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ABSTRACT 

In a series of five experiments, 14- to 15-month-old infants' ability to form object 

categories on the basis of similar outsides or similar insides was investigated. 

Using an object examining paradigm, a total of 200 infants were familiarized with 

a series of novel objects that shared either external features or internal features. 

Infants were then presented with an in-category test object, followed by an out-

of-category test object. When infants were provided with no information 

regarding category membership other than object appearances, they formed a 

category on the basis of similar outsides, but not similar insides (Expt. 1). When 

infants were provided with conceptual information about object kind (animacy 

cues, labels, or both), they formed categories on the basis of both similar 

outsides and similar insides (Expts. 2, 4, 5). When infants were provided with 

additional information that did not mark category kind (a strip of glitter material on 

the objects), infants only formed a category on the basis of similar outsides (Expt. 

3). The results of these experiments suggest that by 14 months of age, infants 

understand the difference between object insides and outsides, and can make 

category discriminations on the basis of external features using this knowledge. 

However, for infants to use similar internal features as a guide to category 

coherence, they appear to require conceptual markers (e.g., animacy cues, 

object labels) to assist them. The role of these cues in establishing more subtle, 

or "deeper" kinds of categories in infancy are discussed. 
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INTRODUCTION 

Young children's ability to make sense of the vast diversity of objects in 

their environment through categorization is a fundamental part of cognitive 

development. For a young child to engage in object categorization, he or she 

must be able to perceive entities as alike on some level, thereby employing some 

type of similarity rule to group them together. In recent years, a great deal of 

empirical attention has been devoted to investigating the nature of young 

children's categories, with a specific focus on the characteristics of the similarity 

rules that are used to guide categorization (see Madole & Oakes, 1999; Mandler, 

1998, for reviews). Two key issues have emerged in this literature. The first 

issue concerns whether young children will form categories of objects that share 

nonobvious, or internally-based properties, or whether they are limited to 

grouping objects together using obvious, or externally-based features (e.g., Behl-

Chadha, 1996; Diesendruck, Gelman, & Lebowitz, 1998; Eimas, 1994; Gelman & 

Coley, 1990; Gelman & Markman, 1986, 1987; Gelman & Wellman, 1991; Imai, 

Gentner, & Uchida, 1994; Jones & Smith, 1993; Jones, Smith, & Landau, 1991; 

Keil, 1989; Landau, Smith, & Jones, 1988, 1998; Madole & Oakes, 1999; Quinn, 

2000; Quinn & Eimas, 1986, 1996, 1997, 2000; Quinn, Eimas, & Rosenkrantz, 

1993; Quinn & Johnson, 2000; Simons & Keil, 1995; Smith, 2000; Welder & 

Graham, 2001; Younger & Fearing, 2000). 

The second issue concerns whether young children can use conceptual 

information to guide them in forming categories on the basis of nonobvious 

properties (e.g., Gelman & Coley, 1990; Gelman & Markman, 1986; Graham, 

Kilbreath, & Welder, 2001; Keil, 1989; Welder & Graham, 2001). That is, 
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researchers have investigated whether the presence of a cue that provides 

meaning about objects (e.g., an ontological marker, a shared label) will assist 

young children in grouping objects together that share unobservable 

commonalties. The goal of the present studies was to examine the effect of 

conceptual markers (e.g., animacy cues and naming) on infants' categorization of 

novel objects that shared either similar outsides (external features) or similar 

insides (internal features). 

Perceptual and Conceptual Processes in Early Categorization 

Many developmental researchers have investigated the relative 

importance of perceptual versus conceptual information in young children's 

categories, and a theoretical distinction that has often been discussed in the 

literature is the difference between conceptual and perceptual categories. 

According to Mandler (1998), perceptual categories are based on what things 

look like (e.g., shape, color, texture) or how they are recognized (e.g., by 

movement, sound), whereas conceptual categories are based on what things 

truly are (that is, their identity or kind; their underlying meaning). Hence, 

conceptual categories are considered to capture deep regularities among 

objects, whereas perceptually-based categories do not. For example, a 

perceptual category of "spotted things" could include a leopard, a polka-dot 

dress, and a pair of dice. This type of perceptual category differs from a kind 

category such as the category of "animals" because its members do not share 

deeper properties. That is, they only have surface appearances in common (see 

Gelman, 2000, for a discussion). Importantly, however, the distinction between 

perceptual and conceptual categories is often a blurry one, and one that cannot 
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be easily disentangled when considering many different types of categories. For 

example, a category of cars might be distinguished on the basis of having a 

certain shape and attached wheels, but it also might be distinguished on the 

basis of its kind or function (a vehicle used for transportation), or both. Trying to 

dissociate the relevant influence of perceptual and conceptual information on 

categorization is therefore often difficult. In fact, the more interesting question is 

whether young children can, in fact, form categories on a more complex 

conceptual level, even when perceptual information is highly salient and 

accessible to them. 

In recent years, a lively debate regarding the influence of perceptual and 

conceptual processes in infants' and preschoolers' categories has emerged in 

the literature. Some researchers have proposed that the formation of the earliest 

categories in childhood (e.g., animate categories) can be explained by perceptual 

processes alone and by the perceptual information available on-line during a 

particular task (e.g., for discussions see Jones & Smith, 1993; Quinn & Eimas, 

1997, 2000; Quinn & Johnson, 2000; Rakison, 2000; Smith, 2000; Younger & 

Fearing, 2000). Researchers arguing for this perceptual position have argued 

that young children are guided mainly by the appearances of objects (e.g., object 

shape). Object categorization is therefore said to be guided by dynamic, ever-

changing knowledge, expectations, and beliefs about how objects are alike on 

the "outsides". Some researchers have suggested that both perceptual and 

conceptual information are important, but that younger children rely more heavily 

on perceptual information when forming categories (Madole and Oakes, 1999; 

see also Oakes & Madole, 1999, 2000). 
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Other researchers, in contrast, have proposed that the formation of young 

children's earliest categories can be explained by conceptual processes (e.g., 

Carey, 2000; Gelman & Coley, 1990; Gelman & Markman, 1986; Gelman & 

Medin, 1993; Keil, 1989; Mandler, 1992, 1993, 1998, 1999, 2000a, 2000b, 

2000c; Simons & Keil, 1995; Xu, Carey, & Welch, 1999). Researchers arguing for 

the conceptual position have suggested that young children will develop object 

categories based on meaningful, theoretical groupings from very early on in 

development. They suggest that young children are motivated to search for 

deeper, unobservable, or internally-based similarities amongst objects, and that 

object categorization is guided by stable knowledge, expectations, and beliefs 

(Wellman & Gelman, 1988). These beliefs are then activated in a variety of 

contexts or situations in addition to the perceptual information available during 

any given task (Gelman & Diesendruck, 1999a). 

The issue of young children's ability to categorize objects conceptually is 

particularly relevant when considering ontological kind. According to Wellman 

and Gelman (1988), young children come to expect natural kind objects (i.e., 

things occurring naturally in the world, such as animals and plants) to have a 

richly correlated structure, one that predicts, or is responsible for, observable 

properties and/or the functioning of a particular entity. For example, many 

animals in the reptile category share properties that are not immediately obvious 

and are usually unobservable (e.g., they are cold-blooded). This helps one to 

understand why their skin looks the way it does or why they lay eggs). In 

contrast, inanimate objects, such as human-made artifact objects, often share 

surface features in common but may not share underlying commonalties (e.g., 
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bottles, boxes). That is, internal contents do not necessarily influence the 

external appearances of many inanimate things. Thus, by investigating the 

influence of ontological kind information on young children's category formation, 

the early development of conceptual knowledge and the importance of 

nonobvious or internal properties in this process can be more fully delineated. 

For example, researchers have already demonstrated that young children will 

treat animate categories differently than inanimate categories with regard to 

animates' greater inductive potential, greater stability over superficial 

transformations, and greater importance of insides as a basis for categorization 

(e.g., Diesendruck, 2001; Diesendruck et al.,1998; Gelman & Wellman, 1991; 

Hall, 1998; Keil, 1989; see also Gelman, 2000; Gelman & Diesendruck, 1999a, 

1999b; Medin & Coley, 1998, for reviews). 

As the ability to categorize on a conceptual level may be viewed as more 

"sophisticated" or difficult relative to the ability to categorize on a perceptual 

basis, researchers have sought to understand the conditions under which young 

children are capable of forming conceptually-based categories. In particular, 

many researchers have examined whether younger children will categorize 

objects based on nonobvious properties, and whether they can use conceptual 

information, such as ontological kind or object naming, to guide them in forming 

these categories (e.g., Booth & Waxman, 2002; Gelman & Coley, 1990; Gelman 

& Markman, 1986, 1987; Gelman & Wellman, 1991; Graham et al., 2001; Keil, 

1989; Waxman & Markow, 1995; Welder & Graham, 2001). Studies of this 

nature have been conducted with both preschoolers and infants, and will be 

reviewed next. 
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Preschoolers' Categorization of Objects Based on Nonobvious Properties 

During the past two decades, a number of researchers have investigated 

conceptually-based categorization in preschool-aged children. In particular, 

researchers have examined whether preschoolers appreciate that nonobvious or 

internally-based object properties may cohere object categories, especially when 

provided with conceptual information to help make this connection. Nonobvious 

properties are those aspects of an entity that cannot be directly perceived (e.g., 

being a mammal, being a cave-dweller), or those that may be perceived but are 

often inaccessible or "deeper" within an object (e.g., bones, blood, DNA). 

One highly influential line of research has focused on whether 

preschoolers can overlook superficial perceptual appearances and use stable 

conceptual identity (object kind) in categorization. In the now-classic 

"transformation" experiments by Keil (1989), 4-year-old children were read 

stories about objects that seemed to "change" into other objects. For example, 

they were told that a costume of one animal was put on another (e.g., a skunk 

costume was put on a raccoon). When asked, children indicated that the 

raccoon had not really become a skunk, even though it looked like one. Thus, by 

4 years of age, children seem to understand that some "superficial" kinds of 

transformations and perceptual appearances do not change the conceptual 

identity of an animate entity (Keil, 1989; see also Walker, 1999, for similar 

findings with children in Nigeria). Importantly, preschoolers appreciate that even 

when something living has been transformed on the outside, it may still be the 

same kind of thing on the inside. This finding did not hold true for artifact objects. 
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For example, children indicated that a coffeepot was not still a coffeepot if it had 

been transformed to look like a birdfeeder. Thus, Keil's studies provide critical 

evidence that young children will use conceptually-based information in 

categorization of animate objects, even when perceptual information would lead 

them to a different conclusion. 

A second line of research has more specifically focused on preschoolers' 

understanding of the difference between the outsides and the insides of an object 

when considering object identity, and whether they will use internal properties as 

a basis for categorization. In one of the first studies that investigated this issue, 

Gelman and Wellman (1991, Study 1) presented 3- and 4-year-olds with a target 

picture (e.g., a pig), and two test pictures: one that shared a similar appearance 

to the target (e.g., a piggy bank), and one that shared the underlying kind of 

"animalness" with the target (e.g., a cow). Participants were asked to identify 

which test object looked most like the target, and which had the same kinds of 

insides as the target. Results indicated that children answered both of these 

questions correctly at above chance levels (e.g., they indicated the pig and piggy 

bank shared the same appearances, and the pig and cow shared the same 

insides). This research demonstrates that preschoolers can think about the 

insides and outsides of objects at the same time, and they realize that two 

objects do not need to look perceptually alike to share similar nonobvious, 

internal properties (see also Simons & Keil, 1995). Importantly, preschoolers 

seem to appreciate the importance of internal features as a guide to many 

objects' identities. 
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In a subsequent study, Gelman and Wellman (1991, Study 2) investigated 

whether 4- and 5-year-olds would consider insides as essential to an object's 

identity and functioning. The researchers developed two categories of test items, 

one for which the insides were considered relevant for identity and functioning 

(e.g., animals), and one for which the insides were not (e.g., jars). They found 

that children more often reported that the identity and functioning of an insides-

relevant object changed when its internal features were extracted (e.g., removing 

a turtle's blood) as compared to when outside features were removed (e.g., 

removing a turtle's shell). This did not hold true for insides-irrelevant objects 

(e.g., removing the food in a jar or its outside label did not change the identity or 

functioning of the jar). Thus, Gelman and Wellman concluded that young 

children appreciate the importance of insides for determining category 

membership of certain object kinds, such as animals, artifacts like cars and 

pencils, and food. 

Relatedly, Diesendruck et al. (1998) conducted a study where 3- to 5-

year-old children were informed that the same sets of two pictured animals either 

shared internal, stable properties (e.g., both had bones and blood), or shared 

superficial, transient properties (e.g., both lived in a cage). Objects in each pair 

were labeled with the same familiar count noun (e.g., squirrel), but one was also 

labeled with a novel name (e.g., "it's a mef ) and one was not (e.g., "it's not a 

mef"). During a subsequent test phase, children who were informed of the 

internal similarities between the sets of animals were significantly more likely to 

extend the same familiar label to both of them (and thus consider them to be 

members of the same kind) than children who were informed of the superficial 
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similarity between the animals (Study 1). In contrast, children were not 

influenced by the kind of information (internal versus superficial) that was shared 

by two pictured artifacts (Study 2). Thus, preschoolers seem to expect that 

animals with the same insides will share the same name, or underlying identity, 

providing more evidence that young children can form categories on the basis of 

nonobvious, internal, properties (see also Diesendruck, 2001, for similar findings 

with Brazilian children). 

Importantly, preschoolers appear to make a variety of distinctions between 

animals and artifacts (e.g., containers) that do not depend on a great deal of 

familiarity with them or specific scientific knowledge about them (e.g., see 

Gelman & Wellman, 1991). That is, preschoolers do not have to know exactly 

what is inside a cow or a squirrel to know that whatever it is, it must be important 

to the underlying nature of that particular entity. Early on then, young children 

may simply possess the abstract expectation that internal features (or 

nonobvious properties) are important to the distinction between animates and 

inanimates, and then children gradually develop more specific, or concrete 

knowledge about the specific aspects of objects over time (Simons & Keil, 1995). 

A third major line of research has focused on preschoolers' ability to use 

conceptual cues (e.g., names) to categorize objects and make inferences about 

shared nonobvious object properties (e.g., Davidson & Gelman, 1990; Gelman & 

Coley, 1990; Gelman & Markman, 1986; Kalish & Gelman, 1992). In one such 

study, Gelman and Coley (1990) presented 2 1/2-year-olds with a series of 

pictured objects that were either similar in appearance to a target, shared the 

same category label as the target (e.g., "bird"), or both. For example, an 
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experimenter presented children with a target object (e.g., a bluebird), followed 

by a series of test objects, such as another bluebird (that looked similar to the 

target), a dodo bird (that looked dissimilar to the target), and a pterodactyl (a 

flying dinosaur that looked similar to the target). The experimenter then asked 

children whether each of the test objects also shared the same nonobvious 

property as the target (e.g., lived in a nest). When the objects were not labeled, 

children extended the property to objects that looked similar to the target (e.g., 

they indicated that the bluebird and the pterodactyl lived in a nest). If objects 

were labeled, however, children extended the property to objects that shared the 

same category label (e.g., they indicated that the bluebird and the dodo bird lived 

in a nest). Thus, when children were given information about underlying kind 

through a count noun label, they overlooked perceptual appearances and used 

conceptual knowledge to guide their inferences. When considered with the 

results of other research (e.g., Davidson & Gelman, 1990; Gelman, 1988; 

Gelman & Markman, 1986, 1987; Kalish & Gelman, 1992), this study 

demonstrates that preschoolers will use conceptual information to make category 

inferences. That is, these studies establish that naming can play a powerful role 

in helping young children form categories on the basis of nonobvious object 

properties. 

In summary, there is a great deal of empirical evidence indicating that 

preschoolers will form categories of objects that share only nonobvious 

properties, thus providing evidence for conceptually-based categorization. 

Studies have demonstrated that preschoolers will use shared object names as a 

basis for categorization, and that they will not accept transformations of object 
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kind, even when perceptual appearances suggest that they should. Furthermore, 

preschoolers understand the importance of shared internal features as a basis 

for categorization, particularly when ontological kind directs them to these 

features. Thus, preschoolers are capable of forming coherent categories of 

objects on the basis of properties that they cannot directly perceive, particularly 

when these categories are richly structured and constitute a meaningful kind. 

Infants' Categorization of Objects Based on Nonobvious Properties 

As research on preschoolers' ability to use conceptual information in 

category formation has flourished, a great deal of research on infants' 

categorization has followed. The study of conceptually-based categorization in 

infancy is important for at least two reasons. First, investigating infants' 

conceptual categories provides the opportunity to understand the developmental 

continuity between conceptual categorization in infancy and early childhood. 

Second, this research helps further delineate when conceptually-based 

categorization might first emerge, and the kinds of cues that might be helpful or 

even required in the process of reasoning about categories that share 

nonobvious properties. 

Although some of the research focus on infant categorization continues to 

be on the critical role of perception in categorization and the types of perceptual 

discriminations infants can make (e.g., Behl-Chadha, 1996; Eimas & Quinn, 

1994; Quinn & Eimas, 1996; Quinn et al., 1993; Younger & Fearing, 1999), many 

researchers have also investigated conceptual categorization in infancy, and 

infants' ability to form categories on the basis of underlying, or nonobvious object 



similarities (e.g., Graham et al., 2001, 2002; Mandler & McDonough, 1993, 1996, 

1998a & b; Welder & Graham, 2001). Investigations have focused both on the 

types of conceptual categories that infants can form based on their previous 

knowledge, and on the conceptual cues infants will use to assist them in 

categorization (e.g., object names). 

The growth in empirical investigations of conceptual categorization in 

infancy is partially due to a number of newer paradigms for studying infant 

categorization, such as object examining and generalized imitation. Object 

examining paradigms are similar to traditional habituation-dishabituation 

paradigms, except that they measure infants' active interactions with models, 

instead of simply measuring their looking time towards pictures or models. 

Object examining involves an infant's clearly focused looking (e.g., demonstrated 

signs of concentration) in the presence or in the absence of manual object 

manipulation (see Oakes, Coppage, & Dingel,1997; Oakes, Madole, & Cohen, 

1991; Ruff, 1986; Ruff & Saltarelli, 1993). Many researchers have argued that 

examining time reflects more active cognitive processing of objects than looking 

time alone. That is, unlike passive looking time methods, object examining 

methods measure the time infants are actively engaged in learning about objects 

(e.g., see Mandler & McDonough, 1993; Oakes et al., 1991, 1997; Oakes & 

Tellinghuisen, 1994; Ruff, 1986; Ruff & Saltarelli, 1993). 

Generalized imitation paradigms also allow infants to have active 

interactions with stimuli. Using this methodology, an infant's ability to repeat an 
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action or a task previously seen an experimenter perform is measured. Many 

researchers have argued that generalized imitation methods are useful in 

examining inductive inferences in infancy, or whether infants understand that a 

specific property of one object can be generalized to other objects from the same 

category (e.g., Mandler & McDonough, 1996). These imitation studies are 

important evidence for conceptual categorization, as infants actively demonstrate 

their expectations regarding what certain kinds of objects are expected to do. 

One major line of research in the area of infant categorization has focused 

on infants' ability to categorize objects based on their previous conceptual 

knowledge, or knowledge that they already possess before coming into the 

laboratory. Using an object examining procedure, Mandler and McDonough 

(1993) investigated whether infants could form global categories of animate and 

inanimate objects using object kind similarity instead of merely relying on object 

appearances. They found that 9- and 11-month-old infants could form separate 

categories of animal and vehicle models, even when some of the animals looked 

more like the vehicles. For example, infants could distinguish a bird with 

outspread wings from an airplane, even when the plane had a "tiger-like" facial 

marking on it with eyes and a mouth. Mandler and McDonough also examined 

whether infants could form even more specific categories such as that of dogs 

versus fish. They found that even though the dog and fish models were quite 

perceptually different, infants did not differentiate one category from the other. 

Mandler and McDonough thus argued that infants were not merely relying on 



perceptual information as a basis for categorization; they appeared to distinguish 

global categories of animal and vehicle objects on the basis of underlying object 

kind. 

In a similar series of studies, Mandler and McDonough (1998a) 

demonstrated that infants 7 to 11 months of age could discriminate categories of 

furniture from that of animals and vehicles. At 9 months of age, infants could 

discriminate plants from animals, and plants from vehicles, and at 11 months of 

age, infants could discriminate kitchen utensils from furniture and cats from dogs. 

Mandler and McDonough argued that these category discriminations reflected 

conceptual knowledge in infancy. That is, infants considered underlying object 

meaning and object kind rather than merely external appearances when forming 

categories (see also Mandler & McDonough, 1996, 1998b). 

As has been demonstrated with preschoolers, researchers have found 

that conceptually-based information also becomes available to infants through 

naming. In a number of studies, Waxman and her colleagues have 

demonstrated that naming objects with the same label will assist infants in 

forming conceptual categories (e.g., Waxman & Booth, 2001; Waxman & 

Markow, 1995). For example, using an object examining procedure, Waxman 

and Markow (1995) investigated whether words would enhance 12- to 13-month-

old infants' ability to form categories of familiar objects, such as animals and 

vehicles. During a familiarization period, infants were presented with four toy 

exemplars from the same category, with the experimenter using either a familiar 

noun phrase (e.g., "Look, an animal!"), or a general attention phrase (e.g., "Look 
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what's here!"). At test, those infants who heard the word phrase showed a 

greater preference for a novel out-of-category member (e.g., a yellow airplane) 

than for a novel in-category member (e.g., a yellow lion), than infants who heard 

the general attention phrase. Thus, the researchers concluded that when objects 

from the same superordinate category are introduced with the same words, 

infants are "invited" to assemble together objects that might otherwise have been 

seen as disparate entities, thus facilitating categorization. This naming 

phenomenon has been found to occur with infants as young as 9 months of age 

(Balaban & Waxman, 1997; see also Booth & Waxman, 2001; Waxman & Hall, 

1993 for similar results with older infants). Interestingly, Waxman and her 

colleagues have more recently demonstrated that the effect of naming on infants' 

categorization is restricted to noun labels for infants as young as 13 months. 

That is, nouns appear to highlight underlying categories of objects, whereas 

adjectives appear to highlight superficial properties (e.g., color, texture) of objects 

(see Booth & Waxman, 2001; Waxman, 1999a; Waxman & Booth, 2001). 

Welder and Graham (2001) also demonstrated the facilitative effect of 

naming on infants' categorization using a generalized imitation paradigm. In this 

study, 16- to 21-month-olds were presented with novel target and test objects 

from the same category accompanied by either a novel noun phrase (e.g., "Look 

at this blinü"), or a general attention phrase ("Look at this one!"). The 

researchers found that providing infants with a shared novel count noun helped 

promote inferences that test objects shared the same underlying sound feature 

as a target (e.g., squeak when squeezed), even when the test objects differed in 

shape from the target. That is, infants persisted in attempting to reproduce the 
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sound property on test objects when the target and test objects shared the same 

label. When infants were only provided with the general attention phrase, 

however, they relied solely on object shape to guide their inferences. Thus, this 

study demonstrates that the conceptual information conveyed through naming 

plays an important role in facilitating inductive generalizations of nonobvious 

properties of objects from the same novel category (see also Graham et al., 2001 

for similar results with 12-month-olds). 

Given the evidence for the role of naming in guiding infants' 

categorization, Waxman (1999b) has proposed that naming acts as a catalyst in 

categorization, enabling infants to pay more attention to category-relevant 

conceptual similarities among objects. She indicates, however, that in the 

absence of conceptual information, infants may rely on perceptual cues to guide 

their categorization. Interestingly, sound tones do not appear to have the same 

facilitative effect as words (Balaban & Waxman, 1997), so other forms of extra 

attention during habituation do not appear responsible for the categorization 

effects seen with naming. Waxman and her colleagues have indicated that 

words help infants search for coherence amongst objects, highlighting for infants 

that these objects should be considered together, that they should be compared, 

and that there are deeper commonalties to be discovered (Waxman & Markow, 

1995). Thus, consistent with research with preschoolers, naming appears to 

assist infants in moving from categorizing primarily on the basis of perceptual 

appearances to focusing on more nonobvious, conceptual similarities amongst 

objects. 
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Taken together, recent research suggests that by middle infancy, young 

children can form categories of objects on the basis of shared nonobvious object 

properties, particularly when the object kind is already known to infants or when 

conceptual information is made available (e.g., providing object labels). Although 

these studies have provided valuable insights into infants' ability to form 

conceptually-based categories, they leave several questions unanswered. For 

example, it is unclear whether infants can use shared internal (nonobvious) 

features as a basis for category discrimination, and whether conceptual markers, 

in the form of shared labels or other cues, will promote infants' use of shared 

internal object features in categorization. These are some of the issues that 

warrant further empirical investigation, as studies of this nature would contribute 

more compelling evidence for conceptually-based categorization in infancy. 

The Present Experiments 

A major question arising from previous research is whether infants, like 

preschoolers, can make distinctions between the insides and outsides of objects, 

and whether they appreciate that object insides may be a relevant basis for 

categorization. If it can be demonstrated that infants will use shared internal 

features as a means of categorizing objects, then this would provide important 

insights into how infants may begin to understand the significance of nonobvious 

properties as a basis for categorization. Indeed, Wellman and Gelman (1988) 

stated that "children's grasp of the inside-outside distinction could be a stepping-

stone to understanding the importance of nonobvious properties more generally" 

(p. 121). Thus, although no studies to-date have directly investigated the inside-
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outside distinction with children younger than preschool age, this line of research 

would greatly facilitate our understanding of the nature of infant categorization. 

In the present experiments, 14- to 15-month-old infants' ability to 

categorize novel objects was investigated with a focus on two issues. The first 

issue explored was whether infants could form a category of novel objects when 

the objects only varied on one dimension: either external features or internal 

features. Although it is well-established that infants can use shared external 

features as a basis for categorization, it is still unclear whether infants will use 

shared internal features in the same way. Unlike preschoolers, however, infants 

cannot be asked about their expectations regarding the insides of objects. As 

such, the issue must be investigated using a methodology that allows infants to 

have access to the internal features. Thus, in the present experiments, objects 

were used that could be opened to reveal their internal contents. Although these 

internal features consequently could not be considered "nonobvious", they were, 

arguably, less perceptually obvious and more underlying than were the external 

features. 

The second issue explored in the present experiments was whether 

conceptual information in the form of animacy cues (eyes) and object labels 

would facilitate infants' categorization of objects with similar outsides or with 

similar insides. First, if infants, like preschoolers, appreciate that animate objects 

are special kinds of things that share deeper similarities, then perhaps the 

presence of animacy markers on objects would help with category formation. 

That is, the animacy cues might allow infants to consider the objects as similar 

on a more conceptual level, and could help direct infants' attention towards the 
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features shared by the objects (even more subtle similarities, like those present 

inside the objects). Second, if infants are provided with shared labels for a novel 

category of objects, this conceptual information might assist them in 

categorization. That is, naming could invite them to search for similarities 

amongst the objects, and help them to hone in on underlying properties (like 

shared internal features) as a means of uniting externally diverse exemplars. 

There is ample evidence to suggest that naming provides conceptual information 

and promotes category formation and inductive inferences for preschoolers (e.g., 

Davidson & Gelman, 1990; Gelman & Coley, 1990; Gelman & Markman, 1986, 

1987; Kalish & Gelman, 1992) and for infants (e.g., Balaban & Waxman, 1997; 

Booth & Waxman, 2001; Graham et al., 2001; Waxman,1999b; Waxman & 

Booth, 2001; Waxman & Hall, 1993; Waxman & Markow, 1995; Welder & 

Graham, 2001). 

To summarize, the goals of the present studies were as follows: (a) to 

examine whether infants could discriminate novel objects on the basis of either 

external or internal features, and (b) to examine whether conceptual information 

in the form of animacy cues and object labels would promote category formation, 

particularly when objects have similar internal features. In five experiments, an 

object examining procedure was used to investigate these issues. Infants were 

first familiarized with a series of novel objects that were either similar on the 

outsides or similar on the insides. Infants were then presented with a test object 

that was also either similar on the outsides or similar on the insides ("in-category 

test object"), followed by a test object that was different on both the outsides and 
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on the insides ("out-of-category test object"). Thus, the familiarization objects 

and in-category object differed from one another on only one dimension, whereas 

the out-of-category object differed on both. 

In Experiment 1, infants were not given any additional cues as to category 

membership of the objects other than the objects' general appearances. In 

Experiment 2, infants were provided with animacy cues (eyes on the objects) to 

help guide them in the categorization task. In Experiment 3, infants were 

provided with a non-conceptual cue (a strip of purple glitter material on each of 

the objects), in order to examine whether providing any type of additional cue 

would promote category formation. In Experiment 4, infants were provided with 

novel count noun labels to assist them in the categorization task. In Experiment 

5, infants were provided with animacy cues (eyes) and labels together to 

examine whether the presence of two conceptual cues together would facilitate 

category formation. 

EXPERIMENT 1 

The purpose of Experiment 1 was to examine whether infants would form 

categories of objects that shared either similar external features or similar 

internal features. To investigate this issue, infants were presented with a series 

of objects in one of two object sets (outsides similar or insides similar). Each set 

was comprised of four familiarization objects, an in-category test object, and an 

out-of-category test object. In the outsides similar set, the material and pattern of 

the outsides of the familiarization objects and in-category test object remained 

constant, but the material and pattern of their insides differed. In the insides 
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similar sei, the material and pattern of the insides of the familiarization objects 

and in-category test object remained constant, but the material and pattern of 

their outsides differed. All the objects were designed so that they would not 

share any of the same material colors, and the amount of features present on 

objects in each set (e.g., number of spots) were equated. Color was varied 

among objects as previous research has shown that infants often do not perceive 

object color as indicative of category membership over other features such as 

object shape (Baldwin, 1989; Graham & Poulin-Dubois, 1999). In addition, it was 

anticipated that color variety would help to maintain infants' interest in the 

objects. 

In Experiment 1, it was expected that infants would use the appearance 

(e.g., shape) of the objects, as well as their knowledge about object categories in 

general, to assist them in category formation. Although some increase in 

examining time may be expected from the last familiarization object to the in-

category test object (due to object novelty), a larger increase in examining time 

must occur from the last familiarization object to the out-of-category test object to 

conclude that categorization has occurred (see Mandler & McDonough, 1998a). 

As Oakes et al. (1997) articulated, infants' preference for novel objects in an 

unfamiliar category over novel objects in a familiar category is a well-accepted 

phenomenon. Infants can demonstrate categorization either by dishabituating to 

an out-of-category object and not to an in-category object, or by dishabituating 

significantly more to an out-of-category object than to an in-category object. 



First, it was hypothesized that infants in both the outsides similar group 

and the insides similar group would habituate to the familiarization objects. 

Second, it was hypothesized that if infants can rapidly form a category of novel 

objects based on similar external features, then infants in the outsides similar 

group should exhibit significantly more recovery (i.e., longer object examining) 

from the last familiarization object to the out-of-category object than from the last 

familiarization object to the in-category object. Similarly, if infants can form a 

category of novel objects based on similar internal features, then infants in the 

insides similar group should also exhibit significantly more recovery from the last 

familiarization object to the out-of-category object than from the last 

familiarization object to the in-category object. 

Method 

Participants 

Infants were recruited from regional health clinics in the Calgary area, 

through newspaper ads, and through pamphlet distribution. Ethical consent was 

granted to leave brochures for the research program at the clinics, and parents 

could call the laboratory or leave their name and number in a drop box at each of 

the clinic locations. Forty infants participated in Experiment 1. Three additional 

infants were tested but excluded from the final sample due to excessive 

fussiness. Participants were randomly assigned to one of two groups: the 

outsides similar group (mean age = 15.08 months; SD = 0.51; range - 14.29 to 

16.00 months) or the insides similar group (mean age = 14.91 months; SD = 



0.71; range = 13.98 to 16.16 months). Both groups were comprised of 10 boys 

and 10 girls each. 

Materials 

Stimuli. Two sets of objects were used in this experiment: an outsides 

similar set and an insides similar set (see Figures 1 and 2 for the object sets). 

Each set consisted of six novel objects: four familiarization objects, an in-

category test object, and an out-of-category test object. The same in-category 

and out-of-category test objects were used for the outsides similar set and the 

insides similar set. All the objects in each set had a top flap that could be 

opened to reveal the inside contents, which were composed of two different 

materials of different colors. One material provided the base filling (e.g., blue 

polyester fluff), and the other served as a secondary internal element (e.g., 

yellow connecting rubber spheres). 

In the outsides similar set, the outsides of the familiarization objects and 

the in-category test object were similar to one another in material (Darice ™ 

smooth foam), markings (spots), shape (cube) and size (10 cm in length, width, 

and height). The out-of-category test object was made of a tan terrycloth 

material with green "x" markings on it, was heart-shaped, and was 12 cm in 

length by 10 cm in width and 7 cm in height. The insides of all the objects in this 

set were different from one another, and consisted of two types of materials of 

contrasting shapes, sizes, and colors (e.g., white styrofoam balls and blue felt 

tubes). 
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Figure 1. Outsides Similar object set used in Experiment 1. 
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In the insides similar set, the insides of the familiarization objects and the 

in-category test object were similar to one another in material (polyester fluff and 

connecting rubber spheres with protruding extensions). The insides of the out-of-

category object were made of gold scouring pads and mauve pipe cleaners. The 

outsides of all the objects in this set were different from one another in material 

(corduroy, felt, mesh, faux fur, foam, terrycloth), shape (rectangle, sphere, 

cylinder, flattened circle, cube, and heart) and size, ranging from 10 to 13 cm in 

length, 8 to 13 cm in width, and 7 to 12 cm in height. 

Equipment. A Sony videocamera was hidden behind a one-way mirror 

and was used to generate a time-stamped record of infants' sessions. The 

experimenter also used a small stopwatch to time each of the 30-second object 

examining trials during testing. A 27-inch television monitor was used to observe 

the sessions during coding. 

Design 

The procedure for the object examining task was identical in the two 

groups with one exception: the object set utilized. The task consisted of a 

familiarization phase (8 trials) followed by a test phase (2 trials), for a total of 10 

trials, 30 seconds in duration each. A fixed experimenter-controlled habituation 

procedure was utilized instead of an individualized infant-controlled habituation 

procedure, as pilot research demonstrated that 30 seconds was a reasonable 

duration of time for infants to explore the objects and habituate to them. Using 

fixed intervals of 30 seconds, object examining during familiarization could be 
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held constant and could then more easily contrasted with object examining 

duration during the test phase. 

In the familiarization phase, infants were presented with two blocks of four 

familiarization trials. In both blocks, infants were presented with each of the four 

familiarization objects, one at a time. The order of presentation of objects was 

counterbalanced across infants, and once the presentation order of the 

familiarization objects was determined for a particular infant, it remained fixed for 

both trial blocks. In the test phase, infants were presented with two test trials. 

The order of presentation of the test trials was fixed: the in-category object was 

always presented first, and was followed by the out-of-category test object. An 

in-category object trial had to be included and always preceded the out-of-

category object trial for two reasons. First, if the in-category object was not 

included, any increase in examining time from the last familiarization trial to the 

out-of-category test object trial could occur either because the out-of-category 

object was perceived as a new category member or because of the novelty 

contrast between categories (or both). Thus, evidence for actual categorization 

would be unclear. Second, if the test trials were reversed, infants could increase 

their examining time to the in-category object because of the contrast between it 

and the out-of-category object presented beforehand, and not because they 

considered it to be in a different category from the familiarization objects 

(Mandler & McDonough, 1998a). 



Procedure 

Infants were brought into the laboratory and seated on either their parent's 

lap or in a booster seat, with the parent situated to the side and slightly behind 

the infant. The experimenter sat across a table from the parent and infant. 

Before testing began, the experimenter instructed parents to interact with the 

infant as little as possible, and not to mention, point to, or give objects to the 

infant during the testing session (they were told, however, that they could repeat 

their infant's name, if he or she started to become fussy). Parents were asked to 

silently place objects back on the table within their infant's reach if objects were 

dropped on the floor near the parent, or if the infant handed objects to the parent. 

A trial began when the experimenter introduced an object to the infant. 

She held up the object and said, "Hi (infant's name)! See this!" While waving 

her hand over the outside of the object, she said, "Look here at this! Look at 

this!" She then lifted up the outside flap of the object and repeated the same 

phrases while waving her hand over the inside of the object. The order in which 

attention was directed towards the outsides and insides of each object was 

counterbalanced across trials. That is, if infants were shown the outsides of the 

Trial 1 object first, they would be shown the insides of the Trial 2 object first, and 

this alternating order would remain fixed for the remaining eight trials. The order 

in which attention was directed first to the insides of an object versus the 

outsides of an object was also counterbalanced across infants. 
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After the experimenter introduced an object, she then placed it within the 

infant's reach and the infant was allowed to examine it for 30 seconds. Objects 

were designed so that even when the outside flap was not manipulated, it 

remained slightly open and infants could see the contents of the insides. If 

during the trial the infant dropped the object off the table, passed the object to the 

parent or the experimenter, or threw it out of reach, the parent or experimenter 

placed it back within the infant's reach. Time lost due to these actions was not 

compensated for, as they were considered intentional actions of frustration or 

disinterest (Oakes et al., 1991). After the trial was finished, the experimenter 

removed the object from the infant while saying, "Okay, thank you!" and then 

placed it out of the infant's view. The same procedure was repeated for all 

remaining trials. 

After the object examining task was completed, parents were asked to fill 

out the MacArthur Communicative Development Inventory: Words and Gestures 

(CDI; Fenson et al., 1993), a checklist of infants' receptive and productive 

vocabulary. This checklist was used to determine whether infants in the outsides 

similar group and the insides similar group were matched for vocabulary size. 

Parents either filled out the CDI in the laboratory or at home. All CDIs that were 

completed at home were mailed back within one week. The receptive vocabulary 

of infants in the outsides similar group ranged from 32 to 355 words (M = 143.00 

words, SD = 92.53), while their productive vocabulary ranged from 1 to 81 words 

(M = 15.95 words, SD = 19.47). The receptive vocabulary of infants in the 
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insides similar group ranged from 36 to 305 words (M = 140.85 words, SD = 

80.02), while their productive vocabulary ranged from 0 to 53 words (M = 17.75 

words, SD = 17.13). Infants in the outsides similar group and the insides similar 

group did not significantly differ in receptive vocabulary size, ¿(38) = .08, p > .10, 

or in productive vocabulary size, i(38) = .31, p > .10. 

Coding 

A coder, blind to the hypotheses of the experiment, recorded the amount 

ottime that infants examined objects during each of the 10 trials, using a detailed 

coding scheme. Coding was conducted with the volume on the television 

monitor turned off. The start of a trial was defined as the point at which the 

experimenter released the object from her grasp and placed it in front of the 

infant. Object examining time was defined as the duration of time spent actively 

looking at and/or physically manipulating an object (see Oakes et al., 1991, 1997; 

Ruff, 1986; Ruff & Saltarelli, 1993). The coder recorded the total amount of 

object examining time for each trial, and thus each infant received 10 scores on 

his or her protocol. 

Active looking was considered to be marked by the onset of a change in 

an infant's facial expression, particularly involving a look of concentration. This 

could be characterized by the appearance of a furrowed brow, an intense gaze, 

or facial movements (e.g., pursed lips). Object examining thus did not include 

glazed staring at the object or a look of disinterest; the infant had to appear to be 

focusing his or her attention on the object with the goal of learning about it. 
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Object examining also did not include looking at the object while showing it to the 

experimenter or parent, or throwing the object (see Oakes et al., 1991). 

Manipulation was marked by the infant making physical contact with an 

object. This could be characterized by poking, patting, shaking, squeezing, 

feeling, petting, grasping, picking up the object, transferring the object from hand 

to hand, or rotating the object. The infant would not necessarily have to be 

looking directly at the object while handling it for object examining to be coded, 

but it had to be apparent that the infant was still learning about the object. For 

example, the infant could not simply have his or her hand resting on the object 

while looking around the room, looking at the experimenter, or looking at the 

parent. Similarly, if an infant engaged in banging an object on the table, tapping 

his or her fingers repetitively on it, opening and closing the flap in a repetitive 

way, or rubbing the object along the table without actively looking at it, object 

examining was not coded. These behaviors were considered to be acts of 

boredom or disinterest. In addition, manipulation did not include simply mouthing 

an object, or pushing/running an object in the hair or face, as these behaviors are 

not a stable measure of attention to objects in infancy (see Ruff, 1984,1986). 

Manipulation also did not include passing or showing the object to the 

experimenter or parent, or throwing it off the table (see Oakes et al., 1991). 

To examine inter-rater reliability, approximately 20% of the protocols (n = 

8 participants X 10 trials each) were randomly selected and coded again by a 

second person who was also blind to the experimental hypotheses. Inter-rater 
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reliability was then compared between coders on each of the 10 object 

examining scores per protocol. Inter-rater reliability was high, r(80) = .98, p < 

.001. 

Results 

Habituation Data Analyses 

Object examining times during the first and second blocks of 

familiarization were first compared to determine if infants habituated, or became 

significantly less interested in the objects across the familiarization trials. The 

first block consisted of infants' mean object examining time during the first four 

familiarization trials, and the second block consisted of infants' mean object 

examining time during the second four familiarization trials. The means for each 

block in the outsides similar group and in the insides similar group are presented 

in Figure 3. Block means were utilized as a measure of habituation because they 

take into account examining time of all four familiarization objects, instead of 

being dependent on performance with a particular object. Infants' object 

examining times were submitted to a 2 (Group: outsides similar vs. insides 

similar) X 2 (Block: first vs. second) mixed-model analysis of variance (ANOVA). 

Group was a between-subjects factor and block was a within-subjects factor. 

The ANOVA yielded a main effect of block, indicating that infants in both groups 

significantly decreased their object examining time from block 1 (M = 16.53 

seconds, SD = 5.60) to block 2 (M = 11.34 seconds, SD = 5.57), /=(1, 38) = 

64.31, MSE = 8.37, p < .001. The main effect of group and the group by block 



Figure 3. Mean object examining times for each familiarization trial block in the 

outsides similar group and the insides similar group in Experiment 1 (no added 

cues). 
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*significant decrease from block 1 to block 2 

for both groups, p < .05. 
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interaction were not significant (p's > .05). Thus, the results indicate that infants 

in both groups habituated to the objects during the familiarization phase. 

In the next set of analyses, the rate of decline of object examining from 

Trial 1 (the first familiarization trial) to Trial 8 (the last familiarization trial) for 

infants in the outsides similar group was compared to that of infants in the insides 

similar group to ensure that there were no group differences in how quickly 

infants habituated. A habituation score was calculated by subtracting object 

examining duration in Trial 8 from that in Trial 1. An independent t test (a = .05) 

indicated that infants' habituation score in the outsides similar group [M = 8.68, 

SD = 9.20) and in the insides similar group (M = 5.98, SD = 7.76) did not differ, 

£(38) = 1.00, p > .10. Thus, infants' rate of decline in object examining during 

habituation did not vary depending on the object set to which they had been 

exposed. 

Dishabituation Data Analyses 

In the dishabituation analyses, object examining scores were converted to 

two dishabituation object scores to investigate infants' ability to form categories 

(see Oakes et al., 1997). The in-category score was calculated by subtracting 

infants' object examining duration (in seconds) in the last familiarization trial (Trial 

8) from the duration of object examining in the in-category test trial (Trial 9). The 

out-of-category score was calculated by subtracting infants' object examining 

duration (in seconds) in the last familiarization trial (Trial 8) from the object 

examining duration in the out-of-category test trial (Trial 10). Object scores were 



used as the dependent measure instead of raw object examining times because 

they were deemed to be a more accurate measure of the actual occurrence of 

category discrimination. That is, these scores take into consideration individual 

differences in interest level, motivation, and attention toward the objects, and 

assess relative changes in each infant's object examining rather than just the 

duration of object examining in total across infants. 

Planned comparisons were conducted to examine dishabituation 

separately for the outsides similar group and the insides similar group. The 

mean object scores for both groups are presented in Figure 4. As indicated 

previously, it was predicted that if infants in either group could discriminate 

between object categories, they should demonstrate more object examining 

recovery to the out-of-category object than to the in-category object. The alpha 

level remained at .05 for both pairwise tests, as each was planned separately 

ahead ottime and did not follow from an omnibus analysis (see Maxwell & 

Delaney, 1990). As predicted, infants in the outsides similar group displayed 

significantly more recovery from the last familiarization object to the out-of-

category object {M = 5.90, SD = 9.80) than to the in-category object (M = 1.04, 

SD = 6.05), f(19) = 3.44, p < .01. Infants in the insides similar group did not 

exhibit any significant differences in object examining recovery to the in-category 

object (M = 3.49, SD = 5.57) as compared to the out-of-category object (M = 

4.83, SD = 6.82), f(19) = .95, p > .10. These results suggest that infants could 
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Figure 4. Mean object scores for the outsides similar group and the insides 

similar group in Experiment 1 (no added cues). 
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*p < .05. 
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make a category discrimination on the basis of external features, but not internal 

features. 

Categorization Classification Data Analyses 

In this set of analyses, individual patterns of categorization were 

examined. More specifically, the number of infants who demonstrated a 

categorization pattern (i.e., more recovery to the out-of-category object than to 

the in-category object) was compared across the outsides similar group and the 

insides similar group. A dishabituation difference score was calculated for each 

infant by subtracting their in-category object score from their out-of-category 

object score. A criterion of 1 second was used to determine if infants were 

indeed forming a reliable category. This criterion was an arbitrary one that was 

chosen to reflect a reliable difference in recovery between the in-category object 

and the out-of-category object. If infants' out-of-category scores were at least 1 

second greater than their in-category scores, they were classified as 

categorizers.^ The number of categorizers and non-categorizers were then 

compared between the outsides similar group and the insides similar group, 

using chi-square contingency table analyses. These analyses indicated that the 

number of categorizers varied significantly between groups, %2(1, N = 40) = 5.01, 

1 These classification analyses were repeated in Experiments 1 through 5 using a criterion of 2 seconds and 
a criterion of 3 seconds to classify categorizers versus non-categorizers. Using a 2 second difference, the 
same pattern of results emerged as with a 1 second difference criterion: significantly more infants in the 
outsides similar groups were classified as categorizers than in the insides similar groups in Experiments 1 
and 3, but not in Experiments 2,4, and 5. Using a 3 second difference, the same patterns of results 
emerged as with a 1 second difference criterion: significantly more infants in the outsides similar groups 
were classified as categorizers than in the insides similar groups in Experiment 1, and there was a 
marginally significant group difference in Experiment 3 (p < .11) in the expected direction, but no 
significant group difference in Experiments 2, 4, and 5. 
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p < .05. As expected, the majority of participants in the outsides similar group 

(75%) were classified as categorizers, whereas only 40% of the participants in 

the insides similar group were classified as categorizers. Thus, these analyses 

demonstrate that a significantly greater number of infants in the outsides similar 

group demonstrated a categorization pattern than infants in the insides similar 

group. 

Discussion 

The goal of Experiment 1 was to investigate whether 14- to 15-month-old 

infants could form a category of novel objects that shared only similar external 

features or only similar internal features. The results of this study yielded two 

main findings. First, they demonstrate that infants will habituate to objects that 

have either similar outsides or similar insides. Infants in both the outsides similar 

group and the insides similar group significantly decreased their object examining 

to the familiarization objects over trial blocks, indicating that they formed a 

representation of these objects. Second, the results of this experiment indicate 

that infants can use objects' shared external features as a guide to category 

formation. Only infants in the outsides similar group showed significantly more 

recovery to the out-of-category object than to the in-category object. Infants in 

the insides similar group did not display significantly more recovery to the out-of-

category object than to the in-category object, suggesting that a category could 

not be formed on the basis of shared internal features. Analyses of individual 

participants' categorization data followed the same pattern as the overall 



dishabituation data, as a significantly greater number of infants in the outsides 

similar group (the majority of infants in this group) demonstrated categorization 

compared to infants in the insides similar group. 

One possible explanation for why infants in the insides similar group did 

not make the category distinction may be that the task was too difficult for them. 

That is, the ability to form a category on the basis of shared internal features 

involves considering more than the salient external, surface appearances 

(particularly the outer shape) of an object. It involves considering an object's 

relatively less obvious internal similarities as a basis for comparison and 

categorization. This could be too complex a task for 14- to 15-month-olds, 

particularly as the category boundaries (e.g., what constitutes an object as being 

a category member) might have been more apparent with the outsides similar 

objects than with the insides similar objects. That is, infants might have had an 

easier time knowing what the external parts of the objects were because of the 

more obvious "outer" boundaries, but might have had relatively more difficulty 

determining the internal parts because the internal boundaries are less clearly 

defined. For example, "insides" or "internal features" could have included the 

bottom part of the flap, the objects inside the internal fill, the fill itself, or all of 

these. 

Another possible explanation for the findings in Experiment 1 is that 

infants have had more previous experience with objects that are "closed 

systems"-ones that do not open so that the insides can be perceived (e.g., 
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rattles, balls, dolls, stuffed animals, small figurines). Infants conceivably have 

had more encounters viewing, thinking about, and manipulating object outsides 

as compared to object insides. Therefore, they may not be as familiar with or as 

proficient in using shared object insides as a basis for categorization. 

A third possible explanation for why infants in the insides similar group did 

not form a reliable category in Experiment 1 may be that infants did not consider 

internal similarities to be an important basis for categorization. Researchers 

have found that preschool-aged children will often give different answers for 

questions regarding the importance of insides or outsides for an object's identity 

and functioning, depending on ontological kind (e.g., Diesendruck et al., 1998; 

Gelman & Wellman, 1991; Keil, 1989). That is, preschoolers will indicate that 

insides are more relevant to naming, and the identity and functioning of inside-

relevant objects (like animals) than inside irrelevant objects (certain types of 

artifacts like containers). Thus it is possible that with the objects used in 

Experiment 1, infants did not perceive internal features to be a relevant basis for 

categorization because of a lack of any cues to suggest that the objects 

represented something animate or living. Perhaps the addition of information to 

suggest that infants should focus on how the objects represent the same 

underlying "kind" of thing would help shed light on this possibility. Therefore, a 

second experiment was designed to examine whether the provision of animacy 

cues would help infants in the categorization task, particularly for those infants in 

the insides similar group. 
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EXPERIMENT 2 

In Experiment 2, infants' use of conceptual information as a guide to 

category formation was explored, with a particular focus on whether infants 

would appreciate the importance of object insides for animate kind categories. 

As previous research indicates, preschoolers understand internal composition to 

be relatively more important for identifying animals than certain types of artifacts 

(Diesendruck, 2001; Diesendruck et al., 1998; Gelman & Wellman, 1991; Keil, 

1989). Thus, animacy cues may help infants focus on internal similarities 

amongst objects in a category discrimination task. The main goal of Experiment 

2 was to investigate whether animacy cues would assist in infants' category 

formation, particularly one based on shared internal object features. The 

procedure and design of Experiment 2 were similar to that of Experiment 1 with 

one exception: all the objects had eyes on them. It was expected that the 

presence of eyes on the objects would enhance infants' performance on the 

categorization task by providing a conceptual marker of animacy, and thus guide 

infants toward more subtle or underlying similarities (e.g., internal features). 

Specifically, it was hypothesized that infants in both the outsides similar group 

and the insides similar group would demonstrate habituation to the familiarization 

objects. At test, it was expected that infants in both groups would exhibit 

significantly more examining recovery from the last familiarization object to the 

out-of-category object than to the in-category object. In addition, it was expected 

that a comparison between Experiments 1 and 2 would reveal significantly more 
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dishabituation to the out-of-category object in Experiment 2, demonstrating that 

animacy cues help direct category formation. 

Method 

Participants 

Forty infants participated in this experiment. Two additional infants were 

tested but excluded from the final sample due to excessive fussiness. 

Participants were randomly assigned to one of two groups: the outsides similar 

group (mean age = 14.71 months; SD = 0.44; range = 13.92 to 15.72 months) or 

the insides similar group (mean age = 14.75 months; SD = 0.53; range = 13.89 to 

15.72 months). Both groups were comprised of 10 boys and 10 girls each. None 

of the infants had participated in Experiment 1. 

Materials 

Stimuli. The familiarization and test objects were identical to those used in 

Experiment 1, except that all the objects had a set of realistic-looking plastic doll 

eyes strategically placed on the top part of the flap (see Figures 5 and 6 for the 

object sets). Eyes were 2 cm in length and 1 cm in width, and had a brown pupil 

surrounded by a white iris. Eyes were spaced approximately 5 cm apart. 

Equipment. The equipment was identical to Experiment 1. 

Design 

The design was identical to Experiment 1. 



Figure 5. Outsides Similar object set used in Experiment 2. 

Familiarization Objects 



Figure 6. Insides Similar object set used in Experiment 2. 

Test Objects 

In-Category Out-of-Category 
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Procedure 

The procedure was identical to Experiment 1. As in the previous 

experiment, parents completed the CDI either after testing or at home. All CDIs 

that were completed at home were mailed back within one week. The receptive 

vocabulary of infants in the outsides similar group ranged from 70 to 306 words 

(M = 153.50 words, SD - 65.91), while their productive vocabulary ranged from 1 

to 51 words (M = 17.30 words, SD = 14.79). The receptive vocabulary of infants 

in the insides similar group ranged from 24 to 320 words (M = 175.20 words, SD 

= 82.72), while their productive vocabulary ranged from 0 to 134 words (M = 

31.01 words, SD = 35.36). The groups did not significantly differ in receptive 

vocabulary size, ¿(38) = .92, p > .10, or in productive vocabulary size, ¿(38) = 

1.60, p> .10. 

Coding 

A coder, blind to the experimental hypotheses, recorded object examining 

time duration using the same criteria as Experiment 1. To establish inter-rater 

reliability, approximately 20% of the sessions (n = 8 participants X 10 trials each) 

were randomly selected and coded again by a second person also blind to the 

experimental hypotheses. Reliability was high, r(80) = .95, p < .001. 

Results 

Habituation Data Analyses 

Infants' object examining times during the first and second trial blocks 

were first analyzed using a 2 (Group: outsides similar vs. insides similar) X 2 



(Block: first vs. second) mixed-model ANOVA. Group was a between-subjects 

factor and block was a within-subjects factor. The means for each block in the 

outsides similar group and in the insides similar group are presented in Figure 7. 

The ANOVA yielded a main effect of block, indicating that infants in both groups 

significantly decreased their examining time from block 1 (M = 18.90 seconds, 

SD = 3.85) to block 2 {M = 12.50 seconds, SD = 4.83), F(38) = 75.74, MSE = 

10.82, p < .001. The main effect of group and the group by block interaction 

were not significant (p's > .05). Thus, infants in both groups habituated to the 

objects during the familiarization phase. 

In the second set of analyses, the rate of decline of object examining from 

the first to the last familiarization trial in the outsides similar group and in the 

insides similar group was compared. As in Experiment 1, habituation scores 

were calculated by subtracting object examining duration in Trial 8 from that in 

Trial 1. An independent t test (a = .05) revealed that infants' habituation scores 

in the outsides similar group (M = 9.83, SD = 8.75) and in the insides similar 

group (M=9.11, SD = 8.40) did not differ, f(38) = .27, p > .10. Thus, infants' rate 

of decline in object examining during habituation did not vary depending on the 

object set to which they had been exposed. 

Dishabituation Data Analyses 

As in Experiment 1, planned comparisons using in-category object scores 

and out-of-category object scores were conducted to examine the categorization 

abilities of infants in the outsides similar group and the insides similar group 



Figure 7. Mean object examining times for each familiarization trial block in the 

outsides similar group and the insides similar group in Experiment 2 (animacy 

cues). 

0 
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*significant decrease from block 1 to block 2 

for both groups, p < .05. 



separately. The mean object scores for both groups are presented in Figure 8. 

The alpha level remained at .05 for both f tests. As expected, infants in the 

outsides similar group demonstrated significantly more object examining 

recovery from the last familiarization object to the out-of-category object (M = 

11.11, SD = 7.34) than to the in-category object {M = 1.54, SD - 7.16), f(19) = 

5.76, p < .001. Similarly, infants in the insides similar group also demonstrated 

more object examining recovery to the out-of-category object (M = 10.30, SD = 

6.95) than to the in-category object (M = 4.78, SD = 6.98), f(19) = 4.74, p < .001. 

These results indicate that with the added presence of eyes, infants in both the 

outsides similar group and the insides similar group distinguished the familiar 

category from the novel category (thus demonstrating category formation). 

Categorization Classification Data Analyses 

As in Experiment 1, a dishabituation difference score was calculated for 

each infant (out-of-category object score minus in-category object score), and if 

infants' out-of-category object scores were at least 1 second greater than their in-

category object scores, they were classified as categorizers. The number of 

categorizers and non-categorizers were then compared between the outsides 

similar group and the insides similar group, using chi-square contingency table 

analyses. These analyses indicated that the number of categorizers did not 

significantly vary between groups, %2(1, N = 40) = 1.29, p > .10. The majority of 

participants in both the outsides similar group (85%) and the insides similar 

group (70%) were classified as categorizers. Thus, these analyses demonstrate 



Figure 8. Mean object scores for the outsides similar group and the insides 

similar group in Experiment 2 (animacy cues). 
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that the number of infants in the outsides similar group and the insides similar 

group who demonstrated categorization did not significantly differ. 

Cross-Experimental Comparisons 

Given that Experiments 1 and 2 shared the same procedure, participant 

characteristics, and experimenter, infants' ability to categorize objects in 

Experiment 1 (no added cues) and Experiment 2 (animacy cues) could be 

compared directly. Recall that it was expected that with the presence of animacy 

cues, infants would have more information to more easily make a category 

discrimination. That is, even if infants could form the category without the added 

animacy cues (i.e., as in the outsides similar group in Experiment 1), infants' 

categorization might be facilitated through the use of these cues. To conduct 

cross-experimental comparisons, an overall discrimination score was calculated 

by subtracting infants' out-of-category object scores from their in-category object 

scores. This mean discrimination score was then compared between 

Experiments 1 and 2 separately for the outsides similar groups and the insides 

similar groups, using independent r tests (a = .05). These analyses indicated 

that infants in the outsides similar group in Experiment 2 had a larger mean 

discrimination score (M = 9.56, SD = 7.42) than infants in the outsides similar 

group in Experiment 1 (M = 4.86, SD = 6.32), f(38) = 2.16, p < .05. Similarly, 

infants in the insides similar group in Experiment 2 had a larger mean 

discrimination score [M = 5.51, SD = 5.19) than infants in the insides similar 

group in Experiment 1 (M = 1.34, SD = 6.33), f(38) = 2.28, p < .05. These results 
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suggest that the presence of animacy cues facilitated categorization of novel 

objects that shared either similar external features or similar internal features. 

Discussion 

Experiment 2 was designed to address whether the presence of animacy 

cues (eyes) on a series of novel objects would assist infants in category 

discrimination, particularly a category based on shared internal features. 

Consistent with Experiment 1, infants in both the outsides similar group and the 

insides similar group demonstrated habituation to the familiarization objects, 

suggesting that they formed a representation of these objects. In addition, as in 

Experiment 1, infants in the outsides similar group exhibited greater object 

examining recovery to the out-of-category object than to the in-category object, 

suggesting that categorization had occurred. In contrast to Experiment 1, infants 

in the insides similar group also exhibited greater object examining recovery to 

the out-of-category object than to the in-category object, indicating that infants in 

this group could make the category distinction. Analyses of individual 

participants' categorization data followed the same pattern as the overall 

dishabituation data, as the number of infants in the outsides similar group and 

the insides similar group who demonstrated categorization did not significantly 

differ, and the majority of infants in both groups were classified as categorizers. 

Cross-experimental comparisons between Experiments 1 and 2 provide 

additional evidence that the presence of eyes on novel objects assisted infants in 
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category formation of objects that shared either similar external features or 

similar internal features. 

Taken together, the results of Experiment 2 indicate that infants in the 

insides similar group were able to form a category on the basis of shared internal 

features when the objects had animacy cues. With these cues, infants 

considered more than just the disparate external appearances of the objects, as 

they now focused on shared internal similarities. Moreover, the presence of eyes 

on the objects appeared to assist infants in the outsides similar group in 

categorization. There are a number of potential explanations for why placing 

eyes on the objects increased infants' performance on the task, particularly for 

infants in the insides similar group. First, it could be argued that the eyes were 

simply an added feature on the objects that made them more salient or 

interesting to infants. That is, perhaps the eyes gave infants an extra 

"something" to attend to and examine. All the objects in each set had eyes on 

them, however, and so the presence of eyes did not distinguish the out-of-

category object from the in-category object. Thus, this argument cannot account 

for the finding that infants' categorization was facilitated through the presence of 

animacy markers. 

Second, it is possible that the animacy cues in Experiment 2 provided 

infants with meaningful information that increased their attention to the objects' 

important shared features, thus promoting categorization. The presence of eyes 

may have signaled to infants that these objects are a "special kind of thing": an 



animate representation that has a richly correlated structure, and might have 

more things in common with other animates than simply external surface 

appearances. Thus, if infants believed that the objects were animate 

representations, then they may have understood that both external and internal 

features could be an important basis for category differentiation (e.g., see 

Diesendruck et al., 1998; Gelman & Wellman, 1991, for relevant research with 

preschoolers). 

It could be argued, however, that infants did not see the eyes as actual 

eyes: a meaningful cue that helped them consider features typical of animates 

and their underlying shared properties. Instead, infants might have seen the 

eyes on all the objects as a perceptual marker, one that simply flags the objects 

as similar in some way because they all have the same two oval parts on them. 

One way to address whether infants were using the eyes as a conceptually-

based meaningful cue and not just as a perceptual marker is to examine infants' 

pattern of performance with another type of cue that is only perceptual (e.g., a 

strip of purple material on the objects). Thus, Experiment 3 was conducted to 

examine whether a salient piece of material on the objects (placed in the same 

area as the eyes) would result in a replication of infants' performance in 

Experiment 2 (animacy cues). If so, this would suggest that eyes, like a material 

strip, are simply perceptually attractive and cue infants into looking at other, 

perhaps less salient, perceptual similarities. Alternatively, if infants in Experiment 

3 were to replicate infants' performance in Experiment 1 (no added cues), there 
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would be more support for the notion that eyes are conceptually informative and 

"special" in affording meaning, and that animacy cues do not simply encourage 

attention toward objects. 

EXPERIMENT 3 

The purpose of Experiment 3 was to examine whether a non-conceptual 

cue, one that does not provide any meaning regarding object kind, would assist 

infants in category formation. If a perceptual cue does not assist infants in the 

experimental task, there is more support for the argument that in Experiment 2 

the animacy cues helped infants in the categorization task because they provided 

ontological kind information. Alternatively, if the added material on the objects 

does help infants in the experimental task, then perhaps the eye cues only 

provided infants with a perceptually-based attentional flag, indicating to infants 

that the objects were similar in some way. 

As in the previous experiments, it was expected that infants in both the 

outsides similar group and the insides similar group would habituate to the 

familiarization objects. In addition, it was hypothesized that if the added material 

on the objects is perceived as unimportant for category discrimination, infants in 

Experiment 3 should perform similarly to those in Experiment 1 (no added cues). 

That is, infants in the outsides similar group should show more recovery to the 

out-of-category object than to the in-category object, but infants in the insides 

similar group might not, as they do not have the assistance of conceptual 

markers. Moreover, cross-experimental comparisons between Experiment 1 and 
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Experiment 3 may not reveal dishabituation differences if the perceptual cue 

(purple material on the objects) does not facilitate category formation. 

Method 

Participants 

Forty infants participated in Experiment 3. Participants were randomly 

assigned to one of two groups: the outsides similar group (mean age = 14.87 

months; SD = 0.86; range = 13.80 to 16.00 months), or the insides similar group 

{mean age = 14.86 months; SD = 0.66; range = 13.80 to 15.72 months). Both 

groups were comprised of 10 boys and 10 girls each. None of the infants had 

participated in the previous four experiments. 

Materials 

Stimuli. The target and test objects were identical to those used in 

Experiments 1 and 2, except that all the objects had a piece of purple material 

placed on them in the same location as the eyes in Experiment 2. The strip of 

material was approximately 6 cm in length and 1 1/2 cm in height, and was 

comprised of plastic shiny sequins sewn together (see Figure 9 for an example of 

the in-category object and the out-of-category object). 

Equipment. The equipment was identical to the previous experiments. 

Design 

The design was identical to the previous experiments. 
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Figure 9. Test objects used in Experiment 3. 
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Test Objects 
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Note. The purple strip of material was also placed on all the familiarization 

objects in Experiment 3. 
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Procedure 

The procedure was identical to Experiments 1 and 2. Parents completed 

the CDI either after testing or at home. All CDIs that were completed at home 

were mailed back within one week. The receptive vocabulary of infants in the 

outsides similar group ranged from 39 to 328 words (M = 174.75 words, SD = 

95.22), while their productive vocabulary ranged from 0 to 115 words (M = 22.25 

words, SD = 27.05). The receptive vocabulary of infants in the insides similar 

group ranged from 22 to 301 words (M = 164.35 words, SD = 87.02), while their 

productive vocabulary ranged from 1 to 134 words (M = 23.80 words, SD = 

32.01). The groups did not significantly differ in receptive vocabulary size, f(38) = 

.36, p > .10, or in productive vocabulary size, f(38) = .17, p > .10. 

Coding 

A coder, blind to the experimental hypotheses, recorded object examining 

time duration using the same criteria as in the previous experiments. 

Approximately 20% of the sessions (n = 8 participants X 10 trials each) were also 

coded a second time by a rater also blind to the hypotheses. Reliability was 

high, r(80) = .99, p< .001. 

Results 

Infants' object examining times during the first and second trial blocks 

were subjected to a 2 (Group: outsides similar vs. insides similar) X 2 (Block: first 

vs. second) mixed-model ANOVA. The means for each block in the outsides 

similar group and the insides similar group are presented in Figure 10. The 
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Figure 10. Mean object examining times for each familiarization trial block in the 

outsides similar group and the insides similar group in Experiment 3 (purple 

material). 
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ANOVA yielded a main effect of block, indicating that infants in both groups 

significantly decreased their examining time from block 1 (M = 13.88 seconds, 

SD = 4.51) to block 2 (M= 8.61 seconds, SD = 5.02), F(38) = 92.98, MSE= 5.96, 

p < .001. The main effect of group and the group by block interaction were not 

significant (p's > .05). Thus, habituation was demonstrated by both groups of 

infants during the familiarization phase. 

In the second set of analyses, the rate of decline of object examining from 

the first and last familiarization trials between the outsides similar group and the 

insides similar group was compared using a habituation score. As in 

Experiments 1 and 2, this score was calculated by subtracting object examining 

duration in Trial 8 from that in Trial 1. An independent t test (a = .05) revealed 

that infants' habituation scores in the outsides similar group (M = 6.37, SD = 

5.70) and in the insides similar group (M = 8.69, SD = 5.08) did not differ, f(38) = 

1.36, p > .10. Thus, infants' rate of decline in object examining during habituation 

did not vary as a function of the object set to which they had been exposed. 

Dishabituation Data Analyses 

As in the previous experiments, planned comparisons using in-category 

object scores and out-of-category object scores were conducted to examine the 

categorization abilities of infants in the outsides similar group and the insides 

similar group separately, with an alpha level of .05 for both f tests. The mean 

object scores for both groups are presented in Figure 11. Results indicated that 

infants in the outsides similar group recovered from the last familiarization object 



Figure 11. Mean object scores for the outsides similar group and the insides 

similar group in Experiment 3 (purple material). 
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to the out-of-category object (M = 4.73, SD = 9.76), but not from the last 

familiarization object to the in-category object (M = -1.50, SD = 6.81), f(19) = 

4.54, p < .001. Infants in the insides similar group, however, did not demonstrate 

any significant differences in recovery to the out-of-category object (M = 5.41, SD 

= 7.68) as compared to the in-category object (M = 5.14, SD = 7.78), f(19) = .16, 

p >.10. Thus, as expected, the added salient marker did not appear to offer 

infants in the insides similar group any assistance in forming a reliable category. 

Only infants in the outsides similar group discriminated the familiar category from 

the novel category (thus demonstrating category formation), similar to the pattern 

of results in Experiment 1. 

Categorization Classification Data Analyses 

As in the previous experiments, a dishabituation difference score was 

calculated for each infant (out-of-category object score minus in-category object 

score), and if infants' out-of-category scores were at least 1 second greater than 

their in- category scores, they were classified as categorizers. The number of 

categorizers and non-categorizers were then compared between the outsides 

similar group and the insides similar group, using chi-square contingency table 

analyses. These analyses indicated that the number of categorizers varied 

significantly between groups, %2(1, N = 40) = 4.28, p < .05. As expected, the 

majority of participants in the outsides similar group (85%) were classified as 

categorizers, whereas only 55% of the participants in the insides similar group 

were classified as categorizers. Thus, these analyses suggest that, as in 



Experiment 1, a significantly greater number of infants in the outsides similar 

group demonstrated a categorization pattern than infants in the insides similar 

group. 

Cross-Experimental Comparisons 

Cross-experimental comparisons were conducted between Experiment 1 

(no added cues) and Experiment 3 (purple material) to examine whether the strip 

of salient material on the objects facilitated categorization. As with previous 

cross-experimental comparisons, an overall discrimination score was calculated 

by subtracting infants' out-of-category object scores from their in-category object 

scores. This mean discrimination score was then compared between 

Experiments 1 and 3 separately for the outsides similar groups and the insides 

similar groups, using independent r tests (a = .05). These analyses indicated 

that infants' mean discrimination score in the outsides similar group in 

Experiment 3 (M = 6.22, SD = 6.13) did not significantly differ from infants' mean 

discrimination score in the outsides similar group in Experiment 1 (M = 4.86, SD 

= 6.32) , ¿(38) = .69, p > .10. Similarly, infants' mean discrimination score in the 

insides similar group in Experiment 3 (M = 0.27, SD = 7.77) did not significantly 

differ from infants' mean discrimination score in the insides similar group in 

Experiment 1 (M = 1.34, SD = 6.33), ¿(38) = .48, p > .10. These results suggest 

that the presence of the purple material did not facilitate categorization for infants 

in either the outsides similar group or the insides similar group. 



Discussion 

The main goal of Experiment 3 was to determine whether a perceptual 

marker that lacks conceptual information regarding object kind would assist 

infants in category formation. As anticipated, infants in both the outsides similar 

group and the insides similar group habituated to the familiarization objects. In 

addition, only infants in the outsides similar group demonstrated significantly 

more object examining recovery (dishabituation) to the out-of-category object 

than to the in-category object, indicating that they could form a reliable category. 

As in Experiment 1, infants in the insides similar group did not exhibit significantly 

more recovery to the out-of-category object than to the in-category object, 

indicating they could not form a reliable category. Analyses of individual 

participants' categorization data followed the same pattern as the overall 

dishabituation data, as a significantly greater number of infants in the outsides 

similar group (the majority) demonstrated categorization, as compared to infants 

in the insides similar group. There were no cross-experimental differences in 

dishabituation between Experiments 1 and 3. Thus, it appears that when a novel 

category is based on shared internal features, providing an additional perceptual 

marker does not support infants in categorization. 

Even with this important control, however, perhaps the animacy cues in 

Experiment 2 were simply a more "familiar" object part than a purple strip of 

sequins and infants simply did not see the material strip as an important 

perceptual cue cohering the objects in some way. Use of another type of 
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conceptual cue would provide even stronger evidence that underlying kind 

information does play an important role in driving infants' category formation. 

Waxman and Markow (1995) suggested that naming may be just that type of 

conceptual cue. They proposed that presenting objects in the presence of 

language provides infants with an opportunity to think about objects, to compare 

them, and to discover meaningful commonalties among them. That is, they 

argued that words help infants advance from categorizing primarily on the basis 

of appearances to gaining a richer appreciation of objects' nonobvious 

similarities. So, perhaps once infants have received the information that the 

objects are the same kind of thing, they may then consider the internal features 

as relevant as they have the "green light" to start making deeper comparisons. 

Thus, if infants will use word labels as conceptual kind information, they might be 

more likely to form categories on the basis of similar insides, as they did when 

animacy cues were present. 

EXPERIMENT 4 

The main goal of Experiment 4 was to investigate whether a different type 

of conceptual cue, namely, an object label, would help infants in forming a 

category of novel objects that shared either external features or internal features. 

It was expected that the presence of labels might promote the formation of object 

categories, guiding infants towards focusing on the dimension of similarity 

amongst the objects. The hypotheses for Experiment 4 were identical to those of 

Experiment 2 (animacy cues), as it was expected that labels would promote 
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categorization for infants in both the outsides similar group and the insides 

similar group. It was also predicted that cross-experimental comparisons 

between Experiment 1 (no added cues) and Experiment 4 would demonstrate the 

power of labels. That is, infants were expected to exhibit significantly more 

recovery to the out-of-category object in Experiment 4 than in Experiment 1. 

Method 

Participants 

Forty infants participated in this experiment. One additional infant was 

tested but removed from the final sample due to experimenter error. Participants 

were randomly assigned to one of two groups: the outsides similar group (mean 

age = 14.89 months; SD = 0.70; range = 13.80 to 16.00 months) or the insides 

similar group (mean age = 14.92 months; SD = 0.63; range = 13.98 to 16.09 

months). Both groups were comprised of 10 boys and 10 girls each. None of the 

infants had participated in the previous experiments. 

Materials 

Stimuli. The stimuli were identical to those used in Experiment 1 (no 

added cues were on the objects). 

Equipment. The equipment was identical to the previous experiments. 

Design 

The design was identical to the previous experiments. 
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Procedure 

The procedure was similar to the previous experiments, except that the 

experimenter used novel count noun labels to introduce the familiarization 

objects. First, she held up each object and said, "Hi (infant's name)! See the 

blicki". Next, while waving her hand over the outside of the object, she said, 

"Look here at this! Look at this!". She then lifted up the outside flap of the object 

and repeated the same phrases while waving her hand over the inside of the 

object. The label was not used to introduce the two novel test objects: they were 

presented using the same dialogue as in the previous experiments. This was 

because the goal of the experiment was to investigate whether the previous 

information provided by object labels would promote category differentiation, or 

highlight the category for infants at test (Waxman & Markow, 1995). The label 

"blick" was thus used twice when presenting each familiarization object to the 

infant, with one exception. When the second-to-last familiarization trial (Trial 7) 

was presented, the experimenter introduced the object without a label, using the 

same phrases as those used to introduce the test objects (e.g., "See this!"). 

This was done to control for the possibility that infants would show differential 

interest in the test objects simply because of the change in the phrasing from the 

familiarization trials (see Waxman & Markow, 1995). 

As in the previous experiments, parents completed the CDI either after 

testing or at home. All CDIs that were completed at home were mailed back 

within one week, except for two that were never returned. The parents of these 



two infants were reminded twice by telephone to mail back the CDI, but they 

failed to comply with the request. The receptive vocabulary of infants in the 

outsides similar group ranged from 53 to 301 words (M = 148.72 words, SD = 

70.63), while their productive vocabulary ranged from 1 to 49 words (M = 13.44 

words, SD = 12.98). The receptive vocabulary of infants in the insides similar 

group ranged from 81 to 273 words (M = 167.80 words, SD = 45.76), while their 

productive vocabulary ranged from 1 to 115 words (M = 22.45 words, SD = 

25.91). The groups did not differ significantly in receptive vocabulary size, 

¿(28.61) = .98, p > .10, t test corrected for unequal variances, or in productive 

vocabulary size, f(27.73) = 1.39, p > .10, t test corrected for unequal variances. 

Coding 

A coder, blind to the experimental hypotheses, recorded object examining 

time duration using the same criteria as Experiments 1 and 2. To establish inter-

rater reliability, approximately 20% of the sessions (n = 8 participants X 10 trials 

each) were randomly selected and coded again by a second person also blind to 

the experimental hypotheses. Reliability was high, r(80) = .95, p < .001. 

Results 

Habituation Data Analyses 

Infants' object examining times during the first and second trial blocks 

were first examined using a 2 (Group: outsides similar vs. insides similar) X 2 

(Block: first vs. second) mixed-model ANOVA. Group was a between-subjects 

factor and block was a within-subjects factor. The means for each block in the 



outsides similar group and in the insides similar group are presented in Figure 

12. The ANOVA yielded a main effect of block, indicating that infants in both 

groups significantly decreased their examining time from block 1 (M = 16.58 

seconds, SD = 5.47) to block 2 (M- 12.05 seconds, SD = 6.14), F(38) = 56.93, 

MSE = 7.20, p < .001. The main effect of group and the group by block 

interaction were not significant (p's > .05). Thus, habituation was demonstrated 

by both groups of infants during the familiarization phase. 

In the second set of analyses, the rate of decline of object examining 

between the outsides similar group and the insides similar group was compared. 

As in the previous experiments, a habituation score was calculated by 

subtracting object examining duration in Trial 8 from that in Trial 1. An 

independent f test (a = .05) revealed that infants' habituation scores in the 

outsides similar group (M = 9.29, SD = 8.37) and in the insides similar group (M = 

5.99, SD = 7.26) did not differ, /(38) = 1.34, p > .10. Thus, infants' rate of decline 

in object examining during habituation did not vary depending on the object set to 

which they had been exposed. 

Dishabituation Data Analyses 

As in the previous experiments, planned comparisons using in-category 

object scores and out-of-category object scores were conducted to examine the 

categorization abilities of infants in each group separately, with an alpha level of 

.05 for both / tests. The mean object scores for both groups are presented in 

Figure 13. These comparisons revealed that infants in the outsides similar group 
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Figure 12. Mean object examining times for each familiarization trial block in the 

outsides similar group and the insides similar group in Experiment 4 (labels). 
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Figure 13. Mean object scores for the outsides similar group and the insides 

similar group in Experiment 4 (labels). 
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increased their object examining time to the out-of-category object (M = 7.19, SD 

= 7.89) but not to the in-category object (M = -0.48, SD = 6.02), f(19) = 5.40, p < 

.001. Infants in the insides similar group demonstrated significantly more 

recovery to the out-of-category object (M = 9.00, SD = 10.41) than to the in-

category object (M= 3.63, SD = 7.12), f(19) = 4.10, p < .01. These results 

suggest that with the presence of labels, infants in both the outsides similar 

group and the insides similar group discriminated the familiar category from the 

novel category (thus demonstrating category formation). 

Categorization Classification Data Analyses 

As in the previous experiments, a dishabituation difference score was 

calculated for each infant (out-of-category score minus in-category score), and if 

infants' out-of-category scores were at least 1 second greater than their in-

category scores, they were classified as categorizers. The number of 

categorizers and non-categorizers were then compared between the outsides 

similar group and the insides similar group, using chi-square contingency table 

analyses. These analyses indicated that the number of categorizers did not 

significantly vary between groups, %2(1, N = 40) = .00, p = 1.00. The majority of 

participants in the both the outsides similar group (85%) and the insides similar 

group (85%) were classified as categorizers. Thus, these analyses demonstrate 

that the number of infants in the outsides similar group and the insides similar 

group who demonstrated categorization did not differ. 
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Cross-Experimental Comparisons 

Given that Experiment 1 (no added cues) and Experiment 4 (labels) 

shared the same procedure, participant characteristics, and experimenter, direct 

comparisons were made to examine the facultative effect of novel object labels 

on infants' categorization. As with previous cross-experimental comparisons, an 

overall discrimination score was calculated by subtracting infants' out-of-category 

object scores from their in-category object scores. This mean discrimination 

score was then compared between Experiments 1 and 4 separately for the 

outsides similar groups and the insides similar groups, using independent r tests 

(a = .05). These analyses indicated that infants in the outsides similar group in 

Experiment 4 did not have a significantly larger mean discrimination score (M = 

7.67, SD = 6.34) than infants in the outsides similar group in Experiment 1 (M = 

4.86, SD = 6.32), ¿(38) = 1.40, p > . 10. Infants in the insides similar group in 

Experiment 4, however, did have a larger mean discrimination score (M - 5.37, 

SD = 5.86) than infants in the insides similar group in Experiment 1 (M = 1.34, 

SD = 6.33), f(38) = 2.09, p < .05. These results suggest that the presence of 

labels facilitated categorization of objects with similar internal features, but not 

the categorization of objects with similar external features (although this pattern 

of means was in the expected direction). 

Discussion 

The purpose of Experiment 4 was to examine whether labels would 

facilitate category formation for infants, particularly when they were provided with 
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a category of objects that had similar internal features. As in Experiments 1 

through 3, results from Experiment 4 indicated that infants in both the outsides 

similar group and the insides similar group habituated to the familiarization 

objects. As in Experiment 2, infants in both groups demonstrated significantly 

more object examining recovery to the out-of-category object than to the in-

category object, indicating category formation on the basis of either shared 

external features or shared internal features. Analyses of individual participants' 

categorization data followed the same pattern as the overall dishabituation data, 

as the majority of infants in both the outsides similar group and the insides similar 

group were classified as categorizers. Comparisons between Experiment 4 and 

Experiment 1 (no added cues) indicated that infants in the outsides similar 

groups were not significantly assisted in category formation by the presence of a 

label, but infants in the insides similar groups did significantly benefit from the 

presence of a label. 

The results from Experiment 4 offer some important insights in terms of 

understanding the role of conceptual information in guiding infant categorization. 

First, the label cues helped infants in forming a category based on internal 

features. Recall that without these cues (Experiment 1), infants in the insides 

similar group did not form a reliable category. As Waxman and Markow (1995) 

suggested, the labels appear to have invited infants to categorize. The category 

coherence, or shared features amongst the objects may have been made more 
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evident, suggesting that naming offers important guidance to children in category 

formation. 

Second, infants performed in a similar manner when labels were used as 

when animacy cues were on the objects. That is, in both Experiments 2 and 4 

infants could make the category distinction based on similar internal features. 

This finding suggests that both animacy cues and object names are used as 

conceptual markers in category formation. Given that eyes and labels can be 

considered different in the actual kind of "perceptual" information they provide 

(e.g., eyes are perceived in the visual realm and labels are perceived in the 

auditory realm), the common ground between them appears that they both also 

provide conceptual information for infants. That is, through eyes and labels, 

infants have insight into the underlying kind of thing the object is, and have some 

way to link all the similar objects as alike in a more meaningful fashion. 

It remains to be seen, however, whether the presence of both kinds of 

conceptual information (eyes and labels) would assist infants to a greater degree 

in the categorization task. That is, if infants are provided with additional 

conceptual information, could this increase their performance in any significant 

way? If more conceptual information equals better category discrimination, then 

this finding has important implications for understanding the nature of 

conceptually-based categorization in infancy. Thus, Experiment 5 was 

conducted to examine the influence of both eyes and labels on infants' category 

formation. 



EXPERIMENT 5 

The main goal of this experiment was to examine whether the addition of 

two conceptual markers (eyes and labels) would add any incremental assistance 

over and above either one alone in the categorization task. As in the previous 

experiments, it was predicted that infants in both the outsides similar group and 

the insides similar group would be able to habituate to the familiarization objects. 

As in the previous experiments, it was expected that infants in both groups in 

Experiment 5 would show significantly more object examining recovery to the 

out-of-category object than to the in-category object, indicating category 

discrimination. Importantly, it was hypothesized that categorization would be 

enhanced for both groups by the presence of animacy cues and labels together. 

That is, infants in both the outsides similar group and the insides similar group 

were expected to demonstrate more recovery to the out-of-category object than 

to the in-category object in this experiment than in either Experiment 2 (animacy 

cues) or Experiment 4 (labels). 

Method 

Participants 

Forty infants participated in this experiment. One additional infant was 

tested but removed from the final sample due to parental cueing. Participants 

were randomly assigned to one of two groups: the outsides similar group (mean 

age = 14.65 months; SD = 0.52; range = 14.00 to 15.88 months) or the insides 

similar group (mean age = 14.81 months; SD = 0.62; range = 13.92 to 16.00 
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months). Both groups were comprised of 10 boys and 10 girls each. None of the 

infants had participated in the previous three experiments. 

Materials 

Stimuli. The target and test objects were identical to the ones used in 

Experiment 2 (all the objects had the same set of plastic eyes placed on the flap). 

Equipment. The equipment was identical to the previous experiments. 

Design 

The design was identical to the previous experiments. 

Procedure 

The procedure was identical to Experiment 4, in that the familiarization 

objects were presented with labels (e.g., "See the blick\"), but the test objects 

were not (e.g., "See this!"). Parents completed the CDI either after testing or at 

home. All CDIs that were completed at home were mailed back within one week. 

The receptive vocabulary of infants in the outsides similar group ranged from 43 

to 317 words (M = 160.50 words, SD = 90.77), while their productive vocabulary 

ranged from 0 to 50 words (M = 16.85 words, SD = 14.70). The receptive 

vocabulary of infants in the insides similar group ranged from 26 to 322 words (M 

= 148.55 words, SD = 85.00), while their productive vocabulary ranged from 0 to 

112 words (M = 29.10 words, SD = 30.15). The groups did not significantly differ 

in receptive vocabulary size, /(38) = .43, p > .10, or in productive vocabulary size, 

/(38) = 1.63, p> .10. 



Coding 

A coder, blind to the experimental hypotheses, recorded object examining 

time duration using the same criteria as in the previous experiments. 

Approximately 20% of the sessions (n = 8 participants X 10 trials each) were 

coded again by a second person also blind to the hypotheses to assess inter-

rater reliability. Reliability was high, r(80) = .99, p < .001. 

Results 

Habituation Data Analyses 

Infants' object examining times during the first and second trial blocks 

were first examined using a 2 (Group: outsides similar vs. insides similar) X 2 

(Block: first vs. second) mixed-model ANOVA. The means for each block in the 

outsides similar group and in the insides similar group are presented in Figure 

14. The ANOVA yielded a main effect of block, indicating that infants in both 

groups significantly decreased their examining time from block 1 (M = 18.14 

seconds, SD = 4.02) to block 2 (M = 13.92 seconds, SD = 6.36), F(38) = 24.84, 

MSE = 14.35, p < .001. The main effect of group and the group by block 

interaction were not significant (p's > .05). Thus, both groups of infants 

habituated to the objects during the familiarization phase. 

In the second set of analyses, the rate of decline of object examining from 

the first and last familiarization trials between the outsides similar group and the 

insides similar group was compared using a habituation score. As in 

Experiments 1 through 4, this score was calculated by subtracting object 



Figure 14. Mean object examining times for each familiarization trial block in the 

outsides similar group and the insides similar group in Experiment 5 (animacy 

cues and labels). 
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examining duration in Trial 8 from that in Trial 1. An independent t test (a = .05) 

indicated that infants' habituation scores in the outsides similar group {M - 5.96, 

SD = 9.02) and in the insides similar group (M = 5.61, SD = 9.26) did not differ, 

r(38) = .12, p > .10. This finding demonstrates that, as expected, infants' rate of 

decline in object examining during habituation did not vary based on the object 

set to which they had been exposed. 

Dishabituation Data Analyses 

As in the previous experiments, planned comparisons using in-category 

object scores and out-of-category object scores were conducted to examine the 

categorization abilities of infants in the outsides similar group and the insides 

similar group separately, with an alpha level of .05 for both t tests. The mean 

object scores for both groups are presented in Figure 15. These comparisons 

revealed that infants in the outsides similar group exhibited object examining 

recovery from the last familiarization object to the out-of-category object (M = 

8.85, SD = 7.14), but not from the last familiarization object to the in-category 

object (M = -2.35, SD = 6.01), f(19) = 6.62, p < .001. Infants in the insides similar 

group demonstrated significantly more recovery from the last familiarization 

object to the out-of-category object (M = 11.62, SD = 7.30) than to the in-

category object (M = 5.12, SD = 8.05), f(19) = 4.61, p < .001. These results 

indicate that with the information provided by the animacy cues and labels, 

infants in both the outsides similar group and the insides similar group were able 
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Figure 15. Mean object scores for the outsides similar group and the insides 

similar group in Experiment 5 (animacy cues and labels). 
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to discriminate the familiar category from the novel category (thus demonstrating 

category formation). 

Categorization Classification Data Analyses 

As in the previous experiments, a dishabituation difference score was 

calculated for each infant (out-of-category score minus in-category score), and if 

infants' out-of-category scores were at least 1 second greater than their in-

category scores, they were classified as categorizers. The number of 

categorizers and non-categorizers were then compared between the outsides 

similar group and the insides similar group, using chi-square contingency table 

analyses. These analyses indicated that the number of categorizers did not 

significantly vary between groups, %2(1, N = 40) = .22, p > .10. The majority of 

participants in both the outsides similar group (95%) and the insides similar 

group (85%) were considered categorizers. Thus, these analyses suggest that 

the number of infants in the outsides similar group and the insides similar group 

who demonstrated categorization did not significantly differ. 

Cross-Experimental Comparisons 

Cross-experimental tests were conducted between Experiment 4 (labels) 

and Experiment 5 (animacy cues and labels), to examine whether the presence 

of the two conceptual cues together helped infants in category formation over 

and above the presence of labels alone. As with previous cross-experimental 

comparisons, an overall discrimination score was calculated by subtracting 

infants' out-of-category object scores from their in-category object scores. This 
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mean discrimination score was then compared between Experiments 4 and 5 

separately for the outsides similar groups and the insides similar groups, using 

independent t tests (a = .05). These analyses indicated that infants' mean 

discrimination score in the outsides similar group in Experiment 4 (M = 7.66, SD 

= 6.34) did not significantly differ from infants' mean discrimination score in the 

outsides similar.group in Experiment 5 {M = 11.19, SD = 7.56), /(38) = 1.60, p > 

.10. Similarly, infants' mean discrimination score in the insides similar group in 

Experiment 4 (M = 5.37, SD = 5.86) did not significantly differ from infants' mean 

discrimination score in the insides similar group in Experiment 5 (M = 6.50, SD -

6.31), /(38) = .59, p > .10. These results suggest that the presence of labels and 

animacy cues together did not facilitate categorization for infants over and above 

what the labels alone were able to provide. 

Cross-experimental comparisons were repeated with Experiment 2 

(animacy cues) and Experiment 5 (animacy cues and labels), with similar results 

as the previous labels versus animacy cues plus labels comparison above. 

Thus, animacy cues and labels together did not appear to facilitate categorization 

any more than either of these two cues did independently. 

Discussion 

Experiment 5 was conducted to examine whether the presence of 

animacy cues (eyes) and labels together facilitated category formation for infants 

in both the outsides similar group and the insides similar group. As expected, 

infants in both groups habituated to the familiarization objects, and infants in both 



groups exhibited significantly more recovery to the out-of-category object than to 

the in-category object, indicating category discrimination. Analyses of individual 

participants' categorization data followed the same pattern as the overall 

dishabituation data, as the majority of infants in both the outsides similar group 

and the insides similar group were classified as categorizers. Taken together, 

the pattern of results in Experiment 5 mirrors those of Experiment 2 (animacy 

cues) and Experiment 4 (labels), supporting previous conclusions that the 

conceptual information provided by eyes and labels guides category formation, 

particularly when objects share internal features. 

Of major interest, however, was whether the presence of both eyes and 

labels would assist infants in categorization over and above either of the two 

cues alone. Unexpectedly, direct cross-experimental comparisons revealed that 

there was no benefit to providing infants with these two conceptual markers at 

the same time. That is, there were no differences in object examining recovery 

to the out-of-category object in Experiment 5 compared to Experiment 2 and 

Experiment 4, suggesting a ceiling level of performance at which infants are not 

incrementally assisted by the presence of additional pieces of conceptual 

information. How can these findings be explained? One possibility is that the 

added cue might have given infants too much to process at one time and 

consequently they could not take advantage of it. This is probably unlikely, 

though, given that in a number of categorization studies infants appear to be able 

to use many kinds of cues at the same time (e.g., Mandler & McDonough, 1993; 



Waxman, 1999a; Welder & Graham, 2001). A second possibility is that if infants 

were sensitive to both cues, and if each cue contained essentially the same 

information about object kind and acted as a guide toward conceptually-based 

categories (particularly in the case of the insides similar group), infants did not 

require two cues. That is, the added cue might have been redundant. A third 

possibility is that even though the two cues provided slightly different information 

about object kind (e.g., ontological kind versus general kind similarity), they 

produced the same effects and interact with each other in a way that does not 

result in increased quantity of categorization performance. 

Importantly, the pattern of results in Experiment 5 is consistent with what 

was expected, as categorization was demonstrated for both the outsides similar 

group and the insides similar group, as in Experiments 2 and 4. Perhaps in 

another type of task (e.g., a generalized imitation paradigm), the effects of 

labeling and animacy cues together might be more pronounced or perhaps more 

validly measured. For example, infants might perform more correct imitations of 

actions on test objects (inductive inferences of nonobvious properties) with 

labeled animate exemplars than with either animate exemplars alone or labeled 

exemplars alone. 

Thus, the results from Experiment 5 suggest that in the presence of 

animacy cues and labels, infants can form categories of objects that share either 

similar external features or similar internal features. 



GENERAL DISCUSSION 

The present studies were designed to investigate whether infants would 

distinguish between the insides and the outsides of novel objects and form a 

category on the basis of objects' shared external or internal features. In 

particular, these studies examined the influence of conceptual cues (animacy 

markers and labels) on infants' categorization of objects with either similar 

outsides or similar insides. In each of five experiments, 14- to 15-month-olds 

were assigned to either an outsides similar group or an insides similar group. In 

the outsides similar group, infants were familiarized with objects that shared a 

similar outward appearance (shape, material, size), but differed in internal 

composition. In the insides similar group, infants were familiarized with objects 

that shared a similar internal composition, but differed in outward appearance. 

Participants were then presented with a novel in-category test object, followed by 

a novel out-of-category test object. A longer out-of-category object score than in-

category object score was used as a marker of category formation. The results of 

this series of studies provide a number of important insights into infants' 

categorization abilities, particularly in terms of their reliance on conceptual 

knowledge (e.g., animacy cues, labels) to guide categorization. 

First, the results provide evidence that 14- to 15-month-olds will form a 

reliable category of novel objects that share the same external features, even 

when the objects have very different internal features. Infants in the outsides 

similar group in all five experiments discriminated the novel in-category object 
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from the novel out-of-category object. These results are consistent with the 

results of other studies which have demonstrated that infants will rely on external 

perceptual features for category formation when no other information is available 

(Behl-Chadha, 1996; Eimas & Quinn, 1994; Graham et al., 2001; Graham & 

Poulin-Dubois, 1999; Quinn & Eimas, 1986, 1996; Quinn et al., 1993; Welder & 

Graham, 2001). 

Second, the results demonstrate that infants can form a reliable category 

of novel objects that share the same internal features, but only when provided 

with conceptual cues to assist them. Infants in the insides similar group in 

Experiment 1 discriminated the novel in-category object from the last 

familiarization object, suggesting that they did not see the in-category object as a 

member of the same category as the familiarization objects. Furthermore, infants 

also exhibited a similar level of recovery to the out-of-category object, suggesting 

that they similarly viewed both the out-of-category object and the in-category 

object as novel objects. These results indicate that infants did not focus on the 

less obvious internal similarities amongst objects as a basis for category 

formation. When provided with conceptual information to assist them, however, 

infants were able to use shared internal features to form a category. When 

animacy cues (eyes) were placed on the objects (Experiments 2 and 5), or when 

the objects were presented with labels (Experiments 4 and 5), infants in the 

insides similar group discriminated the in-category object from the out-of-

category object. Importantly, a shared perceptual cue (i.e., one that did not mark 
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underlying object kind) did not assist infants in forming a reliable category on the 

basis of shared insides. Recall that when objects were presented with a purple 

strip of glitter material on them (Experiment 3), infants in the insides similar group 

did not discriminate the in-category object from the out-of-category object, 

consistent with the performance of infants in Experiment 1 in which no cues were 

added to objects. 

Taken together, these experiments provide compelling evidence that by 

14 months of age, infants can form a representation of novel objects that share 

either similar external features or similar internal features. Furthermore, these 

studies demonstrate that infants can readily categorize objects that share only 

external features, and in the presence of animacy cues and/or labels, they can 

categorize objects that share only internal features. Both the presence of eyes 

and object labels were categorization cues that shared a common function, 

namely, to provide infants with information regarding underlying category 

similarity. Animacy cues and labels both enlightened infants as to the kind of 

thing the objects all were-whether it was a common animate kind or a common 

"blick" kind. Hence, the presence of eyes and/or object names may have 

highlighted to infants that the diverse group of objects they were presented with 

were connected in some way. That is, they were the same "kind of thing"-either 

animate representations or named objects that likely shared deeper features. A 

non-conceptual cue, however, does not contribute information about underlying 

object kind, and consequently did not guide infants' category formation. 
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Thus, when animacy cues and/or labels accompany an object, infants may 

consider internal features to be relevant or worthy of consideration as a basis for 

categorization, even when these objects do not look the same on the outsides. 

The presence of these cues may also make decision-making regarding category 

boundaries (i.e., knowing where to look for category similarity) and category 

membership clearer for infants. When external object features do agree, infants 

might believe that the objects are clearly the same kind of thing without 

considering why there are differences in internal features (as object outsides are 

often predictive of object insides). Even if internal discrepancies amongst the 

objects are noticed, infants might assume that the objects still share other kinds 

of nonobvious similarities (e.g., function). Importantly, as infants begin to realize 

that conceptual cues can be used to guide categorization, they may also develop 

an understanding of the importance of deeper, or hidden aspects of objects (e.g., 

internal features) as a relevant basis for forming categories. Booth and Waxman 

(2002) proposed that ontological status cues like eyes act as "gateways to 

conceptual information," as these cues allow young children access to 

conceptual knowledge regarding object properties pertinent to category 

membership within the animate domain. 

The finding that animacy cues will promote categorization in infancy, 

particularly on the basis of similar internal features, is consistent with a large 

body of preschool research that has demonstrated the importance of internal 

features for categorization of animate kinds (e.g., Diesendruck, 2001; 



Diesendruck et al., 1998; Gelman & Wellman, 1991; Keil, 1989). Gelman and 

Wellman (1991), for example, demonstrated that preschoolers expect changes to 

the insides of an object to be more important than changes to the outsides of an 

object for deciding whether certain types of objects, such as animals, retain their 

identity and functioning. That is, children reported that a dog without its insides 

was not a dog and could not bark, but a dog without its outside fur was still a dog 

and could bark. These findings, however, did not hold true for children's view of 

some artifact objects (e.g., they reported that a refrigerator without either its 

particular insides or its particular outsides was still a refrigerator and could 

function as such). 

The finding that naming will promote categorization in infancy, particularly 

on the basis of similar internal features, is also consistent with a large body of 

infant and preschool research demonstrating the importance of shared labels in 

facilitating category formation (e.g., Gelman & Coley, 1990; Gelman & Markman, 

1986; Graham et al., 2001; Waxman, 1999a & b; Waxman & Booth, 2001; 

Waxman & Markow, 1995; Welder & Graham, 2001). Naming, like animacy 

cues, contributes conceptual information that appears to assist infants in forming 

internally-based categories. That is, these words appear to invite infants to unite 

objects that may appear diverse but share deeper similarities (Waxman & 

Markow, 1995). Although it is possible that object names simply act as 

attentional flags, recent research has established that infants will not use salient 

auditory cues as a basis for categorization. For example, sound tones do not 



have the same effect as words on infants' categories (Balaban & Waxman, 

1997). Moreover, shared labels do not facilitate infants' categorization of 

arbitrary sets of objects like a lion, cowboy, hot dog, and frying pan (Waxman & 

Markow, 1995). In addition, by 14 months of age, infants appear to recognize 

that a shared novel count noun refers to conceptual category-based 

commonalties among objects, not superficial ones like color or texture that are 

highlighted by adjectives (Waxman & Booth, 2001; see also Waxman, 1999a & b; 

Waxman & Markow, 1995). 

Furthermore, previous research has demonstrated that infants will not 

simply use any label as a guide to category coherence; the labels must be 

shared amongst objects, signaling that they are conceptually the same kind of 

thing. For example, Graham, Kilbreath, and Welder (2002) found that when 12-

month-olds were provided with a test object and a series of target objects that 

were all labeled with different count nouns, infants would not make as many 

inductive inferences from the test to the target objects as when they all shared an 

identical label (even when the target and test objects were similar in perceptual 

appearance; see Desjardins & Baldwin, 1992, for related findings with older 

children). 

Therefore, supplying infants with the same name for a group of objects 

appears to promote object comparison, helping infants group objects together 

that might otherwise be seen as discrete entities (Waxman, 1999b). Booth and 

Waxman (2001) proposed that word cues substantially narrow the "search 



space" within which similarities among objects might be detected. As a result, 

infants will more readily notice more subtle shared aspects amongst objects and 

consequently, are more likely to organize these objects into categories (see also 

Waxman & Booth, 2001). Importantly, as Waxman (1999b) proposed, it appears 

that throughout development there are powerful linkages between object 

categorization and naming, fostering the establishment of increasingly 

sophisticated knowledge and deep intuitions about objects. Waxman suggested 

that it is object meaning (conceptual information) which appears to be facilitated 

through the use of object labels (see also Gelman & Markman, 1986). This 

meaning thus allows infants to advance beyond perception toward a richer 

appreciation of the deeper, nonperceptible commonalties among objects. 

In summary, the present studies add to a growing body of research 

demonstrating that young children will use conceptual information in category 

formation, long before reaching school age (e.g., see Gelman & Coley, 1990; 

Gelman & Markman, 1986, 1987; Graham et al., 2001 ; Mandler & McDonough, 

1993, 1996, 1998a & b; Waxman & Booth, 2001; Waxman & Markow, 1995; 

Welder & Graham, 2001). Conceptual markers in the form of animacy cues and 

labels appear to play a significant role in infants' ability to form categories of 

objects, particularly when objects share only internal similarities. Importantly, as 

infants begin to realize that conceptual cues can be used to guide categorization, 

they may also develop an understanding of the importance of deeper, or hidden 



aspects of objects (e.g., internal features) as a relevant basis for forming 

categories. 

The notion that category formation on the basis of shared internal features 

in infancy is improved (or made possible) through the presence of animacy cues 

and/or labels is particularly interesting in light of the current theoretical proposals 

regarding essentialist beliefs in young children. Several theorists have not only 

suggested that an essentialist assumption about objects is common among 

adults, they have also proposed that young children may be such essentialist 

thinkers as well. According to the essentialist position, people assume that some 

object categories have a true stable underlying nature, or essence, that imparts 

category identity and is responsible for the aspects of objects that can be seen 

(see Ahn et al., 2001 ; Carey, 2000; Gelman & Diesendruck, 1999b; Gelman & 

Hirschfeld, 1999; Gelman & Medin, 1993; Gelman & Taylor, 2000; Gelman & 

Wellman, 1991; Medin & Ortony, 1989, for discussions of essentialist beliefs in 

young children). Gelman and her colleagues' ingenious empirical studies 

suggest that preschoolers likely possess stable essentialist beliefs, particularly 

with regard to animal categories of objects. Thus, if infants can use conceptual 

information such as animacy cues and labels in thinking about and categorizing 

objects (especially those with internally-based, deeper similarities), this could 

mean the possibility that they too hold essentialist beliefs about objects. That is, 

infants might have a general understanding that there is "something" about an 

object that makes it what it is, that is important to an object's identity and 
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functioning, even if they do not know what that something is. The question of 

essentialist beliefs in infancy requires a great deal of further theoretical and 

empirical investigation, however, and cannot be addressed directly by the 

present studies. 

Future Directions and Conclusions 

There are a number of important future directions that may follow from the 

present experiments. Further empirical investigations in the area of infants' use 

of conceptual information in forming categories of other novel objects would be 

beneficial in terms of generalizing the results of the present studies. Research 

focusing on the influence of other types of animacy cues (e.g., movement) on 

infants' categorization would be important as well. It would also be interesting to 

investigate how infants would perform in a categorization task if they had access 

to the insides of familiar animate objects (e.g., dogs) or familiar inanimate living 

or artifact objects (e.g., plants, clocks). 

In addition, future studies examining the influence of other non-conceptual 

but well-known cues (e.g., keys, spoons) on infants' categorization would also 

help to reduce the possibility that eyes are simply a familiar perceptual cue. That 

is, even though a purple strip of material did not facilitate categorization in the 

present experiments, it is possible that this cue was too novel for infants to use 

as a category marker, whereas eyes were something familiar for infants to attend 

to as a basis for categorization. If the eyes were truly taken as conceptual 

information regarding object kind and directed infants to internally-based 
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features, placing a familiar object such as keys on the objects should not similarly 

assist infants in category formation. 

Further, it would be of interest to investigate infants' categorization 

performance when internal features are not an intrinsic part of the objects. For 

example, if infants are shown that the insides of the objects can be removed or 

"accidentally" fall into or out of the object, will infants form categories on the basis 

of these shared internal properties? In this case, infants might not see the 

internal features as indicative of object kind or as deeper, essential aspects of 

the object. Therefore, they may not form a reliable category, even in the 

presence of naming. 

Finally, it would be of interest to examine whether infants can make 

inductive inferences on the basis of shared internal object features, using a 

generalized imitation paradigm. For instance, infants would be shown a test 

object that possessed a certain nonobvious property (e.g., makes a rattling noise 

when shaken). Then they would be presented with a series of objects that 

differed in terms of their degree of outward similarity to the target, but all with the 

same insides as the target. The question would be whether infants would infer 

that these test objects also shared the same nonobvious property, and whether 

conceptual cues such as eyes and labels would assist them in this task (e.g., see 

Welder & Graham, 2001). Future research in these and other related directions 

will be invaluable in terms of understanding the mechanisms underlying early 

conceptual categorization, infants' ability to form categories on the basis of 
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nonobvious object properties, and perhaps the possibility of essentialist beliefs in 

infancy. 

In conclusion, the present studies have advanced our understanding 

about infant categorization in a number of ways. The results demonstrate that 

14- to-15-month-old infants can form a representation of novel objects that have 

either similar insides/dissimilar outsides or similar outsides/dissimilar insides. 

These studies also demonstrate that conceptual information such as animacy 

cues and naming play an important role in infants' categorization, particularly 

when objects share similar internal features. Taken together, these experiments 

add to an impressive growing body of research illustrating the ability of infants to 

use conceptual markers in category formation. Importantly, this research 

suggests that infants share a great deal in common with preschoolers and older 

children in terms of their inclination to use conceptually-meaningful cues to guide 

their categorization, particularly in the context of shared internal object features. 
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