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Abstract

Recent research on infants’ responses to occlusion and containment events indicates that, although

some violations of the continuity principle are detected at an early age e.g. 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; Hespos, S. J., & Baillargeon, R. (2001).

Knowledge about containment events in very young infants. Cognition 78, 207–245; Luo, Y., &

Baillargeon, R. (in press). When the ordinary seems unexpected: Evidence for rule-based reasoning

in young infants. Cognition; Wilcox, T., Nadel, L., & Rosser, R. (1996). Location memory in healthy

preterm and full-term infants. Infant Behavior & Development 19, 309–323, others are not detected

until much later e.g. Baillargeon, R., & DeVos, J. (1991). Object permanence in young infants:

Further evidence. Child Development 62, 1227–1246; Hespos, S. J., & Baillargeon, R. (2001).

Infants’ knowledge about occlusion and containment events: A surprising discrepancy.

Psychological Science 12, 140–147; Luo, Y., & Baillargeon, R. (2004). Infants’ reasoning about

events involving transparent occluders and containers. Manuscript in preparation; Wilcox, T. (1999).

Object individuation: Infants’ use of shape, size, pattern, and color. Cognition 72, 125–166. The

present research focused on events involving covers or tubes, and brought to light additional

examples of early and late successes in infants’ ability to detect continuity violations. In Experiment

1, 2.5- to 3-month-old infants were surprised (1) when a cover was lowered over an object, slid to the

right, and lifted to reveal no object; and (2) when a cover was lowered over an object, slid behind
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the left half of a screen, lifted above the screen, moved to the right, lowered behind the right half of

the screen, slid past the screen, and finally lifted to reveal the object. In Experiments 2 and 3, 9- and

11-month-old infants were not surprised when a short cover was lowered over a tall object until it

became fully hidden; only 12-month-old infants detected this violation. Finally, in Experiment 4, 9-,

12-, and 13-month-old infants were not surprised when a tall object was lowered inside a short tube

until it became fully hidden; only 14-month-old infants detected this violation. A new account of

infants’ physical reasoning attempts to make sense of all of these results. New research directions

suggested by the account are also discussed.

q 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Spelke and her colleagues (e.g. Carey & Spelke, 1994; Spelke, 1994; Spelke,

Breinlinger, Macomber, & Jacobson, 1992; Spelke, Phillips, & Woodward, 1995) have

proposed that, from birth, infants interpret physical events in accord with a core principle

of continuity, which states that objects exist continuously in time and space. This principle

has many corollaries: for example, that stationary objects, whether visible or hidden, exist

continuously in time; that moving objects, whether visible or hidden, travel along spatially

continuous paths; and that two objects, whether visible or hidden and whether stationary or

moving, cannot occupy the same space at the same time.1

Spelke’s proposal (e.g. Carey & Spelke, 1994; Spelke, 1994; Spelke et al., 1992, 1995)

might be taken to suggest that infants, at all ages, should detect all salient violations of the

continuity principle. However, there is growing evidence that infants do not in fact detect

all salient continuity violations: although some violations are detected at a young age,

others are not detected until much later. Most of this evidence comes from violation-of-

expectation tasks (e.g. Baillargeon, 1998; Wang, Baillargeon, & Brueckner, 2004). In a

typical experiment, infants see two test events: an expected event, which is consistent with

the expectation examined in the experiment, and an unexpected event, which violates this

expectation. With appropriate controls, evidence that infants look reliably longer at the

unexpected than at the expected event is taken to indicate that they (1) possess the

expectation under investigation; (2) detect the violation in the unexpected event; and

(3) are surprised by this violation. The term “surprise” is used here simply as a short-hand

descriptor, to denote a state of heightened attention or interest caused by an expectation

violation.

To illustrate the claim that some continuity violations are detected at an early age but

others not, consider the results of recent experiments on infants’ responses to occlusion

and containment events. On the one hand, (1) 2.5-month-old infants are surprised when an

object disappears behind one occluder and reappears from behind another occluder
1 This last corollary is often referred to as the solidity principle. Here we follow Spelke’s lead (e.g. Carey &

Spelke, 1994; Spelke et al., 1995) in viewing solidity as a consequence of a more general principle of continuity.

Solidity comes into play whenever two objects are involved: for each object to exist continuously, the two cannot

occupy the same space at the same time.
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without appearing in the gap between them (Aguiar & Baillargeon, 1999; Luo &

Baillargeon, in press; Wilcox, Nadel, & Rosser, 1996); (2) 2.5-month-old infants are

surprised when an object is lowered inside a container through its closed top (Hespos &

Baillargeon, 2001b); and (3) 2.5-month-old infants are surprised when an object that has

been lowered inside a container is revealed when the container is slid aside (Hespos &

Baillargeon, 2001b). On the other hand, (1) infants less than 3.5 months of age are not

surprised when a tall object becomes hidden behind a short occluder (Aguiar &

Baillargeon, 2002; Baillargeon & DeVos, 1991); (2) infants less than 7.5 months of age are

not surprised when two objects, identical except for pattern (e.g. dots or stripes), emerge

successively from behind a screen too narrow to hide them both (Wilcox, 1999; Wilcox &

Chapa, 2004); (3) infants less than 7.5 months of age are not surprised when a tall object

becomes hidden inside a short container (Hespos & Baillargeon, 2001a); (4) infants less

than 9.5 months of age are not surprised when an object becomes hidden inside a

transparent container (Luo & Baillargeon, 2005); and (5) infants less than 11.5 months of

age are not surprised when two objects, identical except for color, emerge successively

from behind a screen too narrow to hide them both (Wilcox, 1999; Wilcox & Chapa,

2004). Infants thus detect some continuity violations at a young age, but others only much

later.

How can we reconcile these seemingly divergent results (for additional results, see

Baillargeon, 1987, 1991, 1993, 1995; Newcombe, Huttenlocher, & Learmonth, 1999;

Spelke et al., 1992; Wang et al., 2004)? To address this question, we have been developing

a new account of infants’ physical reasoning that builds on Spelke’s proposal (e.g. Carey

& Spelke, 1994; Spelke, 1994; Spelke et al., 1992, 1995) and attempts to make sense of

infants’ early and late successes at detecting different continuity violations. In this article,

we briefly describe this new reasoning account and then report experiments that tested two

of its predictions, one concerning younger infants and one older infants.

1.1. An account of infants’ physical reasoning

Our account of infants’ physical reasoning rests on four main assumptions (see Fig. 1).

First, when watching a physical event, infants build a specialized physical representation

that is used to predict and interpret the event’s outcome. Second, the information in

infants’ physical representation of an event becomes subject to a few core principles,

including that of continuity (e.g. Carey & Spelke, 1994; Spelke, 1994; Spelke et al., 1992,

1995).2
2 Leslie (1994, 1995) has suggested that, from birth, infants interpret physical events in accord with a primitive

notion of force. When watching an object push another object, for example, infants represent a force—like a

directional arrow—being exerted by the first object onto the second one. In Leslie’s (1994) own vivid words,

infants’ physical-reasoning system “takes, as input, descriptions that make explicit the geometry of the objects

contained in a scene, their arrangements and their motions, and onto such descriptions paints the mechanical

properties of the scenario” (p. 128). In a similar way, one might suggest that the principle of continuity bestows

continued existence upon objects: all other things being equal, objects in physical representations are expected to

persist, with all of their physical properties, through time and space. Although the events used in the present

research involved forces (e.g. hands lifting, lowering, and sliding covers or objects), we focus here only on those

aspects of the events that concerned the continuity principle.



Fig. 1. Schematic presentation of the reasoning account for younger (a) and older (b) infants.
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Third, in the first weeks of life, infants’ physical representation of an event typically

includes only basic spatial and temporal information about the event (see Fig. 1(a); e.g.

Kestenbaum, Termine, & Spelke, 1987; Leslie, 1994; Needham, 2000; Slater, 1995;

Spelke, 1982; Yonas & Granrud, 1984). This basic information specifies primarily (1) how

many distinct objects are involved in the event (e.g. are there two objects present?);

(2) what is the geometry of each object (e.g. is one object open at the top to form a

container, open at the bottom to form a cover, or open at both ends to form a tube?); and (3)

what is the spatial arrangement of the objects and how does it change over time (e.g. is one

object being placed behind, inside, or under the other object?). The basic information thus

captures essential aspects of the event, but leaves out most details: for example, it includes

no information about the relative sizes of the objects (e.g. is one object taller or wider than

the other object?), or about their surface appearance (e.g. are the objects transparent or

opaque, dotted or striped, red or green?).

Fourth, with experience, infants include more and more of this detailed information, or

variable information, in their physical representations (see Fig. 1(b)). Recent evidence

indicates that, as they learn about physical events, infants form distinct event categories,

such as occlusion and containment events (e.g. Aguiar & Baillargeon, 2003; Casasola &

Cohen, 2002; Casasola, Cohen, & Chiarello, 2003; Hespos & Baillargeon, 2001a; Luo &

Baillargeon, 2005; McDonough, Choi, & Mandler, 2003; Wilcox & Chapa, 2002); for each

category, infants gradually identify a series of variables that enables them to predict

outcomes within the category more and more accurately over time (e.g. Aguiar &

Baillargeon, 2002; Baillargeon, 1991; Dan, Omori, & Tomiyasu, 2000; Huettel &

Needham, 2000; Kotovsky & Baillargeon, 1998; Sitskoorn & Smitsman, 1995; Wang,

Kaufman, & Baillargeon, 2003; Wilcox, 1999; for recent reviews, see Baillargeon, 2002,

2004; Baillargeon & Wang, 2002). This variable knowledge determines what detailed

information infants include in their physical representations. When watching an event,

infants first represent the basic information about the event, and use this information to

categorize it. Infants then access their knowledge of the event category selected.
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This knowledge specifies the variables that have been identified as relevant to the category

(e.g. the relative heights of the occluder and object in occlusion events, or the transparency

of the container in containment events), and hence that should be included in the physical

representation of the event. Variables not yet identified are typically not included in the

representation.

To illustrate our reasoning account, consider first the finding that infants aged 7.5 months

and older are surprised when a tall object is lowered inside a short container until it becomes

hidden (Hespos & Baillargeon, 2001a). The account suggests that, when watching this event,

infants represent the basic information about the event and interpret this information in

accord with their continuity principle (“object being lowered inside container through open

top”). Next, infants categorize the event as a containment event, and access their knowledge

of this event category. Because at 7.5 months this knowledge includes the variable height,

infants include information about the relative heights of the object and container in their

physical representation of the event. This variable information then becomes subject to

infants’ continuity principle, making it possible for them to detect the continuity violation in

the event: they recognize that the object is too tall to become hidden inside the short container.

Infants younger than 7.5 months, who have not yet identified height as a containment

variable, typically do not include height information in their physical representations of

containment events. As a result, this information is not available and hence cannot be

interpreted in accord with infants’ continuity principle. Infants thus fail to detect continuity

violations involving tall objects and short containers (Hespos & Baillargeon, 2001a).

Next, consider the finding that infants aged 2.5 months and older are surprised when an

object is lowered inside a container through its closed top (Hespos & Baillargeon, 2001b).

According to the reasoning account, infants again represent the basic information about

the event and interpret this information in accord with their continuity principle (“object

being lowered inside container through closed top”). In this case, no variable information

(e.g. about the relative sizes or surface appearance of the object and container) is needed

for infants to detect the continuity violation in the event: the interpretation of the basic

information alone is sufficient for them to realize that the object should not have been able

to pass through the closed top of the container.
1.2. Basic and variable continuity violations

Implicit in the reasoning account presented in the last section is the distinction between

two types of continuity violations: those that can be detected through the inclusion and

interpretation of purely basic information, or basic continuity violations; and those that

can only be detected through the inclusion and interpretation of additional, variable

information, or variable continuity violations. According to the account, basic violations

should be detected early, because they involve information that even young infants

typically include in their physical representations of events.3 In contrast, variable
3 We do not mean to imply that there are no improvements with age in infants’ ability to represent the basic

information about events; for example, the range of cues infants can use to represent depth relations between

objects certainly increases with age (e.g. Held, Thorn, Gwiazda, & Bauer, 1996; Yonas & Granrud, 1984).
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violations should be detected at somewhat later ages, after infants have identified the

appropriate variables and include information about these variables in their physical

representations.

In the opening paragraphs of this article, we reviewed evidence of early as well as late

successes in infants’ responses to continuity violations in occlusion and containment

events (e.g. Aguiar & Baillargeon, 1999, 2002; Baillargeon & DeVos, 1991; Hespos &

Baillargeon, 2001a,b; Luo & Baillargeon, 2005, in press; Wilcox, 1999; Wilcox & Chapa,

2004; Wilcox et al., 1996). Our reasoning account helps explain these divergent results: it

makes clear that the early successes involved basic violations, and the late successes

variable violations. In order to detect the violation that occurs when an object fails to

appear between two occluders (e.g. Aguiar & Baillargeon, 1999; Luo & Baillargeon, in

press; Wilcox et al., 1996), or when an object that has been lowered inside a container is

revealed when the container is slid aside (e.g. Hespos & Baillargeon, 2001a), infants need

only represent the basic information about the objects present, their open/closed surfaces,

and their spatial arrangement over time. However, to detect the violation that occurs when

a tall object becomes hidden behind a short occluder (e.g. Baillargeon & DeVos, 1991;

Baillargeon & Graber, 1987; Hespos & Baillargeon, 2001a), or when an object that has

been lowered inside a transparent container is not visible through the front of the container

(e.g. Luo & Baillargeon, 2005), infants must represent not only the basic information

about the objects, but also more detailed–or variable information about their relative sizes

or surface appearance. According to the reasoning account, infants typically do not include

information about the variable height in their representations of occlusion events, or about

the variable transparency in their representations of containment events, until they have

identified these variables.

1.3. The present research

If the reasoning account introduced in the previous sections is correct, then one would

expect the same general pattern of early successes with basic continuity violations, and

later successes with variable continuity violations, to be observed not only in occlusion

and containment events, but in other event categories as well. Experiments 1–3 examined

whether this pattern would be found in infants’ responses to covering events—events in

which rigid covers are lowered over objects.

Experiment 1 asked whether 2.5- to 3-month-old infants would succeed in detecting

basic continuity violations in covering events. The infants saw test events in which a cover

was lowered over an object and then slid or lifted to a new location. In the violations,

(1) the object failed to move with the cover when slid to a new location, or (2) the object

moved with the cover when lifted to a new location. Although fairly complex, these

violations could nevertheless be detected through the inclusion and interpretation of basic

information about the presence and spatial arrangement of the cover and object; no

variable information (e.g. about the relative heights or widths of the cover and object) was

necessary for the violations to be detected.

Experiments 2 and 3 asked whether 9- to 12-month-old infants would succeed in

detecting a variable continuity violation in a covering event. The infants saw test events

in which a cover was lowered over a tall object until the object became fully hidden.
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In the violation, the cover was considerably shorter than the object. Unlike the violations

shown in Experiment 1, this violation could only be detected through the inclusion and

interpretation of variable information, specifically, information about the relative heights

of the cover and object.

Why did we choose to study covering events? It seemed plausible that infants might

view these events as a distinct event category. Many of infants’ initial event categories

appear to capture relatively simple spatial relations between objects, such as “object

behind other object” (occlusion), “object inside container” (containment), or “object on

other object” (support) (e.g. Casasola et al., 2003; McDonough et al., 2003; Spelke &

Hespos, 2001; see also Quinn & Eimas, 1996, for a review of spatial categorization in

young infants).4 Covering events would seem to capture yet another spatial relation,

“object under cover”. These different spatial relations often lead to different physical

outcomes. Contrast, for example, events in which an object is placed behind an

occluder, inside a container, or under a cover. We would expect the object to remain

stationary when the occluder or the cover but not the container is lifted vertically.

Conversely, we would expect the object to move when the container or the cover but not

the occluder is slid to the side. These distinct clusters of spatial and mechanical

relationships may well provide the bases for infants’ early event categories (e.g. Keil,

1995; Leslie, 1995; Pauen, 1999).

We were aware that, despite the above differences, containment and covering events

might initially form a single, indistinct category for infants; after all, a cover is often no

more than an inverted container. If this were the case, then the present research could

provide additional evidence of early and late successes in infants’ ability to detect

continuity violations in containment events—but it could not extend these results to a new

event category. Fortunately, Experiments 2 and 3 could shed light on this issue. These

experiments examined whether infants aged 9–12 months could reason about the variable

height in covering events. Recall that the variable height is identified at about 7.5 months

in containment events (Hespos & Baillargeon, 2001a). If infants view events involving

containers and covers as a single, indistinct category, then they should also be able to

reason about the variable height in covering events at about 7.5 months. Thus, evidence

that infants do not attend to height information in covering events until later in the first

year would suggest that infants view events involving containers and covers as distinct

categories, and do not generalize variables identified in the context of containment events

to covering events (see Baillargeon, 2002; Baillargeon & Wang, 2002, for discussion of

other lags or décalages in infants’ physical reasoning).

2. Experiment 1

The reasoning account presented in the Introduction suggests that young infants should

detect any continuity violation, in any event category, as long as this violation involves
4 Hespos and Baillargeon (2001a) found that 4.5-month-old infants are surprised when a tall object becomes

almost fully hidden behind but not inside a short container. This finding makes clear that spatial relations play a

key role in infants’ categorization of events: an object being lowered behind a container is categorized as an

occlusion event, not a containment event.
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only the basic spatial and temporal information they can represent. Experiment 1

examined 2.5- to 3-month-old infants’ ability to detect basic continuity violations in

covering events (for related findings with older infants, see Baillargeon, Graber, DeVos, &

Black, 1990; Leslie & Das Gupta, cited in Leslie, 1995). The infants were assigned to a

slid- or a lifted-cover condition; all of the infants saw test events in which a rigid cover was

lowered over a toy duck and then moved.

The infants in the slid-cover condition first received four familiarization trials (see

Fig. 2). These trials were designed to acquaint the infants with the duck (duck event),

the cover (cover event), and the cover’s motion (cover-motion event); the first two

events were shown on the first and second trials, respectively, and the third event was

shown on the third and fourth trials. Next, the infants received a test trial in which they

saw one of two test events (see Fig. 3). At the beginning of each event, the duck rested

on the left end of a platform (from the infants’ point of view); an experimenter’s

gloved hand held the cover above the duck. To start, the hand lowered the cover over

the duck and then slid the cover to the right end of the platform. Next, the hand lifted
Fig. 2. Schematic drawing of the familiarization events shown in the slid-cover condition of Experiment 1.



Fig. 3. Schematic drawing of the test events shown in the slid-cover condition of Experiment 1.
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the cover to reveal either the duck (duck-present event) or no duck (duck-absent event).

Finally, the hand rotated the cover 908 upward to show its empty interior. This entire

event sequence was then repeated in reverse (the cover was rotated downward, lowered

to the platform, slid to the left, and lifted), and the whole event cycle was repeated

until the trial ended.

Our reasoning was as follows. If the infants represented the basic information in

the test events and interpreted it in accord with their continuity principle, then they

should (1) believe that the duck continued to exist after it became hidden under the

cover; (2) assume that the duck was pushed by the cover along the platform; (3)

expect the duck to be revealed when the cover was lifted at the right end of the

platform; and (4) be surprised in the duck-absent event when this expectation was

violated. The infants who saw the duck-absent event should thus look reliably longer

than those who saw the duck-present event.

In the lifted-cover condition, a screen slightly taller than the duck hid the central portion

of the platform. The infants again received four familiarization trials (see Fig. 4) followed

by a single test trial in which they saw one of two test events (see Fig. 5). At the start of

each test event, the cover and duck were visible to the left of the screen. The hand lowered

the cover over the duck, slid the cover behind the left half of the screen, lifted it above the

screen, moved it to the right until it was above the right half of the screen, lowered it to

the platform behind the screen, and finally slid it past the screen to the right end of the

platform. As in the slid-cover condition, the hand lifted the cover to reveal either the duck

(duck-present event) or no duck (duck-absent event), and then rotated the cover 908

upward to show its empty interior.

We reasoned that if the infants represented the basic information in the test events and

interpreted it in accord with their continuity principle, then they should (1) believe that

the duck continued to exist after it became hidden under the cover; (2) assume that the

duck was pushed by the cover behind the left half of the screen; (3) infer that the duck



Fig. 4. Schematic drawing of the familiarization events shown in the lifted-cover condition of Experiment 1.
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remained on the platform when the cover was lifted above the screen; (4) expect that no

duck would be revealed when the cover was lifted at the right end of the platform; and (5)

be surprised in the duck-present event when this expectation was violated. The infants who

saw the duck-present event should thus look reliably longer than those who saw the duck-

absent event. Opposite looking patterns were therefore predicted for the slid- and lifted-

cover conditions.5
5 One possible question about the design of Experiment 1 might concern our choice of a between-subjects as

opposed to a within-subject design. Why not show the infants in each condition both the duck-present and duck-

absent events on alternate trials? We have found in previous experiments that when very young infants are shown

two complex events on successive trials, they sometimes produce differential responses to the first but not the

second event (e.g. Hespos & Baillargeon, 2001b; see also Baillargeon, 1995, for a discussion of similar findings

with older infants). It seems plausible that very young infants could predict the outcome of one complex event,

but become either confused or fatigued when a (perceptually similar yet conceptually) different complex event is

presented in the next trial. When piloting Experiment 1, it rapidly became obvious that the infants responded

differentially only on the first test trial they received, so we adopted the between-subjects design described here.



Fig. 5. Schematic drawing of the test events shown in the lifted-cover condition of Experiment 1.
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2.1. Method
2.1.1. Participants

Participants were 36 healthy term infants, 18 male and 18 female, ranging in age from 2

months, 15 days to 3 months, 8 days (MZ2 months, 28 days). An additional 22 infants

were tested but eliminated, because they were fussy (10), inattentive (6), or active (3), or

because they required substantial breaks for feeding or diaper change (3).6 The infants

were randomly assigned to the four experimental groups formed by crossing the two cover

and the two event conditions: slid-cover/duck-absent (8 infants; MZ2 months, 27 days),

slid-cover/duck-present (10 infants; MZ2 months, 26 days), lifted-cover/duck-absent

(8 infants; MZ3 months, 1 day), and lifted-cover/duck-present (10 infants; MZ2 months,

29 days).

The infants’ names in this and the following experiments were obtained from a file of

birth announcements published in the local newspaper. Parents were contacted by letters

and follow-up phone calls; they were offered reimbursement for their travel expenses but

were not compensated for their participation.
2.1.2. Apparatus

The apparatus consisted of a wooden display box 106 cm high, 101 cm wide, and 35 cm

deep that was mounted 76 cm above the room floor. The floor, back wall, and side walls of

the apparatus were covered with pastel contact papers. Each infant faced an opening 41 cm

high and 95 cm wide in the front wall of the apparatus. Between trials, a curtain consisting

of a wooden frame 61 cm high, 100 cm wide, and covered with white muslin, was lowered
6 A large proportion of eliminated participants is not uncommon in research with very young infants (e.g.

Aguiar & Baillargeon, 1999, 2002; Baillargeon & DeVos, 1991; Canfield & Haith, 1991; Haith & McCarty, 1990;

Hespos & Baillargeon, 2001b; Luo & Baillargeon, in press).
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in front of this opening. An experimenter introduced her right hand (in a long black glove)

into the apparatus through a window in the back wall. This window was 15 cm high, 30 cm

wide, and filled with a white muslin fringe; it was located 20.5 cm above the apparatus

floor, 34.5 cm from the left wall. Centered 15 cm above the window was a peephole 5 cm

high and 13 cm wide that was used by the experimenter to monitor her actions; a flap

prevented eye contact between the infant and experimenter.

A platform 16 cm high, 76 cm wide, and 31 cm deep rested on the apparatus floor

against the back wall, 15 cm from the left wall. The entire platform was covered with a

gray granite contact paper. In the platform’s top surface were two openings, each 9 cm

wide, 7 cm deep, and located 11 cm from the front of the platform. The openings were

23 cm apart, and the left opening was located 21 cm from the left edge of the platform.

Running at the front and back of the openings, from the left edge of the left opening to the

right edge of the right opening, were two parallel strips, 8 cm apart; each strip was made of

light blue felt and was 44.5 cm long, 1.5 cm deep, and 0.2 cm thick. The cover was slid on

these felt strips, smoothly and silently.

Under the platform, each opening had a set of two wooden boards hinged on its left and

right sides. Each board was 12 cm wide and 9 cm deep and was covered with the same

contact paper as the platform. One board in each set had a toy duck attached diagonally to

its center (duck board); the other board was empty (empty board). Each board had a handle

that protruded through the back of the apparatus. By means of these handles, a secondary

experimenter could rotate one of the boards in each set upward 908 to close the opening.

In the closed position, a board lay 0.2 cm below the top surface of the platform. The front

of the platform extended 2.5 cm above its top surface to help hide this surface and the two

openings from the infant’s view.

Three identical toy ducks were used in the events; two were attached to boards, and

the third was used in the duck familiarization event. Each duck was made of bright

yellow plastic, had an orange bill and black eyes, and was 8 cm high, 6 cm wide, and

9 cm deep.

The cover used in the events was made of cardboard, cube-shaped, and 10 cm a side. Its

exterior was white and its edges were outlined with red tape; its interior was green and

decorated with small white triangles. A red knob 1.5 cm high and 3 cm in diameter was

affixed to the top of the cover.

In the lifted-cover condition, a blue screen 9 cm high and 20 cm wide was placed on the

top of the platform, against its front wall, centered between the two openings.

The infants were tested in a brightly lit room. One 150-W, one 60-W, and three 40-W

lamps attached to the front and back wall of the apparatus provided additional light. Two

frames, each 182 cm high, 71 cm wide, and covered with green cloth, stood at an angle on

either side of the apparatus; these frames served to isolate the infants from the test room.

2.1.3. Events

Two experimenters worked in concert to produce the events: the primary experimenter

wore the glove and manipulated the duck and cover; the secondary experimenter operated

the boards for each opening in the platform. To help the experimenters adhere to the

events’ prescribed scripts, a metronome beat softly once per second. A camera mounted

behind and next to the infant projected an image of the events onto a TV screen in
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a different part of the test room; a supervisor monitored the events to confirm that they

followed the prescribed scripts. In the next sections, the numbers in parentheses indicate

the time taken by the experimenters to perform the actions described.

2.1.3.1. Slid-cover condition.

Familiarization events. The infants saw three different familiarization events: a duck

event, a cover event, and a cover-motion event.

At the start of the duck event, the primary experimenter’s gloved right hand held

the duck centered 11 cm above the closed opening (i.e. the empty board concealed the

opening) in the left end of the platform. After a 1-s pause, the hand lowered the duck to the

platform (2 s), paused for 1 s, and then lifted it back to its starting position (2 s). Each

event cycle thus lasted about 6 s. For this and all other events, cycles were repeated until

the trial ended (see below).

At the start of the cover event, the duck rested on the closed opening (i.e. the duck board

concealed the opening) in the left end of the platform, and the hand held the cover centered

3 cm above the duck. After a 1-s pause, the hand rotated the cover 908 upward so that its

opening faced the infant (2 s), paused for 1 s, and then returned the cover to its initial

position (2 s). Each cycle thus lasted about 6 s.

At the start of the cover-motion event, the cover rested over the closed opening (empty

board) in the left end of the platform. The hand slid the cover 32 cm to the right end of the

platform (2 s), paused for 2 s, returned the cover to its original position (2 s), and then

paused for another 2 s. Each event cycle thus lasted about 8 s.

Test events. The infants saw one of two test events: a duck-present or a duck-absent

event.

At the start of the duck-present event, the duck rested on the closed opening (duck

board) in the left end of the platform; the hand held the cover 3 cm above the duck. The

hand lowered the cover over the duck (2 s) and then paused for 2 s, to allow the secondary

experimenter to surreptitiously remove the duck (by substituting the empty board for the

duck board). Next, the hand slid the cover 32 cm to the right (2 s) and again paused for 2 s,

to allow the secondary experimenter to surreptitiously replace the duck (by substituting the

duck board for the empty board). Finally, the hand lifted the cover above the duck (1 s) and

rotated it 908 upward to show its empty interior (1 s). The entire sequence was then

repeated in reverse. Each event cycle thus lasted about 20 s.

The duck-absent event was identical to the duck-present event except that the secondary

experimenter did not replace the duck at the right end of the platform. The secondary

experimenter simply opened and closed the empty board, so that whatever faint noise cues

were present in the duck-present event were also present in the duck-absent event.

2.1.3.2. Lifted-cover condition.

Familiarization events. As in the slid-cover condition, the infants saw duck, cover, and

cover-motion familiarization events. In all of these events, the small screen hid the center

of the platform. The duck and cover events were otherwise identical to those shown in

the slid-cover condition. In the cover-motion event, the hand slid the cover 11 cm to the

right until it was hidden behind the left half of the screen (1 s). Next, the hand lifted the

cover 11 cm (1 s), moved it 10 cm to the right (1 s), lowered it to the platform behind
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the right half of the screen (1 s), and finally slid it 11 cm to the right (1 s). After a 1-s pause,

the entire sequence was repeated in reverse: the experimenter slid the cover behind the

right half of the screen (1 s), lifted it above the screen (1 s), moved it to the left (1 s),

lowered it behind the left half of the screen (1 s), slid it to its original position at the left end

of the platform (1 s), and paused for 1 s. Each event cycle thus lasted about 12 s.

Test events. As in the slid-cover condition, the infants saw either a duck-present or a

duck-absent test event. In both events, the small screen hid the center of the platform.

In the duck-present event, the hand lowered the cover over the duck (2 s) and then

paused for 2 s, to allow the secondary experimenter to surreptitiously remove the duck.

Next, the hand slid the cover behind the left half of the screen (1 s), lifted the cover (1 s),

moved it to the right (1 s), and lowered it behind the right half of the screen (1 s). The hand

then slid the cover to the right end of the platform (1 s) and again paused for 2 s, to allow

the secondary experimenter to replace the duck. Finally, the hand lifted the cover above

the duck (1 s) and rotated it 908 upward (1 s). The entire sequence was then repeated in

reverse. Each event cycle thus lasted about 26 s.

The duck-absent event was identical to the duck-present event except that the

secondary experimenter did not replace the duck at the right end of the platform. The

secondary experimenter simply opened and closed the empty board to equate noise cues

across the two test events.

2.1.4. Procedure

During the experiment, each infant sat on a parent’s lap, centered in front of the

apparatus. The infant’s head was approximately 48 cm from the platform. Prior to the start

of the experiment, the infant was shown, for a few seconds, the experimenter’s black

glove, the duck, and the cover. Parents were instructed to remain silent and neutral during

the experiment and to close their eyes during the test trial.

The infant’s looking behavior was monitored by two observers who viewed the infant

through peepholes in the cloth-covered frames on either side of the apparatus. Each

observer held a button linked to a computer and depressed the button when the infant

looked at the event. The looking times recorded by the primary observer were used to

determine when a trial had ended (see below).

The infants first received four familiarization trials. All the infants saw the duck event

during the first trial and the cover event during the second trial. During the third and fourth

trials, the infants saw the cover-motion event appropriate for their condition.

Each familiarization trial ended when the infants either (1) looked away from the event

for 2 consecutive seconds after having looked at it for at least 12 cumulative seconds or

(2) looked for 60 cumulative seconds without looking away for 2 consecutive seconds. The

12-s minimal value was chosen to ensure that the infants had the opportunity to observe at

least one cycle of each event (cycles ranged from 6 to 12 s).

Following the familiarization trials, the infants saw the test event appropriate for their

cover and event condition for a single test trial. This trial ended when the infants either

(1) looked away from the event for 0.5 consecutive second after having looked at it for at

least 10 (slid-cover condition) or 13 (lifted-cover condition) cumulative seconds, or

(2) looked for 60 cumulative seconds without looking away for 0.5 consecutive second.

The 10- and 13-s minimal values were chosen to ensure that the infants had the opportunity
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to observe whether the duck was present or absent when the cover was lifted at the right

end of the platform.

To assess interobserver agreement during the familiarization and test trials, each trial

was divided into 100-ms intervals, and the computer determined in each interval whether

the two observers agreed on whether the infant was or was not looking at the event. Percent

agreement was calculated for each trial by dividing the number of intervals in which the

observers agreed by the total number of intervals in the trial. Agreement was measured for

34 of the 36 infants (only one observer was present for two of the infants) and averaged

92% per trial per infant.

Preliminary analyses of the familiarization and test data revealed no significant

interaction among cover condition, event condition, and sex, both Fs(1, 28)Z0.01; the

data were therefore collapsed across sex in subsequent analyses.
2.2. Results
2.2.1. Familiarization trials

The infants’ looking times during the four familiarization trials (see Fig. 6) were

averaged and analyzed by means of a 2!2 analysis of variance (ANOVA) with cover

condition (slid- or lifted-cover) and event condition (duck-present or duck-absent) as

between-subjects factors. The interaction between cover condition and event condition

was not significant, F(1, 32)Z1.27, pO.10, suggesting that the infants in the four

experimental groups looked about equally during the familiarization trials (slid-cover/

duck-present: MZ50.5, SDZ13.1; slid-cover/duck-absent: MZ50.9, SDZ17.0; lifted-

cover/duck-present: MZ53.1, SDZ13.8; and lifted-cover/duck-absent: MZ51.2,

SDZ14.0). No other effect was significant.
2.2.2. Test trials

The infants’ looking times during the test trial (see Fig. 6) were analyzed as above. The

cover condition!event condition interaction was significant, F(1, 32)Z10.08, p!.005.

Planned comparisons indicated that (1) in the slid-cover condition, the infants who saw the

duck-absent event (MZ43.9, SDZ18.3) looked reliably longer than those who saw

the duck-present event (MZ24.3, SDZ17.6), F(1, 32)Z5.75, p!.025; and (2) in the

lifted-cover condition, the reverse looking pattern was found: the infants who saw

the duck-present event (MZ39.8, SDZ19.1) looked reliably longer than those who saw

the duck-absent event (MZ22.6, SDZ12.7), F(1, 32)Z4.38, p!.05.7

Non-parametric Wilcoxon Rank-Sum tests confirmed the results of the slid-cover

(WsZ52.5, p!.01) and lifted-cover (WsZ52, p!.0025) conditions.
7 The test looking times of the infants in Experiment 1 were also compared by means of an analysis of

covariance (ANCOVA), using the same factors as in the ANOVA and, as a covariate, the infants’ mean looking

times during the familiarization trials. The results of the ANCOVA were consistent with those of the ANOVA.

The condition!event interaction was again significant, F(1, 31)Z8.44, p!.01. Moreover, planned comparisons

confirmed that (1) in the slid-cover condition, the infants who saw the duck-absent event looked reliably longer

than those who saw the duck-present event, F(1, 31)Z5.82, p!.05, and (2) in the lifted-cover condition, the

infants produced the reverse pattern, F(1, 31)Z4.43, p!.05.



Fig. 6. Mean looking times of the infants in Experiment 1 at the familiarization and test events.
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2.2.3. A perceptual-preference interpretation?

It has recently been suggested that some of the violation-of-expectation results taken

to indicate rich cognitive abilities in young infants—such as the ability to represent

and reason about hidden objects—might be more parsimoniously explained in terms of low-

level perceptual preferences infants either bring to the laboratory or develop in the course of

the familiarization or habituation trials they receive prior to the test trials (e.g. Bogartz,

Shinskey, & Schilling, 2000; Bogartz, Shinskey, & Speaker, 1997; Cashon & Cohen, 2000;

Rivera, Wakeley, & Langer, 1999; Roder, Bushnell, & Sasseville, 2000; Schilling, 2000;

Thelen & Smith, 1994; see Wang et al., 2004, for discussion). Could the results of

Experiment 1 be attributed to such preferences? It might be proposed that the infants in the

slid-cover condition preferred the duck-absent event because they had formed an

association between the duck and cover during the cover familiarization event, and now

expected to see the duck whenever the cover was lifted above the platform. However,

according to this interpretation, the infants in the lifted-cover condition, who had seen the

same cover familiarization event, should also have preferred the duck-absent event, but they
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did not. It might also be proposed that the infants in the lifted-cover condition preferred the

duck-present event because they had never seen the duck on the right side of the platform

(recall that the duck was shown on the left side of the platform in the duck and cover events),

and found this novel sight attractive. However, according to this interpretation, the infants in

the slid-cover condition, who had seen the same duck and cover events, should also have

preferred the duck-present event, but again they did not. It thus seems unlikely that low-level

preferences could account for the results of Experiment 1.
2.3. Discussion

In the slid-cover condition, the infants who saw the duck-absent event looked reliably

longer than those who saw the duck-present event. These results suggest that the infants

(1) believed that the duck continued to exist after it became hidden under the cover;

(2) assumed that the duck was pushed by the cover along the platform; (3) expected the

duck to be revealed when the cover was lifted at the right end of the platform; and thus

(4) were surprised in the duck-absent event when this expectation was violated.

In the lifted-cover condition, the infants who saw the duck-present event looked

reliably longer than those who saw the duck-absent event. These results suggest that the

infants (1) believed that the duck continued to exist after it became hidden under the cover;

(2) assumed that the duck was pushed by the cover behind the left half of the screen;

(3) inferred that the duck remained on the platform when the cover was lifted above the

screen;8 (4) expected that no duck would be revealed when the cover was lifted at the right

end of the platform; and thus (5) were surprised in the duck-present event when this

expectation was violated.

The results of Experiment 1 extend prior results by showing that 2.5- to 3-month-old

infants can detect basic continuity violations in covering as well as in occlusion and

containment events (e.g. Aguiar & Baillargeon, 1999; Hespos & Baillargeon, 2001b; Luo

& Baillargeon, in press; Wilcox et al., 1996). As such, the present results provide support

for the prediction, derived from the reasoning account presented in the Introduction, that

young infants should be able to detect any continuity violation, in any event category, as

long as it involves only the basic information they can represent.

The results of Experiment 1 also have implications for infants’ ability to reason about

invisible displacements. According to traditional accounts (e.g. Piaget, 1954), this ability

does not emerge until late in the second year of life. However, the present results suggest

that it may emerge much earlier. Recall that in the lifted-cover condition, the duck was left
8 Why did the infants in the lifted-condition expect the duck to remain on the platform when the cover was lifted

above the screen? At least two possibilities exist. One is that the infants noted at the end of the first event cycle

that the duck remained on the left end of the platform when the cover was lifted above it. In subsequent cycles, the

infants might have expected the duck to again remain on the platform when the cover was lifted above the screen.

The other possibility (which we think more likely) is that the infants brought to bear their knowledge of support

events: they realized that the duck could not move up with the cover. Previous research indicates that 3- and 4-

month-old infants expect an object to fall when released in midair (e.g. Baillargeon, 1995; Needham &

Baillargeon, 1993); perhaps 2.5- to 3-month-old infants already possess the same expectation (experiments are

under way to test this possibility).
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behind the screen when the cover was lifted, and was picked up again by the cover when

the sequence was performed in reverse. Because the infants never observed these invisible

displacements directly, they could only succeed by inferring them.
3. Experiment 2

According to the reasoning account described in the Introduction, even older infants

should fail to detect a variable continuity violation in an event category, when this

violation involves a variable they have not yet identified as relevant to the category and

hence do not typically include in their physical representations of events from the

category. Experiment 2 examined 9-month-old infants’ ability to detect a variable

continuity violation in a covering event.

The infants received two test trials in which they saw two test events. At the start of

each event, a rigid cover rested on the apparatus floor to the left of a tall object; an

experimenter’s gloved hand grasped the top of the cover (see Fig. 7). After a pause,

the hand lifted the cover, moved it above the object, and then lowered it until it rested on

the apparatus floor and thus fully hid the object. Finally, the hand released the cover,

withdrew a short distance, and paused. The infants saw this paused scene—with the cover

resting on the apparatus floor, hiding the object, and the hand poised a short distance

away—until the trial ended. The only difference between the two test events had to do with

the cover used. In the tall-cover event, the cover was slightly taller than the object; in the

short-cover event, the cover was only about half as tall as the object, so that it should have

been impossible for the cover to fully hide the object.

We reasoned that if the 9-month-old infants in Experiment 2 had already identified

height as a covering variable, then they should include information about the relative

heights of the object and cover in their physical representation of each test event, and they

should interpret this information in accord with their continuity principle. As a result, the

infants should expect the object to become fully hidden under the tall but not the short

cover, and they should be surprised in the short-cover event when this last expectation was
Fig. 7. Schematic drawing of the test events shown in Experiment 2.
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violated. The infants should thus look reliably longer at the short- than at the tall-cover

event. Conversely, if the infants had not yet identified height as a covering variable, then

they should fail to include information about the relative heights of the object and cover

when representing each test event, and they should therefore fail to notice that the object

was too tall to become fully hidden under the short cover. The infants should thus look

about equally at the short- and tall-cover events.

A final comment about the design of Experiment 2 might be in order. As noted above,

the infants were given no familiarization or habituation trials: they received only test trials.

In this we followed the example of Hespos and Baillargeon (2001a), who obtained positive

results with 7.5-month-old infants in a violation-of-expectation task with test trials only.

There were two main reasons for giving the infants in Experiment 2 only test trials. First,

as shown by Hespos and Baillargeon, familiarization or habituation trials do not appear to

be necessary when older infants are presented with simple events involving an

experimenter’s hand lowering an object behind an occluder, inside a container, and so

on. If familiarization or habituation trials are not needed to help infants orient to a task,

there is obviously no reason to provide them; indeed, without such trials, infants may be

less likely to be bored or inattentive during the test trials. Second, as was mentioned

earlier, some researchers have suggested that infants tested with violation-of-expectation

tasks involving hidden objects may look reliably longer at the unexpected than at the

expected events, not because they can represent and reason about hidden objects, but

because the familiarization or habituation trials induce in them transient preferences for

the unexpected events (e.g. Bogartz et al., 2000; Cashon & Cohen, 2000; Roder et al.,

2000; Schilling, 2000; Thelen & Smith, 1994). Evidence that infants also succeed in tasks

with test trials only can help alleviate these concerns (for additional evidence and

discussion, see Wang et al., 2004).
3.1. Method
3.1.1. Participants

Participants were 12 healthy term infants, 5 male and 7 female, ranging in age from 8

months, 9 days to 9 months, 25 days (MZ9 months, 0 day). One additional infant was

tested but eliminated because of fussiness.
3.1.2. Apparatus

The apparatus used in Experiment 2 was the same as in Experiment 1, except that the

floor and back wall were changed. The new floor had a hole 7.5 cm in diameter located

56.5 cm from the left wall and 31 cm from the front of the apparatus. The new back wall

stood 50 cm from the front of the apparatus and had a window 36 cm high and 42 cm wide

extending from its lower edge, 32 cm from the left wall. As in Experiment 1, the window

was filled with a white muslin fringe. An experimenter introduced her right hand (in a

yellow rubber glove) into the apparatus through this window.

The two covers used in the events were made of plastic piping material 0.5 cm thick,

were 11.5 cm in diameter, and were closed at the top with construction paper. The short

cover was 8.5 cm tall; it was covered with green contact paper and decorated with
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horizontal yellow stripes at the top and bottom. The tall cover was 17 cm tall and was

covered with gray granite contact paper.

The object used in the events was collapsible and composed of an outer and an inner

cylinder made of cardboard 0.2 cm thick. The outer cylinder was 6.5 cm in diameter and

16 cm high. The lower half of the cylinder was not visible to the infants: it protruded

through the hole in the apparatus floor. The upper half of the cylinder was covered with red

contact paper and was decorated at the top and bottom with fuzzy bright orange pompoms.

The top pompoms were about 1 cm in diameter, and the bottom pompoms about 1.5 cm;

the bottom pompoms hid the hole in the apparatus floor and also prevented the outer

cylinder from falling through the hole. The inner cylinder was closed at the top and was

6 cm in diameter and 15 cm tall. The bottom 8 cm portion of the cylinder was not visible to

the infants: it stood hidden inside the outer cylinder and was covered with thin sponges.

These sponges filled the space between the inner and outer cylinders and thus prevented

the inner cylinder from falling through the outer cylinder (and the hole in the apparatus

floor). The top 7 cm portion of the cylinder was again covered with red contact paper. The

pompoms at the top of the outer cylinder hid the small gap between the inner and outer

cylinders.

At the start of each test event, the object was 15 cm tall (7 cm inner cylinder and 8 cm

outer cylinder). In the tall-cover event, the object remained fully extended under the tall

cover. In the short-cover event, the inner cylinder was pressed downward by the interior

top surface of the short cover as it was lowered over the object; the inner cylinder glided

silently and smoothly inside the outer cylinder, making it possible for the object to become

fully hidden, as in the tall-cover event.

Finally, a non-collapsible replica of the object, 15 cm tall, was shown to the infants

prior to the experiment (see below).

3.1.3. Events

A single experimenter produced the test events. To help the experimenter adhere to the

events’ prescribed scripts, a metronome beat softly once per second. A camera mounted

behind and next to the infant projected an image of the events onto a TV screen in a

different part of the test room; a supervisor monitored the events to confirm that they

followed the prescribed scripts.

Tall-cover event. At the start of the tall-cover event, the experimenter’s gloved right

hand grasped the top of the tall cover, which rested on the apparatus floor 42 cm from

the left wall and 29 cm from the front of the apparatus; the object stood centered 2 cm to

the right of the cover. The experimenter maintained her position until the computer

signaled that the infant had looked at the display for 2 cumulative seconds. This pretrial

gave the infants the opportunity to inspect the cover and object and to compare their

heights.

Following the pretrial, the tall-cover event proper began; this event was composed of

two distinct phases, an initial and a final phase. During the initial phase, the experimenter

lifted the cover 17.5 cm (1 s) and moved it to the right 12.5 cm until it was centered 2.5 cm

above the object (1 s). Next, the hand lowered the cover to the apparatus floor, thus fully

hiding the object (2 s). Finally, the hand released the cover, moved about 12 cm to the left

of the cover (1 s), and paused. The initial phase thus lasted about 5 s. During the final
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phase, the infants saw the same paused scene—with the cover resting on the apparatus

floor and the hand poised a short distance away—until the trial ended (see below).

Short-cover event. The short-cover event was identical to the tall-cover event except

that the short cover was substituted for the tall one.

3.1.4. Procedure

As in Experiment 1, each infant sat on a parent’s lap centered in front of the apparatus.

The infant’s head was approximately 85 cm from the cover. Prior to the experiment, the

experimenter knelt next to the parent’s chair and showed the infant her gloved right hand

and the non-collapsible object. To make clear to the infant that the object was not

collapsible, the experimenter stood the object on the palm of her left hand and tapped its

top firmly a few times with her right hand. Finally, the experimenter showed each cover,

one at a time, calling the infant’s attention to its closed top and hollow interior.

During the experiment, the infants saw the tall- and short-cover test events on two

successive trials. Half of the infants saw the short-cover event on the first trial and the tall-

cover event on the second trial; the other infants saw the two events in the reverse order.

Looking times during the initial and final phases of each trial were computed separately.

The infants’ mean looking time during the initial, 5-s phase of each trial (beginning after

the pretrial, when the experimenter lifted the cover), was 4.9 s; the infants thus looked

almost continuously during the initial phase. The final phase of each trial ended when the

infant either (1) looked away from the paused scene for 2 consecutive seconds after having

looked at it for at least 3 cumulative seconds, or (2) looked at the paused scene for 60

cumulative seconds without looking away for 2 consecutive seconds. Interobserver

agreement during the final phase of each test trial was calculated for all 12 infants and

averaged 95% per trial per infant.

Preliminary analyses of the test data revealed no significant interaction involving sex

and event, both Fs(1, 8)!1.19, pO.10; the data were therefore collapsed across sex in

subsequent analyses.

3.2. Results

The infants’ looking times during the final phase of each test trial (see Fig. 8) were

analyzed by means of a 2!2 ANOVA with order (short- or tall-cover event first) as a

between-subjects factor and event (short- or tall-cover) as a within-subject factor.

The main effect of event was not significant, F(1, 10)Z0.31, indicating that the infants

tended to look equally at the short- (MZ20.9, SDZ10.0) and tall-cover (MZ19.4,

SDZ9.8) events. This result was confirmed by a non-parametric Wilcoxon Signed-Ranks

test, TZ52, pO.10.

3.2.1. Additional results: Experiment 2A

Why did the 9-month-old infants in Experiment 2 look about equally at the two test

events? There were at least two possible interpretations for this negative result. A first

interpretation, consistent with the reasoning account presented in the Introduction, was

that the infants had not yet identified height as a variable in covering events, and hence did

not include information about the relative heights of the cover and object in their physical



Fig. 8. Mean looking times of the infants in Experiments 2 and 2A at the test events.
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representations of the test events. As a result, the infants failed to detect the continuity

violation in the short-cover event: they did not notice that the object was too tall to become

fully hidden under the short cover. This interpretation suggests that infants regard covering

events as distinct from containment events, and do not generalize variables from

containment to covering events: recall that 7.5-month-old infants attend to height

information in containment events, and are surprised when a tall object becomes almost

fully hidden inside a short container (Hespos & Baillargeon, 2001a).

However, another interpretation for the negative results of Experiment 2 was that the

infants had identified height as a covering variable, but some aspect of our procedure made

it difficult for them to reveal this knowledge. In Hespos and Baillargeon (2001a), for

example, the event in each test trial was shown repeatedly until the trial ended; in

Experiment 2, in contrast, each event was shown only once per trial. Perhaps our infants

failed to detect the violation in the short-cover event because they did not have sufficient

opportunity to observe this violation, or because they rapidly became bored with the

paused scene in the final phase of the trial and so did not process it appropriately.

To examine this alternative interpretation, an additional group of 9-month-olds was

tested in Experiment 2A using a procedure similar to that of Experiment 2 with two

exceptions: the covers were turned upside-down and used as containers, and the object was

lowered into the short or tall container until it became fully hidden. For half of the infants

(experimental condition), the object was the tall, non-collapsible object used in

Experiment 2 (see Fig. 9); for the other infants (control condition), the object was shorter

and could be fully hidden inside either container.

We reasoned that if the infants in Experiment 2 failed because at 9 months infants have

identified the variable height in containment but not in covering events, then the results of



Fig. 9. Schematic drawing of the test events shown in the experimental condition of Experiment 2A.

S.-h. Wang et al. / Cognition 95 (2005) 129–173 151
Experiment 2A should replicate those of Hespos and Baillargeon (2001a): the infants in

the experimental condition should look reliably longer at the short- than at the tall-

container test event, whereas those in the control condition should look about equally at

the two events. On the other hand, if the infants in Experiment 2 failed because our

procedure was less optimal than that used by Hespos and Baillargeon, then the infants in

the experimental and control conditions of Experiment 2A should all tend to look equally

at the short- and tall-container events.

Participants were 24 9-month-old infants, 10 male and 14 female, ranging in age from 8

months, 7 days to 10 months, 1 day (MZ9 months, 3 days). Two additional infants were

tested but eliminated, one because a sneeze ended one of the infant’s test trials, and the

other because the infant showed an extreme bias (of over 40 s) for one of the test events.

Half of the infants were assigned to the experimental condition (MZ9 months, 3 days),

and half to the control condition (MZ9 months, 3 days). The apparatus and stimuli used in

Experiment 2A were similar to those in Experiment 2 with the following exceptions. First,

the tall and short covers were turned upside-down to serve as containers. Second, a new

floor was used that had a hole 10 rather than 7.5 cm in diameter. Third, in the experimental

condition, the tall object was used throughout the experiment (the bottom of the object was

9.5 cm in diameter, with its pompoms, making the larger hole necessary). Each container

was placed over the hole, 2 cm to the right of the object. In the tall-container event, the

object was simply lowered inside the tall container; it rested 2 cm below the top of the

container and was not visible to the infants (recall that the object was 15 cm tall and the tall

container 17 cm tall). In the short-container event, the bottom of the container was

removed and the object was lowered through the hole in the apparatus floor until it again

rested 2 cm below the top of the container and was no longer visible to the infants; a

platform beneath the hole ensured that the object was always lowered to the same depth.

Fourth, in the control condition, the tall, non-collapsible object was replaced with a similar

but shorter object that could be fully hidden inside either container; this short object was

6.5 cm tall, 5.5 cm in diameter, covered with red contact paper, and decorated at the

bottom with orange pompoms about 1.5 cm in diameter. In each event, the container
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(with its bottom intact) was placed over the hole, and the short object was simply lowered

inside the container.

Prior to the experiment, the experimenter first showed the infant her gloved right hand

and the tall or short object; she then showed each container, one at a time, calling the

infant’s attention to its hollow interior and closed bottom. Next, the infants saw the short-

and tall-container events appropriate for their condition on two successive trials; half of

the infants in each condition saw the short-container event first, and half saw the tall-

container event first. As in Experiment 2, each trial began with a pretrial that allowed the

infants to inspect the object and container and to compare their heights. When the

computer signaled that the infant had looked for 2 cumulative seconds, the initial phase of

the trial began. The experimenter’s hand lifted the object (1 s) and moved it to the right

12.5 cm until it was centered 2.5 cm above the short or tall container (1 s). Next, the hand

lowered the object until it became fully hidden inside the container (2 s). Finally, the hand

released the object, moved about 12 cm to the left of the container (1 s), and paused. The

initial phase thus lasted about 5 s, as in Experiment 2. The infants’ mean looking time

during this phase was 4.9 s, indicating that they tended to look continuously.

During the final phase of each test trial, the infants saw the paused scene—with the

object hidden inside the short or tall container and the hand poised a short distance away—

until the trial ended. The criteria for ending the trials were the same as in Experiment 2.

Interobserver agreement was calculated for all 24 infants and averaged 95% per test trial

per infant. Preliminary analyses of the test data revealed no significant interaction

involving sex and event, all Fs(1, 16)!1.73, pO.10; the data were therefore collapsed

across sex in subsequent analyses.

The infants’ looking times during the final phase of each test trial (see Fig. 8) were

analyzed by means of a 2!2!2 ANOVA with condition (experimental or control) and

order (short- or tall-container event first) as between-subjects factors and event (short- or

tall-container) as a within-subject factor. The analysis revealed a significant condition!
event interaction, F(1, 20)Z5.42, p!.05. Planned comparisons indicated that the infants

in the experimental condition looked reliably longer at the short- (MZ25.2, SDZ16.3)

than at the tall-container (MZ16.2, SDZ12.5) event, F(1, 20)Z6.67, p!.025, whereas

those in the control condition tended to look equally at the two events (short-container

event: MZ17.4, SDZ9.3; tall-container event: MZ19.9, SDZ10.7), F(1, 20)Z0.50.

Non-parametric Wilcoxon Signed-Ranks tests confirmed the results of the experimental

(TZ78, p!.0005) and control (TZ44.5, pO.10) conditions.

In a final analysis, the looking times of the infants in Experiment 2 and in the

experimental condition of Experiment 2A were compared by means of a 2!2!2

ANOVA with experiment (2 or 2A) and order (short- or tall-cover/container event first) as

between-subjects factors and event (short- or tall-cover/container) as a within-subject

factor. The analysis revealed a significant main effect of event, F(1, 20)Z10.05, p!.005,

and a significant experiment!event interaction, F(1, 20)Z5.37, p!.05. Planned

comparisons confirmed that, whereas the infants in Experiment 2 tended to look equally

at the short- and tall-cover events, F(1, 20)Z0.36, those in the experimental condition

of Experiment 2A looked reliably longer at the short- than at the tall-container event,

F(1, 20)Z15.07, p!.001.
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3.3. Discussion

The infants in the experimental condition of Experiment 2A looked reliably longer at

the short- than at the tall-container test event, whereas those in the control condition

tended to look equally at the two events. Together, these results suggest that the infants

(1) realized that the short object could become fully hidden inside either container, and

that the tall object could become fully hidden inside the tall but not the short container, and

(2) were surprised when this last expectation was violated. These results indicate that, at

9 months of age, infants include information about the relative heights of objects and

containers in their physical representations of containment events. The results of

Experiment 2A are thus consistent with those obtained by Hespos and Baillargeon (2001a)

with 7.5-month-old infants.

In contrast to the infants in the experimental condition of Experiment 2A, those in

Experiment 2 tended to look equally at the short- and tall-cover test events. Why did they

do so? It does not seem likely that the infants were confused or misled by the procedure

used in Experiment 2, since the infants in Experiment 2A, who were tested with a very

similar procedure, succeeded in detecting the variable continuity violation they were

shown. Nor does it seem likely that infants generally have more difficulty reasoning about

covers than containers: recall that the 2.5- to 3-month-old infants in Experiment 1 were

presented with covering events and readily detected the basic continuity violations in these

events (see also Baillargeon et al., 1990; Leslie, 1995, for related findings with 5- to

6-month-old infants). Rather, it seems more likely, as suggested by the reasoning account

presented in the Introduction, that the 9-month-old infants in Experiment 2 had not yet

identified height as a variable relevant to covering events. As a result, the infants (1) did

not include information about the relative heights of the cover and object when

representing each test event; (2) could not interpret this (missing) information in accord

with their continuity principle; and thus (3) failed to notice that the object was too tall to

become fully hidden under the short cover.

At what age do infants typically identify height as a covering variable? To address this

question, 11- and 12-month-old infants were tested in Experiment 3 using the same

procedure as in Experiment 2.
4. Experiment 3
4.1. Method
4.1.1. Participants

Participants were 24 healthy term infants. There were 12 11-month-old infants, 6 male and

6 female, ranging in age from 11 months, 1 day to 11 months, 19 days (MZ11 months,

11 days), and 12 12-month-old infants, 6 male and 6 female, ranging in age from 11 months,

20 days to 12 months, 25 days (MZ12 months, 5 days). Three additional infants were tested

but eliminated because they showed an extreme bias (of over 40 s) for one of the test events.
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4.1.2. Apparatus, events, and procedure

The apparatus, events, and procedure used in Experiment 3 were identical to those in

Experiment 2. The 11- and 12-month-old infants’ mean looking times during the initial

phase of each test trial were 5 and 4.9 s, respectively. Interobserver agreement during the

final phase of each test trial was calculated for all 24 infants and averaged 95% per trial per

infant. Preliminary analyses of the test data revealed no significant interaction involving

sex and event, all Fs(1, 16)!1.17, pO.10; the data were therefore collapsed across sex in

subsequent analyses.
4.2. Results

The infants’ looking times during the final phase of each test trial (see Fig. 10) were

analyzed by means of a 2!2!2 ANOVA with age (11 or 12 months) and order (short- or

tall-cover event first) as between-subjects factors and with event (short- or tall-cover) as

a within-subject factor. The analysis yielded a significant main effect of event, F(1, 20)Z
6.01, p!.025, and a significant age!event interaction, F(1, 20)Z5.79, p!.05. Planned

comparisons indicated that (1) the 12-month-old infants looked reliably longer at

the short- (MZ26.0, SDZ12.7) than at the tall-cover (MZ14.4, SDZ6.8) event, F(1,

20)Z11.81, p!.005, but (2) the 11-month-old infants tended to look equally at the two

events, F(1, 20)Z.00 (short-cover event: MZ17.5, SDZ12.3; tall-cover event: MZ17.4,

SDZ13.0). Non-parametric Wilcoxon Signed-Ranks tests confirmed the results obtained

with the 12-month-olds (TZ66, p!.05) and 11-month-olds (TZ40, pO.10).
Fig. 10. Mean looking times of the infants in Experiments 3 and 3A at the test events.
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The ANOVA also revealed a significant order!event interaction, F(1, 20)Z20.02,

p!.00025. Examination of the data suggested that, overall, the infants in each order

condition tended to look longer at whichever test event they saw first. Because this effect did

not interact with age (the age!order!event interaction was not significant, F(1, 20)Z
0.07), it does not bear on the present issues and will not be discussed further.
4.2.1. Additional results: Experiment 3A

The 12-month-old infants in Experiment 3 detected the variable continuity violation in

the short-cover test event; in contrast, the 11-month-old infants, like the 9-month-old

infants in Experiment 2, did not. Together, these results suggest that, at about 12 months of

age, infants identify height as a covering variable, and begin including information about

the relative heights of covers and objects in their physical representations of covering

events. However, there was another, less interesting interpretation of the responses of the

12-month-old infants in Experiment 3: perhaps these older infants simply found the short

cover intrinsically more attractive than the tall cover.

To examine this alternative, perceptual-preference interpretation, an additional

group of 12-month-olds was tested in Experiment 3A using the same procedure as in

Experiment 3 with one exception: a shorter object was used that could be fully hidden

under either the short or the tall cover. We reasoned that if the 12-month-old infants

in Experiment 3 simply preferred the short over the tall cover, then the infants in

Experiment 3A should show the same preference and again look reliably longer at the

short- than at the tall-cover event. On the other hand, if the 12-month-old infants in

Experiment 3 realized that the tall object could be fully hidden under the tall but not

the short cover, then the infants in Experiment 3A should recognize that the short

object could be fully hidden under either cover, and they should thus look about

equally at the two test events.9

Participants were 12 healthy term infants, 6 male and 6 female, ranging in age from

11 months, 22 days to 12 months, 23 days (MZ12 months, 10 days). One additional infant

was tested but eliminated, because he showed an extreme bias (of over 40 s) for one of the

test events. The apparatus, events, and procedure used in Experiment 3A were similar to

those in Experiment 3 with two exceptions. First, the tall object was replaced with a

similar but shorter object that could be fully hidden under either cover; this object was

closed at the top, 6.5 cm in diameter, 8 cm tall, covered with red contact paper, and

decorated at the bottom with orange pompoms about 1.5 cm in diameter. Second, the hole

in the apparatus floor was filled with an Insert and the short object was placed over it and

completely hid it. The short and tall covers were simply lowered over the short object in

the test events.
9 Experiment 3A also addressed another perceptual-preference interpretation of the results obtained with the

12-month-old infants in Experiment 3. According to this interpretation, the infants looked reliably longer at the

short- than at the tall-cover event because they preferred seeing, in the initial phase of each test event, a cover and

object that were different (short-cover event) as opposed to similar (tall-cover event) in height. Because the object

used in Experiment 3A was similar in height to the short but not the tall cover, this alternative interpretation

predicted that the infants should now look reliably longer at the tall- than at the short-cover event. Evidence that

the infants tended to look equally at the events would thus also help rule out this interpretation.
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The infants’ mean looking time during the initial phase of each test trial was 4.8 s.

Interobserver agreement during the final phase of each test trial was calculated for all

12 infants and averaged 95% per trial per infant. Preliminary analyses of the test data

revealed no significant interaction involving sex and event, both Fs(1, 8)!1.52, pO.10;

the data were therefore collapsed across sex in subsequent analyses.

The infants’ looking times during the final phase of each test trial (see Fig. 10) were

analyzed as in Experiment 2. The main effect of event was not significant, F(1, 10)Z0.02,

indicating that the infants tended to look equally at the short- (MZ17.7, SDZ12.2) and

tall-cover (MZ17.2, SDZ11.2) events. A non-parametric Wilcoxon Signed-Ranks test

confirmed this result, TZ41, pO.10.

In a further analysis, the test responses of the 12-month-old infants in Experiments 3

and 3A were compared by means of a 2!2!2 ANOVA with experiment (Experiment 3

or 3A) and order (short- or tall-cover event first) as between-subjects factors and with

event (short- or tall-cover) as a within-subject factor. The analysis yielded a significant

main effect of event, F(1, 20)Z5.71, p!.05, and a significant experiment!event

interaction, F(1, 20)Z4.84, p!.05. Planned comparisons confirmed that the 12-month-

old infants in Experiment 3 looked reliably longer at the short- than at the tall-cover event,

F(1, 20)Z10.54, p!.005, but that those in Experiment 3A did not, F(1, 20)Z0.02.

The ANOVA also revealed a significant order ! event interaction, F(1, 20)Z6.70,

p!.025. Examination of the data suggested that, overall, the infants who saw the short-

cover event first looked longer at this event than at the tall-cover event, whereas those who

saw the tall-cover event first tended to look equally at the two events. Because this effect

did not interact with experiment (the experiment!order!event interaction was not

significant, F(1, 20)Z1.95, pO.10), it has no bearing on the issues examined here and will

not be discussed further.

4.3. Discussion

The 12-month-old infants in Experiment 3 looked reliably longer at the short- than at

the tall-cover event, but those in Experiment 3A looked about equally at the two events.

These results suggest that the infants (1) realized that the short object could be hidden

under either cover, and that the tall object could be hidden under the tall but not the short

cover, and (2) were surprised when this last expectation was violated.

Unlike the 12-month-old infants in Experiment 3, the 9- and 11-month-old infants in

Experiments 2 and 3 tended to look equally at the short- and tall cover events. Together,

these results suggest that infants identify height as a covering variable at about 12 months

of age. When watching a covering event, infants now include information about the

relative heights of the cover and object in their physical representation of the event; this

variable information becomes subject to their continuity principle, making it possible for

them to detect continuity violations involving short covers and tall objects.

McCall (2001) reported evidence consistent with the finding that infants attend to

height information in covering events at 12 but not 9 months of age. In a manual search

task, 12- and 9-month-old infants first repeatedly searched for a tall toy under a tall cover

of a specific color (e.g. blue). Next, the infants were asked to search for the same tall toy

under one of two covers: a short cover of the same color as before, and a tall cover of
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a different color than before (e.g. red). Only the 12-month-old infants consistently

searched for the tall toy under the tall cover.
4.3.1. An explanation-based learning account

According to the reasoning account, infants who have identified a variable in an event

category should succeed in detecting continuity violations involving the variable; in

contrast, infants who have not yet identified the variable should fail to detect such

violations. But what process leads infants to identify variables? And why should infants

identify the same variable at different ages in different event categories? In particular, why

should infants identify the variable height at about 7.5 months in containment events

(Hespos & Baillargeon, 2001a), but only at about 12 months in covering events

(Experiments 2 and 3)?10 Why is there such a marked lag or décalage in infants’

identification of the variable height in these two event categories?

One explanation is suggested by a recent account of the process by which infants

typically identify a new variable in an event category. This process is thought to be one of

explanation-based learning (EBL) and to involve three main steps (e.g. Baillargeon, 2002,

2004; Wang & Baillargeon, 2005b; for a computational description of EBL in the

machine-learning literature, see DeJong, 1993, 1997). First, infants notice contrastive

outcomes for the variable (e.g. in the case of the variable height in covering events, infants

notice that when a cover is placed over an object, the object is sometimes fully and

sometimes only partly hidden). Second, infants search for the conditions that map onto

these outcomes (e.g. infants notice that the object becomes fully hidden when the cover is

as tall as or taller than the object, and partly hidden when the cover is shorter than the

object). Third, infants build an explanation for these condition–outcome data using their

prior knowledge, including their core principles (e.g. the continuity principle dictates that

a tall object can extend to its full height inside a tall but not a short cover). According to the

EBL account, only condition–outcome observations for which infants can build causal

explanations are accepted as new variables. These explanations are no doubt shallow

(e.g. Keil, 1995; Wilson & Keil, 2000), and they may even be incorrect (e.g. Baillargeon,

2002), but they still serve to integrate new variables with infants’ prior causal knowledge.

The EBL account suggests a possible reason for why infants may identify height as a

containment variable several months before they identify it as a covering variable (for a

related discussion of the décalage in infants’ identification of the variable height in

occlusion and containment events, see Baillargeon, 2002; Hespos & Baillargeon, 2001a;

Wang et al., 2004). This reason has to do with the first step described above, exposure to

appropriate contrastive outcomes. It may be that, in everyday life, infants have more

opportunities to notice that objects inside containers sometimes are fully and sometimes

partly hidden, than to notice that objects placed under covers sometimes are fully
10 We are not claiming that every infant identifies height first as a containment and only later as a covering

variable. It may well be that some infants identify the two variables at about the same time, or in the reverse order.

All that the available data indicate is that (1) most infants have identified height as a containment variable by 7.5

months of age, and (2) most infants have identified height as a covering variable by 12 months of age. For an

experiment such as Experiment 2A or 3 to yield a positive result, the majority of the infants in the experiment

must be able to detect the variable continuity violation in the experiment.



S.-h. Wang et al. / Cognition 95 (2005) 129–173158
and sometimes partly hidden. Because exposure to appropriate contrastive outcomes is

necessary to trigger the process of learning, it follows that variables will be learned later

when exposure is less frequent.11

The preceding analysis leads to an interesting prediction: infants who are exposed in the

laboratory to appropriate outcome and condition data for a variable should be able to

identify this variable earlier than they would otherwise. To test this prediction, we recently

conducted a series of experiments in which we attempted to “teach” 9-month-old infants

the variable height in covering events (Wang & Baillargeon, 2005b). Our results were

positive and as such support both the EBL account and the speculation above that the

décalage in infants’ identification of the variable height in containment and covering

events stems from the fact that infants are typically exposed to appropriate observations

for this variable at different ages in the two categories.
4.3.2. Alternative explanations

It might be suggested that there exist other, very different explanations for the décalage

in infants’ responses to height violations in containment and covering events.12

For example, it might be that when asked to reason about events involving an object-

to-be-hidden and a hiding-object, infants generally perform better when it is the object-to-

be-hidden rather than the hiding-object that moves. Thus, infants are better at reasoning

about events in which an object is lowered inside a container, as in Experiment 2A, as

opposed to events in which a cover is lowered over an object, as in Experiments 2 and 3.

Another possible explanation is that when watching an object being lowered inside a

container, or a cover being lowered over an object, infants tend to track whichever object

is moving and to focus on its lower portion (i.e. the portion that leads the motion), even if it

becomes invisible. This tracking strategy is helpful for detecting a continuity violation that

involves a tall object being lowered inside a short container (the bottom of the object will

appear to pass through the apparatus floor); however, it is less helpful for detecting a

violation that involves a short cover being lowered over a tall object (the bottom of the

cover will appear to simply come to rest against the apparatus floor).

Do infants detect height violations in containment events earlier than in covering events

(1) because the variable height is generally identified earlier in containment than in

covering events, as was suggested in the last section, or (2) because height violations are

generally easier to detect in containment than in covering events, as suggested above? We

speculated that one way to address this question might be to present infants with a height
11 Another reason for the present décalage has to do with the second step in the EBL account, mapping the

appropriate conditions onto the observed outcomes. To identify the variable height in containment and covering

events, infants must compare the heights of objects and containers or covers. Prior research (e.g. Baillargeon,

1991, 1994, 1995) indicates that when infants begin to reason about a continuous variable in an event category,

they can reason about the variable qualitatively but not quantitatively: they are not able at first to encode and

remember absolute amounts. In order to encode the heights of objects and containers or covers qualitatively,

infants must compare them as they stand side by side. It may again be that in everyday life infants have more

opportunities to perform such comparisons with containment than with covering events (e.g. there may be more

instances in which objects standing next to containers are next lowered inside the containers, than instances in

which covers standing next to objects are next lowered over the objects).
12 We are indebted to an anonymous reviewer for pointing out these alternative interpretations.
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violation in a tube event—an event in which a tall object is lowered inside a short tube

until it becomes fully hidden.

Our reasoning was as follows. If infants detect height violations later in covering than

in containment events because they are less often exposed to appropriate observations for

identifying covering variables, then they might also detect height violations later in tube

than in containment events. After all, it is likely that infants are exposed to fewer tube than

containment events, and so again have fewer opportunities to gather appropriate

observations for identifying tube variables. On the other hand, if infants detect height

violations later in covering than in containment events because violations in which the

hiding-object moves are generally harder to process than are violations in which the

object-to-be-hidden moves, then infants should succeed at about the same age at detecting

violations in containment and tube events. Experiment 4 examined 12- to 14-month-old

infants’ ability to detect a height violation in a tube event.
5. Experiment 4

Prior research suggests that young infants distinguish between tubes and containers,

and can detect a basic continuity violation in a tube event (e.g. Kolstad and Baillargeon,

cited in Baillargeon, 1995). In one experiment, 5.5-month-old infants were surprised when

salt poured into a tube, but not a container, remained inside it (i.e. they expected the salt to

fall out of the bottom of the tube). Experiment 4 examined 12-, 13-, and 14-month-old

infants’ ability to detect a variable continuity violation in a tube event.

The infants were tested with the same events and procedure as in the experimental

condition of Experiment 2A, with one exception. Prior to the experiment, the bottoms of

the short and tall containers were removed to form short and tall tubes. As before, the

experimenter first showed the infants her gloved hand and the tall, non-collapsible object;

she then showed each tube, one at a time, calling the infants’ attention to its hollow interior

and open top and bottom. From that point on, the infants never again saw the tubes’ open

bottoms: the short- and tall-tube test events were produced in the same manner as, and

were perceptually identical to, the short- and tall-container events in Experiment 2A

(see Fig. 9). The infants could only “know” that they were facing tubes rather than

containers by remembering their visual inspection of the tubes prior to the experiment.

We reasoned that evidence that the younger infants in Experiment 4 tended to look

equally at the short- and tall-tube test events would point to several conclusions. First, it

would suggest that infants view containment and tube events as separate event categories,

and do not generalize variables identified in one category to the other (e.g. Baillargeon,

2002; Hespos & Baillargeon, 2001a; Baillargeon & Wang, 2002). Second, such evidence

would provide additional support for the reasoning account presented in the Introduction,

and more specifically for the notion that infants typically cannot detect continuity

violations that involve variables they have not yet identified. Third, such evidence would

be consistent with the EBL claim that the same variable may be identified at different ages

in different event categories, depending on the age at which infants are exposed to

appropriate condition and outcome observations for identifying the variable in each

category. By the same token, such evidence would also cast doubt on the alternative
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explanations described in the last section for the décalage in infants’ identification of the

variable height in containment and covering events. Finding that 12-month-old infants are

not surprised when a tall object is lowered inside a short tube until it becomes fully hidden,

even though they are surprised when a short cover is lowered over a tall object until it

becomes fully hidden (Experiment 3), would argue against processing hypotheses that

appeal to the salience of different object motions or to various tracking strategies. Finally,

evidence that infants succeed in detecting a variable continuity violation when they

believe that the objects before them are containers (Experiment 2A), but not tubes

(Experiment 4), would provide strong evidence against perceptual-preference interpret-

ations of the present findings.

5.1. Method

5.1.1. Participants

Participants were 40 healthy term infants. There were 12 12-month-old infants (11

months, 28 days to 12 months, 24 days, MZ12 months, 9 days); 14 13-month-old

infants (12 months, 29 days to 14 months, 1 day, MZ13 months, 14 days), and 14

14-month-old infants (14 months, 2 days to 14 months, 23 days, MZ14 months, 11

days). Each age group had an equal number of male and female infants. Four

additional infants were tested but eliminated, 2 because the observers had difficulty

following the infants’ gaze, 1 because of fussiness, and 1 because the infant showed

an extreme bias (of over 40 s) for one of the test events.

5.1.2. Apparatus, events, and procedure

The apparatus, events, and procedure used in Experiment 4 were similar to those in the

experimental condition of Experiment 2A, except that that the bottoms of the tall and short

containers were removed prior to the experiment. The experimenter first showed each

infant her gloved right hand and the tall, non-collapsible object; she then showed each

tube, one at a time, calling the infant’s attention to its hollow interior and open top and

bottom. Next, the bottom of the tall container was replaced (out of the infants’ view). The

tall- and short-tube events were identical to the tall- and short-container events in the

experimental condition of Experiment 2A.

In all three age groups, the infants’ mean looking time during the initial phase of each

test trial was 5 s. Interobserver agreement during the final phase of each test trial was

calculated for all 40 infants and averaged 95% per trial per infant. Preliminary analyses

of the test data revealed no significant interaction involving sex and event, all Fs!1.73,

pO.10; the data were therefore collapsed across sex in subsequent analyses.

5.2. Results

The infants’ looking times (see Fig. 11) were analyzed by means of a 3!2!2 ANOVA

with age (12, 13, or 14 months) and order (short- or tall-tube event first) as between-

subjects factors and with event (short- or tall-tube) as a within-subject factor. The analysis

yielded no significant effects, all Fs!3.21, pO.05. Planned comparisons indicated that

(1) the 12-month-old infants tended to look equally at the short- (MZ18.2, SDZ12.4) and
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tall-tube (MZ18.7, SDZ16.8) events, F(1, 34)Z0.01; (2) the 13-month-old infants also

looked about equally at the short- (MZ19.1, SDZ15.0) and tall-tube (MZ19.4, SDZ9.4)

events, F(1, 34)Z0.01; but (3) the 14-month-old infants looked reliably longer at the

short- (MZ20.5, SDZ10.1) than at the tall-tube (MZ10.5, SDZ5.3) event, F(1, 34)Z
6.86, p!.025. Non-parametric Wilcoxon Signed-Ranks tests confirmed the results

obtained with the 12-month-olds (TZ44, pO.10), 13-month-olds (TZ56.5, pO.10), and

14-month-olds (TZ96, p!.005).

Further results. A group of 9-month-old infants was also tested with the short- and

tall-tube events used in Experiment 4. Participants were 16 healthy term infants, 8

male and 8 female, ranging in age from 8 months, 11 days to 9 months, 23 days

(MZ8 months, 26 days). The infants’ mean looking time during the initial phase of

each test trial was 4.8 s. Interobserver agreement for all 16 infants was 95% per trial

per infant. The infants’ responses were compared to those of the 9-month-old infants

in the experimental condition of Experiment 2A, who saw the (perceptually identical)

short- and tall-container test events. Preliminary analyses of the test data revealed no

significant interaction involving sex and event, all Fs(1, 20)!3.85, pO.05; the data

were therefore collapsed across sex in subsequent analyses. The ANOVA yielded a

significant experiment!event interaction, F(1, 24)Z5.18, p!.05. Planned compari-

sons confirmed that, whereas the infants in Experiment 2A looked reliably longer at

the short- (MZ25.2, SDZ16.3) than at the tall-container (MZ16.2, SDZ12.5) event,

F(1, 24)Z6.66, p!.025, those in the present experiment tended to look equally at the

short- (MZ18.7, SDZ11.2) and tall-tube (MZ20.2, SDZ13.2) events, F(1, 24)Z0.25

(a non-parametric Wilcoxon Signed-Ranks test supported this result, TZ75, pO.10).

The infants thus succeeded in detecting the variable violation they were shown when

they believed that the objects before them were containers, but not tubes.
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5.2.1. Additional results: Experiment 4A

The 14-month-old infants in Experiment 4 looked reliably longer at the short- than

at the tall-tube event, but the 9-, 12-, and 13-month-old infants tended to look equally

at the two events. These results suggest that it is not until infants are about 14 months

of age that they identify height as a tube variable. Infants then begin to include

information about the relative heights of objects and tubes in their physical

representations of tube events, which allows them to detect violations involving tall

objects and short tubes.

To rule out an alternative, perceptual-preference interpretation of the positive results

obtained with the 14-month-old infants, an additional group of 14-month-olds was tested

in Experiment 4A using the same procedure as in Experiment 4, except that a shorter

object was used that could be fully hidden inside either tube; this short object was identical

to that used in the control condition of Experiment 2A.

Participants were 14 healthy term infants, 7 male and 7 female, ranging in age from

14 months, 2 days to 14 months, 23 days (MZ14 months, 9 days). The infants’ mean

looking time during the initial phase of each test trial was 5 s. Interobserver agreement

during the final phase of each test trial was calculated for all 14 infants and averaged 96%

per trial per infant. Preliminary analyses of the test data revealed no significant interaction

involving sex and event, both Fs(1, 10)!0.11; the data were therefore collapsed across

sex in subsequent analyses.

The infants’ looking times during the final phase of each test trial (see Fig. 11)

were analyzed by means of a 2!2 ANOVA with order (short- or tall-tube event first)

as a between-subjects factor and event (short- or tall-tube) as a within-subject factor.

The main effect of event was not significant, F(1, 12)Z0.86, indicating that the

infants tended to look equally at the short- (MZ18.8, SDZ15.1) and tall-tube

(MZ23.5, SDZ15.5) events. A non-parametric Wilcoxon Signed-Ranks test

confirmed this result, TZ67, pO.10.

In a final analysis, the looking times of the 14-month-old infants in Experiments 4 and

4A were compared by means of a 2!2!2 ANOVA with experiment (4 or 4A) and order

(short- or tall-tube event first) as between-subjects factors and with event (short- or tall-

tube) as a within-subject factor. The analysis yielded a significant experiment!event

interaction, F(1, 24)Z6.74, p!.025. Planned comparisons confirmed that the 14-month-

old infants in Experiment 4 looked reliably longer at the short- than at the tall-tube event,

F(1, 24)Z6.23, p! .025, but that those in Experiment 4A did not, F(1, 24)Z1.37, pO.10.

5.3. Discussion

The 14-month-old infants in Experiment 4 looked reliably longer at the short- than at

the tall-tube event, but those in Experiment 4A did not. These results suggest that the

infants (1) recognized that the short object could be hidden inside either tube, and that the

tall object could be hidden inside the tall but not the short tube, and (2) were surprised

when this last expectation was violated.

Unlike the 14-month-old infants in Experiment 4, the 9-, 12-, and 13-month-old infants

tended to look equally at the short- and tall-tube events. These results suggest that infants

identify height as a tube variable at about 14 months of age. When watching an object being
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lowered inside a tube, infants now include information about the relative heights of

the object and tube in their physical representation of the event; this variable information

then becomes subject to their continuity principle, making it possible for them to detect

continuity violations involving tall objects and short tubes. Younger infants, who have not

yet identified height as a tube variable, typically do not include height information in their

physical representations of tube events, and hence cannot detect continuity violations

involving this variable.

Together, the results of Experiments 2A, 4, and 4A suggest three conclusions. First,

infants appear to view events involving containers and tubes as belonging to distinct event

categories, and learn separately about each category: infants do not generalize variables

identified in the context of containment events to tube events. When describing our account

of physical reasoning in infancy (Section 1.1), we suggested that the basic information

infants include in their physical representations of events includes simple information about

the geometry of objects, and more particularly about their open/closed surfaces. From this

perspective, it would make sense that infants would distinguish from an early age between

objects that are open at the top (containers), at the bottom (covers), or both (tubes).

Second, the present results provide strong support for our reasoning account, and more

specifically for the claim that whether infants detect a variable continuity violation in an

event category depends primarily on whether they have identified the variable involved as

relevant to the category. In general, only infants who have identified height as a tube

variable will include information about the relative heights of the object and tube in their

physical representations of tube events, and hence will be able to detect a continuity

violation in which a tall object becomes fully hidden inside a short tube.

Third, the present results also provide support for the EBL account described earlier

(Section 4.3.1). According to this account, the age at which infants identify a variable in an

event category depends mainly on the age at which infants are exposed to appropriate

condition and outcome observations from which to abstract the variable. From this

perspective, the evidence that infants identify the variable height at about 7.5 months in

containment events (Hespos & Baillargeon, 2001a), but only at about 12 months in covering

events (Experiments 2, 3, and 3A), and even later, at about 14 months in tube events

(Experiments 4 and 4A), simply reflects the fact that in their daily lives infants are generally

exposed to more containment than covering or tube events. As noted earlier, this analysis

predicts that infants exposed at a younger age to appropriate observations for the variable

height in covering or in tube events should identify these variables earlier; and indeed,

findings from experiments in which we attempted to “teach” the variable height in covering

events to 9-month-old infants support this prediction (Wang & Baillargeon, 2005b)

5.3.1. Additional décalages

Hespos and Baillargeon (2001a) uncovered a striking discrepancy in 4.5-month-old

infants’ responses to occlusion and containment events: they found that 4.5-month-old

infants are surprised when a tall object becomes almost fully hidden behind but not inside

a short container. The results of Experiments 2 and 2A revealed another discrepancy:

9-month-old infants are surprised when a tall object becomes fully hidden inside a short

container, but not when the short container, turned upside-down to form a short cover, is

lowered over the same tall object until it becomes fully hidden.
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One explanation for these findings, consistent with the reasoning and EBL accounts

presented in this article, is as follows: when infants happen to identify a variable in one

event category several weeks or months before they identify the same variable in a

different category, a marked décalage can be observed in their responses to similar events

from the two categories. However, other explanations are possible. Because the events

from the two categories differ (e.g. the object is lowered behind or inside the container; the

object is lowered inside the container or the cover over the object), one could always

appeal to subtle differences between the events to explain why infants reason correctly

about one event but not the other. We saw examples of such alternative explanations

earlier (Section 4.3.2), when discussing why 9-month-old infants can detect a height

continuity violation in a containment but not a covering event. For example, one

explanation was that infants may be generally better at reasoning about events in which the

object-to-be-hidden, rather than the hiding-object, moves.

The results of Experiments 2A and 4 provide evidence against such alternative

explanations: the 9-month-old infants in these experiments were surprised when a tall

object became fully hidden inside what they believed to be a short container (Experiment

2A); however, they were not surprised when the same tall object became fully hidden

inside what they believed to be a short tube (Experiment 4). In fact, the infants in the two

experiments saw exactly the same short-container/tube event, produced in exactly the

same manner. The only difference between the experiments was that the infants in

Experiment 2A were shown a short and a tall container prior to the experiment, whereas

those in Experiment 4 were shown a short and a tall tube. Because the infants in the two

experiments saw exactly the same events, explanations based on subtle differences

between the events are not possible in this case.

By the same token, the results of Experiments 2A and 4 also argue against low-level

perceptual-preference explanations of the present and related findings. As was mentioned

earlier, a few researchers have suggested that findings from violation-of-expectation tasks

may reflect only perceptual preferences infants either bring to the laboratory or develop in

the course of familiarization or habituation trials (e.g. Bogartz et al., 1997; Cashon &

Cohen, 2000; Rivera et al., 1999; Schilling, 2000; Thelen & Smith, 1994; see Wang et al.,

2004, for discussion). The fact that the infants in Experiments 2A and 4 succeeded in

detecting the height continuity violation they were shown when they believed that the

objects before them were containers, but not tubes, provides evidence against low-level

interpretations of the present and related findings (e.g. Experiments 2, 2A, and 3;

Hespos & Baillargeon, 2001a; Luo & Baillargeon, 2005).
6. General discussion

We began this article with examples of early and late successes in infants’ ability to

detect continuity violations in occlusion and containment events (e.g. Aguiar &

Baillargeon, 1999, 2002; Baillargeon & DeVos, 1991; Hespos & Baillargeon, 2001a,b;

Luo & Baillargeon, in press, 2004; Wilcox, 1999; Wilcox & Chapa, 2004; Wilcox et al.,

1996). The present research brought to light several additional examples involving other

event categories. On the one hand, the 2.5- to 3-month-old infants in Experiment 1 were
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surprised (1) when a cover was lowered over an object, slid to the right, and lifted to reveal

no object; and (2) when a cover was lowered over an object, slid behind the left half of a

screen, lifted above the screen, moved to the right, lowered behind the right half of the

screen, slid past the screen, and finally lifted to reveal the object. On the other hand, (1) the

9- and 11-month-old infants in Experiments 2 and 3 were not surprised when a short cover

was lowered over a tall object until it became fully hidden–only the 12-month-old infants

detected this violation; and (2) the 9-, 12-, and 13-month-old infants in Experiment 4 were

not surprised when a tall object was lowered inside a short tube until it became fully

hidden–only the 14-month-old infants detected this violation.

The reasoning account presented in the Introduction helps make sense of all of these

results (see also Baillargeon, 1987, 1991, 1993, 1995; Newcombe et al., 1999; Spelke

et al., 1992). The account distinguishes between two kinds of continuity violations: basic

and variable violations. A basic violation in an event can be detected as long as the basic

information about the event is adequately represented (this basic information becomes

subject to infants’ continuity principle, and the event is marked as violating the principle).

Because young infants are often able to represent the basic information about events, the

account predicts that they should succeed in detecting many basic continuity violations.

Specifically, they should succeed in detecting any continuity violation that involves only

the basic information they can represent.

A variable violation in an event can be detected as long as the information about the

relevant variable in the event is represented (this variable information again becomes

subject to infants’ continuity principle, and the event is tagged as violating the principle).

Because infants typically do not include information about a variable in their physical

representation of an event from a category until they have identified the variable as

relevant to the category, the account predicts that infants should fail to detect many

variable continuity violations. Specifically, they should fail to detect any continuity

violation that involves a variable they have not yet identified in an event category and

hence do not yet include when representing events from the category

According to the account, infants’ early successes at detecting continuity violations in

occlusion, containment, covering, and other events thus typically involve basic violations,

and their later successes variable violations.

6.1. New research directions

In order to confirm and extend our reasoning account, we have undertaken several new

lines of research. Two are briefly described below; both focus on variable information. The

first involves change blindness experiments and seeks to test more directly the claim that

infants who fail to detect a variable continuity violation in an event typically do not

include information about the variable in their physical representation of the event. The

second line of research involves experiments that attempt to induce infants, through

various contextual manipulations, to include information about a variable they have not

yet identified when representing an event. According to the account, this variable

information, once represented, should become subject to infants’ continuity principle,

allowing them to detect violations involving the variable earlier than they would

otherwise.
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6.1.1. Change blindness in infants

The 12-month-old infants in Experiment 3 looked reliably longer at the short- than at

the tall-cover event, suggesting that they detected the continuity violation in the short-

cover event. In contrast, the 11-month-old infants tended to look equally at the two events.

According to the reasoning account presented in this article, the older infants had

identified the variable height as relevant to covering events and hence included

information about the relative heights of the cover and object in their physical

representations of the short- and tall-cover events. In contrast, the younger infants had

not yet identified height as a covering variable and hence did not include height

information when representing the events.

Is this analysis correct? Are we right in assuming that the older but not the younger

infants in Experiment 3 included information about the relative heights of the cover and

object in their physical representations of the test events? To get at this question, we have

recently undertaken a new series of experiments (Wang & Baillargeon, 2005a), inspired in

part by the research on change detection and change blindness in the adult perception

literature (e.g. Mitroff, Simons, & Levin, in press; Rensink, 2002; Simons, 1996, 2000).

We reasoned that if infants include information about a variable in their physical

representation of an event, then they should be able to detect surreptitious changes

involving the variable. Conversely, if infants do not include information about a variable

when representing an event, then they should be unable to detect surreptitious changes

involving the variable: in other words, they should be blind to such changes.

To illustrate, in one experiment, 11-month-old infants were assigned to a covering or

an occlusion condition. The infants in the covering condition saw two test events: a no-

change and a change event. At the start of each event, a tall cover stood next to a short

object on an apparatus floor. An experimenter’s gloved hand lifted the cover and

lowered it over the object. After a pause, the hand returned the cover to the apparatus

floor. In the no-change event, the object was the same as before when the cover was

removed. In the change event, the object was now as tall as the cover. (Note that both

the short and the tall object could fit under the tall cover; the experiment tested not

whether infants could judge what object could fit under what cover, but whether they

could detect a surreptitious change in the height of an object under a cover). The

infants in the occlusion condition saw similar test events except that the cover was

lowered in front of, rather than over, the object.

Because infants identify the variable height at about 3.5 months in occlusion events

(Baillargeon & DeVos, 1991), but only at about 12 months in covering events (Experiment

3), we predicted that the 11-month-old infants in the occlusion condition would detect the

violation in the change event, but that those in the covering condition would not. The

results confirmed these predictions: the infants in the occlusion condition looked reliably

longer at the change than at the no-change event, whereas those in the covering condition

tended to look equally at the two events. Thus, as predicted by our reasoning account, the

11-month-old infants in the covering condition were blind to the surreptitious change in

the height of the object, suggesting that they did not include information about the relative

heights of the object and cover in their physical representations of the test events. In a

subsequent experiment, 12-month-old infants were tested in the covering condition;
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as expected, these older infants detected the violation in the change event, suggesting that

they did include height information when representing the test events.

Before leaving this section, we would like to offer one important caveat. We suppose

that when infants watch a physical event, different computational systems form different

representations simultaneously, for distinct purposes. In particular, infants’ object-

recognition system represents detailed information about the objects in the event, for

recognition and categorization purposes. At the same time, infants’ physical-reasoning

system forms a physical representation of the event, to monitor it as it unfolds and to

interpret and predict its outcome. Our intuition is that, when infants realize that they must

include information about a variable in their physical representation of an event, they

typically access the appropriate representations in their object-recognition system and

retrieve the necessary information. On this view, the 9-, 11-, and 12-month-old infants in

Experiments 2 and 3 all encoded information about the relative heights of the cover and

object in their object-recognition system. However, only the 12-month-old infants

accessed this system to retrieve this height information and include it in their physical

representations of the short- and tall-cover events.

The preceding speculations suggest that even infants who fail to include variable

information in their representation of an event could nevertheless have this information

available in their object-recognition system. Tasks designed to tap this system directly

should thus reveal this knowledge. This means, for example, that even 9-month-old infants

should detect a change in the relative heights of a cover and object when given a task that

taps their object-recognition rather than their physical-reasoning system. Designing such

tasks should prove an interesting challenge.

6.1.2. Inducing infants to represent variable information

According to the reasoning account presented in this article, the 9- and 11-month-old

infants in Experiments 2 and 3 failed to detect the continuity violation in the short-cover

event because (1) they had not identified height as a covering variable; (2) they did not

include information about the relative heights of the cover and object in their physical

representation of the event; and (3) this (missing) information could not be interpreted in

accord with their continuity principle. This analysis suggested an intriguing possibility: if

infants could be induced, through some contextual manipulation, to include the relevant

height information in their physical representation of the short-cover event, this

information would then become subject to their continuity principle, making it possible

for them to detect the violation in the event.

Prior research. To our knowledge, there have been two reports in the physical

reasoning literature suggesting that infants can be induced to include key information in

their physical representations of events; both reports made use of priming trials to

highlight this information (Kotovsky, Mangione, and Baillargeon, cited in Baillargeon,

1995; Wilcox & Chapa, 2004). In one experiment, Kotovsky et al. showed 6.5- and 9.5-

month-old infants an expected and an unexpected event. At the start of the unexpected

event, a screen lay flat on the apparatus floor, away from the infants. An experimenter’s

gloved hand grasped the back right corner of the screen and rotated it forward through a

1808 arc until it rested on the apparatus floor, toward the infants. As the screen was rotated

forward, a large toy clown was revealed, standing on the apparatus floor behind the screen.
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The expected event was similar except that the screen rested against the (hidden) clown at

the start of the event, so that it was possible for the clown to be revealed when the screen

was rotated forward. In each test event, the infants saw a single rotation: after rotating the

screen forward, the experimenter paused until the trial ended. At both ages, the infants

tended to look equally at the unexpected and expected events. One interpretation of this

negative result was that, when representing the unexpected event, the infants did not

include information about the orientation of the screen at the start of the event. As a result,

they did not detect the continuity violation in the event: they did not realize that the clown

could not have stood under the screen as it lay flat against the apparatus floor. In a

subsequent experiment, Kotovsky and her colleagues attempted to prime the infants to

attend to the orientation of the screen at the start of each event. Prior to the test trials, the

infants saw two static displays with two screens standing side by side: one lay flat against

the apparatus floor, away from the infants, and the other rested against the (hidden) clown.

Both the 6.5- and the 9.5-month-old infants looked reliably longer at the unexpected than

at the expected event, suggesting that simultaneously seeing the two different orientations

of the screens had primed the infants to include information, in their physical

representation of each test event, about the orientation of the screen at the start of the

event. This information then became subject to the infants’ continuity principle, allowing

them to detect the violation in the unexpected event.

Wilcox and Chapa (2004) also attempted to prime infants to attend to key information

in an event. Their research built on earlier findings (Wilcox, 1999) that at 9.5 months of

age infants attend to shape but not color information in occlusion events: they are surprised

when a green ball and a green box appear successively from behind a screen that is too

narrow to hide them both simultaneously; however, they are not surprised when a green

and a red ball appear successively from behind the same narrow screen. One interpretation

of this negative result is that infants do not include information about the color of the balls

in their physical representation of the event. As a result, they cannot detect the continuity

violation in the event: they do not realize that there are two balls present, which cannot

hide behind the narrow screen at the same time. Wilcox and Chapa set out to prime

9.5-month-old infants to attend to the color information in their narrow-screen event. Prior

to the test trials, the infants received two pairs of priming trials. In each pair, the infants

saw a pound event, in which an experimenter used a green cup to pound a peg, and a pour

event, in which an experimenter used a red cup to pour salt. Different green and red cups

were used in the two pairs of trials. Next, the infants saw a test event in which a green and a

red ball appeared successively from behind a narrow (narrow-screen event) or a wide

(wide-screen event) screen. Wilcox and Chapa reasoned that if the infants learned during

the priming trials that color had functional significance in the situation (since it predicted

which action the experimenter would perform with each cup), they might be more likely to

include color information when representing the test events. The infants who saw the

narrow-screen event looked reliably longer than those who saw the wide-screen event,

suggesting that the priming trials had induced the infants to include color information in

their physical representation of each test event. Additional experiments revealed that

(1) the priming effect just described was eliminated when the infants were shown the

same green and red cups on both pairs of priming trials; (2) 7.5-month-old infants could

also be primed to include color information, but required three pairs of priming trials
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(with three different pairs of green and red cups) to do so; (3) 5.5-month-old infants could

be primed to include pattern information, and again required three pairs of priming trials

(with three different pairs of dotted and striped green cups) to do so; and finally (4) 4.5-

month-old infants could also be primed to include pattern information, but both cups had

to be present in each priming trial to allow simultaneous comparison of their patterns.

Our approach. In a recent series of experiments, we attempted, using a very different

approach, to induce 8.5-month-old infants to include height information in their physical

representations of covering events (Wang & Baillargeon, in press). Infants saw the same

test events as in Experiments 2 and 3, with one exception. Prior to each test trial, the

infants watched a pretrial intended to induce them to attend to the relative heights of the

cover and object. In designing these pretrials, we took advantage of the fact that, although

height is typically not identified until about 12 months in covering events (Experiments 2

and 3), it is identified much earlier, at about 3.5 months, in occlusion events (e.g.

Baillargeon & DeVos, 1991; Hespos & Baillargeon, 2001a; Baillargeon & Graber, 1987).

In each pretrial, the cover was slid in front of the object, to create an occlusion event; after

a few seconds, the cover was slid back to its original position, and then the trial proceeded

as in Experiments 2 and 3, with the cover being lowered over the object.

We reasoned that the infants would categorize the event shown in each pretrial as an

occlusion event, and then would access their knowledge of this event category; because at

8.5 months of age this knowledge includes the variable height, the infants would encode

information about the relative heights of the cover and object in their representation of the

event. We speculated that this information might still be available, or might again be

encoded, when the infants next saw and represented the covering event. The information

would then become subject to the infants’ continuity principle, allowing them to detect the

violation in the short-cover event.

The infants looked reliably longer at the short- than at the tall-cover event, suggesting

that the occlusion pretrial did lead them to include height information in their physical

representations of the test events. This conclusion was supported by a control experiment

with a different pretrial. In this experiment, the cover was simply slid forward, next to the

object, so that the infants saw a display rather than an occlusion event. The infants failed to

detect the continuity violation in the short-cover event, suggesting that they did not include

information about the heights of the cover and object in their representation of either the

display or the covering event.

Additional remarks. The three series of experiments discussed in this section not only

support our reasoning account, but also raise many exciting questions for future research.

It seems likely that these experiments made use of very different mechanisms to induce

infants to include information about variables in their physical representations; specifying

the nature of these mechanisms should yield important insights about the nature of infants’

physical reasoning.

As an example, consider the experiments we just described (Wang & Baillargeon, in

press). One explanation for the induction effect observed in these experiments might be as

follows. When infants see a sequence of two events from two distinct event categories,

involving the same or similar objects, (1) they assign “indexes” to the objects in the first

event (e.g. Leslie, Xu, Tremoulet, & Scholl, 1998; Scholl and Leslie, 1999; for related

models of visual attention in adults, see, e.g. Kahneman, Treisman, & Gibbs, 1992;
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Pylyshyn, 1989, 1994), and bind to these indexes information about the variables that have

been identified as relevant to the event’s category; and (2) they carry over (or keep on

using) the same object indexes when representing the second event. This carry-over of

object indexes with their bound variable information would explain why seeing first an

occlusion and then a covering event with a short cover and a tall object would enhance 8.5-

month-old infants’ reasoning about the covering event: the height information bound to

the object indexes in the occlusion event would enable the infants to detect the variable

continuity violation in the covering event.

6.2. Origins of the continuity principle

In all of our discussions so far, we have assumed, following Spelke and her colleagues

(e.g. Carey & Spelke, 1994; Spelke, 1994; Spelke et al., 1992, 1995) that infants’ principle

of continuity is innate. Could one interpret the findings discussed in this article without this

assumption? We think not, for the following reasons.

Consider the results of Experiment 1. It does not seem likely that 2.5- to 3-month-old

infants would have repeated opportunities to observe various covering events, and to learn

to associate each event with its outcome. But could infants (1) develop a general

expectation about continuity from observing more common events, and then (2) apply this

expectation to other relevant events, such as covering events? As they watch their

caretakers act on objects, young infants often observe occlusion and containment events.

Could infants possess a learning mechanism capable of abstracting from such events a

general expectation of continuity? Logically, it would certainly seem possible to design

such a learning mechanism. The difficulty is to explain why infants, if they possess such a

mechanism, fail to use it again after the first few months of life.

As we discussed earlier, when learning about event categories, infants acquire not

event-general but event-specific expectations: variables identified in one event category

are not generalized to other relevant categories. Thus, infants must learn separately about

the variable height in occlusion, in containment, and, as shown in Experiments 2–4, in

covering and in tube events (e.g. Baillargeon & DeVos, 1991; Hespos & Baillargeon,

2001a). But if infants possess a learning mechanism capable of forming general

expectations and applying them to all relevant events, how can we explain these piecemeal

acquisitions? These and related speculations (see Baillargeon, 2002, 2004) led us to adopt

the suggestion (e.g. Carey & Spelke, 1994; Spelke, 1994; Spelke et al., 1992, 1995) that

infants’ physical representations are interpreted from birth in accord with a continuity

principle. The reasoning account proposed here builds on this suggestion, and helps make

sense of infants’ early and late successes in detecting continuity violations.
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