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Abstract—Young infants have an impressive knowledge of material
objects. They appreciate that distinct objects cannot occupy the same
space at the same time, are internally cohesive units that maintain
their boundaries, and exist continuously in space and time. We report
a surprising limit to this body of understanding: Although 8-month-
olds responded to the “magical” disappearance of an object as an
unexpected event, they did not so respond to a magical appearance.
These results suggest that infants’ understanding of objects differs
from adult cognition in important respects. We discuss four possible
ways in which this finding can be reconciled with evidence that infants
appreciate the spatiotemporal continuity of objects.

Consider a magic show put on by a professional magician. There
are many fascinating tricks in her bag: She makes things disappear
into thin air (the Vanishing Lady); she makes things appear out of
nowhere (the Rabbit Out of the Hat). She cuts apart things that sud-
denly become whole again (Sawing the Lady in Half). She makes solid
objects pass through other solid objects (the Interlocked Iron Rings).
What is it that makes these events fascinating, so much so that people
will pay money to see them? In one way or another, each defies the
audience’s knowledge of the physical properties of objects. The audi-
ence knows that objects cannot just disappear; cannot “blip” instantly
from one place to another; cannot magically join together, or go
through other solid objects. Where does this knowledge of objects
come from?

Almost half a century ago, in his seminal bookThe Construction
of Reality in the Child, Piaget (1937/1954) proposed that the concep-
tion of objects as material entities, with an enduring existence inde-
pendent of one’s own perceptions, is a developmental construction
laboriously achieved over the first 2 years of life. Psychologists now
know that this is not so. An abundance of recent studies has shown
that infants as young as 3 months of age (the youngest tested) possess
a wealth of knowledge about objects (see, e.g., Baillargeon, 1986,
1993; Baillargeon, Spelke, & Wasserman, 1985; Spelke, 1988, 1994;
Spelke, Breinlinger, Macomber, & Jacobson, 1992). Based on an
extensive body of research, Spelke developed a theory of the nature
of this early understanding, proposing that humans are innately
endowed with a domain-specific system of knowledge of inanimate
physical objects, consisting of a set of principles that define object-
hood (see, e.g., Spelke et al., 1992). These principles constitute the
foundational core of humans’ physical knowledge, a “naive physics”
upon which further physical knowledge is built (Spelke, 1991; Carey
& Spelke, 1994).

The object principle with the most experimental support is perhaps
that of spatiotemporal continuity: Objects follow a continuous 

pathway through space and time—they cannot discontinuously jump
from one place to another or into and out of existence. A pioneering
experiment by Baillargeon et al. (1985) was the first to show that
infants expect an object to continue to exist once out of sight. In this
experiment, a screen was located flat on a table in front of a small
box. The screen then rotated upward, obscuring the box from view,
and continued its movement, rotating backward into the space occu-
pied by the box until it lay flat, with no box in sight. Five-month-olds
looked longer at this event than they did when the screen stopped its
backward motion at the point at which it should have encountered the
box. Many subsequent experiments, using different stimuli and tech-
niques, have replicated the same basic phenomenon: Infants are sur-
prised by the discontinuous, or “magical,” disappearance of an object
from its location (e.g., Baillargeon, 1986, 1987; Chiang & Wynn,
1997; Leslie, 1991; Xu & Carey, 1996; see also Spelke & Kesten-
baum, 1986).

No studies, however, have yet addressed the complement violation
of continuity: the magical appearance of an object. Both are equal vio-
lations of the continuity principle. In the case of magical disappear-
ance, the trajectory of an object through space-time abruptly ends; in
the case of magical appearance, the trajectory of an object through
space-time abruptly begins.1 However, there are reasons to suspect that
these two violations of continuity may not be psychologically equiva-
lent. There exist specialized cognitive processes for tracking objects
(e.g., Kahneman, Treisman, & Gibbs, 1992; Trick & Pylyshyn, 1994).
These processes continually generate updated information about an
object’s location; the sudden nonoccurrence of a tracked object in its
specified location (as would occur in a magical disappearance) con-
flicts with this information. However, these processes generate infor-
mation about tracked objects only; therefore, the appearance of a new
(and hence not previously tracked) object, as in a magical appearance,
would not pose any conflict with the information generated by these
processes, because there is no prior information about that object for
the appearance to conflict with.

In this article, we investigate how infants respond to the magical
appearance of an object.
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1. One interpretation of a magical disappearance is that the object has vio-
lated temporal continuity by ceasing to exist. In this case, the space-time tra-
jectory for that object ends completely. Another possible interpretation,
however, is that the object has ceased to exist at that location; it has blipped dis-
continuously to a different location, violating spatial but preserving temporal
continuity. In this case, the space-time trajectory does not end completely but
contains a break along the spatial dimension. A magical appearance can like-
wise be interpreted either as the initial commencement of an object’s existence
or as the sudden, discontinuous arrival of a preexisting object from some dis-
tant location, as if by means of the “Star Trek” transporter. Whichever inter-
pretation is chosen, the violation of continuity is symmetrical for a magical
appearance and a magical disappearance; the space-time trajectories for the two
are mirror images of each other.
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EXPERIMENT 1

Method

Subjects
Participants were 67 normal, full-term infants (30 females),with a

mean age of 8 months,8 days (range:7 months,15 days, to 8 months,
18 days). Thirty-six additional infants were tested but were excluded
because of experimenter error (10 infants), equipment failure 
(1 infant),or failure to complete at least two pairs of test trials because
of fussiness (9 infants) or disinterest (16 infants).

Design
We compared infants’ looking to “magical” versus “expected”

appearances and disappearances of an object. Infants were placed
either in an appearancecondition,in which they were presented with
six event sequences whose outcomes alternated between a magical and
an expected appearance of an object (32 infants),or in a disappear-
ancecondition,in which they were presented with six trials alternat-
ing between the same two event sequences,this time resulting in a
magical and an expected disappearance (35 infants). The two groups
contained approximately equal numbers of males and females. For
half the infants in each condition,the objects used in the experiment
were gumball-sized rectangular blocks; for the other infants,they were
lemon-sized pyramids.

Apparatus
Subjects sat in an infant seat facing a yellow display stage that

could be hidden by the lowering of a black curtain. Additional black
curtains surrounded the stage and blocked from view the rest of the
room, the experimenter, and the observers who measured infants’
looking time. Two camouflaged trap doors were located in the back
wall of the stage; through them,objects could be placed onto or
removed from the stage. Two small screens could be rotated in place
to obscure portions of the stage from the infants’ view; when in 
place, these screens hid the action of the trap doors. Objects used were
constructed from blue Lego blocks; the smaller objects were rectan-
gular in shape, with a size of 1.5 cm 3 1.5 cm 3 2.0 cm; the larger
objects approximated a pyramid in shape, with a base of 4.7 cm2 and
a height of 3.0 cm.

Procedure
Infants were placed in the infant seat; parents and a background

observer stood behind the seat. Infants were first introduced to the
empty display: A gloved hand entered the display and patted the floor
and walls, and the screens and then the black curtain were raised and
lowered three times each. Infants were then presented with two famil-
iarization and six test trials alternating between two action sequences,
described shortly. Familiarization trials were the same as test trials with
the exception that the screens did not rotate downward to reveal an out-
come, but remained raised, and looking times were not recorded. Order
of the two action sequences was counterbalanced across subjects.

In the object-removed-from-display trials (Fig. 1a),infants initially
saw two objects on the display stage. A hand entered the display, pick-
ing up and putting down again the right-hand object and then exiting
the display. The two screens rotated upward to obscure the objects.
The hand then entered again, reached behind the right-hand screen,
and removed that object from the display. The two screens then rotat-
ed downward to reveal the entire stage area. For infants in the disap-

pearance condition,the screens dropped to reveal a single object
behind the left-hand screen only (the expected disappearance),as
expected by adults (Fig. 1c). For infants in the appearance condition,
the screens dropped to reveal an object behind each screen (the magi-
cal appearance; see Fig. 1d).

In the object-placed-behind-screentrials (Fig. 1b),infants first saw
an object left of center; a hand placed another object right of center;
the two screens rotated up,occluding the left object only, and the hand
pushed the right object behind the right screen. The screens then
dropped to reveal a solitary object behind the left screen (the magical
disappearance) to infants in the disappearance condition (Fig. 1c),and
to reveal an object behind each screen (the expected appearance) to
infants in the appearance condition (Fig. 1d).

The presence of the left-hand object in the display eliminated prac-
tical difficulties with presenting an empty stage to infants in the dis-
appearance condition; a scene so lacking in visual detail might not
capture their interest sufficiently to generate meaningful looking
times. When the smaller rectangular blocks were used, the left-hand
object was picked up briefly and placed back down at the beginning of
each trial so as to call attention to it. When the stimuli were the larger
pyramids, the left-hand object was not manipulated after its initial
placement onto the stage at the beginning of the experiment.

Infants’ looking time to the outcome on each test trial was mea-
sured by an observer who was hidden behind a curtain and was
unaware of the condition and of the action presented on each trial.
Timing of an infant’s looking on a trial began when the screens
dropped, and ended when the infant either (a) looked away from the
display for 2 consecutive seconds after having looked at the display for
at least 0.5 s or (b) had looked for 30 cumulative seconds,whichever
came first. At the end of each trial, the black curtain was lowered to
obscure the entire display for approximately 2 s,then raised to begin
the next trial.

Results

Infants in the two conditions showed different patterns of looking
to the outcomes. A repeated measures univariate analysis of variance
(ANOVA) on infants’looking times with condition (disappearance vs.
appearance) and kind of object (small block vs. large pyramid) as
between-subjects factors,and trial action (object placed behind screen
vs. object removed from display) and test-trial pair (first, second, or
third) as within-subjects factors, revealed a significant interaction
between condition and trial action,F(1, 63) = 4.051,p < .05.2 Post hoc
within- and between-subjects analyses revealed that infants looked
significantly longer at a magical disappearance (8.8 s) than at an
expected disappearance (6.7 s),magical appearance (6.1 s),or expect-
ed appearance (6.5 s),all Fs > 5,all ps < .05; infants did not distin-
guish these latter three kinds of events,all Fs < 1 (see Fig. 2).

2. There were three other significant effects. A main effect of trial action
showed that, overall, infants looked longer on object-placed-behind-screen tri-
als (7.8 s) than on object-removed-from-display trials (6.5 s),F(1, 63) = 8.974,
p < .005. A main effect of test-trial pair revealed a tendency to look longer on
the first pair of test trials (8.3 s) than on the second (6.6 s) and third (6.3 s)
pairs, F(2, 112) = 6.728,p < .005. Finally, a Test-Trial Pair 3 Kind of Object
3 Condition interaction reflected that infants in the disappearance condition
who were shown the pyramid stimulus maintained higher levels of looking on
the second and third pairs of test trials relative to other infants,
F(2, 112) = 3.146,p < .05.
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Fig. 1. Sequence of events and outcomes presented to infants in Experiment 1. Trials alternated between an object-removed-from-display action
(a) and an object-placed-behind-screen action (b). Infants in the disappearance condition (35 infants) always saw an outcome of one object (c);
those in the appearance condition (32 infants) always saw an outcome of two objects (d). 
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Fig. 2. Infants’looking times to the different events in Experiment 1
across the three pairs of test trials.
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Fig. 3. Infants’mean looking times to magical and expected appearances and disappearances of each stimulus object separately in Experiment
1. Significant comparisons (expected vs. magical) are indicated by asterisks.

Nonparametric analyses revealed a similar pattern. Wilcoxon
signed-ranks tests showed that in the disappearance condition,more
infants preferred the magical disappearance (26 infants) than the
expected disappearance (9 infants),z = 2.735,p < .005,one-tailed,
whereas in the appearance condition,infants showed no preference
for the magical appearance (14 infants) over the expected appearance 
(18 infants),z < 1.

Moreover, looking patterns were the same both for infants shown
the large pyramid and for those shown the small block (see Fig. 3).
Infants shown the pyramid looked significantly longer at the magical
disappearance (10.1 s) than the expected disappearance (7.5 s),
t(17) = 2.687,p < .01,one-tailed. They did not distinguish between
the pyramid’s magical appearance (6.7 s) and expected appearance
(7.0 s),t(15) < 0.5. Similarly, infants presented with the small block
looked significantly longer at the magical disappearance (7.5 s) than
at the expected disappearance (5.8 s),t(16) = 1.882,p < .05, one-
tailed; but they did not distinguish the magical appearance (5.5 s)
from the expected appearance (6.0 s),t(15) < 1. Nonparametric
Wilcoxon signed-ranks tests showed the same pattern. Of the infants
shown the pyramid object,significantly more looked longer at the
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magical disappearance (14 infants) than at the expected disappearance 
(4 infants),z = 2.243,p < .05,one-tailed; there was no preference for
the magical (7 infants) over the expected (9 infants) appearance, z< 1.
Of the infants shown the small block, marginally significantly more
preferred the magical disappearance (12 infants) to the expected dis-
appearance (5 infants),z = 1.586,p = .056,one tailed; there was no
preference for the magical appearance (7 infants) over the expected
appearance (9 infants),z < 1.

In sum,all analyses revealed the same finding: Infants responded
to the magical disappearance, but not the magical appearance, of an
object as an unexpected event.

EXPERIMENT 2

It is possible that the presence of the left-hand screen and object in
Experiment 1 reduced infants’attentiveness to the events on the right-
hand side of the display, and thus made it more difficult for them to
detect the magical appearance. In Experiment 2, we investigated
whether infants would detect the magical appearance of a larger, more
salient object in a simplified display containing only a single screen
and object.

Method

The method was identical to that of the appearance condition of
Experiment 1,with the exceptions noted.

Subjects
Participants were 16 normal, full-term infants (8 females),with a

mean age of 8 months,28 days (range:7 months,28 days,to 9 months,
12 days). Six additional infants were tested but were excluded because
of experimenter error (3 infants) or failure to complete at least two
pairs of test trials because of fussiness (2 infants) or disinterest 
(1 infant).

Design
The design was identical to that of the appearance condition of

Experiment 1:Infants were presented with a familiarization phase and
two familiarization trials, followed by six test trials that alternated
between a magical appearance (following an object-removed-from-
display event) and an expected appearance (following an object-
placed-behind-screen event), with order counterbalanced across
subjects (see Fig. 4). On all test trials, following the event sequence,
the screen dropped to reveal an object behind it. We did not include a
disappearance group of infants in this experiment because a complete-
ly empty stage might be so uninteresting to infants as to fail to gener-
ate meaningful looking times. Moreover, infants already demonstrated
success at detecting a magical disappearance in Experiment 1,even
with its more complex display.

Apparatus
The stimulus object was a neon-pink cylinder with a height of 6.0

cm and a diameter of 6.9 cm. A green display stage with a single

Fig. 4. Sequence of events and outcomes presented to infants in Experiment 2. Trials alternated between an object-removed-from-display action
and an object-placed-behind-screen action.
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screen located at its center was used. A single trap door located in the
back wall of the display was hidden from view when the screen was
raised; an object could be surreptitiously inserted into the display
through this door.

Results

A repeated measures univariate ANOVA on infants’looking times
with trial action (object placed behind screen vs. object removed from
display) and test-trial pair (first, second, or third) as within-subjects
factors revealed that infants did not discriminate between the two
kinds of trials, looking equally at the magical appearance (8.2 s) and
the expected appearance (8.7 s),F(1, 15) < 1 (see Fig. 5).3 Nonpara-
metric tests revealed the same pattern: A Wilcoxon signed-ranks test
found no preference for the magical appearance (5 infants) over the
expected appearance (11 infants),z < 1. In sum,even when the object
was larger and more salient and the display was simplified, infants did
not detect the magical appearance of an object.

DISCUSSION

There are some experimental situations in which infants of 
8 months or younger do appear to detect the “magical” appearance of
an item. How can these be reconciled with our finding that infants are
not surprised by a magical appearance?

First, Kotovsky, Mangione, and Baillargeon (1995; see Bail-
largeon,1995) showed 6.5-month-olds a screen flat on a table. The
screen then rotated up toward the infant,continuing forward in a 180°
arc until it lay flat to reveal (impossibly) a doll in the exact location of
the screen’s initial position on the table. Under certain conditions,
infants distinguished this event from a possible one in which the
screen was initially not flat, but angled so that it was not violating the
space of the to-be-revealed doll. There are two important ways in
which this experiment differs from ours: In the study by Kotovsky et
al., the infants did not actually see the location under the screen prior
to the screen’s rotation, so they did not see that nothing was there; and
when the screen dropped, the doll appeared in the exact physical space
just occupied by the screen. Thus,although one interpretation of the
event is that the doll suddenly “sprouted”into existence upon the drop-
ping of the screen (a violation of continuity), a different interpretation
is that the doll existed at the screen’s initial location all along but occu-
pied the same space as the screen (a violation of the solidity principle).
Infants may therefore have been detecting and responding to a viola-
tion of solidity rather than one of continuity.

Second, previous research has shown that infants can determine the
correct results of simple additions and subtractions of small numbers
of physical objects,and are surprised when the resulting number of
objects that is shown to them is incorrect,as,for example, when it con-
tains an “extra” item (Baillargeon, 1994; Koechlin, Dehaene,
& Mehler, 1998; Moore, 1997; Simon,Hespos,& Rochat, 1995;
Wynn, 1992, 1995b).4 For example, when shown one object that is
then obscured by a screen,and subsequently shown another object

placed behind that screen, infants expect there to be precisely two
objects behind the screen and will look longer if the screen drops to
reveal three objects. And when shown a similar situation in which one
object is removed from behind a screen occluding two objects,infants
look longer if the screen drops to reveal two objects than if it drops to
reveal one object.

It has been proposed that these findings result from infants’
numerical knowledge, not knowledge of objects. On this proposal,
infants possess a dedicated mental structure, the accumulator mecha-
nism,for representing and reasoning about number (Gallistel & Gel-
man, 1992; Wynn, 1990, 1992, 1995a, 1995b; see also Meck &
Church, 1983,who originally posited this mechanism as the basis for
numerical competence in rats). In the situations just described, the
accumulator computes the numerical result of the operation and
detects mismatches between the observed and expected number of
items,not the magical appearance of an object. The accumulator, by
virtue of its structure, represents only positive integer values; it can-
not represent other values,such as negative numbers, fractions,and

3. The only significant effect was a main effect of trial pair, F(2, 27) =
7.981,p < .005,showing that, overall, infants looked longer on the first pair of
trials (11.6 s) than on the second and third pairs (7.0 and 6.3 s,respectively).

4. These studies allow us to rule out one possible explanation of the 
findings reported here: Perhaps infants failed to look longer at the magical

Fig. 5. Infants’looking times to the different events in Experiment 2
across the three pairs of test trials.

appearance because on the object-removed-from-display trials—the trials in
which the appearance was magical—infants’attention was drawn away from
the display, “f ollowing” the hand and object out of the display. If that were so,
we would not expect infants to detect the numerically inconsistent outcomes in
these experiments. Moreover, in an additional experiment highly similar 
in design to those reported in this article, infants were alternately shown one
object removed from behind a screen occluding a group of three objects and
one object inserted behind a screen occluding a group of two objects; the screen
subsequently dropped to reveal three objects. Infants looked reliably longer on
the inconsistent trials, that is,on the trials in which the hand removed an object
from the display (Wynn, 1995b). Seeing a hand carry an object out of the dis-
play did not prevent infants from detecting the incongruity of the result
revealed behind the screen.



zero (Gallistel & Gelman,1992; Wynn, 1995a,1995b). This limita-
tion imposes a counterintuitive consequence:The accumulator will
output no numerical representation of the result of an operation that
leaves a remainder of zero items. The present study confirmed this
prediction:When a single item was removed from a location in which
exactly one item had been shown, infants showed no expectation that
zero items should have remained in that location. Some researchers
have suggested that infants’ abilities in numerical-reasoning situa-
tions derive not from specifically numerical capacities, but from
physical knowledge of objects (Koechlin et al., 1998; Leslie, Xu,
Tremoulet,& Scholl, 1998; Simon,1997; Uller, Carey, Huntley-Fen-
ner, & Klatt, 1994). Specifically, these researchers claim, the ability
to track individual objects,combined with the knowledge that objects
do not discontinuously appear, accounts for infants’ longer looking
when a given number of objects is expected in a location and an addi-
tional item is revealed there. Our finding weighs against this propos-
al: Infants did not respond with longer looking when an object
discontinuously appeared.

Why would the accumulator not treat the magical-appearance
event in Experiment 1 as a situation in which two objects are present
in the display, one is removed, and so one should remain? Findings
show that nonhuman animals construct distinct counts for entities in
distinct locations (e.g., Gallistel,1990),suggesting that the accumula-
tor is sensitive to location information when determining which items
to include in a single count,and when to set up distinct counts. Our
results suggest that the two spatially distinct screens served to demar-
cate two distinct locations for infants,leading them to construct a sep-
arate numerical expectation for each location. That is, it is possible
that infants in our Experiment 1 were representing not two items in the
display, but one item behind the left-hand screen and one item behind
the right-hand screen; when the latter object was removed, this left
zero objects behind the right-hand screen,a numerical value the accu-
mulator does not represent.

Our findings show that 8-month-olds are not surprised when an
object discontinuously appears. Yet numerous studies have shown that
infants under 8 months are surprised when an object discontinuously
disappears. How might this pattern of results inform understanding of
infants’knowledge of object principles,in particular, the principle of
spatiotemporal continuity? We see four possibilities,not necessarily
mutually inconsistent.

The first is that infants’knowledge of continuity is incomplete rel-
ative to that of adults:Infants may expect that objects do not discon-
tinuously cease to exist, but have no expectations of the conditions and
manner under which objects originate.

A second possibility is that different systems of reasoning are
recruited in detecting magical appearances and disappearances. If so,
infants may possess fully the same principled understanding of object
continuity as adults,but because of more limited reasoning capacities,
not readily identify a magical appearance as a violation of continuity.
To expect that an existing object will continue to exist entails antici-
pating the immediate future of an already-represented object. In con-
trast,detecting that a new, not-before-represented object’s appearance
is discontinuous may entail a process of “retrospective” reasoning
about the object’s immediate past,a capacity that may not be fully
functional at 8 months of age.

A third possibility is that infants do not represent aspects of a scene
in which there is no object. There is evidence for object-centered
attentional processes in adults (see, e.g., Baylis & Driver, 1993). If
infants’attentional processes and resulting representations of scenes

are largely object-centered, requiring the presence of an object to
engage attention or provide the basis of a mental representation of a
scene, then when the sole object in a particular scene or location exits
that location, infants’representation of the contents and properties of
that location may be erased. Thus,infants in our magical-appearance
situation may have failed to detect the discontinuous behavior of the
item because of an inability to represent aspects of an empty location,
including the very fact of its emptiness.

A final possibility is that infants’ understanding of objects is
embedded within the operation of cognitive processes that implicitly
incorporate certain aspects of object behavior. As we discussed earli -
er, there exist specialized processes for tracking objects and updating
their locations (Kahneman et al.,1992; Trick & Pylyshyn, 1994). The
sudden nonoccurrence of a tracked object in its expected location con-
flicts with the outputs of these processes. However, the appearance of
a new object creates no such conflict, because these processes specify
information only about tracked objects. When a new object is detect-
ed, the system decides whether to track it or not; if so,it commences
tracking. This fourth possibility suggests a picture of early cognition
in which different cognitive systems (e.g., for tracking objects,for
determining number) generate representations of different aspects 
of the world, in ways that may operate in accordance with principles
of object behavior. There will inevitably be representational gaps,
aspects of a situation for which no system has generated an expecta-
tion. Representing the continued absence of any object in a given loca-
tion may be one such gap.

At some point in development,clearly, people become able to
detect a magical appearance as a violation of normal object behavior.
Otherwise, magicians could not make a living pulling rabbits out of
hats! Learning precisely what characterizes infants’ failure to do so
will inf orm understanding of the foundations of humans’physical
knowledge. Learning how humans overcome this limitation will shed
light on the nature of the development of adult cognition.
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