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Given evidence that silhouette information can be used by adults to form categorical rep-
resentations at the basic level, four experiments utilizing the familiarization-novelty prefer-
ence procedure were performed to examine whether 3- and 4-month-old infants could form
categorical representations for cats versus dogs from the perceptual information available in
silhouettes (e.g., global shape and external outline). Experiments 1 and 2 showed that infants
could form individuated categorical representations for cat and dog silhouettes, whereas
Experiments 3 and 4 revealed that infants could use silhouette information from the head, but
not the body, to categorically separate the two species. These results indicate that general
shape or external contour information that is centered about the head is sufficient for young
infants to form individuated categorical representations for cats and dogs. The data thus pro-
vide information regarding the nature of the perceptual information that can be used by
infants to form category representations for individual animal species and are discussed in
terms of domain-general versus domain-specific processing accoarzsi Academic Press
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Perceptual categorization refers to the recognition of discriminably differe
entities as members of the same category based on some internal represent
of the category (e.g., Edelman, 1987). In this article, the ¢ategorical repre-
sentationis used to describe this internal representation. When and how categ
ical representations are initially formed, elaborated, integrated with other knov
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edge structures (i.e., concepts), and related to language have been critic
important issues for contemporary experimentalists and theorists (e.g., Gelm
1996; Goldstone & Barsalou, 1998; Jones & Smith, 1993; Madole & Oake
1999; Malt, 1995; Mandler & McDonough, 1998; Millikan, 1998; Quinn &
Eimas, 1997; Rakison & Butterworth, 1998; Schyns, Goldstone, & Thibau
1998; Thelen & Smith, 1994; Waxman & Markow, 1995; Xu & Carey, 1996)
Here we continue an inquiry into the nature of the perceptual information th
infants use to form categorical representations for individual animal speci
(Eimas & Quinn, 1994; Eimas, Quinn, & Cowan, 1994; Quinn & Eimas, 1996:
Quinn, Eimas, & Rosenkrantz, 1993; Spencer, Quinn, Johnson, & Karmilof
Smith, 1997).

A technique that has been used to examine perceptual categorization in yo
infants is the familiarization-novelty preference procedure, which is based on 1
established preference that infants from birth onward show for novel stimi
(Fantz, 1964; Slater, 1995). This procedure involves presentation of a numbe
paired exemplars from a common category, followed by presentation of a no
exemplar from the familiar category paired with a novel exemplar from a nov
category. If infants generalize their familiarization to novel exemplars from tf
familiar category, and display a preference for novel members of the novel ce
gory, then it can be inferred that the infants have formed a categorical repres
tation of the familiar category exemplars and have perceived the novel exemp
from the novel category to be noninstances of the familiar category. This inf
ence is also contingent on the results of control experiments showing that the |
tern of preferences cannot be attributed to (1) a failure to discriminate among
instances comprising the familiar category or (2) an a priori preference for t
novel category exemplars.

In using the term categorical representation to account for the looking behavi
of young infants, we do not mean to imply that infants understand the meaning
the category, that the category has a rigid boundary, or that the category ha
structuring entity (i.e., a prototype) or a name. Indeed it is possible to argue tt
these representations are not categories as commonly understood, but rathe
primitive similarity-based forerunners of the categories of early childhood an
beyond. While we take these representations to be categorical in nature, we r
ognize that all that can be inferred from existing data is that the familiar membe
of the category have in some manner been grouped togethemidiamensional
psychological space and that this cluster representation excludes novel memt
of novel categories. Novel members of the familiar category are responded to
being more similar to the representation of the set of familiar category membe
than are novel category members. Infant performance could be based on a sin
exemplar model of perceptual categorization in which a boundary between ca
gories is not present (Anderson, 1995; Quinn & Eimas, 1998). During categoriz
tion of an exemplar, it is compared with the mentally represented nearest neic
bor along a number of dimensions in psychological space that define or at lex
represent the exemplar under consideration. If the exemplar meets the criterion
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similarity with its nearest neighbor, it is assigned the categorical designation t
which the nearest neighbor belongs; if not, formation of a new categorical repre
sentation is begun. This is all we mean by the term categorical representation.

Recent evidence indicates that the categorical distinctions among anirn
species made by young infants are often the same distinctions that later in |
come to have a conceptual nature in a domain of knowledge organized by a ne
theory of biology (Quinn & Eimas, 1997). For example, 3- and 4-month-old:
familiarized with realistic color photographs of domestic cats generalized the
familiarization to novel domestic cats, but displayed novel category preferenc
for birds, dogs, horses, and tigers. This finding indicates that young infants c
form a categorical representation for domestic cats that includes novel domes
cats, but excludes birds, dogs, horses, and tigers.

Positive evidence for categorization of animal species by infants raises que
tions about the types of information and kinds of processes used to form t
underlying categorical representations. The young age of the infants and the f
that the stimuli were presented as silent, static, noninteracting photographs le
one to infer that perceptual attributes that can be detected from the surfaces of
stimulus photos are the likely basis. For example, it seems improbable that you
infants’ categorical organization of visual patterns was guided by word (i.e., ve
bal label) cues, as may be the case in older infants (Balaban & Waxman, 19
Waxman & Markow, 1995), or more conceptual attributes like self-initiatec
motion (e.g., Mandler & McDonough, 1993), or even less obvious informatiol
regarding the biological or cognitive status of the animals (Carey, 1985; Kei
1989; Wellman, 1990). Thus, infants might categorically differentiate cats fror
birds on the basis of the number of legs, cats from horses on the basis of ove
shape, and cats from tigers on the basis of surface markings.

An issue of interest has been how young infants categorically separate anir
species that bear a close resemblance to each other, such as cats and dogs (¢
& Eimas, 1996b). These two species are similar to each other in terms of the pr
ence of fur, the quality of their coloring, the number of legs they possess, fl
nature of their facial features, and the overall shape and size of their bodies. C
could reason that subtle differences in (1) any one attribute, (2) the pattern of ¢
relation across a number of the attributes, or (3) the overall gestalt might be t
basis for a perceptual partitioning of the two categories (Malt & Smith, 1984
Marr, 1982; Murphy, 1991; Rosch, Mervis, Gray, Johnson, & Boyes-Braen
1976; Tversky & Hemenway, 1984). Of particular relevance is research indica
ing that certain forms of contour information play an important role in perceptu
al categorization in adults. For example, there is both theory and evidence in
cating that object silhouettes can support perceptual categorization (e.
Hayward, 1998; Kurbat, Smith, & Medin, 1994; Rosch et al., 1976). Moreovel
computational models of silhouette similarity have demonstrated that object s
houettes cluster into groups that correspond quite closely to what hum:
observers consider to be basic-level categories (Cutzu & Tarr, 1997; Gdalyahu
Weinshall, 1996; Uliman, 1996).
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In a previous investigation, we found that information centered about the fac
and head provided a sufficient, and possibly necessary, basis for young infar
categorical representation of cats and dogs as separate from each other (Q
& Eimas, 1996a). Three- and 4-month-olds familiarized with cat heads preferre
a novel dog head over a novel cat head; however, infants of the same age far
iarized with cat bodies divided their attention evenly between novel dog ar
novel cat bodies. It was further shown that the infants’ ability to use head ar
face information generalized to considerably enlarged cat heads presentec
isolation and that the cues for this categorical representation resided in the ext
nal surface area of the head (i.e., the region outside the configuration of inte
nal facial features) and in the internal facial region inclusive of the eyes, nos
and mouth.

The importance of the face and head region was corroborated in a study
which infants familiarized with cats or dogs preferred a hybrid animal consistir
of a novel category head and familiar category body over a hybrid animal cc
sisting of a novel category body and familiar category head (Spencer et al., 19
Also consistent with the empirical findings indicating that the head and fa
region is critical for young infants’ categorical differentiation of cats and dogs a
simulation results from simple neural networks that failed to learn individuate
representations for cats and dogs when provided with inputs reflecting only 1
bodily attributes (and not the head and face features) of the animal stimuli (Qu
& Johnson, 1997).

The focus of the current research is the nature of the perceptual informat
that can be used by infants to segregate cats and dogs into differentiated cla
We report a series of experiments that attempt to extend our major findir
obtained previously with realistic pictures of cats and dogs to cat and dog silh
ettes. The results are relevant to domain-general and domain-specific proces
accounts of early cognitive development. From a domain-general perspective,
outline of the head region may be the most differentiated part of the stimulus t
is diagnostic of category membership. Consequently, any generic pattern learr
mechanism would come to rely on this region for the categorical partitioning
cats and dogs and, presumably, other animal species. Alternatively, fromn
domain-specific perspective, it is possible that infants are born with a mechani
that orients them to the head and face region of the stimulus. One such me
nism, called CONSPEC by Johnson and Morton (1991), has been propose
account for how various species recognize conspecifics. It has been hypothes
that CONSPEC operates on the basis of a predefined schematic representatit
the eyes, nose, and mouth, in their normal configuation—a kind of innate fz
prototype. It is possible that in human infants CONSPEC might use a face ref
sentation that is sufficiently general so as to be able to differentiate cat and «
faces. It is also possible that a mechanism like CONSPEC could be reformuls
to include information about external head shape. Thus, infants’ ability to ca
gorically differentiate between dog and cat silhouettes could be based on m
general pattern learning mechanisms sensitive to the information in the exter
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contour of the head region or to more specialized pattern learning mechanis
sensitive to head shape or both.

EXPERIMENT 1

Infants were presented with silhouettes of the pictures of cats and dogs uset
earlier experiments to determine whether the bounding contour information
these uniformly black pictures provided sufficient information to permit the for-
mation of categorical representations. Three- to 4-month-olds were familiarize
with a set of 12 silhouettes of cats or dogs and then given two test trials pairi
novel dog and cat silhouettes.

Method

Participants Participants were 48 healthy, full-term 3- to 4-month-old infants
(M = 3.33 monthsSD = .22 months). Twenty-two infants were female and 26
were male. One additional infant did not complete the experiment because
fussiness.

Stimuli The stimuli consisted originally of 18 pictures of dogs and 18 picture:
of cats, the specifics of which were described in Quinn et al. (1993) and Quir
and Eimas (1996a). The naturally appearing pictures of the dogs and cats w
transformed into silhouettes of exactly the same size, but in a uniform black col
Each picture contained a single animal that was centered and pasted onto a w
17.7 X 17.7-cm posterboard for presentation. Examples of two cat and dog ph
tographs and their corresponding silhouettes are shown in Figs. I*and 2.

Apparatus All infants in each experiment were tested in a visual preferenc
apparatus, modeled on the one described by Fagan (1970). The apparatus
large, three-sided gray viewing chamber that is on wheels. It has a hinged, g
display panel onto which were attached two compartments to hold the post
board stimuli. The stimuli were illuminated by a fluorescent lamp that was shielc
ed from the infant's view. The center-to-center distance between compartmelt
was 30.5 cm and on all trials the display panel was situated approximately 3(
cm in front of the infant. There was a 0.625-cm peephole located midwsa
between the two display compartments that permitted an observer to record
infant’s visual fixations.

*In Quinn et al. (1993), we found that categorical representations for dogs were more readily est:
lished if the exemplars were more typical members of the category than if the typicality scores we
lower and more variable. To prevent differences in variability between the cats and dogs from being
issue in subsequent studies (e.g., Quinn & Eimas, 1996a), the four most atypical dogs in the stimt
set were replaced by four dogs judged to be more typical. To be sure that there were no difference
the variability in the cat and dog silhouettes in the present study, we showed the two sets of silhoue
(i.e., the cats and reduced variability set of dogs) to 20 mothers who brought their infants to the labo
tory. They were asked to rate each of the 36 silhouettes on a scale from 1 to 9, with 1 defieg as
poor example of a cat or dp§ as anoderately good exampland 9 as very good exampl@he two
groups did not differ in the mothers’ ratings of typicality, Ddgs= 6.41,SD = 2.28; CatsM = 6.20,

SD = 2.38;t(19) = 1.59,p > .10, and thus no asymmetry in categorization was expected.
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FIG. 1. Examples of two cat photographs (black-and-white) and their corresponding silhouette
The photographs used in Quinn and Eimas (1996a) were in color.

Procedure All infants in each experiment underwent the following genera
procedure. They were brought to the laboratory by a parent and seated in a re:
ing position on the parent’s lap. There were two experimenters, both of whc
were naive to the hypotheses under investigation. The first experimenter pc
tioned the apparatus so that the midline of the infant’s head was aligned with
midline of the display panel. When the display panel was open, the infant cot
see the experimenter from the midsection upward in addition to a portion of t
room that was painted a light cream color. The experimenter selected the apj
priate stimuli as previously determined for the forthcoming trial and loaded the
into the compartments of the display panel from a nearby table. The experimer
then elicited the infant’s attention and closed the panel, thereby exposing
stimuli to the infant. The parent was unable to see the stimuli.

During each trial, the first experimenter observed the infant through the smz¢
peephole and recorded visual fixations to the left and right stimuli by means
two 605 XE Accusplit electronic stop watches, one of which was held in eac
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FIG. 2. Examples of two dog photographs (black-and-white) and their corresponding silhouette:
The photographs used in Quinn and Eimas (1996a) were in color.

hand. Interobserver reliability, as determined by comparing the looking time:
measured by the experimenter using the center peephole, and additional obsen
using peepholes to the left of the left stimulus compartment and to the right c
right stimulus compartment, averaged 0.92. Between trials, the experiment
opened the panel, changed the stimuli, obtained the infant’s attention and centel
his or her gaze, and finally closed the panel. The second experimenter timed t
individual trials and indicated the end of a familiarization trial. After familiariza-
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tion, the first and second experimenters changed places for the test trials. T
experimenter who presented stimuli and measured the infant’s fixations duril
familiarization now measured trial duration and signaled the end of each test tri
whereas the second experimenter presented the test stimuli and measured
infant’s fixations. The two experimenters changed roles across infants. The s
ond experimenter was always naive with respect to the familiar categol
(Experiments 1 and 3) or single familiar stimulus that was presented when the d
criminability of two exemplars was measured (Experiments 2 and 4).

In Experiment 1, 24 infants were familiarized with 12 silhouettes of cats ar
24 infants with 12 silhouettes of dogs. The 12 stimuli were randomly select
separately for each infant from each set of 18 stimuli and presented at the rat
two per trial for six 15-s trials. Which two of the 12 stimuli were shown on
given trial was likewise randomly determined. Immediately after familiarizatio
and without interrupting the procedure, two 10-s test trials were presented. T
stimuli for these trials paired a novel cat silhouette with a novel dog silhouet
The test stimuli were randomly selected from the remaining unfamiliar stimt
and were different for each infant. The left—right positioning of the test trial stin
uli was counterbalanced across infants on the first test trial and reversed on
second test trial.

Results and Discussion

Familiarization trials Individual looking times were summed over the two
stimuli that were presented on each trial and then averaged across the first t
and last three trials. Mean looking times in seconds and standard deviations v
9.66 SD = 3.59) and 8.713D = 3.68) for cats and 10.53D = 3.00) and 9.50
(SD = 3.65) for dogs. An analysis of variance, Familiar Category (Cats vs Dog
by Trials (1-3 vs 4-6), was performed on the individual looking times an
revealed a reliable effect of trialg(1, 46) = 8.00,p < .007. All other effects
were not significantF(1, 46) < 1.00,p > .20, in each case. The decrement in
looking time across trials, which has not always occurred with the colored pi
tures (e.g., Quinn et al., 1993), may have been facilitated in the present cas
the absence of color and facial features (cf. Quinn & Eimas, 1996a), making
pictures less attractive across trials.

Preference test trialsThe looking time of each infant across the two test trial
to the novel stimulus from the novel category was divided by the looking time
both test stimuli and converted to a percentage score by multiplying by 100. Me
novelty preference scores were 58.6230 (= 18.31) for infants familiarized
with cats and 57.44%50 = 15.66) for infants familiarized with dogs, both of
which were reliably higher than chance, that is, 528) > 2.30 ,p < .025,
one-tailed, in each case. The difference between the two groups was not sig
cant,t(46) = 0.24,p > .20, two-tailed. In addition, 19 of 24 infants familiarized
with cats displayed novel category preference scores for dogs that were gre
than 50% p < .05), and 17 of 24 infants familiarized with dogs displayed nove
category preference scores that were greater than (58%05).
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In sum, there was evidence for categorization of the silhouettes of cats a
dogs into separate representations, even though the stimuli lacked internal fa
features, which are sufficient cues for categorization (Quinn & Eimas, 1996
Spencer et al., 1997), and the animals’ typical variation in coloring. Despite th
result, to conclude that categorization has occurred is premature. It is necess
to be certain that individual exemplars within each of the two categories were d
criminably different. This was the case for the original naturally colored photo
graphs (Quinn et al., 1993), but whether it was true for the silhouettes was det
mined in Experiment 2.

EXPERIMENT 2

Each infant was familiarized with a single cat (or dog) silhouette for one 15-
trial and then given a preference test that paired the familiar cat (or dog) silhc
ette with a novel cat (or dog) silhouette. A single familiarization trial was used s
that the amount of potential familiarization time for an individual exemplar
matched that provided in the categorization task of Experiment 1 (cf. Beh
Chadha & Eimas, 1995).

Method

Participants The infants were 24 3- to 4-month-oléi4 € 3.37 monthsSD =
.33 months). Thirteen infants were males and 11 were females. Eight additior
infants failed to complete the procedure due to fussimess4), failure to look
at both stimuli on the test triala & 2), and experimenter erran & 2).

Procedure Each infant was presented with two copies of a single, randoml
selected catn(= 12) or dog = 12) silhouette for one 15-s familiarization trial.
Two 10-s test trials were then administered in which the familiar stimulus wa
paired with a novel stimulus from the same category. The novel animal silhoue
was randomly selected and, like the familiar stimulus, differed for each infan
The left-right position of the novel animal was counterbalanced across infants
the first test trial and reversed on the second trial.

Results and Discussion

Mean looking time to the familiar cat was 9.55®& 3.59) and 9.87 Sp=
4.30) for the familiar dog. The difference in mean looking times was not signifi
cant,t(22) = —0.35,p > .20, two-tailed. Mean preference scores were 59.42%
(SD= 20.66) for the novel cat and 61.86%00= 20.91) for the novel dog. Both
scores differed significantly from chance, i.e., 56&%1) > 2.23,p < .025, one-
tailed, in each case. The two preference scores did not differ reliably from ea
other,t(22) = —0.37,p > .20, two-tailed. In addition, 9 of 12 infants in both con-
ditions showed a novelty preference score that was greater tharp50%0%).
Given that both novelty scores were reliably greater than expected by chance
is clear that individual exemplars from within each of the two categories were di
criminably different from each other, just as they were previously when colore
photographs as opposed to silhouettes were used (Quinn et al., 1993). It wo
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thus appear that Experiment 1 did indeed show evidence of categorization on
basis of the shape information available from silhouettes.

An inference of categorization requires not only that the individual exempla
from a specific category be discriminably different, but also that spontanec
preferences favoring the exemplars of one or the other category not be presel
at least not account for the entire novelty preference effect. Given the desigr
Experiment 1 in which members of both categories were familiar for one gro
of participants and novel for the other and that participants in both groups shov
reliable novelty preference scores that did not differ from each other, one c
safely infer that spontaneous preferences were not operative in Experimen
Thus, we can conclude that the silhouettes of cats and dogs were formed into
egorical representations, just as was the case with their natural-looking coun
parts in our previous study (Quinn et al., 1993).

EXPERIMENT 3

The question of concern for Experiment 3 was what information the infan
used during formation of the categorical representations of the silhouettes
Experiment 1. Experiment 1 was thus repeated, but in this case with half of -
infants presented with Head Only stimuli and the other half with Body Only stin
uli, during both familiarization and test trials. As noted in the introduction, earl
er work with colored photographs (Quinn & Eimas, 1996a) had shown th
infants of the same age used information that centered in the region of the h
in forming categorical representations. Infants who saw the entire body alol
that is, the body without the head region, did not form categorical representatic
The earlier work had also shown that infants could use the enlarged cat and
heads in which the internal facial features (i.e., eyes, nose, and mouth) w
occluded to categorically differentiate between the two species (Quinn & Eim:
1996a). However, internal regions of the head surrounding these features w
visible and revealed species-typical coloring, markings, and texture. At issue h
is whether external information in the head region, without the configural info
mation provided by the eyes, nose, and maatid,without the internal species-
typical coloring, markings, and texture of the head, would again be sufficient f
category formation. In the present case, the only information available was sh
as defined by the external contour of the head. Thus, only in the current exp
ment with silhouettes were we able to completely isolate the contribution
external contour and global shape of the head independently of characteri
mammal facial attributes.

Method

Participants There were 48 infants 3 and 4 months of &ge=(3.30 months;
SD = .37 months). Twenty-six of the infants were females and 22 were males. .
additional 7 infants did not complete the experiment because of fussing,
failure to look at both test stimulh(= 3), and parental or sibling interference
(n=2).
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Stimuli Stimuli were the silhouettes used in Experiments 1 and 2, and follow
ing the stimulus preparation used with the colored images in Quinn and Eim
(1996a), they were altered by placing rectangular pieces of gray constructi
paper over the body when the heads were presented and occluding the heads
similar but smaller pieces of gray construction paper when the bodies were p
sented.

Procedure Twenty-four infants were randomly assigned to each of two groups
Head Only and Body Only. In each group, half of the infants were familiarize
and tested with heads or bodies of dogs and half with heads or bodies of cats
all other respects the procedural details were identical to those used
Experiment 1.

Results and Discussion

Familiarization trials Mean looking times for the first and second trial blocks
were 8.63 s§D = 3.11) and 7.60 sSD = 3.03) for the Body Only stimuli and
8.34 s 6D = 3.08) and 7.65 sSD = 3.36) for the Head Only stimuli. An analy-
sis of variance, Experimental Condition (Head Only vs Body Oxlgamiliar
Category (Cats vs Dog$®) Trials (1-3 vs 4-6), revealed only a reliable effect of
trials, F(1, 44)= 4.77, p< .05, with looking time decreasing from the first to the
second block. All otheFF values were less than 1.95> .15.

Preference test trialsMean novelty preference scores were 51.03% €
24.04) for the Body Only condition and 57.6730(= 18.45) for the Head Only
condition. Only the Head Only mean differed reliably from chat{28) = 2.03,

p < .05, one-tailed. Within each condition, the mean novel category preferenc
scores for infants familiarized with cats versus dogs did not dif&s) < 1.30,

p > .20, two-tailed, in both cases. In terms of individual preference scores, on
13 of 24 infants in the Body Only condition displayed a novel category prefel
ence score that was greater than 50% (.05), whereas 17 of 24 infants in the
Head Only condition showed a novel category preference score that was gree
than 50% | < .05).

As shown previously (Quinn & Eimas, 1996a), the infants formed categorice
representations only when the stimuli consisted of the head regions of the dc
and cats. The new data indicate that the bounding contour information in tt
region, independently of internal facial features or species typical markings,
sufficient for the formation of categorical representations. The results also help
clarify the earlier finding that infants could use the enlarged cat and dog heads
which the internal facial features were occluded to categorically differentiat
between the two species (Quinn & Eimas, 1996a). The previous result had |
open the possibility that the species-typical coloring and markings of the he:
that were detectable outside of the internal feature region could have facilitat
the formation of the categorical representations.

It is of additional interest to note that, at least in the case of the natural picture
adults readily classified the bodies alone as cats and dogs (Quinn & Eime
1996a), and presentation of the 36 silhouettes of the bodies in a random orde
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5 adults in a forced-choice cat versus dog identification task produced nearly
same results—the exemplars were classifiable as dogs or cats, with an averag
only 4.8 errors $D = 3.1) per adult. Why infants make use of only the heac
region remains open to question (but see commentary under General Discuss
as does when the information carried by the bodies becomes relevant to infant
young children.

Before proceeding to the General Discussion, it is first necessary to estab
whether the infants can discriminate between the individual Head Only and Bc
Only stimuli within the cat and dog categories. Positive evidence for discrimin
tion of the Head Only stimuli within the cat and dog categories would imply th
the infants in the Head Only condition of Experiment 3 formed representations
discriminably different cat or dog heads. Positive evidence for discrimination
the Body Only stimuli within the cat and dog categories would imply that th
infants are capable of discriminating individual cat (or dog) bodies from or
another even though the infants did not display the ability to form representatic
for cat (or dog) bodies which were sufficiently structured so as to exclu
instances of dog (or cat) bodies. Just as Experiment 2 was conducted as the \
in-category discrimination control for Experiment 1, Experiment 4 was conduc
ed as the within-category discrimination control for Experiment 3.

EXPERIMENT 4

Because categorization refers to equivalent responding to discriminably diffe
ent entities, Experiment 4 was conducted to determine if 3- and 4-month-c
infants could discriminate within the cat and dog stimulus categories used
Experiment 3. Each infant was familiarized with either the Head Only or Boc
Only version of a single cat (or dog) silhouette and then tested with the famil
cat (or dog) silhouette paired with a novel cat (or dog) silhouette. As was the ¢
in Experiment 2, a single 15-s familiarization trial was used so that the amount
potential familiarization time for an individual exemplar matched that provided i
the categorization task of Experiment 3.

Method

Participants The infants were 24 3- to 4-month-ol#i$ € 3.61 monthsSD =
.33 months). Thirteen infants were males and 11 were females. One additic
infant failed to complete the procedure due to fussiness.

Procedure Twelve infants were randomly assigned to each experimental grou
Head Only and Body Only. As in Experiment 3, infants in the Head Only grouj
were tested with cat (or dog) heads alone (body parts were occluded), wher
those in the Body Only group were tested with cat (or dog) bodies alone (hea
were occluded). Each infant was presented with two identical copies of a sing
randomly selected cat (or dog) part for one 15-s familiarization trial. Two 10-s te!
trials were then administered in which the familiar stimulus part was paired wit
a novel stimulus part from the same category. The novel animal silhouette part w
again randomly selected and like the familiar stimulus part differed for eac
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infant. The left-right position of the novel stimulus part was counterbalancec
across infants on the first test trial and reversed on the second trial.

Results and Discussion

Familiarization trial. An analysis of variance of the individual looking times,
with Experimental Condition (Head Only vs Body Only) and Familiar Stimulus
(Cat vs Dog) as between-subjects factors, revealed only an effect of Experimen
Condition,F(1, 20)= 6.00,p = .022. This effect reflected a significant difference
in mean looking time to the Head Only stimul(= 8.17 s,SD = 2.24) and the
Body Only Stimuli M = 11.15 s,SD = 3.53) during the single familiarization
trial. The difference was most likely attributable to the greater amount of blacl
contour information present in the animal bodies relative to the animal heads.

Preference test trialsAn analysis of variance of the individual novelty prefer-
ence scores, with Experimental Condition and Familiar Stimulus as between-st
jects factors, did not yield any significant effed¥¢], 20) < 1.07, p> .30, in
each instance. Mean novelty preference scores were 6538% 10.80) for the
Head Only group and 63.189% = 18.46) for the Body Only group. Both
scores differed significantly from chance, that is, 50%d) > 2.46,p < .025,
one-tailed, in each case. In addition, 12 of 12 infants in the Head Only grot
showed individual novelty preference scores that were greater thanpb8% (
.05), and 10 of 12 infants in the Body Only group displayed individual novelty
preference scores that were greater than 50% .05). Given that both novelty
scores were reliably greater than expected by chance, it is clear that individl
Head Only and Body Only stimuli from within the cat and dog categories wer
discriminably different from each other, just as they were previously when co
ored photographs as opposed to silhouettes were used (Quinn & Eimas, 199¢
The Head Only result indicates that the infants in Experiment 3 did indeed shc
evidence of categorization compatible with a mechanism sensitive to the sha
information available in the silhouettes of the heads. The Body Only finding indi
cates that while infants can discriminate one cat (or dog) body from another, th
did not use this information to form a categorical representation for cats (or dog
that excludes dogs (or cats) in Experiment 3.

GENERAL DISCUSSION

Four experiments were conducted to examine whether young infants could ¢
egorize cat and dog stimuli on the basis of silhouette information. In Experime
1, 3- to 4-month-old infants familiarized with cat or dog silhouettes preferred
silhouette from the novel category over a novel silhouette from the familiar cat
gory. Experiment 2 showed that the infants were able to discriminate between ¢
ferent silhouettes from the same category; for example, after familiarization wil
one cat (or dog) silhouette, a novel cat (or dog) silhouette was preferred to t
familiar silhouette. Experiment 3 revealed that the infants were able to catego
cally separate the cats and dogs on the basis of contour information from the h
region. Subsequent to familiarization with silhouettes of cat or dog heads (tt
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body information was covered), the infants preferred a head silhouette from
novel category over a novel head silhouette from the familiar category. In cc
trast, infants familiarized with silhouettes of cat or dog bodies (the head infc
mation was covered) did not prefer a body silhouette from the novel category o
a novel body silhouette from the familiar category. In Experiment 4, individu:
cat (or dog) head silhouettes were shown to be discriminable from each othel
were individual cat (or dog) body silhouettes.

The evidence from Experiments 1 and 2, taken in conjunction with previol
findings (Quinn et al., 1993), suggests that 3- and 4-month-olds can represent
criminably different cat and dog stimuli as separate categories on the basis of
houette information as well as perform this differentiation with the actual phot
graphs that contain color and internal feature information. The performance of
young infants corresponds well with adults, who likewise can identify objects
the basic level on the basis of line drawings (Biederman & Ju, 1988) or silhc
ettes (Hayward, 1998; Rosch et al., 1976) as well as identify colored photogra
of the objects (Murphy & Smith, 1982). Consistent with these findings are tt
results of computational simulations that measure silhouette similarity betwe
objects and indicate that there is sufficient information in silhouettes to pla
objects in their correct basic-level categories (Cutzu & Tarr, 1997; Gdalyahu
Weinshall, 1996; Ullman, 1996). It is also noteworthy that children display a bi
toward extending novel nouns on the basis of global shape information (Land
Smith, & Jones, 1988). Throughout development then, shape information,
specified by an object’s bounding contour, may hold a privileged status in the re
resentation of objects.

The data of Experiments 3 and 4 add to our understanding of early categor
tion by showing that young infants can use bounding contour information fro
the head silhouettes, but not the body silhouettes, to form individuated repres
tations for the cat and dog stimuli. The findings parallel evidence obtained w
young infants performing with the actual head and body photographs of the
and dog stimuli (Quinn & Eimas, 1996a; Spencer et al., 1997). It is interesting
comment on the possible processing systems that could accommodate these
The advantage for the head over the body region, demonstrated for both the ¢
al photographs and silhouettes, is consistent with a domain-general proces:
account. Information detected from the head may simply be more diagnostic
cat versus dog category membership (i.e., heads are more different than boc
and thus more readily detected and utilized than information arising from t
body, at least for infants (see also the neural networks of Quinn & Johnson, 19
for simulation results consistent with the empirical evidence).

The data from Experiment 3 further imply that a face-specific processir
mechanism like CONSPEC is not absolutely necessary to account for the c:
gorical differentiation of cats and dogs at least at this age. If CONSPEC
described by Johnson and Morton (1991) was needed to accomplish the cate
ical separation of the two species, then one would not have expected a head
body advantage with the silhouette stimuli. This expectation is based on the f
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that the domain-specific CONSPEC mechanism is presumed to be activated
internal and configural facial information not present in the silhouettes. Howeve
as noted in the introduction, if CONSPEC were reformulated to explicitly includs
bounding contour information from the head region, then it would remain a viabl
means of explanation for the present findings.

Another possible processing scheme is one in which a domain-specific bias
attend to heads (via a CONSPEC-like mechanism that is activated as well by |
external contour of the head) combines with a domain-general learning mect
nism that computes the highly diagnostic shape of the head. By this schen
domain-specific biases and domain-general learning mechanisms may play cc
plementary roles in the formation of perceptual category representations |
young infants. Indeed, biases plus general learning mechanisms might well
necessary for the start-up of categorization in a variety of domains.

A final point is that the role that early perceptually based categorical represe
tations play in support of higher level concepts remains controversial (Madole
Oakes, 1999; Mandler & McDonough, 1998; Quinn & Eimas, 1997; Xu & Carey
1996). Clearly, children and adults come to know animals as distinct “kinds
through information that is not available to young infants (e.g., that dogs mal
good pets, possess dog DNA, and give birth to puppies). Our view is that the ea
parsing of the world based on surface features, given its validity to reality, wou
permit the linkage of this more conceptual knowledge with the early perceptuc
ly based categorical representations formed by young infants. By this view, youl
infants’ categorical representations may form the “primitive base” or “bottorn
layer” from which adult conceptions of object kinds are constructed.
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