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Purpose: This study examined whether 2-year-olds are
better able to acquire novel verb meanings when they appear
in varying linguistic contexts, including both content nouns
and pronouns, as compared to when the contexts are
consistent, including only content nouns. Additionally,
differences between typically developing toddlers and late
talkers were explored.
Method: Forty-seven English-acquiring 2-year-olds (n = 14
late talkers, n = 33 typically developing) saw scenes of actors
manipulating objects. These actions were labeled with novel
verbs. In the varied condition, children heard sentences
containing both content nouns and pronouns (e.g., “The
girl is ziffing the truck. She is ziffing it!”). In the consistent
condition, children heard the verb an equal number of times,
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but only with content nouns (e.g., “The girl is ziffing the
truck. The girl is ziffing the truck!”). At test, children were
shown two new scenes and were asked to find the novel
verb’s referent. Children’s eye gaze was analyzed as a measure
of learning.
Results: Mixed-effects regression analyses revealed that
children looked more toward the correct scene in the
consistent condition than the varied condition. This
difference was more pronounced for late talkers than for
typically developing children.
Conclusion: To acquire an initial representation of a new
verb’s meaning, children, particularly late talkers, benefit
more from hearing the verb in consistent linguistic contexts
than in varying contexts.
L earning the meanings of words is one of the most
impressive achievements of early childhood. It re-
quires children to integrate social, cognitive, and

linguistic skills to mine the environment for cues to a new
word’s meaning. All of these skills are important because
different kinds of words may be learned by different word
learning mechanisms. Children’s early vocabularies are typi-
cally dominated by nouns that refer to concrete entities such
as “shoe” or “cookie” (e.g., Gentner, 1982; Gentner &
Boroditsky, 2001; Longobardi et al., 2017; Nelson, 1973).
A good learning situation for such vocabulary items may
involve the caregiver sharing attention with the child, while
pointing to the object denoted by the noun (e.g., Tomasello
& Farrar, 1986). However, this type of learning situation is
less likely to be helpful for learning verbs, which typically
denote events that involve one or more participants en-
gaged in some action or some relation to each other
(e.g., Gentner, 1978). Learning verbs (and nouns that denote
events; Arunachalam & He, 2018) is thought to be a particu-
lar challenge because children may need to rely on the linguis-
tic context in which the word appears to identify which aspect
of the event is being labeled (e.g., Gleitman, 1990; Landau &
Gleitman, 1985; Naigles, 1990). In a classic demonstration,
Fisher et al. (1994) found that, while viewing events involving
two participants, 3- and 4-year-old children used a novel
verb’s linguistic context to identify its meaning. For example,
given a scene depicting a monkey on a rabbit’s shoulders, chil-
dren who heard “The monkey is gorping the rabbit” were
more likely to think that “gorping” meant “ride” than those
who heard “The rabbit is gorping the monkey,” who were
more likely to think it meant “carry.” This powerful ability,
in which children attend to linguistic context to identify
which part of a complex visual scene is labeled by an un-
familiar verb, is known as syntactic bootstrapping.1

However, not all linguistic contexts are equally support-
ive of verb learning. For example, some contexts that con-
tain useful information may be too difficult to process. Lidz
1Despite the name, this mechanism includes children’s use of semantic
and referential information as well as syntactic information (e.g.,
Arunachalam et al., 2016; Fisher et al., 1994; Syrett et al., 2014).
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et al. (2009) and He and Lidz (2016) found that 1-year-olds
struggled to learn intransitive verbs that were preceded by a
lexical content noun (e.g., “The boy is gorping”), but they
did better when verbs were preceded by a pronoun (e.g., “He
is gorping”). The authors reasoned that the content noun
created a processing burden that left children with insuffi-
cient resources to learn the novel verb. Extending this finding,
He et al. (2020) found that slightly older children, ages 2 and
3 years, overcame this difficulty; they could learn a novel
verb when the sentence contained a lexical content noun (e.g.,
“The boy is gorping”). However, they struggled to learn the
verb when the content noun was modified by an adjective
(e.g., “The tall boy is gorping”). Taken together, these re-
sults suggest that learners struggle with linguistic contexts
that impose too great a processing load, and they also sug-
gest that as children’s processing capacities develop, they
are able to learn from a larger variety of linguistic contexts.

On the other hand, some contexts may be easy to pro-
cess but too sparse in information for children to benefit from
them. Imai et al. (2005, 2008) and Arunachalam and Waxman
(2011, 2015) found that English-acquiring preschoolers per-
formed better with more contentful linguistic contexts than
less contentful contexts. In Arunachalam and Waxman (2015),
for example, 2-year-old children struggled to learn transitive
verbs when pronouns flanked the verb (e.g., “Look! He is
gorping it”) but they did much better when provided with
lexical content nouns (e.g., “Look! The boy is gorping the
balloon”). Echoing the developmental trajectory in the pre-
vious paragraph, Imai et al. (2005, 2008) found that 3-year-
olds could succeed with pronouns but struggled with even
less informative contexts in which the subject and object
were omitted (e.g., “Look! Gorping!”). These studies suggest
that to determine the meaning of a novel verb, children re-
quire a certain amount of semantic support (see also Syrett
et al., 2014), and again, that children become more skilled,
requiring less semantic support, with age.

Taken together, this research indicates that the optimal
contexts for verb learning are both relatively easy to process
and semantically informative. However, these prior studies
have only examined children’s learning when they are pro-
vided exposure to a novel verb in one linguistic context
(e.g., Arunachalam et al., 2016; Fisher et al., 1994; Imai
et al., 2005, 2008). Children often hear the same words
repeated in several sentences in a short time, and those
sentences may either be repetitions of the same sentence
or variants on the sentence (called variation sets; e.g., Onnis
et al., 2008). Certainly, in language intervention, speech-
language pathologists aim to present a new word multiple
times in a single session (e.g., Alt et al., 2020). In consider-
ing multiple exposures to a novel verb, we are faced with a
new question: Is it better to provide consistent, unvaried
input across each exposure, or is it better for there to be
some variability across exemplars?

The Benefits of Variability in Word Learning
Variability in a word-learning situation may be achieved

through visual differences, linguistic differences, or both.
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In this study, we are specifically interested in the contrast
between “consistent” linguistic input, in which children
hear one type of linguistic context repeatedly, with “vari-
able” linguistic input, in which children hear two types of
linguistic contexts—one that is easy to process (but may not
contain much information) and another that is more se-
mantically informative (but may be more difficult to
process). We hypothesize that providing children with
both linguistic contexts will be better than providing them
with only one.

Although this particular manipulation of linguistic
variability has not yet been studied, there are many reasons
to believe that variable presentation of a new vocabulary
item in multiple linguistic contexts will be best. Broadly,
variability is thought to benefit language learning, includ-
ing specifically word learning. Visual variability allows
children to compare across multiple exemplars and identify
commonalities (Childers & Tomasello, 2001; Gentner &
Namy, 2006; Perry et al., 2010; Waxman & Klibanoff, 2000;
although, see Owen Van Horne & Strother-Garcia, 2020).
For example, a child who views multiple kinds of dogs, each
paired with the label “dog,” should be more likely to cor-
rectly generalize the word “dog” to the category of dogs
than a child who sees only one dog. For verb learning, spe-
cifically, the literature contains some conflicting results.
Some studies have found that visual variability in verb
learning is helpful, just as it is for noun learning (Gentner &
Boroditsky, 2001; Piccin & Waxman, 2007; Twomey et al.,
2014). Other studies have found better learning when chil-
dren view only one agent executing the referent action as
compared to multiple agents (Childers et al., 2017; Maguire
et al., 2008). Snape and Krott (2018) found that for learn-
ing transitive verbs, children performed best when provided
scenes with variable patient/theme objects but a consistent
agent. Relatedly, in a preposition learning task, Nicholas
et al. (2019) found complex patterns wherein the ability to
benefit from variability in the objects with which preposi-
tions are presented depends on children’s receptive language
abilities; preposition learning is similar to verb learning in
that it requires noting relations among multiple entities.
Thus, the role of variability in visual exemplars in verb
learning tasks, and in word learning generally, is nuanced
(for a review, see Horvath & Arunachalam, 2019).

When it comes to the linguistic context in which the
verb appears, there is evidence that variability is useful for
learners. This work has focused on sentences that differ in
their argument structure. For example, verbs that denote a
change of state (e.g., melt) or caused motion (e.g., bounce)
typically can appear in both transitive and intransitive
structures in the causative alternation (The sun melted
the ice/The ice melted; The basketball player bounced the
ball/The ball bounced), whereas verbs that denote an ac-
tion upon an object without encoding a necessary change
in that object (e.g., kick, push) do not alternate (The girl
kicked the wall/#The wall kicked; The cat pushed the
table/#The table pushed). By 2 years of age, children can
take advantage of these patterns to learn new verbs; chil-
dren hearing a verb in both structures of the causative
4235–4249 • November 2021



alternation are more likely to assign it a change of state
meaning than those who hear just one of the structures
(Bunger & Lidz, 2004; Naigles, 1996; Scott & Fisher,
2009).

The linguistic variability we examine in this study,
however, does not involve syntactic structure. Instead, we
compare two linguistic contexts that differ in how the sub-
ject and object are realized, specifically in terms of how
much semantic content they provide—as content nouns or
pronouns. We chose this particular manipulation for sev-
eral reasons. First, alternation between content nouns and
pronouns is particularly frequent in speech; the first men-
tion of a referent is likely to involve a content noun, but
speakers subsequently shift to a pronoun for that same
referent. Consider, for example, this excerpt of caregiver
speech from Suppes (1974): “The dolly will ride on the
bicycle…She’s riding on the bicycle” (filename “nina05.
cha” in the CHILDES database, MacWhinney, 2000).

Second, pronouns and content nouns may each sup-
port different aspects of the verb-learning process. As we
have noted above, in verb-learning tasks, pronouns appear
to be helpful in that they may impose less of a processing
load on young learners than lexical content nouns. Pronouns
can also be helpful for the initial tasks of parsing a word
form from the ongoing speech stream and determining its
grammatical category (i.e., whether it is a noun or a verb;
e.g., Mintz, 2003). Because pronouns are so frequent, if a
novel word is flanked by two pronouns (e.g., “He’s gorping
it”), children can easily identify the phonological boundaries
of the novel word form. Similarly, this “frequent frame” can
help children determine that the word is a verb because they
have had substantial experience hearing verbs flanked by
pronouns (e.g., Cauvet et al., 2014; Frost et al., 2019; Mintz,
2003, 2006; Shi & Melançon, 2010).

However, as we have also seen, for the more complex
task of mapping verbs to meaning, the semantic content of
content nouns can be more helpful than the sparse semantic
content of pronouns. Therefore, given prior findings that
linguistic variability supports verb learning (e.g., Naigles,
1996), and the fact that content nouns and pronouns each
support different aspects of the verb learning task, we hy-
pothesize that children will perform better provided some
sentences with content nouns and some with pronouns
(hereafter the “varied condition”) as compared to only
hearing sentences with repeated content nouns (“consistent
condition”).

In support of this hypothesis, Childers and Tomasello
(2001) found that variability with content nouns and pro-
nouns supported children’s abilities to extend a novel verb
from the syntactic frame in which they had heard it to a
new frame. Children were more successful at producing a
novel verb in a transitive frame, and at following an instruc-
tion given in a transitive frame, if they had heard that verb
in an intransitive frame with both content nouns and pro-
nouns than if they had heard it with only content nouns.
However, the training that Childers and Tomasello pro-
vided involved multiple different kinds of agents and patients,
resulting in linguistic variability in both the content nouns
Horvath
and the pronouns used in both conditions. Thus, even the
condition that only provided content nouns offered variabil-
ity, both visually and in semantic content.

Following closely on the designs used by Imai et al.
(2005, 2008) and Arunachalam and Waxman (2011, 2015),
in thist study we first presented children with a novel verb
(e.g., “ziff”) as they viewed a corresponding event (e.g., a
girl lifting and lowering a truck). In the varied condition,
the novel verb occurred both in transitive sentences with
content nouns (e.g., “The girl is ziffing the truck”) and in
transitive sentences with pronouns (e.g., “She is ziffing it”).
In the consistent condition, the novel verb only occurred in
sentences with content nouns. We did not include a condi-
tion of consistent pronoun use because previous studies
have shown that, in this design, children of this age do
not learn novel transitive verbs from pronominal contexts
alone (e.g., Arunachalam & Waxman, 2011, 2015). Next,
we tested whether children learned the verb’s meaning by
presenting two new scenes side by side, one depicting the
agent performing a different action on the object (e.g., the
girl dumping the truck bed), and the other depicting the
same action but on a different object (e.g., the girl lifting
and lowering a teddy bear).

Typically Developing Versus Late-Talking Toddlers
Most word learning research has looked at typically

developing children as a homogeneous group, despite large
differences in individual language ability. Learning verb
meanings by attending to linguistic context relies on a host
of other abilities, including having some baseline level of
grammatical and vocabulary knowledge, and practiced pars-
ing skills that allow children to rapidly comprehend the lin-
guistic context. It is therefore likely that children differ in
how and how well they use linguistic context in verb learn-
ing. For this reason, in this study we asked whether perfor-
mance in the varied and consistent conditions varies by
language ability—specifically, contrasting typically de-
veloping and late-talking toddlers. Late talkers are children
with atypically small expressive vocabularies with no known
cause—they have age-appropriate motor skills, social skills,
and play skills, and no diagnoses expected to affect cognition.
Some may also have receptive language delays, but others
appear to have typical receptive language skills. Further-
more, late talkers appear to differ not only in overall vo-
cabulary size but also in vocabulary composition (Horvath
et al., 2019, in press; MacRoy-Higgins et al., 2016; Rescorla
et al., 2001) and structure (Beckage et al., 2011; Jimenez &
Hills, 2017). Approximately 15% of 2-year-olds are late
talkers, but the majority of late talkers develop language
skills within the typical range within a few years (Desmarais
et al., 2008; Rescorla, 1989).

Few studies have considered how late talkers acquire
vocabulary, and, to date, none of these has examined verb
learning. However, studies on noun learning suggest that
late talkers are not as adept at using the same word-learning
strategies as their typically developing peers. For example,
late talkers are not as successful in fast-mapping novel nouns
& Arunachalam: Variability Vs. Repetition in Verb Learning 4237



as typically developing children (Ellis Weismer & Evans,
2002; Ellis Weismer et al., 2013). Research by Colunga
and others has also found that late talkers may not reliably
use “shape bias” as a cue for noun learning (e.g., Beckage
& Colunga, 2019; Colunga & Sims, 2017; S. S. Jones, 2003;
Sims et al., 2016). It is likely that these differences extend
to verb learning, as late talkers differ in the types of verbs
they acquire as compared to typically developing peers
(Horvath et al., 2019, in press). This may be in part be-
cause of processing demands; we have seen that children
must be able to process the linguistic context in order to
benefit from it in verb learning (e.g., He et al., 2020), but late
talkers are slower to process language than typically de-
veloping children (Fernald & Marchman, 2012).

Therefore, we hypothesize that late talkers might not
be able to benefit from variability and might perform bet-
ter in the consistent condition than the varied condition.
Repetition can support word learning in children with lan-
guage delays and disorders (e.g., Rice et al., 1994; Riches
et al., 2005), and children who are slower language proces-
sors benefit from quantity of exposures more than diversity
of exposures as compared to children who are faster pro-
cessors (G. Jones & Rowland, 2017).

To summarize, two research questions were addressed
in this study: First, do children show better acquisition of
novel verbs when presented in two different linguistic con-
texts (varied condition), or in the same linguistic context
repeatedly (consistent condition)? We hypothesize that chil-
dren will be better able to learn novel verbs provided vari-
able linguistic contexts. Second, does the answer to the
first question depend on the child’s expressive vocabulary
(late talkers as compared to typically developing children)?
We hypothesize that late talkers will struggle with the pro-
cessing demands of variability and instead perform better
when provided consistent input.
2Because the term “late talker” is not a clinical diagnosis, prior research
has varied in the criteria used to identify this subgroup. Late talkers are
classified based on the size of their expressive vocabulary, with individual
studies using a cutoff point somewhere between the 10th percentile (e.g.,
Bishop et al., 2012) and 25th percentile (e.g., Colunga & Sims, 2017),
with many studies using the 15th percentile (Dale et al., 2003; Ellis et al.,
2015; MacRoy-Higgins et al., 2013). We use the 15th percentile as a
compromise and because it is the closest cutoff to estimated population
rates, which typically range from 13% to 15% of toddlers (Desmarais
et al., 2008; Zubrick et al., 2007). We note here that although our a
priori cutoff was the 15th percentile, all late talkers in our sample meet
the more conservative threshold of the 10th percentile, except for the
two who were classified based on their history of speech-language
therapy. We also note that three typically developing toddlers (9% of
the sample) had MCDI scores between the 20th and 30th percentiles.
Method
Participants

The final sample included 47 English-acquiring 2-year-
olds (18 girls, 29 boys). The gender distribution was skewed
toward males because we oversampled late talkers, who
are more likely to be male (Scheffner Hammer et al., 2017;
Zubrick et al., 2007). Children ranged in age from 24.5 to
35.8 months (M = 28.5 months). Recruitment and testing
procedures were approved by Boston University’s Institu-
tional Review Board, and parents provided written consent
on behalf of their children.

Participants were reported by their parents to be ex-
posed to English at least 80% of the time and to have no
developmental disorders other than suspected language de-
lay; four children were reported to have “mild language
delay,” “language delay,” or “expressive language delay.”
Because delayed language is also common in children with
autism spectrum disorder, participants were screened using
the Modified Checklist for Autism in Toddlers, Revised
(M-CHAT-R; Robins et al., 2009), a parent report screener
4238 Journal of Speech, Language, and Hearing Research • Vol. 64 •
intended to identify autism risk. All included children re-
ceived a score indicating “low risk” for autism spectrum
disorder.

Parents provided demographic information. The
sample was 86% White, 4% Asian, and 4% from one or
more races. Two families declined to provide racial infor-
mation. One child was reported to be Hispanic/Latinx.
The majority of participants in the sample (77%) had at
least one parent with a master’s degree or higher. One
child did not have a parent who had completed a bache-
lor’s degree; four families (9%) did not provide education
information.

Nine additional children participated in the study but
were excluded from the final sample. Four were excluded
because of developmental concerns that might affect lan-
guage development beyond being late talkers: One received
a diagnosis of autism spectrum disorder just after participa-
tion, one had a history of tongue-tie (ankyloglossia), and two
had a history of ear tubes. Five additional children were ex-
cluded because they contributed insufficient eye-tracking
data (see below).

Parents provided information about children’s vo-
cabulary size using the MacArthur-Bates Communicative
Development Inventories Level 2 Short Form A (MCDI:
Fenson et al., 2000). Scores ranged from 1 to 100 (M = 68,
SD = 28). We classified children as late talkers in two ways.
First, children whose MCDI score was at or below the
15th percentile criterion for their age and gender were
categorized as late talkers, as in many prior studies (e.g.,
Dale et al., 2003; Ellis et al., 2015; MacRoy-Higgins et al.,
2013).2 The MCDI is only normed for children up to
30 months of age. We used the 30-month percentile data
for children older than 30 months, and two children were
identified as late talkers through this method. Second, we
classed two additional participants (aged 32 and 35 months)
as late talkers because their parent reported that they had
received speech-language therapy for language delay. With
these criteria applied, a total of 14 children in the sample
were classed as late talkers, and the remaining 33 as typically
developing. Late talkers averaged significantly lower scores
on the MCDI (t = 7.83, p < .001). In raw numbers, there
was a clear split in MCDI words produced; of the late
talkers, only the two who were identified for their history
4235–4249 • November 2021



of speech-language therapy produced more than 50 of the
MBCI words. All but two typically developing toddlers
(both male, ages 25 and 26 months) produced at least 50
of the MCDI words.

The first author, a licensed speech-language patholo-
gist, also administered the Preschool Language Scales, 5th
Edition (Zimmerman et al., 2011) for a fuller picture of
children’s language comprehension and production. There
were significant group differences on both the Expressive
Communication subscale (t = 5.15, p < .001) and Auditory
Comprehension subscale (t = 6.15, p < .001; see Table 1).
There were no differences between the two groups with respect
to average age (t = 1.60, p = .11, ns) or proportion male (z =
0.89, p = .37, ns). There was no significant difference be-
tween groups in the proportion of participants whose par-
ents had a postgraduate degree (z = 1.75, p = .08, ns).

Apparatus
The experimental task was presented on a 24-in.

Tobii T60 XL corneal reflection eye-tracker monitor, which
samples at 60 Hz, running Tobii Studio software. Children
sat in front of the monitor either in a car seat or on their
parent’s lap. If the latter, the parent wore a blindfold.

Materials
For the visual stimuli, we recorded video clips of ac-

tors acting on objects. See Table 2 for a description of vi-
sual stimuli on each trial. Each trial included three scenes,
one used to familiarize children to the novel verb and two
used in the test phase. The actor was consistent among all
three scenes in each trial. There was no repetition of actors
or objects across trials.

For the auditory stimuli, a female speaker of American
English recorded sentences using a child-directed speech
register in a sound-attenuated booth. We then edited the
visual and auditory stimuli in Final Cut Pro software to
create the trial structure shown in Figure 1. Stimuli were
very similar to those used in prior verb learning studies
by Arunachalam and Waxman (2010, 2015) except that
the auditory stimuli included multiple presentations of
Table 1. Participating children’s scores on standard assessments.

Group

MCDI
words

produced

PLS-AC
standard
score

PLS-EC
standard
score

M SD M SD M SD

All children (N = 47) 68 28 107 16 107 17
Late talkers (n = 14) 38 26 91 14 91 11
Typically developing

(n = 33)
88 17 114 12 114 12

Note. MCDI = MacArthur-Bates Communicative Development
Inventories; PLS-AC = Auditory Comprehension subscale of the
Preschool Language Scales; PLS-EC = Expressive Communication
subscale of the Preschool Language Scales.

Horvath
the novel verb. In the consistent condition, all sentences
contained content nouns with definite objects (e.g., “the
girl,” “the truck”). In the varied condition, half of the sen-
tences contained content nouns with definite objects, and
half of the sentences contained only pronouns (e.g., “she,”
“it”). Both conditions included variations of tense/aspect
marking on the verb (e.g., “The girl is ziffing the truck!
Look! The girl ziffed the truck.”), which was done for
pragmatic felicity, as the visual scenes were described
before, during, and after the events occurred. However,
tense/aspect marking was identical across conditions and
trials (see Figure 1). Children additionally heard directives
to find the target in the gerund form (e.g., “Let’s find ziff-
ing!”, “Where is ziffing?”). The novel verbs are listed in
Table 2.3
Design
Children participated in a verb learning paradigm

consisting of eight experimental trials (though only seven
were analyzed, see below) in a within-subject design (see
Figure 1). Each trial consisted of four phases: Familiariza-
tion, Preview, Prompt, and Test. During the Familiarization
phase, which lasted approximately 30 s, children first viewed
a still frame of an actor holding an object (e.g., a woman
holding a toy dump truck), then viewed a dynamic scene
(e.g., the woman lifting and lowering the truck). This re-
peated twice. The accompanying auditory stimuli intro-
duced a novel verb (e.g., “ziff”), which children heard
eight times. In the consistent condition, the novel verb
was always flanked by the same two content nouns which
labeled the event participants (e.g., “The girl is gonna ziff
the truck”). In the varied condition, auditory stimuli be-
gan with a sentence introducing the actor and object (e.g.,
“Let’s see a girl and a truck”), consistent with Arunachalam
and Waxman (2015). The novel verb was flanked by content
nouns in half of the sentences, but the other half contained
pronouns (e.g., “She is gonna ziff it”). Visual scenes were al-
ways paired with the same verb, but were counterbalanced
to appear in both the consistent and varied conditions.

The three phases following the Familiarization phase
(Preview, Prompt, and Test) were identical across condi-
tions. During the Preview phase (6 s), two new dynamic
scenes played side by side. In one, the same actor acted on
the same object, but with a different action; in the other,
the actor performed the familiar action, but on a different
object. During this phase, the two scenes played with
attention-getting audio (e.g., “Look!”) but no novel words;
3Each verb form occurred in both the consistent and varied conditions,
counterbalanced across participants, so phoneme probability of the verb
stems should not affect interpretation of our results. However, we note
that phoneme probabilities were similar across the novel words; the
sum of phoneme probabilities for the verb stems, calculated using the
Phonotactic Probability Calculator (Vitevitch & Luce, 2004), ranged
from 0.07 to 0.29 (nork = 0.16, pell = 0.23, pilk = 0.29, sem = 0.22,
tope = 0.13, wug = 0.07, zif = 0.12).

& Arunachalam: Variability Vs. Repetition in Verb Learning 4239



Table 2. Descriptions of the visual stimuli on each experimental trial.

Novel verb Familiarization scene Preserved action Preserved object

nork A man sliding a block in a circle on a table A man sliding a small cup in a circle
on a table

A man hopping a block across a table

pell A boy rocking a bunny backward and
forward

A boy rocking a small teddy bear
backward and forward

A boy spinning a bunny in a circle

pilk A girl pushing a small chair across the floor A girl pushing a box across the floor A girl tipping a chair up and down
sem A boy tossing an apple up and down A boy tossing a ball up and down A boy sliding an apple back and forth

on a table
tope A lady flipping over a large cup A lady flipping over a box A lady pushing a large cup forward
wug A girl hitting a large flower with her hand A girl hitting a ball with her hand A girl waving a flower from side to side
ziff A girl raising and lowering a dump truck A girl raising and lowering a large

teddy bear
A girl tipping the bed of a dump truck

Note. One trial (unlisted) was removed due to visual stimuli design error.
this phase was designed simply to allow participants to
observe the two scenes.

Next, during the Prompt phase (2 s), the scenes
disappeared, replaced by a centrally positioned yellow
star to direct visual attention to the center of the screen.
The audio prompted a search for the novel verb’s refer-
ent (e.g., “Let’s find ziffing!”).

Immediately afterward was the Test phase (6 s). In this
phase, the two test scenes reappeared in their original loca-
tions with another audio prompt (e.g., “Where is ziffing?”).
Figure 1. A schematic depiction of one trial (of eight).

4240 Journal of Speech, Language, and Hearing Research • Vol. 64 •
On all trials, the scene depicting the familiarized
action was the target scene. To succeed, children had to
attend to the audio presented during Familiarization, assign
the novel verb an action meaning, and extend the verb to
apply to a new scene in the Test phase. Prior work shows
that 2-year-olds perform better in this task when the novel
verb is presented with content nouns than with pronouns
(Arunachalam & Waxman, 2011, 2015). Manipulating the
audio presented during familiarization allowed us to deter-
mine whether the consistent condition (with only content
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noun contexts) or varied condition (with both pronominal
and content noun contexts) better supports learning.

Trials were presented in blocks, with the order of the
consistent and varied conditions counterbalanced across
participants, and the condition to which each trial was
assigned also counterbalanced across participants. The
blocks were separated by an 11-s break in which animated
shapes moved across the screen accompanied by a clip of
instrumental music.

Procedure
Children participated in the experimental task as part

of a 2-visit protocol. At the first visit, children first played
with an experimenter while parents provided informed
consent and completed a demographic questionnaire,
the MCDI, and the M-CHAT-R. Children then participated
in an unrelated experimental task and the Preschool Lan-
guage Scales. At the second visit, approximately 2 weeks
later, children again began the visit by playing with an ex-
perimenter. They then entered the testing room where they
were seated in front of the eye-tracker monitor and viewed
the experimental task.

Data Processing and Analysis Plan
To evaluate children’s learning in each condition, we

evaluated their gaze behavior during the test phase of each
trial. Following prior work, our first planned analysis
focused on the time window from 1 to 2.5 s of the test
phase. Recall that in the Prompt phase immediately prior,
children heard a directive to find the target while their vi-
sual attention was directed to the center of the screen with
a central fixation star. Prior novel verb-learning studies with
this design have found that 2-year-olds require approximately
1 s to disengage attention from the centrally placed star and
to program and launch an eye movement in response to the
auditory prompt they have just heard (e.g., Arunachalam,
2013; Arunachalam & Dennis, 2018). The goal of this
analysis was to determine whether there were differences
in preference for the target scene across the consistent
and varied conditions, and whether these differences were
related to children’s expressive vocabulary size. Because we
did not have an equal number of typically developing and
late-talking children, our primary analysis treated expressive
vocabulary as a continuous measure rather than grouping
children. In the second analysis described below, we then
used a binary categorization of typically developing versus
late talking.

We used mixed-effects linear modeling (with the lme4
package version 1.1–12 (Bates et al., 2015) and lmerTest
package version 2.0–36 (Kuznetsova et al., 2017) in R version
3.3.0 (R Core Team, 2016). The dependent variable was
the proportion of looks to the target scene (i.e., the preserved
action scene) versus elsewhere in the 1 to 2.5-s window of
the test phase; note that the denominator for the analysis in-
cludes looks to neither scene and track loss, which is a more
conservative approach than excluding these data points, and
Horvath
it has been used in prior eye-tracking work with similar para-
digms (e.g., Borovsky & Peters, 2019; Horvath et al., 2018).
Following Barr (2008), the gaze data were collapsed in 50-ms
bins to reduce the effects of eye movement-based dependen-
cies (that is, the direction of gaze at one time point is not
independent of direction of gaze at the next), and the
proportions were empirical logit transformed. The re-
gression models included the random effects structure
of a by-participant intercept with a slope for time, and
a by-trial intercept with a slope for time; these random
effects are important because different children will shift
gaze at different speeds, and the different video scenes used
in different trials may also yield differences in how quickly
children visually scan them. In the first model, meant to
examine the relationship between vocabulary and perfor-
mance, we included fixed effects of time (which we include
because children’s gaze will vary across the test phase), ex-
pressive vocabulary score on the MCDI (from 1 to 100)
and condition (contrast coded as 0.5 for the consistent con-
dition and −0.5 for the varied condition), along with their
interactions. We also included age in months (centered
around its mean) as a fixed effect. Models were fit using
weighted restricted effects maximum likelihood. The sec-
ond model directly tested the hypothesis that late talkers
might be different from their typically developing peers.
This model included the same outcome variable and ran-
dom effects structure as the first. The fixed effects for the
model were time, condition, and group (late talker and
typically developing). A third post hoc analysis asked how
many children showed a pattern of better learning in one
condition as compared to the other.

We first processed the data to evaluate tracking
quality. In doing so, we realized that one of the eight items
depicted a motion event in which the actor was not in the
visual scene at the very beginning of the scene (an actor
pulling a toy drum across the floor); we excluded this item
from analysis because, unsurprisingly, children’s gaze was
not directed to this scene early in each phase. Because we
counterbalanced the assignment of items to condition, this
did not affect the amount of data in each condition.

We also conducted a preliminary analysis to determine
if there was an effect of the order of the condition blocks
(consistent trials first vs. varied trials first). There was none,
so we collapsed across the two orders for the remainder of
the analyses.

Exclusionary Criteria
Children who had track loss for greater than 50%

of the test phase on more than half of their trials and
children who did not contribute at least one trial in each
condition were excluded (n = 5 participants from initial
56 recruited). We chose this threshold on the basis of
prior studies using a very similar paradigm (e.g., Arunachalam
& Dennis, 2018; Horvath et al., 2018). For the remaining
children in the sample, all trials were included. There was
a small nonsignificant negative correlation between vo-
cabulary size on the MCDI and percentage of track loss
& Arunachalam: Variability Vs. Repetition in Verb Learning 4241



4We ran an additional post hoc analysis to determine whether receptive
language skills alone predicted performance. The model included the
dependent variable of proportion of looks to the target scene, the
random effects of participant (with a slope for time) and trial (with a
slope for time), and the fixed effects of time, condition, and Preschool
Language Scales Auditory Comprehension Standard Score, along with
their interactions. The regression revealed no main effect of receptive
language skills (b = 0.019, SE = 0.013, t = 1.40, p = .16). This is not
altogether surprising: the Auditory Comprehension subscale captures
broad receptive language abilities, including following directions,
understanding questions, and receptive vocabulary. Our task, though
receptive, focuses specifically on vocabulary acquisition, and as such is
more likely to be predicted by concurrent vocabulary measures (both
expressive and receptive).
for the included participants (R = −0.15, p = .40) such
that lower vocabulary was associated with greater track
loss. Being a late talker may be associated with behavioral
and attentional differences (e.g., Carson et al., 1998; Horwitz
et al., 2003; Irwin et al., 2002), so this is not surprising.

Results
As shown in Figure 2, participants looked more at

the target scene in the consistent condition than the varied
condition. Recall that the denominator of the proportion
of target looking includes looks to neither scene and track
loss, so 0.50 should not be interpreted as chance looking.
The primary analysis of looking to the target scene as a
function of time, condition, and expressive vocabulary size,
as well as their interactions, revealed a significant main ef-
fect of condition, and significant interactions between time
and condition, condition and vocabulary size, and a signifi-
cant three-way interaction of time by condition by vocabu-
lary size (see Table 3). The main effect of condition reveals
that participants looked to the target scene significantly
more in the consistent condition (M = 0.42, SD = 0.20)
than the varied condition (M = 0.37, SD = 0.19). The in-
teraction between condition and time indicates that children’s
gaze patterns toward the target scene also vary across the
analysis window as a function of condition. The interaction
between condition and vocabulary reveals that the effect of
condition is more pronounced for children with lower vocab-
ularies than it is for those with higher vocabularies. Finally,
there is a significant three-way interaction of time by condi-
tion by vocabulary: The impact of condition on gaze behav-
ior across time during the test window is itself impacted by
children’s overall vocabulary size, indicating complex rela-
tions among these factors. The model also revealed a signifi-
cant fixed effect of age, wherein younger children looked
more to the target scene overall than did older children.

The second analysis, in which we grouped children
as either late talkers or typically developing, yielded the
same pattern of effects (see Figures 3A and 3B). The re-
gression indicated no main effect of group; however, there
was a significant interaction between condition and group
(see Table 4). To understand this interaction, we conducted
a post hoc analysis of estimated marginal means using the
emmeans package, version 1.3.3 (Lenth, 2019); p values
were adjusted using the Tukey post hoc method. The results
revealed that both late talkers and typically developing chil-
dren performed significantly better in the consistent condi-
tion than in the varied condition, but that this difference
was more pronounced for late talkers (consistent: M = 0.40,
SD = 0.20; varied: M = 0.36, SD = 0.19; estimate = 0.26;
SE = −0.06, p < .001) than for typically developing chil-
dren (consistent: M = 0.43, SD = 0.20; varied: M = 0.38,
SD = 0.20; estimate = 0.20, SE = 0.04, p < .001). Because
late talkers differ in whether their receptive language is
also delayed, and this factor may critically distinguish
those who go on to have language problems and those who
do not, we also added the receptive language measure of
standard score on the Auditory Comprehension subscale of
4242 Journal of Speech, Language, and Hearing Research • Vol. 64 •
the Preschool Language Scales, but here too, the same
pattern held and there was no significant effect of Auditory
Comprehension score (p = .14).4

Finally, we conducted a post hoc assessment of indi-
vidual patterns to see how widespread the pattern was of
learning better in the consistent condition as compared to
the varied condition. We compared each child’s proportion
of looking to the target scene during the target window
across the two conditions. Unsurprisingly, the majority of
children looked to the target more in the consistent condi-
tion (n = 29) than the varied condition (n = 18). However,
there were no differences in the proportion of time children
spent looking to the target scene in their better learning
condition (the consistent condition: M = 0.51, SD = 0.17;
the varied condition: M = 0.49, SD = 0.17; t = 0.39,
p = .70, ns).
Discussion
Although verb learning is a notoriously difficult task,

it has been robustly demonstrated that children are sensitive
to the linguistic context in which an unfamiliar verb appears
and can use it to acquire verb meanings (e.g., Fisher, 2002;
Naigles, 1990). However, we still know little about what
kinds of linguistic contexts are best. Given that learners of-
ten hear a single word multiple times within a conversa-
tion, and that speech-language pathologists carefully plan
how and how many times they will introduce a new word
in a session, we sought to learn more about how multiple
kinds of verb learning contexts would compare to repeti-
tion of a single type of context.

We presented children with novel verbs either in lin-
guistic contexts containing only content nouns (consistent
condition) or in a combination of contexts containing con-
tent nouns and contexts containing pronouns (varied con-
dition). Although variability has been shown to support
many aspects of language learning, our findings do not
support the hypothesis that varied presentation in both
types of linguistic contexts is better than consistent pre-
sentation in one type of context for acquiring verb meaning.

Why wasn’t variability more helpful for learners than
repetition, given prior work illustrating benefits of variabil-
ity in other word-learning tasks? One likely possibility is
that the content noun context better supported children’s
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Figure 2. Children’s gaze to the familiar action scene during the test phase by condition. Error bars indicate standard error of participant
means.
abilities to establish a representation of the novel verb’s
meaning, and that repetition of the verb in the same con-
text solidified that representation for the verb, making it
easier to access at test. Consider Arunachalam and Waxman
(2015)’s finding that typically developing children are
unable to resolve pronouns with their referents in order
to acquire a novel verb’s meaning (e.g., “He is going to
blick it”), even when there were only two referents in the
visual scene. This was true even when children were provided
Horvath
the content nouns in a previous sentence (e.g., “Let’s see a
boy and a balloon. He is going to blick it”). The added step of
resolving the pronouns with their referents may be too cogni-
tively demanding, leaving children insufficient resources to ac-
quire the verb. This interpretation is consistent with work by
Hadley et al. (Hadley et al., 2017; Hadley & Walsh, 2014),
who have demonstrated the benefits of using content nouns
in subject position. Content nouns, Hadley et al. argue, help
support verb acquisition because they better highlight the
& Arunachalam: Variability Vs. Repetition in Verb Learning 4243



Table 3. Parameter estimates for linear mixed-effects model with vocabulary treated as a continuous variable.

Variable Estimate SE t value p value

Intercept −0.28 0.705 −0.396
Time, s −0.063 0.400 −0.16 .87
Condition 1.95 0.395 4.94 < .0001*
Vocabulary 0.00165 0.0081 0.203 .84
Time × Condition −1.00 0.222 −4.51 < .0001*
Time × Vocabulary −0.00129 0.00451 −0.285 .77
Condition × Vocabulary −0.0218 0.0054 −4.047 < .0001*
Time × Condition × Vocabulary 0.0126 0.00304 4.16 < .0001*
Age (months, centered around mean) −0.0612 0.028 −2.203 .028*

Note. Note that the values for the parameter estimates are very small because of the scale of the raw vocabulary score, which ranges from
0 to 100.

*Statistically significant.
relationship among event participants than do pronouns.
(Hadley et al.’s studies do not contrast consistency and var-
iability, but rather content nouns versus pronouns. In both
instances, they included variability in the subject posi-
tion). Under this interpretation, children in our study were
able to solidify their representations of the novel verb
across all of the eight mentions of the verb during the fa-
miliarization phase in the consistent condition, but were
only able to access four of the eight mentions of the verb
in the varied condition. If instead the task of parsing out
the phonological form of the novel verb, or determining that
it was a verb rather than a noun, had been more challenging
for children at this age, the pronominal context may have
provided much needed support for getting the learning task
Figure 3. (A) Late talkers’ gaze to the familiar action scene during the Test p
means. (B) Typically developing children’s gaze to the familiar action scen
error of participant means.
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off the ground. (Younger children are indeed likely to re-
quire such support; He & Lidz, 2016).

Another possibility is that variability in linguistic
contexts is simply not useful for verb learning unless the
syntactic frame is manipulated in such a way that it re-
veals something about the verb’s semantic class. For example,
hearing a verb in the causative alternation (e.g., “The ball
is blicking”/“The baby is blicking the ball”) offers different
information from hearing a verb in the implicit object alter-
nation (e.g., “The baby is blicking”/“The baby is blicking a
cookie”). Naigles (1996) and Scott and Fisher (2009) dem-
onstrated that, when each context provides different infor-
mation, the learner derives benefit from this type of variability
(see also Bunger & Lidz, 2004). By contrast, the two frames
hase by condition. Error bars indicate standard error of participant
e during the Test phase by condition. Error bars indicate standard
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Table 4. Parameter estimates for linear mixed-effects model with children grouped as either late talkers or typically
developing.

Variable Estimate SE t value p value

Intercept −0.42 0.55 −0.76
Time, s −0.04 0.31 −0.13 .89
Condition 1.51 0.26 5.72 < .0001*
Group (TD) 0.36 0.48 0.76 .44
Time × Condition −0.72 0.15 −4.88 < .0001*
Time × Group (TD) −0.16 0.26 −0.61 .54
Condition × Group (TD) −1.52 0.32 −4.77 < .0001*
Time × Condition x Group (TD) 0.84 0.18 4.72 < .0001*

Note. TD = typically developing.

*Statistically significant.
presented in this study do not provide different kinds of in-
formation about the verb’s meaning.

Although our data are compatible with this second
possibility, we think the first possibility is more likely given
that pronominal contexts have been shown to play an
important role in some aspects of language learning (e.g.,
Childers & Tomasello, 2001) and given that a large body of
work documents a trade-off between how informative the lin-
guistic context is and how easy it is to process for acquiring
verb meaning (see, e.g., He & Arunachalam, 2017 for review).

Our findings are particularly interesting given that
the linguistic pattern of the varied condition, in which con-
tent nouns were replaced with pronouns after an initial
use, is thought to be more felicitous in discourse (e.g.,
Gordon et al., 1993) and adults, at least, incur a process-
ing penalty when names are repeated (e.g., Gordon et al.,
1993; Gordon & Scearce, 1995). However, repeated names
(as opposed to pronouns) may help to enhance memory repre-
sentations (e.g., Gernsbacher, 1989) and therefore, for 2-year-
olds solving the task of acquiring a novel verb, repetition of
content nouns may be a boon rather than a hindrance.

In the long term, however, variability in how verbs
are presented, as we would expect in a natural learning en-
vironment, very likely supports learning and generalization
(e.g., Hoff-Ginsberg, 1985; Naigles & Hoff-Ginsberg, 1995,
1998; but see also Hsu et al., 2017). These results are rele-
vant for our understanding of fast mapping and of children’s
initial efforts to acquire new verbs. Subsequent extension of
that verb into new contexts, once a sufficiently robust rep-
resentation is established, may be dependent on variability
in both the linguistic and visual contexts in which it occurs.

Another important finding from this work is that late
talkers and typically developing toddlers differed in their
abilities to learn the novel verb. In the consistent condition,
there was no difference between groups in performance;
however, in the varied condition, late talkers performed
substantially worse than typically developing children. We
offer two interpretations, not incompatible, for this differ-
ence. The first interpretation is that this difference is due to
the poorer language processing abilities of late talkers.
Recall that in the varied condition, children heard the novel
verb four times, each time flanked by pronouns. Resolving
Horvath
the referents of pronouns requires language processing skill
and skill at integrating information from different sources
(e.g., the visual scene and the linguistic context), and there
is some evidence from older children that those with poorer
language comprehension skill may have difficulty resolving
pronoun referents (e.g., Oakhill & Yuill, 1986).

Additionally or alternatively, late talkers may require
more exposure to a novel verb in informative linguistic con-
texts than their typically developing peers. If late talkers learn
little or nothing from pronoun-only contexts, then in the var-
ied condition, they had access to only four useful exposures,
which may be too few for this group. This is consistent
with prior work which indicates that children with process-
ing deficits typically require a greater number of exposures in
order to learn word meanings (G. Jones & Rowland, 2017).
Limitations
One limitation of this study is that because the task

was nearly identical to prior studies, we did not include a
baseline, no-word condition as a comparison point for
measuring learning. Although children preview the test
scenes before they are asked to find the target word, this
preview comes after children have been exposed to the novel
verb, and thus, children’s looking behavior during this pre-
view is likely influenced by the linguistic input of the familiari-
zation phase. We are therefore unable to make direct
comparisons between preview and test or to measure learn-
ing by comparing the two. However, our goal was not to
demonstrate that children can learn in one condition and
cannot learn in another—we took as precedent the robust
evidence from prior work that 2-year-olds can learn a novel
verb flanked by content nouns in this task (e.g., Arunachalam
& Waxman, 2011, 2015; Waxman et al., 2009). Instead, we
wanted to ascertain whether one condition showed better
performance than another, which we did find.

A second limitation of this study is our sample, which
is not representative. More than three-quarters of the children
in our sample had a parent with a graduate degree. Likely as
a consequence of this, the typically developing children aver-
aged standard scores on the Preschool Language Scales nearly
one full standard deviation above the norm. Even the late
& Arunachalam: Variability Vs. Repetition in Verb Learning 4245



talkers, classified based on vocabulary size, performed better
than would be expected on this measure. Additionally, more
than 80% of our sample was White, which is not reflective of
current U.S. demographics.

Finally, we were also limited in our classification of
late talkers by our instrument of choice: the MCDI. This is
only normed for children up to 30 months, but we recruited
children between 24 and 36 months, and we used the 30-
month benchmarks for the older half of the sample. However,
a 35-month-old who classifies as a “late talker” based on 30-
month-old percentiles is more delayed than a 30-month-old
who does. This discrepancy may partially explain why we
observed an unusual age effect in the first regression model,
wherein younger children looked more to the target than
older children: Older late talkers, at least, were more se-
verely delayed. Although we added an additional criterion
(history of speech therapy) to partially alleviate this prob-
lem, we note that it likely still has consequences for the inter-
pretation of our findings.

Conclusions
We observed that in a novel verb learning task, pro-

viding children with consistent content noun use better
supports verb learning than does variable content noun
and pronoun use. The finding that content nouns strongly
support verb learning is consistent with other work highlight-
ing the importance of content nouns in verb learning (e.g.,
Arunachalam & Waxman, 2015; Hadley & Walsh, 2014).

However, we do not suggest that one verb-learning
context is uniformly optimal for all learning tasks or for
all children; instead, the usefulness of any given linguistic
context in any given situation will vary according to many
factors, including age and language ability (Horvath &
Arunachalam, 2019). For example, younger children or
children with poorer language processing abilities may strug-
gle with the processing demands of a content noun context
(He & Lidz, 2016), whereas older children may succeed (He
et al., 2020). This results suggest that variability, too, may
have greater or lesser benefits across age because of the trade-
off of processing and informativity (see also Nicholas et al.,
2019 for related results for preposition learning). Different
kinds of variability, other than the one we manipulated here,
are also likely to yield different patterns.

Our finding supports the hypothesis that optimal
contexts for word learning (and in particular verb learning)
will vary as a factor of language ability. This finding is no-
table given the relatively small literature on word learning
in late talkers. Although late talkers are defined by their
vocabulary size, relatively few studies have explored how
they learn new word meanings, and this research has been
limited to learning nouns (e.g., Alt et al., 2020; Capone Singleton
&Anderson, 2020; Ellis et al., 2015, Ellis Weismer et al., 2013;
S. S. Jones, 2003; S. S. Jones & Smith, 2005; MacRoy-
Higgins & Montemarano, 2016). However, late talkers
show subtle differences in their verb vocabulary composi-
tion (Horvath et al., n. d., 2019; Jiménez et al., 2020), which
may indicate differences in verb-learning processes. The
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findings from this study suggest that children with smaller
vocabularies—including late talkers—are not as successful
in verb learning provided nonoptimal linguistic contexts.

This finding may have implications for the develop-
ment of clinical interventions seeking to teach children new
vocabulary. Although we are hesitant to make direct clini-
cal recommendations from one experimental task, we advo-
cate for two lines of future research: One focused on better
defining optimal verb-learning contexts for learners with di-
verse abilities, including typically developing children as
well as children with or at risk for language disorder, and
another translating these basic science findings into clinical
intervention. We also advocate for interventions specifically
focusing on verb vocabulary because of the critical role that
verbs play in the development of grammar (e.g., Ebbels et al.,
2007; Hadley et al., 2016; Oetting et al., 1995).
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