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By two years of age, toddlers are adept at recruiting social, observational, and linguistic cues
to discover the meanings of words. Here, we ask how they fare in impoverished contexts in
which linguistic cues are provided, but no social or visual information is available. Novel
verbs are presented in a stream of syntactically informative sentences, but the sentences

are not embedded in a social context, and no visual access to the verb’s referent is provided
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until the test phase. The results provide insight into how toddlers may benefit from over-
hearing contexts in which they are not directly attending to the ambient speech, and in
which no conversational context, visual referent, or child-directed conversation is available.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Learning new words is a critical task of early childhood.
It is typically thought of as a social process in which the
child apprehends the intentions of an interlocutor and/or
engages in joint attention with the interlocutor to the
word’s referent (e.g., Baldwin, 1993; Baldwin & Moses,
2001; Roseberry, Hirsh-Pasek, Parish-Morris, & Golinkoff,
2009; Tomasello, 2000; Tomasello & Barton, 1994; Toma-
sello & Farrar, 1986). But many potential learning
situations do not present such rich social or visual informa-
tion. Imagine a toddler playing quietly in the living room
while her parents talk in the kitchen. The toddler may
overhear many words for which she does not have mean-
ings, but in this situation she lacks visual access to the ref-
erents of those words, and the speech she is hearing is not
child-directed and is not embedded in a child-centered
conversation or interaction. Can toddlers benefit from such
socially impoverished learning situations by positing at
least basic meanings for some of the new words they hear?
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Recent studies have begun to address this question by
closing in on the kinds of information, at a minimum, that
toddlers require to establish a new word’s meaning. For
example, by age two, toddlers can acquire the meaning of
a novel noun by watching two adults interact with and talk
about its referent, even if they are not directly spoken to
and do not themselves interact with the object (e.g., Akh-
tar, Jipson, & Callanan, 2001; Gampe, Liebal, & Tomasello,
2012; O’Doherty et al., 2011; Scofield, Williams, & Behrend,
2007; Shneidman, Buresh, Shimpi, Knight-Schwarz, &
Woodward, 2009). They can also acquire novel nouns
introduced in adult-directed speech rather than child-di-
rected speech (Ma, Golinkoff, Houston, & Hirsh-Pasek,
2011).

For verbs, too, there is evidence of learning in the ab-
sence of joint attention. Shown a videotaped interaction
between two adults who are animatedly engaged in con-
versation, and using a novel verb in informative linguistic
contexts, toddlers can assign the verb a broad meaning,
even though the event it describes is not visually available
(e.g., Arunachalam, Escovar, Hansen, & Waxman, 2012;
Arunachalam & Waxman, 2010; Scott & Fisher, 2009; Yuan
& Fisher, 2009). The critical information provided to tod-
dlers in these studies is syntactic. Toddlers hear the novel
verb in syntactic contexts that provide information about
the verb’s meaning, and can use this information to set
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down a basic lexical representation for the verb, an ability
known as syntactic bootstrapping (Gleitman, 1990; Landau
& Gleitman, 1988). In Arunachalam and Waxman (2010),
for example (following on results from Naigles, 1990; see
also Hirsh-Pasek, Golinkoff, & Naigles (1996)), toddlers
heard adults conversing using novel verbs in either transi-
tive sentences (e.g., The girl lorped the boy) or intransitive
sentences (e.g., The girl and the boy lorped). These two sen-
tence types describe fundamentally different kinds of rela-
tions between the event participants: transitive verbs
typically describe causative events, in which one actor acts
on another (e.g., a girl pushes a boy), and intransitive verbs
typically describe non-causative events (e.g., a girl and a
boy wave). Even though in Arunachalam & Waxman'’s task
toddlers were only overhearing this syntactic information,
and were not ostensibly shown the verb’s referent, they
nevertheless mapped novel transitive verbs, but not
intransitive verbs, to causative events.

But is social context, such as an animated conversation
between two adults, required to trigger toddlers’ abilities to
use linguistic context to acquire verb meanings? For some
other kinds of learning from auditory stimuli, social con-
text is not required. Statistical learning studies demon-
strate that even young infants can glean patterns from
auditory input presented in socially impoverished contexts
in which the infant hears ambient auditory streams (e.g.,
Saffran et al., 1996; Marcus et al., 1999). However, these
patterns are devoid of meaning. Identifying coherent forms
from an auditory stream may differ fundamentally from
assigning those forms a referential meaning (Naigles,
2002), with the latter requiring social context. In fact, tod-
dlers have difficulty assigning meaning to isolated word
forms if they do not perceive them as referential (Fennell
& Waxman, 2010).

Nevertheless, we suggest that assigning basic aspects of
meaning from syntactic cues is different from other refer-
ential mapping tasks, and that it does not require social
context. Because syntactic cues convey aspects of meaning
in themselves without identification of a specific visual ref-
erent in the world, cues available in social interaction, such
as eye gaze, may not be necessary. In fact, we hypothesize
that the socially impoverished conditions typically used in
statistical learning studies will be sufficient. After all, syn-
tax provides distributional information about where differ-
ent kinds of words can and cannot appear in a sentence,
and it stands to reason that humans’ skills at discerning
patterns in auditory input will serve them well in discern-
ing that an unfamiliar transitive verb is both preceded and
followed by a noun phrase. Syntactic information may thus
provide a different inroad to acquisition, one that does not
require the rich social contexts that other kinds of mapping
tasks do.

Therefore, in the current study we asked whether
toddlers could acquire the meaning of a novel verb from
severely socially impoverished situations: we did not pro-
vide child-directed speech, conversational context, interac-
tion with or eavesdropping on people speaking (neither
live nor videotaped), or visual access to the event the verb
describes. The only information provided was linguistic:
toddlers heard the novel verbs in informative sentences
(either transitive or intransitive). These sentences were

presented in a maximally non-social context: they were re-
corded in adult-directed speech and were not embedded in
a discourse, and streamed ambiently from a speaker while
the child engaged in an unrelated activity (Lany & Saffran,
2011). At test, the toddlers saw two candidate referents for
the novel verb: a causative event and a synchronous event,
and were asked, e.g., “Find lorping.” Our goal was to deter-
mine whether toddlers, on hearing the transitive or intran-
sitive sentences, could use their syntactic content alone to
map the novel verbs to meaning, even though no social or
visual information was available.

2. Methods
2.1. Participants

Forty typically-developing toddlers (age range: 25.0-
29.9 months, mean: 27.2) were included in the final sam-
ple. All were recruited from Boston, MA and surrounding
communities, and were acquiring English as their native
language, hearing other languages less than 30% of the
time. Caregivers completed the MacArthur-Bates Commu-
nicative Development Inventory Short Form Level Il A
(Fenson et al., 2000). Toddlers’ production vocabulary
ranged from 38 to 100 words (mean 75 words) and did
not differ between conditions. An additional eight toddlers
were excluded from analysis due to inattentiveness and
one due to parental interference.

2.2. Materials

Participants participated in four trials, each consisting
of a Familiarization and a Test phase.

2.2.1. Visual stimuli

During Familiarization, the visual stimuli consisted of
animated shapes moving silently on the screen, and during
Test, they consisted of digitized video recordings of live ac-
tors performing actions.

2.2.2. Auditory stimuli

During Familiarization, the auditory stimuli consisted of
27 sentences playing from the monitor’s speakers. These
sentences were produced by a female native speaker of
American English with list-reading prosody, and included
a variety of noun phrase participants in the verb’s argu-
ment positions as well as a variety of tenses. The stream
played as a series of unconnected sentences with approxi-
mately 1s between them. Speech was recorded in a
sound-attenuated booth. During Test, toddlers heard two
attention-getting phrases (Look! Wow!) and the test query
(e.g., Where’s lorping? Find lorping!), also recorded by a fe-
male native speaker of American English in a sound-atten-
uated booth, and synched with the visual stimuli.

2.3. Apparatus and procedure

Toddlers played with toys while the caregiver signed a
consent form and completed the MacArthur-Bates check-
list. The toddler and caregiver were then brought into the
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testing room, where the toddler sat in a car seat, 20 in from
a widescreen (24-in.) corneal reflection eye-tracker
monitor (Tobii T60XL), which records gaze at a rate of
60 frames/s. The caregiver sat behind the toddler and was
instructed not to speak during the session.

Toddlers first participated in two warm-up trials in
which they viewed silent videos of familiar characters
(e.g., ElImo and Big Bird) and were asked, e.g., “Where’s
Big Bird?” These trials were designed to accustom toddlers
to seeing two different scenes simultaneously and to being
asked a question that should draw their attention to one of
them. No novel words were introduced during the warm-
up trials.

Next, toddlers participated in four test trials. Each fea-
tured a different novel verb, and comprised a Familiariza-
tion Phase and a Test Phase. In the Familiarization Phase,
toddlers heard a stream of either transitive or intransitive
sentences, depending on their random assignment to
condition (see Fig. 1). While the sentences played, toddlers
viewed a silent animation of colored shapes moving on the
screen, or, if they appeared uninterested in the animation,
they were given a shape sorter to play with during this
time. (Toddlers played primarily with the toy and ignored
the animation on 8% of trials; performance on these trials
did not differ from those on which toddlers looked at the
animation.) Toddlers were encouraged to remain quiet
but their attention was not explicitly directed to the ambi-
ent sentences.

During the Test Phase, two videos were presented
simultaneously, side-by-side, of actors performing actions.
One depicted two actors engaged in a causative action (e.g.,
boy spins girl), and the other depicted the same two actors
engaged in synchronous actions (e.g., boy and girl each
wave). The Test Phase included three subphases. First
was Baseline, a 24 s inspection period during which
toddlers heard “Look! Wow!” and had an opportunity to
inspect the test scenes, both of which were novel to them.'
Second was Central Fixation, during which the scenes disap-
peared, a yellow star appeared in the center of the screen,
and toddlers heard a test query containing the novel verb,
e.g., “Where’s lorping? Finally, during Response, the two test
scenes reappeared for 24 s, and the test query was repeated:
“Do you see lorping? Find lorping!” Crucially, the test query
provided no information that could help toddlers distinguish
the two scenes; to succeed, they had to rely on the sentences
they had heard earlier. Toddlers’ eye gaze was recorded and
provided an indication of their interpretation of the novel
verb.

2.4. Analysis

If toddlers gleaned the novel verb’s syntactic properties
from the stream of sentences they heard, despite the
impoverished social context, then at Test, those who had

! This period also allowed us to determine whether toddlers showed a
preference for one of the scenes before any novel words were introduced.
They did not: In the Intransitive condition they looked to the causative
action scene 46% of the time and the synchronous action scene 47% of the
time, and in the Transitive condition they looked to the causative action
scene 44% of the time and the synchronous action scene 50% of the time.

heard transitive sentences should prefer the causative
event compared to those who had heard intransitive sen-
tences. Our analysis therefore asks if there is a difference
between the syntactic conditions in looking to the causa-
tive scene during the Response window.? However, because
these are novel verbs that the toddlers are still in the process
of acquiring, we do not expect this difference between
conditions to arise immediately after the test query.
Although toddlers look to targets remarkably quickly when
familiar words are queried (Swingley, Pinto, & Fernald,
1999), for novel words, and particularly novel verbs, tod-
dlers require longer. Using a very similar paradigm to the
current study, Arunachalam et al. (2012) found that
21-month-olds required approximately 1.5 s from the onset
of the response window to show a difference between con-
ditions in a novel verb learning task. Anticipating slightly
faster processing in 27-month-olds than their younger coun-
terparts (e.g., Fernald, Pinto, Swingley, Weinberg, & McRo-
berts, 1998), we expected a difference between conditions
to emerge after 1 s. We therefore divided the analysis win-
dow into two time periods: 0-1 s, during which we expect
no difference between conditions, and 1-2.5 s.

For each toddler on each trial, we calculated the propor-
tion of frames on which toddlers looked to the causative
scene out of all frames excluding track loss (that is, includ-
ing looks to locations other than either test scene). We
then aggregated the proportion data into 50 ms bins
(because of the non-independence of gaze direction on
consecutive frames, see Barr, 2008), transformed the bin-
ned data using an empirical-logit function (Barr, 2008),
and fit the transformed data using a multilevel logistic
regression model. We included three fixed effects: Syntac-
tic Condition (Transitive vs. Intransitive), Time (binned at
50 ms), and Time Window (0-1s, 1-2.5s). Critically, we
are interested in the interaction between Condition and
Time Window, predicting that toddlers in the Transitive
condition will be more likely to look to the causative scene
in the 1-2.5s window than those in the Intransitive
condition.

3. Results

As predicted, within 1 s of the onset of the test scenes,
looking patterns in the two conditions diverged (Fig. 2).
In the window from 1 to 2.5 s after test onset, toddlers in
the Transitive condition preferred the causative event
(mean proportion of looks to the causative scene = 0.59,
SD = 0.20) compared to those in the Intransitive condition
(mean looks = 0.44, SD = 0.23) (Cohen’s d = 0.70). The mul-
tilevel logistic regression analysis supports this interpreta-
tion. The critical interaction term (Condition x Time
Window) reveals that the odds of looking to the causative
scene from 1 to 2.5 s are 2.4 times (0.87 logits) higher for

2 Though the Response window lasted 24 s, this length is an artifact of a
different experimental procedure in which toddlers were asked to point to
the screen at test, and were given ample time to do so. The same timing was
maintained in this study so that, in principle, data from the two paradigms
could be compared. In the current study, we only analyze data from the first
few seconds, as is typical for eye-tracking studies with toddlers (see, e.g.,
Fernald, Zangl, Portillo, & Marchman, 2008).
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TEST

FAMILIARIZATION

BASELINE

CENTRAL

STAR RESPONSE

(toddler watches an irrelevant
animation or plays quietly with a
shape sorter)

Causative Synchronous

Causative Synchronous

W | 4

Transitive condition

The girl wants to lorp the
teacher. Mommy lorped the
train. ...

Intransitive condition

The girl and the teacher want
to lorp. Mommy and the train
lorped. ...

Look! Wow!

Where’s

lorping? Find lorping!

Fig. 1. Representative set of stimuli from one trial (of four). Toddlers viewed the dynamic video scenes on an eye-tracker monitor. The only difference
between conditions is whether toddlers heard transitive or intransitive sentences during Familiarization.

toddlers in the Transitive than the Intransitive condition.
The beta coefficients are reported in Table 1.

4. Discussion

These results reveal that neither observational nor so-
cial information is required for toddlers to posit a basic
representation for a novel verb. For verbs, at least, rich
linguistic information alone can be sufficient for acquiring
at least some aspects of meaning. Of course we do not
claim that toddlers do not use observational and social
information to acquire the meanings of words when they

1.0 q

— Transitive
0.9 1

— Intransitive
0.8
0.7
0.6
0.5
0.4 1
0.3

0.2 4

Proportion of looks to the Causative scene

0.1 1

0.0 1 T T T T T T T T
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25

Time, sec, from onset of Response window

Fig. 2. Toddlers’ looks to the causative scene over time from the onset of
the Response window after the test query (e.g., Where's lorping?),
separated by condition. As predicted, toddlers in the Transitive condition
reliably preferred the causative scene compared to those in the Intran-
sitive condition from 1 to 2.5 s from Response onset.

are available. It is well documented that toddlers recruit
and integrate information from multiple sources, including
visual, social, and linguistic, to discover word meanings,
including verb meanings (e.g., Bloom, 2000; Hollich et al.,
2000). Rather, we argue that when these sources of informa-
tion are absent, toddlers nevertheless posit rudimentary
word meanings that can be built upon in future encounters.

Our results therefore provide insight into how toddlers
may be able to benefit from overhearing contexts in which
they are not directly attending to the ambient speech, and
in which no visual referent, discourse context, or child-direc-
ted conversation is available. Puzzlingly, however, several
naturalistic studies have found that the amount of speech
toddlers overhear does not predict their vocabulary size,
while amount of speech directed to the toddler does
(Shneidman & Goldin-Meadow, 2012; Shneidman, Arroyo,
Levine, & Goldin-Meadow, 2012; Weisleder & Fernald, in
press). This suggests that toddlers may not be using their
experimentally demonstrated abilities to benefit from over-
hearing in daily life. Why might this be? Shneidman et al.
(2012) suggest that in experimental studies, toddlers’ focus
of attention is quite restricted compared to naturalistic
home settings, and that therefore toddlers were able to focus
on the overheard speech. However, the current study differs
in that toddlers’ attention was divided; unlike previous
experimental studies in which toddlers have watched and

Table 1
Fixed effects from multi-level logistic regression model of proportion of
time spent looking at causative scene (empirical logit transformed).

Effect Estimate S.E. t-Value
Subject (Intercept) -2.28 0.14 -16.16
Syntactic condition (Trans vs. Intrans) 0.02 0.20 0.11
Time (in 50 ms bins) 0.15 0.15 0.98
Time window (0-1s vs. 1-2.5s) 1.68 0.11 14.76
Condition x time window interaction 0.87 0.21 425

* p<0.05 (on normal distribution).
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overheard an interaction in which adults were labeling a no-
vel object (e.g., Akhtar et al, 2001; Gampe et al., 2012;
O’Doherty et al., 2011; Scofield et al., 2007; Shneidman
et al,, 2009), here toddlers were presented with auditory
information while watching an unrelated animation or play-
ing with a toy. The attention hypothesis therefore would not
appear to capture toddlers’ success in our study.

Alternatively, it could be that toddlers in our study suc-
ceeded because we provided many (27) exposures to the
novel verbs in informative sentence contexts in a concen-
trated time window. Even still, however, that they suc-
ceeded despite their divided attention indicates strong
abilities to extract meanings, and not just word forms,
from the ambient speech stream. Another possibility is
that for some kinds of words, like verbs, for which syntac-
tic information is particularly useful, overhearing may be
more successful than for the nouns that make up a larger
part of toddlers’ early vocabularies. Such subtle advantages
for verbs may not have manifested in large naturalistic
studies. Future studies must bridge the gap between natu-
ralistic and experimental findings by understanding how
toddlers acquire the meaning of any given word from nat-
uralistic overheard input.
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