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Why study concepts in infancy

• Our conception of the infant mind has changed dramatically in the last 
35 years, showing they are much more intelligent than previously 
thought

• Children are the most impressive learners in the known universe

Some fundamental questions:
• Do infants have qualitatively different thought processes than adults?
• What is the origin of concepts?



Key tool in infant studies:
Habituation paradigm

today we will mostly discuss infants ages 3-4 mo (months old) 
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Habituation or Familiarization Trials
Trial 1     bunny1
Trial 2     bunny1
Trial 3     bunny1
Trial 4     bunny1
Trial 5     bunny1
Trial 6     bunny1

Test Trial
Trial 7     bunny1 (control group)
           or rat1 (experimental group)

Sequence of trials in a habituation task
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Concept-learning version of habituation task

Habituation or Familiarization Trials
Trial 1     bunny1

Trial 2     bunny2

Trial 3     bunny3

Trial 4     bunny4

Trial 5     bunny5

Trial 6     bunny6

Test Trial
Trial 7     bunny 7 (control group)
           or rat1 (experimental group)



Habituation or Familiarization Trials
Trial 1:    bunny 1      bunny 2
Trial 2:    bunny 3      bunny 4
Trial 3:    bunny 5      bunny 6
Trial 4:    bunny 7      bunny 8
Trial 5:    bunny 9      bunny 10

Test Trial
Trial 6:    bunny 11     rat 1

Sequence of trials in a paired-preference 
procedure (habituation design)

…

Left half of screen    right half

Prediction: During test, infant will look 
longer on the right side of the screen 
with the novel category



Controls added by Bomba & Siqueland (1983)

•A priori preference test between the two 
categories

do infants look more at rats than bunnies, 
before any in-lab exposure?

•Discriminability test within categories
Can infants tell the difference between 
individual bunnies? in a sense, the ability 
to discriminate between items is necessary 
for calling them a “category”



1.  Instructions:  You will see stimuli from Category A or 
B.  Please indicate which category you think is correct.

2.   Training phase:   Participants see stimuli one at a 
time. For each item, they respond “A” or “B”. Usually, 
feedback (the correct answer) is received during training.

3.  Test phase (optional):  Participants may respond to 
additional stimuli. No feedback is given.

Review: Posner & Keele (1968)’s experiment 
on prototype formation



Category A or B?



Category A or B?
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Category A or B?
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Prototype A: (not seen) Prototype B: (not seen)

Distortions of A:   Old Distortions of B:   Old 

Distortions of A:   New Distortions of B:   New 

Review: Posner & Keele test results

After training, participants 
were tested on:
-- the prototypes (new)
-- some pattern distortions 
(old)
-- some pattern distortions 
(new)

Result:
( Accuracy for prototype = 

Accuracy for old distortions )

> Accuracy for new distortions

Suggests that some form of 
abstract representation is 
learned, like an “ideal 
image” or prototype
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FIG. 1. From top to bottom, the prototypical triangle, diamond, and square; and from 
left to right, examples of Level 20, 30. and 40 distortions of each. 

when presented to the infants, were 12 in. apart from center to center. 
A t-inch peep hole between the two stimuli permitted recording of the 
infant’s visual fixations and the stage was illuminated by two high intensity 
lamps which were shielded from the infant’s view. 

Procedure and experimental design. Infants were brought by the parents 
to the infant laboratories in the psychology department at Brown University. 
All infants first participated in a speech perception experiment that used 
a high-amplitude sucking procedure. Each infant was tested individually 
and brought to the experimental room approximately 15 min following 
his/her participation in the previous study. At the start of the experiment 
the infant was placed in a reclining position on the mother’s lap with 
his/her head resting against the mother’s midsection. The apparatus was 
then positioned above the infant such that the infant’s head was aligned 
with the center of the stage. As soon as the infant was properly aligned 
and apparently at ease, the visual preference testing trials were begun. 
At the beginning of each testing trial the infant’s gaze was brought to 
midline by the experimenter’s face which served as an eliciting stimulus 
when the stage of the apparatus was open. Once the visual targets were 
in position, the experimenter held the stage open until the infant centered 
his/her gaze with respect to the display panel. When the experimenter 
judged that the infant’s gaze was properly focused, he closed the panel 
(stage) and began to time the infant’s fixations. The criterion for a fixation 
was observing the reflection of a target on the infant’s cornea. Two 

Bomba & Siqueland (1983) stimuli for 3-4 mo
Prototype Level 20 distort Level 30 distort Level 40 distort



Learning phase
1. triangle 1 triangle 2   (level 20 distort)
2. triangle 3 triangle 4   (level 40 distort)
3. triangle 5 triangle 6   (level 30 distort)

Test phase
 triangle proto   square proto

Results: Significant novelty preference of 62% of 
fixation time (chance is 50%)

Bomba & Siqueland (1983) Exp 2 -
category acquisition ?



Bomba & Siqueland (1983) Exp 4 -
prototype effect?

Learning phase
1. triangle 1 triangle 2   (level 20 distort)
2. triangle 3 triangle 4   (level 40 distort)
3. triangle 5 triangle 6   (level 30 distort)

Test phase
 triangle proto   old exemplar (e.g. triangle 2)

Prediction: if infants represent the category by a 
prototype, you may expect paradoxical 
preference for the old exemplar

Results: no significant fixation preference; 47.4% of 
fixation was for old exemplar



Bomba & Siqueland (1983) Exp 5 -
prototype effect after 3 min delay?

Learning phase
1. triangle 1 triangle 2   (level 20 distort)
2. triangle 3 triangle 4   (level 40 distort)
3. triangle 5 triangle 6   (level 30 distort)

Test phase
 triangle proto   old exemplar (e.g. triangle 2)

Prediction: if infants represent category by 
prototype, you may expect paradoxical preference 
for the old exemplar

Results: significant preference; 59.9% of fixation 
was for old exemplar
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FORM CATEGORY 

LEVEL OF DISTORTION 

FIG. 2. (a) Mean preference for the old exemplar for the three Form Categories in 
Experiments 4 (no delay) and 5 (delay). (b) Mean preference for the old exemplar for the 
three Distortion Levels in Experiments 4 and 5. 

Level combinations suggested that the effects of delay were more reliable 
or robust for one group (i.e., Triangle at Level 20 distortion). No other 
delay-no delay differences were observed. Given the failure to observe 
any consistent pattern for the effect of the delay for the nine combinations 
of Form Category and Distortion Level, and the very limited subject 
samples for these group cells (N = 4), further statistical assessments of 
this interaction were not attempted. 

As in the previous experiment, t tests were employed to determine 
when infants’ visual preferences during the recognition phase differed 
significantly from a chance level of 50%. A highly significant mean pref- 
erence for the old exemplar of 59.9%, t(35) = 3.78, p < .OOl was obtained 
for the total sample of 36 infants in this experiment. As shown in Table 
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Preference for old exemplars after delay



Learning phase
1. triangle 1 square 1
2. square 2 triangle 2
3. square 3 triangle 3
4. triangle 4 square 4
5. triangle 5 square 5
6. square 6 triangle 6

Test phase
  square 7 diamond 1

Results: fixation preference for novel 
prototype; 69.6% preference

Quinn (1987) - 3-4 mo infants can learn multiple 
categories at once



What is the origin of concepts? Do infants 
have qualitatively different categories or 
category learning process than adults?

So far, we have seen nothing to indicate 
fundamental, qualitative differences 



What about more realistic categories? 
What about dogs vs. cats?

Learning phase
(note, not much habituation in 

these studies)
1. two dog photos
2. two dog photos
3. two dog photos
4. two dog photos
5. two dog photos
6. two dog photos

Test phase
  new dog new bird

Quinn, Eimas & Rosenkrantz (1993); infants 3-4 mo









When familiarized with cats or dogs, 
infants prefer to look at birds

Quinn, Eimas & Rosenkrantz (1993)

Learning phase (dogs)
1. two dog photos
2. two dog photos
3. two dog photos
4. two dog photos
5. two dog photos
6. two dog photos

Test phase
  new dog new bird (61.7%)

Learning phase (cats)
1. two cat photos
2. two cat photos
3. two cat photos
4. two cat photos
5. two cat photos
6. two cat photos

Test phase
  new cat  new bird (63.6% 
fixation)

• You can’t say that infants learned the category “dog”; we can’t 
go beyond contrast tested (see slide title)

•  Also, they measured baseline bird preference, of course



Learning phase (dogs)
1. two dog photos
2. two dog photos
3. two dog photos
4. two dog photos
5. two dog photos
6. two dog photos

Test phase
  new cat (50%, n.s.) new dog

When familiarized with cats, infants prefer 
to look at dogs; but not vice versa!

Quinn, Eimas & Rosenkrantz (1993)

Learning phase (cats)
1. two cat photos
2. two cat photos
3. two cat photos
4. two cat photos
5. two cat photos
6. two cat photos

Test phase
  new dog  (65%) new cat

• Again,You can’t say that infants learned the category “dog”; we 
can’t go beyond contrast tested (see slide title)

•  It's likely because dogs are a higher-variance category



Cognitive Development, 8,291-3 18 (1993) 

Concept Formation in Infaricy 

Jean M. Mandler 
University of California, San Diego 

MRC Cognitive Development Unit, London 

Laraine McDonough 
University of California, San Diego 

Four experiments investigated conceptual categorization in 7- to II-month-old 
infants. Experiments 1 and 2 showed that 9- and IT-month-olds differentiated the 
global domains of animals and vehicles. Within the animal domain no subcategor- 
ization was found: the infants did not differentiate dogs from fish or from rabbits. 
Within the vehicle domain infants differentiated cars from both airplanes and 
motorcycles. Experiment 3 showed similar, although weaker, categorization for 
7-month-olds. Experiment 4 showed that categorization of animals and vehicles 
was unaffected by degree of between-category similarity. Birds and airplanes were 
treated as different even though the exemplars from both categories had similar 
shapes, including outstretched wings, and were of the same texture. These data, 
showing global differentiation of animals and vehicles, with lack of differentiation 
of “basic-level” categories within the animal domain, contrast with data from 
studies designed to assess perceptual categorization. Even younger infants differ- 
entiate various animal subcategories perceptually. However, the results presented 
here suggest that infants may not respond to such perceptual differences as being 
conceptually relevant. 

We are concerned in this article with the process of forming concepts, or concep- 
tual categories, in infancy. Little is known about this topic, because most of the 
work on infant categorization has studied the development of perceptual catego- 
ries. Yet there is a considerable difference between learning to categorize objects 
in terms of what they look like and having concepts about the kinds of things the 
objects are. We know that babies learn a wide variety of perceptual categories 
during the first year of life (e.g., Cohen & Strauss, 1979; Eimas & Quinn, 1992; 
Quinn, Eimas, & Rosenkrantz, 1993; Roberts, 1988). We also know that by 

Preparation of this article was supported in part by NSF research grant BNS89- 19035. Thanks to 
Molly Roston, Karen Schick, and Jennifer Swerdlow for their assistance in data collection and 
analysis. Data similar to those presented here were reported at the 8th International Conference for 
Infant Studies, Miami, April 1992. The results reported here are a replication of that work. 

Correspondence and requests for reprints should be sent to Jean Mandler, Department of Cogni- 
tive Science. University of California. San Diego, La Jolla, CA 92093-0515. 

Manuscript received September 2, 1992; revision accepted March 10, 1993 
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• Distinction between perceptual and conceptual categories, 
where conceptual means understanding objects as being “the 
same sort of thing.” 

• In previous work, Mandler has shown that toddlers 19-30 mo 
distinguish global categories (animals vs. vehicles) but only 
some basic-level categories, in sequential touching tasks

• Here we look at 9-11 months (Mandler & McDonough, 1993), 
younger than Mandler’s previous studies 

• Children are given 4 objects from a category to handle, twice 
(=8 trials)

• On trial 9, they get a new item from that category
• On trial 10, they get a new item from a new category
• So, this is a dishabituation task

Jean Mandler

UCSD



Figure 1. The animals and vehicles used as stimuli for the global categorization task 
in Experiment 1. 

Mandler & McDonough (1993)
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• On trial 9, they get a new item 
from that category

• On trial 10, they get a new item 
from a new category
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Pattern 1: Categorization 
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Pattern 2: Categorization-advanced 
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Pattern 3: No categorization 
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Pattern 4: Ambiguous categorization 
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Figure 2. Idealized examples of possible patterns of examination times on the last 
trial of familiarization (Trial 8), on the same-category test exemplar (Trial 9), and on 
the contrasting-category exemplar (Trial 10). 

three tasks are shown in Figure 3; panel (A) shows examination times on the 
global animal-vehicle task, panel (B) shows times on the within-vehicle task 
(cars vs. airplanes), and panel (C) shows times on the within-animal task (dogs 
vs. fish). In addition, Table 1 shows the percentage of subjects who examined the 
contrasting category test object longer than the same-category test object. The 
percentages from all four experiments are included in this table. We present this 
table to provide an overall summary and as an estimate of how consistently a 
given age group categorizes each kind of contrast. 

A three-factor mixed-design ANOVA was conducted on the test trial examina- 
tion times. The within-subject factor was trial (8, 9, and IO) and the between- 

Potential patterns of results
evidence for categorization
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Figure 3. Mean examination times (in seconds) in Experiment 1 for the last famil- 
iarization trial (Trial 8), same-category test exemplar (Trial 9), and contrasting- 
category exemplar (Trial 10). Panel (A) shows the global animal-vehicle task, panel 
(B)  shows the car-airplane task, and panel (C) shows the dog-fish task. 
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Mandler & McDonough (1993) results

“categorization; global” (8 = 9 <  10)

“categorization; basic-level” (8 = 9 <  10)

“ambiguous; basic-level”
(8 <  10 only)



Mandler & McDonough (1993) results
Children in the task

• CAN distinguish animals from vehicles (global)
• CAN distinguish cars from airplanes (basic)
• CAN’T distinguish dogs from fish (basic) (results were actually 

ambiguous)

So, children seem to form global categories first, and these 
are “conceptual" distinctions according to Mandler

Potential problems with conclusions
• Mandlers says we know the global contrast is conceptual 

because "exemplars do not look very much alike”, but Quinn 
asks: “what about planes have silver wheels and vertical tail fins, 
versus birds with texture wings and ruffled feathers?”

• What do we make of fact that children can learn some basic-level 
classes in these experiments?

• Heavy reliance on affirming the null hypothesis, even when there 
is some evidence of discrimination (e.g., 8 < 10)



Paul Quinn

• Agrees that concepts proceed from global to specific
• Doesn’t agree that there is a hard distinction between 

conceptual and perceptual concepts
✴even global concepts have a perceptual basis

• His experiments in Quinn (2004) look at subordinate 
categories

U. of Delaware



Paul C. Quinn, Department of Psychology, University of Dela- 
ware. 

This research was supported by National Science Foundation 
Grant BCi0096300 and National Institutes of Health Grant HD- 
42451. The author thanks Peter Eimas and three anonymous re- 
viewers for helpful comments on an earlier draft, and Jason E. 
Reiss for his assistance in creating the figures. 

Correspondence concerning this article should be addressed 
to Paul C. Quinn, Department of Psychology, University of Dela- 
ware, Newark, DE 19716. Electronic mail may be sent to 
pquinnEudel.edu. 

Child Development, May/June 200at, Volume 75, Number 3, Pages 886-899 

Development of Subordinate-Level Categorization in 3- to 7-Month-Old 
Infants 

Paul C. Quinn 

Visual preference procedures were used to investigate development of perceptually based subordinate-level 
categorization in 3- to 7-month-old infants. Experiments 1 and 2 demonstrated that 3- to 4-month-olds did not 
form category representations for photographic exemplars of subordinate-level classes of cats and dogs (i.e., 
Siamese vs. Tabby, Beagle vs. Saint Bernard). Experiments 3 though 5 showed that 6- and 7-month-olds formed a 
category representation for Tabby that excluded Siamese and a category representation for Saint Bernard that 
excluded Beagle, but they did not form a category representation for Siamese that excluded Tabby or a category 
representation for Beagle that excluded Saint Bernard. The findings are consistent with a differentiation-driven 
view of early perceptual category development from global to basic to subordinate levels. 

Categorization refers to equivalent responding to 
discernibly different instances from a common class 
(Bruner, Goodnow, & Austin, 1956). It is considered 
to be an adaptive mental process that allows for or- 
ganized storage of information in memory, efficient 
retrieval of that information, and the capability of 
responding with familiarity to an indefinitely large 
number of instances from a variety of classes, most of 
which have not been previously encountered (Mur- 
phy, 2002). Without categorization, each experienced 
entity would be unrelated to all represented entities, 
and no represented entity would be related to any 
other (Smith & Medin, 1981). 

Categorization must begin at some point during 
development, and recent evidence indicates that 
preverbal infants possess the ability to parse the 
world of objects into perceptually based clusters that 
later come to have conceptual significance for adults 
(Eimas, 1994; Quinn, 2002b). Such parsing would 
presumably be controlled by relatively general 
mechanisms including a complex learning system 
plus sufficiently sensitive perceptual systems (Quinn 
& Eimas, 1997, 2000). One current question centers 
on the potential of this early parsing for delivering 
category representations at different levels of exclu- 
siveness over different time courses. 

Empirical studies examining the development of 
category representations during the first year of life 
have investigated the age and means by which in- 
dividuated representations can be formed for nar- 
rowly tuned basic-level and more broadly inclusive 
global-level classes (e.g., cat vs. dog, mammal vs. 
furniture; Mandler & McDonough, 1993; Quinn, 
Eimas, & Rosenkrantz, 1993). Of particular concern 
has been whether basic-level representations cohere 
to form global (superordinate-level) representations 
in accord with a constructionist perspective or 
whether basic-level representations evolve from 
original global representations in accord with a dif- 
ferentiation perspective. Much of this work has been 
in response to the theory of Rosch and Mervis, which 
suggested that category representations were ini- 
tially formed at the basic level (Rosch, Mervis, Gray, 
Johnson, & Boyes-Braem, 1976). Development con- 
sisted of (a) grouping together basic-level represen- 
tations to construct the superordinate level, and (b) 
differentiating basic-level representations to form the 
subordinate level. 

In discussing the emergence of category repre- 
sentations at different levels of exclusiveness, it has 
been argued that one must specify whether the cat- 
egory representations at issue are perceptual or con- 
ceptual (Mandler, 2003). For example, a perceptual 
category representation for cats might consist of in- 
formation regarding observable surface attributes 
such as overall body shape, parts, markings, head and 
face information, communicative sounds, and mo- 
tion, whereas a conceptual category representation 
might include the more abstract, nonobvious infor- 
mation that cats have the verbal label or name cat, are 

t) 2004 by the Society for Research in Child Development, Inc. 
All rights reserved. 0009-3920/2004/7503-0015 
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and basic-level categorization of animals by infants 
in the same age range (e.g., Eimas & Quinn, 1994; 
Quinn et al., 1993). They consisted of 18 colored 
photographs from each of the four categories. The 
pictures were cut from a variety of pet books and 
animal field guides depicting the animals in their 
natural habitat. Pictures from all categories were 
chosen to represent a variety of stances and orien- 
tations. Each picture contained a single animal that 
had been cut away from its background, centered, 
and mounted onto a white 17.7 cm x 17.7 cm 
(30.13° x 30.13°) poster board for presentation to the 
infants. The pictures were selected to be nearly the 
same size as possible. In this manner, the infants 
were required to use cues such as shapes, parts, and 
the pattern of correlation across the parts, cues that 
have been shown to be diagnostic of category 
membership for both infants and adults (Murphy, 
1991; Quinn & Eimas, 1996a; Quinn, Eimas, & Tarr, 
2001; Rosch et al., 1976; Younger, 1985). Examples of 
the cats are shown in Figure 1 and examples of the 
dogs are displayed in Figure 2. 

Procedure. All infants underwent the following 
general procedure. They were brought to the labo- 
ratory by a parent and seated in a reclining position 
on the parent's lap. There were two experimenters, 
both of whom were naive to the hypotheses under 
investigation. The first experimenter positioned the 
apparatus so that the midline of the infant's head 
was aligned with the midline of the display panel. 

perceptually based subordinate-level category rep- 
resentations in 3- through 7-month-old infants. 

Experiment 1 

Experiment 1 was designed to investigate whether 3- 
and 4-month-olds, the same age group shown ca- 
pable of forming global- and basic-level representa- 
tions, can form subordinate-level category rep- 
resentations. One group of infants was familiarized 
with a breed of cats, either Tabby or Siamese, and 
then preference tested with a novel Tabby versus a 
novel Siamese. Another group of infants was famil- 
iarized with a breed of dogs, either Beagle or Saint 
Bernard, and then preference tested with a novel 
Beagle versus a novel Saint Bernard. If the infants 
can form subordinate-level category representations 
for different breeds of cats and dogs, one would 
expect greater responsiveness to the novel instance 
from the novel category during the preference test. 

Method 
Participants. Participants were 48 healthy, full- 

term infants, aged 3- to 4-months (M= 112.29 days, 
SD = 8.02; 26 boys, 22 girls), recruited by letters to 
families identified by birth announcements in a local 
newspaper. The participants in all experiments were 
representative of the recruitment population, and 
were predominantly Caucasian and from middle- 
class backgrounds. Data collected from 7 additional 
infants were excluded for fussiness (n = 4) or failure 
to compare the test stimuli (n - 3). 

Apparatus. All infants in each experiment were 
tested in a visual preference apparatus, modeled on 
the one described by Fagan (1970). The apparatus is a 
large, three-sided gray viewing chamber that is on 
wheels. It has a hinged, gray display panel onto 
which were attached two compartments to hold the 
poster-board stimuli. The stimuli were illuminated 
by a fluorescent lamp that was shielded from the 
infant's view. The center-to-center distance between 
compartments was 30.5 cm, and on all trials the 
display panel was situated approximately 30.5 cm 
in front of the infant. There was a 0.62 cm peephole 
located midway between the two display compart- 
ments that permitted an observer to record the in- 
fant's visual fixations. A second peephole, 0.90 cm in 
diameter, was located directly below the first peep- 
hole and permitted a Pro Video CVC-120PH pinhole 
camera and a JVC video recorder to record infants' 
gaze duration. 

Stimuli. The stimuli were selected to be consistent 
with those used in the previous studies of global- 

Figure 1. Black-and-white examples of the cat stimuli presented to 
infants in the experiments. Siamese are on the top, and Tabbies are 
on the bottom. 
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trial, whereas the second experimenter presented the 
test stimuli and measured infant fixations. The sec- 
ond experimenter was always naive with respect 
to the familiar category (Experiments 1 and 3) or 
familiar stimulus that was presented when the 
discriminability of two exemplars was measured 
(Experiment 5). The two experimenters changed 
roles across infants. 

To handle possible side-biases (i.e., position pref- 
erences) sometimes displayed by individual infants, 
over all the trials, both familiarization and test, the 
looking time to one side (i.e., left or right compart- 
ment) of the display stage could not exceed 95% of 
the total looking time for the infant to be included in 
the data analysis. In addition, on preference test tri- 
als, each infant was required to look at both of the 
stimuli because the paired-preference format of the 
test trials relies on comparison between the two 
stimuli. Interobserver reliability for 42 randomly se- 
lected infants participating in Experiments 1 through 
5 (25% of the entire sample tested), was later deter- 
mined by comparing the looking times measured by 
the experimenter using the center peephole and an 
additional naive observer recording the looking 
times offline from videotape records; reliability av- 
eraged 0.93. 

Twenty-four infants were randomly assigned to 
each of two groups, defined by the subordinate cat- 
egory contrast, Beagle versus Saint Bernard or Sia- 
mese versus Tabby. For infants presented with the 
dog contrast, half were familiarized with Beagles 
and the other half with Saint Bernards. Both groups 
were then preference tested with a novel Beagle 
versus a novel Saint Bernard. For infants presented 
with the cat contrast, half were familiarized with 
Siamese and the other half with Tabbies. Both groups 
were then preference tested with a novel Siamese 
versus a novel Tabby. 

Familiarization consisted of six 15-s trials during 
which 12 pictures from a category were presented. 
Two different animals were shown on each trial, one 
on the left and one on the right. Familiarization was 
followed by a preference test consisting of two 10-s 
trials during which a novel instance from the famil- 
iar category was paired with a novel instance from 
the novel category. The left-right positioning of the 
novel category exemplar was counterbalanced across 
infants on the first test trial and reversed on the 
second test trial. All familiarization stimuli were 
randomly selected for each infant. For each category 
contrast, 12 pairs of test stimuli were also randomly 
selected, and each pair was shown to one infant 
that was presented with one or the other familiar 
category. 
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Figure2. Black-and-white examples of the dog stimuli presented 
to infants in the experiments. Beagles are on the top, and Saint 
Bernards are on the bottom. 

When the display panel was open, the infant could 
see the experimenter from the midsection up in ad- 
dition to a portion of the room that was a light 
background color. The experimenter selected the 
appropriate stimuli as previously determined for the 
forthcoming trial and loaded them into the com- 
partments of the display panel from a nearby table. 
The experimenter then elicited the infant's attention 
and closed the panel, thereby exposing the stimuli to 
the infant. The parent was unable to see the stimuli. 

During each trial, the first experimenter observed 
the infant through the small peephole and recorded 
visual fixations to the left and right stimuli by means 
of two 605 XE Accusplit electronic stop watches, one 
of which was held in each hand. The second exper- 
imenter timed the fixed duration of the trial and 
signaled the end of the trial. Between trials, the first 
experimenter opened the panel, changed the stimuli, 
obtained the infant's attention, centered his or her 
gaze, and closed the panel. When estimates of 
spontaneous preference were obtained (i.e., Experi- 
ments 2 and 4), the second experimenter did not 
participate other than to time the trials and signal 
when a trial was to end. In experiments that mea- 
sured the discrimination or categorization of stimuli 
(Experiments 1, 3, and 5) the first and second ex- 
perimenters changed places for the test trials. The 
experimenter who presented stimuli and measured 
infant fixations during familiarization now mea- 
sured trial duration and signaled the end of each test 

Quinn (2004) stimuli for sub-ordinate categories

siamese 

vs. 

tabby

beagle

vs. 

st. bernard



Learning phase
1. siamese 1 and siamese 2
2. siamese 3 and siamese 4
3. siamese 5 and siamese 6 
4. siamese 7 and siamese 8
5. siamese 9 and siamese 10
6. siamese 11 and siamese 12

Test phase
  siamese 13  tabby 1

Results 
Familiarized       Test perf.

Siamese    	 50.8%	      (ns)

Tabby	 	      60.7 p < .025 
Beagle	 	 58.4	 	 (ns)

St. Bernard	 62.7 p < .01 

Quinn (2004) results - 3-4 mo (exp 1)

Results
• familiarized with tabby preferred siamese, but not vice versa
• familiarized with saint bernard prefered beagle, but not vice versa
• but results did not hold up as significant with baseline preferences 

(exp 2)



Learning phase
1. siamese 1 and siamese 2
2. siamese 3 and siamese 4
3. siamese 5 and siamese 6 
4. siamese 7 and siamese 8
5. siamese 9 and siamese 10
6. siamese 11 and siamese 12

Test phase
  siamese 12  tabby 1

Results 
Familiar.       Test perf.

Siamese	 	 60.8%     p < .025 
Tabby	 	      60.0  p < .05 
Beagle	 	 61.2 p < .05 
St. Bernard	 63.9 p < .025


Quinn (2004) results - 6-7 mo (exp 3)

Results
• Differentiated sub-ordinate categories in both directions
• but one direction disappeared for each contrast, when using 

baseline controls (exp 5). Definitely shakier than Quinn’s 
previous findings that basic-level contrasts learned at 3-4mo



Reminder: When familiarized with cats or 
dogs, 3-4 mo infants prefer to look at birds

Quinn, Eimas & Rosenkrantz (1993)

Learning phase (dogs)
1. two dog photos
2. two dog photos
3. two dog photos
4. two dog photos
5. two dog photos
6. two dog photos

Test phase
  new dog new bird (61.7%)

Learning phase (cats)
1. two cat photos
2. two cat photos
3. two cat photos
4. two cat photos
5. two cat photos
6. two cat photos

Test phase
  new cat  new bird (63.6% 
fixation)

• You can’t say that infants learned the category “dog”; we can’t 
go beyond contrast tested (see slide title)

•  Also, they measured baseline bird preference, of course



What did we learn?

•  The origin of concepts is hugely important, and 
the order seems largely “top-down”, but..

• These kinds of results are typical of infant 
categorization studies

• i.e., messy
• probably too great a reliance on null results

• Need to compare multiple studies to make 
general statements about what infants can do
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TABLE 9 

CONCRETE NOUNS USED IN STAGE I OF LANGUAGE ACQUISITION 

Taxonomic level of word used 

Category 

Superordinate Basic level 

Tokens” Types” Tokens Types 

Subordinate 

Tokens Types 

Musical 
instrument 

Fruit 
Tool 
Clothing 
Furniture 
Vehicle 

Tree 
Fish 
Bird 

0 
19 
13 

Nonbiological 

0 I3 6 
0 7 3 
0 37 I3 
I 91 I8 

0 7s I6 
0 50 II 

Biological* 

0 0 
I 0 
I 0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

a The token count is the total number of utterances of any word of that classification: the 
type count is the number of different words in the classification which were used. 

b The level shown as superordinate matches Table I but is the level shown to be the basic 
level for biological taxonomies in the earlier experiments. 

a child. One well documented case history was taken for analysis; the 
protocols for the spontaneous speech of Sarah (Brown, 1974). The corpus 
analyzed was 2-hr weekly recordings of Sarah’s spontaneous speech 
during her initial period of language acquisition (all of her utterances 
in Stage I; see Brown, 1974, for definitions of the stages in child language 
acquisition). 

Two raters read Sarah’s protocols. All utterances of an item in any 
of the nine superordinate taxonomies previously studied were re- 
corded. Repetitions of an adult’s utterance or of Sarah’s own utterance 
were not included. These utterances were classified as superordinates 
(the superordinate term itself or any synonym); basic level (any word 
on the same level of linguistic contrast as the basic level items in Table 
l-see Frake, 1969, or Rosch & Mervis, 1975, for definitions of linguistic 
contrast); or as subordinates (any term on the same level of linguistic con- 
trast as the subordinate terms in Table 1). 

The results of the study are shown in Table 9. Results were sufficiently 
extreme as to render statistical analysis unnecessary. Both in total num- 
ber of utterances of any word in a classification and in number of 
different words in the classification used, basic level names were es- 
sentially the only names used by Sarah in Stage I. 

Contrast with: Rosch showed basic-level 
words learned first

Case study: Sally used primarily only basic-level words for objects, in 
large corpus of recorded speech.
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Roots
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Scales

Feathers
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Petals

Bark

Sing

Yellow

Fly

Swim

Move

Grow

Red

Green

Tall

Living

Pretty

Salmon

Sunfish

Canary

Robin

Daisy

Rose

Oak

Pine

Flower

Bird

Flower

Tree

Animal

Living thing

Plant

Relation

Attribute

Item

ISA

IS

CAN

HAS

Salmon

Sunfish

Canary

Robin

Daisy

Rose

Oak

Pine
HiddenRepresentation

Rogers & McClelland (2003) develop model that can show broad-
to-specific differentiation yet learns basic-level names first

Pattern of activity over representation layer 

Hierarchical clustering of patterns

During training, model goes through stages that 
resemble broad-to-specific differentiation in 
children’s cognitive development

• first differentiates plants vs. animals (epoch 
250)

• then birds vs. fish and trees vs. flowers 
(epoch 750)

• then fully differentiation (epoch 2500)
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Infants’ Metaphysics: The Case of Numerical Identity

FEI XU AND SUSAN CAREY

Department of Brain and Cognitive Sciences, Massachusetts Institute of Technology

Adults conceptualize the world in terms of enduring physical objects. Sortal con-
cepts provide conditions of individuation (establishing the boundaries of objects) and
numerical identity (establishing whether an object is the same one as one encountered
at some other time). In the adult conceptual system, there are two roughly hierarchical
levels of object sortals. Most general is the sortal bounded physical object itself, for
which spatiotemporal properties provide the criteria for individuation and identity.
More specific sortals, such as dog or car, rely on additional types of properties to
provide criteria for individuation and identity. We conjecture that young infants might
represent only the general sortal, object, and construct more specific sortals later (the
Object-first Hypothesis). This is closely related to Bower’s (1974) conjecture that
infants use spatiotemporal information to trace identity before they use property infor-
mation. Five studies using the visual habituation paradigm were conducted to address
the Object-first Hypothesis. In these studies, 10-month-old infants were able to use
spatiotemporal information but failed to use property/kind information to set up repre-
sentations of numerically distinct individuals, thus providing empirical evidence for
the Object-first Hypothesis. Finally, infants succeed at object individuation in terms
of more specific sortals by 12 months. The relation between success at our task and
early noun comprehension is discussed. q 1996 Academic Press, Inc.

Adults conceptualize the world in terms of enduring physical objects. We
have criteria for individuation of objects (telling where one ends and another
begins) and for numerical identity (telling whether an object is the same one
as one that we encountered earlier). As philosophers are at pains to point out,
these criteria are part of our conceptual system; we could individuate and
trace identity on the basis of different criteria, or we could have a conceptual
system that contained no criteria for individuation or identity at all (see Hirsch,
1982, for a lucid discussion of logically possible conceptual systems that
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Xu & Carey’s “object-first” hypothesis
Habituation

Test

• Result: 12 mo, but 
not 10 mo, expect 
two objects, and use 
object-kind 
information to 
support object 
individuation and 
numerical identity

• Control where infants 
of both ages expect 
two things to be 
behind occluder, if 
they are shown at 
same time



At 6–9 months, human infants know the meanings
of many common nouns
Elik a Berg e lso n a ,b ,1 a n d D a n ie l S w in g le y a ,b

a D e p ar t m e n t o f Psych o lo gy a n d bInst it u t e f or Rese arch in Co g n it ive Scie nce , U n iversity o f Pe n nsylva n ia , Ph il a d e lp h ia , PA 19104

Ed it e d by W ille m J. M . Lev e lt , M ax Pla nck Inst i t u t e f or Psych o lin g u ist ics, N ijm e g e n , Th e N e t h erla n ds, a n d a p prove d D ece m b er 8, 2011 (rece ive d f or re vie w
A u g ust 17, 2011)

It is w id e ly acce p t e d t h a t in f a n ts b e g in le arn in g t h e ir n a t iv e
la n g u a g e n o t b y le arn in g w ords, b u t b y d isco v erin g f e a t ures
o f t h e sp e ech sig n a l: co nso n a n ts, v o w e ls, a n d co m b in a t io ns o f
t h ese so u n ds. Le arn in g t o u n d erst a n d w ords, as o p p ose d t o just
p erce iv in g t h e ir so u n ds, is sa id t o co m e la t er, b e t w e e n 9 a n d 15
m o o f a g e , w h e n in f a n ts d e v e lo p a ca p acit y f or in t erpre t in g
o t h ers’ g o a ls a n d in t e n t io ns. H ere , w e d e m o nstra t e t h a t t h is co n-
se nsus a b o u t t h e d e v e lo p m e n t a l se q u e nce o f h u m a n la n g u a g e
le arn in g is � a w e d: in f act , in f a n ts a lre a d y k n o w t h e m e a n in gs o f
se v era l co m m o n w ords fro m t h e a g e o f 6 m o o n w ard . W e pre-
se n t e d 6- t o 9-m o-o ld in f a n ts w it h se ts o f p ict ures t o v ie w w h ile
t h e ir p are n t n a m e d a p ict ure in e ach se t . O v er t h is e n t ire a g e
ra n g e , in f a n ts d irect e d t h e ir g a z e t o t h e n a m e d p ict ures, in d ica t in g
t h e ir u n d erst a n din g o f sp o k e n w ords. Beca use t h e w ords w ere n o t
tra in e d in t h e la b ora t ory , t h e resu lts sh o w t h a t e v e n y o u n g in f a n ts
le arn ord in ary w ords t hro u g h d a ily e x p erie nce w it h la n g u a g e . Th is
surprisin g acco m p lish m e n t in d ica t es t h a t , co n trary t o pre v a ilin g
b e lie fs, e it h er in f a n ts ca n a lre a d y grasp t h e re f ere n t ia l in t e n t io ns
o f a d u lts a t 6 m o or in f a n ts ca n le arn w ords b e f ore t h is a b ilit y
e m erg es. Th e precocio us d isco v ery o f w ord m e a n in gs su g g ests
a p ersp ect iv e in w h ich le arn in g v oca b u lary a n d le arn in g t h e so u n d
struct ure o f sp o k e n la n g u a g e g o h a n d in h a n d as la n g u a g e
acq u isit io n b e g ins.

w ord le arn in g | co g n it ive d eve lo p m e n t | in f a n t co g n it io n

M ost children do not say their � rst words until around their
� rst birthday. N onetheless, infants know some aspects of

their language’s sound structure by 6–12 mo: they learn to per-
ceive their native language’s consonant and vowel categories (1–
4), they recognize the auditory form of frequent words (5, 6), and
they employ these stored word forms to draw generalizations
about the sound patterns of their language (7, 8), using cognitive
capacities for pattern � nding (9, 10). A lthough this learning
about regularities in speech reveals impressive perceptual and
analytical skill, it is generally accepted that young infants do not
know the meanings of common words. Indeed, although some
experimental work has shown that young infants can associate
syllables with individual objects after laboratory training (11),
prior experimental tests have failed to detect understanding of
common native-language words before around 12 mo (12).

Infants are, on the whole, pro � cient and precocious learners in
other domains (13), so why would learning word meanings be
dif � cult for them? T he most prominent hypothesis is that true
word learning is possible only when infants can grasp a speaker’s
referential intentions and understand language as a motivated,
communicative activity (14–17). E vidence that infants begin to
understand other humans as intentional agents only at around 9–
10.5 mo has been argued to explain the earliest emergence of
word learning shortly thereafter (17). U nderstanding reference is
said to be necessary for word learning because the natural con-
ditions of language use do not support the simple associations
that underlie, for example, a trained dog’s ability to fetch speci � c
toys on command (18). T he statistical connection between
instances of words and the details of infants’ observations is
tenuous: parents do not reliably say “doll” in the exclusive

presence of dolls, and they say “ H i, I ’m home!” more often than
“ D addy is moving through the doorway!” (19). F urthermore,
words (excepting proper names) refer to categories, not indi-
viduals, and the learner must discover each category and its
boundaries. T hus, although infants can link “mommy” with � lms
of their mother, these labels do not indicate that infants have
induced the relevant category (20). B ecause of these complex-
ities inherent in language understanding, the predominant view
is that word learning is possible only when children can surmise
the intentions of others enough to constrain the in � nite range of
possible word meanings, a skill believed to develop gradually
after 9 mo (17). U ntil that age, infants’ native language learning
is held to be restricted to speech signal analysis (21).

In the present research, we examined young infants’ knowl-
edge of word meaning using a variant of a task called “ language-
guided looking” or “looking-while-listening” (22, 23). In this
method, infants’ � xations to named pictures are used to measure
word understanding. Infants are presented with visual displays,
usually of two discrete images, one of which is labeled in a spo-
ken sentence such as “ L ook at the apple” (24, 25). In our variant,
the parent uttered each sentence, prompted over headphones
with a prerecorded sentence, ensuring that infants (n = 33)
heard the words pronounced by the familiar voice of their par-
ent. E ach infant experienced two kinds of trial: trials with two
discrete images (paired-picture trials) and trials with a single
complex scene (scene trials) (Materials and Methods; F ig. 1; F ig.
S1; and T able 1).

Two word categories were tested: food-related words and
body-part words. Paired-picture trials (n = 32) presented one
image from each category (e.g., apple–mouth), and scene trials
presented one image (n = 16) depicting several category mem-
bers together (e.g., a full-length picture of a boy, a close-up of
a face, or a table with food-related items on it). A ll pairs and
scenes occurred in multiple instantiations within and between
infants (e.g., there were two different “apple” photos and two
different “full-body” photos) ( F ig. S1).

Results
C hildren who understood a word were expected to � xate on the
target picture more upon hearing it named. T o evaluate this, the
two trial types were analyzed separately because their demands
are distinct and the ideal analytical methods are different, par-
ticularly in how to best correct for infants’ preferences for in-
dividual pictures. ( A n analysis of both trial types using the same
dependent measure is given in SI Text and in T able S1.)

F or both analyses, the posttarget analysis window extended
from 367 to 3,500 ms after the onset of the spoken target word

A u t h o r co n t r i b u t i o ns: E .B. a n d D .S. d esig n e d r ese arch ; E.B. p er f o r m e d r ese arch ; E.B.
a n a ly z e d d a t a; a n d E.B. a n d D .S. w ro t e t h e p a p er.

Th e a u t h ors d eclare n o co n � ict o f in t erest .

Th is art icle is a PN A S D irect Su b m issio n .
1To w h o m corresp o n d e nce sh o u ld b e a d dresse d . E-m a il: e lik a b@psych .u p e n n .e d u .

Th is art icle co n t a ins su p p ort in g in f orm a t io n o n lin e a t w w w .p n as.org/lo o k u p/su p p l/d o i:10.
1073/p n as.1113380109/-/DCSu p p le m e n t a l.
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Bergelson & Swingley : Evidence that 6-9 mo 
infants know meanings of many common nouns

“Look at the mouth”

Fig . S1. Sa m p le visu a l st im u li a n d re g io ns o f in t e rest . T h e t o p t w o ro ws sh o w t h e sce n e st im u l i. T h e b o t t o m t w o ro w s sh o w t h e p a ir e d-p ict ure st im u l i.
M u lt i p le p h o t o gr a p hs w er e use d f or e ach t ar g e t im a g e across tria ls a n d su b jects. In t h e seco n d a n d f o urt h ro w s, ye llo w o u t l in in g a n d ye llo w sh a d in g in d ica t e
w h er e t h e re g i o ns o f in t e rest use d f o r a n a lyses w ere loca t e d . Th ese lin es a n d sh a d in g w ere n o t visib le d urin g t h e st u dy. For p a ir e d-p ict ur e tria ls, every inst a n ce
o f every im a g e a p p e a re d o n t h e le f t a n d o n t h e rig h t across tria ls a n d su b jects. (Im a g e cre d i ts: To p ro w , t h ir d p a n e l: T h e im a g e o f t h e yo u n g g irl is co pyrig h t o f
M ary Pa u lose/h t t p ://w w w . � ickr.co m/p h o t os/m aryp a u lose/. To p ro w , f o urt h p a n e l: T h e im a g e o f t h e se a t e d w o m a n is sim ilar, b u t n o t id e n t ica l , t o t h e ex-
p eri m e n t a l st im u lus, w h ich w as u n ava il a b le f or p u b lica t io n d u e t o co pyri g h t . Seco n d ro w , t h ird p a n e l: T h e im a g e o f t h e w o m a n ’s f ace w as t a k e n in o ur la b a n d
is p u b lish e d h ere w it h t h e m o d e l’s p erm issio n . Sec o n d ro w , f o urt h p a n e l: Th e im a g e o f t h e b oy is co pyrig h t o f Jim my M cD o n a ld/Flickr/G e t ty Im a g es.)

Fig . S2. Exp erim e n t a l t im e lin e: se q u e nce o f o n e t est tria l. Pare n t a n d ch ild h e ard a b e e p as t h e p ict ures a p p e are d (m usica l n o t e sym b o l). T h e n t h e p are n t
h e ard t h e t arg e t se n t e nce over h e a d p h o n es; b o t h p are n t a n d ch ild h e ard t h e click so u n d (p ercussio n n o t e sym b o l); a n d t h e p are n t u t t ere d t h e t arg e t se n t e nce .
A t t h e m o m e n t t h e p are n t b e g a n t o say t h e t arg e t w or d , t h e exp erim e n t er st art e d a t im er. Th e p ict ures re m a in e d o n t h e scre e n f or 3.5 or 4 s a f t er t h is p o in t
f or p a ir e d a n d sce n e tria ls, resp ect ive ly. Exact t im i n g varie d fro m tria l t o tria l, b u t t h e click w as p laye d 1–1.5 s a f t er t h e tria l o nse t , a n d t h e p are n t sa id t h e
t arg e t it e m a f t er w ar d . Each tria l last e d a b o u t 7.5 s.

Ta b le S1. M o d e l co e f � cie n ts, v aria nce , a n d sig n i � ca nce est im a t es in h ierarch ica l lo g ist ic m o d e ls
o f lo o k in g resu lts

A g e , tria l typ e Para m e t er Lo g-lik e lih o o d est im a t e St a n d ard error P va lu e

6–9 m o
Sce n e tria ls In t erce p t � 1.34 0.267 < 0.0001

Ph ase o f tria l 0.127 0.020 < 0.0001
Pa ire d-p ict ure tria ls In t erce p t � 0.0003 0.103 0.998

Ph ase o f tria l 0.114 0.010 < 0.0001
10–13 m o

Sce n e tria ls In t erce p t � 1.46 0.273 < 0.0001
Ph ase o f tria l 0.167 0.020 < 0.0001

Pa ire d-p ict ure tria ls In t erce p t � 0.061 0.098 0.534
Ph ase o f tria l 0.207 0.010 < 0.0001

14–16 m o
Sce n e tria ls In t erce p t � 1.47 0.357 < 0.0001

Ph ase o f tria l 0.789 0.046 < 0.0001
Pa ire d-p ict ure tria ls In t erce p t � 0.104 0.097 0.281

Ph ase o f tria l 0.663 0.023 < 0.0001
18–20 m o

Sce n e tria ls In t erce p t � 0.144 0.258 < 0.0001
Ph ase o f tria l 0.919 0.029 < 0.0001

Pa ire d-p ict ure tria ls In t erce p t � 0.162 0.096 0.091
Ph ase o f tria l 0.824 0.015 < 0.0001

For b o t h tria l typ es (sce n e a n d p a ire d p ict ure), t h e d e p e n d e n t varia b le w as t h e lo g arit h m o f t h e ra t io o f
t arg e t t o d istract er lo o k in g , as m e asure d by su m m in g t h e n u m b er o f 20-ms t im e fra m es in w h ich in f a n ts lo o k e d
a t t h e t arg e t or a t t h e d istract er(s). Ra t ios w ere co m p u t e d f or e ach it e m w it h in e ach su b ject . Sig n i � ca n t n e g a t ive
“ in t erce p t ” va lu es in d ica t e gre a t er lo o k in g a t d istract ers t h a n a t t arg e ts in t h e p ort io n o f t h e tria l b e f ore t h e
t arg e t w ord w as sp o k e n (a n exp ect e d resu lt o n sce n e tria ls, w h ich h a d t hre e d istract ers f or e ach t arg e t).
Sig n i � ca n t p osit ive “ p h ase o f tria l ” va lu es in d ica t e gre a t er lo o k in g a t t h e t arg e t a f t er t h e p are n t sa id t h e t arg e t
w ord t h a n b e f ore . Ra n d o m-e f f ect est im a t es f or su b jects a n d it e ms (n o t sh o w n) w ere inclu d e d in a ll m o d e ls.
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Fig . 2. Su b ject a n d it e m-p a ir m e a ns f or 6- t o 7- a n d 8- t o 9-m o-o lds. A ll d a t a ( A–H) w ere ca lcu la t e d over a w in d o w fro m 367 t o 3,500 ms p ost t arg e t w ord
o nse t . Su b ject m e a n d if f ere nce scores are sh o w n f or p a ire d-p ict ure tria ls f or 6- t o 7-m o-o lds ( A ) a n d f or 8- t o 9-m o-o lds ( B). Su b ject m e a n incr e ases in t arg e t
lo o k in g , correct e d f or b ase lin e lo o k in g , are d isp laye d f or sce n e tria ls f or 6- t o 7-m o-o lds (C) a n d f or 8- t o 9-m o-o lds (D). It e m-p a ir m e a n d if f ere nce scor es are
sh o w n f or p a ire d-p ict ure tria ls f or 6- t o 7-m o-o lds (E ) a n d f or 8- t o 9-m o-o lds (F ). It e m m e a n incre ases in t arg e t lo o k in g , corr ect e d f or b ase lin e lo o k in g , are
g ive n f or sce n e tria ls f or 6- t o 7-m o-o lds (G) a n d f or 8- t o 9-m o-o lds (H). (E–H) Error b ars re prese n t b o o tstra p p e d n o n p ara m e t ric 95 % co n � d e nce in t erva ls. O n
t h e rig h t o f e ach su b p lo t is a h ist o gra m o f t h e resp o nses in t h e m a in p lo t; a ll h ist o gra ms sh o w m ore p osit ive t h a n n e g a t ive resp o nses f or e ach su bse t o f
su b jects a n d o f it e m p a irs.
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