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Abstract

While semantic and syntactic properties of verb meaning can impact the success of verb learning
at a single age, developmental changes in how these factors influence acquisition are largely
unexplored. We ask whether the impact of syntactic and semantic properties on verb vocabulary
development varies with age and language ability for toddlers aged 16 to 30 months in a large
sample (V= 5520, M_ate Talkers = 821; Mrypically Developing = 4699, cutoff = 15th percentile) of
vocabulary checklist data from the MacArthur- Bates Communicative Development Inventory
(MBCDI). Verbs from the MBCDI were coded for their syntactic and semantic properties,
including manner/result meanings, durative/punctual events, and syntactic complexity. Both late
talkers and typically developing children were less likely to produce syntactically complex verbs at
younger ages as compared to older ages. Group differences emerged for manner/result: Typically
developing children were more likely to produce manner verbs at all ages, but late talkers were
more likely to produce result verbs. Regardless of group, children who produced more manner
versus result verbs also had larger verb vocabulary sizes overall. These results suggest that late
talkers and typically developing toddlers differ in how they build their verb vocabularies.
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Introduction

Verbs hold a unique place in language acquisition, providing the building blocks for
mature sentence structure and supporting children’s transition into multi-word utterances.
Indeed, the number of verbs that children produce at age two is a better predictor of later
grammatical skills than is the number of nouns they produce (Hadley et al., 2016). At the
same time, verb learning poses unique challenges in vocabulary development, relying on
different mechanisms than noun learning (Gentner, 1978; Gleitman, 1990). Children’s first
50 words are predominantly nouns (Nelson, 1973), and this “noun advantage” continues
through toddlerhood (Gentner, 1982; Gentner & Boroditsky, 2001). These differences in
acquisition may be driven by how nouns and verbs encode meaning. Nouns frequently
refer to physical, tangible objects. By contrast, verbs frequently refer to actions, which
are ephemeral and often involve coordination among multiple participants in events and
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arguments in syntactic structure. In this study, we focus on how several semantic and
syntactic features of verbs related to event structure explain patterns in verb learning and
expressive language skills in general across toddlerhood, from 16 to 30 months of age.

Verb learning is likely to be particularly difficult for children with early expressive
vocabulary delays, known as late talkers (LTs: Rescorla, 1989). While the term “late talker”
is not a clinical diagnosis, it has been used extensively in literature to identify toddlers
who present with expressive vocabulary deficits absent any known developmental disorder,
hearing loss, or cognitive impairment (e.g., Beckage et al., 2011; Fernald & Marchman,
2012; Horvath et al., 2019; Rescorla, 1989, 2002, 2005, 2009; for review, see: Desmarais
et al., 2008). In turn, status as an LT is a risk factor for a later diagnosis of language
disorder (Rescorla & Dale, 2013); although estimates vary, perhaps one third or more LTs
will qualify for such a diagnosis by the age of five (Dale et al., 2003; Hammer et al.,
2017). Further, LTs who do not develop a language disorder still have poorer language

and academic outcomes as compared to their typically developing peers (TDs) throughout
childhood and adolescence (Rescorla, 2002, 2005, 2009).

Beyond the differences in the raw number of words that LTs and TDs produce — which
define LTs — there appear to be differences in the types of words that LTs and TDs’

acquire, including in their verb vocabularies (Beckage et al., 2011; Colunga & Sims, 2017;
Horvath et al., 2019; MacRoy-Higgins et al., 2016; Rescorla et al., 2001). Differences

in verb learning are particularly concerning because of their possible cascading effect on
language outcomes, as the number and type of verbs that children learn predicts later
language abilities (Hadley et al., 2016; Olswang et al., 1997). These observed differences in
verb vocabulary development between LTs and TDs may also in part explain LTs’ poorer
long-term outcomes (Rescorla, 2002, 2005, 2009).

Several aspects of lexical semantics and linguistic context are likely to influence early verb
learning. In noun learning, for example, children are more likely to acquire nouns that
denote basic level taxonomic distinctions (e.g., they are more likely to learn the word “dog”
than the superordinate category “mammal”; Markman, 1989), and nouns that are higher in
iconicity and those are associated with more perceptual features tend to be earlier acquired
(Perry et al., 2015; Peters & Borovsky, 2019). While verbs do not share the same kind of
semantic structures as nouns, they can be classified according to how they highlight aspects
about the temporal structure and manner of events (e.g., Levin, 1993). Not only do the
syntactic and semantic features of verbs predict individual verb acquisition at age two, but
there are notable differences in the composition of early verb vocabularies in children who
are LTs as compared to those who are TDs (Horvath et al., 2019).

Horvath et al. (2019, hereafter HRA) compared several syntactic and semantic features

in the composition of LTs’ and TDs’ expressive verb vocabularies at age two with the
Language Development Survey (LDS: Rescorla, 1989), a checklist of parent-reported
expressive vocabulary. Verbs on the LDS were coded for their semantic properties, such
as whether they denote manner or result meanings or whether they reference durative or
punctual events, and also for the syntactic frames in which the verbs could appear, such

as intransitive, transitive, or ditransitive frames. This work revealed that both syntactic and
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semantic properties of verbs predicted the likelihood with which a child would produce
them, and that LTs and TDs differed in the types of verbs they produced at age two.

A notable limitation of this prior study is that HRA were able to measure these verb learning
phenomena only in two-year-olds’ vocabularies. Toddlers, though, begin to acquire verbs
well before their second birthdays. The average toddler has two verbs in their expressive
vocabulary at 19 months of age and more than 40 verbs just six months later (Frank et

al., 2016). These developmental differences may be driven by a range of factors, including
increased linguistic experience and overall cognitive development. Properties of the verb,
then, may differentially impact toddlers’ verb learning over the course of development.

By focusing on the development of verb vocabulary across toddlerhood, we will also be

able to identify fundamental mechanisms that contribute to variability in early verb learning
and determine whether children with early delays show fundamentally different or simply
delayed patterns in verb learning. Specifically, by exploring developmental trajectories from
the start of the growth in expressive verb vocabulary, we can ask whether LTs demonstrate
the same patterns of verb vocabulary development as TDs but are on a delayed trajectory or
whether LTs demonstrate differences in which verbs they tend to learn — that is, whether LTs
build up their verb vocabularies in different ways compared to TDs.

To implement this developmental approach, we extracted data from Wordbank (Frank
etal., 2016), a large, open-access dataset of administrations of the MacArthur-Bates
Communicative Development Inventories: Words and Sentences (MBCDI: Fenson et al.,
2007), a checklist for parent-reported expressive vocabulary for children ages 16 to 30
months. Not only does this dataset include a larger number of administrations than

was available to HRA using the LDS, but the MBCDI also captures a larger, more
comprehensive set of early productive vocabulary (680 words vs. 310 words). This
difference in scale is also true of verb vocabulary items (103 verbs to 50 verbs), with just
41% of the verbs on the MBCDI also appearing on the LDS. Therefore, this project will
replicate and expand on prior work by identifying factors that support early verb learning
using a larger dataset, across a wider age range, and a wider set of verbs. The following
sections consider the semantic and syntactic verb properties that we measure in this project.

We note here that, as in the original HRA paper, we compare LTs to TDs matched by age
rather than vocabulary size. While some LT studies include a control group matched for
vocabulary size (e.g., Beckage et al., 2011), we argue that age-matching is inappropriate

for this project’s research questions. First, the second year of life is marked by significant
cognitive and linguistic maturation, with implications for verb learning. Second, although
LTs have delays in expressive vocabulary, at least some LTs have age-appropriate receptive
language skills (e.g., Paul, 1991). Finally, children’s vocabulary development is driven at
least in part by exposure to vocabulary items (Goodman et al., 2008; Ma et al., 2009), which
is unlikely to be equivalent between younger TDs and older LTs. Taken together, these
factors suggest that older LTs are unlikely to demonstrate similar patterns of verb vocabulary
development as younger TDs with similar vocabulary sizes, and that age-matched TDs are a
better comparison point for understanding LT verb vocabulary development.
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Manner and result meanings

Verb acquisition can be influenced by properties of the event the verb encodes, including
manner/result distinctions (Behrend, 1990; Clark, 1995; Clark et al., 1995; Gopnik &
Meltzoff, 1986; de Lemos, 1981; Horvath et al., 2019; Huttenlocher et al., 1983; Genter,
1978; Gropen et al., 1991; Penner et al., 2003). Manner verbs (e.g., “run,” “sing”) denote the
mode of action of an event, and result verbs (e.g., “break,” “close”) denote the end state of
the event. There is conflict in the literature as to which young children more easily acquire.
Some studies suggest that resultive states are particularly salient and promote acquisition
in toddlerhood (Clark, 1995; Clark et al., 1995; Gopnik & Meltzoff, 1986; de Lemos,
1981; Huttenlocher et al., 1983). Other studies find that toddlers demonstrate a bias toward
interpreting and labeling events using manner verbs (Gentner, 1978; Gropen et al., 1991),
suggesting that manner meanings might be easier for children to learn. Still other research
has produced mixed findings depending on the task at hand (Behrend, 1990).

HRA provided a unifying explanation for these conflicting accounts based on a study of
two-year-olds. In that study, TDs’ verb vocabularies included proportionally more manner
verbs than result verbs, but LTs showed the opposite pattern. HRA posited that biases for
manner or result verbs vary with age or language experience. Toddlers may initially acquire
result verbs due to the saliency of end states, but then develop a later bias toward manner
meanings. We test this hypothesis directly in our study.

Durative and punctual meanings

Children’s verb acquisition may also be affected by the temporal duration of the referent
event. Durative verbs (e.g., “walk,” “play”) denote events which can be protracted over time,
whereas punctual verbs (e.g., “clap,” “hit”) denote instantaneous events. Durative verbs

may facilitate verb acquisition as compared to punctual verbs (Abbot-Smith et al., 2017;
Horvath et al., 2018, 2019): Children have longer to identify and attend to the referent
action with durative events, making a mapping between the event and verb more likely. With
punctual events, a child may miss the opportunity to learn a verb if they do not attend at the
appropriate moment.

Although less studied than the effect of manner and result, this hypothesis is supported by
some research, both in tasks of novel-verb learning (Abbot-Smith et al., 2017) and in studies
of toddlers’ verb vocabularies (Horvath et al., 2018, 2019). In a cross-linguistic study of
English, Greek, Korean, Portuguese, and Italian, Horvath et al. (2018) found that children
know proportionally more durative verbs than punctual verbs in all languages, although this
difference was only significant for English and Korean. HRA also observed this pattern for
both LTs and TDs, although the difference was not significant after controlling for word
frequency.

Given these findings, we expect children to be more likely to have durative verbs than
punctual verbs in their vocabularies but that this bias decreases across development. If
indeed children struggle to acquire punctual meanings because of the challenges of attention
allocation, then this should be less challenging for the child as attention allocation skills
mature.
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The syntactic environment of verbs

Methods

Participants

Verbs vary in their usage, appearing in more or less syntactically complex frames. For
example, a verb may appear in a relatively simple intransitive frame (e.g., “The girl slept™)
or in a more complex ditransitive frame (e.g., The girl gave the boy a present”). Longer
utterances require more efficient linguistic processing abilities, which develop throughout
toddlerhood (Fernald & Marchman, 2012; Fernald et al., 2006, 1998). Children who are
more efficient at processing are better equipped to learn words (e.g., Peter et al., 2019).

For example, Lany (2018) found that processing abilities predicted toddlers’ concurrent
abilities to learn novel nouns. Unsurprisingly, toddlers’ processing abilities also predict later
vocabulary size, and can even distinguish between LTs who are more likley to catch up and
those who will remain delayed between 18 and 24 months of age (Fernald & Marchman,
2012).

Although no published studies have directly examined the relationship between processing
and verb learning, findings from several studies indicate that children struggle to acquire
verbs from complex lingusitic environments. For example, He et al. (2020) found in an
experimental verb-learning task that two- and three- year-olds are more likely to acquire
verbs that appear in simpler rather than more complex syntactic frames. HRA found that
both LT and TD two-year-olds had proportionally fewer verbs that appear in complex
ditransitive frames as compared to verbs that appear in intransitive or transitive frames.

We hypothesize that the difficulties associated with complex syntactic environments will
be even greater for children at younger ages because of their slower processing abilities
(Fernald et al., 2006). Although HRA did not find any differences between LTs and TDs
at age two, we also tentatively predict there may be between-group differences in younger
toddlers, with LTs having even greater difficulty with complex syntax as compared to TDs.

We use a freely available data sample of MBCDI vocabulary assessments from Wordbank,
an open- source repository (Frank et al., 2016). We include all the data collected using

the American English MBDCI Words and Sentences form, which includes 5520 children
between 16 and 30 months of age (M= 22 months, SD = 4.7 months). For one-quarter

of the data (V= 1426, 26%) we have no additional demographic data beyond age. Of the
remaining, there was an approximately equal distribution of females (/= 1989, 49%) and
males (A= 2105, 51%).

Participants’ overall productive vocabulary percentile rankings were calculated based on
norms established by Fenson et al. (2007). Participants were classified as LT or TD based on
overall vocabulary size, with LTs being those whose total vocabulary scores were below the
15th percentile for their age. (We note here that the percentile for classifying LTs has varied
across the literature. While many studies have used the 15th percentile as a cutoff measure
(e.g., Ellis et al., 2015; Horvath & Arunachalam, in press), others have used more stringent
(10th percentile: Thal et al., 1997) or relaxed (30th percentile: Jones, 2003) cutoff points.
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We use the 15th percentile because it is the closest cutoff to the estimated population rate of
13 to 15% (Desmarais et al., 2008; Zubrick et al., 2007).

In total, 15% of the sample were LTs (M1 = 821, Mp = 4699). LTs were, on average,
slightly younger than TDs (M1 =21.2, SD 1 =4.6; Mrp =22.6, SDrp =4.7; t=17.8, p<
.001).

All 103 vocabulary items in the “Actions” category of the MBCDI were included in our
analysis. Verb features were coded by two trained undergraduate research assistants and then
checked by SH and JK. Disagreements were rare (<5%) and resolved through discussion.

Manner and Result: We identified manner and result verbs via established diagnostics
from Rappaport-Hovav and Levin (e.g., Levin & Rappaport-Hovav, 2013; Rappaport-Hovav
& Levin, 2010). We excluded stative verbs (1= 8) — which are not associated with manner
or result meanings — based on whether they can take the present progressive (e.g., #“I

am wanting a shoe”: Jackendoff, 1983). The remaining verbs were then rated on their
acceptability in a sentence with the phrase “but nothing changed.” Result verbs were
identified as inacceptable in this frame (e.g., #“I broke the cup, but nothing changed”),
while manner verbs were rated as acceptable (e.g. “l danced, but nothing changed”). In total,
there were 50 manner verbs and 45 result verbs.

Durative and Punctual—\Verbs were coded as durative or punctual based on whether the
referent action could be protracted over time (e.g., Abbot-Smith et al., 2017; Horvath et al.,
2018, 2019). Stative verbs do not encode durative or punctual meanings and were excluded
from further diagnostics. The remaining verbs were placed in sentences with the phrase
“three times in one minute” to identify whether the referent events could happen in rapid
succession. If the sentence was felicitous, the verb was coded as a punctual verb (e.g., “I
knocked on the door three times in one minute”); if the sentence was infelicitous, the verb
was coded as durative (e.g., #*l cooked the pasta three times in one minute™). Additionally,
coders were asked to judge whether the referent action could be stopped halfway through
(durative) or not (punctual).

Some verbs, like “sit,” vary in the temporal properties of the event (e.g., “The boy sat down
on the ground” versus “The toy sat on the shelf all week”). In total, fifteen verbs in the

data set were identified as able to denote both durative and punctual actions; these were not
coded as belonging to either category but were instead excluded from this analysis. Of the
remaining verbs, 47 were coded as durative and 33 were coded as punctual.

Linguistic complexity—Our linguistic complexity measure sought to estimate
complexity according to verb usage in naturalistic, child-directed speech. Using

the morphologically tagged North American transcripts from the CHILDES corpus
(MacWhinney, 2000), we randomly sampled 100 utterances including each verb spoken
to children at or under 30 months of age. Seven verbs (“chase,” “hate,” “paint,” “skate,”
“smile,” “splash,” and “sweep”) occurred fewer than 100 times and for these we included
all instances of the verb. For each utterance, we quantified the complexity of the argument
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structure with which a verb appeared by awarding one point for each of the following:
subject, direct object, indirect object, and adjunct (e.g., prepositional phrase). Scores were
averaged over the 100 utterances for an “average complexity score” for each verb (M=

1.4, SD= 0.4, range = 0.13 (“hurry”) — 2.11 (“give ). Higher average complexity scores
indicate that the verb regularly appears in more complex syntactic environments. Syntactic
complexity scores did not differ between manner (M= 1.37, SD = 0.38) and result verbs (M
=1.45, SD=0.32, £93) = 1.24, p= .22, n.s.), nor were there differences between durative
(M=1.37, SD=0.41) and punctual verbs (M= 1.53, SD=0.28, {78) = 1.94, p=.056, n.s.).

Frequency—Children are more likely to produce words, including verbs, they hear

more often (Goodman et al., 2008; Horvath et al., 2019; Ma et al., 2009; Naigles & Hoff-
Ginsberg, 1998; Snedeker et al., 2013; Stokes, 2010; Theakston et al., 2004). We measured
the log-frequency of verb usage using the CHILDES corpus (MacWhinney, 2000), again
limiting our analyses to transcripts from morphologically tagged North American corpora
for children at or younger than 30 months of age. To account for polysemous pairings (e.g.,
“play” or “skate”), we counted only those instances in which the word was coded as a verb.

Although our verb list is different from that of HRA, we found the same patterns in
frequency of exposure based on verb properties. Result verbs (M= 2.99, SD = 0.6) averaged
a higher frequency than manner verbs (M= 2.64, SD= 0.6, £093) = 2.72, p=.008). There
were no differences in frequency between durative (M= 2.79, SD = 0.6) and punctual verbs
(M=2.84, SD=0.6, 78)= 036, p=.71, n. s.). Verb complexity and frequency was not
correlated (/(204) = 0.04, p= .69, n.s.).

Imageability—Imageability is a word’s ability to evoke a mental image (Paivio et al.,
1968). Several studies using vocabulary checklist data have found that higher imageability
words, including verbs, are produced earlier than lower imageability words (Hansen, 2017;
Ma et al., 2009; McDonough et al., 2011; Smolik, 2019; Snedeker et al., 2013).

Although normative imageability ratings exist for many English words (e.g., Masterson

& Druks, 1998), these do not include the full list of MBCDI verbs. We therefore

collected imageability norms for using Prolific, an online participant recruitment service.
All participants were above 18 years of age and were recruited in accordance with IRB
protocols at Purdue University. All 120 participants (Mage = 32.83 years, SDage = 10.56
years, 58 female, 61 male, 1 other) were native speakers of American English and were born
and resided in the United States. Participants were asked to rate each verb on a scale from

1 (“extremely difficult or impossible to bring up a mental image”) to 7 (“extremely easy

to bring up a mental image”). Instructions were modeled on previous imageability surveys
(e.g., Paivio et al., 1968; see Appendix A for full instructions).

Participants were randomly assigned to one of four blocks, each containing 25 or 26 verbs
presented in a random order. In total, 30 ratings were collected for each verb. These were
averaged for each verb’s imageability rating (M= 5.6, SD=1.0, range = 2.63 (“have”) —
6.83 (“clap™)). Manner verbs (M= 6.03, SD = 0.7) averaged a higher imageability rating
than result verbs (M=5.48, SD= 0.9, t (93)= 3.4, p=.001). There were no differences
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between durative (M =5.87, SD = 0.8) and punctual verbs (M =5.63, SD=0.9, {78)=
1.23, p=.22, n.s.). Syntactic complexity and imageability were not correlated (= 0.06, =
0.62, p= .53, n.s).

Planned analyses

We planned two series of analyses: Opportunity scores, which were used to

create visual representations of the data, and logistic regressions, which were

used to explore patterns in the data. Our research questions and the logistic

regressions were preregistered on Open Science Framework (OSF: https://osf.io/jwg26/?
view_only=a40a7dbd0f844610b2d20a6b5adf3750).

Opportunity scores—As with HRA, we calculated opportunity scores to create visual
representations of the data. Opportunity scores are calculated by-child by-feature as the
proportion of verbs a child produced divided by the total number of verbs that have that
feature. Because of the uneven number of verbs with each feature, children have more
opportunities to demonstrate knowledge of certain features than others. Opportunity scores
control for this variation. For example, a child who produces 40 manner verbs and 40 result
verbs would have an opportunity score of 0.80 for manner verbs and 0.89 for result verbs;
this is because there are more manner verbs (/= 50) than result verbs (A= 45) in our data
set. For each child, we calculated opportunity scores for total verb vocabulary (out of 103),
manner verbs (out of 50), result verbs (out of 45), durative verbs (out of 47), and punctual
verbs (out of 33).

Logistic regressions—We planned a series of mixed-effect logistic regressions to test
whether a verb’s features significantly predicted the likelihood that a child would produce
that verb, controlling for verb frequency and imageability. Regressions were run in R 3.5.0
(R Core Team, 2016) using the Ime4 package version 1.1- 17 (Bates et al., 2015). For all
regression models, each verb for each participant was included as a separate data point. The
outcome variable for all regressions was whether the child produced (1) or did not produce
(0) the target verb. We planned to run separate regressions to examine the effect of manner
versus result meanings (contrast coded as: manner = 1, result = —1), durative versus punctual
meanings (contrast coded as: durative = 1, punctual = —1), and average syntactic complexity.
For the regressions exploring manner/result and durative/punctual features, those verbs
coded as having neither meaning were removed.

We ran two separate regression models for each feature (manner/result, durative/punctual,
and syntactic complexity). The first regression (Age/Percentile) explored whether verb
features impacted children differently across age and percentile. The model additionally
included fixed effects for age, percentile, the feature of interest, and their interactions.

The second regression (Group) explored whether verb features impacted LTs and TDs
differently. The model included fixed effects for age, group (LT/TD), the feature of interest,
and their interactions. Age was included in this model to control for the fact that older
children tend to produce more verbs, regardless of group. All regressions included verb
frequency and imageability as covariates. Random intercepts for child and word were
included in all mixed-effects models. All continuous variables were scaled and centered.
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Hypothesized statistical outcomes

Results

Our hypothesized statistical outcomes were also outlined as part of our OSF preregistration
(https://osf.io/jwg26/?view_only=a40a7dbd0f844610b2d20a6b5adf3750).

Manner and result—We hypothesized that all children would demonstrate an early
preference for result verbs, but by 24 months TDs would shift and demonstrate a preference
for manner verbs instead. LTs would demonstrate a result preference through at least 24
months. We therefore expected to see an interaction between age and manner/result in the
Age/Percentile model. In the Group model, we expected to see an interaction between group
and manner/result, indicating that the properties of manner and result mattered differently to
LTs and TDs.

Durative and punctual—We hypothesized that children would produce more durative
verbs than punctual verbs throughout toddlerhood and that the magnitude of this difference
would lessen as children aged. We therefore expected in the Age/Percentile regression to

see a main effect of durative/punctual and a significant interaction between age and durative/
punctual. In the Group model, we did not expect to see group differences between LTs

and TDs, which would be demonstrated by a non-significant interaction between group and
durative/punctual.

Syntactic complexity—We hypothesized that 1) children would be more likely to know
verbs with smaller syntactic complexity scores than those with larger scores, 2) TDs
would be more likely to know verbs with larger syntactic complexity scores than LTs,

and 3) and that this difference would be greater at younger ages than at older ages. We
therefore expected to find 1) a main effect of syntactic complexity in both models, 2)

a significant group and syntactic complexity interaction in the Group model, and 3) a
significant interaction between age and syntactic complexity in the Age/Percentile model.

We first explored changes in overall verb vocabulary size across toddlerhood (Figure 1).
Here, children’s average proportion of verbs produced out of all possible verbs on the
MBCDI is graphed as a factor of age and group. We observe that not only did TDs produce
more verbs than LTs across all ages but that the gap between TDs and LTs widened across
development, with TDs demonstrating faster growth in their verb vocabularies than LTs.

We also examined the most common verb vocabulary items in our data set, comparing 1)
“young” (16 to 18-month-old) and “old” (28 to 30 month-old) toddlers, and 2) LTs and TDs.
See Table 1a—b. We found that six of the ten most common verbs for young toddlers were
also among the most common verbs for older toddlers. Additionally, LTs and TDs shared
eight of their ten most common verbs. This latter finding is consistent with HRA, who noted
that LTs and TDs shared 7 of the 10 most common verbs on the LDS.

To consider the effects of verb features on children’s developing vocabulary, we will
discuss the results of analyses examining manner and result meanings, durative and punctual
meanings, and average syntactic complexity in turn. We note that all regressions found that
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toddlers were more likely to produce verbs that average higher imageability ratings and
higher frequency (Tables 2-4). Slope estimates and -values are included in each regression
table. Our discussion hereafter will focus on the impact of our variables of interest (manner/
result, durative/punctual, syntactic complexity) on verb vocabulary development.

result verbs

Figure 2 displays the impact of manner and result meanings on children’s developing verb
vocabulary. For each child, we calculated the difference in the proportion of manner and
result verbs produced (as, arbitrarily, proportion manner minus proportion result). This
difference was averaged, by age and by group, to produce Figure 2. A visual inspection of
the data indicates that, contrary to our prediction, TDs demonstrated a preference for manner
verbs over result verbs across development. By contrast, LTs showed a preference for result
verbs over manner verbs through 25 months of age. (Note that this difference was significant
for all ages in that range other than 21 months). It is not until 30 months of age that LTs
demonstrated the same preference as TDs for manner verbs over result verbs.

As expected, there were significant effects of age and percentile and an interaction between
the two, (Table 2a), indicating that older children were more likely to produce verbs than
younger children (consistent with the fact that verb vocabulary size increases with age), and
children with higher percentile rankings were more likely to produce verbs than children
with lower percentile rankings. The interaction between age and percentile indicated that
children with higher percentile rankings had a steeper growth in the likelihood of verb
production across age than children with lower percentile rankings. The main effects of age,
percentile, and the interaction between them were observed in all subsequent Age/Percentile
models and will not be further described.

As predicted, there was not a main effect of manner/result classification, indicating that
there was no overall advantage for manner or result verbs across toddlerhood. A significant
interaction between age and manner/result classification indicated that younger and older
children varied in their acquisition of manner/result verbs. The direction of the slope
indicated that children were more likely to acquire result verbs at older ages. We also

saw a significant interaction between percentile ranking and manner/result classification,
such that children with larger vocabularies were more likely to produce manner verbs

than children with smaller vocabularies. Finally, a three-way interaction between manner/
result classification, age, and percentile indicated that the impact of age on manner/result
acquisition mattered differently to children based on their percentiles.

To analyze the three-way interaction, we compared the interaction of manner/result with
percentile at the upper and lower bounds of age (16 and 30 months) where the effect of the
interaction would be most pronounced. Note that we selected ages at the developmental
boundaries of the dataset simply to facilitate describing the interaction rather than to

make claims that these effects existed only in the youngest or oldest children. This
analysis indicated that the effect of manner/result differed for younger and older children
as a function of percentile. For the youngest children, the difference in the likelihood of
production for manner compared to result verbs was larger at the highest percentiles (OR =
1.97, 95% CI = 1.21-3.19) than at lowest percentiles (OR = 1.14, 95% CI = 0.69-1.88, 2z
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=5.59, p<.001). For the oldest children, the difference in likelihood between manner and
result verbs was larger at the lowest percentiles (OR = 1.39, 95% CI = 0.85-2.25) than at the
highest percentiles (OR = 1.05, 95% CI = 0.64-1.72, 2= -3.00, p = .001). The magnitude
of the test statistics indicated that the interaction between percentile and manner/ result was
more pronounced for the youngest children than the oldest children. This suggested that the
three-way interaction between age, percentile, and manner/result was driven by a response
to manner/result for younger children across vocabulary development that was stronger than
for older children.

The Group model (2B) identified main effects of age and group but not of manner/result
classification, meaning that older children and TDs were more likely to have verbs than
younger children and LTs, respectively. There was a significant interaction between group
and verb type and the direction of the slope indicated that TDs were more likely to produce
manner verbs than were LTs. There was also a significant interaction of age and verb

type, with older children more likely to produce manner verbs than younger children. We
saw significant interaction of age and group, which indicates that TDs acquired verbs at

a faster rate across development than LTs did. (This is consistent with a visual inspection
of Figure 1. The same pattern of results for age, group, and their interaction emerged for
all subsequent Group regressions and will not be further described.) Finally, there was a
significant three-way interaction between verb type, age, and group, which indicated that the
effect of age on producing manner/result verbs differed between LTs and TDs.

To characterize this interaction, we compared the how effect of manner/result varied across
age for each group. The two groups demonstrated differences in their response to manner/
result across age. For TDs, manner verbs were more likely than result verbs to be produced
at both the youngest ages (OR = 1.68, 95% CI = 1.04-2.72) and the oldest ages (OR = 1.18,
95% CI = 0.73-1.90) but the advantage for manner verbs diminished with age (z=-9.20, p
<.001). In contrast, for LTs, result verbs were more likely than manner verbs to be produced
at the youngest ages (OR = 1.48, 95% CI = 0.82-2.67) while manner verbs were more likely
than result verbs to be produced at the oldest ages (OR = 1.45, 95% CI = 0.88-2.38), a
significant change (2= 3.50, p < .001). Taken together, these analyses indicate that whether
a verb is a manner or result verb matters to the developing toddler, with its impact varying
as a product of the child’s age and language abilities. Notably, LTs demonstrated different
patterns in their acquisition of manner and result verbs than did TDs. We explore these
findings further in a series of post-hoc analyses.

Durative and punctual verbs

We calculated, for each child, the difference in the proportion of durative and punctual verbs
produced, and then took the difference between them (as, arbitrarily, proportion durative
minus proportion punctual). Results are depicted in Figure 3, averaged by age and by

group. As predicted, TDs demonstrated a preference for durative verbs over punctual verbs
throughout development. LTs also showed a preference for durative verbs over punctual
verbs beginning at 24 months of age. Prior to this, LTs did not show a consistent pattern of
development, variously preferring durative over punctual verbs (16 and 20 months), punctual
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over durative verbs (at 21 months), or demonstrating no significant preference for either (at
17-19 and 22-23 months).

Contrary to prediction, the Age/Percentile model (Table 3A) revealed no main effect

for durative/punctual classification, indicating that there was not an overall preference to
produce either verb type collapsed across development. However, a significant interaction
between durative/punctual and age indicated that production of durative/punctual verbs
varied across age. We examined the effect of durative/punctual classification at 16 and 30
months where the interaction should be most apparent. This post-hoc testing indicated that
the youngest children were more likely to produce punctual (vs. durative) verbs (OR =
1.03, 95% C/=0.63-1.69) while the oldest children demonstrated the opposite pattern (OR
=0.90, 95% C/=0.55-1.47). However, the difference between these odds ratios is quite
small, corresponding an advantage for punctual verbs for the 16-month-olds of less than
one percentage point (0.01%) and an advantage for durative verbs for the oldest children of
around one percentage point (1.07%). This suggests that although there was a change in the
effect of durative/punctual across age, the effect was small.

There was also a significant interaction between durative/punctual classification and
percentile. The odds that a child with a vocabulary size at the lowest percentiles would
produce a punctual verb were 1.02 times larger than the odds for a durative verb (95% CI =
0.62-1.67), while the odds that a child with a vocabulary size at the highest percentiles
would produce a durative verb were 1.09 times larger than the odds for a punctual

verb (95% CI = 0.67-1.79). As with the interaction between age and durative/punctual
classification, however, these odds ratios reflected small differences in absolute percent
advantage for durative or punctual verbs (0.01% and 0.77% for the youngest and oldest
children, respectively), indicating that the effect of this interaction was also small. We did
not see a significant three-way interaction between age, verb type, and percentile.

The Group model also indicated that LTs and TDs did not differ in the likelihood of
production of durative/punctual verbs (Table 3b). There was no significant main effect of
durative/punctual classification, nor was there a significant interaction between classification
and age or classification and group. The three-way interaction variable of age, group,

and durative/punctual was also not significant. Taken together, our models indicated that
durative/punctual classification had a limited effect on the verbs that toddlers learn to
produce.

Syntactic complexity

We first visualized developmental changes in syntactic complexity by averaging the
syntactic complexity scores of verbs that children were reported to produce by group

and age (Figure 4). We hypothesized that if verb syntactic complexity did not impact
vocabulary development, then average syntactic complexity of verbs produced should be no
different from the average syntactic complexity across all of the verbs on the MBCDI. This
instrument-average complexity (M= 1.41) is represented by a dashed line in Figure 4. Early
in verb vocabulary development, both LTs and TDs averaged a smaller syntactic complexity
score than the mean MBCDI score. We also note that this gap disappeared for TDs at 21
months, but it did not disappear for LTs until 28 months.
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As with the previous models, the Age/Percentile model (Table 4a) revealed significant main
effects of age and percentile and a significant interaction between them. The main effect of
syntactic complexity was not significant, but there was a significant interaction between age
and syntactic complexity. Post-hoc testing revealed that the interaction between syntactic
complexity and age was driven by a larger response to syntactic complexity for younger
children compared to older children, with younger children showing a greater likelihood

to produce verbs in simpler syntactic frames. The odds that a 16-month-old child would
produce a verb with the lowest syntactic complexity score were 4.48 times larger than the
odds for a verb with the largest syntactic complexity score (95% CI = 1.26- 16.00, z=
2.32, p=.041, Holm adjustment applied). In contrast, while the odds that a 30-month-old
would produce a verb with the smallest syntactic complexity score were also larger than the
odds for a verb with the largest syntactic complexity score, this ratio was not significantly
different from 1 (OR = 2.35, 95% CI = 0.67-8.30, 2= 1.51, p= .19, n.s).

There was also a significant interaction between percentile and syntactic complexity. Post-
hoc testing showed that the interaction between syntactic complexity and percentile was
due to a larger response to syntactic complexity for children with lower vocabulary size
percentiles compared to those with higher vocabulary size percentiles. The odds that a child
with a vocabulary size at the 1st percentile would produce a verb with the smallest syntactic
complexity score were 5.13 times larger than the odds for a verb with the largest syntactic
complexity score (95% CI = 1.44-18.25, z=2.52, p=.023, Holm adjustment applied). Just
as with the interaction with age, however, the odds ratio for a child with a vocabulary size at
the 99th percentile was not significantly different from 1 (OR = 2.06, 95% CI = 0.58- 7.28,
z=1.12, p=.26). The three-way interaction of age, percentile, and syntactic complexity was
not significant.

These findings indicate that verb knowledge is influenced by a verb’s syntactic complexity,
such that younger children are more likely to learn verbs that appear in syntactically simpler
frames. We also conclude that, contrary to our predictions, LTs do not incur greater deficits
from syntactic complexity than do TDs.

Post-hoc analyses

Our planned analyses identified one notable difference between LTs and TDs: LTs produced
more result than manner verbs during toddlerhood, while TDs produced more manner

than result verbs. To further characterize these group differences, we began by asking

what proportion of LTs” and TDs’ verb vocabularies were “manner dominant” or “result
dominant.” As with our initial analyses, we calculated the proportion of manner and result
verbs produced by each child and the difference between them (as manner minus result). If
this value was positive, the child was considered to be “manner dominant,” indicating that
the child produced a greater proportion of the manner verbs on the MBCDI than result verbs.
If the value was negative, the child was considered “result dominant.” If the value was equal
to 0, the child was considered to have “no dominance.”

Figure 5a — b illustrates the proportion of manner- and result-dominant LTs and TDs,

by age (AM.T-manner dominant = 135; M_T-result dominant = 250; Arp-manner dominant = 2486;
MrD-result dominant = 1563). We note that a greater proportion of LTs are result dominant
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than manner dominant at all ages other than 30 months (overall, 30% of LTs are result
dominant and 16% manner dominant). By contrast, a greater proportion of TDs are manner
dominant than result dominant at all ages other than 16 months (overall, 53% of TDs are
manner dominant and 33% result dominant). To confirm that dominance differed between
groups, we ran a logistic model using the Ime4 1.1-17 software (Bates et al., 2015) in R
3.5.0 (R Core Team), predicting children’s verb dominance based on group (LT/TD), age,
and their interaction. This model demonstrated that both age and group were significantly
associated with dominance classification. Specifically, result dominance was less likely for
older children than for younger children (8= -0.39, SE = 0.07, z= -5.91, p<.001), and
more likely for LTs than TDs (8= 0.64, SE = 0.07, z=10.08, p< .001).

We also explored whether manner or result dominance had an impact on verb vocabulary
growth in Figure 6. Note that children who had no dominance (V= 1086, A= .20 of
sample) were excluded from this figure for clarity, but they were included in our subsequent
regression analysis. We observed a benefit for manner dominance for both LTs and TDs,
wherein children who were manner dominant produced more verbs overall compared to
children who were result dominant. For TDs, this benefit was observable between 16 and 25
months, and for LTs, this benefit emerged around 26 months (with significant differences at
26 and 28-30 months).

We then carried out a linear regression to explore how age (in months, centered), group (LT
or TD) and dominance (manner, result) predicted number of verbs produced by each child
(Table 5). This dominance variable was a continuous variable representing the difference
between the proportion of manner verbs and result verbs for each child. Positive values
indicated a manner dominance whereas negative values indicated a result dominance. The
regression yielded main effects of age and group and a significant interaction between them,
showing the same patterns as the other models. There was a significant three-way interaction
between age, group, and manner/result difference. This interaction was characterized by

a changing effect of manner dominance compared to result dominance across age and
groups. (In the following, ADom refers to the change in verb vocabulary size from no
dominance to a 10% manner dominance. Please note, however, that this 10% value was not
chosen to represent a “cutoff” or a dichotomous change. We describe how verb vocabulary
size changed across this range of manner dominance only to illustrate the continuous
interactions between age, group, and manner dominance from the model in our post-hoc
tests.) Specifically, for TDs, having a higher manner dominance was associated with higher
verb vocabulary sizes for younger children (EMMapom = 13.91) and lower verb vocabulary
sizes for older children (EMMppom = —7.73, {5512) = 15.31, p<.001). For LTs, these
patterns reversed, though they did not reach significance ({5512) = -1.69, p=0.090,

n.s.); a higher manner dominance was associated with lower verb vocabulary sizes for
younger children (EMMapem = —6.67) and higher verb vocabulary sizes for older children

In conducting our post-hoc analyses, we observed that children—both LT and TD—uwith a manner dominance also had larger overall
MBCDI vocabulary sizes as compared to those with a result dominance (manner dominance: M= 330, SD = 181, N'= 2621, result
dominance: M= 231, SD=199, N=1813; {4432) = 17.4, p< .001). A linear regression predicting the total vocabulary size from

a three-way interaction of age (centered), group (LT or TD) and dominance yielded an identical pattern of results to our regression
predicting verb vocabulary size. Age (b= 13, p< 0.001), group (=55, p<.001) and their interaction (4= 30, p < .001) were

all significant, as was the three-way interaction between age, group, and dominance (6= —4.4, p< .001). Children with manner
dominance have not only larger verb vocabularies but larger vocabularies overall.
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(EMMapom = 7.35). These results suggest that the effect of manner/result dominance
changed across age, particularly for TDs.

Discussion

The main goal of this study was to explore how semantic and syntactic properties of

verbs impacted early verb vocabularies across toddlerhood, and whether patterns of verb
vocabulary development differed between LTs and TDs. Prior studies have indicated that
semantic and syntactic properties of verbs influence early verb acquisition after the age of 2,
but there has been little work exploring verb acquisition patterns earlier in development. Our
findings contribute to the literature by examining developmental patterns at play between 16
and 30 months.

To summarize our findings, the only property in which LTs and TDs differ in development
is that of manner/result meanings: TDs are more likely to produce manner verbs, whereas
LTs are more likely to produce result verbs. A post-hoc analysis revealed that, regardless
of group, children who are manner dominant produce more verbs overall than those

who are result dominant. Syntactic complexity also impacted toddlers’ verb vocabulary
development, such that toddlers were more likely to produce verbs that averaged lower
syntactic complexity scores; however, contrary to prediction, we did not see any group
differences. Finally, the distinction of durative/punctual verb meanings did not impact
toddlers’ verb vocabularies.

To begin with our null finding — that durative/punctual classification does not impact

verb vocabulary development — we note that prior research has indicated a bias for

durative verbs over punctual verbs (Abbot-Smith et al., 2017; Horvath et al., 2018,

2019), but findings have not always been significant across ages and languages. A visual
inspection of our data suggested that children have more durative than punctual verbs in
their vocabularies; however, regression results yielded no main effect of durative/punctual
classification. There were significant interactions between durative/punctual and age and
between durative/punctual and percentile, with older children and children with larger
vocabularies producing more durative verbs than younger children and children with smaller
vocabularies, respectively. Post-hoc analyses indicated that these effect sizes were very
small. Still, that durative/punctual classification interacts with age may explain the varied
findings in prior literature. Horvath et al.’s research (Horvath et al., 2018, 2019) included
toddlers between 1.5 and 3 years of age, but Abbot-Smith et al. studied 3- to 5-year-olds. We
propose further research on durative versus punctual verbs, looking at age effects throughout
the preschool years.

By contrast, a verb’s syntactic complexity did significantly impact verb vocabulary
development. We hypothesized that LTs and younger children would be less likely to
produce complex verbs as compared to TDs and older children, respectively. Only our

age hypothesis was confirmed, indicating developmental differences across 16—-30 months.
These findings build on substantial literature that suggests that verb acquisition may be
supported by simpler syntactic complexity (He et al., 2020; Hoff & Naigles, 2002; Horvath
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et al., 2019) and that vocabulary acquisition is perhaps tied to toddlers maturing processing
abilities (Lany, 2018).

Most interestingly, we observed that manner/result classification impacted toddlers’
vocabularies, and that whether a verb was manner or result mattered differently to LTs and
TDs. This was the only between-group difference in our analysis. Specifically, LTs produced
proportionally more result verbs than manner verbs, while TDs showed the reverse pattern.
Our results both replicate and extend HRA’s findings by illustrating that between-group
differences exist even at the earliest stages of verb production. In this respect, at least, LTs
are not simply delayed in early patterns of verb acquisition but instead may adopt different
strategies than their TD peers in building their verb vocabularies.

Irrespective of LT status, individual differences in manner and result dominance had
important implications for overall vocabulary size. Toddlers in both groups (LT and TD)
who produced proportionally more manner than result verbs averaged overall a larger

verb vocabulary size as compared to those who produced proportionally more result than
manner verbs. We put forth two explanations, not incompatible, for this manner advantage.
First, manner verbs might better support the building of semantic network structure. In
developing a semantic network, children are better able to acquire words that connect to
vocabulary items they already know over words that have no shared connections to the
network (Borovsky, 2020; Borovsky et al., 2016; Steyvers & Tenenbaum, 2005; Wojcik &
Saffran, 2013). We hypothesize that manner verbs share a greater number of connections
to other words as compared to result verbs. If true, learning a manner verb would then

be advantageous because it opens up a greater number of connections to build from than
learning a result verb does. (See Kueser et al. (in prep) for research on the semantic structure
of verb vocabularies.)

It is also possible that acquiring manner and result verbs differentially challenges children’s
attention allocation (or inhibition) or event processing abilities. Specifically, we posit that
children with better attention allocation skills are better prepared to learn manner meanings
than those with poor attention allocation skills. Result verbs encode the end states of events,
including often change-of -state events, and for this reason they are considered more salient
to young learners (Clark et al., 1995; Gopnik & Meltzoff, 1986; De Lemos, 1981). In a verb-
learning event, then, result dominant children might be more interested in the individual
participants of the event rather than their interaction, with verb learning happening most
often when salient changes of state draw their attention. By contrast, manner dominant
children might be more attuned to the interactions among event participants, making them
better poised to acquire both manner and result meanings. In support for this attention
hypothesis, Yu and Smith (2011) described differences in gaze between “strong” and “weak”
word learners, aged 14 months, although their task was for novel noun learning. Similarly,
MacRoy-Higgins and Montemarano (2016) found broad attentional differences between

LTs and TDs in learning novel nouns, which predicted their word-learning outcomes.
(Although, see Kautto et al. (2021) who observe no relationship between inhibitory control
and language outcomes for LTs.)
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The finding that LTs and TDs differ in verb vocabulary development also has implications
for assessment and intervention. We propose future research that tracks LTs’ longitudinal
vocabulary growth, contrasting LTs who demonstrate result dominance to those with manner
dominance. We hypothesize that manner-dominant LTs would be more likely to catch up

to their TD peers while result-dominant LTs may be at increased risk for developmental
language disorder. Similarly, future research should explore whether interventions that
specifically teach manner verbs accelerate LTs’ rate of verb vocabulary growth as compared
to interventions that teach both manner and result verbs.

We note three primary limitations in this study. The first is perhaps the most obvious: We
lack rich participant demographic information for a large portion of our sample. Although
the cause of late talking is unknown, having demographic information would help us better
characterize and compare LTs and TDs. We would also be able to remove from the LT group
toddlers whose late talking has a clear antecedent (such as premature birth); at present, we
acknowledge that some LTs likely have more complex profiles than just delays in language.

Second, we measured children’s verb knowledge based on productive verb vocabulary
between 16 and 30 months. Although this choice allowed us to use a large data repository
(Wordbank: Frank et al., 2016), and although receptive verb knowledge is notoriously
difficult to measure in this age range (Fenson et al., 1994; Horvath & Arunachalam under
review, in press; Houston-Price et al., 2007; Valleau et al., 2018), children’s productive
vocabularies are not an exact match for their receptive knowledge. This relationship is likely
particularly complex for LTs, some of whom have receptive deficits and some of whom do
not (Desmarais et al., 2008).

Finally, we assumed that all children had accurate representations of the verbs they produce.
Although errors in word learning appear to be rare, at least in considering expressive
vocabulary, lack of errorful production does not equate to adult-like representation of
words. Children are notoriously hesitant to extend verbs, and whether this is a reflection of
impoverished representation (Tomasello & Abbott-Smith, 2002; Tomasello & Akhtar, 2003)
or a conservative strategy (Naigles, 2002; 2003) is still debated. Accuracy in representation
may also be a reflection of the type of meaning encoded. For example, Arunachalam

and He (2018) recently found that two- to three-year-olds are more likely to have errors

in representation for nouns that encode events rather than objects, such as “party.” They
hypothesized that this is because eventive nouns violate the assumption children make in
word-learning that nouns denote objects, evidenced by the fact that most children’s incorrect
representations were of proto-typical objects associated with the event (such as a cake). The
accuracy and robustness of verb representations remains an open area of research for the
field.

We conclude that the syntactic and semantic properties of verbs impact verb vocabulary
development, and that this impact varies with age and language ability. Importantly, LTs
show marked differences in their patterns of verb vocabulary development as compared
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to TDs. This finding has potential clinical implications for both early diagnosis and early
intervention. Further research should explore these differences with particular attention to
improving LTs’” outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Proportion of total verbs produced, by age
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Figure 1.
Proportion of verbs produced across toddlerhood out of all possible MBCDI verbs (V=

103). Error bars indicate standard error of participant averages.
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Difference between the proportion of manner verbs produced and
proportion of result verbs produced, by age

LTs
ETDs

0.08

2

result verbs produced
[=]
(=]
3%

ol I ' 1' ,i !| I | IYI ' |I I I
]

0.00
-0.02
-0.04 -
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Age (months)
Figure 2.

Differences in proportion of manner verbs produced and proportion of result verbs produced,
by age and by group. Values greater than 0 indicate that children produce proportionally
more manner verbs than result verbs, and values less than 0 indicate that children produce
proportionally more result verbs than manner verbs. Error bars indicate standard error of
participant averages.
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Figure 3.

The difference in children’s proportion of durative verbs produced and proportion of
punctual verbs produced, by age and by group. Values greater than 0 indicate that children
produce proportionally more durative verbs than punctual verbs, and values less than 0
indicate that children produce proportionally more punctual verbs than durative verbs. Error
bars indicate standard error of participant averages.
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Figure 4.

The average syntactic complexity of verbs produced by TDs and LTs. The dashed line
indicates the average syntactic complexity score of all verbs on the MBCDI. Error bars
indicate standard error.
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Manner versus result dominance, LTs
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Figure 5A.
The proportion of LTs who are manner and result dominant, by age.
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Manner versus result dominance, TDs
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Figure 5B.
The proportion of TDs who are manner and result dominant, by age.
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Figure 6.
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Children’s proportion of total verbs produced across age, by group and by dominance type.

Children who did not have a manner or result dominance (N = 1086) are excl
bars indicate standard error.
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The ten most common verbs for (A) young and old toddlers and for (B) LTs and TDs.

Tables 1A and 1B.

1A.
Rank  Young toddlers Old toddlers
(16-18 months)  (28-30 months)
1 Go Eat
2 Eat Go
3 Drink Kiss
4 Kiss Hug
5 Bite Open
6 Tickle Drink
7 Sit Play
8 Open Read
9 Hug Cry
10 See Sleep
1B.
Rank  LTs TDs
1 Go Go
2 Eat Eat
3 Kiss  Drink
4 Drink  Kiss
5 Stop Hug
6 Hug  Open
7 Sit Sit
8 Open  Bite
9 Bite  Read
10 Help  Walk
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Parameter estimates for logistic regressions examining the effect of manner/result classification on verb

Tables 2A and 2B.

Page 30

knowledge. Table 2A (Model 1) examines the relationship between age and manner/result classification. Table
2B (Model 2) examines the relationship between group and manner/result classification, with beta estimates
calculated using the TD group as a baseline.

2A.

Variable Estimate SE p
Intercept -1.42 0.12 <.001*
Imageability 0.64 0.13 <.001*
Frequency 0.81 0.13 <.001*
Age 2.54 0.016 <.001*
Percentile 2.35 0.016 <.001*
Manner/Result 0.15 0.12 22, n.s.
Age*Percentile 0.21 0.017 <.001*
Age*Manner/Result -0.03 0.008 <.001*
Percentile*Manner/Result 0.03 0.008  .001*
Age*Percentile*Manner/Result -0.04 0.007 <.001*
2B.

Variable Estimate  SE p
Intercept -5.47 0.15 <.001*
Imageability 0.64 0.13 <.001*
Frequency 0.81 0.13 <.001*
Age 2.10 0.11 <.001*
Group (TD) 470 011 <.001*
Manner/Result -0.02 0.13 .86, n.s.
Age*Group (TD) 0.71 0.11 <.001*
Age*Manner/Result 0.13 0.04 <.001*
Group (TD)*Manner/Result 0.20 0.04 .001*
Age*Percentile*Manner/Result -0.19 0.04 <.001*
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Parameter estimates for logistic regressions examining the effect of durative/punctual classification on verb
knowledge. Table 3A (Model 1) examines the relationship between age and durative/punctual classification.
Table 3B (Model 2) examines the relationship between group and durative/punctual classification, with beta
estimates calculated using the TD group as a baseline.

3A.
Variable Estimate SE p
Intercept -1.45 0.12 <.001*
Imageability 0.73 0.14 <.001*
Frequency 0.71 0.14 <.001*
Age 2.54 0.02 <.001*
Percentile 2.36 0.02 <.001*
Durative/Punctual 0.01 012 .92, ns.
Age*Percentile 0.17 0.018 <.001*
Age*Durative/Punctual 0.02 0.009  .009*
Percentile*Durative/Punctual 0.01 0.009  .045*
Age*Percentile*Durative/Punctual -0.01 0.008 .20, n.s.
3B.
Variable Estimate  SE p

Intercept —-5.57 0.17 <.001*
Imageability 0.72 0.14 <.001*
Frequency 0.71 0.14 <.001*
Age 2.17 0.12 <.001*
Group (TD) 478 012 <.001*
Durative/Punctual -0.007 0.13 .96, n.s.
Age*Group (TD) 0.62 012 <.001*
Age*Durative/Punctual 0.03 0.04 .54, n.s.
Group (TD)*Durative/Punctual 0.03 0.05 .53, n.s.
Age*Percentile*Durative/Punctual -0.01 0.04 .76, n.s.
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Tables 4A and 4B.

Parameter estimates for logistic regressions examining the effect of syntactic complexity on verb knowledge.
Table 4A (Model 1) examines the relationship between age and syntactic complexity. Table 4B (Model 2)
examines the relationship between group and syntactic complexity, with beta estimates calculated using the
TD group as a baseline.

4A.
Variable Estimate SE p

Intercept - 157 0.11 <.001*
Imageability 0.95 0.12 <.001*
Frequency 0.89 0.12 <.001*
Age 2.53 0.02 <.001*
Percentile 2.35 0.02  <.001*
Syntactic complexity -0.62 0.32 .057,n.s.
Age*Percentile 0.20 0.02 <.001*
Age*Syntactic complexity 0.11 0.02 <.001*
Percentile*Syntactic complexity 0.14 0.02 <.001*

Age*Percentile*Syntactic complexity -0.002 0.02 .94, ns.

4B
Variable Estimate  SE p

Intercept -5.57 0.15 <.001*
Imageability 0.95 0.12 <.001*
Frequency 0.89 0.12 <.001*
Age 2.07 0.11 <.001*
Group (TD) 4.66 0.11 <.001*
Syntactic complexity -0.78 0.35 .025*
Age*Group (TD) 0.75 0.11 <.001*
Age*Syntactic complexity 0.06 0.11 .60, n.s.
Group (TD)*Syntactic complexity 0.23 0.12 .062, n.s.

Age*Percentile*Syntactic complexity -0.03 0.11 .78, n.s.
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Parameter estimates for a linear regression to examine whether manner or result dominance predicts verb

vocabulary size.

Variable Estimate p
Intercept 5.52 <.001*
Age 1.08 <.001*
Group (TD) 40.57 <.001*
Dominance 3.41 91, n.s.
Age*Group (TD) 5.50 <.001*
Age*Dominance 10.01 .09, n.s.
Group (TD)*Dominance 27.48 .38, n.s.
Age*Group*Dominance -25.46 <.001*

Note. Dominance refers to the difference between the proportion of manner and result verbs produced.
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