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ABSTRACT

Three experiments with a methodology called indectategorization examined 12-
16-, and 20-month-olds’ categorization of animatedavehicles with and without
functional parts as well as their inductive infeces about the motion properties of
the objects in these classes. The experiments shthae infants at 12 months use
object parts to categorize after a brief learningripd, infants at 16 months attend
spontaneously to object parts to categorize, arfdnits at 20 months use object
parts and other features to categorize. The expaimalso revealed that 12-month-
olds have little knowledge about the motion propsriof objects, 16-month-olds
have associated specific object parts with thosgperties, and 20-month-olds have
generalized from object parts to other featureskeratogether, these experiments
provide support for the domain-general approaclesoly concept development, and
they are the first to show a relationship betweeructive inference and
categorization in infancy.
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INTRODUCTION

One of the key functions of concepts — mental regrgations of the
object, entities, and events in the worlds—is tovjate a basis for categorization
and generalization. Only a fraction of the entijtielsjects, features, and events in
the world can be experienced directly; therefore, must rely on categorization
and inductive inference to determine which thingshie world belong together or
are alike in some way and how to generalize a Bpecbservation to other
instances. For example, on encountering a novelmarthat barks and has fur
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one would conclude that it belongs to the categafry'dog”, that it is self-
propelled, moves towards goals, and chases sauifksladults, we seamlessly and
effortlessly accomplish these tasks—that is, weehmarved nature accurately at its
joints — yet how we reach this representational-gate currently remains
unknown. The experiments in this paper were desigio address key, as yet
unanswered, questions relating to the developmieolbbject concepts; namely, (1)
what is the effect of high and low within-categgugrt similarity on infants’
categorization and induction?; and (2) what is treationship between
categorization and induction in infancy and isnifiormative about the content of
infants’ developing representations?

The last 20 years has witnessed a proliferationeséarch on the early
development of categorization. One of the mosttfiruavenues of this research
has relied on theequential touchingr object manipulatiorprocedure, in which
the systematicity of infants’ spontaneous succesdmuches to objects are
interpreted as indicative of categorization. Usihig paradigm, it was found that
infants at 18 and 20 months categorize animals \aficles as different (e.g.,
animals vs. vehicles) but not basic-level contrastkin these domains (e.g., dogs
and horses) (Mandler & Bauer, 1988; Mandler, BadernMcDonough, 1991).
According to Mandler and colleagues, these andlairdata support the view that
infants’ categorization and induction are not basadsurface features (see also
Mandler & McDonough, 1996, 1998). They argued tbaemplars within a
superordinate domain (e.g., animals) share fewasarproperties and therefore
categorization of such perceptually diverse stinmulist be based on conceptual
categorization (e.g., animacy, movement abilities, class relations), with
properties perceptible in the input playing onlsegondary role. A corollary of this
view is that infants possess specialized processeste modules, or skeletal
principles that facilitate rapid conceptual undamsiing and allow infants within
the first year of life to learn about objects’ suod properties as well as those that
are sporadically available in the perceptual infjeug. movement) (Gelman, 1990;
Leslie, 1995; Mandler, 1992).

As an alternative to this perspective, a numbehebrists suggested that
general rather specific processes are sufficiestipgport early learning of objects’
surface and less obvious properties (e.g., Jon8sn&h, 1993; Oakes & Madole,
2003; Quinn & Eimas, 1997; Rakison & Lupyan, in g®e According to this
perspective, early concept development is a progessntinuous representational
augmentation that builds on a sensitive percepsyatem in conjunction with
associative learning and other such domain-gemeeghanisms. The specifics of
the various theories differ but they have in comntwa idea that infants become
sensitive to increasingly sophisticated and detdéeels of perceptual information
— specifically, the surface features of objectsverodevelopmental time. The
representation that results from this process isssociative link between both
static and dynamic perceptual cues that leads texpactationon the part of the
infant about how things move (e.g., things withslegove nonlinearly). It is these
features and correlations among features that,rdicgpto this view, act as the
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basis for categorization and induction. The spesifif how such features are used
in induction and categorization vary from theorytbheory; however, they share
many of the basic assumptions that are centratovell-known information-
processing models of inductive inference, namdig, gimilarity-coverage model
(Osherson, Smith, Wilkie, Lopez, & Shafir, 1990 dahe feature-based induction
model (Sloman, 1993). According to these modeldiiétion relies on the featural
similarity of an instance to a target and the aate¢p which it belongs.

Support for this similarity-based domain-generasifion was generated
from a number of studies also with the sequentiathing procedure. Rakison and
Butterworth (1998a, 1998b; see also Oakes, Coppadeingel, 1997) reasoned
that if surface features - such as object partsd-ret abstract concepts act as the
basis for categorization, infants’ ability to clégsvould be significantly affected
by the presence, absence, and structure of sutlrdsaConsistent with this idea,
they found that 14- and 18-month-olds more readilyup objects in different-
parts contrasts (e.g., animals vs. vehicles) tlamesparts contrasts (e.g., animals
vs. furniture), and that they fail to categorizenzels as different from vehicles
when the stimuli had matching parts (animals arfickes with legs and wheels)
or possessed no such parts (legs or wheels rem@aeRakison & Cohen, 1999,
for similar findings for infants’ categorization @fasic-level classes). Additional
support for the importance of surface features gaered from research by
Rakison (2005) with thénductive generalizatioprocedure that showed that 18-
month-olds do not generalize linear and non-limeations to objects on the basis
of category membership but rather to objects orbtws of parts (e.g., wheels and
legs). Thus, perceptual similarity — and in patticuthe presence of shared
functional features - has been shown to act asb#ss for categorization and
induction in the first years of life.

Although these findings are consistent with the egah learning
mechanism view of early concept and category dewedémt, a number of
important issues remain. First, the findings of iRak and Butterworth (1998a,
1998b) have been questioned by those who suggastntants’ behavior with
adapted stimuli (e.g., animals without legs) may meflect how they respond to
real-world, unmodified category exemplars (Mand2®p0, 2003). According to
this view, infants’ come to the laboratory with griknowledge about which
objects belong to which category, and they exprémss knowledge in the
sequential touching task by touching in successimse objects they know are
“the same kind of thing”. According to the perspextargued here, however,
infants may arrive at the task with little or nookviedge about category relations
or even about animals or vehicles; that is, infan&y have no representations for
these objects or, if they do, the represented imddion involves only the
characteristic features of certain objects (elyerd are things with legs in the
world). Their performance in the sequential toughiask, therefore, is either
guided by a tendency to touch objects that aregpéumally alike in some way (e.g.,
shared parts, shape, or color) or to touch objeduiccession that share features
that they have learned are frequently found ineheironment. Given the debate
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over these issues, it is important to show thaantd attend to object parts in a
categorization context and that they do so with odtifired stimuli.

Second, it remains to be seen when and how infeats that different
object kinds move in different ways. Research bkigta (2005), which was
described above, showed younger infants generaimk motions on the basis of
surface features and that older infants — those2amonths of age - generalize
linear and nonlinear motion to appropriate categmgmbers with and without
such large parts. It is as yet unknown how, andcipely when, this
representational transition occurs.

Third, the relationship between categorization anduction remains
opaque. Previous empirical work has examined seggriafants’ categorization —
grouping discriminable objects together—or theirduative inference -
generalizing to novel exemplars based on experievite one exemplar (e.g.,
Mandler et al., 1991; Mandler & McDonough, 1996;kRan, 2005; Rakison &
Butterworth, 1998a). It is implicitly assumed by myaheorists that both of these
processes rely on the same underlying represemsatidhere is reason to
hypothesize, therefore, that there is a connedigiween the ability to categorize
and make inductive inferences in infancy (and beypnvhen infants learn a
property about a single exemplar they would noy @@neralize this information
to other, similar exemplars but also their catezgiron of such exemplars would
be facilitated. Indeed, recent formulations of cgpts within the adult cognition
literature have stressed the notion that the dpenifncepts that humans possess
are those that maximize inductive potential (Anders1991; Heit, 2000). It is
unlikely, however, that infants’ inductive abilitwill necessarily mirror their
categorization ability; infants at 3 months canegarize cats as different from
dogs but know little, if anything, about the praes of either category (Quinn &
Eimas, 1997). It is nonetheless possible that Imgiderably later in developmental
time — around the"2year of life — when infants learn a property forabject (e.g.,
this thing moves non-linearly) they are more likedyccessfully to categorize
objects that share surface features with that objeus issue has not yet been
addressed from a developmental perspective, however

The three experiments reported here were designaddress these issues
by using an adaptation of two previously employexthradologies — the sequential
touching and inductive generalization paradigmshictv | labelled thanductive
categorizationprocedure (see Oakes & Plumert, 2002, and Marksthgan,
2007, for other variations of the sequential tongtparadigm). As in the inductive
generalization procedure, an experimenter perforareof two actions with two
exemplars: inModel events, infants were shown an animal or vehick thas
moved in a category appropriate way; that is, thienal was moved nonlinearly
and the vehicle was moved linearly. Mo-Model events, infants were shown the
same exemplars but they were not moved in any \mégnts were then presented
with a typical sequential touching task with eigbibjects drawn from two
superordinate domains (animals and vehicles) aadceffect of this manipulation
on infants’ categorization and induction was assg#ss
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EXPERIMENT 1

In this experiment, 16- and 20-month-old infantsitegorization and
induction of animals and vehicles was tested falhgweither a simple modeling
event of a linear or non-linear motion or withoutls a modeling event. The model
exemplars were a prototypical animal that possedegd (i.e., a dog) or a
prototypical vehicle that possessed wheels (i.ear and the test stimuli within
each category possessed the appropriate partsefanations (i.e., legs or wheels)
or possessed no such large functional parts.

Based on previous findings, it was predicted th&inbnth-olds would
categorize animals and vehicles as different ortenwthey possessed legs and
wheels and that they would demonstrate more apiatepections — that is, rolling
and walking — in the model condition than in themodel condition when the
stimuli possessed the appropriate parts than whey tlid not. It was also
predicted that 20-month-olds would categorize afénaad vehicles as different
regardless of their parts, and that following thedeling of the linear and
nonlinear motions they would demonstrate those enetboth with the objects that
possessed and did not possess the appropriatdipartegs and wheels).

METHOD

Participants. Eighty infants participated in the experiment,with a mean age of
16 months, 3 days (range = 15;17 to 16;14) and it avmean age of 20 months,
2 days (range = 19;13 to 20;15). There were anleguabers of boys and girls in
both age groups. Ten further infants (5 in eachgrgap) were tested but excluded
from the final sample, five because of fussinebsee because of experimenter
error, and two for refusing to engage in the tdskants were recruited through
birth lists acquired from a private company, aneytlwvere given a small gift for
their participation. In this experiment, and thbest reported here, the majority of
infants were White and of middle socioeconomicustat

Stimuli and motions tested. The stimuli were 3-dimensionatealistic scale
models and ranged in size from 4 cm to 6 cm intlelagd 2 cm to 4 cm in height.
The model animal exemplar was a dog and the maataetle exemplar was a car.
There were two test stimulus sets in total: animdth legs versus vehicles with
wheels Same-Partset) and animals without legs versus vehicles witlaheels
(No-Partsset). Note that these labels do not describe iin gmirety the nature of
the stimuli; for example, the stimuli within eaclategory in the Same-Parts
condition did not share all parts and the stimuthim each category for the No-
Parts set shared some parts (e.g., facial featoreése animals). The animals with
legs were a cat, a donkey, a seal, and a parra tanding position with legs
exposed), and the vehicles were a fire truck, aomgtle, a plane (with clearly
defined wheels), and a tractor. The animals withegs were a snake, an eagle (in
a flying position with no legs exposed), a whaled @ snail, and the vehicles
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without wheels were a boat, a snowmobile, a tank, @ rocket. Movable object
parts (e.g., wheels) were glued to minimize anyagdous salience resulting from
their movement.

There were also two simple motions that were peréar with the model
exemplars by the experimenter. The motions weratick to those used by
Rakison (2005). Thus, the nonlinear motion for ¢hé was a curvilinear up-and-
down movement as it traveled horizontally, andlitear motion for the car was a
straight line (with no up-and-down movement) asraveled horizontally. Each
event was accompanied by a non-verbal vocalizatignthe experimenter:
“Whoop” for the nonlinear motion, and “Wee” for theear motion.

Procedure. Participants were tested in a small, quiet rooathEnfant sat on their
parent’s lap across the table from the experimeiiiee parent was instructed not
to guide their infant’s behavior or to comment imyavay. Each infant’'s behavior
was tested with the two stimulus sets; that ismaig with legs versus vehicles
with wheels as well as animals without legs venseisicles without wheels. For
the No-Model trial, the experimenter would draw thfant's attention to the two
static model exemplars by pointing at them andrgaifiiook at this”; however, the
stimuli were not moved in any way. For the Moddlirthe experimenter attracted
the infant's attention to one model exemplar byirsgy“Look at this,” and then
would perform the appropriate simple motion destiabove from right to left
and left to right. This procedure was repeatedHersecond model exemplar with
a different initial direction (i.e., left to righfollowed by right to left). The same
two stimuli (the dog and the car) were used as plamwbjects for the Model and
No-model trials. The direction of the two motionasmcounterbalanced across the
infants within each age group.

After this initial phase, the model exemplars wesighdrawn from view
and the relevant eight test stimuli were placedioanly on a tray in front of the
infant. The experimenter encouraged the infant anipulate the objects with such
statements as “Here, these are for you to play.atind “Look at all these things.”
The infant was then allowed to manipulate the dbjetany way for 2 minutes or
until no further manipulation occurred. There was feedback, labeling, or
pointing from the experimenter or from the par&ach infant was involved in two
such tasks, a Model and a No-Model trial. Infanesenmested with the Same-Parts
stimuli in a Model trial and the No-Parts stimulia No-Model or the Same-Parts
stimuli in a No-Model trial and the No-Parts stiminl a Model trial. The order of
the two tasks was counterbalanced across infargdadh age group. All the tasks
were videotaped for later analysis.

Scoring. Coding and scoring were similar to that in pregicstudies with the

sequential touching and inductive generalizatiachméque (e.g., Mandler et al.,
1991; Rakison & Butterworth, 1998a, 1998b; Rakis@@05). Coders recorded
every object contacted by the infant, by hand dahwnother object, and the order
in which each object was touched (for details & thles used for coding, see
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Rakison & Butterworth, 1998a). Coders also recordetiether infants
demonstrated the linear or nonlinear motions wlit appropriate stimuli. Infants
were coded as having demonstrated successfullyntiméinear motion if they
moved an object up-and-down in an arc at least wgle making contact with the
tray or table. A linear motion was coded if an mtfanoved an object in a straight
line along one of the available surfaces (see Raki®005).

Two judges, who were blind to the experimental higpses and to the
modeling condition, independently coded 25% of tidmks (10 infants from each
age group). Interrater reliability was obtained bglculating a percentage
agreement of the two independent coders’ scorestherobjects that infants
touched as well as the movements that were denadedtwith those objects.
Percentage reliability for all the experiments mgd here for objects touched by
the infants and for actions performed by the irdamas >93%.

RESULTS

Initial analyses for this experiment, and the cgheported here, revealed
that there were no effects for the order in whictamts received the stimulus set
(e.g., Same-parts before No-parts) or the mod€kng, Model before No-Model
trials).
Sequential touching behavior. As a first analysis of categorization behavior, two
tailed paired-tests were used to compare infants’ mean run hen@RL) to the
run length expected by chance (1.75). The MRL tmhetask and their associated
two-tailedt-test values are shown in Table 1. It can be seantibhe MRL of both
age groups on the Same-Parts trials were significgreater than that expected by
chance. In other words, infants at 16 and 20 mootlage categorized the animals
with legs as different from the vehicles with wiedt can also be seen that the 16-
month-old infants’ MRL on the No-Parts stimuli footh the Model and No-Model
trials were at chance level, which indicated thatytdid not categorize the animals
without legs as different from the vehicles withoubeels. However, the 20-
month-olds MRL for the No-Parts stimuli were sigeaitly greater than chance
for the Model trial but not for the No-Model trial.

Table 1.
Mean run lengths and standard deviations and agedd-test values for Experiment 1

Task 16 months 20 months

No-Model Model No-Model Model
Same-Parts 2.25(0.73)**  2.20(0.84)*  2.45 (0.89)* 2.71 (2.00)*
No-Parts 1.92 (0.69) 1.73 (0.46) 1.90 (0.49) A@288)*

Note.- Two-tailed t-values are of comparison to kemgth (1.75), with df = 19.
*p<.05.*p<.01.

Actions performed: The dependent measure for the action performed thas
number of appropriate motions made by each infaneach trial with any of the
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eight objects. Preliminary analyses revealed thafanis demonstrated an
equivalent number of motions with the animals dre\ehicles so the scores were
collapsed across the two categories. In additimtial analyses for this experiment
and the other two reported here showed no effectshie order in which infants
received the stimulus set (e.g., Same-parts beéforparts) or the modeling trials
(e.g., Model before No-Model).

Because of the design of the experiment, it wasessy to analyses
separately infants’ behavior with the Same-Paiitaudi and their behavior with
the No-parts stimuli. Infants’ actions with the Saparts stimuli were analyzed
with a two-way ANOVA with age (16 months vs. 20 ) and Trial (Model vs.
No-Model) as between-subjects factors. The datgpegsented in Figure 1. The
analysis revealed a marginally significant effemt Age, F(1, 76) = 3.38p=.07,
which indicated that older infants tended to perfonore actionsM = 1.83,SD=
1.33) than younger infantdM(= 1.40,SD = 1.17). The analysis also revealed a
significant effect for TrialF(1, 76) = 54.12p<.001, which showed that across the
two age groups infants performed more actionsénMiodel trials M = 2.43,SD=
1.15) than the No-Model trialdv( = 0.83,SD = 0.78). There was no significant
interaction between Trial and Ages.4.
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Figure 1.
Mean number (and SE) of appropriate actions peddriny 16- and 20-month-olds in
Experiment 1.

Infants’ actions with the No-parts stimuli wereabnalyzed with a two-
way ANOVA with age (16 months vs. 20 months) an@iTiModel vs. No-Model)
as between-subjects factors. The analysis prodspdficant main effects for
Age, F(1, 76) = 25.01p<.001, and TrialF(1, 76) = 35.26p<.001. These main
effects were mediated by a significant interactietween Age and Triak(1, 76)
= 19.15,p<.001. Additional analyses revealed that the nunadfexctions by the
younger age group were equivalent on the Molek(0.80,SD = 0.77) and No-
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Model (M = 0.55,SD = 0.80) trials[F(1, 38) = 1.31p>.2. However, the older age
group performed significantly more actions in thedél trials M = 2.30,SD =
0.80) than the No-Model trial$A = 0.65,SD= 0.67),F(1, 38) = 49.86p<.001

DISCUSSION

The aim of Experiment 1 was to examine the efféanhodeling a simple
motion on 16- and 20-month-olds’ categorization artliction of objects with and
without shared functional parts. The data revettatlinfants at 16 months of age
categorized animals as different from vehicles wleemplars within each
category shared a single part (i.e., legs or whemls they did not categorize
animals as different from vehicles when such padse not present. This finding
is consistent with previous research which showed @bject parts act as the basis
for superordinate-like categorization at 14 and mM8nths of age (Rakison &
Butterworth, 1998a). It also extends this earli@rkvbecause it involves a direct
comparison of infants’ performance with the sampesordinate contrasts (i.e.,
animals vs. vehicles) in the presence or absenparts.

In contrast to the 16-month-olds, the 20-month-otddegorized the
animals without legs as different from the vehickdghout wheels in the Model
trial but did not do so in the No-Model trial. Th&siggests that the dynamic
modeling phase facilitated infants’ categorizatioby triggering their
representations about the relations between ofgatires and motion events. The
data suggest that for 20-month-olds, but not 16tmoids, the activated
representations include objects with the partschify associated with specific
motions as well as other, as yet unspecified featur

An important question that remains unanswered i€rwhnd how do
younger infants learn that animals without legsobglin the same category and
move nonlinearly and that vehicles without wheedtobg in the same category
and move linearly. If infants observe a snake mgumonlinearly and a boat
moving linearly, for instance, would they learn tththese motions are not
inherently associated with parts such as legs @elghbut are also associated with
other object features (e.g., eyes, rectilinear afgpExperiment 2 was designed to
test this issue.

EXPERIMENT 2

The current experiment examined whether 16- andm@fth-olds’
categorization of objects without legs and wheel@cilitated when they observe a
model exemplar that does not possess legs movenrarlly and a model exemplar
that does not possess wheels move linearly. Tihesdésign of this experiment
was identical to that of Experiment 1 except thatmnodel exemplars did not have
legs or wheels.
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METHOD

Participants. Eighty infants participated in the experiment,wiith a mean age of
16 months, 5 days (range = 15;19 to 16;16) and it avmean age of 20 months,
3 days (range = 19;15 to 20;13). There were anlegquabers of boys and girls in
the 16-month-old age group and 21 boys and 19 girthe 20-month-old age
group. Fourteen additional infants (8 at 16 morihd 6 at 20 months) were tested
but excluded from the final analyses, seven becatidassiness, two because of
experimenter error, and five for refusing to engagethe task. Infants were
recruited in the same way as in Experiment 1 angk\géven a small gift for their
participation.

Stimuli and motions tested, Procedure, and Scoring. The stimuli and motions
were identical to those in Experiment 1 with one€eption; the model animal
exemplar was a shark and the model vehicle exemmaara jet-ski. All aspects of
the procedure were the same as the first experintamting and scoring were the
same as in Experiment 1.

RESULTS

Sequential touching behavior. Table 2 presents the MRL for each task and their
associated two-tailetitest values. Consistent with the results of Experit 1 and
with previous research, the 16- and 20-month-dldnits’ MRL on the Same-Parts
trials were significantly greater than that expddtg chance. Thus, infants in both
age groups categorized the animals with legs dsrdiit from the vehicles with
wheels. However, although the 16-month-olds’ MRLtha No-Parts task in the
No-Model trial were not reliably different from ahee, their MRL on the No-Parts
task in the Model trial were significantly highéah that expected by change. This
suggests that observing two static exemplars poidhe task did not facilitate 16-
month-olds’ ability to categorize the No-Parts stios sets; yet observing two
simple motion events modeled with those exemplaid ichprove overall
categorization performance. In contrast, infant2@tmonths of age generated
MRL significantly greater than chance for the NatBatimulus sets in both the
No-Model and Model trial. This suggests that obsgrwo static exemplars prior
to the task facilitated 20-month-olds’ ability tategorize.

;\r/laet:ﬁ r2un lengths and standard deviations and agedtitest values for Experiment 2
Task 16 months 20 months
No-Model Model No-Model Model
Same-Parts 2.41 (1.00)** 2.67 (1.18)** 2.52 (0/88) 2.69 (0.84)**
No-Parts 1.86 (0.43) 2.42 (1.21)* 2.26 (0.59)* 42(0.99)**

Note.- Two-tailed t-values are of comparison to lemgth (1.75), with df = 19.
*p<.05 *p<.01.
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Actions performed: The dependent measure for the action performed thas
number of appropriate motions made by each infant¢ach trial with any of the
eight objects. As in Experiment 1, preliminary asaks showed no difference in
the number of motions that infants demonstrateti e animals and the vehicles
and consequently the scores were collapsed ad¢resw/d categories.

The data were analyzed in the same way as theefipgtriment. Infants’
actions with the Same-parts stimuli were submittec two-way ANOVA with
age (16 months vs. 20 months) and Trial (Model Ns:Model) as between-
subjects factors. The data are presented in Figur&he analysis revealed a
significant effect for TrialF(1, 76) = 39.10p<.001, which indicated that across
the age groups infants performed fewer actionfiénNo-Model trials (1 = 0.87,
SD=0.82) than in the Model trial8/(= 2.48,SD = 1.38). There was no significant
effect for agep>.4, and no significant interaction between Triad #&ge,p>.8.

Infants’ actions with the No-parts stimuli were alsubmitted to a two-
way ANOVA with age (16 months vs. 20 months) an@iTiModel vs. No-Model)
as between-subjects factors. The analysis revéladednfants in the No-parts trials
produced significantly more actions in the Modd@lgr (M = 2.28,SD = 1.22) than
the No-Model trials i = 0.95,SD = 0.78),F(1, 76) = 33.10p<.001. There were
no other significant effects, gils >.4.
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Figure 2.
Mean number (and SE) of appropriate actions peddriny 16- and 20-month-olds in
Experiment 2.

DISCUSSION

The aim of Experiment 2 was to examine the efééanodeling a simple
event with an exemplar without appropriate partsafmotion (e.g., legs or wheels
for linear and nonlinear trajectories) on 16- aBen®nth-olds’ categorization and
induction. As in Experiment 1, infants at 16 and @0nths of age categorized
animals with legs as different from vehicles witheels in the no-Model trial, and
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infants at 20 months of age categorized animalbowit legs as different from
vehicles without wheels in the Model trial.

There were, however, two significant differencetMaen the behavior of
infants in the first experiment and those in Expemt 2. A first finding of note
was that infants at 16 months in the Model tridégarized animals without legs as
different from vehicles without wheels whereas thwsExperiment 1 did not. This
suggests that the action of highlighting two movexgemplars without functional
parts — one from each category — may have causedohéh-olds to learn that
animals without legs can move nonlinearly and theticles without wheels can
move linearly. One plausible explanation for thigling is that the act of moving
the stimuli in the Model trial helped to attractfants’ attention to the two
exemplars, which caused them to encode their appeamore than infants in the
No-Model trial. Thus, the modeling phase may haighlighted the relationship
between motions and facial features or curvilireka@pe and that these cues were
used as the basis for categorization and inducAosecond finding of note is that
infants at 20 months in the No-Model trial categed the animals without legs as
different from the vehicles without wheels. Thigygasts that the same process
described above may operate for 20-month-old isfapat they do not need the
attention grabbing motion of the exemplars to hb&ir attention on them.

As in Experiment 1, the linear and nonlinear matidemonstrated by the
infants tended to reflect their categorization hwtra However, as can be seen in
Figure 2 an unexpected result given the categasizatata was that infants at 20
months did not demonstrate motions with the NodPatimulus set in the No-
Model trial. This implies that infants at 20 monthave not yet learned that
animals without legs tend to move nonlinearly anat tvehicles without wheels
tend to move linearly. This interpretation is catesnt with previous research that
showed that it is not until 22 months that infagéneralize nonlinear motion to
animals such as snakes and linear motion to vehisleeh as snowmobiles
(Rakison, 2005). In conjunction, these results ssgghat this knowledge is
acquired at some point between 20 and 22 months.

EXPERIMENT 3

A final question addressed here relates to theagehich infants use
object parts to categorize and whether modeling oiiam serves to facilitate
categorization in infants younger than 16 monthss Tssue was addressed in the
present experiment by testing 12-month-olds witl $ame basic design as that
used in Experiments 1 and 2. Infants were testéd avily the Same-Parts stimulus
set in a Model or No-Model trial because Experinteshowed that 16-month-olds
did not categorize the No-Parts stimulus set.
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METHOD

Participants. Forty infants with a mean age of 12 months, 1 @ayge = 11;14 to
12;14) were the participants in the experiment.réhgere an equal numbers of
boys and girls. Seven additional infants were eketlifrom the final analyses,
three because of fussiness, and four for refusirengage in the task. Infants were
recruited in the same way as the previous expeisramd were given a small gift
for their participation.

Stimuli and motions tested, Procedure, and Scoring. The stimuli were the
animals and vehicles from the Same-Parts set tlea¢ wsed in Experiment 1.
Twenty infants were randomly assigned to one of ¢maditions, the Model or No-
Model trial. All aspects of the procedure were shene Experiment 1. Coding and
scoring were the same as Experiment 1.

RESULTS

Table 3 presents MRL for each task and their aatetitwo-tailed-test
values. It can be seen that infants’ MRL were Sigatly higher than chance in
the Model condition but not in the No-Model conaliti Thus, infants at 12 months
categorized the animals with legs as different fibwn vehicles with wheels after
they observed moving model exemplars prior to thsk tbut not when they
observed static model exemplars. An analysis of rinenber of linear and
nonlinear motions demonstrated by each participemealed that infants were
more likely to demonstrate actions in the Modelditon (M = 1.10,SD = 0.67)
than the No-Model Nl = 0.55, SD = 0.60) condition,t(38) = 2.44,p<.025.
However, the overall number of motions demonstratdzbth conditions was low.

Table 3.
Mean run lengths and standard deviations and adedtitest values for Experiment 3
Task 12 months
No-Model Model
Same-Parts 1.97 (0.72) 2.39 (1.36)*

Note. Two-tailed-values are of comparison to run length (1.75)hwift= 19.
*
p < .05.

DISCUSSION

The data from Experiment 3 suggest that 12-moidk-acategorize
animals with legs as different from vehicles witthegls, but they do not do so
without some form of facilitating cue. In contragi the 16-month-olds in
Experiment 1 and 2, infants at 12 months did ntégarize animals and vehicles
in a regular sequential touching task; that israfhey saw two static exemplars.
However, infants in the Model condition categorizkd animals as different from
the vehicles which suggests that the modeling phisslitated infants’
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categorization. This finding supports the idea tttee movement of the model
exemplars may have caused infants to attend t@ tewsmplars, and it may have
highlighted that there were two different kindsobjects or features.

GENERAL DISCUSSION

The three experiments reported here were desigoedvestigate two
issues. First, the experiments examined systentigtitee role of object parts as
the basis for categorization by comparing infaftshavior toward contrasts of
animals and vehicles with high and low within-catggpart similarity. Second,
the experiments investigated the effect of modeliag action on early
categorization and induction by testing infants donditions in which an
experimenter either displayed two static model edams or two moving model
exemplars. To examine these issues, the experireemptoyed a relatively novel
methodology that combined the inductive generabrabnd sequential touching
procedures.

The findings of the three experiments support thigon that infants in the
second year of life attend to object parts suchlegs and wheels to form
superordinate-like categories. Previous researowett that infants at 14 and 18
months rely on parts such as legs and wheels egoare superordinate domains
such as animals, vehicles, furniture, and insdRékison & Butterworth, 1998a) as
well as basic level classes (e.g., cows and catk)nathese domains (Rakison &
Cohen, 1999). This past work has been criticizeddiye researchers who claim
that infants may behave differently in tasks withdified stimuli — that is, those
with parts added or removed—than with unmodifie@iKe.g., Mandler, 2000,
2003). The present experiments addressed this cohazause they involved a
direct comparison of infants’ performance withiansius set with shared parts to a
stimulus set without shared parts. The experimeaported here also extend
previous work by showing that infants at 12 montiisage do not categorize
animals with legs as different from vehicles wittheels within the sequential
touching task. This suggests that infants’ attentm object parts as the basis for
categorization emerges between 12 and 14 monthgeof

The data corroborate and extend previous work sigpwhat initially
infants associate specific motion characteristiith specific object parts (Rakison,
2005; Rakison & Cohen, 1999). In the current expernits, when infants were
shown linear and nonlinear motions demonstratet wikemplars that possessed
appropriate parts, 16-month-olds generalized theiom® only to objects that
possessed those parts whereas 20-month-olds geedrdie motions to animals
and vehicles regardless of whether they possessgd functional parts. It is not
clear, based on these data alone, whether infaashdd on-line during the
modeling phase how objects with specific parts maverhether they brought such
knowledge to the laboratory. However, there are teasons to reject the former
interpretation in favor of the latter. First, preus research by Rakison (2005) has
shown that infants at 18 months generalize linedrreonlinear motions to objects
with the appropriate parts (e.g., nonlinear motma cat and a table) even when an
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ambiguous exemplar was the model; that is, whemnfaymation was provided
about the identity of objects that move linearlymamlinearly. Second, the 16-
month-olds demonstrated the linear and nonlineatiom® with the objects with
legs and wheels regardless of whether the modehjgiee possessed those features
or not; however, they generalized the motions teab without legs and wheels
only when the model exemplars also did not havedtieatures. This suggests that
the 16-month-olds had associated legs with nonlimeation and wheels with
linear motion based on their experience prior tmiog to the task.

How might the modeling phase contribute to infanemhanced
categorization performance? The present data sudigas modeling may first
serve to attract infants’ attention to the objedigyhlight that there are two
different things displayed, and then induce categtion of other objects that are
similar in surface appearance. Thus when an adptays to infants a moving (or
static) dog and car, infants may interpret thisiaderms of “These are things that
are different” and take this as a cue to seek thetroobjects that are similar to
them. Waxman (2003) has proposed a similar proitesdving labels whereby
they serve as invitations to form new categoria$ @ncepts. Likewise, the claim
here is that the act of emphasizing two discrimi@abbjects to infants may
encourage infants to search for two different catieg. | also suggest, however,
that presenting two exemplars may be a more poWwetfa to categorize than
labels because infants are provided with percepidaimation about the basis for
categorization. Labels do not, in and of themselpesvide any information about
the basis for categorization whereas example catagembers do. Regardless, the
current experiments show that there is a relatipndietween induction and
categorization in infancy, and as such they supierinotion that even by th&?2
year of life infants’ concepts may start to providethough not necessarily
maximize - inductive potential (Anderson, 1991;t12000).

More broadly, the data reported here support thewvihat infants’
concepts for animals and vehicles are groundedudiace features and relations
between those features and particular motion ctexatics (Rakison, 2003, 2005;
Quinn & Eimas, 1997). Infants at 16 months of ageuped together animals and
vehicles when the exemplars of each category shzaed, but they did not group
together animals without such shared parts; thathisy did not treat animals
without legs or vehicles without wheels as “sammallof thing”. These findings are
inconsistent with the view that specialized proesssnechanisms, or modules
allow infants in the first year of life develop aapts that include abstract qualities
of objects’ motion — such as agency, path of motéomd self-propulsion—that are
unrelated to their surface appearance (Gelman,;2880dler, 1992, 2003).

According to these views, infants’ perception offace features cues
conceptual knowledge about the category membeesidpproperties of an object,
and it is this conceptual knowledge that acts ashtsis for categorization and
induction. However, if infants did possess suchtralbs concepts of animacy or
inanimacy they would have been expected to grougether, and perform
appropriate inductive inferences for, animals arshicles regardless of their
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appearance. This was not the case in the currgmeriexents. Researchers who
adopt this perspective (e.g., Mandler, 2003) caugplie that the categories without
shared parts were sufficiently unprototypical asntd trigger the appropriate
conceptual knowledge. This argument cannot be edfgiven the current data.
Nonetheless, the animal stimuli without sharedgydor example, possessed many
features typical of animals (e.g., facial featumggs, curvilinear body); from my
perspective, the onus is on these researcherstifispvhich features are crucial
and which are not and to provide a justificationidy certain features would not
cue the appropriate conceptual knowledge.

Finally, it is worth noting that the methodology gioyed may prove
fruitful in future studies on infants’ categorizati and induction. Previous research
with the sequential touching paradigm has providadight into infants’
spontaneous categorization for thematic, taxononaicd even gender-based
domains (e.g., Levy, 1999; Mandler et al., 1991ke&3aet al., 1997. Rakison &
Butterworth, 1998a, 1998b): Research with the nmmecently developed inductive
generalization paradigm has presented evidencafants’ production of actions
and motions (Mandler & McDonough, 1996; RakisonQ20 The experimental
procedure used here, which combines these two mhefibgies, has the potential to
be applied to equally important areas of early ephand category development. It
allows researchers simultaneously to investigdanis’ categorization of a variety
of domains as well as their ability to learn abthé properties of objects within
those domains. The experiments reported here age fitht to show that
categorization and induction in infancy are based ihe same mental
representations and that there is a strong relagbween these processes.

In summary, the three experiments reported hered ua novel
methodology to show that functional object partseacthe basis for categorization
and induction at 16 months of age and even as yasni2 months of age. The
experiments also reveal that 12-month-olds hatle khowledge about the motion
properties of objects, 16-month-olds have assatiafgecific object parts with
those properties, and 20-month-olds have genedalipen object parts to other, as
yet unspecified, features. The experiments sugpertziew that early concepts of
objects and entities that involve motion properéies grounded in surface features
rather than an abstract notion of animacy or inagsyn As such, they are
consistent with the view that domain-general asdiva learning, rather than
specialized processes, can account for how eajgcbboncepts are formed.
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