
 
 

Infants' expectations about the spatial and physical properties of
a hidden object

 
 

Item type text; Dissertation-Reproduction (electronic)

Authors Narter, Dana Beth, 1967-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this
material is made possible by the University Libraries,
University of Arizona.  Further transmission, reproduction
or presentation (such as public display or performance) of
protected items is prohibited except with permission of the
author.

Downloaded 4-Mar-2016 17:50:50

Link to item http://hdl.handle.net/10150/282389

http://hdl.handle.net/10150/282389


INFORMATION TO USERS 

This manuscript has been reproduced from the microfilm master. UMI 

films the text directly fix>m the original or copy submitted. Thus, some 

thesis and dissertation copies are in typewriter &ce, v^e others may be 

fi-om any type of computer printer. 

The quality of this reprodnctioii is dependent upon the quality of the 

copy submitted. Broken or indistinct print, colored or poor quality 

illustrations and photographs, print bleedthrough, substandard margins, 

and improper aUgnment can adverse^ afifect reproduction. 

In the unlikely event that the author did not send UMI a complete 

manuscript and there are missing pages, these wOl be noted. Also, if 

unauthorized copyright material had to be removed, a note will indicate 

the deletion. 

Oversize materials (e.g., nuq>s, drawings, charts) are reproduced by 

sectioning the original, b înning at the upper left-hand comer and 

continuing from left to right in equal sections with small overiaps. Each 

original is also photographed in one exposure and is included in reduced 

form at the back of the book. 

Photographs included in the original manuscript have been reproduced 

xerographically in this copy. Kgher quality 6" x 9" black and white 

photographic prints are available for any photographs or illustrations 

appearing in this copy for an additional charge. Contact UMI directly to 

order. 

UMI 
A Bell & Howell Infimnation Compaiiy 

300 North Zeeb Road, Ann Aibor KO 48106-1346 USA 
313^61-4700 800/521-0600 





INFANTS' EXPECTATIONS ABOUT THE SPATIAL AND PHYSICAL 

PROPERTIES OF A HIDDEN OB JECT 

by 

Dana Beth Narter 

A Disseration Submitted to the Faculty of the 

DEPARTMENT OF PSYCHOLOGY 

In P^al Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 9 9 7  



DMX Niimber: 9806754 

UMI Microfonn 9806754 
Copyrigiit 1997, by UMI Company. All rights reserved. 

This microform edition is protected against unauthorized 
copying under Title 17, United States Code. 

UMI 
300 North Zeeb Road 
Ann Arbor, MI 48103 



2 

THE UNIVERSITY OF ARIZONA ® 
GRADUATE COLLEGE 

As members of che Final Examlnaclon Committee, we certify that we have 

read the dissertation prepared by Dana Belrh Narter 

entitled Infants' Expectations About the Spatial and 

Physical Properties of a Hidden Object 

and recommend that It be accepted as fulfilling the dissertation 

requiMment for the Degree of Doctor of Philosophy 

7//o/^y 
loser^^-ry Rosser, Ph.D. Date 

elice Bedford, Fh. L). Date 

Date 
0 

Date 

Date 

Final approval and acceptance of this dissertation Is contingent upon 
the candidate's submission of the final copy of the dissertation to the 
Graduate College. 

I hereby certify that I have read this dissertation prepared under my 
direction and recommend that It be accepted as fulfilling the dissertation 
requirement. 

•<? 
7/^3191 

Di^sertatl6n\Dlrector Date 
Ro^ema.ry{Rj;fsser, Ph.D.  



3 

STATEMENT BY AUTHOR 

This dissertation has been submitted in partial fulfillment of 
requirements for an advanced degree at The University of Arizona and is 
deposited in the University Library to be made available to borrowers 
under rules of the Library. 

Brief quotations from this dissertation are allowable without special 
permission, provided that accurate acknowledgement of source is made. 
Requests for permission for extended quotation from or reproduction of 
this manuscript in whole or in part may be granted by the head of the 
major department or the Dean of the Graduate College when in his or her 
judgment the proposed use of the material is in the interests of scholarship. 
In all other instances, however, permission must be obtained from the 
author. 



4 

ACKNOWLEDGEMENTS 

First, I would like to thank Dr. Rosemary Rosser for teaching me 

about cognitive development, research design, statistical analysis and other 

important "stuff*. I could not have asked for a more supportive mentor. I 

do not think that either of us would have gotten through this ordeal without 

the help of the soccer box. Second, I thank the rest of my committee 

members~Dr. Felice Bedford, Dr. William Ittelson, Dr. Lynn Nadel and 

Dr. Karen Wynn—for their important and unique contributions to this 

manuscript. I would like to extend special thanks to Felice Bedford for 

encouraging me to think critically about issues in cognition and perception, 

and to Bill Ittelson for sharing his wisdom about ethics, honor and life. 

Third, I thank Joel Liebennan for all of the long discussions and lunches 

during our five years in graduate school, but mostly for being a wonderful 

friend. Fourth, I would like to thank BeclQr Hill and all of the 

undergraduate research assistants who helped me with the data collection 

for this dissertation. Fifth, I give thanks to the many parents and infants 

who so kindly participated in this smdy; I could not have brought this 

project to fruition without their help. Finally, 1 would like to thank my 

family (Mom, Dad, Bart, Todd, Yoko and Hanako) for believing in me and 

more importantly encouraging me to believe in myself. 



5 

DEDICATION 

This document is dedicated to my partner in life, Edward Baruch. 

He has helped me every step of the way in the culmination of this 

document: from constructing the testing apparatus for this project, to 

proofreading, to making fabulous posters so that I could share these 

intriguing findings with others at conferences, to rubbing my feet at the 

end of especially exhausting days of testing infants. I will not say that 1 

could not have completed this manuscript without him, but his 

unconditional support and love have certainly made the journey much more 

enjoyable. I thank him for accompanying me as I follow my dreams, and I 

hope to return the favor someday. 



6 

TABLE OF CONTENTS 

ABSTRACT 7 

L INTRODUCTION 8 

II. REVIEW OF THE LITERATURE 13 
Object Permanence 13 
Object Location 28 
Object Size 41 
Two Cortical Visual Systems 63 
Object Identity 68 
Summary 81 
Hypotheses 85 

III. METHOD 90 
P^cipants 90 
Apparatus 90 
Procedure 94 

IV. RESULTS 98 
Baseline Looking Times to the Stimuli 98 
Raw Score Analyses 98 
Proportion Difference Score Analyses 100 
Rrst-Look Analyses 106 

V. GENERAL DISCUSSION 110 

APPENDIX A: TABLES AND HGURES 132 

REFERENCES 141 



7 

ABSTRACT 

The purpose of this project was to investigate which spatial and 

physical object properties 9-month-old infants would use to trace an object 

in time and space. The particular object characteristics of interest were 

size, location and features. A two-location violation of expectancy task was 

used, with looking time as the dependent measure. Infants observed a small 

toy troll, which was subsequently occluded. When the two flaps were 

removed, the infants observed either a standard or a change event. During 

the standard event no change occurred (the small troll was revealed at the 

same location). During a change event, some sort of physical or spatial 

change took place; the object might have changed its size (the large troll 

was revealed at the same location), its location (the small troll was revealed 

at the other location), its features (the small bear was revealed at the same 

location), or some combination of these attributes. Infants only observed 

one type of change event, depending on which of the seven conditions they 

were assigned to. The findings from this study can be interpreted in terms 

of two default assumptions: the Same Location/Same Object Rule and the 

Different Location/Different Object Rule. Nine-month olds use size cues to 

inform them about object identity in both situations; additionally, they use 

featural cues to inform them in the second case. 
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CHAPTERI 

INTRODUCnON 

Suppose you are playing with an 8-month-old infant, when her 

favorite toy, a black-and-white striped ball, rolls behind a curtain in the 

room. Interestingly, the infant might look in the direction of the hidden 

ball, but she probably will not attempt to retrieve it even though it is her 

favorite toy. Instead, she will likely move on to another equally exciting 

activity such as banging pots and pans. Does the infant's inability to 

manually search for the ball suggest that she does not endow the toy with 

permanence? Current findings indicate that the answer is no. When 

assessing object permanence using a manual search task like the one 

described above, infants will not search for the hidden object until 

approximately 9 months of age (Piaget, 1954). A manual search task, 

however, is rather difficult for an infant to perform because it requires her 

to make coordinated motoric responses, in this case moving the curtain out 

of the way and retrieving the ball. Alternatively, when methods of 

assessing object permanence are used which do not require infants to 

perform coordinated actions, then infants display the ability well before 9 

months of age (Baillargeon, Spelke, & Wasserman, 1985; Bower, 1967). 

If infants can represent the hidden ball's continued existence, then 

one might be interested in investigating what other object characteristics 

the infant is able to represent. One could assess this by "magically" 

changing one of the spatial or physical characteristics of the hidden ball and 

measuring the infant's looking time. For example, is the infant surprised 

when the ball "magically" changes location or size? Is she surprised when 
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the ball "magically" changes shape or color? These types of questions are 

the unpetus for attempts to depict infants* early representations of objects. 

If she indeed represents these object characteristics* then she might be 

surprised (as evidenced by an increase in looking time) when they 

"magically" change. Some researchers suggest that infants are capable of 

representing some of the physical and spatial properties of hidden objects 

(e.g., Baillargeon, 1987b); however, it is not clear specifically which object 

properties babies represent. 

It is also interesting to speculate about what is going on inside an 

infant's head while she is performing such tasks. The existence of two 

major fiber bundles emerging from occipital cortex and projecting 

rostrally in the brain has been well established (Flechsig 1896, 1920). 

Although the presence of dorsal and ventral pathways is rather clear-cut, 

their respective roles in vision and visual memory is still not completely 

understood (Goodale & Milner, 1992; Ungerleider & Mishkin, 1982). 

Regardless of precisely what is represented in these two cortical visual 

systems, knowledge of their development is useful in explaining infants' 

performance on tasks (e.g., the hidden ball task) at different ages. 

To take the hidden ball scenario a step further, one could explore 

whether the infant has a concept of object identity—the ability to determine 

whether an object is the same as one experienced earlier. For example, the 

infant sees the black-and-white ball hidden behind the curtain. Next, she 

sees an identical black-and-white ball hidden behind the couch across the 

room. The infant has never seen the ball travel between the curtain and the 

couch. Will she expect there to be two identical balls or just one ball? If 
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she is able to use spatiotemporal informatioii to trace identity, then she will 

correctly expect there to be two distinct balls. Property/kind information 

can also be used to help trace an object's identiQ^ over time, though 

researchers have found evidence that infants use spatiotemporal 

information to trace identity before they use property/kind information 

(Bower, 1974; Xu & Carey, 1996). 

Before infants can decide whether the toy presently in view is the 

same object as one they saw earlier, babies must have the necessary 

prerequisites to this accomplishment. First, mfants' must be able to see 

well enough to examine the toy's physical and spatial properties (e.g., its 

color, shape, size , location, texture and details). If poor visual acuity and 

limited color vision are preventing infants from simply seeing objects, then 

there is no reason to pursue this line of reasoning further. If infants have 

the visual equipment necessary to examine objects in some detail, then will 

they also be able to detect and discriminate physical and spatial differences 

between objects? Logically, a second prerequisite is detectability and 

discriminability—which focuses on whether or not infants can discriminate 

objects based upon differences in their attributes. For example, suppose 

that two stuffed animals are presented to an infant. The toys are identical 

in every way except that one of the animals is black and the other one is 

red. Even if infants have the ability to see colors, they still might not 

prefer one of the stuffed animals over the other based on the dimension of 

color, ff an infant looks significantiy longer at the red animal, then one 

would assume that the infant could detect the difference between the toys 

and preferred the red stuffed animal over the black one. What if an infant 



11 

spends equal amounts of time looking at the two toys? It might mean that 

she does not detect the difference between them, or it might mean that she 

detects the difference but does not prefer one animal over the other; null 

results, such as those just mentioned, are inherently ambiguous and should 

be interpreted with caution. 

A third prerequisite is that infants must be able to conceptualize their 

world in terms of enduring physical objects. They must be capable of 

representing an object's continued existence when that object is hidden 

from view. For example, if a parent takes a rattle from an infant and hides 

it does the infant remember that the object still exists in time and space or 

does the baby completely deny the object's continued existence? 

A fourth prerequisite is what characteristics of the hidden object the 

infant represents besides its continued existence. Does she remember 

where the object was hidden? Does she remember how big it was or what 

color it was? On a neuroscientific level, it is interesting to speculate based 

on a culmination of both behavioral and neuropsychological research 

whether infants use the same brain structures as adults do when processing 

this sort of visual information. 

Even if infants possess the prerequisites mentioned thus far, this does 

not indicate that they will use those spatial and physical object 

representations for the purposes of determining whether a toy is the same 

one as the toy just experienced. It is also not entirely clear whether infants 

and adults share the same set of criteria for making these sorts of decisions 

about objects. Hnally, the set of conceptual criteria might change 

depending on the age of the infant and the situation presented. 
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The purpose of the current project was to examine whether 9-month-

old infants would use the dimensions of size, location and features to assist 

them in deciding whether an object was the same one as the object seen 15 

seconds earlier. The paradigm used was a two-location nonsearch task with 

looking time as the dependent measure. During the present experiment, 

infants would observe objects being hidden and subsequently retrieved on a 

puppet show stage. Upon retrieval the object might have "magically" 

changed one or more of its attributes or it might have remained exactly the 

same as the object that was hidden. The looking time data offer evidence 

about whether the event was consistent or inconsistent with the infant's 

expectation. If an event is consistent with the infant's expectation about the 

world, then the baby will not find this type of event surprising and might 

not look very long following the event. Conversely, if an event is 

inconsistent with the infant's expectation, then the baby will be surprised 

when the event violates her expectation about the world and will probably 

look longer at such an event as compared to the consistent event. Finding 

some preliminary answers to this philosophical issue is the ultimate goal of 

the present research project. 

The rest of this dissertation will be organized in the following way: 

In Chapter II, a review of the literature for each major topic is presented: 

object permanence, object location, object size, two cortical visual systems 

and object identity. Chapter m describes the method for the study, and 

Chapter IV describes the results. Finally, Chapter V is a general discussion 

of the findings. 
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CHAPTERH 

REVIEW OF THE LITERATURE 

This literature review commences by summarizing the research that 

has been conducted on object permanence in infants. After reviewing the 

evidence that infants do endow objects with permanence, the paper will 

focus on how infants respond to the spatial and physical characteristics of 

objects. Specifically, the literature on object location and object size will 

be reviewed at length. A brief summary of the two cortical visual systems 

underlying these abilities will follow. The review will then turn to a more 

philosophical issue: Object identity. Infants may be able to represent 

certain object properties, but whether or not they will use that information 

to trace identity over time is a separate question. 

Object Permanence 

Although object permanence has been broadly described as the 

knowledge that an object continues to exist independently of one's 

perception of that object, more precise definitions and criteria for its 

attainment appear to be absent from many articles addressing the nature 

and development of object permanence. The omission of an explicit 

definition of the term suggests that the meaning of object permanence is 

universal and agreed upon by all, which is not the case. If the definition of 

object permanence is not clearly denoted, then the rationale for selecting 

particular behavioral indicators to assess object permanence cannot be fully 

understood. 

Piaget (1954) conceived of object permanence as the notion that a 

physical entity exists continuously in time and space. In other words, an 
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object cannot exist temporally or spatially at two separate points without 

having existed between the two points. Based on his own observations 

using manual search tasks, he concluded that infants do not conceive of 

objects as permanent entities. Instead, young infants construe the physical 

world as being comprised of non-permanent entities that are "made" when 

they appear and are "unmade" when they disappear. Piaget further 

maintained that young infants depict the physical world as being dependent 

upon their actions. For example, if an object is occluded, a young infant 

might reproduce a specific motor response with the expectation that this 

action will make the object reappear. Piaget purported that the infant 

regards objects as being at the disposal of a specific action. If the action 

fails to make the object appear again, then the young infant does not make 

alternative movements to retrieve it. 

Based on the importance of motor activity in Piaget's theory of 

cognitive development, it is quite appropriate that he chose a task with a 

strong motor component, a manual search task, to assess the attainment of 

object permanence in infants (Piaget, 1954). During a Piagetian manual 

search task, the infant sees a brightly colored toy which is subsequently 

covered by a cloth. The goal of the task is for the infant to lift the cloth 

and retrieve the toy. Piaget made observations about successful searches, 

failed searches and search errors in infants of different ages. Based on his 

observations, Piaget identified six stages of object-knowledge attainment. 

He found that infants younger than 4 months of age (Stages 1 and 2) will 

not even look for an object that has been completely or partially hidden, 

although they are capable of performing these actions. The infants may. 
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however, look at a toy, look away from it and then look at it again several 

seconds later without any perceptual cue reminding the infant of the toy's 

continued existence. Between 4 and 9 months of age (Stage 3), infants 

make some progress and are able to retrieve partially occluded objects. 

Piaget conceded that during Stage 3, infants might look in the direction of a 

hidden object or produce hand movements following a complete occlusion; 

however, they do not successfully recover the hidden toy. Furthermore, 

Piaget observed that Stage 3 infants are able to anticipate the future 

positions of moving objects. For example, if an infant is tracking an object 

and the object becomes occluded, she will look further along the object's 

trajectory to find the object. Similarly, if a Stage 3 infant is holding an 

object out of view and accidentally drops it, she makes an attempt to 

recapture it. 

Although infants in Stages 1 though 3 demonstrate some knowledge 

of the physical world around them, Piaget claimed that infants do not 

endow objects with permanence until approximately 9 months of age (Stage 

4), and it is not until then that the infant will retrieve a fully occluded 

object. According to Piaget, it is during Stage 4 of his theory that infants 

regard objects in the physical world as being independent of their actions 

on those objects. During Stage 4, infants will try several different actions 

to reveal a hidden object. For example, if a ball rolls behind a curtain and 

the infant cannot recapture the ball by extending her reach, she will try 

alternative actions to recover the toy (e.g., lifting the curtain, pulling the 

curtain aside). Piaget interpreted these activities as evidence that Stage 4 

infants understand that objects are not at the disposal of a specific action. 
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but they can be retrieved in a number of ways. Other investigators have 

replicated the Piagetian search tasks and found similar results (see Gratch, 

1975, 1977; Harris, 1987; Schuberth, 1983, for reviews). 

A notion of object permanence is not a solely human capacity; 

nonhumans also demonstrate existence constancy. Suppose you are playing 

with a dog, and you hide tiis favorite squeaky toy behind your back. The 

dog will search for the toy behind your back, which suggests that he 

acknowledges that the toy still continues to exist in absence of his direct 

perception of that toy. The previous example illustrates that nonhumans 

might also endow objects with permanence, though more formal methods 

of assessing object permanence have been adapted for use with animals (see 

Dor6 & Dumas, 1987, for a review). The purpose for reviewing the 

animal literature on object permanence is to highlight parallels and 

divergences between the cognitive functioning and development of humans 

and other animals. 

Three longitudinal studies of spontaneous behavior related to object 

permanence have been conducted in non-human species. Hrst, in a 

longitudinal study of a stump-tailed macaque, P^ker (1977) found that the 

Hrst three stages of development were quite similar to human infants' 

development; however, the macaque attained object permanence at 3 weeks 

of age, which is much earlier than the age at which a human infant 

possesses object permanence. Second, Bergeron (1979) investigated object 

permanence in chimpanzees and found that the Hrst three stages were 

similar to a human infant's development, though the chimpanzee had a 

notion of object permanence by the end of the sixth month, which is two to 
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three months earlier than is generally found in human infants. A third 

longitudinal study was conducted with kittens, and the researchers found 

that the fost indications of object permanence emerged at five weeks of 

age, which is significantly earlier than the attainment of object permanence 

in human infants (Dumas, 1985; Dumas & Doi€, 1985). 

Across all three studies, animal infants attained object permanence 

well before human infants. One explanation for this might be that animals 

need a notion of object permanence for survival earlier than humans do. 

Thus, such a cognitive capacity has been prewired over time to become 

functional earlier in animals than in humans. For example, it would be 

necessary for survival for an animal to acknowledge that when a predator 

or a potential food source hides behind a bush, the hidden animal still exists 

as a threat (or a snack). 

Although the animal studies of object permanence mentioned thus far 

involve spontaneous behaviors, most studies of object permanence in 

animals have used tasks that were designed for humans but have been 

modified to fit the abilities of the species being investigated. In order to 

elicit search behavior, the occluded object must have strong incentive 

properties. In human infants and sometimes in primates (Bergeron, 1979; 

Wise, Wise, & Zinmierman, 1974) toys have incentive properties; 

however, in animals it has been found that food and objects that have 

acquired incentive properties through secondary reinforcement are more 

appropriate for the hiding tasks. (Dddly, odor cues from food do not 

facilitate search behavior in dogs and cats (Triana & Pasnak, 1981). If 

secondary reinforcement is used, then the training must be completely 
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separate from the object permanence testing to avoid confusion in 

interpretation of the results (Bouchard & Mathieu, 1976). 

As Bower (1974) noted, errors in object permanence tasks should 

not be the result of a motor deficit Although Bower was referring 

speciHcally to human infants, his statement certainly applies to animals as 

well. When conducting hiding experiments with animals, one must be 

certain that the animal can perform the motoric pattern which will reveal 

the hidden object. If an animal does not have the motor response m his 

behavioral repertoire, then he can be trained to perform the response. 

Again, if training is used it should be completely dissociated from the 

object permanence task (Mathieu, Bouchard, Granger, & Herscovitch, 

1976). 

In addition to the motoric consideration mentioned above, 

researchers must carefully choose the appropriate number of trials to use 

when developing search tasks for animals. The goal of an object 

permanence task is to assess a cognitive capacity that underlies spontaneous 

search behavior in unlearned contexts. The retrieval of a hidden object 

should not be due to learning taking place during the experiment. Thus, a 

test of object permanence should include a limited number of trials so that 

there is no question as to whether the animal is demonstrating true object 

permanence or learned search behavior. 

Human analog tests of object permanence have been administered to 

several different animal species. Etienne (1973) studied object permanence 

in chicks by showing the chick a display composed of two screens with a 

glass tube containing a worm running between the screens. The worm was 
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then pulled through the tube, with the chick following it, until the worm 

disappeared behind one of the screens. There were three sessions. During 

the first two sessions the chicks* peifonnance did not differ from chance, 

whereas during the third session the percentage of correct responses was 

significantly higher than chance. Etienne (1973) concluded that chicks do 

not go beyond associative learning. They are not guided by a general 

cognitive structure; instead they have acquired adaptive responses through 

experiences with the environment. The errors in Etienne's study occurred 

during the first trials, which suggests that the search behavior was learned 

during the experiment. If the errors would have been randomly 

distributed across trials, then the pattem of errors would have been 

suggestive of true object permanence. 

Several studies of object permanence have been conducted in 

domestic cats; however, there are discrepancies between the findings of 

these studies. Gruber, Girgus, and Banuazizi (1971) concluded that object 

permanence develops in cats in much the same sequence as it does in human 

infants. The primary difference is that cats reach Stage 4 at approximately 

4 months of age, whereas himian infants do not reach Stage 4 until 9 

months. Other researchers have found that cats attain object permanence 

even more quickly than Gruber et al.'s findings suggest (Dumas, 19S5; 

Dumas & Dor6, 1985). Furthermore, the developmental sequence was not 

identical in cats and humans. 

These discrepancies can largely be accounted for by the different 

methodologies that were used. Specifically, the nature of the hidden object 

and the motor response that the cats peifomied was not the same across 
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experiments. In Gruber et al.'s (1971) task, a soft cloth object was hidden 

under a white cloth, and the cats had to pull the cloth covering it. In 

Dumas' (1985) study, a small ball of aluminum foil was hidden. In 

younger kittens the ball was a primary reinforcement for play, whereas in 

older kittens the ball was associated with food. When the ball disappeared 

behind vertical screens, the cats had to walk behind the screen and paw the 

object. This motor response is part of a cat's natural repertoire of search 

behavior and was easy for the cats to perform. Pulling a cloth, however, is 

not a natural response for kittens or even adult cats. Additionally, it seems 

as though the object incentive value was higher in Dumas' study than in 

Gruber et al.'s study. 

Tests of object permanence have also been conducted on a wide 

variety of primates. Using squirrel monkeys as subjects, Vaughter, 

Smotherman, and Ordy (1972) concluded that the development of object 

permanence follows the same sequence as that described by Haget. In fact, 

infant squirrel monkeys as young as 6 months of age exhibited Stage 3 

behaviors, which is three months earlier than in human infants. Wise, 

Wise, and Zimmerman (1974) assessed object permanence in two infant 

rhesus monkeys and found that the sequence of development was quite 

similar to that described by Piaget in human infants. Additionally, many 

studies have been conducted to compare the development of object 

permanence in human infants and chimpanzees (e.g., Mathieu, 1983; Wood, 

Moriarity, Gardner, & Gardner, 1980) and gorillas (e.g., Redshaw, 1978). 

In Mathieu's (1983) longitudinal study, the chimpanzees were slightly 
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ahead of the humans in terms of object permanence development; however, 

the difference was less pronomiced than in gorillas. 

The Piagetian notion of object permanence has received some 

attention in the animal literature, though it has only been thoroughly 

investigated in a limited number and variety of species thus far. Taken 

together, these animal studies show that different species display varying 

degrees of object permanence. Future investigations ought to go beyond 

the assessment of object permanence and focus on the developmental 

sequence in which permanence is attained. In addition, search strategies 

need to be examined in relation to object permanence. 

The original Piagetian search task has been modiHed to fit the 

behavioral repertoires of animals; however, researchers have criticized the 

Piagetian task for being rather difficult for human infants to perform. The 

task requires the infant to coordinate two actions: one action to move the 

occluder and another action to retrieve the object. T. G. R. Bower (1967) 

proposed that young infants fail to search for hidden objects because they 

lack the ability to coordinate actions into means-ends sequences, not 

because they have forgotten that the hidden object still exists as Piaget had 

suggested. Bower tested his hypothesis by using a manual search task with 

a transparent cup, instead of an opaque cover, as an occluder. By using 

transparent covers, the infants could see the '̂ hidden" object during the 

entire procedure. He found that 5- to 6-month-old infants did not retrieve 

the hidden object even when it was visible under the transparent cup, which 

suggests that their failure stenuned from a lack of coordination of manual 

skills, not a deficit in acknowledging that the object still existed under the 
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cup. Bower concluded that manual search tasks are more complex than 

visual search tasks, and the ability to successfully perform the former task 

develops much later than the ability to perform the latter. Ironically, 

Piaget (1952) examined the development of action and found that infants do 

not coordinate actions into means-ends sequences until about 9 months of 

age; however, the infant must be able to coordinate separate actions in 

order to succeed on his task. 

Bower and his colleagues (Bower, 1967,1972, 1974; Bower, 

Broughton, & Moore, 1971; Bower & Wishart, 1972) devised several 

methods of assessing object permanence that did not require the infants to 

perform coordinated actions. Using these innovative procedures. Bower 

and his associates found evidence for object permanence in infants well 

before 9 months of age. Rrst, Bower (1967) exposed 7-week-old infants 

to a static red and white bullseye-pattemed sphere, which would disappear 

either in a manner that was consistent with the continued existence of the 

sphere (e.g., a screen is gradually moved in front of the sphere and stops 

when it completely covered the object) or in a manner that was inconsistent 

with the continued existence of the stimulus (e.g., apparent sudden 

implosion of the sphere). Sucking rate and heart rate were the dependent 

measures. The findings suggested that 7-week-old infants could 

discriminate between the two types of disappearances. Second, Bower et 

al. (1971) examined the tracking behavior of infants using linear and 

circular trajectories, with partial occlusion of the trajectories. He found 

that 2-month-old infants would anticipate the reappearance of an occluded 

object by looking in the direction of the predicted movement path had the 
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Figurel. A schematic representation of the display apparatus: the box and 

the stage. 
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