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It is widely accepted that infants begin learning their native
language not by learning words, but by discovering features
of the speech signal: consonants, vowels, and combinations of
these sounds. Learning to understand words, as opposed to just
perceiving their sounds, is said to come later, between 9 and 15
mo of age, when infants develop a capacity for interpreting
others’ goals and intentions. Here, we demonstrate that this con-
sensus about the developmental sequence of human language
learning is flawed: in fact, infants already know the meanings of
several common words from the age of 6 mo onward. We pre-
sented 6- to 9-mo-old infants with sets of pictures to view while
their parent named a picture in each set. Over this entire age
range, infants directed their gaze to the named pictures, indicating
their understanding of spoken words. Because the words were not
trained in the laboratory, the results show that even young infants
learn ordinary words through daily experience with language. This
surprising accomplishment indicates that, contrary to prevailing
beliefs, either infants can already grasp the referential intentions
of adults at 6 mo or infants can learn words before this ability
emerges. The precocious discovery of word meanings suggests
a perspective in which learning vocabulary and learning the sound
structure of spoken language go hand in hand as language
acquisition begins.
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Most children do not say their first words until around their
first birthday. Nonetheless, 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 finding (9, 10). Although 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, proficient and precocious learners in

other domains (13), so why would learning word meanings be
difficult for them? The 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). Evidence 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). Understanding 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 specific
toys on command (18). The 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 “Hi, I’m home!” more often than
“Daddy is moving through the doorway!” (19). Furthermore,
words (excepting proper names) refer to categories, not indi-
viduals, and the learner must discover each category and its
boundaries. Thus, although infants can link “mommy” with films
of their mother, these labels do not indicate that infants have
induced the relevant category (20). Because 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 infinite range of
possible word meanings, a skill believed to develop gradually
after 9 mo (17). Until 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’ fixations 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 “Look 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. Each 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; Fig. 1; Fig.
S1; and Table 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). All 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) (Fig. S1).

Results
Children who understood a word were expected to fixate on the
target picture more upon hearing it named. To 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. (An analysis of both trial types using the same
dependent measure is given in SI Text and in Table S1.)
For both analyses, the posttarget analysis window extended

from 367 to 3,500 ms after the onset of the spoken target word
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(Fig. S2). The 367-ms starting time is the standard in the field
and allows for the time required to initiate an eye movement in
response to the speech signal; earlier fixation responses are un-
likely to be reactions to the signal. The 3,500-ms window offset is
later than the 2,000-ms offset that is typically used with older
children. It was implemented here because, in previous research
testing the 12- to 24-mo age range, children were discovered to
be faster with increasing age and experience with words ; thus
we assumed that younger children would require more time to
demonstrate recognition.
For paired-picture trials, word recognition performance was

operationalized as a difference of fixation proportions: for paired
pictures A and B, the fixation to picture A relative to B when A
was the target, minus the fixation to A when A was the dis-
tracter.* For example, given the pair of images hair–banana,
a child’s performance was given as how much she looked at
“hair” when it was named as the target, relative to her looking at
“hair” when “banana” was the named target. Positive difference
scores are consistent with word understanding. This pair-based
analysis corrects for infants’ picture preferences without relying
on infants looking during the portion of the trial before the
mother speaks. A total of 26 of the 33 6- to 9-mo-olds (M = 7.44
mo, SD = 1.26) showed a positive mean difference score (all 33
subjects: M = 0.074, P = 0.0005, Wilcoxon test; P = 0.001, bi-
nomial test). Children showed positive performance on six of
eight item pairs (M = 0.065, P = 0.020, Wilcoxon test). Fig. 2
illustrates these results showing the 6- to 7-mo-olds and 8- to
9-mo-olds separately.
For scene trials, word recognition performance was oper-

ationalized as the proportion of target looking upon hearing the
target word (367–3,500 ms post target onset), minus the pro-
portion of target looking before hearing the word (from when
pictures were displayed until just before target onset) (Fig. S2).
This analysis corrects for fixation preferences within portions of
the scene, preventing an advantage for targets that occupy more

of the scene. A total of 22 of 33 infants showed a positive pro-
portion of target looking; performance was statistically signifi-
cant over subject means (M = 0.042, P = 0.020, Wilcoxon test)
(Fig. 2). Infants showed positive performance on 12 of 16 items;
performance over item means fell short of significance (M =
0.023, P = 0.058, Wilcoxon test) (Fig. 2).
Infants of 8–9 mo are known to be capable of learning the

sound forms of words and retaining them over long intervals (6),
whereas infants of 6–7 mo have thus far shown much more
limited word-form knowledge (26). It is therefore of interest to
determine whether the present findings are due only to the older
children in the sample.
This was not the case. Considering the subject-means data in

Fig. 2, it is clear that, for both types of trial, at both ages most
children scored above zero. On the paired trials, performance
was significantly above chance levels in each age group (6–7 mo:
M = 0.058, P = 0.027; 8–9 mo: M = 0.082, P = 0.0052). In the
scene trials, evidence of recognition was strong in 6- to 7-mo-olds
(M = 0.068, P = 0.015) but less strong in 8- to 9-mo-olds (M =
0.013, P = 0.27) although these age groups were not significantly
different from one another (paired-picture trials:M= 0.036, P=
0.37; scene trials: M = −0.067, P = 0.093). The apparently in-
ferior performance of the 8- to 9-mo-olds on the scene trials may
be traced to their tendency to fixate the “eyes” and “face”
regions before the mother named any pictures (Fig. 2H). This
tendency, which may have its origins in previously observed de-
velopmental changes in infants’ attention to social stimuli (27),
did not interfere with infants demonstrating recognition in the
paired-picture context, but impeded accurate measurement of 8-
to 9-mo-olds’ word recognition in the scenes containing faces.
A correlational analysis over the 6- to 9-mo range indicated

that performance on paired-picture trials was not correlated with
age (τ = 0.042, P = 0.75). Performance on scene trials was
negatively correlated with age (τ = −0.25, P = 0.039); however,
excluding the two words “eyes” and “face” (or just “eyes” or just
“face”), the correlation of performance with age was negligible
(τ= 0.015, P= 0.91). The lack of a positive correlation with age,
and the consistently strong performance of the 6- to 7-mo-olds,
confirm that the word recognition performance of the 6- to 9-
mo-old sample cannot be attributed to the older children alone.
The time course of infants’ picture fixation is shown in Fig. 3,

which presents data from the 33 6- to 9-mo-olds, as well as
results from three older groups of children tested in the same
procedure (SI Text). Children initially fixated the target and
distracter equally (averaging over items); then, upon hearing the
target word, they shifted gaze to the named picture, thenceforth
remaining above chance levels of target looking over most of the
trial. Although most infants showed knowledge of the meanings
of most items, target fixation performance at 6–9 mo and even at
10–13 mo was below levels shown by slightly older children (Fig.
3). The data suggest a discontinuity in performance at around 14
mo: performance was stable with respect to age before 14 mo
and was substantially better afterward. We speculate that this
phenomenon reflects the acquisition of linguistic knowledge and
the development of social or other communicative skills, a topic
that we return to in the Discussion. A more detailed analysis of
the developmental pattern of results is given in SI Text.
Two additional measures of 6- to 9-mo-old infants’ word

knowledge were obtained from their parents: the MacArthur–
Bates Communicative Development Inventory (CDI), which is
a vocabulary checklist originally intended for children 8 mo and
older (28), and an item exposure survey asking parents to esti-
mate how often their child heard our target items on a scale from
“never” to “several times a day.” The modal response from
parents on the CDI was that their child did not know any of the
395 words on the inventory; furthermore, no parent reported
that his or her child was producing any of the words tested in our
experiment (Table 2). Parental ratings of item exposure did not

Fig. 1. Experimental setup. The child sat on her parent’s lap and was pre-
sented with images and sounds from a computer equipped with an eye
tracker and speakers. The experimenter sat behind a screen and was not
visible to the infant. The experimenter controlled presentation of stimuli
and monitored the child on a live-feed camera. A backup video recording of
the session was made to allow for confirmation of the validity of gross
characteristics of the eye-tracking data stream. The figure shows an example
of images presented on a paired-picture trial testing “banana” or “hair.”

*Because the pairs are yoked, for each pair A–B, the values of this measure for A and for B
are arithmetically redundant (the value for A is necessarily the complement of the value
for B). Thus, the item results are presented item pair by item pair (Fig. 2).
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correlate significantly with scene or paired-picture trial perfor-
mance (scene: τ = −0.022, P = 0.65; paired-picture: τ = 0.0079,
P = 0.83, Kendall’s correlation test). Thus, there was no in-
dication that the knowledge that infants revealed in the experi-
ment was apparent to the infants’ parents.

Discussion
The present findings provide an important contribution to our
understanding of language acquisition, showing that, by 6–9 mo,
infants have already begun to link words with their referents over
a range of food and body-part terms. The two trial types in-
dicated complementary abilities. Success on paired-picture trials
showed that infants could understand words whose referents
were presented in extremely stripped-down contexts: for exam-
ple, a nose without the eyes or mouth. By contrast, performance
on the scene trials showed that infants could differentiate at least
some of the tested words from related alternatives: for example,
an infant who heard “banana” and then looked at the banana in
a tabletop scene containing several objects from typical meal-
time contexts provided evidence of distinguishing the “banana”
from semantically related objects. On both trial types, infants
demonstrated abstraction from their experience, in that the
pictures that we selected were not adapted to children’s in-
dividual experiences in any way. Each word was tested on three
trials (twice in picture pairs and once in a scene). In each case,
the image was different and the spoken words, produced “live”
by the parent, were never exactly the same. Infants therefore
showed generalization in the way that language normally
demands: common nouns refer to categories, not a specific in-
stance, and spoken words are consistent phonologically (in their
sequence of consonants and vowels) but not acoustically (e.g., in
the details of each word’s pitch and duration).
Several features of these results merit further exploration. The

present study showed that 6- to 7-mo-olds understand something
of the meaning of at least some words for foods and body parts.
The results do not establish the size of infants’ vocabularies, nor
do they prove exactly which of the tested words each child knew.
The item-wise histograms in Fig. 2 show that mean performance
was greater than zero and that there was roughly normally dis-
tributed variation around that mean. Some variation is un-
doubtedly due to chance, but it is also quite likely that there were
some words that some children did not know. After all, children’s
experience is various, and the items tested were not calibrated to
each child’s history. Confirming knowledge of particular words
would require a design devoting more test trials to a smaller
number of different words. The fact that the present results are
statistically significant in analytical models that include subjects
and items as random factors (SI Text and Table S1) ensures that
the conclusions are not based on just a few words or a few
children; however, the present design does not support strong
conclusions about individual words or individual children.
We have focused here on the youngest children in the sample

because the assumption that young infants learn about speech
sounds but not about word meaning has predominated for at
least 25 y. However, we also found a surprising developmental
pattern when considering a much wider age range, from 6 to 20
mo. Previous studies have not explored this age range using

consistent materials and procedures. Doing so allowed us to
document little change in performance from 6 to 13 mo and then
a substantial improvement at around 14 mo, with some gains
observed thereafter. This pattern raises two questions: Why was
there no apparent improvement in the youngest half of the
sample? And what caused the change in performance at around
14 mo?
One explanation of the seeming lack of developmental change

from 6 to 13 mo is that it is artifactual. First, informally speaking,
infants of about 9–12 mo are often more difficult to evaluate in
experimental procedures than younger or older children, seem-
ing more distractible and more likely to become fussy. This might
be a product of infants’ eagerness to exercise their rapidly
changing motor skills and a consequent lack of attention to the
experimental materials, thus masking underlying developments
in linguistic knowledge or ability. Of course, we might also
speculate that a lack of attention to language among some 8- to
12-mo-olds who are prioritizing some other cognitive domain
indicates something true about their mental life outside the
laboratory as well (29).
An alternative account for the apparent lack of improvement

in performance from 6 to 9 mo is tied to an explanation for the
material elevation in performance around 14 mo. We speculate
that younger and older children might learn words, interpret
sentences, and conceptualize the experimental situation in quite
different ways. In the domain of word learning, infants may be
restricted to relatively inefficient learning strategies, a point we
return to below. Infants are also likely to be much less sophis-
ticated in their interpretation of the sentences in which our
target words were embedded. Knowledge of English sentences
and English syntax make a sentence such as “Can you find the
juice?” interpretable, not just as a string of syllables followed by
a familiar word, but as a hierarchy of syntactic phrases unfolding
in somewhat predictable ways. Understanding the sentence is
likely to make the target words easier to grasp. It is also possible
that at around 14 mo many infants begin to catch on to the
nature of the experiment, regarding it as a repetitive game of
object searching, and that this helps them to focus their attention
on the task. These factors could explain the apparent lack of
change in performance from 6 to 9 mo. The relatively low levels
of target looking at the younger ages may have been possible
with basic knowledge of word meaning but not a richer un-
derstanding of the words, a better grasp of the sentences, or
a helpful conceptualization of the task. Of course, these com-
ments are speculative: although developmental improvements
along these lines are to be expected at a gross level, the present
experiment was not intended to evaluate these possibilities.
How do 6- to 7-mo-olds learn words? The key finding of this

study is that infants recognized words and demonstrated through
their behavior that they knew something of the meaning of those
words. Because the study involved no training, the result implies
that 6- to 7-mo-olds learned the words through their daily ex-
perience. The predominant account of word learning holds that
intention reading is a fundamental prerequisite. One inter-
pretation of our results is that the relevant social-cognitive skills
are available earlier in development than previously assumed.
This is consistent with recent evidence of young infants’ early

Table 1. Target items

Body items Ear, eyes, face, foot, feet, hair, hand, hands, leg, legs, mouth, nose
Food items Apple, banana, bottle, cookie, juice, milk, spoon, yogurt
Scene body pictures Face: eyes, hair, ear, mouth Body: face, legs, hands, feet
Scene food pictures Tabletop 1: milk, juice, spoon, banana Tabletop 2: apple, cookie, yogurt, bottle
Paired-picture pairs Apple–mouth, banana–hair, bottle–leg, cookie–eyes, juice–nose, milk–foot, spoon–ear, yogurt–hand

The upper half of the table lists all food and body-part target words that were tested. The lower half of the table lists the target words for each trial type
and indicates the image (scene trials) or yoked pair (paired-picture trials) within which each target word’s referent picture occurred.
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Fig. 2. Subject and item-pair means for 6- to 7- and 8- to 9-mo-olds. All data (A–H) were calculated over a window from 367 to 3,500 ms post target word
onset. Subject mean difference scores are shown for paired-picture trials for 6- to 7-mo-olds (A) and for 8- to 9-mo-olds (B). Subject mean increases in target
looking, corrected for baseline looking, are displayed for scene trials for 6- to 7-mo-olds (C) and for 8- to 9-mo-olds (D). Item-pair mean difference scores are
shown for paired-picture trials for 6- to 7-mo-olds (E) and for 8- to 9-mo-olds (F). Item mean increases in target looking, corrected for baseline looking, are
given for scene trials for 6- to 7-mo-olds (G) and for 8- to 9-mo-olds (H). (E–H) Error bars represent bootstrapped nonparametric 95% confidence intervals. On
the right of each subplot is a histogram of the responses in the main plot; all histograms show more positive than negative responses for each subset of
subjects and of item pairs.
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sophistication in social cognition (30, 31). For example, 6-mo-
olds follow an adult’s gaze when the adult signals an intent to
communicate, but not otherwise (32). Infants’ appreciation of
their parents’ referential intentions, although perhaps limited at
6 mo, may narrow the range of potential word referents, making
word learning possible.
Some theorists argue, by contrast, that domain-general cog-

nitive capacities suffice for word learning, without invoking any
understanding of the referential nature of words or of others’
intentional states (33, 34). This association-based kind of ac-
count would explain our results by appealing to infants’ ability to
track consistent features of their physical environment when
hearing words, progressively hypothesis testing (with or without
an active intent to learn) until the referents of the words were
isolated. In considering this hypothesis, we note that many of our
target words did not refer to distinct, bounded objects, which
have been suggested as good defaults for such hypotheses (35).
Infants here performed well across an array of items containing
well-delineated objects (e.g., cookie, bottle), amorphous sub-
stances (e.g., milk, juice), and unclearly bounded body parts (e.g.,
nose, hands) (see Fig. S1 for visual stimuli and regions of in-
terest). This does not rule out associationist theories of word
learning, but it raises the stakes; an association-based account
(or indeed any account) cannot rely strongly on a bounded-
object bias to limit its search space.
Our results do not imply that infants have an understanding of

words that is comparable to that of adults, or even to older
children’s. Although infants did generalize from their experience
to the particular photographs that we happened to choose, their
categories of each object may nevertheless be different from
those of adults, possibly by being based more strongly on per-
ceptual attributes than on functional ones, for example. It is also
not clear that our target words, which grammatically were all

nouns of English, are interpreted by infants using a linguistic
system that includes “noun” as a category. Finally, although
there is some evidence that young infants’ knowledge of the
sound forms of words is accurate [e.g., infants recognize words
more readily when the words are pronounced correctly than
when their forms are altered (26)], the present study did not test
the details of infants’ speech perception.
Our findings indicate that native-language learning in the

second half of the first year goes beyond the acquisition of sound
structure. The fact that even 6- to 7-mo-olds learn words suggests
that conceptual and linguistic categories may influence one an-
other in development from the beginning (36) and that aspects of
meaning are available to guide other linguistic inferences cur-
rently thought to depend only on distributional analysis of pho-
nological regularities (37, 38). Understanding word meaning
could also support the acquisition of syntax by guiding infants’
inferences about how nouns and words from other word classes
are placed in sentences. Precocious word learning also helps
explain why hearing-impaired infants identified for fitting with
cochlear implants before 6 mo reveal better language skills at 2 y
than children identified just a few months later: 6-mo-olds who
can hear are already learning words (39).
More generally, these results address one of the central mys-

teries of language acquisition: how children demonstrate pro-
ficiency in their native language so rapidly, typically speaking
hundreds of words by the age of 2 y. Part of the solution, it
appears, is that learning begins very early in life, hidden from
view; even before they begin to babble, infants understand some
of what we tell them.

Materials and Methods
Participants. Subjects were 33 6–9 mo-old infants (M = 7.45 mo, R = 5.99–
10.00 mo, 19 female). Infants were recruited from the Philadelphia area by
mail, e-mail, phone, and in person. All children were healthy, carried full-
term, and heard 75% English or more in the home. None had a history of
chronic ear infections. A second set of 50 children ranging in age from 10 to
20 mo (M = 14.1 mo, R = 10.13–20.85 mo, 27 female) were also recruited,
using the same methods and criteria, to participate in the developmental
portion of the study reported in SI Text and Fig. 3.

Materials. On each trial, parents spoke a single sentence to their child. To do
this, they repeated verbatim a prerecorded sentence that they heard over
headphones. These prerecorded sentences were produced by a native
English-speaking woman and recorded in a sound-treated room. Each sen-
tence that was presented to parents followed one of four different formats:
“Can you find the X?”, “Where’s the X?”, “Do you see the X?”, and “Look at
the X!”, where X stands for the target word (only one sentence format was
used per item) (Fig. S2). Sentence formats varied across trials pseudor-
andomly. The sentences were uttered at a slow speed, about four syllables
per second, with slightly exaggerated intonation, which parents were asked
to emulate. The recorded sentences were 1–1.5 s in duration and were
presented to parents at loudness levels of 31.5–33.75 dB. Pretesting de-
termined that speech presented at this volume over the closed-ear head-
phones was audible only to the parent.

Visual stimuli were displayed on a 34.7- × 26.0-cm LCD 75 dpi screen. On
paired-picture trials, two 16.9- × 12.7-cm photos were displayed on the right
and left side of the screen on a gray background; the side of presentation
was counterbalanced across trials and trial orders. There were 32 such
photos, namely two instances each of 16 items (Table 1; Fig. 1; and Fig. S1).
Photos were edited so that their relative size and brightness were
approximately equivalent.

On scene trials one photo was displayed in the center of the screen on
a gray background. The photos were of people (whole body, clothed), faces,
and tabletops with four food items on them (Table 1 and Fig. S1). There were
two photos of faces (widths of 21.84 and 25.40 cm), two photos of bodies
(widths of 16.08 and 20.93 cm) and two photos of tabletops: one with milk,
juice, a spoon, and a banana on it and another with a cookie, an apple,
a bottle, and yogurt on it (all widths 34.67 cm). Infants saw only one of these
images on a given scene trial.

In addition, on every eighth trial, a 2-s movie—featuring colorful shapes
and smiley faces flitting around the screen accompanied by a whistling
sound—was played to maintain infants’ interest.

Table 2. Summary statistics for CDI completed by 30 of 33
caregivers

Measure (no. of items) Range Mean Median Mode (n = 30)

CDI understood (n = 395) 0–71 19 7.5 0 (n = 7)
CDI said (n = 395) 0–7 0.83 0 0 (n = 20)
Test items from CDI
understood (n = 16)

0–10 2.10 1 0 (n = 13)

Test items from CDI said
(n = 16)

0–0 0 0 0 (n = 30)

Fig. 3. Time course of infants’ picture fixation on paired-picture trials, av-
eraged over infants in four age groups. The ordinate shows the mean pro-
portion of infants who were looking at the named (target) picture at each
moment in time. Error bars indicate SEMs, with means computed over sub-
jects in each age range. At all four ages, target fixation rose from about 0.50
(chance) shortly after the onset of the spoken word. Overall, accuracy in
fixating the named picture increased with age across the age groups. See SI
Text for further details.
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Apparatus and Procedure. Infant visual fixation data were collected using an
Eyelink CL computer (SR Research), which provides an average accuracy of
0.5°, sampling from one eye at 500 Hz. It operates using an eye-tracking
camera at the bottom of the computer screen; no equipment is mounted on
the child’s head, except a small sticker with a high-contrast pattern on it for
aiding the eyetracker in keeping the infant’s position.

Before the experiment began, the procedure was explained to parents,
informed consent was obtained, and a vocabulary checklist and word-ex-
posure survey were completed. The child and parent were then led to the
dimly lit testing room where the infant sat on his or her parent’s lap facing
a computer display (Fig. 1). Parents wore a visor that prevented them from
seeing the screen and headphones over which they were prompted with the
target sentence. The prerecorded sentence was then followed by a tone that
indicated to the parent that she should begin repeating the sentence that
she had just heard (Fig. S2).

Infants were presented with 48 test trials under two interspersed con-
ditions: 32 paired-picture trials and 16 scene trials. There were eight foods
and eight body-part items under each condition. During paired-picture trials,
infants saw two images on the screen: one from the food category and one
from the body-part category. On scene trials, infants saw a single complex

image of a body, face, or of one of two tabletops with four food items on it
(Fig. S1). Thus, paired-picture trials presented targets across the domains of
food and body parts whereas the scene trials presented targets within one
of these domains. Images were shown for 3.5 or 4 s after target onset
(paired-picture and scene trials, respectively) (Fig. S2); the length of time
before the parent said the target varied from trial to trial, averaging ∼3–4 s.
All subjects saw both trial types, and subjects were randomly assigned to one
of two pseudorandomized trial orders, which counterbalanced side, picture
instance, and ordering of images and target items. The experiment lasted
∼15–20 min, after which families were compensated with a choice of $20 or
two children’s books. The entire visit lasted ∼45 min.
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SI Text
Analyses of Three Older Groups of Children and Modeling of All Age
Groups. In addition to 6- to 9-mo-olds, we tested three additional
older groups of subjects (Fig. 3): 10- to 13-mo-olds (n = 30, M =
12.13 mo, SD = 1.08 mo; 18 females), 14- to 16-mo-olds (n = 7,
M = 14.49 mo, SD = 1.04 mo; 3 females), and 18- to 20-mo-olds
(n = 13, M = 19.38 mo, SD = 0.86 mo; 6 females). The purpose
of testing older children was to examine the developmental
course of word recognition beyond 9 mo and to confirm that the
performance of older children on the paired-picture trials, in our
modified version of the procedure, would accord with perfor-
mance of older children in similar prior experiments.
As in the analyses for 6- to 9-mo-olds, we analyzed the data with

measures that corrected for inherent preferences for the pictures
(difference scores for paired trials and pretarget-corrected pro-
portions of target looking for the scene trials; see Results). In
addition, we modeled the data for each trial type using the same
dependent variable for both scene and paired-picture trials for
all four groups of children. As in the analyses reported else-
where, target-looking performance was evaluated over a time
window from 367 to 3,500 ms post target onset.
A separate hierarchical logistic regression model was created

for each group of children (6–9 mo, 10–13 mo, 14–16 mo, and 18–
20 mo) for each trial type (paired-picture and scene). Phase of
trial (pretarget utterance vs. posttarget utterance) was included
as a fixed-effect predictor, and subject and item were included
as random effects. Each model predicts (the log of) the ratio of
target to distracter looking, as calculated by counting time bins
with looks to the target and time bins with looks to the distracter
(s). The input to each model was subject X item-level data. Word
recognition is shown when the trial phase predictor is significant
and positive. Results for the predictors in each model are found
in Table S2.
The results of the models for each of group of children were

analogous for each trial type; that is, there were differences in
effect sizes, but the patterns of significance and the overall di-
rection of the estimates were the same. Thus, for paired-picture
trials, performance in the pretarget period was not significantly
different from chance, as expected, whereas performance in the
posttarget period was significantly positive. For scene trials,
performance in the pretarget period was significantly below
chance; that is, as expected, subjects looked at the three distracters
more than at the target before anything was said [the combined
area of the distracters is always larger than that of a given target
(Fig. S1)]. In the posttarget period, performance was significant
for both trial types in all four age groups (see Table S1 for
estimates and P values; all significant P values are <0.001.) These
modeling results confirm the results reported in the main text.
Turning to the dependent measures corrected for picture-fix-

ation biases as in the main text, for paired-picture trials, subject
means and item-pair means were significantly above chance for all
three older age groups. In paired-picture trials, 20 of 30, 10- to 13-
mo-olds showed a positive proportion of target looking; perfor-
mance was statistically significant over subject means (M= 0.055,

P = 0.010 by Wilcoxon test; all tests reported below are Wil-
coxon tests). Subjects showed positive performance on seven of
eight pairs (all but eyes–cookie); performance over item-pair
means was significant (M = 0.059, P = 0.008). Seven of seven
14- to 16-mo-olds showed a positive proportion of target looking;
performance was statistically significant over subject means (M=
0.29, P = 0.008). Subjects showed positive performance on eight
of eight pairs; performance over item-pair means was signifi-
cant (M = 0.28, P = 0.004). Finally, 12 of 13 18- to 20-mo-olds
showed a positive proportion of target looking; performance was
statistically significant over subject means (M = 0.33, P = 0.008).
Subjects showed positive performance on eight of eight pairs;
performance over item-pair means was significant (M = 0.30,
P = 0.004).
For scene trials, overall performance of 10- to 13-mo-olds was

not above chance over subject means, although their subject
means did not differ significantly from the successful performance
of the 6- to 9-mo-olds taken together, nor of the 6- to 7-mo-olds or
8- to 9-mo-olds alone (estimate of differences: 0.035 for 6–9 mo,
0.067 for 6–7 mo, 0.013 for 8–9 mo; all P > 0.10). Fourteen of 30
10- to 13-mo-olds showed a positive proportion of target looking
considering all items (M = −0.0002, P = 0.51). Performance was
positive for 12/16 items, marginally significant over all items (n=
16, P = 0.080, m = 0.023), significant over all items excluding
“eyes” (n= 15, P= 0.047, m= 0.033), and marginally significant
over all items excluding “face” and “eyes” (n = 14, P = 0.059,
M = 0.038). The large impact of these two items on the data was
also found in the 6- to 9-mo-olds (Results); low performance for
this item is in keeping with a shift in social-cognitive abilities
occurring around 9 mo of age, after which infants are better
attuned to follow eye gaze (1). It is possible, then, that the poor
performance of the 10- to 13-mo-olds on these trials (as opposed
to their good performance on the more traditional paired-pic-
ture trials) was related to the difficulty of measuring language-
related looking using images containing faces (and eyes in par-
ticular), since pretarget utterance levels of looking at “face” and
“eyes” are very high. The dependence of this result on a small
minority of the items suggests caution in interpreting this pattern
as characteristic of this age group.
Among the older children, five of seven 14- to 16-mo-olds

showed a positive proportion of target looking; performance was
statistically significant over subject means (M = 0.13, P = 0.039).
Subjects showed positive performance on 12 of 16 items; per-
formance over item means was significant (M= 0.11, P= 0.022).
Finally, 12 of 13 18- to 20-mo-olds showed a positive proportion
of target looking; performance was statistically significant over
subject means (M = 0.16, P < 0.0003). Subjects showed positive
performance on 14 of 16 items; performance over item means
was significant (M = 0.18, P < 0.0001).
In sum, testing of the three older groups of children revealed

a developmental pattern in which the youngest infants (6–13 mo)
performed at similar levels, whereas 1-y-olds (14–20 mo) per-
formed substantially better. Potential explanations for this de-
velopmental trajectory are offered in the Discussion.

1. Meltzoff AN, Brooks R (2007) Eyes wide shut: The importance of eyes in infant gaze
following and understanding other minds. Gaze Following: Its Development and
Significance, eds Flom R, Lee K, Muir D (Erlbaum, Mahwah, NJ), pp 217e241.
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Fig. S1. Sample visual stimuli and regions of interest. The top two rows show the scene stimuli. The bottom two rows show the paired-picture stimuli.
Multiple photographs were used for each target image across trials and subjects. In the second and fourth rows, yellow outlining and yellow shading indicate
where the regions of interest used for analyses were located. These lines and shading were not visible during the study. For paired-picture trials, every instance
of every image appeared on the left and on the right across trials and subjects. (Image credits: Top row, third panel: The image of the young girl is copyright of
Mary Paulose/http://www.flickr.com/photos/marypaulose/. Top row, fourth panel: The image of the seated woman is similar, but not identical, to the ex-
perimental stimulus, which was unavailable for publication due to copyright. Second row, third panel: The image of the woman’s face was taken in our lab and
is published here with the model’s permission. Second row, fourth panel: The image of the boy is copyright of Jimmy McDonald/Flickr/Getty Images.)

Fig. S2. Experimental time line: sequence of one test trial. Parent and child heard a beep as the pictures appeared (musical note symbol). Then the parent
heard the target sentence over headphones; both parent and child heard the click sound (percussion note symbol); and the parent uttered the target sentence.
At the moment the parent began to say the target word, the experimenter started a timer. The pictures remained on the screen for 3.5 or 4 s after this point
for paired and scene trials, respectively. Exact timing varied from trial to trial, but the click was played 1–1.5 s after the trial onset, and the parent said the
target item afterward. Each trial lasted about 7.5 s.

Table S1. Model coefficients, variance, and significance estimates in hierarchical logistic models
of looking results

Age, trial type Parameter Log-likelihood estimate Standard error P value

6–9 mo
Scene trials Intercept −1.34 0.267 <0.0001

Phase of trial 0.127 0.020 <0.0001
Paired-picture trials Intercept −0.0003 0.103 0.998

Phase of trial 0.114 0.010 <0.0001
10–13 mo
Scene trials Intercept −1.46 0.273 <0.0001

Phase of trial 0.167 0.020 <0.0001
Paired-picture trials Intercept −0.061 0.098 0.534

Phase of trial 0.207 0.010 <0.0001
14–16 mo
Scene trials Intercept −1.47 0.357 <0.0001

Phase of trial 0.789 0.046 <0.0001
Paired-picture trials Intercept −0.104 0.097 0.281

Phase of trial 0.663 0.023 <0.0001
18–20 mo
Scene trials Intercept −0.144 0.258 <0.0001

Phase of trial 0.919 0.029 <0.0001
Paired-picture trials Intercept −0.162 0.096 0.091

Phase of trial 0.824 0.015 <0.0001

For both trial types (scene and paired picture), the dependent variable was the logarithm of the ratio of
target to distracter looking, as measured by summing the number of 20-ms time frames in which infants looked
at the target or at the distracter(s). Ratios were computed for each item within each subject. Significant negative
“intercept” values indicate greater looking at distracters than at targets in the portion of the trial before the
target word was spoken (an expected result on scene trials, which had three distracters for each target).
Significant positive “phase of trial” values indicate greater looking at the target after the parent said the target
word than before. Random-effect estimates for subjects and items (not shown) were included in all models.
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