, 295-315.

Spelke, E. S, (1988). Where perceiving ends and thinking begins: the apprehension of
objects in infancy. In A. Yonas (Ed.), Perceptual Development in Infancy (pp. 187-234),
Hillsdale, NJ: Erlbaum.

Spelke, E. S. (1990). Principles of object perception. Cognitive Science, 14, 29+56.

Spelke, E. S. (1994). Initial knowledge: six suggestions. Cognition, 50, 431445,

Spelke, E. S., Breinlinger, K., Jacobson, K., & Phillips, A. (1993). Gestalt relations and
object perception: a developmental study. Perception, 22, 1483-1501.

Spelke, E. S., Breinlinger, K., Macomber, ., & Jacobson, K. {1992}. Origins of knowledge.
Psychological Review, 99, 605-632.

Spelke, E. S, Katz, G., Purcell, S. E., Ehrlich, S. M., & Breinlihger, K. (1994). Early knowl-
edge of object motion: continuity and inertia. Cognition, 51, 131-176.

Spelke, E. S., Kestenbaum, R., Simons, D. J., & Wein, D. (1995). Spatiotemporal con-
tinuity, smoothness of motion, and object identity in infancy. British Journal of
Developmental Psychology, 13, 1~30.

Spelke, E. S., Phillips, A., & Woodward, A. L. (1995). Infants’ knowledge of object
motion and human action. In D. Sperber, D. Premack, & A. J, Premack (Eds.),
Causal Cognition: A Multidisciplinary Debate (pp. 44-78). Oxford: Clarendon
Press.

Spelke, E. S., & von Hofsten, C. (2001). Predictive reaching for occluded objects by-
6-month-old infants. Journal of Cognition and Development, 2, 261-281.

Subrahmanyam, K., Gelman, R., & Lafosse, A. (2002). Animate and other separably
moveable objects. In E. Fordes, & G. Humphreys {Eds.}, Category Specificity in Brain
and Mind (pp. 341-373). London: Psychology Press.

Traeuble, B., Pauen, S., Schott, S., & Charalampidu, A. (2006). Do 7-month-old infants
pay attention to causality in ambiguous dynamic events? Paper presented at the
Biennial Internal Conference on Infant Studies, Kyoto, Japan.

Von Hofsten, C., Kochukova, O., & Rosander, K. (2007). Predictive tracking over occlu-
sions by 4-month-old infants. Developmental Science, 10, 625-640.

Von Hofsten, C,, Vishton, P., Spelke, E. S., Feng, Q., & Rosander, K. (1998). Predictive
action in infancy: tracking and reaching for moving objects. Cognition, 67, 255~285.

Wang, S., & Baillargeon, R. (2006). Infants’ physical knowledge affects their change detec-
tion. Developmental Science, 9, 173-181.

REFERENCES

Wang, S., & Baillargeon, R. (2008). Can infants be ‘taught’ to attend to a new physical vari-
able in an event category? The case of height in covering events. Cognitive Psychology,
56,284-326.

Wang, S., Baillargeon, R., & Brueckner, L. (2004), Young infants’ reasoning about hidden
objects: evidence from violation-of-expectation tasks with test trials only. Cognition, 93,
167-198.

Wang, S., Baillargeon, R., & Paterson, S. (2005). Detecting continuity and solidity viola-
tions in infancy: a new account and new evidence from covering events. Cognition, 95,
129-173.

Wang, S., Kaufman, L., & Baillargeon, R. (2003). Should all stationary objects move when
hit? Developments in infants’ causal and statistical expectations about collision events,
Infant Behavior and Development (Special Issue), 26, 529-568.

Wellman, H. M., & Gelman, S. A. (1997). Knowledge acquisition in foundational domains.
In' W, Damon {Series Ed.), & D. Kuhn & R. Siegler (Vol. Eds.), Handbook of Child
Psychology: Vol. 2. Cognition, Perception, and Language, Sth edn. (pp. 523-573).

New York: Wiley.
Wilcox, T. (1999). Object individuation: infants’ use of shape, size, pattern, and color.
. Cognition, 72, 125-166.

Wilcox, T., & Baillargeon, R. (1998a). Object individuation in infancy: the use of featural
information in reasoning about occlusion events. Cognitive Psychology, 37, 97-155.

Wilcox, T., & Baillargeon, R. (1998b). Object individuation in young infants: further evi-
dence with an event monitoring task. Developmental Science, 1, 127-142.

Wilcox, T., Nadel, L., & Rosser, R. (1996). Location memory in healthy preterm and full-
term infants. Infant Behavior and Development, 19, 309-323,

Wilcox, T., & Schweinle, A. (2003). Infants’ use of speed information to individuate objects
in occlusion events. Infant Behavior and Developtuent, 26, 253-282.

Wilson, R. A,, & Keil, F. C. {2000). The shadows and shallows of explanation. In E. C. Keil, &
RA. Wilson (Eds.), Explanation and Cognition (pp. 87-114). Cambridge, MA: MIT Press.

Woodward, A. L. (1998). Infants selectively encode the goal object of an actor’s reach.
Cognition, 69, 1-34.

Woodward, A. L. (1999). Infants’ ability to dlstmgmbh between purposeful and
non-purposeful behaviors, Infant Behavior and Development, 22, 145-160.

Woodward, A. L., Phillips, A., & Spelke, E. S. (1993). Infants’ expectations about the
motion of animate versus inanimate objects. Proceedings of the Fifteenth Annual
Meeting of the Cognitive Science Society (pp. 1087-1091). Hillsdale, NJ: Erlbaum.

Wu, D., & Baillargeon, R. {2006). Can a self-propelled object rearrange its parts?
6-month-old infants’ reasoning about possible object transformations. Paper
presented at the Biennial International Conference on Infant Studies, Kyoto, Japan.

Wu, D., & Baillargeon, R. (2007a}. Can a self-propelled object change its parts without
constraints? 5-month-olds” detection of impossible object transformations. Paper
presented at the Biennial Meeting of the Society for Research in Child Development,
Boston, MA. :

Wuy, D., & Baillargeon, R. (2007b). Can an agent be inert? 14-month-old infants’ reason-
ing about agency without motion cues. Paper presented at the Biennial Meeting of the
Society for Research in Child Development, Boston, MA.

351



352 | YOUNG INFANTS’ EXPECTATIONS ABOUT SELF-PROPELLED OBJECTS

Wu, D., & Baillargeon; R. (2008). Can a self-propelled object change the position of its 5 Cha pter 13
parts? Paper presented at the Biennial International Conference on Infant Studies,
Vancouver, Canada.

Wu, D.; Luo, Y., & Baillargeon, R. (2006). What object should appear in the window? C!QVGY eyES an d Stu p I d ha n d S
4-month-old infants’ reasoning about inert and self-moving objects. Paper presented at k
the Biennial International Conference on Infant Studies, Kyoto, Japan. Cu I feflt th ou g htS on Why
Wu, D,, Luo, Y., & Baillargeon, R. (in preparation). 4-month-old infants’ reasoning about 4 = = =
inert and self-propelled objects. ; dlSSOClat!OHS Of appa re nt
Xu, F., & Carey, S. (1996). Infants’ metaphysics: the case of numerical identity. ‘ L i
Cogritive Psychalogy, 30, 111153, knowledge occur on solidity tasks
Yuan, S., & Baillargeon, R. (2008). 2.5-month-olds hold different expectations about . % . )
the support of inert and self-propelled objects. Paper presented at the Biennial Nathalia L. GJ ersoe & Bruce M. Hood

International Conference on Infant Studies, Vancouver, Canada.

Yuan, S., & Baillargeon, R. (in preparation) Exposure to weight information primes
11-month-old infants to detect support violations.

13.1 Introduction

Researchers studying cognitive development in very young children cannot
rely on verbal reports to investigate knowledge, and so have to use other indi-
rect measures. After all, the word infant comes from the Latin for ‘one unable
to speak’. Even if verbal reports were readily available, they are not immune to
higher-level biases and production constraints that frequently mask underly-
ing representational capability or lead to conflicting results, especially in young
children. This raises serious questions about the context in which behavior is
measured, which behavior to measure, and the different factors that limit or
constrain behavior. This chapter will outline some of the major theoretical
standpoints for why dissociations between different measures occur in devel-
oping populations. As a case-study, core knowledge regarding the solidity
of objects will be discussed as this is an area that has received a great deal of
empirical attention which, over the years, has iteratively addressed a number
of different assumptions and critiques regarding developing knowledge’.
Piaget (1954) pioneered the behavioral response approach as a barometer
of underlying conceptual mechanisms in infants. He identified consistent
and universal patterns of performance operating throughout early childhood
that he interpreted to generate his theoretical model of stage-like progres-
sion toward increasingly more sophisticated mental representational capacity.
“However, this reliance on behavioral measures remains a source of criticism
and confusion regarding Piaget’s conclusions—to what extent do changes in
behavioral performance signal conceptual development or simply changes
in the child’s ability to respond to the task demands? Rather than assuming
that failure on the performance measure implies that the child does not have




