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Abstract

This study compares the lexical composition of 118 children with autism spectrum disorder (ASD) aged 12 to 84 months
with 4626 vocabulary-matched typically developing toddlers with and without language delay, aged 8 to 30 months. Chil-
dren with ASD and late talkers showed a weaker noun bias. Additionally, differences were identified in the proportion of
nouns and verbs, and in the semantic categories of animals, toys, household items and vehicles. Most differences appear to
reflect the extent of the age differences between the groups. However, children with ASD produced fewer high-social verbs
than typical talkers and late talkers, a difference that might be associated with ASD features. In sum, our findings identified
areas of overlap and distinction across the developing lexical profiles.
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Introduction

Children with autism spectrum disorder (ASD) have sig-
nificant delays in early language acquisition (Charman
et al. 2003; Ellis Weismer et al. 2011; Mitchell et al. 2006),
but unlike late talking children, these language delays are
accompanied by restricted interests, repetitive behaviors and
a social communication deficit (American Psychiatric Asso-
ciation 2013). Might the language delay and the core defi-
cits of ASD be related? This question highlights one of the
central theoretical controversies within the ASD literature.
That is, are the language delays associated with ASD merely
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adjustments along a continuum of development, where dif-
ferences are primarily quantitative and along a single dimen-
sion (the dimensional account)? Or are the delays associated
with ASD the result of a categorical difference in the way
children with ASD learn language, giving rise to distinct
language profiles that are not simply delayed versions of
typical development (the categorical account)? Similarly,
are the language profiles of children with ASD similar to late
talking toddlers, or do they represent a unique profile unto
themselves?

Although the current diagnostic criteria for ASD does not
include lexical or grammatical language deficits (American
Psychiatric Association 2013), receptive and expressive lan-
guage delays have been found to differentiate children who
will and will not go on to receive a diagnosis of ASD at ages
as young as 12 months (Lazenby et al. 2016). Given this,
previous research has examined the relation between various
language domains and the language deficits in children with
ASD (for an excellent review, see Eigsti et al. 2011). Though
previous work has looked at early developmental patterns of
the lexicon among children with ASD (Charman et al. 2003;
Luyster et al. 2007; Rescorla and Safyer 2013; Ellis Weismer
et al. 2011), the evidence needed to resolve the dimensional
versus categorical account has been insufficient. The cur-
rent study aims to address this problem by conducting an
in-depth examination of the lexical composition of a large
sample of children with ASD and to directly compare this
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with a large sample of children with typical language devel-
opment as well as late talkers. Before we go on to describe
our approach, we first describe the research supporting the
dimensional and categorical accounts, lexical development
in children with ASD and late talkers, and finally the puta-
tive role of social information in lexical development among
children with ASD.

The Dimensional and the Categorical Account
of Language Development

In the dimensional account of language development (Gerns-
bacher et al. 2005; Rescorla 2009), children are placed along
a continuum of language abilities, ranging from those with
the poorest language skills to those with advanced language
skills. Hence, the differences between a late talker and a
typical talker are framed as being only quantitative (i.e.,
differences in the number of words produced), not quali-
tative (i.e., the type of words they produce). This account
also implies that when late talkers and typical talkers are
matched by language abilities (i.e., same number of words)
the composition of their lexicons should remain similar. In
contrast to the dimensional account, the categorical per-
spective of language development suggests that groups with
language impairments demonstrate defining features of lan-
guage development that do not align with characteristics of
typical language development (Dollaghan 2004). In order to
provide evidence for the categorical account, the identifica-
tion of qualitative differences in the lexical profiles is useful
because it can indicate the existence of potential atypical
learning mechanisms. In this way, confirmation of lexical
differences serves as a guidance for future investigations of
cognitive processes, providing further insight into potential
categorical differences.

To date, many studies have provided evidence suggest-
ing that children with language delay and typically develop-
ing children show similarities in their patterns of language
development (e.g., Ellis Weismer 2007; Rescorla 2009). The
same has been proposed for children with ASD with regards
to the proportion of syntactic and semantic classes (Char-
man et al. 2003; Luyster et al. 2007; Rescorla and Safyer
2013; Ellis Weismer et al. 2011). For instance, Charman
et al. (2003) compared the proportion of words produced
within syntactic classes (nouns, predicates, and closed-class
words) in 87 preschool children with ASD to the normative
sample for the MacArthur-Bates Communicative Develop-
ment Inventory (CDI, Fenson et al. 1993). Charman et al.
observed that the representation of the three syntactic
classes across different vocabulary groups in the children
with ASD was analogous to the pattern expected in a typical
population. The proportion of semantic categories was also
inspected in their sample. Children with ASD were reported
to produce fewer words of the categories of ‘Sound Effects’,
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‘Animals’, and ‘Toys’; however, none of these differences
were greater than 20% different relative to the CDI norma-
tive sample. In a later study conducted by Luyster et al.
(2007), the percentage of syntactic classes was similar to
that of typically developing children, even after controlling
for verbal and nonverbal mental age, confirming the descrip-
tive findings of Charman et al. (2003).

Rescorla and Safyer (2013) investigated the syntactic
and semantic composition of early vocabularies of children
with ASD by employing a different vocabulary inventory,
the Language Development Survey (LDS, Rescorla 1989).
In their research, 45 children with ASD and 273 typically
developing children were arranged into two overlapping
groups by their total vocabulary: 1 to 49 words produced,
and 1 to 310 words produced. Children with ASD and typi-
cally developing children who produced between 1 and 49
words had similar lexicons, for both syntactic and seman-
tic classes. When examining the lexicons of the children
who produced between 1 and 310 words, differences were
found in the number of words produced in semantic cat-
egories; however, the differences appeared to be explained
by the overall lower vocabulary skills in the children with
ASD relative to the normative comparison sample. Across
the quantitative and qualitative analyses that Rescorla and
Safyer (2013) conducted, many similarities were observed
between the children with ASD and typically developing
children, which suggested that the sample of children with
ASD demonstrated a significant delay instead of deviance
in lexical development.

The significant delay in lexical development in children
with ASD frequently challenges researchers when attempt-
ing to control for age differences when comparing children
with ASD with children. Although previous work has docu-
mented that adults typically adapt their language input to
the child’s language level (e.g., Dykstra et al. 2012; Hani
et al. 2013; Paul and Elwood 1991), it is probable that older
children are exposed to a somewhat different range of words
which reflects changes in their immediate environment (e.g.,
"potty" instead of "diaper"). For this reason, an alternative
comparison group to children with ASD is late talking
children, who are closer in age. Although the majority of
late talkers make significant language gains during the first
years of life, many of them will experience persistent dif-
ficulties with some specific language abilities, such as in
understanding and producing complex sentences at age five
(Rescorla and Turner 2015) and in non-word repetition tasks
(Conti-Ramsden et al. 2001). Predicting future outcomes and
vocabulary structure in late talkers have been the subject of
much investigation (for a review, see Hawa and Spanoudis
2014). For instance, Beckage and colleagues found that the
structure of late talkers’ vocabularies have less semantic
clustering and are less tightly connected than vocabulary-
matched typical talkers (Beckage et al. 2011). Further, the
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emergence of word-learning biases has been computation-
ally modeled in typical and late talkers’ vocabularies to
confirm the difference in the lexical structure of these two
groups, such as a difference in the reliance on the shape bias
(Colunga and Sims 2017).

With regards to lexical composition, the percentage of the
different syntactic and semantic categories in late talkers’
vocabularies have been found to be similar to vocabulary-
matched typically developing children, with the exception
of the percentage of nouns, which have been found to be
lower (MacRoy-Higgins et al. 2016). Ellis Weismer et al.
(2011) compared 40 toddlers with ASD and 40 late talkers,
who were matched on expressive vocabulary. The authors
found no differences between the two diagnostic groups
across the 18 semantic categories on the CDI. Noun pro-
portions were not examined in the sample; therefore, the
question of whether the early vocabulary of children with
ASD shows similar proportions of nouns to their late talking
peers remained unanswered.

To date, a few studies on lexical composition give some
weak support for the categorical account. Recent research
has focused on individual lexical items within young chil-
dren with ASD. In a large-scale study (209 toddlers with
ASD and 272 typically developing toddlers), Bruckner et al.
(2007) observed that 25 words in the CDI are more likely
to be learned by children with ASD (i.e., had a large bias).
Bruckner et al. suggested that ASD symptomatology, such as
restricted object use, deficits in orienting to social cues, and
social communication deficits, might be related to vocabu-
lary differences between children with ASD and typically
developing children. A more recent study by Lazenby et al.
(2016) also showed that certain words on the CDI were sta-
tistically more or less frequent in the vocabularies of infants
who later were diagnosed with ASD, compared to typically
developing infants.

Despite the insubstantial evidence gathered to support
the categorical view of language delay, findings that iden-
tify different learning biases in children with ASD warrant
the continued examination of evidence for the dimensional
or categorical account of language development (e.g., Field
et al. 2016; Happé and Booth 2008; Pierce et al. 2011).
Additionally, previous results from research that solely
focused on the acquisition of nouns and verbs motivate
us to further examine these two syntactic categories. For
example, many studies have focused on a special case of
lexical composition: the noun bias (e.g., Gentner 1982). The
greater percentage of nouns in early vocabularies not only
has been observed in typically developing toddlers, but also
in 2- to 3-year-olds with ASD (Swensen et al. 2007). The
noun bias has been linked to the well-known ‘naming explo-
sion’ or spurt (Nelson 1973; Benedict 1979; Rescorla 1980;
Goldfield and Reznick 1990). Many late talkers exhibited a
reduced spurt, which suggests a potential link between noun

acquisition and language delay (Rescorla et al. 2000). Differ-
ent degrees of noun bias can be found in different languages,
with the structure of the language being more influential in
defining the intensity of noun bias than the parent linguistic
input (Dhillon 2010). However, to our knowledge, previ-
ous research has not examined the possibility of identifying
different degrees of noun bias and its relation to language
abilities and ASD characteristics. The examination of the
strength of noun bias seems relevant since previous studies
have documented a weak or absent shape bias in children
with ASD and late talkers, an important learning strategy for
early noun learning (Jones 2003; Tek et al. 2008). In the pre-
sent study, we will revisit the noun bias in the early vocabu-
laries of children with ASD and late talkers with the aim
to examine the strength of noun bias in these populations.

Although nouns are often the only syntactic class investi-
gated in word learning studies, verbs have recently become
the subject of interest among some researchers. Early verb
acquisition may have a more important role in the later
acquisition of grammatical abilities than nouns (Hadley et al.
2016). Some studies have focused on the type of verbs chil-
dren acquire, which were classified according to syntactic
features (transitive, intransitive and ditransitive; Olswang
et al. 1997; Horvath et al. 2019) and to semantic features
(manner and result verbs, punctual and durative verbs, num-
ber of event participants associated with its referent; Hor-
vath et al. 2018b; Horvath et al. 2019). Late talkers who
showed less change in MLU during a 9-week period pro-
duced fewer intransitive and ditransitive verbs than late talk-
ers that showed greater MLU change (Olswang et al. 1997).
Further, late talkers produced fewer manner verbs than their
age-matched typical peers (Horvath et al. 2019). Regarding
children with ASD, the syntactic bootstrapping strategies
used to learn novel verbs by this population follow typical
patterns (Shulman and Guberman 2007; Naigles et al. 2011;
Horvath et al. 2018a, b). To our knowledge, the only other
type of verbs investigated in children with ASD has been
those that reflect mental states, which are described in the
next section.

Social Interest Deficit and Word Acquisition

Deficits in social orienting among young children with
ASD have been widely reported, including aspects such as
responding less to their names or making less eye-contact
(Osterling et al. 2002). Additionally, Pierce and colleagues
showed that 14-month-old infants with ASD attended to
moving geometric shapes longer than to children perform-
ing actions (Pierce et al. 2011). Children with ASD also have
been found to show a higher preference for verbal and non-
verbal noise over clear adult speech (Klin 1991; Ceponiene
et al. 2003). Different theories have suggested that this social
disinterest in individuals with ASD either as a consequence
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of their deficits in social cognition (Social Cognitive The-
ory) or as a cause of their deficits in social cognition due
to the diminished exposure to social situations (Theory of
Social Motivation; for a discussion contrasting both theories
see Chevallier et al. 2012).

Studies have examined the potential ways in which social
communication deficits and difficulties in understanding the
social world influence word learning in children with ASD.
Difficulties with understanding social intentions have been
found to negatively influence the acquisition of verbs and
prepositions (Parish-Morris 2011). The acquisition of men-
tal state verbs has been assessed (e.g., think, know, pretend)
and suggested to be linked to weaknesses in Theory of Mind
(Tager-Flusberg 1992). Tager-Flusberg examined language
samples from children with ASD and children with Down
syndrome and found that children with ASD produced fewer
mental state verbs. Ziatas et al. (1998) found that older chil-
dren with ASD had poorer comprehension of mental state
verbs than verbal-mental-age-matched children with Asper-
ger syndrome, typically developing children, and children
with language impairment.

Horvath et al. (2018b) designed a word feature, where
verbs where linked to the number of participants that are
usually associated with them. Horvath and colleagues found
that typically developing toddlers are more likely to produce
verbs that can describe scenes that involve fewer events par-
ticipants than those that label scenes with more participants.
The authors argued that verbs with fewer participants are
easier to learn because the syntax in which are embedded
are easier to process. This word feature might be related to
the degree of ‘socialness’ that children can perceive or be
attracted to. In the current study, we explored this idea of
words carrying social meaning. Verbs not only imply the
number of event participants, but also the type of social
interactions; for example, “smile” might evoke in the lis-
tener the act of someone smiling at someone else, or “share”
might evoke someone sharing an object as part of a social
interaction. Horvath et al. (2018b) demonstrated that typi-
cally developing children have greater difficulties in learn-
ing verbs that are associated with several event participants,
one metric of the degree of socialness of the word. As such,
given that children with ASD have difficulties attending to
social cues, we wonder whether they would demonstrate
pronounced challenges with learning highly-social words,
relative to children who do not have ASD.

Current Study

Our main aim in the present study is to contribute to the
dimensional-categorical debate by disentangling the differ-
ences in the lexical composition that are related to language
delay from those related to the ASD characteristics. We con-
ducted a large-scale comparison of the early lexical profiles
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of children with ASD with that of typical talkers (TTs) and
late talkers (LTs) to answer the following research questions:

1. Do children with ASD and LTs show a noun bias to a
similar extent as TTs do? To answer this question, we
compare the relative difference between the proportion
of verbs and the proportion nouns between the talker
groups. We hypothesized that the LTs and children with
ASD may demonstrate a weaker noun bias, given that
previous findings reported that these children do not
demonstrate a shape bias (Jones 2003; Tek et al. 2008).

2. Do children with ASD, TT toddlers, and LT toddlers
differ in the proportion of syntactic categories within
their expressive lexicons? To test for differences, we
grouped children by vocabulary size, as has been simi-
larly done by Rescorla and Safyer (2013), and Charman
et al. (2003), and deferred to a fairly conservative sta-
tistical test corrected for multiple tests using Bonferroni
alpha corrections to determine significance (see Analy-
sis Plan section for details). In the case where differ-
ences exist in the proportion of syntactic categories, we
also asked whether these differences were age-related.
We examine the make-up of the differences to deter-
mine whether these differences are a result of the extent
of language delay (in relation to age). Additionally, we
identified the words that can be potentially affected by
normal developmental changes in early childhood and
then drew potential links between these words and the
categories/classes where the differences were found. We
tentatively predicted that TT children may produce more
nouns relative to the other groups because of a robust
shape bias.

3. Do children with ASD show differences in the propor-
tion of semantic categories compared to vocabulary-
matched TTs and LTs? We followed a similar approach
to addressing our first research question and provide a
more detailed analysis description in the Analysis Plan
section. Like in our syntactic analyses, we also asked
whether semantic differences were associated to the
age differences across our groups. We predicted that the
majority of the semantic categories would be similar
across the groups; however, if differences did appear,
they would likely align with those identified by Charman
et al. (2003; i.e., sound effects, animals, toys).

4. Do children with ASD produce verbs with less social
features than children without ASD? We collected a set
of social word norms to directly evaluate the potential
influence of social context in driving early verb learning
differences among children with ASD and children who
do not have an ASD diagnosis (i.e., TTs and LTs). Our
concentration on verbs allows us to extend recent work
by Horvath et al. (2018b) on semantic (social) features
that were initially used to examine early verb learning in
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Table 1 Participant

o Diagnostic Number of Productive vocabulary size Age average’, Checklist used
characteristics Group children average, rangel, (SD) range, (SD)

ASD 118 74.9 38.1 W&G=31 (26.3%)
1-250 12-84 W&S =87 (73.7%)
75.7) (15.9)

TT 4142 72.7 17.0 W&G=1739 (42%)
1-250 8-29 W&S =2403(58%)
(66.3) (3.4)

LT 484 43.1 21.8 W&G=28(50.8%)
1-248 16-30 W&S =456(94.2%)

(51.1) (4.6)

TDC typically developing children, 7T typical talkers, LT late talkers, ASD autism spectrum disorder. CDI
forms: W&G words and gestures form, W&S words and sentences form

'Range of values are in italics. >2Age is in months

typically developing toddlers. Unlike Horvath and col-
leagues’ measure of the number of participants associ-
ated to events and their associated actions, our social
features rating has the advantage to capture the degree
to which verbs represent sociably acceptable behaviors,
such as ‘love’ or ‘hug’, and those less socially accepted
behaviors, such as ‘hit” or ‘hate’. We hypothesized that
children with ASD would be less likely to be reported
to produce verbs that are highly social.

Methods
Participants

We examined early expressive vocabularies of 118 children
with ASD from word-level data collected using the CDI,
obtained from the National Database for Autism Research in
January of 2019 (NDAR; Payakachat et al. 2016). A compar-
ison group of 4688 typically developing children with CDI
data was downloaded from a public repository, Wordbank
(Frank et al. 2017) in September of 2018. We compared our
ASD sample against late talkers (LT) and typical talkers (TT;
see Table 1 for participant characteristics) (Table 1). Late
talking children were identified as those who fell at the 10"
percentile or below on the CDI norms. This threshold has
been used previously in relevant studies on LTs (e.g., Ellis
Weismer et al. 2011; D’Odorico et al. 2007; Moyle et al.
2007; Rescorla 2009). The maximum number of words pro-
duced by LTs in our sample was 250. Therefore, our sample
of 118 children with ASD was selected following the criteria
that none of them had more than 250 words in their produc-
tive vocabularies. Even after this restriction, the LT sample
had lower vocabulary sizes than the TT group (LT: M=43.1,
TT: M=72.7, W=674,068, p <0.001, d=0.35,U,= 24") and
the ASD group (M =74.9; W=35,030, p<0.001, d=0.32,

U,=23). However, ASD and TT children had similar expres-
sive vocabulary sizes (W=230,755, p=0.30). In our analy-
ses, we addressed this difference in expressive vocabulary
size by subgrouping children according to the total number
of words produced. In addition to vocabulary size, the ASD,
LT, and TT children differed in age, with the ASD group
being the oldest group, followed by the LT group, and finally
the TT group (age in months, ASD: M=38.1, LT: M=21.8,
TT: M=17.0; ASD vs LT: W=50,419, p<0.001, d=1.22,
U,=63; ASD vs TT: W=468,383, p<0.001, d=0.54,U,=
35; TT vs LT: W=1,592,095, p <0.001, d=0.66, U;= 41).

Data in our ASD sample were collected by different
projects. The child data and study data for the children
with ASD who were included in the current study can be
inspected in NDAR, by searching our NDAR study https
://doi.org/10.15154/1518553. All 118 children were diag-
nosed with ASD by employing either Autism Diagnostic
Observation Schedule (n=61; ADOS, Lord et al. 1999),
ADOS-2 (n=10; Lord et al. 2012), Childhood Autism Rat-
ing Scale (n=14; CARS, Schopler et al. 1988), Diagnostic
Statistical Manual (n=33; APA 2013), or Autism Diagnostic
Interview-Revised (n=1; ADI-R, Rutter et al. 2003—though
several children received the ADOS and the ADI-R). Visual
Reception and Fine Motor subscales of the Mullen Scales
of Early Learning (MSEL; Mullen 1995) have been widely
used to assess non-verbal 1Q. Given the extent of develop-
mental delays in many children with ASD, age-equivalent
scores are frequently reported (Bishop et al. 2011, 2015;
Clark et al. 2017). Out of our sample, 98 children had a score
for the Fine Motor subscale, with an age equivalent average
of 26.8 months, ranging between 13 and 68 months; and
97 children had a score for the Visual Reception subscale,
with an age equivalent average of 27.1 months, ranging
between 11 and 54 months. The age equivalent of the ASD

! Description of the effect size statistic U, can be found in the ‘Analy-
sis Plan’ section.
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group (M =26.9, SD 7.03) is still significantly higher than
the chronological age of LT group (W=34,134, p <0.001,
d=0.6, U= 38), and TT group (W=372,424, p <0.001,
d=0.4,U,=27; age equivalent is an average of the two sub-
scales; the 21 children without MSEL scores were excluded
from this group comparisons).

Syntactic Classes and Semantic Categories

The vocabularies of the children in the present study were
assessed using two versions of the CDI: the CDI—words and
gestures, normed on children between 8 and 18 months, and
the CDI—words and sentences, normed on children between
16 and 30 months. To compare the early vocabularies of our
groups of children, we conducted separate analyses accord-
ing to semantic categories and syntactic classes.

For the syntactic analysis, we examine the two main types
of words: nouns and verbs. Our motivations to study these
two syntactic groups are based on the relevance that previ-
ous research established between their early acquisition and
later language abilities (Benedict 1979; Hadley et al. 2016;
Goldfield and Reznick 1990; Nelson 1973; Rescorla 1980;
Rescorla et al. 2000). Nouns consisted of the words that
were contained in the following CDI categories: animals
(43 words), vehicles (14), toys (18), food and drink (68),
clothing (28), body parts (27), furniture and rooms (33),
and small household items (50). As in Bates et al.’s (1994)
classification for the syntactic class of nouns, we excluded
the following categories because it has been suggested they
do not follow the typical growth of ‘true nominals’ (Snyder
et al. 1981; Bates et al. 1994): sound effects and animal
sounds (12), outside things (31), places to go (22), people
(29), games and routines (25). The verb class included words
classified as action words (103).

For the semantic analysis, all the CDI categories were
considered. These are, in addition to the CDI categories
mentioned so far: descriptive words (63), pronouns (25),
questions words (7), prepositions and locations (24), quan-
tifiers and articles (17), words about time (12), connecting
words (6) and helping verbs (21). The items “inside/in” from
the CDI Words and Sentences and “in” and “inside” from
the CDI Words and Gestures were not used because when
the item “inside/in” was marked it was not clear enough
to confirm whether the child said one or two words. We
decided to analyze those semantic categories excluded in
our syntactic analysis for two reasons. Firstly, a considerable
proportion of words in early vocabularies are composed of
words from these semantic categories. Although these words
have been suggested to not follow a typical nominal growth,
we believe that any word from these categories could poten-
tially be subject to an age effect, a factor of interest in the
current study. Secondly, since we are building on previous
studies that examined all the CDI categories (Charman et al.
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2003; Luyster et al. 2007), we sought to analyze the same
categories, which were comprised of the same word types,
to contrast our results with those of these studies.

For each child, we computed the proportion of words
produced for each syntactic class and each semantic cat-
egory given the child’s total expressive vocabulary size. To
calculate the expressive vocabulary size, we considered all
words reported to be produced on the CDI. Then we sub-
grouped the samples into bins according to the total number
of CDI words produced. This approach allowed us to exam-
ine whether different patterns arise across different points
of vocabulary development. This approach was particularly
important because Bates et al. (1994) have suggested that
vocabulary sizes between 1 and 25 or even 50 words are
unstable. Furthermore, sub-grouping the samples into bins
enabled us to control for differences in vocabulary size in
our LT group. Therefore, for up to 100 words we use bins
covering a range of 25 words. Between 101 and 250 words,
we use bins covering a range of 50 words.

Words Influenced by Developmental Stages in Early
Childhood

To identify those words that are potentially associated to
specific developmental stages throughout early childhood,
we first split the word-level data into two age groups: the
TTs as the ‘younger’ group, and the LTs and children with
ASD as the ‘older’ group. Then, for each vocabulary bin,
we computed the proportion of younger children and older
children that produced each item/word separately for each
group. Next, we subtracted the word proportions of the
younger children with that of the older children per vocabu-
lary bin. These subtractions resulted in positive numbers,
which identify those words that younger children produced
more often than older children, and negative numbers, which
identify those words that older children produced more often
than younger children. Finally, we extracted the top-10 most
negative words and top-10 most positive words for each of
the eight vocabulary bin comparisons.

We conducted a post-hoc examination of the words iden-
tified following the procedure just described, focusing only
on those that belong to the categories where differences
between LTs, TTs and children with ASD were previously
found in our semantic analysis. Our objective is to deter-
mine whether the proportion of these semantic categories
are related or not to developmental differences between the
groups. To do this, we examined some word features associ-
ated to developmental changes that occur in early childhood.
We concentrated on physical development as these changes
are likely to influence the presence or absence of objects
in the child’s environment, as well as the relation that chil-
dren have with the objects. We expect to identify words like
"diaper" and "bottle" in younger children, and words like



Journal of Autism and Developmental Disorders

"potty" and "fork" in older children. In the case of verbs, it
is particularly challenging to infer how changes in physical
development can influence verb acquisition as young chil-
dren are able to learn the meaning of actions by observing
other people (Huttenlocher et al. 1983). In addition, verbs
can be learned as events and not actions, for example "walk"
can be understood as the event of going to the park instead
of the act of walking. However, we focused on the social
aspect embedded in verbs, which we describe in the follow-
ing section.

Social Features in Verbs

In order to examine whether features associated with the
core deficits of children with ASD influence early vocabu-
lary development, we examined the social features of the
words listed under the CDI Words and Sentences Action
Words category. Social ratings for each verb were collected
from a sample of 54 adults using a survey that was distrib-
uted on Amazon’s Mechanical Turk platform. The partici-
pants lived in the United States of America and self-reported
to be native English speakers. Thirty-one participants identi-
fied as male, 21 identified as female, and two participants
identified as “other”. The average age of the participants
was 35.9 years (range 22-72 years) and the average reported
household income was $47,444 (range $7000-$120,000).
The sample was 83.3% White, but also included four Asian
individuals, two Black individuals, and one “other”. Addi-
tionally, four individuals reported to be Hispanic.

The participants were given the following prompt “For
each of the following words, please type in a number
between 1 and 10 to rate how social each word is (1 =not
social, 10 =extremely social). A word is more social if it
typically involves interacting with other people. A word is
less social if it typically does not involve other people.” This
approach to measuring social features of the verbs was simi-
lar to the approach used by Horvath et al. (2018b). The order
of the words was pseudo-randomized so that it was not in
alphabetical order. Three items were added to the survey to
test for attention by asking the participant to select a speci-
fied word from a list of three words. Every participant passed
these items; therefore, no participants were excluded. The
average social rating for each verb was calculated. Then,
we calculated the median social rating score for the verbs
reported to be produced by each child in our sample. Follow-
ing this, to control for the higher proportion of verbs that our
sample of children with ASD produced, we subdivided our
sample according to vocabulary bins of verbs produced: 1 to
25 verbs, and 26 to 50 verbs. Not all children in our sample
were included in this analysis since some children with small
vocabularies produced no verbs. The subsample analyzed
comprised of 83 children with ASD, 233 LTs, and 2457 TTs.

Analysis Plan

We chose to conduct non-parametric pairwise comparisons
using the Wilcoxon rank-sum test to test for group differ-
ences since the distribution of proportions across vocabu-
lary sizes violated the assumption of homogeneity of vari-
ance. To be able to control for vocabulary size, we tested
the children within each vocabulary size bin (see Table 1
for vocabulary sizes analyzed). The Benjamin and Hochberg
false discovery rate procedure was implemented in each test
performed. Additionally, all p-values were corrected using
the Bonferroni method as we conducted several distinct
analyses on the sample; corrected p-values are reported.

In order to explore the influence of age on word propor-
tions, we considered any difference that emerged between
the three groups in one or more vocabulary bins. Since many
semantic categories are composed of a few words, there is a
chance that differences between two groups emerge in some
of them; therefore, to minimize type 1 error, we will only
acknowledge differences between groups if we found sig-
nificant differences in at least two vocabulary bins. We only
report significant results in the main text of this manuscript;
however, results from all the analyses can be found in Online
Appendix A. To evaluate the effect size of the significant
results, we report two statistics following the suggestion
made by Fritz et al. (2012). The first statistic is the well-
known Cohen’s d, which we interpret following the Cohen’s
convention (1988). In addition, to facilitate the interpreta-
tion of the relation between the groups’ distributions, we
also report U, also created by Cohen (1988), which is the
percentage of non-overlap between the two distributions.

Results
Noun Bias

The LT and ASD groups showed a higher proportion of
nouns (ASD: Mdn=0.47; LT: Mdn=0.37) than verbs (ASD:
Mdn=0.08; LT: Mdn=0.007; ASD: Z=8.4, p<0.001; LT:
Z=18.52, p<0.001). Typical talkers also showed a higher
proportion of nouns (Mdn =0.48) than verbs (Mdn=0.04;
Z=28.21, p<0.001). The effect size of all noun bias analyses
were very large (ASD: d=2.0,U,=81; LT: d=2.70,U,= 90;
TT: d=3.58, U= 96). To further explore this noun bias, we
subtracted the proportion of verbs from the proportion of
nouns for each child in our sample. Then, we compared these
verb-noun gaps between our three groups in a subsample of
the children with vocabulary sizes between 1 and 75, which
includes the vocabulary bins where nouns and verb differ-
ences were found in our syntactic analysis (reported in the
next section; ASD: 77 children; LT: 400 children, TT: 2646
children). The ASD group and the LT group had the smallest
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Fig. 1 Proportion of syntactic classes in the vocabulary of children
with ASD, late talkers, and typical talkers. Error bars, signifying
standard error of the mean, have been shifted slightly to facilitate vis-

verb-noun gaps (ASD: Mdn=0.27; LT: Mdn=0.30), and the
TT group showed the largest gap (Mdn=0.39). The ASD
group differed from the TT group (W=76,278, p<0.001)
but not from the LT group (W=13,995, p>0.05). There
were significant differences between the TT group and the
LT group (W=413,471, p<0.001). The effect sizes of the
noun—verb gap analyses were generally small (ASD vs TT:
d=0.1,U;=8; LT vs TT: d=0.26,U,=21).

Syntactic Classes and Semantic Categories

We first compared the early production of nouns and verbs
across children with ASD, TTs, and LTs. Figure 1 depicts
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ibility. Asterisks indicates a significant group difference: *p <.05;
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the proportion of words produced within each syntactic class
according to vocabulary bin size for the ASD, TT, and LT
groups. Our analysis on the proportion of nouns revealed
that there were no differences between children with ASD
and either LTs or TTs (see Table 2). Late talkers produced a
lower proportion of nouns than TTs for vocabulary sizes 1 to
25,26 to 50, and 51 to 75. The effect sizes of the noun analy-
ses were generally small (d=[0.1,0.3]; U;= [8, 21]). Verbs
revealed a different pattern. Children with ASD produced a
higher proportion of verbs than TTs at vocabulary bins 1 to
25,26 to 50, and 51 to 75; and produced a higher proportion
of verbs than LTs for the two smallest vocabulary size bins.
Late talkers exhibited a larger proportion of verbs than TTs
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Table 2 Wilcoxon rank sum test for nouns and verbs

Syntactic class  Vocabulary size Mean Mean Mean ASDvsTT ASD vs LT TT vs LT
ASD LT TT
w P d w P d w P d
Nouns 1-25 words 0.32 0.32 0.35 249145 >.05 - 57075 >.05 - 193,1485 <.05 0.1
26-50 words 0.40 0.38 0.44 7179.0 >05 - 834 >.05 - 42368 <0.001 0.3
51-75 words 0.50 0.45 0.50 3005.0 >.05 - 4135 >05 - 17,023 <0.01 0.3
Verbs 1-25 words 0.11 0.025 0.018 40,113.0 <.001 0.2 80925 <.001 0.4 169,001 >.05 -
26-50 words 0.084 0.042 0.031 15,090.0 <.001 04 12215 <.001 0.9 28,761 >.05 -
51-75 words 0.085 0.059 0.046 4167.5 <.05 02 4235 >.05 - 10,004 <.05 03

Groups considered in the analysis are the ASD group, LT (Late talker) group, and TT (Typical talker) group. Only the three vocabulary bins that
were significant are displayed. Full results for all vocabularies can be found in Online Appendix A, Table Al. All p-values were first corrected
using the BH method then corrected again using the Bonferroni method (i.e., corrections accounted for comparisons for the three syntactic
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Fig.2 Proportion of Animals, Small Household items, Toys and
Vehicles in the vocabulary of children with ASD, late talkers and
typical talkers. Error bars, signifying standard error of the mean, have

for the 51-75 vocabulary size bin. The effect sizes of the
verb analyses ranges from small to medium for the ASD vs
TT comparisons (d=[0.2,0.4]; U= [15, 27]), medium to
large for the ASD vs LT comparisons (d=[0.4,0.9]; U= [27,
52]), and small for the TT vs LT comparison (d=0.3; U=
21). Given that the Bates et al. (1994) syntactic classifica-
tions have been frequently used in previous research (e.g.,
Braginsky et al. 2019; Charman et al. 2003; Luyster et al.
2007; MacRoy-Higgins et al. 2016; Roy, Frank et al. 2015),
we also classified the words following their approach. Bates
et al. (1994) categorized CDI words as either nouns, predi-
cates (adjectives and verbs), or closed class words. Analyses

(0.25)

(25,50) (50,75  (75100]  (100,150]

Vocabulary Size

(150,200]  (200,250]

been shifted slightly to facilitate visibility. Asterisks indicates a sig-
nificant group difference: *p <. 05; **p <. 01; ***p <. 001

of these syntactic classes replicated the significant differ-
ences between the groups for the nouns and verbs/predicates
and revealed no differences for close-class words (see Online
Appendix B).

In addition to examining the syntactic organization of
early vocabulary development, we inspected the 22 seman-
tic categories on the CDI. We found differences between the
groups in the semantic categories of Action Words, Animals,
Small Household items, Toys and Vehicles. We will not dis-
cuss Action Words since verbs were already discussed for
the syntactic analysis. The following results are shown in
Fig. 2 and Table 3. We found significant differences in the
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Table 3 Wilcoxon rank sum test for differences across semantic categories

Semantic category Vocabulary size Mean Mean Mean ASDvsTT ASD vs LT TT vs LT
ASD LT TT
w p d w P d w p d
Animals 1-25 words 0.055 0.11 0.13 16,696 <.001 03 43095 <.05 04 19499.5 <.05 02
26-50 words 0.087 0.083 0.11 6392 >05 - 7845 >.05 - 43,113 <.001 0.3
Small Household Items 1-25 words 0.013 0.024 0.037 22,106.5 <.05 0.2 5697 >.05 - 204,735.5 <.001 0.2
26-50 words 0.016 0.025 0.044 4594.5 <.01l 03 649 >.05 - 44,0145 <.001 03
Toys 26-50 words 0.054 0.046 0.067 6762 >05 - 910 >.05 - 44595 <.001 03
51-75 words 0.043 0.049 0.059 1997 >0 - 322 >.05 - 17,341 <.0l 03
Vehicles 26-50 words 0.041 0.049 0.025 10,7985 >.05 - 7815 >.05 - 25856 <.05 02
101-150 words ~ 0.039  0.048 0.035 3238.5 >05 - 1845 >.05 - 53335 <.01 03

Results obtained from post-hoc Wilcoxon rank sum tests for the four semantic categories that showed significant differences between the groups:
Animals, Small Household Items, Toys and Vehicles. Groups compared in the analysis are the ASD group, LT (Late talker) group, and TT (Typ-
ical talker) group. Only the vocabulary bins that were significant are displayed. Full results for all vocabularies can be found in Online Appendix
A, Table A2. All p-values were firstly corrected using the BH method then corrected again using the Bonferroni method (correcting for compari-

sons across 22 semantic categories)

proportion of animal words between all groups at vocabulary
sizes 1 to 25, where TTs presented the highest proportions,
followed by LTs and then the children with ASD with the
lowest proportion. In the vocabulary bin of 26 to 50 words,
LTs and children with ASD produced a similar proportion
of animal words, and only LTs significantly differed from
the TTs, with TTs producing the highest proportions. In our
small household items findings, LTs and children with ASD
presented similar proportions at small vocabularies only.
Both differed from the TTs who produced more of these
words in vocabulary sizes 1 to 25 and 26 to 50 words. Our
Toy words finding revealed that LTs and children with ASD
had similar proportions of toy words, but only LTs differed
from the TTs in vocabulary bins 26 to 50, and 51 to 75, with
TTs showing the highest proportions. Similarly, LTs and
children with ASD showed similar proportions of vehicle
words, with LTs being the only of the two groups to differ
from the TTs, who produced more vehicle words at vocabu-
lary sizes 26 to 50, and 101 to 150 words. Overall, out of
the seven vocabulary sizes analyzed, differences were found
only in two vocabulary sizes in each semantic category that
we discussed. These were mostly small vocabulary sizes and
mostly between LTs and TTs. In addition, the differences
found had a small effect size (ASD vs TT: d=1[0.2, 0.3]; U=
[15, 21]; LT vs TT: d=[0.2, 0.3]; U,= [15, 21]), and one
difference had medium effect (ASD vs LT: d=0.4; U= 27).

In contrast to our syntactic analysis, our semantic analysis
presents the disadvantage that many of the CDI categories
are composed of a small number of words. Although the
statistical tests detected significant differences in proportions
between the groups, it is necessary to consider the relative
size of the differences in terms of number of words that
children usually produce at the corresponding vocabulary
sizes. In our sample, 90% of children with a vocabulary size
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between 1 and 50 words produced between 0 and 2 small
household items (1 to 25 words: M =0.41, SD 0.70; 26 to
50 words: M=1.57, SD 1.46), and between 0 and 5 ani-
mals (1 to 25 words: M=1.51, SD 1.52; 26 to 50 words:
M=3.96, SD 2.41); 94% of the children with vocabulary
sizes of 26 to 75 words produced between 0 and 4 toys (26
to 50 words: M=2.35, SD 1.27; 51 to 75 words: M =3.54,
SD 1.36). Regarding vehicle words, 90% of children with
vocabulary sizes of 26 to 150 words produced between 0
and 5 vehicles (26 to 50 words: M=1.02, SD 1.16; 101 to
150 words: M =4.50, SD 2.27).

Words Associated with Developmental Stages

To examine the potential influence of age in our findings
of lexical differences, we explored word-level differences.
Table 4 shows the set of words whose production are
potentially influenced by age in children at similar stages
of vocabulary development. We only display and discuss
those CDI categories where differences were identified in
our semantic analysis; however, the full results can be found
in Online Appendix C. The number of words that we identi-
fied reflect the proportions that the corresponding compari-
son groups showed in our semantic analysis; that is, more
words were identified in the group that previously showed
higher proportions in the respective CDI category.

We found age differences in words related to the physi-
cal readiness for potty training, and the development of the
digestive system. Regarding small household items, two of
the words that younger children are more likely to produce,
"bottle" and "spoon", seem to be related to early stages of
feeding. In our examination, we also identified other words
that we expected to be affected by age but that belong to
other semantic categories where group differences were
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Table 4 Words that older and younger children produce which are potentially related to differences in development

Animals Small household items Toys Vehicles

Younger children Older children  Younger children Older children Younger children Older children Younger children Older children
Bear (c, e) Bee (¢) Bottle (a, b, ¢, d) Plate (f) Balloon (a, b, ¢) Ball (a) Airplane (c) Bus (e)

Bird (a, b, d) chicken (g) broom (f) Block (e) Playdough (g) Car (a, b)
Bunny (b) Horse (d) Keys (d) Book (a, b) Helicopter (e)
Cat (b) Lion (g) Spoon (e) Doll (e) Motorcycle (e)
Dog (b) Penguin (g) Toy () Truck (d)
Duck (b)

Kitty (a, b)

Owl (9)

Pig (g)

Teddy bear (c)

Letters in parenthesis represent the vocabulary size where the word was identified. a 1 to 25 words; b 26 to 50 words; ¢ 51 to 75 words; d 76 to

100 words; e 101 to 150 words; f 151 to 200 words; g 201 to 250 words

not observed. Some examples are "bib" or "cracker" in the
younger group, and "go potty" and "candy" in the older
group.

We also explored features related to fine versus gross
motor skills. These features can be applied to those words
that represent objects that children are normally allowed to
manipulate, i.e., toys. In this sense, we expect that older chil-
dren would engage more often in playing with toys where
fine motor skills are required. In the case of the toy-related
words, which are composed of the CDI categories of Ani-
mals, Toys, and Vehicles, we identified words that require
fine motor skills in both groups (older group: "play-dough";
Younger group: "block"). Interestingly, the older children are
likely to produce toys with small rotating parts ("bus", "car",
"helicopter”, "motorcycle", "truck"), which contrast with the
high proportion of toys produced by younger group that are
generally characterized for the lack of small mobile pieces

("doll", "teddy bear", "balloon").

Social Features and Verb Acquisition

Regarding the social ratings for verbs given by adults, the
highest rating value was 9.2 and corresponded to the words
“kiss” and “hug”; other highly rated words included “help”
(8.3) and “tickle” (8.1). The lowest social rating value was
1.6 and corresponded to the word “rip”’; other words that
received low social ratings included “sweep” (1.8) and
“jump” (2.0). The average social rating value was 3.9;
words with similar scores are “see” (3.7), “cry” (4.0), and
“cook” (4.2). Low socially acceptable actions that involve
more than one participant, like “hit” and “hate”, received
medium rating values (4.6 and 4.2 respectively). Apart
from “kiss”, “hug” and “help”, other high socially desirable

actions received high scorings, such as “share” (8.6) and
“love” (8.5).

To address our last research question—whether charac-
teristics associated with ASD symptomatology, specifically
deficits in social abilities, relate to verb production—we
examined the relationship between verb acquisition and the
degree to which verbs are associated with social interactions.
We compare children with the same number of verbs in their
vocabularies. One group of children produced between 1 and
25 verbs (TT n=2457, LT n=233, ASD n=83), and the
other group children produced between 26 and 50 verbs (TT
n=162,LT n=9, ASD n=9). As can be observed in Fig. 3,
children with ASD within the first 25 verb bin produce verbs
with significantly lower social ratings (Mdn=3.1) when
compared to TTs (Mdn=3.6, W=280,239, p<0.01) and to
LTs (Mdn=3.7, W=6931, p<0.001). No differences were
found between the LTs and TTs (W=264,746, p > 0.05).
The effect size was small for the ASD vs TT comparison
(d=0.13; U,= 10), and medium for the ASD vs LT compari-
son (d=0.44; U,= 30).

From the developmental point of view, Fig. 3 suggests
that all groups generally produced more high-social verbs at
the early stages of vocabulary development (i.e., at vocabu-
lary sizes 1 to 25 words). However, only TTs showed signifi-
cant differences between the two verb vocabulary bins (verb
vocabulary size (0, 25] Mdn=3.6, M =4.0; verb vocabulary
size (25,501 Mdn=3.5, M=3.5; W=224,078, p<0.01). This
difference had a small effect size (d=0.11; U;=9). LTs and
children with ASD did not differ across the two vocabulary
sizes analyzed (LTs: verb vocabulary size (0,25] Mdn=3.7,
M =4.2; verb vocabulary size (25, 50] Mdn=3.3, M=3.5;
W=1388, p=0.09; ASD: verb vocabulary size (0,25]
Mdn=3.1, M=3.6; verb vocabulary size (25, 50] Mdn=3.4,
M=3.4; W=324.5, p>0.05).
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Fig.3 Median social rating
scores for verbs that children
with ASD, late talkers and
typical talkers produced relative
to the total number of verbs
produced. Error bars, signifying
standard error of the mean, have
been shifted slightly to facilitate
visibility. Asterisks indicates

a significant group difference:
*p <.01; ***p <.001
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Discussion

The current study identified group differences across syntac-
tic classes, semantic categories, and social features of verbs.
Our findings highlighted group differences that primarily
occur at the earliest stages of lexical development. In what
follows, we discuss our findings in the context of the broader
literature.

Noun Bias

The children with ASD showed a noun bias in their vocabu-
laries, supporting previous findings (Swensen et al. 2007).
However, in our attempt to measure the strength of the
noun bias (proportion of verbs subtracted form proportion
of nouns, or noun—verb gap) we found that LTs and chil-
dren with ASD showed a weaker noun bias compared to
TTs. In addition, LTs and children with ASD showed similar
sizes of the noun—verb gap. Within the noun bias literature,
it has been determined that the language spoken at home
is the main factor that drives the strength of the noun bias
(Dhillon 2010). Since all the children in our sample were
English speakers, we can discount this effect and posit that
late language onset is a factor that regulates the size of the
noun-verb gap. To help interpret the noun—verb gap find-
ings, it is helpful to consider the syntactic comparisons. We
found medium to large effect sizes observed in our verb com-
parisons. Although all of the groups demonstrated a noun
bias, the comparatively high proportion of verbs that the
children with ASD produce mainly influences the size the
verb-noun gap difference relative to the TTs. However, it is
important to remember that the effect sizes of the noun—verb
gap group differences were generally small; as such, these
findings underscore the consistency of the noun bias across
groups but identify interesting differences in its degree.
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Syntactic Classes and Semantic Categories

Within our comparison of the proportion of the syntactic
classes, the verb differences were the most striking. The
ASD group, which consisted of older children with the
largest language delays showed the highest proportions
of verbs, followed by the second oldest group (LTs) and
finally the youngest group (TTs) with the lowest proportions.
A possible explanation might be that, since LTs and chil-
dren with ASD are older, their cognitive abilities are more
mature than verbal-matched typical talkers, as demonstrated
by the comparison between the ASD group’s MSEL age
equivalence and chronological age of the TT and LT groups.
Alternatively, the age differences also indicate that the older
children likely experienced additional exposure to verbs.
Future work is needed to determine the exact factors that
drove the verb differences; the data analyzed in the current
study are insufficient to identify the exact mechanisms that
might cause these differences. With regards to nouns, LTs
showed lower proportions than TTs in the early vocabulary
sizes (1-75 words). This is consistent with findings from
MacRoy-Higgins et al. (2016), who also found that late talk-
ers had a lower percentage of nouns than age-matched and
verbal-matched children. MacRoy-Higgins and colleagues
suggested that the lower production of nouns in LTs might
be an indication of a late-arriving vocabulary spurt. Inter-
estingly, the proportion of nouns in children with ASD in
our sample falls between the LTs and the TTs, something
that cannot be explained by age since the ASD group has
the largest language delay. This would mean in theory that
the exact moment of the vocabulary spurt in children with
ASD (relative to their vocabulary size) should be some-
where in between that of LTs and TTs (typically, a spurt has
been observed once children acquire between 50 and 100
words; Bates et al. 1994). Nevertheless, the effect sizes for
the noun differences are generally lower than those for the
verb differences.
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Differences were found in four CDI semantic categories:
Small Household Items, Animals, Toys and Vehicles. With
respect to small household item words, the acquisition of
the word "bottle" by TTs could have had a sufficient impact
on the detected proportion differences due to the generally
low production of small household items (0 to 2 words) at
small vocabularies. The fact that the two oldest groups, LTs
and children with ASD, differed from the youngest group,
TTs, supports the argument that the differences identified are
likely to be related to developmental discrepancies between
the groups (i.e., age).

Curiously, we found differences in three CDI catego-
ries that are related to play: animals (real or toy), vehicles
(real or toy), and toys. Children typically produce a wider
range of words that belong to these categories compared to
Small Household Items (up to five words in the vocabulary
sizes where differences were found). A noticeable differ-
ence between the type of toys that older children acquire
compared to vocabulary-size-matched younger children is
that they generally have features that can be manipulated
where advanced fine motor skills are needed (e.g., vehicles,
playdough). Parents of young toddlers might avoid giving
their children toys with these characteristics which might
represent a choking hazard, which potentially influence the
type of words to be produced by the child. The differences
in proportion of animals produced in our sample follows the
same pattern of differences in age, which support the age
effect hypothesis. However, this is not the case for toy words
and vehicle words, where the production of these words by
children with ASD are somehow placed between TTs and
LTs. These findings might suggest an association between
word acquisition and play skills. The level of functional
play in 3- to 5-years-old children with ASD has been found
to be less elaborate and less diverse than vocabulary- and
developmental-matched typically developing children and
children with Down syndrome (Williams et al. 2001). In
a previous study, late talkers were also found to produced
less sophisticated play, initiating fewer play scripts and pro-
ducing more instances of non-functional play (Rescorla and
Goossens 1992). Our difference in toy-related words in our
ASD and LT groups fits well with the prior literature docu-
menting connections between play skills and language (e.g.,
Conner et al. 2014; Ingersoll and Schreibman 2006). In any
case, the effect sizes of these findings are small and suggest
that any influence related to differences in development or
to differences in play-skills are likely to have a weak impact
on the semantic composition of the children’s vocabularies.

Our study introduces some distinct methodological
aspects in comparison to previous studies that might explain
our findings. First, we differ from these studies in that we
included late talkers as a third comparison group, allowing
us to consider the potential effect of age or language delay.
Second, we use a different vocabulary grouping system.

Charman et al. examined vocabulary bins of many differ-
ent sizes, starting with groups with small differences in
the number of words produced (e.g., 1 to 5 words), up to
groups with very large differences among children (e.g., + 50
words). The aim of the Charman et al.’s (2003) arrangement
was to facilitate the comparison of the CDI vocabularies of
children with ASD with the normative sample collected by
Bates et al. (1994), who also grouped children in this man-
ner. Bates et al. (1994) claimed that early lexical develop-
ment is characterized as being an ‘unstable period’. In the
view of our results, it is perhaps the case that by grouping
children in slightly larger vocabulary bins and one might be
able to control for this predicted early variability (i.e., one
bin of 1 to 25 words instead of three bins of 1 to 5, 6 to 10
and 11 to 20 words). Luyster et al. (2007) used no vocabu-
lary grouping, and Rescorla and Safyer (2013) examined
a group of children with very large vocabulary size differ-
ences (1 to 49 words, and 1 to 310 words). In addition to
the methodological differences in vocabulary size bins, the
two groups in the Ellis Weismer et al. (2011) sample (ASD
vs LTs) differed in age. In comparison to our sample, the
age gap between the ASD group and the LT group is much
larger than that of Ellis Weismer et al.’s study (mean ASD:
30 months; mean LT: 25 months). Further, our ASD sample
size nearly triples Ellis Weismer et al.’s ASD sample and
our late talker sample size is twelve times larger than their
late talker sample.

Acquisition of High Social Verbs

Our analysis of social words found that children with ASD
learned fewer highly social verbs than language-matched
TTs and LTs with small verb vocabulary sizes. This find-
ing may indicate that typically developing children may
more reliably use social information to learn verbs. Previ-
ous research has suggested that verb learning is negatively
influenced by a poor understanding of the speaker’s social
intentions in children with ASD (Parish-Morris 2011). We
contribute to this research by identifying social features not
associated with the social interaction present at the moment
of learning (i.e., adult speaking with the child), but in the
words themselves, and that acquiring high-social verbs
might be challenging to children who show difficulties in
understanding social events. What seems to be contradic-
tory is that, even though children with ASD showed a lower
tendency to learn high social verbs, they managed to learn
a higher proportion of verbs overall than their vocabulary-
matched typically developing peers, suggesting that social
features only have an influence on the type of verbs they
acquire, not the quantity. This fact might be indicating
an atypical use of verbs, which would be more directed
to instrumental goals, rather than to social goals such as
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requesting for a joint attention activity or a coordinated and
reciprocal play activity.

Since verbs associated with many event participants are
harder to process by typically developing children (Horvath
et al. 2018b), another possible explanation of why children
with ASD produce less high social verbs might be related to
the difficulties they face with complex syntax, a character-
istic typically observed in ASD (Tager-Flusberg and Joseph
2003). Conversely, the number of social features in the first
verbs learned by LTs resemble that of TTs, indicating that
LTs are equally likely to attend to and learn verbs that are
typically associated with interactions with other people. Late
talking toddlers have been previously found to socialize less
than typically talking toddlers (Irwin et al. 2002); however,
our findings suggest that this may not negatively impact their
learning of social verbs.

We also found that TTs with small verb vocabularies
had more high-social verbs on average than TTs with larger
vocabularies, indicating a preference for producing high-
social verbs earlier. This is suggestive of a general social-
word bias in early word acquisition, a word learning prefer-
ence that, to our knowledge, no study has reported before.
Although the visualization of our results suggests that LTs
and children with ASD showed this social-word bias, our
analysis determined that there were not significant differ-
ences between the two vocabulary sizes. The number of
LTs and children with ASD in the large vocabulary groups
were quite small, which provides us with low power to detect
small effect sizes. Therefore, although children with ASD
showed a reduced acquisition of high-social verbs at small
vocabularies, we cannot discard the possibility that children
with ASD have a weak social-word bias.

Limitations and Future Research

Although the current study has several strengths that allowed
for novel insights into early lexical development in children
with ASD, there are a number of limitations that must be
kept in mind. The first limitation relates to the lack of infor-
mation about the composition of the samples. Although we
were able to gather information about ASD evaluation pro-
tocols used and nonverbal cognitive skills from the majority
of the children with ASD, we were not able to gather this
information for the children in the TT and LT groups. This
means that there is a possibility of having cases of children
in our TT and LT groups who could potentially be identified
as having ASD at later times. This risk is especially relevant
for the LT group. However, it should be noted that the inci-
dence of late talkers is higher than that of ASD. The second
limitation is the criteria chosen to create semantic catego-
ries. We used the categories given by the CDI and treated
the words within each category as semantically similar.
Although this mirrored method used in the prior literature,
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some special cases like sound effects could be categorized
differently. Third, and most notably, we do not have data that
provide sufficient insight into why lexical differences exist
between the groups. Future experimental studies are needed
to provide the necessary mechanistic accounts that explain
the areas of distinction in the lexical profiles demonstrated
by late talkers and children with ASD.

Future research should further investigate children’s learn-
ing of verbs with varying social features in controlled learn-
ing situations to confirm our suggested interpretation related
to children with ASD learning fewer high social verbs. Spe-
cifically, it would be of interest to determine whether the
potential lower acquisition of high social verbs is related to
the number of participants involved in the action or whether
it is related to the degree of the social interest in the action.
We failed to prove whether LTs and children with ASD show
a social-word bias due to the small size of one of the com-
parison groups. Future research could confirm whether these
children have a social-word bias at all by repeating the analy-
sis with a larger sample of children with large verb vocabu-
laries. In addition, our finding of the reduced noun-verbs
gaps in children with ASD and LTs motivate future research
to further investigate the relation between this gap and lan-
guage delay. Finally, based on our semantic category find-
ings, future work should examine the relationship between
specific play skills and word acquisition.

Conclusion

Although the proportion of words in the vocabularies of chil-
dren with ASD is similar to typically developing vocabulary-
matched children in most semantic categories (supporting
the dimensional account), the current study is the first to
directly compare these three groups and to identify differ-
ences in two syntactic classes and four semantic categories.
Most of the differences were found at small vocabularies
and with small or medium impact on the composition of the
children’s vocabularies. In addition, the pattern of the group
differences suggest age as a factor that drives most of the
differences. In addition to identifying similarities in many
semantic categories, we also documented that LTs, TTs, and
children with ASD demonstrate a noun bias; however, the
degree of the noun—verb gap differed between the groups.
We found that LTs and children with ASD had a smaller
noun—verb gap relative to TTs, suggesting a link between
language delay and noun—verb acquisition. Further, our
results suggest that verb acquisition in children with ASD
is influenced by the social features embedded in verbs, with
these children primarily acquiring less-social verbs. How-
ever, more evidence is needed to confirm whether there is
an absence of social-word bias or a weakened social-word
learning bias in children with ASD. In sum, the current study
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has contributed to the ASD and LT literature by providing
further information that highlights areas of overlap and dis-
tinction in early lexical development.
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