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Acquisition of Verb Meaning From
Syntactic Distribution in Preschoolers
With Autism Spectrum Disorder

Sabrina Horvath,? Elizabeth McDermott,?
Kathleen Reilly,” and Sudha Arunachalam?®

Purpose: Our goal was to investigate whether preschool
children with autism spectrum disorder (ASD) can begin

to learn new word meanings by attending to the linguistic
contexts in which they occur, even in the absence of visual
or social context. We focused on verbs because of their
importance for subsequent language development.
Method: Thirty-two children with ASD, ages 2;1-4;5 (years;
months), participated in a verb-learning task. In a between-
subjects design, they were randomly assigned to hear novel
verbs in either transitive or intransitive syntactic frames while
watching an unrelated silent animation or playing quietly
with a toy. In an eye-tracking test, they viewed two video
scenes, one depicting a causative event (e.g., boy spinning
girl) and the other depicting synchronous events (e.g., boy

and girl waving). They were prompted to find the referents
of the novel verbs, and their eye gaze was measured.
Results: Like typically developing children in prior work,
children with ASD who had heard the verbs in transitive
syntactic frames preferred to look to the causative scene
as compared to children who had heard intransitive frames.
Conclusions: This finding replicates and extends prior work
on verb learning in children with ASD by demonstrating that
they can attend to a novel verb’s syntactic distribution absent
relevant visual or social context, and they can use this
information to assign the novel verb an appropriate meaning.
We discuss points for future research, including examining
individual differences that may impact success and contrasting
social and nonsocial word-learning tasks directly.

any children with autism spectrum disorder
M (ASD) have impairments in language ability that

affect lexical knowledge, including receptive
vocabulary (e.g., Charman, Drew, Baird, & Baird, 2003;
Ellis Weismer, Lord, & Esler, 2010; Kover, McDuffie,
Hagerman, & Abbeduto, 2013; Luyster, Kadlec, Carter, &
Tager-Flusberg, 2008; Miniscalco, Franberg, Schachinger-
Lorentzon, & Gillberg, 2012; Mitchell et al., 2006). Recep-
tive vocabulary is a prerequisite for other aspects of language
learning, impacting acquisition of grammar (E. Bates &
Goodman, 1999; Marchman & Fernald, 2008) and literacy
(Scarborough, 2001). Furthermore, receptive vocabulary in
toddlerhood is a predictor of long-term outcomes for children
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with ASD (e.g., Hudry et al., 2014; Sigman et al., 1999;
Venter, Lord, & Schopler, 1992). Therefore, in the current
study, we focus on mechanisms underlying the ability to
acquire new receptive vocabulary in ASD.

It is likely that the difficulty children with ASD have
in acquiring new words is principally related to word mean-
ing rather than word form (e.g., Naigles & Tek, 2017,
Norbury, Griffiths, & Nation, 2010). Typically develop-
ing children can use a speaker’s social communicative
intent in order to infer word meaning, but social cognition
is a known area of difficulty in ASD (e.g., Baron-Cohen,
Baldwin, & Crowson, 1997; Charman, 2003; Warreyn,
Roeyers, Wetswinkel, & de Groote, 2007). For example,
children with ASD, as compared to language-matched typi-
cally developing children, have difficulty in using cues such
as the speaker’s direction of gaze or pointing to infer the
meaning of a novel word (e.g., Baron-Cohen et al., 1997;
Norbury et al., 2010; Parish-Morris, Hennon, Hirsh-Pasek,
Golinkoff, & Tager-Flusberg, 2007; Preissler & Carey, 2005).
However, children with ASD do have relative strengths
in acquiring aspects of linguistic form (e.g., Norbury et al.,
2010), which we suggest may, in some cases, help them
acquire meaning, particularly if social communicative
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demands are minimized. We explore this possibility in the
current study.

One demonstrated ability in children with ASD is the
use of statistical or distributional learning—that is, learning
by extracting patterns or regularities from the input. (Note
that the terms statistical learning and distributional learning
are often used interchangeably in literature. We hereafter
use the term distributional learning for simplification.) Chil-
dren with ASD have been shown to be able to use distribu-
tional learning to identify word forms from a speech stream
(although they may require more exposure than typically
developing children; see Kover, 2018, for discussion of the
limited research on children with both ASD and intellectual
disability; e.g., Eigsti & Mayo, 2011; Foti, De Crescenzo,
Vivanti, Menghini, & Vicari, 2015; Mayo & Eigsti, 2012;
Obeid, Brooks, Powers, Gillespie-Lynch, & Lum, 2016).

In these studies, children with ASD were presented with a
stream of speech in which some syllables co-occurred more
often than others, and they successfully identified the ones
with high co-occurrence as coherent units or words. However,
extracting a linguistic form is but one part of word learning:
In order to learn a word, children must pair forms they
identify with meaning. Graf Estes, Evans, Alibali, and Saffran
(2007) found that typically developing 17-month-olds could
map the “words” they had segmented from the speech
stream to novel objects (see also Lany & Saffran, 2010).
More recently, Haebig, Saffran, and Ellis Weismer (2017)
found that school-age children with ASD, too, can map
newly segmented word forms to meaning.

A common mechanism believed to be at play for verb
learning in particular—syntactic bootstrapping—is at base
a kind of distributional learning, coupled with a link from
form to meaning (Gleitman, 1990). We are particularly inter-
ested in children’s verb acquisition abilities because verb
vocabulary is a stronger predictor of later outcomes than the
better studied noun vocabulary (e.g., Hadley, Rispoli, & Hsu,
2016). In syntactic bootstrapping, learners extract distribu-
tional information about a verb’s linguistic environment—
that is, the distribution of elements within the sentence with
respect to each other, such as whether a word is followed
by a noun phrase (e.g., John ate cookies) or a prepositional
phrase (e.g., John ran to the store). This information con-
strains the learner’s hypothesis space about the verb’s mean-
ing; a verb followed by a noun phrase in object position is
more likely to label an event involving two event participants,
in which an agent acts on a patient, than a verb followed
by a prepositional phrase, which is likely to label an event
involving one event participant acting alone. This kind of
learning differs from the tasks previously described in that
the information extracted from these patterns is not about
a word’s phonological form but rather its grammatical cate-
gory and syntactic distribution. In order to make use of this
information to identify the verb’s meaning, children must
have knowledge about syntax—semantics links, such as rela-
tionships between syntactic positions (e.g., subject, object)
and semantic roles (e.g., agent, patient).

By 1.5-2 years of age, typically developing children
use syntactic bootstrapping to infer a novel verb’s broad

category of meaning (Arunachalam, Escovar, Hansen, &
Waxman, 2013; Fisher, 1996, 2002; Messenger, Yuan,

& Fisher, 2015; Naigles, 1990; Naigles & Kako, 1993;
Yuan & Fisher, 2009). In Naigles’s (1990) classic study,
children were presented with a scene of two actors simulta-
neously engaged in both a causative event (e.g., duck
bends a bunny at the waist) and synchronous, noncausa-
tive events (e.g., duck and bunny both flex their arms).
Concurrently, they heard a novel verb in an informative
syntactic frame (e.g., “Look! The duck is gorping the bunny,”
Naigles, 1990, p. 363). At test, they saw the causative and
synchronous events pulled apart, side by side, and were
asked to find “gorping.” Children succeeded, preferring the
causative scene if they had heard the verb used transitively
as compared to if they had heard it used intransitively.

Children with ASD, too, can engage in syntactic
bootstrapping (Naigles, Kelty, Jaffery, & Fein, 2011;
Shulman & Guberman, 2007). Like the typically develop-
ing 2-year-olds in Naigles (1990), 5-year-old Hebrew-
acquiring children with ASD (Shulman & Guberman, 2007)
and 3-year-old English-acquiring children with ASD (Naigles
et al., 2011) mapped novel verbs occurring in transitive
frames to causative events, indicating that they used the
verb’s syntactic frame to infer that the verb labeled the
event in which an agent acted on a patient.

In the task used in these two studies, like the original
Naigles (1990) study, children were simultaneously pre-
sented with both linguistic information (form) and candi-
date event referent (meaning), making this task different
from ones like Graf Estes et al. (2007), in which children
had to first extract a form using distributional information
alone, maintain this linguistic representation, and subsequently
map it to meaning. This kind of dissociation between dis-
tributional information and referential meaning is by now
also well studied in the context of syntactic bootstrapping
in typically developing children. Yuan and Fisher (2009)
developed a clever paradigm in which children heard novel
verbs in informative syntactic contexts (e.g., transitive
frames) in the context of a conversation between two actors.
During this period of familiarization to the linguistic con-
text, children did not have access to a candidate referent
event; they simply watched the actors converse. Only after-
ward, at test, did children see causative and noncausative
events and were asked to identify the novel verb’s referent.
Here, too, children succeeded.

In a variant on this paradigm, which we adapt for
the current study, Arunachalam (2013) asked if typically
developing children could succeed with even fewer social
communicative cues than were present in Yuan and Fisher
(2009). Instead of being presented in a conversation, the
linguistic information was presented in a situation similar
to some distributional learning studies of word segmentation
(e.g., Graf Estes et al., 2007; Lany & Saffran, 2010)—as a
stream of sentences that played as ambient noise while the
child played with toys or watched an unrelated silent anima-
tion. There was no indication that the sentences were being
spoken to the child or to anyone else, and the sentences
were presented in a list, as a disconnected series of sentences
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rather than as part of a conversation or narrative. There-
fore, there was not a clear indication that the novel verbs
were relevant to the child or needed to be attended to or
remembered. Nevertheless, typically developing children
ages 2;1 to 2;5 (years;months) learned the novel verbs.
At test, those who had heard transitive frames preferred
the causative event as compared to those who had heard
intransitive frames.

For children with ASD, this kind of ambient presen-
tation of linguistic information might be particularly helpful,
at least for helping them form an initial representation for
the new word. After all, given relative strengths with word
forms over word meanings (e.g., Norbury et al., 2010),
extracting distributional information about the novel word
form may be the easy part of word learning for them, and
it is possible that the opportunity to do so without simulta-
neously having to attend to visual or social information
might enhance their learning, as some scholars have argued
that integrating multiple kinds of information is particularly
challenging for children with ASD (e.g., Foxe et al., 2013;
Happé & Frith, 2006; Stevenson et al., 2014). On the other
hand, we might predict that children with ASD would pro-
cess the phonological information as they have done in prior
distributional learning studies (e.g., Eigsti & Mayo, 2011;
Foti et al., 2015; Mayo & Eigsti, 2012; Obeid et al., 2016)
but fail to store the verb’s syntactic distribution or make
the leap to imbuing it with meaning. After all, meaning
has a communicative importance that form alone does not.
Because the learning situation is not overtly communicative,
a new lexical representation may simply not be “worth”
forming; children with ASD may instead require a combi-
nation of linguistic, visual, and social cues to prompt a
transition from form to meaning.

In the current study, we adapted Arunachalam (2013)
paradigm to test whether preschool children with ASD
(mean age = 3;3) can infer a verb’s meaning after hearing it
in a stream of transitive or intransitive sentences. We expand
on prior syntactic bootstrapping work in ASD in several
ways. First, unlike prior work with typically developing
children, Naigles et al. (2011) only tested children with
ASD in a transitive syntactic condition (e.g., “The boy is
mooping the girl”). We instead follow on numerous prior
studies with typically developing children (beginning with
Naigles, 1990), which used a between-subjects design and
randomly assigned children to either a transitive condition
or an intransitive condition (e.g., “The boy and the girl are
mooping”). Because the intransitive sentence can refer to
either a causative event or synchronous events (Arunachalam,
Syrett, & Chen, 2016; Naigles & Kako, 1993), the intransitive
condition serves as a control against which we compare
performance in the transitive condition.! Shulman and

! Although we generally think it is ideal to use within-subject manipulations
with clinical populations to permit detailed analyses of individual
differences, we adopt the standard between-subjects design for this
paradigm because of concerns that exposure to one condition would
affect performance in the other. See our discussion of the potential
impact of this design choice in Arunachalam, Syrett, and Chen (2016).

Guberman (2007) included both transitive and intransitive
conditions, but their study involved children who were
quite a bit older (mean age = 5;7), and furthermore, they
were acquiring Hebrew, whose syntactic properties differ
from English in important ways, making comparison diffi-
cult. Shulman and Guberman also used pointing as a mea-
sure of learning rather than the eye gaze measures that are
more typical of syntactic bootstrapping studies both with
typically developing children and children with ASD. We
believe that eye-tracking methods are particularly well suited
to young children with ASD, as they do not require children
to point, vocalize, or carry out actions and therefore may
reveal receptive abilities that are otherwise masked (e.g.,
Naigles & Fein, 2016).

Finally, following Arunachalam (2013) work with
typically developing children, we presented the linguistic
familiarization in as nonsocial a way as possible, as a stream
of unrelated sentences containing the novel verb, in the
absence of relevant visual information. This allowed us to
examine the following issue: Can children with ASD use
representations of linguistic form built from this input as
a basis for acquisition of verb meaning? If not, this would
suggest that they require an overt, ostensive labeling situa-
tion with both visual and communicative context in order
to transition from form to meaning.

Method
Participants

Thirty-four children (4 girls, 30 boys) recruited from
the greater Boston area were included in the final sample,
with an average age of 3;3 (ranging 2;1-4;5, SD = 7 months).
Per parent report, all were monolingual English language
learners (hearing no more than 20% of another language)
with no history of hearing loss. All parents reported that
their child had a diagnosis of ASD, autism, or pervasive
developmental disorder-not otherwise specified. Given the
young age of the children, we did not distinguish among
these diagnoses, but we confirmed diagnosis in the lab for
all but two children using the Autism Diagnostic Observa-
tion Schedule-Second Edition (ADOS-2; Lord et al., 2012)
or ADOS-Toddler Module (Luyster et al., 2009), depen-
ding on age, either as part of this study’s protocol or within
12 months as part of a related project. ADOS-2 testing for
23 of the children was conducted by the third author, a
clinician who has received ADOS-2 training and provided
a confirmatory diagnosis in conjunction with her expert
clinical judgment (most of these children were referred to
us by her and received their initial diagnosis from her inter-
disciplinary team). Testing for nine of the children was
conducted by a research-reliable examiner. The remaining
two children had a parent-reported diagnosis of ASD but
did not participate in confirmatory testing due to scheduling
difficulties. These two children’s scores on the Social Com-
munication Questionnaire (SCQ; Rutter, Bailey, & Lord,
2003) were both above the cutoff of 15 (21 and 23), indicat-
ing that they met criterion; however, the SCQ was designed
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for slightly older children, and although sensitivity is high
for children in our age range, specificity is relatively lower
(Allen, Silove, Williams, & Hutchins, 2007).

Most of the children (n = 25) were enrolled in applied
behavior analysis (ABA), speech therapy, and/or early inter-
vention at the time of participation; 12 were additionally
enrolled in physical therapy and/or occupational therapy.
Eight families did not provide information regarding their
child’s therapy history. The children were predominantly
White (n = 24); the remaining children were African American
(n = 4), Asian (n = 1), or multiracial (n = 5); in addition,
one child was identified as Hispanic. The majority of mothers
(n =20) had a college degree or more advanced degree;
of the remaining mothers, four had a high school diploma,
six had an associate degree, two had some college, and two
families did not provide information regarding maternal
education.

Parents completed the MacArthur-Bates Communica-
tive Development Inventories—Short Forms, Level 2 (CDI 2;
designed for typically developing children ages 1;4-2;6)
and Level 3 (CDI 3; designed for typically developing chil-
dren ages 2;6-3;1; Fenson et al., 2007). The CDI 2 and
CDI 3 checklists provided information about children’s
expressive vocabularies. Four children in the final sample
had incomplete CDI data (one missing CDI 2, two missing
CDI 3, and one missing both). On average, children were
reported by their parents to produce 50 of the 100 words on
the CDI 2 (ranging 0-100, SD = 32) and 26 of the 100 words
on the CDI 3 (ranging 0-91, SD = 28). We also adminis-
tered the Visual Reception, Receptive Language, and
Expressive Language subscales of the Mullen Scales of
Early Learning (MSEL; Mullen, 1995). Three children
did not participate in any MSEL testing, and a further
two only completed two of the three subtests. Of those
who participated, 69% had ¢ scores more than 1 SD below
the mean for their chronological age on the Receptive
Language subscale, and 76% had ¢ scores more than 1 SD
below the mean for their chronological age on the Expres-
sive Language subscale. This indicates that the majority
of participants in our study were delayed in their language
development. The mean raw score on the Receptive Lan-
guage subscale was 26.9 (range 11-40, SD = 8), corre-
sponding to an age equivalent of 2;4. Mean raw score on
the Expressive Language subscale was 24.0 (range 1040,
SD = 8), corresponding to an age equivalent of 2;2. Mean
raw score on the Visual Reception subscale was 30.3
(range 12-45, SD = 7), corresponding to an age equiva-
lent of 2;5. Taken together, these assessments indicate
that the participants in our sample have a language level
comparable to a 2-year-old child, consistent with many
prior studies of syntactic bootstrapping with typically de-
veloping toddlers (e.g., Naigles, 1990, who included par-
ticipants with a mean age of 2;1). Participants’ language
levels are also comparable to or slightly below those of
the typically developing children tested in the same para-
digm in Arunachalam (2013), who had an average chrono-
logical age of 2;3 and were reported to produce an average
of 75 words on the CDI 2.

Participants were randomly assigned to one of two
conditions in a between-subjects design: transitive (n = 17)
or intransitive (n = 17). This between-subjects design is con-
sistent with Arunachalam (2013), as well as prior syntactic
bootstrapping studies with typically developing children (e.g.,
Naigles, 1990; Naigles & Kako, 1993). The two condi-
tions were identical except for the syntactic frame in which
novel verbs were presented during the familiarization phase
(see below). There were no differences between the condi-
tions with respect to children’s average age, the proportion
of the group that was male, or in average SCQ raw scores,
average CDI 2 raw scores, or average CDI 3 raw scores.
In addition, there were no group differences in the aver-
age raw score on any of the three MSEL subscales (Visual
Reception, Receptive Language, or Expressive Language)
or in the proportion of the group with a 7 score of more
than 1 SD below the mean for any of the subscales (see
Table 1).

An additional four participants were excluded from
analysis, two because they chose not to watch any of the
study videos and the other two (one assigned to the transi-
tive and the other to the intransitive condition) because
of high levels of track loss on every trial (see below).

Apparatus and Materials

Apparatus

Videos were displayed on a Tobii T60 XL 24-in.
corneal reflection eye-tracking monitor, which samples
gaze every 17 ms. Children were seated either in a car seat
approximately 20 in. from the monitor or in their parent’s
lap. If the latter, the parent wore a blindfold.

Stimuli

Each trial consisted of three phases: familiarization,
test, and generalization.

Visual stimuli. Visual stimuli during familiarization
consisted of animated images of colored shapes and lines that
were unrelated to the linguistic content of the experiment.

The test phase and generalization phase each featured
two scenes: One scene depicted a causative event (e.g., one
actor spinning the other by her shoulders), and the other
depicted synchronous (noncausative) events (e.g., two actors
waving hands in a clockwise motion). Two of the four trials
featured events with two human actors; the other two trials
featured events with one actor and one object. Actors
(and objects) were the same in both the causative and syn-
chronous scenes of a single trial but changed between the
test phase and the generalization phase of each trial. There
was no repetition of actors or objects across trials (see
Table 2).

Auditory stimuli. Auditory stimuli for this study were
produced by a female native American English speaker in
a sound-attenuated booth. For the familiarization phase,
auditory stimuli consisted of 27 sentences containing a
novel verb. Sentences were either consistently transitive (e.g.,
“Mommy biffed the train) or intransitive (e.g., “Mommy
and the train biffed”), corresponding to the child’s random
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Table 1. Comparison of demographics and SCQ, CDI 2, CDI 3, and MSEL scores in the two syntactic conditions.

Measure Transitive Intransitive Statistic p
Age M = 3;3 (years;months) M = 3;3 (years;months) t =-0.08 p=.93 ns
SD = 8 months SD = 7 months
n=17 n=17
Proportion male P=.94 P=.82 z=1.06 p =.28,ns
n=17 n=17
SCQ raw scores M=16.13 M = 16.06 t=0.03 p=.97,ns
SD =6.1 SD = 6.1
n=16 n=16
CDI 2 raw scores M =52.06 M = 48.31 t=0.32 p=.75ns
SD =31.0 SD =34.4
n=16 n=16
CDI 3 raw scores M = 25.62 M =277 t=-0.01 p =.99, ns
SD =28.3 SD =15
n=16 n=15
MSEL Visual Reception raw scores M =316 M =287 t=1.12 p=.27,ns
SD =91 SD =46
n=16 n=14
MSEL Visual Reception: Proportion with P =.63 P=.64 z=0.10 p=.92,ns
t scores more than 1 SD below the M n=16 n=14
MSEL Receptive Language raw scores M=273 M =26.5 t=0.25 p=.81,ns
SD =93 SD = 6.1
n=16 n=13
MSEL Receptive Language: Proportion with P=.63 P=.77 z=0.83 p = .40, ns
t scores more than 1 SD below the M n=16 n=13
MSEL Expressive Language raw scores M =241 M =23.6 t=0.15 p =.88,ns
SD =92 SD =8.1
n=15 n=14
MSEL Expressive Language: Proportion with P=.73 P=.79 z=0.32 p =.74,ns
t scores more than 1 SD below the M n=15 n=14

Note. SCQ = Social Communication Questionnaire; CDI 2 and CDI 3 = MacArthur-Bates Communicative Development Inventories—Short
Forms, Levels 2 and 3, respectively; MSEL = Mullen Scales of Early Learning; ns = not statistically significant.

assignment to condition. Sentences varied in the event par-
ticipants named as well as tense and aspect morphology.
The sentences were recorded in adult-directed speech with
list-reading prosody, because the goal was to minimize the
communicative relevance of the situation for the child as
much as possible. There was approximately 1 s between
sentences.

In the test and generalization phases, auditory stim-
uli consisted of attention-grabbing phrases (e.g., “Look!”)
as well as prompts intended to draw children’s attention to
the scene depicting the novel verb’s referent (e.g., “Where’s
biffing?”).

Procedure

This study was conducted as part of a larger two-visit
protocol in our laboratory. At the first visit, families were
first brought to a waiting room where children played with
experimenters and became comfortable in the lab. Parents
provided written consent on behalf of their child and com-
pleted paperwork (CDI 2, CDI 3, SCQ). Children and parents
were then escorted into the testing room, where children
watched the experimental videos on the eye-tracking monitor.
The procedure began with a 5-point calibration. Children
then saw two warm-up trials and four experimental trials.

Table 2. Description of visual scenes shown during the test phase of each trial.

Novel verb  Test phase Participants Causative action Synchronous action
Biff 1 Two girls One girl pulling the other by the arms Both girls bending at the knees,

2 Two (different) girls until bent in half at the waist simultaneously
Fez 1 Girl and large green ball Girl bouncing ball up and down, slowly  Girl, seated, and ball rocking side

2 (Different) girl and large to side

yellow ball

Lorp 1 Man and white box with lid Person opening box and peering inside  Person and box simultaneously

2 Girl and green box with lid slipping off of chair and onto floor
Moop 1 One boy and one girl One person turning the other around Both people waving their hands in

2 Two girls in a circle a circular motion
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After the study videos, children completed MSEL testing.
At the second visit, approximately 1 month later, children
saw an unrelated experimental video and participated in
ADOS testing to confirm diagnosis.

Warm-Up Trials

Children first participated in two warm-up trials. In
each, two animated videos played simultaneously on the screen
(e.g., a man eating a cookie, a man dancing). The experi-
menter prompted children to find one of the two scenes (e.g.,
“Do you see dancing? Find dancing!”). Children were en-
couraged to look at the screen but were not required to pro-
vide any gestural or verbal responses. The purpose of these
two trials was to introduce them to the task of seeing two
videos simultaneously while only one was labeled auditorily.

Experimental Trials

Children saw four experimental trials in one of two
orders (one the reverse of the other). Each consisted of
a familiarization phase, a test phase, and a generalization
phase (see Figure 1). The inclusion of the generalization
phase is the only design difference between Arunachalam
(2013) and this study; we included this to see whether

Figure 1. Schematic depiction of stimuli for one trial.

children could not only identify the meaning of the verb in
the test phase but also generalize its use to a new visual
scene (with different actors and objects) in the generaliza-
tion phase.

During familiarization (approximately 75 s for each
trial), children were introduced to a novel verb in either
transitive or intransitive sentences, depending on condition
assignment. Simultaneously, an unrelated silent visual ani-
mation of shapes and lines played on the eye-tracker monitor;
the animation was constant across conditions but differed
slightly on each trial. Because no distinguishable events
or event participants were displayed, the animation provided
no cues to support verb learning; children could only learn
from the auditory stimuli. Children were not required to
look at the screen during familiarization, and some instead
played quietly with small toys.

Next, in the test phase, which was identical across
conditions, children viewed two events side by side. The
test phase consisted of baseline, prompt, and response sub-
phases. During baseline (25 s), children viewed two candi-
date referent events for the novel verb; each event was
depicted in a separate scene, one on each side of the
monitor. Scenes were presented first individually (8 s each

Familiarization Phase

Test Phase Generalization Phase

Intransitive Condition
Mommy and the train
biffed. The cow and the
horse can biff. The girl and
her teacher were biffing...

Visual i
Stimuli B
.(Chi]d watches silcpt Synchronous ~ Causative Synchronous  Causative
animation or plays quictly) events event events event
Transitive Condition
Mommy biffed the train.
The cow can biff the horse.
The girl was biffing her
Auditory | teacher... o K se hiffing?
Stimuli Where’s biffing? Where’s biffing’

Baseline Prompt Response
8 seconds 8 seconds 8 seconds 2 seconds 16.5 seconds
Look! Wow! Where’s biffing? Find biffing!
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separated by a 0.5-s blank screen) and then simultaneously
side by side (8 s), so that children could examine each.
The scenes were accompanied by attention-getting language
(e.g., “Look!”) but no novel words. In the prompt subphase
(2 s), the two scenes disappeared, replaced by a fixation
star in the middle of the screen. Children were asked to
find the referent scene for the novel verb (e.g., “Where’s
biffing?”). In the response subphase (16.5 s), both scenes
again played simultaneously (two iterations of 8 s, sepa-
rated by a 0.5-s blank screen), and an additional prompt
was heard after 4 s had elapsed (e.g., “Find biffing!™).
Critically, the prompts heard in the test phase incorpo-
rated a neutral syntactic frame that provided no informa-
tion that could disambiguate between the two scenes; to
succeed, children had to rely on the representations for
the novel verbs that they had posited during the familiar-
ization phase.

The generalization phase (excluded from analysis,
for reasons described below) immediately followed the test
phase and was structured identically, except that the test
scenes differed slightly (different actors, different back-
grounds). The side of presentation (left or right) of the caus-
ative and synchronous scenes was held constant for the
entirety of the test phase (i.e., from the baseline to response
subphase within each trial) but counterbalanced across the
test and generalization phases and counterbalanced across
the four trials.

Analyses

The critical question to be addressed by our analyses
is the following: When children are asked, e.g., “Where’s
biffing?” after being familiarized to the novel verb, do chil-
dren who had heard the verb in transitive sentences look
more to the causative scene than those who had heard the
verb in intransitive sentences? Such a difference between
conditions would indicate that children’s interpretation of
the novel verbs is influenced by the linguistic information
they had previously heard.

We excluded trials on which children accumulated
50% or more track loss (e.g., blinks) during the first 6 s of
the response subphase. We used this criterion to exclude
children who were inattentive after the prompt. Two chil-
dren failed to contribute any trials given this criterion; they
were excluded from the sample altogether. The final sam-
ple of 34 children contributed three trials each on average
(range 1-4), and 23% of trials were excluded.

We applied this same criterion to the generalization
phase; this resulted in exclusion of 53% of trials. Six of our
34 participants contributed no trials to the generalization
phase, and the remaining 28 participants contributed an
average of two trials each. Following the same benchmark
as we did for individual trial exclusion, which required
50% of the data to be useable, we determined that we had
insufficient data for analysis of the generalization phase. In
reviewing videos of the sessions, it seemed to us that chil-
dren had simply lost interest in viewing such similar visual
scenes for such a long time. Therefore, we excluded the

generalization phase from analysis altogether and focused
our attention only on the response subphase of the test
phase.

In the response subphase, children are expected to
look toward the scene they think best depicts the novel verb
after being prompted to do so (e.g., “Where’s biffing?”—as
heard in the prompt subphase immediately before). Similar
verb learning studies have suggested that children will require
approximately 1 s from the onset of the response subphase
to settle on one scene. Therefore, following Arunachalam
(2013), we analyzed gaze during the first 3.5 s of the response
subphase, predicting no differences between conditions in
the first 1 s, but predicting a difference between conditions
to emerge in the 1- to 2.5-s window.

We tallied whether each child looked to the causative
scene (1) or elsewhere (0) at each frame (~1/60 s); looks to
neither scene and track loss (e.g., blinks) were included.”
Following a now-standard approach (Barr, 2008), we cal-
culated proportions of looking to the causative scene across
50-ms bins (each bin consisting of three frames), transformed
the binned data using an empirical logit function, and
entered the transformed data into a weighted mixed-effects
regression with maximum likelihood estimation using the
Ime4 package (Version 1.1-12; D. Bates, Maechler, Bolker,
& Walker, 2015) in R (Version 3.3.0; R Development Core
Team, 2014). (The empirical logit transform is thought to
be the most appropriate for proportion data in this kind of
statistical analysis; see Barr, 2008; Jaeger, 2008.) Following
Arunachalam (2013), we included random intercepts for
participant and trial® and fixed effects for time (in seconds),
condition (transitive, contrast coded as 0.5, or intransitive,
contrast coded as —0.5), time window (0-1 s, contrast coded
as —0.5, or 1-2.5 s, contrast coded as 0.5), and a Condition x
Time x Time Window interaction. Model comparison
was done using the dropl() function with chi-square tests
(each parameter is dropped from the model; if the model
is better fitting with the parameter than without, we infer
that the parameter contributes significantly to the model).
Given our prediction that a difference between conditions
would emerge in the second time window, the key question
was whether model comparison would show a significant

2Although some studies using similar paradigms (looking while
listening, Fernald, McRoberts, & Swingley, 2001; intermodal preferential
looking paradigm, Golinkoff, Hirsh-Pasek, Cauley, & Gordon, 1987)
exclude all looks that are not either the target or distractor, we included
these looks following research in the Visual World Paradigm tradition (see,
e.g., Barr, 2008), in part because we think these looks are informative—
particularly for children with ASD who may spend more time in off-task
gaze behavior, though they appear not to in our task—and in part
because we included a central fixation before the Response subphase,
meaning that excluding looks to neither scene would have led to a
substantial amount of missing data as children shifted their gaze from
the center to one of the scenes.

3We used these random effects to match our analyses to Arunachalam’s
(2013) study with typically developing children. Analyses with a richer
random-effects structure including a random slope for time show the
same pattern.
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contribution of the interaction between condition and time
window.

Results

Gaze behavior during the first 3.5 s of the response
subphase is depicted in Figure 2 as a proportion of looking
to the causative scene with all looks (including track loss
and looks to neither scene) included in the denominator of
the proportion. Inspection of the figure reveals, as expected,
no difference between the two conditions in the first second
of the response subphase and a difference in the expected
direction emerging at 1 s, with children in the transitive con-
dition preferring the causative scene as compared to those
in the intransitive condition. This affirms our decision to
use the same time window as that used with typically devel-
oping 2-year-olds in Arunachalam (2013). Although children
with ASD are generally slower language processors than
typically developing children (e.g., Bavin & Baker, 2016;
Schuh, Eigsti, & Mirman, 2016), those in our sample are
roughly matched in language development to the typically
developing children in Arunachalam (2013), aged 2;3, as
evidenced by our sample’s age-equivalent scores on the
MSEL language measures (2;4 for Receptive Language;
2;2 for Expressive Language). It is perhaps not surprising,
then, that the participants in our study show a similar pro-
cessing time course. As predicted, the mixed-effects model
specified above yielded significant main effects of condition

and time window and a significant interaction between
them. The positive value of the parameter estimate for con-
dition reveals that looking to the causative scene was greater
in the transitive condition (because transitive was contrast
coded as +0.5) than the intransitive condition; the positive
value of the parameter estimate for time window reveals that
looking to the causative scene was greater in the second time
window than the first (because the second time window
was contrast coded as +0.5), and the interaction indicates
that the difference between conditions was greater in the
second time window than the first. There is also a significant
effect of time; this simply reflects the fact that looking to
the causative scene increases over time regardless of condi-
tion (this is expected given that it began at 0 at the beginning
of the response window due to the previously presented
central star). In addition, there is a significant effect of time
by time window; this indicates that children’s looking pat-
terns across time are different in the first time window than
in the second. This again is expected: During the first time
window, children are shifting their eyes from a central fixation
star to the dynamic scenes, whereas in the second time win-
dow children are looking primarily at the dynamic scenes.
Parameter estimates from the model are listed in Table 3.
Given the possibility that children with ASD might
be more likely to engage in off-task gaze behavior and these
values were included in the analysis, we report on the pro-
portion of track loss as well as looks to neither the causa-
tive nor synchronous scene in comparison to the typically

Figure 2. Children’s looking to the causative scene over time (out of all data points, including looks to the synchronous scene, track loss
data points, and looks to neither scene) from the onset of the response window, separated by condition. Error bars indicate standard error
of participant means. The 1- to 2.5-s window in which we expect differences to emerge is outlined by a dashed box.
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Table 3. Parameter estimates from the best-fitting weighted mixed-
effects regression model of the effect of condition and time window
on children’s preference for the causative scene during the response
subphase (empirical logit transformed).

Parameter Estimate SD t P
Intercept -1.00 0.12 -8.44

Time (s) 0.94* 0.075 12.62 < .001
Condition 0.46* 0.22 2.035 .044
Time window 2.30* 0.15 15.77 < .001
Condition x Time window 0.73* 0.29 2.48 .013
Time (s) x Condition -0.26 0.15 -1.72 .086
Time (s) x Time window -2.48* 0.15 -16.61 <.001
Time (s) x Condition x -0.15 0.30 -0.50 .62

Time window

Note. Asterisks indicate that the model is better fitting with the
parameter than without, as indicated by model comparison.

developing children in Arunachalam (2013). Of the included
trials, the proportion of track loss during this first 3.5 s was
.10 (SD of participant means = 0.11), with no group differ-
ences (transitive: M = 0.13, SD = 0.14; intransitive: M = 0.09,
SD =0.08; t = —0.99, p = .33). The proportion of looking
to either the causative or the synchronous scene was .70
(SD = 0.11) and to neither scene .20 (SD = 0.08). Although
not reported in that paper, we calculated these percentages
for the data in Arunachalam (2013) for comparison: During
the first 3.5 s of the response subphase for included trials,
the proportion of track loss was .24 (SD = 0.18), the pro-
portion of looking to either the causative or synchronous
scene was .62 (SD = 0.13), and the proportion of looking to
neither scene was .13 (SD = 0.12).

In our design and in the other studies using this para-
digm, the baseline subphase is not a true baseline because
children had already been exposed to the novel verb in
either transitive or intransitive sentences (see Naigles &
Kako, 1993, for discussion). This is why our central com-
parison is whether there is a difference between conditions
in the response subphase as opposed to a change in prefer-
ence from baseline to response. Nevertheless, we note that
preliminary analyses serving as a check revealed no differ-
ence between conditions in looking to the causative scene
during baseline (p = —.084, ¢ = 0.61, p = .54), indicating
that the difference between conditions in the response sub-
phase is in response to the test query.

Conclusion

The goal of this study was to examine whether chil-
dren with ASD, like typically developing children, would
use the syntactic information available in an ambient audi-
tory stream to not only identify a novel verb’s form but also
begin to assign it a meaning using syntactic bootstrapping.
The children in our study succeeded, demonstrating an
ability to use syntactic bootstrapping even though the linguis-
tic information was presented in the absence of any social
or visual cues to connect it to an event referent.

Our results build on three prior findings: first, that
children with ASD can extract distributional information
from an auditory stream (e.g., Eigsti & Mayo, 2011; Foti
et al., 2015; Mayo & Eigsti, 2012; Obeid et al., 2016); sec-
ond, that they can fast-map meaning to a word form seg-
mented by statistical learning (Haebig et al., 2017); and third,
that they can use syntactic bootstrapping to learn novel verbs
(Naigles et al., 2011; Shulman & Guberman, 2007). Thus,
we have demonstrated that (at least some) children with
ASD can use syntactic information to establish a repre-
sentation for a new verb when the auditory stream pro-
vides information only about syntactic distribution and
when mapping to meaning requires knowledge of syntax—
semantics links. Children established representations for
the new verbs from their syntactic distribution alone, even
without simultaneous access to candidate referents, and
added meanings to these representations when visual refer-
ents subsequently become available.

This evidence of common learning mechanisms in typi-
cally developing children and children with ASD provides
additional support to prior reports of syntactic bootstrapping
in both populations and expands our understanding of
what capacities are affected by the disorder. Children’s suc-
cess in this nonsocial verb-learning task has two possible
interpretations. One possibility is that children regularly
participate in syntactic bootstrapping as a task of distribu-
tional learning, engaging in this process even without a
clear communicative context. There are many other kinds
of word learning tasks in which typically developing children
will only ascribe meaning to a novel word if there is a clear
communicative relevance to doing so (e.g., Fennell &
Waxman, 2010; Ferguson & Waxman, 2016, 2017; Henderson,
Sabbagh, & Woodward, 2013). However, the fact that both
typically developing children and children with ASD suc-
ceeded in the present task indicates that children can engage
in syntactic bootstrapping even if there is no communica-
tive relevance.

Alternatively, communicative relevance may indeed
be necessary for vocabulary learning, but by the time that
children are advanced enough in their language develop-
ment that they are able to use syntactic bootstrapping (i.e.,
their language is equivalent to a typically developing 1.5- to
2-year-old), they recognize the communicative benefit of
less social situations like the one we presented. Here, imme-
diate communicative relevance is not necessary to scaffold
learning, but communicative relevance more broadly under-
pins the process and motivates attention to word-learning
opportunities.

Irrespective of which of these interpretations is correct,
it appears that children with ASD do not need rich social
contexts in order to acquire (at least some) word meanings.
One intriguing possibility is that they may even perform
better when social information is minimized. There is some
evidence that minimizing social pressure or social demands
supports performance in ASD, for skills such as learning
to imitate sounds or interpret a social situation (DeThorne,
Johnson, Walder, & Mahurin-Smith, 2009; Pepperberg &
Sherman, 2000, 2002; Pierce, Glad, & Schreibman, 1997).
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In future work, it will be important to directly compare
word learning in nonsocial tasks like ours with learning in
more social versions of the task. If children with ASD per-
form better in less social contexts, there would be strong clin-
ical implications, suggesting that children with ASD might
benefit from learning situations in which social demands are
minimized (Arunachalam & Luyster, 2016).

Indeed, that children with ASD can use syntactic
bootstrapping in nonsocial word learning tasks may ulti-
mately open new avenues for intervention. We offer here
some preliminary questions, recognizing that the first, criti-
cal step in this process is to directly compare otherwise
identical social and nonsocial word learning tasks. Do chil-
dren with ASD actually perform better in nonsocial contexts
or merely just as well? If they perform better, what elements
of nonsocial presentation are relevant (e.g., lack of social
pressure from an interlocutor, presentation of linguistic cues
instead of social cues like pointing or gaze)? How do they
fare with outcome measures such as retention and generali-
zation to expressive language given nonsocial presentation
contexts? Depending on what, if any, specific elements
support learning, retention, and generalization, we may
be able to incorporate such elements in intervention. For
example, if lack of social pressure to participate in an inter-
action is key (as happens to be a design element of many
experimental word learning tasks as described above; e.g.,
Arunachalam, 2013; Naigles, 1990; Yuan & Fisher, 2009), it
would be useful to pursue these findings in clinical research
on group learning contexts in which children can witness
learning interactions without necessarily taking part. If other
aspects of our nonsocial presentation, such as the absence
of a referential context, are useful for helping children to
form an initial lexical representation for a new word, we
might pursue clinical research in which preliminary exposure
to new vocabulary is given via specially designed computer
or television media, prior to standard interactive therapy
approaches.

Although this preliminary work has focused on an
early-emerging linguistic cue as the basis for our distribu-
tional learning task, the considerations for social versus
nonsocial learning reach far beyond the preschool years.
Word learning is not the only language-learning task in which
children with ASD may derive benefits from nonsocial pre-
sentation of new linguistic material, and nonsocial input
may be particularly beneficial for aspects of language for
which distributional “form” information can help bootstrap
children into meaning (e.g., tense/aspect morphology;
Tovar, Fein, & Naigles, 2015; see also Plante & Gomez,
2018, for a discussion of the role of statistical learning in
intervention). Future research should also consider these
types of language-learning tasks.

Limitations

Given the potential for future research on nonsocial
instruction to inform intervention strategies, one limitation
of this work is that it identifies group abilities but does not
provide any insights into individual performance variation.

Our sample size was too small to permit adequately pow-
ered analyses of how children’s language or cognitive abil-
ity related to task performance. Given the heterogeneity
of language abilities in children with ASD, it is likely that
optimal contexts for verb learning are not uniform across
the population.

Furthermore, although our sample included both
preverbal children and above-average language learners,
the heterogeneity of our sample should not be misconstrued
as evidence that all children across the spectrum are equally
likely to benefit from nonsocial linguistic input for syntactic
bootstrapping. We agree with the important point made by
Naigles et al. (2011) that the syntactic bootstrapping mech-
anism has many prerequisite abilities and that we would
only predict success in children who have these abilities.
Children must know some nouns (and arguably, some of
the specific nouns used in the contexts being studied; e.g.,
Sheline & Arunachalam, 2013), they must have both the
parsing and grammatical skills to build up a syntactic repre-
sentation for the sentence in which the unfamiliar verb oc-
curs, and they must have knowledge of syntax—semantics
links (e.g., transitive sentences can describe causative events).
Naigles et al. (2011) and Shulman and Guberman (2007)
demonstrate that there is no reason to believe these abili-
ties will be selectively impaired in ASD (or at least, it
seems likely that these abilities will be commensurate with
children’s receptive language abilities more generally).
Therefore, it is likely that only children whose receptive
language skills are equal to or more advanced than that
of a typically developing 1.5- to 2-year-old will succeed
in tasks like ours.

Although we did not have a sufficiently large sample
size to look for individual differences, a caveat for future
work attempting to do so is that it is often the case that tasks
that provide insight into group differences are poor at reveal-
ing individual differences (Hedge, Powell, & Sumner, 2017),
as tasks (like syntactic bootstrapping) that typically yield
relatively large effects of condition have relatively low
between-subjects variability; therefore, they necessarily
have low reliability for individual differences. Nevertheless,
it is likely that nonsocial word learning contexts may not
be useful for all children, and identifying such individual
differences using tasks that bring out individual variability
is an important focus for future work.

Finally, we initially hoped to be able to test children
with ASD in a generalization task, in which they had to
identify a second instance of the novel verb’s referent after
the initial test. However, it was clear that the visual scenes
did not sufficiently keep their interest through the generali-
zation period. Because generalization is a key aspect of
word learning, this will be critical to test in future work
with, perhaps, a faster, more engaging test structure.
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