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ABSTRACT 

The purpose of this project was to investigate 8-month-oId infants' representation and 

tracking of objects in occlusion events. Recent research has shown that young infants are 

able to reason about various aspects of physical objects' behavior. This project further 

explores this ability and delineates some limits to it. Specifically, the first set of studies 

(IA-IF) investigated whether infants' apply spatiotemporal continuity to collections of 

objects as they do to single objects. Because to adults a collection can be viewed as 

multiple objects as well as a non-object individual, infants' tracking of a collection may 

thus inform us not only about their representation of objects but also about their 

representation of non-object entities. The second set of studies (2A and 2B) focused on 

infants' detection of spatiotemporal discontinuity in object behavior in different 

situations: The disappearance versus appearance situation. These two sets of studies 

revealed two limitations in infants' application of spatiotemporal continuity; While 8-

month-old infants are able to detect the discontinuous disappearance of single objects, 

they (a) do not readily detect the discontinuous disappearance of a collection but succeed 

only in certain circumstances, and (b) do not detect the discontinuous appearance of 

single objects. These limitations have important implications for infants' knowledge of 

and tracking systems for objects. Finally, some general issues arising from the current 

project are discussed. 
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CHAPTER ONE 

GENERAL INTRODUCTION 

Objects are important units in our perception and conception of the environment. 

They are often viewed as psychologically natural individuals that the human mind readily 

operates on (e.g., Bloom, 1996) -- we have a tendency to perceive, describe, and act upon 

the environment in terms of the objects it contains. For example, studies have shown that 

children possess a "Discrete Physical Object bias": When children are asked to count the 

colors, the parts, or the kinds in a display, they tend to count the physically discrete 

objects regardless of the instructions (Shipley & Shepperson, 1990). Studies have also 

shown that adults' performance in judgments under uncertainty can be reliably improved 

when the input constitutes frequencies of discrete entities, such as "whole" objects, as 

opposed to entities that are naturally inseparable and require arbitrary parsing, such as 

views and aspects of objects (Erase, Cosmides, & Tooby, 1998). This is probably 

because objects are more stable over space and time than other types of entities in the 

environment (Spelke, Gutheil, & Van de Walle, 1995) and because the human mind has 

been tuned to operate over them through evolution (Erase et al., 1998; Shepard, 1984). 

To perceive objects, our perceptual systems must be able to individuate a scene into 

entities, and to track and recognize these entities. Different approaches with different 

emphases have been adopted to account for this ability (Needham & Baillargeon, 1997; 

Spelke, Gutheil, et al., 1995). One approach emphasizes the information that can be 

derived directly from the visual layout. The most influential example of this approach is 

the Gestalt theory, which proposes that human perceivers have an inherent tendency to 

organize the surface layout into the simplest and most regular units in accord with a set of 

general principles (e.g., Wertheimer, 1938). Another approach emphasizes the 
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representations of particular objects and of familiar object kinds that are stored in the 

perceiver's memory. It is proposed that these internal representations may be activated to 

enable object recognition, which then contributes to object individuation of the scene 

(e.g., Peterson, 1994; Ullman, 1984). 

A third approach emphasizes that general knowledge of physical objects also 

contributes to object individuation and to predicting the behavior of unseen objects (e.g.. 

Baillargeon, 1993; Needham & Baillargeon, 1997; Spelke, Breinlinger, Macomber, & 

Jacobson, 1992). This physical knowledge of objects can be summarized as a set of 

defining principles that constrain the behavior of inanimate material objects: The 

principle of cohesion — a moving object maintains its connectedness and boundaries; the 

principle of continuity ~ objects exist enduringly and move only on connected paths 

through space and time; the principle of solidity — objects move only on unblocked paths 

such that two objects never occupy the same place at the same time; and the principle of 

contact - objects move if and only if they contact each other (Spelke, 1988a, 1990, 

1994). This formulation captures the essence of something being an object and provides 

guidance in predicting and reasoning about the future behavior of the object, particularly 

on the basis of the movement of objects. 

To adults, object individuation may be achieved by utilizing various types of 

information, as emphasized respectively by the above three approaches. Young infants, 

however, may be able to use certain kinds of information to individuate objects but not 

others. For instance, due to a lack of experience, infants' knowledge of object kinds may 

be so poor that this knowledge alone is insufficient to enable object individuation. By 

contrast, numerous studies suggest that infants are able to individuate objects in a scene 

on the basis of their physical knowledge of objects (e.g., Needham & Baillargeon, 1997; 



10 

Spelke, Von Hofsten, & Kestenbaum, 1989; Von Hofsten & Spelke, 1985), in accordance 

with the third approach discussed above. 

However, the ability to parse a perceivable scene into objects embodies only part of 

the human knowledge of physical objects; humans can reason about objects that are not 

directly perceivable. This reasoning ability entails the acquisition of the notion object 

permanence, first named and systematically investigated by Jean Piaget about half a 

century ago: That objects continue to exist when they are no longer visible or detectable 

through other senses (Piaget, 1954). Despite continuing discussions in philosophy over 

whether a person can ever verify the continued existence of objects when they are no 

longer perceivable, the notion of object permanence remains unequivocal in our 

conception of the physical world: We as adults do not think or act, for example, as if 

objects cease to exist the moment they disappear from view and come to exist when they 

are visible again. A direct way to learn how humans come to reason about objects this 

way is to study young infants; their behavior towards objects may shed light on the initial 

state of physical knowledge of objects in the human mind. In the following sections I 

first review Piaget's theory, one of the most influential on the development of the object 

concept, and then discuss several alternative views based on more recent research. 

1.1 Piaget's Theory of Object Permanence 

A key point of Piaget's theory is that all concepts, including the object concept, are 

developed, and are not innate. More specifically, the awareness that objects do not cease 

to exist when they disappear from view is not inherited. This awareness of objects is 

gradually developed out of sensorimotor experiences (Piaget, 1954, p. 4). In effect, a 

child must construct the universe of objects through experiences. The gradualness of 
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development is clearly reflected in the stage-by-stage characteristic of Piaget's theory. 

While each stage is characterized by the typical behavior patterns shown by the child, 

development is not thought of as a linear progression through stages (i.e., the behaviors of 

a given stage disappear at the time when those of the following one take over), but as a 

cumulative process — new behavior patterns are built upon and integrated with the old 

ones (Piaget, 1952). 

Object permanence is posited as the milestone achievement of the first stage of 

cognitive development, the sensorimotor stage (0-2 years). During this stage, the 

behavior is primarily motor: The child does not yet represent events internally or "think" 

conceptually. This stage is divided into six periods in which progressively more complex 

patterns of intellectual behavior evolve. At birth, an infant has no awareness of objects 

other than on a reflexive level: She cannot yet differentiate between the self and the 

environment. Any object presented in the external environment is merely something that 

evokes reflexive responses such as sucking, grasping, and looking (Period 1,0-1 month). 

The infant then starts to follow moving objects with her eyes, and will look towards a 

sounding object, indicating a coordination between vision and hearing (Period 2, 1 -4 

months). The infant then begins to visually anticipate the positions that moving objects 

will pass through (Period 3,4-8 months), but not until around 9 months will she start to 

actively search for objects seen hidden, which is marked as the first sign of awareness of 

object permanence (Period 4,8-12 months). The object concept, however, is not fully 

developed until the child is able to handle visible, sequential displacements, i.e., to search 

for objects in the position where the last displacement was seen, not other positions 

(Period 5, 12-18 months), and to find objects that are hidden by invisible displacements, 

i.e., to search for objects that she does not see hidden directly (Period 6, 18-24 months). 



12 

This last achievement indicates the emergence of an ability to internally represent objects 

and displacements that are not immediately perceivable. 

Piaget's observations have been confirmed in numerous studies — young infants 

typically fail to search for hidden objects (for reviews, see Gratch, 1977; Harris, 1987; 

Schuberth, 1983); and his theory has been profoundly influential on the research of child 

development for decades since its conception. However, recent research using new 

methods has started to question some of his key arguments and provided alternative 

interpretations for his observations. 

1.2 The Innate Object Principles 

Piaget's observations of infants' failure in searching hidden objects led him to 

conclude that young infants lack the notion of object permanence and wrongly assume 

that objects cease to exist when occluded from view. This is not surprising because in 

Piaget's theory, action is necessary for cognitive development to proceed. A child 

acquires physical knowledge by acting on the environment, first with her senses (e.g., 

moving in space, manual searching, visual searching) and then with her mental processes, 

such as thinking. Recent research, however, challenges Piaget's interpretations. One 

proposal focuses on infants' difficulty in planning manual search sequences (e.g., 

Baillargeon, Graber, DeVos, & Black, 1990; Baillargeon, Spelke, Wasserman, 1985; 

Bower, 1974; Diamond, 1991): Young infants may fail to search for hidden objects not 

because of their lack of object knowledge but because of their inability to coordinate the 

action sequences to execute a search properly. The proposal is strengthened by 

neuropsychological evidence that changes in infants' manual search behaviors correspond 

with the maturation of specific brain areas that are associated with action planning and 
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inhibition (Diamond, 1991). This possibility thus motivated the use of alternative 

methods for studying infants' object knowledge, methods that do not require manual 

searching. 

The preferential looking method provides an alternative way to study infants' object 

knowledge. This method makes use of a well-documented tendency in infants' looking 

behavior: Infants tend to look longer at novel or unexpected than at familiar or expected 

stimuli (see Banks, 1983; Bernstein, 1985; Spelke, 1985, for reviews). In a typical 

experiment, infants are presented with two events, one consistent with the expectation 

generated from their existing knowledge (or from their experience in the "habituation" 

events), and the other violating the expectation. Infants' looking times to the two events 

are measured and compared. The prediction follows that if infants possess such 

knowledge, they will perceive the unexpected event as more novel than the expected 

event and look at it reliably longer. 

Using preferential looking methods, numerous studies show that young infants are 

capable of representing the existence of an occluded stationary object and the unseen 

trajectory of a moving object. For example, after seeing an object being occluded entirely 

by a screen, infants will look longer when the screen is then removed to reveal nothing 

behind it than when it is removed to reveal the object (e.g., Huntley-Fenner & Carey, 

1995). In addition, Baillargeon (1986) tested 6.5- and 8-month-old infants with events in 

which a toy car rolled down an inclined ramp at the left of the display, moved along a 

track partially occluded by a screen, and exited to the right of the display. The results 

showed that infants looked longer at the event when, prior to the occlusion, a box was 

seen to be placed on the track (blocking the path) than when the box was placed in back 

of the track (see Baillargeon, 1987a; Baillargeon & DeVos, 1991, for similar findings 

with younger infants). Other studies have also shown that infants ranging from 3 to 8 
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months of age are able to represent the location and height of an occluded object and to 

respond to events that violate the representation with heightened looking interest (e.g., 

Baillargeon, 1987b, 1991; see Baillargeon, 1993; Spelke et al., 1992, for reviews). These 

findings appear to challenge Piaget's claim that infants younger than 9 months of age lack 

the notion of object permanence, and lead some researchers to propose that the object 

concept is innate, accessible to young infants and persisting through adulthood (e.g., 

Carey & Spelke, 1994; Spelke, 1991). 

1.3 The Sensory Account of Infants' Competence 

In opposition to the position that infants possess innate knowledge of objects, some 

researchers argue that infants' successful performance in the studies using preferential-

looking methods results from low-level perceptual processes, rather than a true 

competence in reasoning about physical objects (e.g., Bogarlz, 1998; Cohen. 1995; Haith, 

1997, see also Haith, 1998). On one specific proposal, for example, when a seen object is 

subsequently occluded by a screen, a visual iconic memory trace of the object remains. 

When the screen is then removed to reveal nothing behind it, the current percept creates a 

mismatch with the memory trace, giving rise to the visual effect of an object "poofing" 

out of existence. Infants respond with heightened looking in this situation because they 

have never before experienced such visual effects, not because they expect objects to 

maintain an enduring existence (Haith, 1997)^ Some studies have shown that sensory 

accounts such as this may provide an alternative explanation for infants' successes 

observed in certain experiments using the preferential-looking method, leading some 

researchers to object the conclusions that young infants possess innate object concepts 
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and are able to reason about objects (see Bogartz, Shinskey, & Speaker, 1997, for 

example). 

1.4 Intermediate Views on Infants' Knowledge of Objects 

Rather than taking either of the extreme positions discussed above on infants' 

knowledge of objects (i.e., conceptual versus sensory), several views have been recently 

proposed, all sharing a intermediate nature, with each leaning more toward one extreme 

than toward the other to a different degree. Below I discuss three such accounts with a 

focus on how these accounts characterize infants' understanding of object permanence. 

The Adaptive Process Approach 

The Adaptive Process (AP) approach was proposed by Yuko Munakata and her 

colleagues to account for young infants' successful responses to hidden objects in 

preferential-looking tasks and their failures (until 8 months) to retrieve hidden objects in 

manual-searching tasks (Munakata, in press; Munakata, McClelland, Johnson, & Siegler, 

1997). They argue that it is unnecessary and unparsimonious to attribute infants' 

successes to the knowledge of object permanence and their failures to an inability to 

properly coordinate and execute sequences of actions, as proposed by the principle-based 

accounts (e.g., Baillargeon, 1993; Spelke, et al, 1992). In the AP approach, infants' task-

dependent behaviors are viewed as arising from a single system, and the knowledge 

underlying infants' behaviors is viewed as "graded in nature, evolving with experience, 

and embedded in specific processes". This account draws a distinction between "lower-

level" and "higher-level representations": Visual input of visible objects produces lower-

level representations which in turn, with increased experience, produce higher-level 
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representations; these higher-level representations may remain activated even when the 

represented objects are occluded from view and can be used to form predictions about 

subsequent visual input. It is further argued that the same neural substrates are used for 

the representations of visible and occluded objects in both tasks such as manual reaching 

and visual prediction formation, and that the representation of occluded objects may be 

weak in infants but will be gradually strengthened as the connections among relevant 

neurons become stronger (Munakata et al., 1997)2. 

The empirical evidence for this approach comes from the findings that even when 

the manual action demands were reduced and equated, 7-month-old infants consistently 

failed to retrieve occluded objects but succeeded in retrieving visible objects. These 

findings were taken to suggest that (a) difficulties in coordinating and executing action 

sequences may be insufficient to account for infants' retrieval behavior, and (b) infants' 

representations of objects are "graded" so that the representation of a visible object is 

sufficient to drive manual retrieval, and the representation of an occluded object is too 

weak to do so, but sufficient to guide looking behavior (Munakata et al., 1997). 

The Steady-State Representation Model 

Meltzoff and Moore (1998) recently proposed a framework, the Steady-State 

Representation (SSR) model, to account for existing findings on infants' knowledge of 

object identity and permanence. This framework is intended to account for young infants' 

looking behavior "without denying innate structure", and to recognize "the power of 

perception and representation while being cautious about attributing complex concepts to 

young infants" (p. 201). 

According to this model, infants are able to form representations of objects and 

events from perceptual experience and these representations persist and remain accessible 
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for lengthy periods of time after the objects are no longer perceivable. This 

representational persistence, coupled with certain identity criteria (spatiotemporal or 

featural), allows infants to trace the numerical identity of objects, that is, to determine 

whether an object seen now is the same object seen previously and currently being 

represented. It is argued that discrepancies from expectations based on representational 

persistence and numerical identity can account for infants' looking preference for events 

violating object permanence; it is not necessary to credit infants with the concept of 

object permanence -- that objects maintain continued existence over space and time. 

The main evidence that sustains the SSR model comes from infants' visual search 

behavior in situations in which an object temporally moves behind occluders and 

reappears, with its object identity (feature or trajectory) or permanence maintained or 

violated (Moore, Borton, & Darby, 1978). Measures of visual search behaviors indicate 

that 9-month-old infants respond to both identity and permanence violations, whereas 5-

month-olds respond to violations of identity, but not permanence, suggesting (a) a change 

in the understanding of object permanence by 9 months, consistent with the results 

acquired from Piagetian manual searching tasks, and (b) an early capacity to trace the 

identity of a moving object based on its features and trajectory^. 

The Object Indexing Framework 

Alan Leslie and his colleagues proposed the Object Indexing (OI) framework to 

account for the object concept in infancy (Leslie, Xu, Tremoulet, & Scholl, 1998). This 

framework is primarily based on theories developed in research on visual attention in 

adults, such as the "FINST" theory (Pylyshyn, 1989; Pylyshyn & Storm, 1988) and the 

"object-file" theory (Kahneman & Treisman, 1984; Kahneman, Treisman, & Gibbs, 

1992). The key notion is the "object index", a mental token that points at a physical 
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object in a location without representing any of its properties; the property information is 

"bound" to the index to from a richer representation of the object at a later stage, allowing 

object identification. In this framework, object individuation is achieved through the 

operation of index assignment, which incorporates spatiotemporal continuity that 

constrain objects' behavior. For example, only one index is assigned to a distinct object, 

which will then "stick" to the object as the object moves through different locations in 

space, and distinct indexes may be assigned to objects if and only if the objects occupy 

distinct locations in space. Furthermore, when the location information is ambiguous, the 

indexes may be assigned solely based on the property information available in the scene. 

Findings that young infants use spatiotemporal information to individuate and to 

track objects in a scene (e.g., Spelke, Kestenbaum, Simons, & Wein, 1995) are consistent 

with how the index assignment is determined by the OI system and have been taken as 

evidence for the existence of such a system in infants (Leslie et al., 1998). Further 

evidence comes from studies in which infants were required to infer the existence of two 

distinct objects in an occlusion event after seeing two objects with different features 

move in and out of view sequentially so that both of them were never seen 

simultaneously (Xu & Carey, 1996). The results showed that 10-month-olds looked 

equally at the outcome of one object and two objects, suggesting that they did not use the 

featural information to infer that two distinct objects were involved in the occlusion 

event. These findings suggest that the OI system operates over the spatiotemporal 

information from early infancy, whereas the ability to bind features to object indexes and 

to use features to determine index assignment may be a relatively late development. 
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1.5 Organization of the Thesis 

The present research focuses on infants' ability to represent and track objects in the face 

of full occlusion — more specifically, their application of spatiotemporal continuity to 

objects in various situations. Chapters Two and Three report two sets of studies that test 

some of the accounts presented above: The first set of studies examines infants' responses 

to the discontinuous disappearance of a single object versus that of a collection of objects: 

the second set examines infants' responses to the discontinuous appearance of a single 

object. On the basis of the current findings. Chapter Four addresses some issues in 

infants' physical knowledge of objects, including (a) a further discussion on how different 

approaches characterize the nature of this knowledge and address the current findings, (b) 

the breadth of this knowledge, and (c) whether limitations to this knowledge can be 

attributed to general, underdeveloped reasoning skills. 
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CHAPTER TWO 

INFANTS' REASONING ABOUT OBJECTS AND NON-OBJECT 
ENTITIES 

2.1 Introduction 

Chapter One discussed different approaches to characterizing infants' understanding 

of object permanence. It is clear that these approaches have different implications as to 

how widely or specifically infants apply their physical knowledge, the principle of 

continuity in particular, to the perceived entities. For example, the principle-based view 

implies that infants apply the continuity constraint specifically to objects, namely, entities 

that maintain cohesion and solidity as they move over space and time; entities seen to 

violate cohesion or solidity will result in suspension of the application of continuity. 

Similarly, in the Object Index framework, only the entity that occupies a distinct location 

will be assigned an index to keep track of it over space and time. In contrast, the sensory 

account implies that infants may apply continuity to all entities or portions of matter in 

the perceptual field as any perceived entity presumably leaves an iconic memory trace. 

Heightened looking responses then arise whenever a mismatch is detected between the 

current percept and the memory trace. The Adaptive Process account, however, generally 

implies that any manipulation or experience that may weaken or strengthen the 

representation of a perceived entity will determine whether or not infants apply 

spatiotemporal continuity to the entity since the representation is "graded" in the first 

place. Non-object entities thus provide an excellent avenue to approaching this issue; 

infants' application of continuity to such entities may allow us to evaluate the accounts 

discussed above. 
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It has been found that infants' ability to reason about non-object entities is limited in 

some ways. In one study, infants did not readily detect a violation of continuity by a 

portion of nonsolid substance: When 8-month-old infants saw some sand being poured 

behind a screen, they looked equally on trials in which the screen was removed to reveal a 

pile of sand as on trials in which the screen was removed to reveal an empty surface, thus 

showing no expectation that the body of sand should continue to exist in the location 

where it was poured (Huntley-Fenner & Carey, 1995). One possible explanation, 

according to the principle-based view, is that young infants' expectations about the 

physical world are specific to material objects only: Something seen to violate one or 

more of the object constraints (in the above experiment, the sand violates cohesion as it is 

poured) does not engage this expectation further (Spelke, Philips, & Woodward, 1995). 

Another possibility, more consistent with the sensory account of infants' knowledge of 

objects, is that the perceptual attributes responsible for infants' heightened looking 

interest in studies where an object discontinuously disappears were not present in this 

experiment. For example, the poured sand, which infants saw only as a moving column 

of sand falling from a container behind the screen, would have produced an iconic image 

dissimilar both to the final pile of sand revealed, and to the empty stage, so infants would 

not show heightened looking at one display relative to the other. Similarly, according to 

the Adaptive Process account, infants' representation of the occluded portion of sand may 

have been weakened by the pouring manipulation and become insufficient to generate 

heightened looking responses to its violation of continuity. The simplest explanation 

perhaps is that infants do not yet understand how nonsolid substances can be transported 

through pouring. Seeing sand coming out of a tilted container and forming a column that 

continues behind the screen, infants may not realize that the substance is moving from 

inside the container to a location behind the screen. Because many explanations remain 
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possible for the results of Huntley-Fenner and Carey's sand studies, further research is 

needed to address whether infants do apply spatiotemporal continuity to non-object 

entities or not. 

2.2 Infants' Tracking of Objects versus Collections 

The studies reported below use collections of objects to examine infants' object 

knowledge -- in particular, whether infants apply spatiotemporal continuity to collections. 

In these studies, stimuli were presented and manipulated in ways which could affect 

infants' representation of the stimuli, and then infants' object knowledge was evaluated by 

examining their expectations about the outcome of an occlusion event. As adults, we are 

able to track and reason about not only discrete, cohesive objects, but also nonsolid 

substances and collective entities. For example, when presented with events used in the 

studies by Huntley-Fenner and Carey (1995) in which a portion of sand is poured onto a 

empty surface behind a screen, adults would certainly expect to see a pile of sand when 

the screen is removed and should have no problem detecting the discontinuity if the 

screen is removed to reveal an empty space. Collections were used in the current studies 

because they share features of both objects and nonsolid substances. On the one hand, 

collections of objects are composed of individual objects which themselves must act in 

accordance with the constraints on object behavior. Therefore, if infants possess a mental 

mechanism or a body of knowledge special to reasoning about bounded, solid objects, 

one might expect infants to be able to apply this knowledge to the objects within a 

collection. On the other hand, adults and older children are known, in some 

circumstances, to construe a collection of entities as non-object individual in its own right 

(consider, for example, a flock of birds) ~ an entity which, like a portion of sand, does 
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not move cohesively or maintain rigid boundaries at all times (e.g.. Bloom & Kelemen, 

1995). Thus, a collection of objects, as a whole, can violate some of the object principles 

that constrain the behavior of each of its parts. These features of collections may allow 

us to investigate why infants seem able to apply the continuity constraint to objects but 

not to entities such as portions of a nonsolid substance, and the results of these studies 

may have implications for infants' understanding of non-object entities in general. 

2.2.1 Overview of studies 

In each study, 8-month-olds were familiarized with the experimental setup and 

stimuli and then given alternating presentations of test events involving "Expected" 

versus "Magical" disappearances of an item (either a single object or a collection of small 

objects): An object or a collection was viewed in the display, manipulated briefly, and 

then on some trials moved behind a screen, and on other trials moved out of the display. 

The screen then dropped to reveal nothing behind it (a Magical disappearance on 

"moved-behind-screen" trials, an Expected disappearance on "moved-out-of-the-display" 

trials). Looking times to these events were compared. The prediction is that if infants 

detect the violation of spatiotemporal continuity in the Magical Disappearance events, 

they should look longer at that event than at the expected event. 

Study lA established a contrast between infants' expectations about a single object 

versus a comparable-sized collection of smaller objects: While infants reasoned 

successfully about the single object, they failed to do so for the collection. Study IB 

tested whether the small size of the objects making up the collection in Study 1A was 

responsible for this failure — perhaps objects of this size fail to engage infants' object 

knowledge. Study IC asked whether the non-rigid behavior of the collection in Study 

1 A, as it was moved, was responsible for infants' failure ~ perhaps a collection 
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temporarily moving in a rigid shape, simulating a single object, might elicit successful 

performance. Study ID explored whether emphasizing the distinct individual unity of 

each object within a collection would help infants to represent and reason about the 

individual objects in the collection. Study IE asked whether infants' ability to reason 

about a group of objects is improved if infants first view the objects as spatially separate 

entities, rather than grouped together in a pile. Finally, Study IF asked whether prior 

experience with the objects making up the collection would enable infants to reason about 

them successfully. 

Data analysis 

All data sets collected from these studies were subjected to preliminary analyses of 

variance, and revealed no effects of Sex or Order of test events. Further analyses of the 

data, as presented below, thus collapsed across Sex and Order, for simplicity and clarity. 

One-tailed statistical tests were conducted to examine infants' looking times, to see 

whether they look longer at the Magical than at the Expected disappearance. This is so 

because based on findings on infants' looking behavior to date, there is no a priori reason 

to predict that infants would show a preference for the expected event; the experimental 

hypotheses are that if infants can reason successfully about the events presented, they will 

look longer at the unexpected than at the expected event^. 

2.2.2 Study lA: Tracking of single objects versus collections 

This study investigated whether 8-month-oId infants can track a collection of five 

identical objects as well as a single object; that is, whether infants have the same 

expectation about the spatiotemporal continuity of a single object and the objects within a 

collection. Infants first observed the manipulation of a test item, either a single object or 
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a collection of objects. Next, they were presented with alternating test events in which 

the test item (on the right side of the display) was moved either behind a screen or out of 

the display, and then the screen dropped to reveal nothing behind it. This outcome is 

consistent with the "moving-out-of-the-display" action (i.e., the item undergoes an 

Expected disappearance); it is inconsistent with the "moving-behind-screen" action (i.e.. 

the item undergoes a Magical disappearance). If infants can track the item and expect it 

to maintain spatiotemporal continuity, they should look longer at the Magical 

Disappearance event than at the Expected Disappearance event. 

Method 

Subjects 

Subjects were 36 healthy, full-term 8-month-oId infants (mean age; 8 months 0 

days; range: 7 months 19 days to 8 months 12 days). Eighteen of the infants were tested 

in the Object Condition and another 18 in the Collection Condition. Seventeen additional 

infants were tested but excluded from statistical analyses because of failure to complete at 

least four test trials due to fiissiness or extreme disinterest (13 infants), experimenter error 

(2 infants), equipment failure (I infant), or an excessive looking preference (more than 

2.5 SDs deviation from the group mean) for one of the two test events (1 infant). 

Subjects were identified through birth announcements in a local newspaper and their 

parents were contacted by telephone. Parental consent was acquired prior to infants' 

participation in the study. 

Apparatus and stimuli 

All experimental events took place on a yellow puppet stage measuring 101cm 

(width) X 58 cm (height) x 22 cm (depth). The stage was placed on a long table with the 

stage floor 22 cm above the table surface. Two identical-looking screens were attached to 
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the front of the stage, which could ije rotated upward to partially occlude the stage. Each 

screen (23.5 cm wide; 18.5 cm high) was approximately 19 cm from the nearer side wall 

of the stage and 15 cm from the other screen. A grid of orange lines was drawn on the 

back to provide visual interest and to camouflage two trapdoors located on the back wall 

of the stage. With the screen raised, the trapdoors were hidden from the infant's view. 

When raised, the sides of the screens facing the infant were white, contrasting with the 

yellow back wall. There was an opening on each side of the stage, through which the 

experimenters could move and manipulate the test items with their hands. A black 

curtain in front of the stage could be lowered to conceal the entire stage between trials. A 

hidden video camera above the stage recorded the subject's activities during the 

experiment; another camera located behind the infant recorded the experimental 

presentation. Black curtains were attached to each side of the stage in order to make the 

display salient and to conceal the experimenters. Two lights lit the stage form above. 

Two additional lights hung from the ceiling lit the infant indirectly. There no other light 

sources in the room during the experiment. 

Infants sat in an infant seat on the table facing the stage about 90 cm away, with 

their eye-level 20 cm above the floor of the stage. Parents sat behind the infant, out of his 

or her range of vision, and were instructed not to interact with their baby. A background 

observer monitored the experiment. A primary observer was hidden behind the curtain 

on one side of the display and watched the infant through a peephole on the curtain; this 

observer could not see the display stage and was blind to the order of test trials. The 

observer measured the subject's looking times by operating a button box which was 

connected to a computer. Once the infant had looked for a minimum of 0.5 seconds at 

the outcome, each test trial ended after the infant either looked away for 2 consecutive 

seconds, or looked at the outcome for 30 seconds cumulatively. 
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The test items used in the Object Condition were two three-layer pyramids 

constructed of blue Lego blocks (base area: 4.8 cm^; height: 3.0 cm). The items used in 

the Collection Condition were two collections of blue Lego blocks, each consisting of 

five blue Lego blocks (1.6 cm x 1.6 cm x 2.0 cm each). With the five blocks piled 

together, the overall shape and size of the pile was similar to that of the Lego pyramid. 

Desien 

Infants were randomly assigned to the Object Condition or the Collection 

Condition. Each infant was presented with three pairs of two alternating test events, a 

"moving-behind-screen" sequence and a "moving-out-of-the-display" sequence, both 

followed by an identical outcome (see below for detail). The order of test trials was fixed 

for each subject but counterbalanced across subjects — half of the subjects received the 

"moving-behind-screen" trials first and the other half received the "moving-out-of-the-

display" trials first. 

Procedure I: Object Condition 

Prior to the experiment, in a different room, infants were presented with and 

encouraged to touch the experimenter's hands in long white gloves. The procedure in this 

experiment included three successive phases: Introduction to the stage. Familiarization 

trials, and Test trials. The Object Condition will be described first. 

Introduction to the stage. First, the experimenter's gloved hand appeared on the 

stage holding a "Sylvester Cat" puppet and moving it from the right end to the left end 

and then back, exiting from the right side, to draw the infant's attention to the range of the 

stage. Then the infant's attention was directed to the screens, showing that things could 

be hidden behind the screens and would be visible between the screens. Infants were also 

shown that the screens could be rotated upward and downward and the curtain could be 

raised and lowered. 
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Familiarization trials. Infants were presented with two familiarization trials: The 

"moving-behind-screen" and the "moving-out-of-the-display" trials. For each infant, 

these two trials were presented in the same order as that of the test trials they received. 

The "moving-behind-screen" trial (see the left half of Figure 1) started with one Lego 

pyramid on the infant's left-hand side of the stage. After it was manipulated by the 

experimenter manually (being picked up, turned around, and put down: This took 8 

seconds), another identical pyramid was placed on the right-hand side of the stage, and 

manipulated in the same way (8 seconds). Next, the screens rotated upward (3 seconds) 

to occlude the leftmost pyramid while the rightmost one stayed visible beside the screen. 

The rightmost pyramid was then slid along the stage floor by the experimenter's hand 

until it was entirely behind the screen, and the empty hand withdrew from the stage (7 

seconds). After a short pause (2 seconds), the curtain was lowered to end the trial. The 

"moving-out-of-the-displav" trial (see the right half of Figure I) started with two Lego 

pyramids on the stage. Each pyramid was manipulated as described above (8 seconds for 

each pyramid). Next, the screens were rotated upward (3 seconds) to occlude both 

pyramids, one behind each screen. Then the empty, open hand of the experimenter 

entered and reached behind the rightmost screen, returned with the pyramid in view, and 

slid it out of the display until the hand with the pyramid was entirely out of sight (7 

seconds). The curtain was then lowered after a brief pause (2 seconds) to end the trial. 

Infants' looking time was not measured. Thus the events in each familiarization trial took 

approximately 26 seconds. All the manipulations and hand modons were smoothly and 

clearly performed throughout the experiment. In order to draw the infant's attention, the 

experimenter always tapped three times on the stage floor with her index finger before 

any critical manipulation or movement of the pyramid. The screens did not drop to reveal 

the outcome in the end of the familiarization trial; therefore, no direct information was 
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provided about what to expect in the outcome of the test trials. Test trials followed the 

familiarization trials immediately. 

Test trials. The test trials were similar to the Familiarization trials, with two 

differences. First, in each trial the experimenter simply tapped on the stage floor beside 

the leftmost pyramid three times to draw the infant's attention instead of manipulating it, 

in order to shorten the presentation (4 seconds). Second, at the end of each test trial, the 

screens dropped to reveal just the left most pyramid resting on the stage, with no object 

behind the rightmost screen. The observer measured the infant's looking times to the 

outcome. In the "moving-behind-screen" trial, a second experimenter opened the 

trapdoor, secretly took away the object arriving behind the upward screen, and closed the 

trapdoor before the screens were dropped to reveal the outcome. In the "moving-out-of-

the-display" trial, the second experimenter again reached into the display through the 

trapdoor, to reduce any unwanted procedural differences between the two kinds of trials 

(of course, there was no pyramid to be removed in these trials). Therefore, infants saw a 

Magical disappearance in the "moving-behind-screen" trials and an Expected 

disappearance in the "moving-out-of-the-display" trials. Test events thus took about 22 

seconds before the outcome was revealed. 

The presence of the leftmost object served to maintain infants' looking interest at the 

outcome display of test trials when the screens were dropped to reveal an empty surface 

behind the rightmost screen; a separate leftmost screen was used to demarcate the 

location of the leftmost object, preventing infants from confusion about the locations of 

the two distinct objects (see Spelke &. Kestenbaum, 1986; Xu &. Carey, 1996, for 

examples of experiments using a similar two-screen, or "split-screen", procedure)5. 

Insert Figure 1 about here 
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Procedure II: Collection Condition 

Introduction to the stage. The same as in the Object Condition. 

Familiarization trials. The familiarization trials in this condition were similar to 

those in the Object Condition, with some changes due to the change of stimuli. In this 

condition, two collections of five blocks were used. The "moving-behind-screen" trial 

started with a collection of five blocks piled together (with four blocks forming a base 

and one block on top) on the infant's left-hand side of the stage (see the left half of Figure 

2). The collection was then manipulated as follows: The component blocks were first 

moved from the pile one at a time to form a line on the edge of the stage, showing that 

they were distinct objects, and then scooped back together into a pile (14 seconds). Next, 

a second collection was introduced to the display — the experimenter's hand slid a pile 

through the opening on the right side of the stage — and manipulated as described above 

(14 seconds). The rest of the procedure was identical to that of the Object Condition: The 

screens rotated upward to occlude the leftmost collection while the rightmost collection 

stayed visible beside the screen; the rightmost collection was slid by the experimenter's 

hand until it was entirely behind the screen and the empty hand withdrew from the stage; 

and then the curtain was lowered after a brief pause to end the trial. The "moving-out-of-

the-displav" trial started with two collections present on the stage (see the right half of 

Figure 2). Next, the leftmost collection was manually manipulated by the experimenter 

from the left, and then the rightmost collection from the right. Again, the rest of the 

procedure was identical to that of the Object Condition. Thus, each Familiarization trial 

took approximately 38 seconds. 

Test trials. As in the Object Condition, the test trials differed from the 

Familiarization trials in two respects: The experimenter tapped the stage floor beside the 

leftmost collection three times instead of manipulating it (4 seconds); and the screens 
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dropped at the end of each trial to reveal just the leftmost collection on the stage. Test 

events thus took about 28 seconds before the outcome was revealed. 

Insert Figure 2 about here 

Results and discussion 

A 2 X 2 ANOVA on infants' mean looking times to the two events, with Condition 

(Object versus Collection) as a between-subject factor and Test Event (Magical versus 

Expected disappearances) as a within-subject factor, revealed a significant Condition x 

Test Event interaction, F(l, 34) = 5.384, e < -05. Post hot t-tests on the looking 

preference of each group indicated that infants in the Object Condition looked reliably 

longer at the Magical (10.1 seconds) than Expected Disappearances (7.5 seconds), t( 17) = 

2.687, £ < .01, one-tailed; in contrast, infants in the Collection Condition looked equally 

at the Magical (6.3 seconds) and the Expected Disappearances (6.6 seconds), t( 17) = -

0.349 (see Figure 3). 

Insert Figure 3 about here 

The results show that infants' in the Object Condition detect the violation of 

spatiotemporal continuity (i.e.. Magical disappearances), indicating that they are able to 

track a single object and expect it to move in a continuous path. However, infants in the 

Collection Condition did not detect the violation of continuity in the Magical 

Disappearance trials. 

Some conclusions can be drawn from these findings. First, as many previous 

infants studies have shown, infants well under a year of age are able to reason about 

single, medium-sized objects ~ they can track a solid, cohesive object and expect it to 

exist continuously when it moves out of view. Second, when a collection of objects is 
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presented in a similar experimental situation, it appears that infants' object knowledge is 

not applied. This suggests that infants did not construe the collection as "multiple 

objects", because if they did so, they should presumably have shown heightened looking 

to the objects' Magical disappearance. Third, the current findings suggest that infants' 

expectation of object permanence does not derive from some low-level perceptual 

capacity, as suggested by some researchers (e.g., Bogartz, 1998; Cohen, 1995; Haith, 

1997). In this experiment, the overall shape and size of the pile and the way it moved 

were almost identical to those of the single pyramid, yet infants responded differently to 

the two. Infants do not apply expectations of spatiotemporal continuity to any and all 

portions of matter in their visual field. 

2.2.3 Study IB: Tracking of a single small object 

The results of Study 1A suggest that infants did not view the collection as "multiple 

objects" -- they did not apply their object knowledge to the small blocks that constituted 

the group. It is possible that infants' failure results from the small size of each block, 

rather than from the blocks' being pan of a collective entity. Infants may readily apply 

their physical knowledge of objects to entities of medium sizes but be less likely to do so 

with entities of extremely small or large sizes. The blocks used in Study 1A might have 

been too small to engage infants' object knowledge. 

To examine this possibility. Study IB tested infants with a single small block from 

the collections used previously. The prediction is as follows: If a small single block is 

viewed as an "object", then infants should expect it to exist continuously, as they 

demonstrated in the Object Condition of Study I A. However, if the size of the small 

blocks is too small to engage infants' object knowledge (and was therefore the reason for 
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their failure in the Collection Condition), then infants should fail to detect the Magical 

disappearance of a single small block. 

Method 

Subjects 

Seventeen healthy, full-term 8-month-olds (mean age: 8 months 0 days; range: 7 

months 22 days to 8 months 17 days) were tested in this study. Nine additional infants 

were excluded from the statistical analysis because of the failure to complete at least four 

test trials due to fiissiness or extreme disinterest (7 infants), or experimenter error (2 

infants). 

Stimuli 

The apparatus was identical with that in Study lA. Only two separate Lego blocks 

(1.6 cm X 1.6 cm x 2.0 cm each) form the collections in Study IA were used. 

Procedure 

There were three differences in the procedure of this study from that of the 

Collection Condition of Study I A. First, the manipulation involved only a single block 

on each side of the stage rather than five blocks: The block was picked up by the 

experimenter's thumb and index finger, moved froward and placed on the floor of the 

stage, then picked up again and placed back in its original location (7 seconds for each 

block) before the hand withdrew from the display. Second, to ensure that subjects had 

clear and sufficient exposure to the manipulation of the small Lego block, the block on 

each side was manipulated in turn (the leftmost one first) not only in the familiarization 

trials, but in the test trials as well. Third, after the screens were raised, the experimenter 

moved the rightmost block either behind the screen or out of the display by picking it up 

and carrying it above the stage floor, with the block clearly facing the infant (7 seconds). 
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rather than sliding it as the collection was moved in Study 1A (this was to ensure the 

hand did not obscure the view of the block). Test events took approximately 24 seconds 

before the dropping of the screens. 

Results and discussion 

Figure 4 presents the mean looking times of the infants to the two kinds of events. 

A t-test indicated that the infants looked longer at the Magical (7.5 seconds) than the 

Expected Disappearance event (5.8 seconds), t(16) = 1.882, g < .05, one-tailed. 

Insert Figure 4 about here 

The results revealed a pattern similar to that observed in the Object Condition of 

Study 1A with a larger Lego pyramid: A looking preference for the Magical 

Disappearance event over the Expected Disappearance event. This suggests that the size 

of the small blocks is sufficient to engage infants' object knowledge, and that their failure 

to track the collection in Study 1A was therefore not due to the small size of the blocks in 

the collection. 

2.2.4 Study IC: Tracking of a collection that moves as a rigid whole 

In Study lA, the collection and the pyramid were moved from view in a similar 

manner -- both were slid by hand against the stage floor with their overall shape and 

volume roughly equal. However, during the movement, the component objects of the 

collection often shifted and thus the pile presented a non-rigid boundary. Study IC 

investigated whether this non-rigid motion of the pile may have been the basis for infants' 

difficulties. In this study, the collection was moved by a sliding apparatus so that it 

maintained a rigid shape during the movement, allowing us to examine whether a 
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collection temporarily moving in a rigid shape (as a solid object would) will engage 

infants' object knowledge and lead to success in detecting the discontinuous 

disappearance. 

Method 

The method was the same as in the Collection Condition of Study 1A with the 

exception of points noted below: 

Subjects 

Subjects were 14 healthy, full-term 8-month-olds (mean age; 8 months 5 days; 

range: 8 months 1 day to 8 months 11 days). Seven additional infants were tested but 

excluded because of the failure to complete at least four test trials due to fussiness or 

extreme disinterest (6 infants), or experimenter error (1 infant). 

Apparatus and stimuli 

Stimuli were the same collections of Lego blocks used in Experiment 1. The only 

change in the apparatus was that a thin new floor was added on top of the original stage 

floor. The lengthwise center portion of this new floor was a distinct piece, and could be 

silently slid left and right, independently of the rest of the floor. 

Procedure 

The collection was manipulated by the experimenter's hand in the same way as in 

the Collection Condition of Study lA -- the collection of blocks was spread out, lined up, 

and regrouped back into a pile. The sole difference in the procedure was that after the 

screen was raised, the experimenter tapped on the outer side of the stage to draw the 

infant's attention (thus the infant did not see the hand), and then either pushed or pulled 

the movable floor segment in order to slide the collection behind the screen or out of the 
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display as if the collection was moving on its own. Test events took approximately 28 

seconds before the dropping of the screens. 

Results and discussion 

Figure 5 presents the mean looking times to the two kinds of trials. A t-test on the 

infants' mean looking times indicated that infants looked equally at the Magical (8.6 

seconds) and Expected Disappearance events (7.9 seconds), t(13) = 0.589. 

Insert Figure 5 about here 

The pattern of results is similar to that of the Collection Condition in Study 1 A; 

Infants do not show a looking preference for the Magical Disappearance of a collection 

over the Expected Disappearance event. This finding suggests that a portion of matter 

that moves with a rigid shape does not automatically engage object knowledge or aid in 

the detection of spatiotemporal discontinuity in infants. 

2.2.5 Study ID: Tracking of a collection that moves one component at a time 

The findings of Study 1A-IC together show that infants do not apply spatiotemporal 

continuity to collections but do so to single objects. In Study ID, the individual object-

hood of each object within the collection was emphasized to see if this would help infants 

to apply their object knowledge to the individual elements. This was achieved by moving 

the collection out of sight one object at a time after it was lined up. The facts that (a) 

adults tend to organize a display of multiple objects moving together into a perceptual 

unit in accordance with the Gestalt principle of common fate (e.g., Wertheimer, 1938), 

and (b) infants tend to use relative motion among surfaces to individuate a displays to 

distinct units (e.g., Kellman & Spelke, 1983; Von Hofsten & Spelke, 1985), suggest the 
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possibility that removing the cue of common motion of the blocks while adding that of 

independent motion may motivate infants to represent the collection as "multiple 

objects", and thus lead them to detect the Magical Disappearance of the component 

objects. 

Method 

The method was same as that in the Collection Condition of Study 1A with the 

exception of the points noted below: 

Subjects 

Subjects were 14 healthy, full-term 8-month-olds (mean age: 8 months 4 days; 

range: 7 months 28 days to 8 months 14 days). Three additional infants were excluded 

because of the failure to complete at least four test trials due to fiissiness. 

Procedure 

There were three changes in the procedure from that of Study 1 A. First, at the stan 

of each trial in the familiarization and in the test, two collections of piled up blocks 

appeared in the display after the curtain was raised, with the rightmost collection always 

located between the rightmost screen and the side wall of the stage (see Figure 6). 

Second, during the manipulation, the blocks were put out into a line as in Study 1A (8 

seconds), but were not regrouped back into a pile. In order to shorten the duration of the 

presentation, the leftmost collection underwent this pile-to-line transformation only in the 

familiarization, but not in the test, in which the leftmost collection was presented as a line 

throughout each trial. Third, after the transformation, the rightmost collection was then 

moved by the experimenter's hand one block at a time behind the screen or out of the 

display, in the exact manner in which the single block was moved in Study IB (15 

seconds total). The hand was always open with the palm facing the infant to show its 
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emptiness when it entered the display and when it withdrew from the back of the screen. 

Test events took about 30 seconds before the dropping of the screens. 

Insert Figure 6 about here 

Results and discussion 

Figure 7 presents the mean looking times to the two kinds of events. The infants 

looked equally at the Magical (6.2 seconds) and Expected Disappearance events (7.0 

seconds), t(l3) = -0.633. That is, even when the objects in the collection were moved one 

at a time behind the screen, in exactly the same manner as the single object was moved in 

Study IB (which infants successfully reasoned about), infants do not expect them to 

endure once out of sight. 

Insert Figure 7 about here 

The results from the four studies thus far reveal a consistent pattern: While infants 

expect a single object (a pyramid or a small block) to maintain a spatiotemporally 

continuous existence (Studies lA and IB), they do not apply this expectation to a pile of 

five distinct objects (Study 1 A), even when the pile maintains a rigid contour during 

motion (Study IC), and even when the constituent objects of the pile are moved 

independently from each other (Study ID). 

Infants are known to rely heavily on motion cues in object individuation (e.g., 

Kellman & Speike, 1983; Von Hofsten & Spelke, 1985). It is thus surprising that the 

modified procedure in Study ID did not draw infants' attention to the individual objects 

which they are capable of tracking — the independent motion of the blocks within a 

collection did not prompt infants to form a "multiple objects" representation. 
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One possibility is that infants may be unable to follow the re-arrangement in the 

configuration of the collection at the perceptual level in the three studies: The visual 

transformation from pile (with a single visual contour evident) to line (with distinct 

contours for each block visible) may confuse infants or disrupt their object-tracking 

process. A second possibility relates to the number of objects in the collection. Five 

objects may be more than infants can simultaneously keep track of, and this 

representation overload might result in infants tracking none of the objects. A third 

possibility concerns infants' object representation. Infants may have initially 

misconstrued the pile as "a single object" due to its single visual contour and 

homogeneous color and texture; its subsequent "disassembly" (i.e., the spreading-out 

manipulation), violating the cohesion principle, may have either led infants to assign a 

non-object status to both the pile and its constituent elements (perhaps viewing it as an 

infinitely decomposable portion of substance), or have disrupted object-tracking 

processes already operating over the entire pile. Study IE was designed to test these 

possibilities. 

2.2.6 Study IE: Tracking of a collection that first appears as a row of discrete 

components 

Study IE tests whether infants' failure in reasoning about the collections in previous 

studies results from the number of objects, and/or the complexity of the pile-to-line 

transformation, or an initial misconstrual of the pile of objects as a single unitary object 

in itself. One critical step was added to the procedure: Unlike previous studies, infants 

initially saw the five objects lined up in a row rather than in a pile, and only after this 

were the objects piled together and manipulated as in Study ID ~ the pile was then 

spread into a line (the "pile-to-line" transformation) and each block was moved separately 
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behind the screen (the Magical Disappearance event) or out of the display (the Expected 

Disappearance event). In other words, this study presented infants with a "line-to-pile-to-

line" transformation of the collection before it disappeared from view. The predictions 

are as follows: If infants in the previous studies failed to apply object knowledge to the 

members of the collection because they had difficulty in processing the pile-to-line 

transformation, or if their difficulty resulted from the large number of objects, they 

should fail in this study as well, since the same transformation is performed, and the same 

number of objects is used. Alternatively, if infants' previous failure resulted from initially 

misconstruing the pile as an "object" and then having difficulty interpreting the 

subsequent "dismantling" of the pile, then in this study initially seeing the blocks 

separated, each with its own contour, should facilitate the correct construal of the 

constituents as individual objects and so lead infants to successful performance. 

Method 

The method was same as that in Study ID with the exception of the points noted 

below: 

Subjects 

Subjects were 14 healthy, full-term 8-month-olds (mean age: 8 months 0 days; 

range: 7 months 23 days to 8 months 13 days). Eleven additional infants were excluded 

from this experiment because of the failure to complete at least four test trials due to 

fussiness or extreme disinterest (9 infants) or experimenter error (1 infant), or because of 

reaching the maximum looking criterion (30 seconds) in more than 2 pairs of test trials (1 

infant). 
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Procedure 

The procedure was identical to that of Study ID with the exception that at the start 

of each trial (both familiarization and test), when the curtain was raised, two collections 

of lined-up blocks were revealed, a row of five objects on the right-hand side of the stage, 

and another row of five objects on the left-hand side of the stage. The blocks on the right 

were then piled together (6 seconds) and, following the procedure of Study ID, spread 

out into a line again (8 seconds). Subsequently, the blocks on the right side were moved 

one at a time behind the raised screen or out of the display (15 seconds). Test events took 

about 36 seconds before the screens dropped to reveal the outcome. 

Results and discussion 

Figure 8 presents the mean looking times to the two kinds of events. A t-test 

indicated that infants looked longer at the Magical (6.1 seconds) than the Expected 

Disappearance event (4.4 seconds), t(13) = 2.131, g < .05, one-tailed. 

Insert Figure 8 about here 

In contrast to the results of Study ID, the current results show that infants are able 

to track a collection and detect its Magical Disappearance, indicating that infants' failure 

in previous studies cannot be attributed to the length and complexity of the experimental 

events or to the number of objects in the collection. The results of this study thus suggest 

that infants' difficulty in previous studies had to do with the fact that in their first 

exposure to the collection, the blocks were all together in a single pile: If the objects are 

initially presented so that they are clearly discernible, with the distinct contour of each 

element fully visible, infants respond to the Magical Disappearance of the collection as an 

unexpected event. 
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2.2.7 Study IF: Tracking of a previously encountered collection 

Study IF asks whether infants' immediate perceptual experience of the objects, just 

prior to their movement behind the screen or out of the display, is what determines 

infants' success or failure. Perhaps if infants first see the blocks in a pile in which they 

overlap and create a single visual contour (as in Studies 1 A, IC, and ID), this forces an 

"object" construal of the pile, in which infants' perceptual and/or conceptual processes 

automatically engage to track the pile as a single object. When the pile is subsequently 

disassembled into its component pieces during the "pile-to-line" transformation, these 

processes may not be able to "regroup" and develop an alternative construal in time to 

generate accurate predictions about the outcome of the test events. Alternatively, infants' 

perceptual and conceptual processes may be more flexible than this: Prior knowledge of 

the nature of the stimuli may enable them to interpret the pile as composed of individual 

objects, even if in the experiment itself it takes the form of a single-contour pile initially. 

There is evidence that prior experience can, in some cases at least, affect infants' 

object segregation. In studies by Needham and Baillargecn (1998), when 4.5-month-old 

infants saw a yellow cylinder and a blue box next to and touching each other, they 

showed no expectations as to whether the display comprised one or two objects. 

However, when shown the box alone (for 5 seconds) prior to seeing the whole display, 

infants formed a "two-object" interpretation of the display. Thus, experience with the 

blocks used in the current studies prior to the experiment might similarly help infant to 

constme the pile correctly during the experiment. However, the visual characteristics of 

the pile of blocks differ from those of Needham and Baillargeon's display, in which the 

two adjacent objects had different colors, shapes and textures, and the distinct contour of 

each was clearly discernible. Thus, their display might have been perceptually 

indeterminate between one object (based on the spatial adjacency) and two objects (based 
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on the featural differences), and the prior experience allows infants to identify the correct 

interpretation of the display. In the display of current studies, the pile is homogeneous in 

color and texture with the only contour evident being the overall one of the pile; no 

featural cues suggest that it consists of nnultiple objects. The current study thus asks 

whether infants' perceptual and object-tracking systems are rigidly forced into treating 

such a visual entity as a single object, or whether prior knowledge can influence the 

treatment of a visual entity. 

Method 

The method was same as that in the Collection Condition of Study 1A with the 

exception of the points noted below: 

Subjects 

Subjects were 14 healthy, full-term 8-month-olds (mean age: 8 months 0 days; 

range: 7 months 16 days to 8 months 12 days). Seven additional infants were excluded 

from this study because of failure to complete at lezist four test trials due to fussiness or 

extreme disinterest (5 infants) or experimenter error (2 infants). 

Procedure 

The only change in the procedure from that of the Collection Condition of Study 1A 

was that prior to the experiment proper and in a separate room, each infant was presented 

with a pile of five blocks (the same as used in Study 1 A) on a rectangular, white tray and 

encouraged to manipulate them (for about 10 seconds). Approximately 30 seconds later, 

the experiment began exactly as Study 1 A. Infants were presented with alternating test 

events showing Expected and Magical Disappearances of a collection of objects which 

was initially piled together, then spread out into a line, regrouped, and moved as a whole 

either behind the screen or out of the display (as in Figure 2). 
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Results and discussion 

Figure 9 presents the mean looking times averaged across three test pairs. A t-test 

indicated that infants looked longer at the Magical (7.8 seconds) than at the Expected 

Disappearance event (5.2 seconds), t(13) = 2.687, 2 < 01, one-tailed. 

Insert Figure 9 about here 

In contrast to the results from Study 1 A, infants successfully detected the Magical 

Disappearance of the collection, suggesting that infants' prior visual and manual 

experience with the objects influenced their interpretation of the pile in the experiment 

itself ~ they were able to view it as composed of multiple individual objects. This 

suggests that the immediate perception of an entity with a bounded shape and 

homogeneous color and texture does not automatically force a "single-object" construal 

of that entity. Prior experience can influence infants' construal of an entity. 

2.2.8 Age correlation analyses 

Studies 1A-IF tested 8-month-old infants exclusively (ranging from 7 months 19 

days to 8 months 17 days) and as a result all conclusions were drawn with respect to 8-

month-olds as a group. Although no other age groups were tested to compare with 8-

month-olds, there exist ways to explore possible changes in infants' performance as they 

grow older. Correlation analyses between infants' age and their mean looking preference 

for the Magical over the Expected Disappearance event may be one such way that allows 

a preliminary look at this developmental issue. 

A linear correlation analysis was conducted for each study between infants' looking 

preference for the Magical Disappearance event and their age, which was coded as a 

number of days beyond (positive) or below (negative) 8 months 0 days. The prediction is 
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that if infants' ability to detect discontinuity in object motion progresses within the range 

of a month, there should be positive correlations between the two variables -- as infants 

grow older, they will show a stronger preference for the Magical event over the Expected 

event. 

The results showed that in all studies but one, infants' age and their performance are 

not correlated (see Table 1). The correlation between age and performance was 

significant in Study IE, r = .63, 2 < .025; for all the other studies the magnitude of rs < 

.30, all gs > .3. A cursory look at the individual data from Study IE revealed that 4 out of 

the 5 infants who did not prefer the Magical disappearance were from the younger half of 

the subjects (7 infants, who were no older than 8 months 0 days); whereas only 3 out of 

the 9 infants who preferred the Magical disappearance were from the younger half of 

subjects. 

Insert Table 1 about here 

It may not be a coincidence that infants' age and performance are positively 

correlated in Study IE, which used the most complicated procedure of all. To succeed in 

this study, infants must keep track of a collection of small blocks which is first shown as 

a line, then put into a pile, lined up again, and moved one block at a time until all five of 

them are behind the screen or outside the display. It is possible that the high demand of 

the task rendered the infants' performance exceptionally susceptible to the general 

processing capacities available to them, presumably age correlated, and thus older infants 

showed stronger looking response to the Magical event over the Expected event within 

the one-month window. 
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2.2.9 Summary of results 

Presented above was a series of studies using collections of objects to examine the 

situations in which infants' object knowledge was or was not engaged. As already 

confirmed by many other studies, these studies showed that 8-month-old infants can track 

single objects (lemon-sized pyramids or gumball-sized blocks) and expect them to endure 

once out of sight (Studies 1A and IB). However, infants do not readily do so for a 

collection of five gumball-sized objects (Studies 1 A, IC, and ID), when in their very first 

exposure to them, these objects are presented in a pile. This holds both when the pile of 

objects subsequently moves, like a single object, as a rigid whole (Study IC), and when 

the constituent objects are moved separately, one at a time (Study ID). However, if 

infants either first see the objects distinctly as individual items (Study IE), or have prior 

experience with the pile of objects (Study IF), infants are able to apply the principle of 

continuity to the objects within the collection. 

2.3 Discussion of Present Findings 

These results inform us about some specific situations in which infants' knowledge 

of objects does and does not apply. One possible explanation for the null results in 

Studies 1 A, IC, and ID is that in these studies, infants conceived of the collection as a 

kind of non-object entity; they did not respond to its discontinuous disappearance as 

unexpected because their knowledge of such entities is either incomplete ~ yet to include 

the continuity principle ~ or different in principle from their understanding of objects ~ 

discontinuity is not a violation. In contrast, infants succeeded in Studies IE and IF 

because the experimental manipulations in these studies precluded the "not-an-object" 

construals of the collection. Another possibility focuses on infants' knowledge of objects 
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and limitations to this knowledge. More specifically, the null results in Studies 1 A, IC. 

and ID can be interpreted as resulting from some limitations in the functioning of infants' 

object-tracking processes. Below I discuss these two possibilities. 

2.3.1 The "not-an-object" constnials of a collection 

Two specific kinds of "not-an-object" construals of collections are possible based 

on the existing evidence: The 'nonsolid substance" construal and the "non-object 

individual" construal. Below I discuss how the current results may be interpreted in 

terms of infants' understanding of these non-object entities. 

Collections construed as nonsolid substances 

As discussed earlier, the initial perception of the collection as a pile in Studies 1 A, 

IC, and ID might have led infants to misconstrue the collection as "a single object" due 

to its bounded shape and homogeneous color and texture. It is thus possible that its 

subsequent disassembly leads infants to represent the component parts of the collection as 

"portions of a non-solid substance", and so construed, infants do not expect nonsolid 

substances to observe continuity, not because of failed tracking processes, but because of 

an incomplete understanding of nonsolid substances. 

It is important to note that even if infants misconstrued the piled-up collection as "a 

single object" and interpreted the spreading-out manipulation as "disassembling an object 

into parts", it does not necessarily follow that infants will fail to view the parts as 

"objects". Again, studies have shown that independent motion among surfaces is a 

powerful cue for infants to individuate objects in a scene, one which can override a 

previously formed percept of the scene based on static, configural information (e.g.. Von 

Hofsten & Spelke, 1985; Needham & Baillargeon, 1997). These facts suggest that if 
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infants do construe the collections used in current studies as portions of nonsolid 

substance, then the "disassembling" act, demonstrating the non-cohesive nature of the 

collection as a whole, must have led infants to construe the component parts of the 

collection as portions of substance that can be further divided into smaller ponions (i.e.. 

they possess infinite divisibility), unlike solid objects. The pattern of infants' responses 

to collections (Studies 1 A, IC, and ID) is reminiscent of infants' responses to nonsolid 

substances ~ infants of the same age did not readily detect the discontinuous 

disappecU'ance of a portion of sand (Huntley-Fenner & Carey, 1995). On this possibility, 

infants may have succeeded in Study IE because an initial perception of the component 

parts as separate objects precluded a "single object" construal of the pile, and 

consequentially, the subsequent disassembly no longer suggests infinite divisibility ~ in 

other words, infants did not construe the collection as a portion of nonsolid substance in 

this situation. 

The similarity between infants' response to collections of objects and to nonsolid 

substances (e.g., sand) suggests a similarity between infants' conceptions of them. The 

principle of cohesion that applies to a small block may also apply to a grain of sand. A 

collection of small blocks is thus similar to a portion of sand: Non-cohesiveness is a 

holistic property of the collective entity but not an essential property of the elements of 

the entity. It is thus possible to view a collection of objects and a portion of substance as 

two ends of a continuum of individuation (Cenmer, 1997; Imai «fe Centner, 1993). At one 

end are substances that consist of very fine particles so that singling out one of the 

individuals is very difficult or impossible (e.g., flour, sand, salt); at the other end are 

collections of objects whose boundaries are distinct and sizes are sufficiendy large that a 

collection of them is almost always perceived as a group of individuals (e.g., people, 

trees, cars). In between are collections of individuals small enough that their boundaries 
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may not be patently obvious, but are available upon cursory inspection (e.g., rice, 

oatmeal, sesame seeds), such that these collections may be perceived at times as a 

substance, but at other times as a group of individuals. 

Any divisions in a continuum, however, are deemed to be imprecise, leaving some 

ambiguities in the area where the distinction is drawn. Language provides one way to 

make distinctions. The ways to which languages encode objects and nonsolid substances 

may reflect the way we perceive and reason about these physical entities. In English, 

count nouns can follow determiners such as a and can be pluralized; mass nouns can 

follow determiners like a little or much which do not specify a countable quantity, and 

can follow specific classifier constructions (e.g, a piece of wood). This distinction is not 

completely arbitrary or specific to syntax; objects are typically described by count nouns, 

substances, by mass nouns. Wierzbicka (1985) suggested that the size of a kind of entity 

is related to whether it is named with a count or a mass noun, and that different languages 

draw the count-noun/mass-noun distinction at slightly different places. It was noted that 

in English, words referring to entities like peas, lentils, and larger items are count nouns, 

but words referring to smaller entities like rice and tapioca are mass nouns. However, in 

Russian, which also has a count-noun/mass-noun distinction, the words for peas and 

small beans are all mass nouns, while the word for lima beans (an exceptionally large 

kind of bean) is a count noun. It seems that English and Russian apply different criteria 

in terms of size to assign names for things into count nouns or mass nouns. Furthermore, 

even in the same language the count-mass syntax of the word referring to the same entity 

may change over time, especially if the size of the entity falls in a "gray" area. For 

example, in English the obsolete word pease (a mass noun) has tumed into peas, the 

plural form of the modem word pea (a count noun). 
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Empirical studies on word learning show that 2- to 3-year-old children rely on the 

perceptual features of objects, including size, in determining the count-mass syntax of a 

novel word that refers to a collection of novel objects (McPherson, 1991). When asked to 

give "a little vox' to the experimenter (which can be construed as "a little one of the 

voxes", or as "a little portion of the vox"), these children tend to construe the novel word 

vox as a count noun when shown a collection of pompom-sized objects (15 mm and 30 

mm in diameter), but as a mass noun when shown a collection of tapioca-sized objects 

(2.5 mm and 5 mm in diameter). Studies also show that when presented with test items 

that are "ambiguous" sizewise (e.g,. a pile of lentils or spaghetti pieces), 3- and 4-year-

olds respond to the same items differently in situations where a novel word referring to 

the items (e.g.,/efe) was introduced as a count noun ("These are febs") or as a mass noun 

("This is feb"): When asked to give the experimenter "a feb" or "feb" respectively. 

children tended to respond with a single object if the word was learned as a count noun, 

but with a handful of objects if the word was learned as a mass noun, suggesting that 

when the size of objects is ambiguous, the count/mass syntax can lead children to 

construe the same entities differently, as a set of individual objects or as an 

unindividuated portion of substance (Bloom, 1990; 1994). 

It is thus possible that the small size of the blocks used in our studies is also critical 

to whether infants will construe them as objects or as substances. However, earlier 

discussions have shown that size alone cannot account for infants' failure to apply 

continuity to collections because infants are able to do so for a single one of the small 

blocks in Study IB. Thus, if infants indeed perceived collections of blocks as portions of 

nonsolid substance, it may have resulted from an interplay between the small size of the 

blocks within the collection and the holistic non-cohesiveness of the collection 

demonstrated by the experimental manipulations. 
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Collections construed as non-obiect individuals 

Conceptually, a collection can be construed as "some objects", with no internal 

relation among the objects assumed; it can also be construed as "an individual entity" 

whose behavior is critically different from that of a single object. Take a flock of birds as 

an example: A flock does not maintain a rigid boundary, and individual birds or groups of 

birds can leave or join the flock (violating the principle of cohesion); two flocks can pass 

through each other (violating the principle of solidity); and a flock can temporarily cease 

to exist as an individual, when, say, the birds disperse for the evening but recollect into a 

flock the next morning (violating the principle of continuity). If infants are able to 

construe collections as non-object individuals in their own right, it is conceivable that in 

our studies they were doing so, and hence not applying to the collection the constraint of 

spatiotemporal continuity. 

Studies have shown that adults and older children can and do construe collections as 

non-object individuals: They can track, count, and label a variety of collective entities, 

and when certain cues (e.g., perceptual, causal, or intentional) are provided, they can 

construe collections as individuals. Studies of apparent motion show that perceptual cues 

can lead people to view collections as individuals (e.g., Temus, 1938; Pantle & Picciano, 

1976). For example, human adults presented with alternating displays of a row of vertical 

lines tend to experience an apparent "element movement" when the inter-display interval 

is short, but experience an apparent "group movement" when the interval is sufficiently 

long (but still brief enough to create apparent motion), suggesting that subjects construe 

the whole group of lines as an individual entity in this situation (Braddick, 1980). 

Studies by Paul Bloom and his colleagues show that adults and children sometimes 

construe groups of objects as individuals in word-learning situations (Bloom & Kelemen. 

1995; Bloom, Kelemen, Fountain, & Courtney, 1995). While subjects tend to interpret a 
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novel word as referring to single objects within a group when they are stationary, they 

tend to interpret the word as a collective term, referring to the group as a whole, (a) when 

the stationary group becomes the recipient of purposeful actions of an external agent and 

(b) when the group moves as a single unit (with no relative motion among the objects) 

while avoiding each other. This collective interpretation of (b) disappears when the 

movement of the group is passively created by a self-moving circle that surrounds and 

carries it. These results suggest that when collections themselves seem to be causally 

potent entities, people are more likely to treat them as individuals. Furthermore, 4- and 

5-year-old children can use intentional cues to view collections as individuals: When 

given evidence that an experimenter construes a group of discrete objects as an individual 

(e.g., deliberately arranging the objects within the group and temporarily placing a picture 

frame around the group), children are more likely to construe the group as an individual 

entity (see Bloom, 1996). 

Moreover, there is evidence that infants have some understanding of agency and can 

"read" intentional cues. For instance, studies show that 12-month-old infants can identify 

an agent's goal in a computerized animation event and interpret the agent's actions 

causally in relation to its goal (Gergely, Nadasdy, Csibra, & Biro, 1995). Leslie found 

that 5- to 7-month-old infants appreciate that a hand is an agent and plays a special 

mechanical role when interacting with inanimate objects. Seeing a hand moving 

simultaneously and in contact with a material object, infants interpret the hand, but not 

the object, as an agent that can cause other objects to move; whereas seeing two material 

objects undergo the same simultaneous movement does not lead the infant to view either 

object as an agent (Leslie, 1982; 1984). In addition. Woodward (1995) showed that 8- to 

10-month-old infants encode and reason about the actions of hands differently from 

motions of inanimate objects: When infants saw a person's hand reach for a target toy. 
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they attended to the goal of the reach rather than the spatiotemporal pattern of the action, 

but the opposite pattern arose when they saw an inanimate object (i.e., a rod with a 

tasselled end) approached a toy. The above findings thus open up the possibility that 

such intentional cues might lead infants, in certain circumstances, to identify a collection 

as a meaningful individual. The manipulations in our studies that may serve as such cues 

include the following: The experimenter's hand spreads out and regroups the objects into 

a pile (Studies IA and IC), the hand moves the collection as a whole (Study 1 A), or 

transports all the objects within the collection from one location to another (Study 1D), 

and the collection moves together like a self-moving agent (Study IC). It is thus possible 

that infants did not detect the discontinuous disappearances of collections in these studies 

because the manipulations of the collection by the experimenter led them to view the 

collection as a non-object individual in its own right, to which the object constraint of 

continuity did not apply. 

A related possibility is that infants both represented the collection as a whole as a 

non-object individual, and represented the component elements as objects, but were 

unable to attend to both of these levels of representation simultaneously. Studies show 

that young children have difficulty in actively maintaining a dual representation. For 

example, it is hard for them to simultaneously think of a photograph or a scale model 

both as a representation of an object in reality, and as an object in its own right 

(DeLoache, 1987; DeLoache & Marzolf, 1992). In addition, children also have 

difficulties learning new homonyms, words that are phonetically identical but denote at 

least two different categories (Backscheider & Gelman, 1995). It is thus possible that the 

dual representation of both the whole collection as a non-object individual, and the pans 

as objects, may present similar problems to infants' physical reasoning. If infants' failure 

to detect the discontinuous disappearance of objects within a collection lies in their 
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difficulty in maintaining a dual representation, the current results suggest the possibility 

that the initial construal of a collection (as "multiple objects" or as "an individual") 

dominates the other in infants' further reasoning. Seeing a piled-up collection of blocks 

may have led to an initial construal of the collection as "an individual" (Studies 1 A. IC, 

and ID), whereas initially seeing the blocks lined up separately (Study IE) or manually 

manipulating them (Study IF) may have initiated the "multiple objects" construal. 

Infants may have difficulty in overriding the initial construal even though the subsequent 

manipulations prompt the other construal. 

Challenees to the "not-an-object" explanations 

Studies on infants' understanding of physical entities other than objects have 

suggested that infants tend to predict the behavior of physical entities by applying the 

principles that constrain object motion in an "all-or-none" fashion: After witnessing an 

entity violate one or more object constraints, infants will suspend the application of the 

rest and generate no expectation about the future behavior of the entity (e.g.. Van de 

Walle, Spelke, & Rubenstein, 1995; see also Spelke, Philips, et al., 1995). Thus infants' 

failure to apply continuity to the collection stimuli (in Studies lA, IC, and ID) may have 

been a result of their recognition of the entity simply as something "not an object" due to 

its evident non-cohesiveness, or more specifically, it could have resulted from an 

incomplete understanding of nonsolid substances (infants may not yet appreciate that 

nonsolid substances must observe continuity) or from an understanding of collections as 

non-object individuals to which the object constraints (including spatiotemporal 

continuity) do not apply. Therefore, the pattern of current results by itself cannot inform 

us whether infants' construal of the collection is crudely as "not an object", or more 

specifically, as a portion of nonsolid substance or as a non-object individual. To address 
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this issue requires evidence as to whether infants have "principled" expectations about the 

behavior of nonsolid substances and/or of non-object individuals other than that their 

behaviors can violate the object constraints. There is yet no research addressing this issue 

directly, but some studies provide indirect evidence that infants' understanding of non-

object entities is more sophisticated than that they are simply "not objects". Two pieces 

of evidence are discussed below. 

First, studies show that infants may have some understanding of nonsolid 

substances other than that they violate the cohesion principle. For instance, after seeing a 

portion of nonsolid substance (sand or salt) being poured onto a solid barrier occluded 

from view, infants by 8 months of age showed reliable looking preference for displays 

indicating that the poured substance has passed through the barrier rather than displays in 

which the substance stays on the barrier, suggesting that they understand that nonsolid 

substances may not violate the solidity principle (Huntley-Fenner, Carey, Klatt, & 

Bromberg, 1995; Kolstad & Baillargeon, 1995, cited in Baillargeon, 1995). It remains 

unclear, however, whether infants' responses result from their knowledge of nonsolid 

substances per se, or rather from their knowledge of the barrier as an object that must 

observe solidity. 

Second, there is evidence that infants can constme collections as non-object 

individuals in certain circumstances. Studies from our laboratory tested whether infants 

can individuate and enumerate collections of objects: Five-month-olds were habituated to 

displays (computer-generated animation) containing 2 or 4 collections (of 3 objects each) 

moving back and forth on distinct vertical trajectories, while at the same time the objects 

within each collection moved relative to each other. They were then tested with displays 

alternating between 2 collections of 4 objects and 4 collections of 2 objects, moving on 

horizontal paths. The habituation and test displays controlled for the overall number of 
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objects, size of collections, and total area occupied by the objects. The results showed 

that infants looked reliably longer at the test display that consisted of a novel number of 

collections, suggesting that infants construed the collections as individual, countable 

entities and were sensitive to the number of collections (Wynn, Bloom, & Chiang, 1998). 

However, it remains to be seen how infants will apply the object constraints (such as 

solidity and continuity) to these collective individuals, and whether the pattern of their 

responses reflects a "principled" understanding of non-object individuals as a distinct 

kind of entity. 

2.3.2 Object-tracking processes in infants 

One approach to understanding infants' knowledge of objects is to characterize it as 

resulting from the operation of cognitive mechanisms that, by virtue of their inherent 

structure, implicitly embody certain aspects of object behavior in the way that they 

function. The Object Indexing framework proposed by Leslie et al. (1998) is an example 

of this approach. Therefore, rather than interpreting infants' responses in Studies 1 A, IC, 

and ID as resulting from their construing collections as non-object entities (either as 

portions of a nonsolid substance or as a non-object individual), these results may result 

from limitations in the functioning of their object-tracking mechanisms. 

Studies of visual attention have suggested that such object-tracking mechanisms 

exist in adults and have yielded broader theories on adults' object tracking and 

identification (Kahneman, et al., 1992; Pylyshyn, 1989; Pylyshyn & Storm, 1988). In the 

theory advanced by Kahneman and Treisman, for instance, object tracking and 

identification are accomplished by processes utilizing object files (Kahneman & 

Treisman, 1984; Kahneman et al., 1992; Treisman, 1988). On this theory, the processing 

of a scene produces a set of object files, or "temporary, episodic representations" of 
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objects in the scene. Each file specifies the current location of the object it represents, 

and may contain additional information about the object as well, such as its size, color, 

kind, etc. This information is updated as the object changes, moves, or goes briefly out 

of view: From moment to moment, current sensory information is assigned to preexisting 

object files when possible, to overcome perceptual discontinuities caused by events such 

as temporal occlusions or saccades. This system is therefore responsible for giving us the 

perception of continuity of object identity over time and through space ~ it provides the 

basis upon which we are able to construe a given object as the very same object observed 

in preceding moments. Although the information contained in object files can be 

matched to descriptions stored in a separate recognition network to identify the category 

membership of perceived objects, it need not be — we can normally see entirely novel 

objects with little effort, without knowing exactly what kind of things they are. 

Studies have shown that the object-file and similar systems can account for the 

object-tracking and identification processes in adults (e.g., Gordon & Irwin, 1996; 

Kanwisher, 1991; Tipper, Brehaut, & Driver, 1990; Wolfe & Bennett, 1997). However, it 

is not until recently that such accounts were taken to explain infants' ability to track and 

identify objects (Leslie et al., 1998). It is possible that object-tracking mechanisms are 

present in early infancy, underlying their ability to represent object permanence in the 

face of full occlusion. Moreover, the operation of these mechanisms may provide a basis 

for explaining why infants failed to track the objects within a collection in some of our 

studies. 

In the framework of object files, when the collection was first seen by infants in a 

piled-up form (Studies lA, IC, and ID), infants may have initially represented the pile as 

"a single object" based on the static, configural information; the object-tracking system 

would then open a single object file for that "object", which was addressed by a single 
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location in space. The subsequent disassembly of the pile into distinct pieces, each with 

its own distinct contour and distinct location in space, would require the system to assign 

the new information of multiple locations to the single preexisting object file. This 

updating process would fail because of an intrinsic feature of the object-file system -- a 

single object file cannot be simultaneously addressed by multiple locations. To 

successfully resolve this situation would entail the "destruction" of the object file for the 

pile, and the simultaneous "construction" of five distinct new objects files, one for each 

object. To accomplish this may require more time and/or information than was available 

to the infants in the current studies. More generally, in conditions where the operation of 

object files is uncertain, infants may be unable to keep track of the objects perceived, and 

thus fail to detect unnatural discontinuities in motion such as the Magical disappearance 

in the current studies. In contrast, when infants were first presented with a collection of 

five spatially separated objects (as in Study IE), or given prior experience to enable them 

to recognize the pile as composed of multiple objects (Study IF), the object-tracking 

system may have opened distinct object files to begin with, allowing infants to keep track 

of the objects within the collection and to detect their discontinuous disappearances. The 

principle of cohesion may thus be built into the functioning of the object-tracking 

mechanism ~ entities which violate cohesion disrupt the process. Although much of the 

description above is speculative, the focus on object-tracking mechanisms nevertheless 

has two important implications for future research. On the one hand, this approach leads 

to a unified framework for explaining both adults' and infants' ability to track physical 

objects and infants' failure to track collections in some of our studies as well. On the 

other hand, the findings that infants apply continuity to visual entities selectively in 

different situations of the current studies shed light on the intrinsic nature of the object-
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tracking system and suggest that similar difficulties may be found in adults when 

information from other related cognitive systems is not available. 

Infants' obiect-trackins processes are not pureh perceptual 

However, it must be emphasized that, while the object-tracking system may in some 

sense be a component of the visual system, still it is not purely perceptual; that is, it does 

not operate exclusively on the immediate visual images available to the system. For 

example, results of Study IF suggest that background knowledge can influence how a 

particular scene is parsed (or how object files are assigned) and lead to successful 

tracking ~ infants who had prior experience with the stimuli were able to interpret the 

pile as composed of several distinct objects, rather than as a single object in and of itself, 

and consequently apply continuity to the objects. Thus, object-tracking and identification 

processes do not appear to constitute an encapsulated system, but allow for significant 

top-down influences from other cognitive processes (e.g., object recognition processes). 

There is abundant evidence that adults' object perception can be influenced by their 

background knowledge: For example, object-kind knowledge which contributes to object 

recognition can influence figure-ground organization (e.g., Peterson & Gibson, 1994); 

and contextual knowledge of scenes in which certain kind of objects usually appear 

influences object identification processes (e.g.. Bar & Ullman, 1996; Palmer, 1975). The 

influence of experiential knowledge on object individuation is also evident in infant 

studies. As discussed earlier, Needham and Baillargeon (1998) have shown that prior 

visual experience with an object affects how 8-month-old infants individuate a stationary 

scene in which the experienced object is placed adjacent to another object of a different 

color, texture, and shape: Infants with the prior experience construe the scene as 

composed of two objects, whereas infants without the prior experience remain ambivalent 
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between the "one-object" and the "two-object" construals of the scene. Similarly, 

Schwartz (1982, cited in Spelke, 1990) found that 5-month-old infants who saw a 

prototypical face occluded in the center inferred a connection between the upper and 

lower visible segments, but those who saw a partly occluded checkerboard pattern (in the 

same oval shape as the face) did not, suggesting that the infants drew on their prior 

experience with faces in individuating the scene. Vishton, Stulac, and Calhoun (1998) 

reported similar findings with 6-month-olds using a reaching paradigm. There is also a 

more general example of the influence of experiential knowledge on infants' object 

perception. It was found that after playing with a large and a small novel object briefly. 

7-month-olds were able to use the perceived sizes of the two objects in the test phase to 

infer the distances of the objects from them, and to reach reliably more toward the one 

that appeared to be closer to them, suggesting that they based their inference on their 

knowledge of the objects' sizes from the familiarization phase (Granrud, Haake, & Yonas. 

1985)6. 

More importantly, some studies suggest that the influence of experiential 

knowledge reaches beyond object individuation, allowing infants to represent properties 

of objects that are not visually evident (e.g., compressibility). Baillargoen (1987b) 

showed that after manual experience with a compressible object (e.g., an irregular ball of 

gauze) and a rigid, hard object (a wooden box), 7.5-month-old infants expected a screen 

in front of the soft object to rotate backwards until it was lower than the object's apparent 

height (i.e., to compress the object), whereas they expected the screen to stop when it 

reached the hard object. These results are striking because after the manual 

familiarization phase, prior to the visual test phase, infants received two visual 

habituation events in which the screen rotated towards a different soft object to the same 

extent as it did in the test events. These findings have been recently extended to older 
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infants in their reasoning about occluded containment events (Aguiar &. Baillargeon, 

1998a). After being visually and manually familiarized with a rigid ball and a set of 

containers of different sizes, 8.5-month-oIds consistently showed a looking preference for 

events in which the ball apparently was inserted into a container smaller than the ball 

over events in which the container's size was larger than the ball; whereas this pattern of 

looking preference disappeared entirely when infants were familiarized with a highly 

compressible ball, suggesting that infants were able to represent the object's 

compressibility and realized that the object can be inserted into a container narrower than 

its apparent size. A similar line of studies showed that after being habituated to an elastic 

object undergoing different motions of deformation on alternating trials, 3-month-olds 

dishabituated in the test phase when the same object underwent a rigid motion, but not 

when it underwent a novel deforming motion or the familiar deforming motions (Walker. 

Owsley, Megaw-Nyce, & Gibson, 1980)^. Together, these findings suggest that infants 

are able to recognize the object in the experiment and subsequently attributed 

compressibility or rigidity to it. It is thus possible that the infants in Study IF recognized 

the pile as composed of solid, distinct objects that they had prior experience with and 

subsequently applied spatiotemporal continuity to the objects. 

2.3.3 Concluding remarks 

Two possible explanations for the results of the current studies were discussed 

above. One possibility is that infants construed collections as non-object entities in the 

current studies and the negative results in Studies lA, IC, and ID arose because their 

understanding of such entities was either limited, not yet including continuity, or different 

in principle from their knowledge of objects. However, this explanation faces a challenge 

because it predicts that infants will not apply continuity to what they construe as non-
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object entities — in other words, it predicts negative results. Thus, although there exists 

some evidence that infants are able to construe collections as non-object entities, the 

current results cannot provide unequivocal evidence that infants do not apply continuity 

to a collection because they construed the collection as a kind of non-object entity. 

Another possible explanation focuses on infants' knowledge of objects and limitations to 

this knowledge. The specific approach adopted here is to characterize this knowledge as 

being embedded in specialized object-tracking processes. The above discussion showed 

that the positive results from Studies 1 A, IB, IE, and IF and the negative results from 

Studies 1 A, IC, and ID can be respectively interpreted as arising from the normal 

operations of and limitations to these processes, providing a consistent account for 

infants' performance in the current studies in terms of their knowledge of objects. In sum, 

the current findings may be more informative about infants' knowledge of objects rather 

than their understanding of non-object entities. 

As discussed in Chapter One, there exist various intermediate views of infants' 

knowledge of objects, all characterizing infants' knowledge of objects as implicitly 

incorporated in the functioning of cognitive mechanisms and processes. Only the 01 

framework was discussed above. Whether and how the current findings can be addressed 

by other intermediate accounts (e.g., the AP approach, the SSR model) will be discussed 

in detail in Chapter Four. 
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CHAPTER THREE 

INFANTS' DETECTION OF DISCONTINUITIES IN 
OBJECT MOTION 

3.1 Introduction 

The results of Studies 1A-IF argue against the view that young infants' heightened 

looking preference for physically impossible events resulted merely from low-level 

perceptual processes. On the whole, the results are consistent with Spelke's view: Infants 

reason about material objects abstractly, expecting their behavior to accord with 

principles such as cohesion and continuity, and when an entity violates one such principle 

(e.g., cohesion), infants suspend the application of other principles (e.g., continuity) to the 

future behavior of the entity. It was suggested that the results could also be understood as 

arising from mechanisms specialized for tracking objects, which may have incorporated 

aspects of material objects' natural behavior into their operations. The goal of this 

chapter is to further explore this idea. 

In Spelke's illustration of the principle of continuity, the spatial and temporal 

aspects are conjoined; for example, the typical example of discontinuity involves a 

moving object disappearing from a location and reappearing at a different location after a 

period of time (see Spelke, 1994; Spelke, Philips, et al., 1995). In fact, the spatial and 

temporal aspects of discontinuity may be viewed separately and independently: (a) When 

an object ceases to exist at a location but instantly comes to exist at a different location in 

space, it violates spatial continuity, (b) when a perceived object suddenly ceases to exist 

at its location or when an object suddenly comes into existence at a previously 

unoccupied location, it violates temporal continuity — more specifically, the former case 
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constitutes a discontinuous disappearance whereas the latter case constitutes a 

discontinuous appearance^. 

The evidence that infants understand the continuity principle has come almost 

exclusively from their responses to the discontinuous disappearance of an object (e.g.. 

Baillargeon et ai., 1985; Leslie, 1991, see Leslie, 1995; Xu & Carey, 1996; Studies lA 

and IB). Infants' response to the discontinuous appearance of an object, also a violation 

of temporal continuity, has mostly been overlooked by researchers. A discontinuous 

disappearance consists of an object abruptly ceasing to exist from its location or 

trajectory, whereas a discontinuous appearance consists of an object suddenly coming 

into existence in a location and initiating a trajectory (see Spelke, 1994). Complementing 

each other, these two cases are both violations of the continuity principle, and thus should 

have the same impact on the reasoning of object behavior. However, two reasons point to 

the possibility that one case may be psychologically more salient than the other to infants. 

First, in the framework of specialized object-tracking mechanisms, such as the 

object-file system (Kahneman et al., 1992), an object file is "opened" when an object is 

initially perceived, and the information about the object's location is continually updated 

upon the perception of its movement. If the object then suddenly ceases to exist, the 

percept of an empty location will conflict with the location information specified in the 

object file, and consequentially arrest visual attention. In contrast, perceiving the 

appearance of a new object in a previously empty location produces no such conflict: A 

new object file is created to specify the object's location in the moment it is perceived and 

the previously empty location was not specified by any object files before the object 

appears. 

The second reason comes from studies of adults' and children's belief of object 

permanence. E. V. Subbotsky (or Subbotskii) conducted several studies using a 'Magic 
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Box" that appeared to make an object magically appear, disappear, and become 

transformed by closing the lid and reopening it. One study showed adults made reliably 

more errors in recalling the order of a sequence of events when the sequence violated 

rather than conformed to object permanence, suggesting that adults tend to distort their 

memory about the order of real events in order to preserve their belief of object 

permanence. Moreover, those adults who observed the magical disappearance of an 

object showed significantly more memory distortions than those who observed the 

magical appearance of an object, suggesting that a magical disappearance may be 

psychologically more salient than a magical appearance (Subbotsky, 1996). Other studies 

showed that 4- to 6-year-old children displayed more searching and examination of the 

Magic Box, more of the closing-reopening manipulations, and more expressions of 

emotional surprise after watching the magical disappearance of an object than after 

watching the magical appearance of an object, suggesting that the former phenomenon is 

more surprising to children than the latter phenomenon, possibly due to a better 

understanding of the destruction than construction of an object (Subbotskii, 1990, 1991; 

see Subbotsky, 1992, for a review). 

3.2 Infants' Detection of Discontinuous Appearances 

Two studies are reported below to directly assess how infants respond to the 

magical appearance of an object, allowing a comparison with their responses to the 

magical disappearance of an object. 

3.2.1 Overview of studies 

The current studies explore infants' ability to detect discontinuous appearances of 
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single objects. Study 2A tested infants with the same apparatus, stinnuli, and procedures 

as used in Studies IA and IB with one exception. In the test, infants saw alternating test 

events with an object moving behind a screen versus moving out of the display as in 

previous studies, but then the screens dropped to reveal two objects, one behind each 

screen, instead of just one object behind the leftmost screen. As a result, infants saw an 

"Expected" appearance (on "moving-behind-screen" trials) versus a "Magical" 

appearance (on "moving-out-of-the-display" trials). This design allows us not only to 

explore infants' ability to detect discontinuous appearances of single objects, but also to 

directly compare this ability to their ability to detect discontinuous disappearances, as 

shown in Studies IA and IB. Study 2B was conducted with a much simplified display to 

address some potential procedural problems that may arise in Study 2A. 

3.2.2 Study 2A: Infants' detection of the discontinuous appearance of single objects 

This study investigated whether 8-month-old infants can detect the discontinuous 

appearance of single objects as well as they detect their discontinuous disappearance. 

The same apparatus, stimuli, and procedures used in Studies lA and IB were used in this 

study with only one change in the outcome display of the test trials. Half of the subjects 

were tested with pyramids, as in the Object Condition of Study lA, and the other half 

with small blocks, as in Study IB. The alternation in the outcome display of the test 

trials resulted in "Magical" appearances versus "Expected" appearances of a single object. 

Thus, the predictions are that (a) if infants can detect the violation of spatiotemporal 

continuity by single objects in the Appearance situation, they will look longer at the 

Magical event than at the Expected event as they do in the Disappearance situation 

(Studies 1A and IB); (b) infants tested with pyramids and with small blocks will show 
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similar looking patterns since the size of single objects did not affect infants' looking 

behavior in Studies 1A and IB. 

Method 

The method was the same as that in the Object Condition of Study 1A or Study 1B 

(depending on the stimuli used) with the exceptions noted below: 

Subjects 

Thirty-two healthy, full-term 8-month-old infants (mean age: 8 months 1 day; 

range: 7 months 14 days to 8 months 18 days) were tested. Twenty-one additional infants 

were excluded form the statistical analyses because of the failure to complete at least four 

test trials due to fussiness or extreme disinterest (15 infants), or experimenter error (6 

infants). 

Stimuli and desisn 

Subjects were evenly divided into two groups: One group was tested with Lego 

pyramids that were used in Study 1 A; the other group was tested with single small Lego 

blocks that were used in Study IB. Each infant was presented with three pairs of two 

alternating test events, a "moving-behind-screen" sequence and a "moving-out-of-the-

display" sequence, both followed by an identical outcome display (see below for 

description). The order of test trials was fixed for each subject but counterbalanced 

across subjects ~ half of the subjects received one sequence first and the other half 

received the other sequence first. 

Procedure 

The procedure in this study consisted of three successive phases as in Studies 1A 

and IB: Introduction to the stage. Familiarization trials, and Test trials. Subjects tested 

with pyramids and small blocks received Introduction and Familiarization trials identical 
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to those of Studies 1A and IB respectively, thus each Familiarization trial took 

approximately 26 seconds in the large-pyramid condition and 24 seconds in the small-

block condition. 

Test trials. The test trials were also identical to those in Studies 1A and IB with a 

critical difference: At the end of each trial, the screens dropped to reveal two objects 

resting on the stage, one behind each screen. In the "moving-out-of-the-displav" trial (see 

the left half of Figure 10), a second experimenter opened the trapdoor behind the 

rightmost screen, secretly placed another test item on the same location where the item 

that was being moved away was used to be, and closed the trapdoor before the screens 

were dropped to reveal the outcome. In the "moving-behind-screen" trial (see the right 

half of Figure 10), the second experimenter again reached into the display and withdrew 

through the trapdoor empty-handed, to reduce unwanted procedural differences between 

the two kinds of trials. Thus, infants saw a "Magical" appearance in the "moving-out-of-

the-display" trials and an "Expected" appearance in the "moving-behind-screen" trials. 

Again, the duration of each Test trial up until the dropping of the screens was identical to 

that of Test trials in Studies lA and IB (approximately 22 seconds in the large-pyramid 

condition and 24 seconds in the small-block condition). 

Insert Figure 10 about here 

Results and discussion 

A 2 X 2 ANOVA on infants' mean looking times with Test Item (large pyramid 

versus small block) as a between-subject factor and Test Event (Magical versus Expected 

appearances) as a within-subject factor, indicated that infants looked equally at the 

Magical (6.1 seconds) and Expected Appearance (6.5 seconds), regardless of the test 
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items used (all Fs < 1.5). Separate post-doc t-tests with infants shown different test items 

confirmed this pattern. Infants shown the large pyramid did not distinguish the Magical 

Appearance event (6.7 seconds) from the Expected Appearance event (7.0 seconds), t( 15) 

= -0.418, nor did infants shown the small block (5.5 seconds for the Magical Appearance 

event and 6.0 seconds for the Expected Appearance event), 1(15) = -0.870 (see Figure 11). 

These results suggest that infants have difficulty in detecting discontinuous appearances 

of single objects, in contrast to their ability to detect discontinuous disappearances of 

single objects in Studies IA and IB, and that the same pattern holds regardless of the size 

of the objects used. 

Insert Figure 11 about here 

In order to compare infants' looking responses in the Disappearance and Appearance 

situations, the data from the current study were then combined with those from the Object 

Condition of Study 1A and those from Study IB for further, planned analyses. A 2 x 2 x 

2 ANOVA on infants' mean looking times with Condition (Disappearance versus 

Appearance) and Test Items (large pyramid versus small block) as between-subject 

factors and Trial Action ("moving-behind-screen" sequence versus "moving-out-of-the-

display" sequence) as a within-subject factor, revealed a significant effect of Trial Action, 

showing that overall infants looked longer on "moving-behind-screen" trials (7.8 

seconds) than on "moving-out-of-the-display" trials (6.5 seconds), F(l, 63) = 9.294, g < 

.005. Most importantly, no other effects except for the interaction between Condition and 

Trial Action were significant, F(l, 63) = 3.945, 2 = 05. Post-hoc between- and within-

subjects analyses revealed that infants showed a significant looking preference for 

Magical disappearances (8.8 seconds) over Expected disappearances (6.7 seconds). 

Magical appearances (6.1 seconds), or Expected appearances (6.5 seconds), all Fs > 5, all 
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£s < .05, and that infants' looking did not differentiate among the latter three types of 

events, all Fs < 1 (see Figure 12). 

Insert Figure 12 about here 

In sum, all analyses indicate the same finding: Infants responded to the Magical 

disappearance of an object (large or small) as an unexpected event, but did not so respond 

to the Magical appearance of an object. 

3.2.3 Study 2B: The discontinuous appearance of a single object in a simplified 

display 

A potential explanation for infants' failure in Study 2A regards the experimental 

setup. Despite the fact that infants succeeded in detecting Magical disappearances of 

single objects in Studies lA and IB, with an identical setup, it is possible that the 

presence of the leftmost screen and object in Study 2A compromised infants' attention to 

the events occurring on the right end of the display, and thus rendered it more difficult to 

detect the Magical appearance. Study 2B tested whether a simplified one-screen display 

and a single larger and more attractive object would lead slightly older infants to detect 

Magical appearances successfully^. 

Metliod 

The method was identical to that of Study 2A, with the exceptions noted below. 

Subjects 

Sixteen healthy, full-term 9-month-old infants participated in this study (mean age: 

8 months 28 days; range: 7 months 28 days to 9 months 12 days). Six additional infants 

were tested but excluded from statistical analyses because of failure to complete at least 
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two pairs of test trials due to fussiness (2 infants) or disinterest (1 infant), or experimenter 

error (3 infants). 

Apparatus and stimuli 

The stimulus object was a cylinder covered with bright pink paper with a height of 

6.0 cm and a diameter of 6.9 cm. All experimental events were presented on a green 

puppet stage measuring 82 cm (width) x 44 cm (height) x 30.5 cm (depth), with its stage 

floor 19 cm above the table surface. A rotatable screen was attached to the front of the 

stage, measuring 46 cm (width) x 17.5 cm (height), and was approximately 26 cm from 

the right side-wall of the stage. A grid of blue lines was drawn on the back wall to 

camouflage the trapdoor located in the back wall of the stage. When the screen was 

upwards, the side facing the infant was white creating contrast against the green stage, 

and the trapdoor, through which an object could be secretly placed on the stage, was 

entirely hidden from the infant's view. 

Procedure 

The procedure was identical to that of Study 2A: Infants were presented with an 

introduction phase and two familiarization trials, followed by six test trials that alternated 

between a Magical appearance (a "moving-out-of-the-display" sequence) and an 

Expected appearance (a "moving-behind-screen" sequence), with the order of trials 

counterbalanced across subjects. Infants saw the experimenter's hand in a silver glove 

enter the display and manipulate the pink cylinder (picking it up and putting it down) in 

the beginning of each trial. Following the action sequence, on all test trials, the screen 

dropped to reveal an object behind it (see Figure 13). The Familiarization trials and Test 

trials were shorter than those in Study 2A because only one object was used in this study. 

It took approximately 18 seconds to complete the action sequence in each trial (8 seconds 
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to manipulate the object, 3 seconds to rotate the screen upward, and 7 seconds to move 

the object either behind the screen or out of the display). 

Insert Figure 13 about here 

Results and discussion 

Figure 14 shows the mean looking times of the infants to the two kinds of trials. A 

t-test on the infants' mean looking times indicated that infants looked equally at the 

Magical (8.1 seconds) and Expected Appearance events (8.5 seconds), t(15) = -0.344. 

This pattern of results corroborated the results of Study 2A, showing that even with a 

large, salient object and a simplified one-screen display, 9-month-old infants did not 

detect the Magical Appearance of an object. 

Insert Figure 14 about here 

3.2.4 Age correlation analyses 

As in the first set of studies, a linear correlation analysis was conducted for Studies 

2A and 2B between infants' looking preference for the Magical Appearance event and 

their age. The results showed that there was no correlation between infants' age and their 

performance, for all conditions the magnitude of rs < .30, all gs > .2 (see Table 1). 

3.2.5 Summary of results 

Study 2A, in itself, showed that 8-month-old infants did not respond to the magical 

appearance of an object as unexpected, regardless of the size of the object (lemon-sized or 

gumball-sized). Furthermore, comparisons between the results of Study 2A and those of 
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Studies IA (Object Condition) and IB showed that infants responded with significantly 

higher looking interest to the Magical disappearance than the Expected disappearance. 

Magical appearance, and Expected appearance of an object, and that infants did not 

distinguish among the latter three kinds of events. Study 2B yielded basically the same 

pattern of results; Infants (slightly older than those in Study 2A) persisted in failing to 

detect the Magical appearance of an object even when a simplified one-screen display and 

a larger, more salient object were used. 

3.3 Discussion of Present Findings 

In this section, I will first discuss some studies that are related to the detection of 

Magical appearances of objects, then the implications of the current findings for infants' 

knowledge of physical objects. 

3.3.1 Related research on the detection of Magical appearances 

Although most studies of object permanence in infants focused on the Magical 

disappearance of an object, some studies indicate that 8-month-old or younger infants do 

seem capable of detecting the Magical appearance of an object, and some studies show 

that adults' attention is easily captured by the abrupt appearance of a visual item. 

Possible explanations are offered below in order to reconcile these findings with the 

present finding that infants do not detect the Magical appearance of an object. 

Studies by Kotovskv. Mansione. and Baillareeon (1995) 

In a study by Kotovsky, Mangione, and Baillargeon (1995, cited in Baillargeon, 

1995), 6.5- and 9.5-month-olds saw an impossible event: A screen lay flat on a table. 
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rotated up (by the experimenter's hand) towards the infant, and proceeded forward until it 

lay flat to reveal a doll just behind it, where the screen was initially seen. It was found 

that infants of both ages did not distinguish this event from a possible event in which the 

screen was initially not flat but held by the experimenter's hand at an angle so that it did 

not overlap with the space of the hidden doll. However, after being familiarized with 

static displays in which a flat screen lay beside an angled one (without any visible 

support), infants of both ages showed a reliable looking preference for the impossible test 

event. 

The current studies differ from Kotovsky et al. (1995) in two critical ways: In their 

studies, the infants never actually saw the location behind/under the screen until the 

screen rotated down; and once the screen was down, the doll appeared in the space that 

was occupied by the screen during its rotation. This event may be construed as a 

violation of continuity, that the doll abruptly came into existence upon the rotation of the 

screen; it could also be construed as a violation of solidity, that the doll existed 

behind/under the screen from the start and occupied the same space as the screen during 

its rotation. Therefore, infants' looking responses may have arisen from their detection of 

a violation of solidity rather than that of continuity. This explanation gains some suppon 

with further analyses of the pattem of results reported by Kotovsky et al (1995). Note 

first that even 9.5-month-olds failed to distinguish the impossible from possible events 

initially when seeing the screen being operated by the experimenter's hand. It is possible 

that to these infants, a screen controlled by a hand (a visible source of support) can be 

positioned in various ways (flat or angled), and its orientation does not imply the 

existence or non-existence of any entities under/behind it. Infants responded similarly in 

this experiment and in the current studies, suggesting that infants do not respond to the 

Magical appearance of an object as a violation of continuity. Further studies by 



75 

Kotovsky et al. showed that seeing a static display in which a screen stayed angled 

without any visible external support would lead infants to prefer the Magical appearance 

of the doll in the test. It is likely that in this situation infants realize that a screen would 

not stay angled without any external support, and infer the existence of a solid entity 

behind/under the screen. Thus with the solidity constraint highlighted, infants are more 

likely to respond to the impossible event (in which the screen started out flat) as a 

violation of solidity. If the reasoning above is correct, these findings suggest that at least 

infants of a certain age may be more sensitive to a violation of solidity than a 

discontinuous appearance. Further research is needed to address this possibility. 

Studies on infants' reasoning about small numbers of objects 

Previous research has shown that infants can compute the outcomes of simple 

arithmetic operations of small numbers of objects, and will look longer at the numerically 

incorrect outcome than the correct one (Baillargeon, Miller, & Constantino, 1994, cited in 

Baillargeon, 1994; Koechlin, Dehaene, & Mehler, 1998; Moore, 1997; Simon, Hespos, & 

Rochat, 1995; Wynn, 1992, 1995a). The situation of interest here is when the observed 

result contains one more item than the correct outcome. For example, after seeing two 

objects being occluded by a screen and one of them subsequently removed from the 

display, infants expect there to be exactly one object left and show heightened looking 

interest when the screen finally drops to reveal two objects rather than one. Similarly, 

after seeing an additional object being placed behind a screen where one object was first 

seen to be, infants look longer at the outcome of three objects than two objects after the 

screen is dropped. 

Some researchers have taken these findings to result from infants' numerical 

knowledge rather than their knowledge of objects, and concluded that infants possess a 
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mental structure, the accumulator mechanism, dedicated to representing and computing 

number. This mechanism was initially proposed to explain the numerical competence in 

rats (Meek & Church, 1983), but has been extended to account for human infants' 

numerical abilities (e.g., Gallistel & Gelman, 1992; Wynn, 1992, 1995b; Xu & Spelke, 

1998). Infants' heightened responses in the above situations (e.g.," 1+1=3" and "2-1=2") 

resulted from the detection of mismatches between the expected number computed by the 

accumulator and the observed number, not from detecting an object's Magical 

appearance. An alternative view, however, holds that infants' performance in the above 

situations does not stem from knowledge specific to number, but from knowledge of 

physical objects; specifically, infants' ability to track objects and detect spatiotemporal 

discontinuities alone can explain their heightened looking at an outcome display that 

contains one more item than expected (Koechlin et al., 1998; Leslie et al., 1998; Simon, 

1997; Uller, Carey, Huntley-Fenner, & Klatt, 1994). Results from the present studies (2A 

and 2B) are at odds with the second view; Infants did not respond to the discontinuous 

appearance of an object with heightened looking. The question remains whether the 

accumulator model could explain the current findings. An important feature of the 

accumulator is that its structure allows only the representation of positive integer values, 

but not values such as negative numbers, fractions, and zero (Gallistel & Gelman, 1992; 

Wynn, 1995a, 1995b). This limitation leads to a rather counterintuitive prediction: In 

numerical operations that result in an outcome of zero, the accumulation will not generate 

any numerical representation of the outcome because it cannot represent zero. The 

current results are consistent with this prediction: After seeing an object being occluded 

from view and subsequently removed from the display, infants showed no looking 

preference for the numerically incorrect outcome of one object, suggesting that no 

expectation for an outcome of zero objects was generated in the first place. 
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One relevant issue must be addressed. In Study 2A, two objects were present in the 

display, one on each side, although the experimental operation involved only the object 

on the right. One may question why the accumulator mechanism would not process the 

Magical appearance event in this study as a "2-1=2" situation, and respond to the 

outcome of two objects in the whole display as a mismatch to the computed outcome. 

Studies have shown that non-human animals maintain separate counts for entities in 

distinct locations (e.g., Gallistel, 1990), suggesting that the accumulator mechanism 

determines whether to append an item to a continuing single count or to a separate count 

on the basis of its location. The present results suggest that the spatially separated 

screens marked two distinct locations for infants, leading them to generate separate 

numerical expectations for each location. It is thus possible that infants in Study 2A were 

representing, not two objects in the whole display, but one object behind the screen on the 

left and one behind the screen on the right. As such, infants did not respond to the 

outcome display of one object on the right end of the display because no numerical 

expectation was generated after seeing the single object behind the rightmost screen 

removed, yielding zero objects, a number that would not be represented by the 

accumulator. A detailed discussion of the arguments for and the debates between these 

two views regarding infants' "numerical" competence are beyond the scope of this 

dissertation and will not be attempted here (for a recent review of this topic, see Wynn, 

1998). The key point is that the current finding, that infants do not respond to the 

Magical appearance of an object, as well as other findings on infants' numerical 

capacities, can be accounted for by a coherent framework: The accumulator model. 
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Attentional capture by abrupt onsets in adults 

A phenomenon documented in the research of visual attention is relevant to the 

current issue and worth further discussion. Studies have shown that abrupt onsets 

capture visual attention; more specifically, attentional processes tend to bestow high 

priority upon targets that abruptly appear in previously blank locations over those that 

appear in previously cued locations (Todd & Van Gelder, 1979; Yantis & Jonides, 1984; 

see Yantis, 1993, for a review). This phenomenon seems to conflict with the proposal 

that the abrupt appearance of an object may not capture attention because it does not 

create conflicts for object-tracking processes, or because attention is drawn away when 

the sole object seen in the display is removed. However, a close examination of the 

current findings and existing findings on attentional capnire by abrupt onsets reveal that 

these two sets of findings may be incomparable and thus not necessarily contradictory to 

each other. First, the tasks are highly different in nature: The abrupt-onset phenomenon 

is typically observed in a visual search task, in which subjects are asked to fixate at a 

computer screen and to respond immediately when they detect the presence of a 

prespecified target (e.g., the letter "P") among a set of nontargets in a series of rapidly 

presented visual images. The current studies presented infants with sequences of 

continuous events in a three-dimensional setup and at a reasonably low speed, which they 

are allowed to inspect freely and to tenninate at their own pace. Second, the difference 

between the time-scales of the measures is great: The reaction times in the visual search 

task are measured at a scale of tens or hundreds of milliseconds whereas infants' looking 

times were measured at a scale of seconds or tens of seconds. This time-scale difference 
« 

allows that infants' attention may possibly have been captured by the sudden appearance 

of an object briefly when it was revealed. However, this attentional capture did not 

sustain the overall looking pattem because this measure typically would reflect the result 
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of reasoning processes of physical events, and because the discontinuous appearance of 

an object does not violate infants' expectation. Lastly, studies have shown that abrupt 

onsets do not necessarily lead to attentional capture; intentional control by the observer 

can override the stimulus-driven attentional capture (Yantis & Jonides, 1990). This 

finding further suggests the possibility that infants in the current studies engaged, not just 

automatic attentional processes, but higher cognitive processes, and their looking 

response reflected the conclusion of their physical reasoning: That the discontinuous 

appearance of an object did not pose any conflict or violate their expectation. 

3.3.2 Implications for infants' knowledge of objects 

The current findings show that 8-month-old infants do not readily detect the 

discontinuous appearance of an object. This is a somewhat surprising limitation to 

infants' knowledge of objects because numerous studies have shown that infants well 

under 8 months are able to detect the discontinuous disappearance of an object. Below 

three possibilities, not mutually exclusive, are discussed with respect to infants' 

understanding of the principle of continuity in particular. 

An incomplete understanding of spatiotemporal continuities 

One possibility is that infants' knowledge of continuity is incomplete compared with 

that of adults: Infants may expect that objects do not discontinuously disappear, but have 

no expectations about the situations under which objects originate. Further research is in 

obvious need to assess this possibility. However, as discussed earlier, memory studies 

suggest that even to adults, who possess a mature understanding of spatiotemporal 

continuity and knowledge of the destruction and origination of objects, the Magical 

disappearance of an object as a violation remains more salient and elicits more memory 
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distortions (in order to preserve the belief of object permanence) than the Magical 

appearance of an object (Subbotsky, 1996)^0. A similar pattern was observed in 

preschool children: They demonstrated more searching behavior and surprise expressions 

toward the Magical disappearance of an object than the Magical appearance of an object 

(Subbotskii, 1990). Therefore, it remains possible that under certain situations, a higher 

tolerance for or a lesser sensitivity to Magical appearances than to Magical 

disappearances may be manifested in adults as well. 

The outcome of obiect-based attentional processes 

Another possibility has to do with infants' attentional processes. A simple 

attentional account for the pattern of current results goes as follows; Infants failed to 

detect the Magical appearance of an object because their attention was drawn away from 

the display by the experimenter's hand motion; whereas infants succeeded in detecting the 

Magical disappearance of an object because the hand motion drew their attention to the 

location behind the screen. This simplistic version is insufficient because when the 

occluded object was removed from the display (in the Magical appearance or Expected 

disappearance event), infants first saw an empty hand enter the display, reach behind the 

screen, and then withdraw from the display with the object. Similarly, when the object 

was moved behind the screen (in the Expected appearance or Magical disappearance 

event), infants again saw an empty hand enter the display, reach the object and proceed to 

move it behind the screen, and then withdraw from the display. Thus infants saw 

basically the same hand motion in both cases: A hand enters the display, proceeds behind 

the screen, and finally withdraws from the display, before the dropping of the screen. 

However, a more elaborated version of attentional account may explain the current 

results. There is evidence for object-based attentional processes in adults, that visual 
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attention is organized in terms of objects present in a scene rather than regions in the 

visual field (e.g., Baylis & Driver, 1993; Duncan, 1984). It is possible that infants' 

attention to and representation of a scene is also object-based so that the presence of 

objects is necessary for them to engage attention and to represent the scene. That is, after 

seeing the single object removed from its location in a particular scene, infants' 

representation of the location may become void and attention to the scene diffused. In the 

current studies, therefore, infants may have failed to detect the discontinuous appearance 

of a second object because they do not actively represent the empty location after the sole 

object occupying that location was seen removed from the scene. It is unclear yet 

whether infants cannot represent any aspect of a location which they reason to be empty 

(e.g., the terrain of the location); further research is needed to address this issue. 

The operations of specialized object-tracking systems 

A third possibility is that infants' non-responses to the Magical appearance of an 

object reflects the operations of cognitive systems that implicitly incorporate certain 

aspects of the natural behavior of material objects, such as continuity and cohesion. As 

discussed earlier, there is evidence that adults possess specialized object-tracking 

mechanisms (e.g., Kahneman et al., 1992; Trick & Pylyshyn, 1994). To these 

mechanisms, the abrupt disappearance of a tracked object from its location poses a 

conflict because the observed empty location contradicts with the expectation generated 

by the mechanisms, whereas the sudden appearance of a new object initiates tracking and 

representing its current location and poses no such conflict because before the object 

appears the previously empty location was not represented by the mechanisms. 

Therefore, both the current results and those of Studies I A-IF are consistent with the 

possibility that some aspects of infants' knowledge of objects, such as the cohesion and 
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continuity constraints, may arise from the operations of specialized object-tracking 

mechanisms known to exist in adults. 

3.3.3 Concluding remarks 

The current findings show that 8-month-oIds, though capable of detecting the 

discontinuous disappearance of an object, do not readily detect the discontinuous 

appearance of an object. As discussed above, this limitation can be viewed as arising 

from an incomplete understanding of continuity in infants relative to adults from the 

standpoint of the principle-based view, or as arising from the operations of specialized 

object-tracking mechanisms such as the object-file system, according to which the 

disappearance of a tracked object creates a conflict whereas the appearance of a new 

object in a previously empty location creates no such conflict. Furthermore, these two 

ways of characterizing the limitation to infants' knowledge of objects are not at all 

incompatible. It is possible that as infants grow, their object-tracking systems will 

eventually overcome the limitation and be able to detect the discontinuous appearance of 

an object. Thus, an incomplete understanding of continuity can be interpreted as limited 

operations of object-tracking mechanisms. Alternatively, it is possible that the operation 

of object-tracking systems remain stable through adulthood, and the mature 

understanding that an object does not suddenly appear may originate, not from the object-

tracking system, but from other cognitive systems. Further research is needed to address 

these possibilities. 

In sum, the current findings (a) are consistent with the view that infants' knowledge 

of objects arises from specialized object-tracking mechanisms which have incorporated 

aspects of material objects' behavior (e.g., continuity) into their operations, and (b) 

suggest that the principle of continuity as proposed in the principle-based view needs to 
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be revised in order to accurately describe infants' knowledge of objects and the limitation 

to this knowledge. 



84 

CHAPTER FOUR 

ISSUES IN INFANTS' PHYSICAL KNOWLEDGE 

In this chapter, I discuss some issues arising from the present research regarding 

infants' knowledge of physical entities, including issues such as (a) how the current 

findings can be addressed by different approaches and shed light on the nature of this 

knowledge, (b) the breadth of this knowledge, and (c) whether limited reasoning skills 

may account for the observed limitations to this knowledge. 

4.1 The Nature of Initial Knowledge of Objects in Infants 

As discussed in Chapter One, there are different views on how infants' knowledge 

of objects should be characterized. At the extremes are the innate-principle view, which 

proposes that infants perceive and reason about objects in accordance with a set of basic 

principles, and the sensory account, which argues that infants' heightened looking 

response to physically impossible events arise from low-level perceptual processes. In 

between are some intermediate views all of which propose that infants' knowledge of 

objects is embedded in the operation of cognitive mechanisms or processes, and credit 

infants, to a varying degree, with an ability to form representations that are more 

complicated than direct iconic memory traces: For example, in the Adaptive Process 

approach, infants can form "higher-level" representations of occluded objects that can be 

used to predict the upcoming visual input; in the Steady-State Representation model, 

infants have initial capacity to form a representation and to trace the identity of objects; 

and in the Object Indexing framework, infants possess attentional mechanisms that track 

and identify distinct objects by indexing their locations over space and time. Below I 
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discuss how the current findings can be approached by these different accounts and what 

implications they have for the nature of infants' knowledge of objects. 

The Collection studies reported in Chapter Two weigh against the proposal that 

infants' responses to violations of spatiotemporal continuity arise merely from low-level 

perceptual processes (e.g., to take one example, based on a mismatch between the iconic 

trace of a previous percept and the current percept of a scene). Infants do not apply their 

visual expectations to any and all entities in their visual fields. For example, in Studies 

1A-ID, infants saw either a single object or a group of objects move as a whole, with a 

bounded contour, behind the screen, yet infants' responses were distinctly different: They 

responded to the Magical disappearance of a single object, but not to that of a collection. 

These and many other studies (see Chapter Two) suggest that (a) infants' representation 

of a physical entity during its occlusion is far more complicated than just a memory trace 

of visual images, and (b) infants apply spatiotemporal continuity selectively to cohesive, 

solid entities. 

The studies reported in Chapter Three further suggest that the principle-based view, 

while providing a useful framework, may not be sufficiently specific to account for 

infants' knowledge of objects. Studies 2A and 2B, together with Studies 1A and IB, 

showed that infants readily detect the discontinuous disappearance, but not the 

discontinuous appearance of an object, demonstrating an asymmetrical response to 

different violations of continuity. Although these results are not necessarily inconsistent 

with the principle-based view, they do suggest that there may be some fundamental 

differences between different types of discontinuities that are not captured by the general 

principle of spatiotemporal continuity. 

In addition to the sensory account and the principle-based view, the current findings 

also has some bearing on the intermediate views on infants' knowledge of objects. Below 
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I discuss the AP approach (Munakata, in press; Munakaia et al., 1997), the SSR model 

(Meltzoff & Moore, 1998), and the OI framework (Leslie et al., 1998) will be discussed 

respectively. 

In the AP approach, the representation of a physical entity is graded and may be 

strengthened by experience or weakened by manipulations such as occlusion. It is thus 

possible that infants failed to apply continuity to a collection of objects in Studies I A, 

IC, and ID because the spreading-out and re-grouping manipulations weakened infants' 

representation of the occluded collection, similar to the way "pouring" might have 

weakened infants' representation of an occluded portion of sand. However, this 

explanation does not readily account for infants' success in Study IE in which infants 

received the same procedure as Study ID with an additional initial display. According to 

the AP account, increasing the complexity of manipulation should have further weakened 

the representation of the occluded collection, and yet infants successfully applied 

continuity to the collection. One might argue that while the manipulation procedure of 

Study IE might have weakened the representation of the occluded collection as a whole, 

it actually strengthened the representation of the occluded object components of the 

collection, leading infants to apply continuity to the distinct objects. A similar argument 

can be made for infants' success in Study IF -- infants' representation of the occluded 

object components may have been sufficiently strengthened by their prior manual 

experience with these objects to guide their visual expectation. These arguments are, 

however, highly post hoc in nature. The AP approach emphasizes the graded nature of 

intemal representations but never stipulates that these representation must be specific to 

objects to determine whether spatiotemporal continuity applies or not. One might also be 

able to pose some kind of threshold for the strength of the representation so that infants' 

successes and failures in the current studies can be explained in terms of the 
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representational strength above or below the threshold. This type of arguments is again 

post hoc and requires additional constraints that are not initially specified in the approach. 

In sum, the notion of graded representation may be useful, but to account for a 

complicated pattem of results such as the current findings, the AP account must be 

systematically specified. 

The SSR model proposes that prior to 9 months of age, infants' visual response to 

violations of object permanence can be explained by discrepancies between their 

expectations based on representational persistence and numerical identity (based on the 

spatiotemporal or featural criterion); the looking preference does not necessarily imply 

that infants understand object permanence. Based on this model, 8-month-old infants' 

failures to apply continuity to collections in Studies 1 A, IC, and ID can then be 

explained as lack of the understanding of object permanence. However, the 

representational persistence and numerical identity may not be sufficient to account for 

both infants' successes in Studies 1A and IB and failures in Studies 2A and 2B in 

applying continuity to single objects. In the authors' discussion, only a selective 

collection of studies were explicitly accounted for by the SSR model (Meltzoff & Moore, 

1998): (a) Young infants' response to a stationary object's violation of permanence is 

explained by detecting mismatches between the persisting representation of the object in 

a location and the current percept that indicates the object is not in the same location 

(e.g., Baillargeon et al., 1985); and (b) infants' response to violations of permanence by 

objects constantly moving into and out of occlusion is explained by discrepancies 

between extrapolating the moving object's initial trajectory (i.e., its direction and speed) 

beyond the occluder to anticipate where and when the same object will be seen next and 

perceiving the same object not moving on the extrapolated trajectory (e.g., Baillargeon & 

Graber, 1987; Moore et al., 1978). However, it is unclear how this model accounts for 
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infants' heightened looking response to the discontinuous disappearance of an object that 

moves towards and rests behind a screen, as in Studies lA and IB and many other studies 

(e.g., Uller et al., 1994; Wynn, 1992). In this situation, the moving object is displaced 

behind the screen at a location it was never actually seen in, so there is no persisting 

representation of the object being stationary in the location to cause any discrepancy. In 

addition, after moving behind the screen, the object is never seen again on the 

extrapolated trajectory at the other end of the screen before and after the occluder is 

removed, so no percept of the object is available for identity tracing which, according to 

this model, is the basis for infants' heightened looking response to events that appear to 

violate object permanence. A direct way to modify the model is the following: 

Discrepancies arise when no object is perceived at any point of the trajectory extrapolated 

on the basis of the moving object prior to the occlusion. This modification is problematic 

because it implicitly endorses infants with object permanence --infants must continue to 

represent the object on the occluded portion of the trajectory to detect the discrepancy. 

Furthermore, this model cannot account for the results of Studies 2A and 2B either: It is 

unclear why infants did not detect any discrepancies when seeing an object magically 

appear on the basis of the spatiotemporal criterion for identity. In sum, the SSR model 

needs further modification to account for a broader set of findings, including the current 

ones; in particular, the claim that young infants do not represent the continued existence 

of objects need to be reconsidered. 

The present research is by far most consistent with the Object Indexing framework, 

which adopts mechanisms for visual attention and object tracking (e.g., the FINST 

model) to account for infants' knowledge of objects. As discussed earlier, the results of 

Studies 1A-IF suggest that the principles of cohesion and continuity that guide infants' 

expectation may be incorporated in the tracking systems; infants' tracking may be 
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disrupted because a bounded pile is initially tracked as "an object" and assigned a single 

object file, and its subsequent "disassembling" into distinct pieces, which requires 

multiple object files, creates conflicts for the system that need more time and/or 

information to resolve. This interpretation is further corroborated by the results from 

Studies 2A and 2B. Infants' looking response in these studies is also consistent with the 

operation of object-tracking systems: The abrupt disappearance of an object creates a 

conflict with the location information generated by its object file whereas the abrupt 

appearance of an object simply results in the opening of a new object file and creates no 

such conflicts. 

This framework has some advantages. First, the principle-based view of infants' 

object knowledge in many ways is descriptive of this knowledge; to understand how the 

human mind operates on this knowledge, it is imperative to realize this knowledge in 

terms of mental mechanisms. The foundation laid by research on adults' object-based 

attentional mechanisms provides a starting point for studying how an object-tracking 

mechanism may be operating in infants. Second, the theoretical connection between the 

well established research on adults' visual attention and the development of infants' object 

knowledge, though not without shortcomings, may prove fruitful to both fields in that 

findings in one field may lend support to or facilitate the revision of theories in the other. 

For example, the current findings that infants (a) do not apply spatiotemporal continuity 

to objects "disassembled" from a perceptually bounded pile, and (b) do not detect the 

Magical appearance of an object, may have important implications for research on adults' 

visual attention. 

However, this approach also has its limitations and faces some challenges. One 

challenge lies in the discrepancy between the time scales of responses obtained from the 

preferential-looking studies with infants and from the experiments on adults' attention. 
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For instance, the occlusion events in infant studies typically last for a duration of several 

seconds, whereas the temporal manipulations used in experiments on adult attention 

usually vary between tens and hundreds of milliseconds (Leslie et al., 1998). Further 

research is necessary to determine whether there is an upper time limit to which an object 

file would remain active for an object (or a FINST would keep "pointing" to an object) 

particularly in situations in which the object undergoes occlusion. More importantly, the 

frameworks based on this approach, such as the object-file and the ETNST systems, may 

incorporate some aspects (i.e., continuity and cohesion), but not all (e.g., the support and 

causal relations between objects), of material objects' natural behavior into the system's 

operations, providing only a partial account for infants' physical knowledge of objects. 

The existing findings have shown that infants' knowledge of objects is more extensive 

than could be embodied by these specialized object-tracking mechanisms. The next 

section elaborates this point and discusses relevant lines of evidence. 

4.2 The Breadth of Infants' Physical Knowledge of Objects 

As discussed earlier, some aspects of infants' knowledge of objects, such as that 

objects maintain cohesion and move on continuous paths over space and time, may be 

incorporated in the operation of specialized object-tracking mechanisms. Take the 

object-file system as an example: The system tracks an object and maintains the 

continuity of its identity by updating its location information in the existing object file 

that has been assigned to the object upon the perception of the scene. The operations of 

this system primarily underlie infants' ability to track objects but the knowledge 

embodied in these operations is not be limited to object tracking. For example, some 

knowledge related to object individuation is also incorporated in this system. 
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Object individuation is intricately related to the tracking process because the initial 

individuation of a scene determines how many object files to open and to which 

components of the scene each object file is assigned. The processes of object 

individuation, or the processes of "opening" new files, however, are not well specified in 

the theory. Presumably, the system itself will commence the opening and assignment of 

new object files when it cannot bridge a detected spatiotemporal discontinuity, as in the 

following two examples: (a) Perceiving a scene that contains spatially discernible visual 

elements may automatically result in the opening of multiple object files, each for an 

element, because each element occupies a distinct location and must be differentially 

"addressed"; (b) after an object is seen to be fully occluded and stays occluded, a second 

object entering the visual field will lead the system to open a new object file when the 

new object's location cannot be connected with the location of the occluded object by any 

spatiotemporally continuous paths. In other words, the system can use spatiotemporal 

discontinuities to individuate objects in a scene. 

However, there is abundant evidence that infants are able to draw on information 

from various sources other than spatiotemporal continuity (e.g., configural properties, 

prior experiences, other aspects of naive physics) for object individuation. Studies by 

Renee Baillargeon and her collaborators showed that infants by 8 months of age were 

able to use configural properties to parse a scene into units (Needham & Baillargeon, 

1997), but an understanding of support relations between components in the scene 

(Needham & Baillargeon, 1997) or a prior visual experience with a component from the 

display (e.g., Needham & Baillargeon, 1998), would alter infants' interpretation about 

how many units constitute the scene. 

Baillargeon and Graber (1987) provided another example of how prior experience 

influences object individuation. When shown an event in which a tall object moved from 
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one side of a screen (with a window in the middle of its upper halO into a full occlusion 

and then appeared on the other side of the screen, as opposed to an event in which a short 

object (shorter than the lower edge of the window) underwent the same motion, 5.5-

month-olds showed a looking preference for the former, suggesting that infants viewed it 

as a violation of continuity. However, infants no longer so responded after a pre-test 

visual exposure to two tall objects standing to the left and to the right of the screen 

respectively, suggesting that the prior experience has led them to interpret the test event 

as a possible event, involving two objects rather than one (Baillargeon & Graber, 1987). 

In addition, studies have shown that infants by 12 months of age are able to use 

feature/kind information alone to individuate objects in occlusion events (e.g., Xu & 

Carey, 1996), and under certain situations, infants as young as 4.5 months old do so as 

well (Wilcox & Baillargeon, 1998). Together, these findings show that although the 

operation of object-tracking mechanisms alone may allow infants to individuate objects, 

other cognitive processes can influence object individuation and sometimes prompt re-

individuation of a scene. 

Furthermore, the scope of infants' physical knowledge is not limited to 

individuating and tracking objects. For instance, studies have shown that infants 

understand the support relation between objects (i.e., an object cannot stay stable or 

motionless without being properly supported by another object), and that this 

understanding (a) allows 8-month-olds to interpret a display of two horizontally adjacent 

components, with one of them above the ground, as connected parts of a single object, but 

to interpret a similar display, with both components on the ground, as two distinct objects 

on the basis of featural differences between the two components (Needham & 

Baillargeon, 1997), and (b) allows 4.5-month-oIds to expect an object being pushed off 

the platform to fall, not to remain stable in mid-air (e.g., Needham & Baillargeon, 1993; 
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see Baillargeon, 1995, for a review). The operation of object-tracking mechanisms such 

as the object-file system cannot adequately account for such understanding. For instance, 

the motion of an object on a platform might lead the system to open separate object files 

for the object and the platform, but the system should not detect any conflicts or 

anticipate the object to fall downwards when the object was seen to move off the platform 

and rest in mid-air because the object had moved on a continuous path and remained 

cohesive over space and time. Thus, object-tracking mechanisms may embody some 

aspects, but not all, of infants' physical knowledge of objects. 

The breadth of infants' physical knowledge of objects is also manifested in their 

ability to use information from different modalities to accomplish object individuation 

and tracking, suggesting that their knowledge of objects is abstract and not limited to a 

specific modality, such as vision. First of all, studies have shown that after being 

manually habituated to two rings (one in each hand) rigidly connected by a bar, 4- to 5-

month-old infants show a novelty preference for a visual display containing two spatially 

separated rings over a display containing two rings connected by a bar; infants who are 

habituated to two rings connected with an elastic band (so they can move independently) 

show the opposite pattern (Streri &. Spelke, 1988; Streri, Spelke, & Rameix, 1993). 

These results suggest that infants are able to use tactual information to individuate objects 

and to guide their visual expectation. Similarly, studies have shown that after exploring a 

non-rigid object manually and visually, infants did not respond to a visual event as 

unexpected, in which another object (a screen or a narrow container) appeared to violate 

the object's apparent height or volume (e.g., a violation of solidity), but further expected 

the object to be compressed. This suggests that the tactual information acquired 

previously may override the immediate visual information in determining infants' 
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expectation (Aguiar & Baillargeon, 1998a; Baillargeon, 1987b; see Section 2.3.2 for 

discussion). 

Moreover, there is also evidence that auditory information affects infants' visual 

tracking of objects. In a series of studies by Bull (1978, 1979, described in Morrongiello. 

1994), 4-month-old infants were tested in two conditions with a. non-occlusion event, in 

which an object moved along a track in full view, and an occlusion event in which a 

screen obscured the middle part of the track in two conditions. In the moving sound 

condition, the sound moved along with the object; in the stationary sound condition, the 

sound was emitted from a fixed location, not co-located with the moving object. The 

results indicate that the sound does not affect infants' visual tracking when the object was 

visible in the occlusion event and in the non-occlusion event, but the sound, when 

collocated with the object's motion, heightens infants' attention to the screen during 

occlusion and their anticipation of the object's reappearance in the occlusion event. This 

finding suggests that the moving sound specifies the continued existence of the object for 

the infants, and guides their visual tracking in the absence of visual cues to the location of 

the object. 

The findings discussed above suggest that infants can use non-visual information to 

individuate and track objects in tasks that require visual responses; complementary to 

this, there is also evidence that infants demonstrate object individuation and tracking via 

non-visual behavior such as manual reaching. For example, when shown a visual display 

consisting of two objects arranged in depth, 3- and 5-month-olds tend to reach only for 

the borders of the nearer and smaller one if the objects are spatially separated or moving 

relatively, but tend to reach for the larger, farther object or both when the two objects are 

spatially adjacent, and either stationary or moving together (Spelke, Von Hofsten, & 

Kestenbaum, 1989; Von Hofsten &. Spelke, 1985). These results suggest that infants use 
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depth and motion cues to specify the boundaries of objects in a visual display and to 

direct their reaches accordingly. Studies have also provided evidence that infants reach 

for objects obscured by darkness. For example, after seeing an object in a lighted 

environment, 5-month-olds reliably reach for the object after the lights are extinguished 

(Hood & Willats, 1986). Furthermore, after being trained in a lighted situation with two 

objects of different sizes, each emitting a different sound to specify their identities, 6.5-

month-olds reliably adjusted their reaches for the objects in the dark on the basis of their 

sizes. Infants tended to reach for the small object more often with one hand, but tended 

to reach for the large object more frequently with two hands and toward its bottom and 

sides rather than its top where the sound source was located (Clifton, Rochat, Litovsky, & 

Perris, 1991). Another study showed that when trained with events in which a ball rolled 

down noisily along a tube and came to rest at one of two locations (equally distant from 

the infant), with each location specified by a distinct sound, 6.5-month-olds were able to 

reach for the object in the correct location in the dark after the sound ended (Goubet & 

Clifton, 1998). 

The findings discussed above suggest that there exists in infants a body of 

knowledge about physical objects that can be broadly applied to non-visual input and can 

be demonstrated in non-visual behavior. In contrast, object-tracking mechanisms, such as 

the object-file system, have largely been characterized as a component of the visual 

system, which is only appropriate since such systems were proposed to account for adults' 

visual attention in the first place. In order to account for infants' abilities to reason about 

objects cross-modally, accounts of object-tracking mechanisms would need to be 

modified to allow the processing of non-visual input and transfer between vision and 

other modalities' ^. 
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In sum, infants' physical knowledge of objects is sophisticated — it allows them to 

individuate, track, and reason about objects in various situations. Although there are 

advantages to characterizing some aspects of this body of knowledge as arising from 

operations of specialized object-tracking mechanisms, and in fact the results of the 

current studies are consistent with such a proposal, the above discussion has shown that 

(a) these mechanisms cannot account for every aspect of this knowledge, but may 

embody the principles of continuity and cohesion that constrain physical objects' 

behavior; (b) other cognitive processes (e.g., object recognition based on memory) 

influence the operation of these mechanisms (e.g., the opening and assignment of object 

files in the object-file system); and (c) these mechanisms are primarily proposed to fulfill 

visual functions (e.g., visual attention). Modifications are needed to accommodate 

infants' ability to reason about objects cross-modally. 

4.3 Specific Knowledge of Objects versus Limited Reasoning Skills 

Research using the preferential-looking method has yielded both positive and 

negative results regarding infants' knowledge of objects. The pattern of successes and 

failures obtained from well controlled and comparable experiments provides evidence 

that infants at a certain age readily use certain kinds of information, but not others, to 

individuate and track objects. However, it has been recently proposed that some of the 

negative findings may be due to a general limitation in infants' reasoning skills rather 

than their limited knowledge of objects. Below I discuss a case that motivated this view 

and address whether it may account for the limitations observed in the studies reported 

here. 



97 

The case at issue is whether infants younger than 12 months use featural 

information to individuate objects in an occlusion event. As briefly discussed earlier, 

the results of studies by Xu and Carey (1996) showed that 12-month-olds, but not 10-

month-olds were able to individuate objects by features in an occlusion event. This 

negative conclusion regarding 10-month-olds' ability has been recently challenged. 

Wilcox and Baillargeon (1998, in press) showed that 9.5-, 7.5-, and even 4.5-month-olds 

could use featural information for object individuation when tested with a substantially 

simplified procedure, and proposed that the different results arose because different 

reasoning skills were required by the tasksargument is as follows: The task used 

by Xu and Carey and many other researchers (e.g., Spelke, Kestenbaum, et al., 1995; the 

present studies) required reasoning about event-mapping to succeed ~ infants must 

compare the test events with the habituation/familiarization event seen earlier by 

retrieving a representation of the earlier event, mapping it onto the later event, and 

detecting a mismatch; whereas to succeed in their own task required a simpler type of 

reasoning, event-monitoring ~ infants need only to compare the successive portions of 

the test event itself to detect any inconsistences (see Aguiar & Baillargeon, 1998b, 1998c, 

cited in Wilcox & Baillargeon, in press). 

This proposal raises concerns about the interpretation of negative results obtained 

from the "event-mapping" tasks, including some of the present studies (1 A, IC, ID, 2A. 

and 2B). Although the analysis of the differences between the two tasks seems correct, 

the "difficulty-in-mapping" explanation in its current form is inadequate to account for 

younger infants' failure to use featural information for object individuation in Xu and 

Carey's studies, for the following reasons. 

First, this account appeals to the general differences between two types of reasoning 

processes ~ mapping versus monitoring. It is unclear why young infants would have 
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difficulty in using one specific type of information (i.e., featural), but not others (e.g., 

spatiotemporal), to individuate objects in an event-mapping task. Second, infants did 

succeed in one of Wilcox and Baillargeon's experiments (in press. Experiment 8) that 

required event-mapping, in which the objects underwent a one-time, one-way movement, 

suggesting that infants' failure in Xu and Carey's studies might be sufficiently explained 

by information overload due to the multiple emergences of the objects prior to the 

removal of the screen. This weakens the weight of the mapping-difficulty explanation; 

10-month-olds may have failed in Xu and Carey's studies simply because the movements 

they saw, for some reason, were too much for them to process. 

Lastly and most importantly, this account does not clearly define what constitutes 

an event, or when and how one event ends and another starts. The only criterion it 

provides is that a change in the status of occlusion will result in separate events, whether 

the change occurs in different trials (e.g., Spelke, Kestenbaum, et al., 1995) or in the same 

trial (e.g., Xu & Carey, 1996). This implies that difficulties in mapping, if any, should be 

observed between occlusion and non-occlusion events regardless of the direction of the 

mapping. However, in one experiment by Wilcox and Baillargeon (in press. Experiment 

5), after first seeing a single object in a non-occlusion situation, 7.5-month-olds 

responded with heightened looking to an occlusion event in which a previously seen 

object and a new object moved back and forth behind a wide screen, suggesting that 

infants were able to map the representation of the earlier non-occlusion event onto the 

later occlusion event and detect a mismatch, contradicting the prediction of the mapping-

difficulty account. Furthermore, Prevor, Van de Walle and Carey (1998) tested 10- and 

12-month-olds in a new reaching paradigm which required infants to reach into and 

retrieve objects from an opaque box with an obscured opening (so that its inside could not 

be seen). Their studies replicated the findings reported by Xu and Carey (1996): Only 
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12-month-olds, not 10-month-olds, used the featural information to infer how many 

objects were hidden inside the box. These findings again contradict the prediction of the 

mapping-difficulty account: Similar to the event-monitoring task, this task does not 

require mappings between occlusion and non-occlusion events to succeed: the inside of 

the box remains invisible throughout the experiment^ 

The existing findings suggest that infants younger than 12 months of age are able to 

use featural information for object individuation in certain situations, and infants' failure 

may reflect their difficulty with certain aspects of the procedure used. Although it is true 

that infants' reasoning skills is limited as compared with adults, the above discussion 

made clear that a general limitation on infants' reasoning skills, that they have difficulty 

in mapping between events and detecting mismatches, cannot adequately explain the 

pattern of successes and failures from the studies on infants' use of featural information 

and from other studies using the "event-mapping" task, including the present research. 

Further research is needed, however, to provide explanations for discrepancies between 

the results of studies using different experimental procedures. 

4.4 Concluding Remarks 

The present research presents two sets of studies that systematically investigated the 

situations under which infants do or do not apply their physical knowledge, the principle 

of continuity specifically, to the entities they perceive. It was found that infants do not 

apply spatiotemporal continuity to collections of objects in certain situations and do not 

detect the discontinuous appearance of an object. These results 
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reveal some important aspects of infants' ability to reason about objects as well as non-

object physical entities, and highlights an important point — limitations in infants' 

competence are as informative as the competence itself. 

Three conclusions can be drawn from the present research. First, infants do not 

automatically apply spatiotemporal continuity to any and all portions of matter in their 

visual field, against the sensory account for infants' competence. Second, infants do not 

readily detect the discontinuous appearance of an object, suggesting that the principle of 

continuity, as proposed in the principle-based view, needs to be further specified to 

account for the observed limitation. Finally, the current findings as a whole can be 

consistently interpreted as resulting from the operation of specialized object-tracking 

mechanisms such as the object-file system. However, these object-tracking mechanisms 

do not embody all aspects of infants' knowledge of objects and the operations of these 

mechanisms can be influenced by infants' prior knowledge and other cognitive processes. 
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FOOTNOTES 

1. In his proposal, Haith argues that long-term sensory persistence evoked by visible 
entities prior to their occlusion can account for infants' looking preferences (Haith, 1997). 
This explanation is implausible because (a) research with adults showed that sensory 
persistence is much shorter than the duration of occlusions presented in the studies in 
question, and (b) no studies of infants' sensory processes provide evidence for such long-
term sensory persistence (see Speike, 1998). However, there exist other sensory accounts 
that share the same premise ~ that infants' looking behavior in preferential-looking 
studies is driven by low-level perceptual processes. For example, Bogartz and his 
colleagues proposed that infants' looking behavior is determined purely by processes such 
as comparisons between the immediate percept and the long-term perceptual 
representation of an entity and interactions between novelty and familiarity preferences 
(e.g., Bogartz, Shinskey, & Speaker, 1997). In this dissertation, specific proposals under 
this account will not be discussed separately, but labeled and discussed as the sensory 
account as a whole, as similar criticisms apply. 

2. In a different article (Munakata, in press), however, the distinction was instead drawn 
between latent memory traces and active memory traces. There Munakata argue that 
infants successfully respond to occluded objects in looking tasks because they form 
predictions about upcoming visual input based on the habituation events they received, 
and store these predictions as latent memory traces, which are then "reactivated" by test 
events; infants do not need to maintain active memory traces of occluded objects to 
succeed in such tasks. In contrast, active memory traces of occluded objects may be 
required to guide infants' manual searching behavior. 

3. It is worth noting that the studies by Moore et al. (1978) did not adopt quantitative 
measures, i.e., looking times to experimental events, but qualitative measures, including 
the frequency of (a) looking back along the visible path of the moving object, (b) 
monitoring the edges of the screens, and (c) looking away from the display. The 
prediction was that infants would demonstrate more of (a) in response to the identity 
violation, more of (b) in response to the permanence violation, and more of (c) in 
response to violation of expectation in general. These interpretations are sometimes in 
conflict with the interpretation of looking-time measures in the standard violation-of-
expectation paradigm, in which looking away, for example, may be interpreted, not as 
avoidance of unexpected events, but as lack of interest to expected events. 

4. There are basically two variations of the preferential looking method. The current 
studies adopted the violation-of-expectation paradigm (e.g., Baillargeon, 1993), directly 
measuring infants' preference between two test events (without an extensive habituation 
phase) where one test event is consistent with physical reality and the other appears to 
violate it (to the adult's eye). Another variation of this method is the habituation 
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paradigm, which measures infants' preference between two test displays after a repeated 
exposure to habituation displays and a marked decline in looking time, where the test 
displays are either novel or familiar relative to the habituation displays. Regardless of the 
differences between these two paradigms (and other variations with minor procedural 
differences), it has been well documented that if infants show any looking preference, 
they usually look longer at the novel or unexpected displays than at the familiar or 
expected ones (e.g.. Banks, 1983; Borastein, 1985; Spelke, 1985). However, infants 
occasionally show preference for the familiar over the novel display in the habituation 
paradigm. Although the causes of this preference have not been distinctly identified, it 
has been suggested that a familiarity preference is most likely to be observed (a) in 
younger infants, (b) when a fixed-length familiarization rather than a full habituation 
phase precedes the test phase, (c) when there is a modality change between the 
habituation and test phase, and (d) when both the familiar and novel test displays are 
significantly more complex than the habituation displays. The general idea is that the 
direction of infants' looking preference reflects the extent of processing of the 
familiarization stimuli and the match between the stored representation of the 
familiarization stimuli and the test stimuli (for further discussions, see Hunter, Ames, & 
Koopman, 1983; Meltzoff, 1981; Rose, Gottfried, Melloy-Carminar, & Bridger, 1982). 
Nevertheless, the novelty preference (as opposed to no preference) remains the norm of 
infants' looking behavior, particularly when they are tested in the violation-of-expectation 
paradigm (exactly the method used in the present research). 

5. In this study, as well as all the following studies, the critical action sequences were 
always presented on the right side of the display from the infant's angle. This was so 
because of the general observations that most young infants turn their heads more to react 
to right-sided than to left-sided stimulation (Turkewitz, Gordon, & Birch, 1965), and that 
they look more often to the right of center (e.g., MacKain, Studdert-Kennedy, Spieker, & 
Stem, 1983). This rightward orienting preference in infants suggests that the stimuli in 
their right visual field may be processed more readily or allocated more overt attention 
than those in their left visual field. By presenting the critical events in the infant's right 
visual field, the current design thus enhanced the likelihood that the events will be 
sufficiently processed. It is important to emphasize that whereas the right-sided 
presentation may ensure proper processing of the action sequences, it must not in any 
way affect infants' looking times for the outcome display. Indeed, studies using similar 
setups have shown that the side on which the sole item is presented in the outcome 
display has no effect on infants' looking preferences (e.g., Huntley-Fenner, Carey, Klatt, 
& Bromberg, 1995; Uller, Carey, Huntley-Fenner, & Klatt, 1994). Therefore, the right-
sided presentation in the current studies might enhance the likelihood of the critical 
events being effectively processed, but would not affect infants' looking preferences for 
the outcome display. 

6. Two objects were used in the test phase: The large object that the infant played with 
previously and an equal-sized object which was an enlarged version of the small object. 
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The two objects were placed at the same distance from the infant. Reaching responses 
were measured under monocular viewing conditions in which the depth information is 
not readily available, but may be inferred from the remembered size of the object. 

7. These results were strengthened by the opposite looking pattern found in a similar 
study: After being habituated to an object undergoing a rigid motion, infants looked 
longer when the object underwent a deforming motion than when it underwent a novel 
rigid motion (Gibson, Owsley, Walker, & Megaw-Nyce, 1979). 

8. Time and space have long been held as two fundamental dimensions of the perception 
of causality. Michotte's seminal work showed that upon observing a moving object (A) 
stop when it comes into contact with a stationary object (B), at which point B starts to 
move away from A, adults immediately form the impression that object A has caused 
object B to move; however, this impression can be eradicated by a spatial gap and/or a 
temporal gap between A's stop and B's onset (Michotte, 1963). Leslie and Keeble (1987) 
reported similar findings in 6-month-old infants (see also Leslie, 1988; see Oakes & 
Cohen, 1990, for partly contrary findings). This seems to suggest that spatial and 
temporal information is processed conjointly in perception of causality by infants and 
adults, analogous to Spelke's continuity principle in object motion. However, a recent 
study shows that an impact sound has a differential enhancing effect on adults' perception 
of causality in situations where the causal impression is normally eradicated (Chang, 
1998): Subjects report perceiving causality even when there is a spatial gap, larger than 
the threshold found by Michotte, if an impact sound is heard when object A stops; in 
contrast, the sound of impact has no effect on subjects' judgment of causality when the 
temporal gap is beyond the threshold found by Michotte. This finding argues for the 
possibility of dissociation between spatial and temporal contiguity in human causal 
perception. This dissociation may be traced back to infancy although no study has yet 
addressed this issue. 

9. Logically, this study should test 8-month-old infants as Study 2A because if older 
infants succeeded in the current study, it is not clear whether the success was due to the 
older age of the subjects or the modified display. However, at the time few 8-month-olds 
were available as subjects, and 9-month-oIds were recruited. It should also be noted that 
this study did not include a Disappearance condition for two reasons: (a) An empty stage 
might be so uninteresting to infants that the looking times elicited would be meaningless; 
(b) younger infants succeeded in detecting a Magical disappearance in Studies 1A and IB 
in which more complex displays were used. 

10. A related study using the same apparatus showed that adults were more likely to 
detect the magical transformation of an object in the destruction condition (e.g., a new 
stamp became torn and crumpled) than in the reconstruction condition (e.g., a torn and 
crumpled stamp became new): All subjects detected the transformation immediately in 
the destruction condition, whereas up to 40% of the subjects in the reconstruction 
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condition failed to do so! Also, the subjects were more likely to identify the transformed 
object as the same one they saw earlier in the destruction condition, but as a different 
object in the construction condition. Although the experimental situations differ from 
those of the complete disappearance and appearance of an object, these findings further 
suggest that (a) adults readily generate explanations for the destruction of an object to 
maintain continuity but less so for the construction of an object, and (b) the destruction 
transformation catches more visual attention than the construction transformation of an 
object. 

11. The FINST model is probably the only proposal that attempts to address the issue of 
cross-modal coordination explicitly. Pylyshyn (1989) proposed that visual locations that 
have been assigned FINSTs can be cross-bound to similar attentional pointers (called 
anchors) in the frame of reference used by motor processes; similarly, locations 
available to other modalities (e.g., hearing) must be indexed by other kinds of attentional 
pointers. This suggests that object-tracking mechanisms may be operating in a single 
cross-modal space. At any rate, the cross-modal aspect of object-tracking mechanisms 
has received far less attention theoretically and experimentally than the visual aspect. 
Further research is needed to test and to help specify the details of the proposals that 
address the issue of cross-modal coordination. 

12. In the studies by Xu and Carey (1996), infants saw two different objects emerge 
sequentially, and never simultaneously, at different sides of and from behind a wide 
screen multiple times, and then the screen was removed to reveal either both objects 
(expected outcome) or just one object (unexpected outcome). In the studies by Wilcox 
and Baillargeon (1998, in press), infants also saw two objects move back and forth behind 
a screen, in the same manner as in Xu and Carey's studies with two exceptions: (a) One 
condition used a narrow screen whose width was too narrow to simultaneously hide both 
objects behind it, and the other condition used a wide screen that could fit both objects 
behind it; (b) the screen was never removed to reveal the space behind it during the trials. 
Infants responded with heightened looking only in the experimental narrow-screen 
condition, suggesting that they used the featural differences to infer that two distinct 
objects were involved, and detected a conflict because the narrow screen could not hide 
both objects simultaneously. 

13. Prevor et al. (1998) first trained infants to reach into and retrieve objects from the 
box. During the test phase, infants in the Spatiotemporal Condition saw the sequence of 
an object being retrieved, placed on the box, and returned to the box twice (one-object 
trials) and two different objects being retrieved one after the other, seen on the box 
simultaneously, and returned to the box one after the other (two-object trials); infants in 
the Property/Kind Condition saw the same one-object trials as above and two-object trials 
in which one object was seen retrieved but put back into the box before a different object 
was seen retrieved and returned to the box ~ the two different objects were never seen 
simultaneously. Infants were then directed to retrieve objects from the box. Infants 



105 

retrieved a first object from the box (they virtually always did) and played with it for 10 
seconds before it was taken away, then the frequency and duration of the infant's reaching 
were recorded in three conditions: In the one-object trials after the removal of the single 
object (when the box should be and was empty; Expected outcome), in the two-object 
trials after the removal of the first object (when the box should contain a second object 
but was actually empty; Unexpected outcome), and after the removal of the second object 
(when the box should be and was empty; Expected outcome). The results showed that 
infants' reaching patterns resembled the looking patterns reported by Xu and Carey 
(1996): Both 10- and 12-month-olds showed reliably more and longer reaching in the 
Unexpected than the Expected outcomes in the Spatiotemporal Condition, but only 12-
month-olds, not 10-month-olds, succeeded in the Property/Kind Condition. There is, 
however, an alternative explanation for 10-month-olds' failure to use featural information. 
Perhaps the event sequence of an object being retrieved from and returned to the box 
followed by a different object being retrieved and returned was already too complicated 
for 10-month-olds to process, just as in Xu and Carey's studies in which infants were 
exposed to multiple emergences of an object on one side of the screen and multiple 
emergences of another object on the other side. A simplified procedure can be used to 
test this possibility (see Uller, Leslie. & Carey, 1998, for an example with 12-month-
olds). Infants would first see an object outside the box being put into the box, and then 
be directed to retrieve the object. In the one-object trial, the same object would be 
retrieved, explored, and removed, and their reaching would be measured; in the two-
object trials, a different object would be retrieved and then their reaching measured. If 
infants are indeed able to maintain representations of separate objects based on the 
featural information available to them, they should then show more and longer reaching 
in the two-object than the one-object trials. 
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Table 1: Correlation Between Age (± days from 8 months) and Performance (mean 
looking preference for Magical over Expected events; ± seconds) in Studies IA-
IF, 2 A and 2B 

Studies Stimulus n r 

Study lA Pyramid 18 .045 

Collection 18 .090 

Study IB Small block 17 - .216 

Study IC Collection 14 - .262 

Study ID Collection 14 - .073 

Study IE Collection 14 .630* 

Study IF Collection 14 .057 

Study 2A Pyramid 16 - .165 

Small block 16 - .257 

Combined 32 - .198 

Study 2B Large cylinder 16 .107 

* E < .025 
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Figure 1: Sequence of events and the outcome display presented to infants in the Object 
Condition of Study 1 A. Trials alternated between Magical Disappearance and 
Expected Disappearance events. 
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Figure 2: Sequence of events and the outcome display presented to infants in the 
Collection Condition of Study I A. Trials alternated between Magical 
Disappearance and Expected Disappearance events. 
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Figure 3: Infants' mean looking times and standard errors to Magical vs. Expected 
Disappearances in the Object and Collection Conditions of Study 1 A. 
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Figure 4: Infant' mean looking times and standard errors to Magical vs. Expected 
Disappearances in Study lB. 
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Figure 5: Infant' mean looking times and standard errors to Magical vs. Expected 
Disappearances in Study 1 C. 
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Figure 6: Sequence of events and the outcome display presented to infants in Study lD. 
Trials alternated between Magical Disappearance and Expected Disappearance 
events. 
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Figure 7: Infant' mean looking times and standard errors to Magical vs. Expected 
Disappearances in Study ID. 
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Figure 8: Infant' mean looking times and standard errors to Magical vs. Expected 
Disappearances in Study IE. 
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Figure 9: Infant' mean looking times and standard errors to Magical vs. Expected 
Disappearances in Study lF. 
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Figure 10: Sequence of events and the outcome display presented to infants in the Large 
Pyramid Condition of Study 2A. Trials alternated between Expected Appearance 
and Magical Appearance events. 
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Figure 11: Infants' mean looking times and standard errors to Magical vs. Expected 
Disappearances in the Large Pyramid and Small Block Conditions of Study 2A. 
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Figure 12: Infants' mean looking times and standard errors to Magical vs. Expected 
Disappearances and to Magical vs. Expected Appearances, with data from Study 
2A in combination with data from Studies IA (Object Condition) and lB . 
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Figure 13: Sequence of events and the outcome display presented to infants in Study 2B. 
Trials alternated between Expected Appearance and Magical Appearance events. 
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Figure 14: Infant' mean looking times and standard errors to Magical vs. Expected 
Disappearances in Study 2B. 
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APPENDIX B: HUMAN SUBJECTS APPROVAL 
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