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Purpose: Typically developing toddlers extract patterns from their input to add 
words to their spoken lexicons, yet some evidence suggests that late talkers 
leverage the statistical regularities of the ambient language differently than do 
peers. Using the extended statistical learning account, we sought to compare 
lexical-level statistical features of spoken vocabularies between late talkers and 
two typically developing comparison groups. 
Method: MacArthur–Bates Communicative Developmental Inventories American 
English Words and Sentences (N = 1,636) were extracted from Wordbank, a 
database of CDIs. Inventories were divided into three groups: (a) a late talker 
group (n = 202); (b) a typically developing age-matched group (n = 1,238); and 
(c) a younger, typically developing group (n = 196) matched to the late talkers 
on expressive language. Neighborhood density and word frequency were calcu-
lated for each word produced by each participant and standardized to z scores. 
Mixed-effects models were used to evaluate group differences. 
Results: The late talker and younger, language-matched groups’ spoken vocab-
ularies consist, on standardized average, of words from denser phonological 
neighborhoods and words higher in frequency of occurrence in parent–child 
speech, compared to older, typically developing toddlers. 
Conclusions: These findings provide support for the extended statistical learn-
ing account. Late talkers appear to generally be extracting and using similar 
patterns from their language input as do younger toddlers with similar levels of 
expressive vocabulary. This suggests that late talkers may be following a 
delayed, not deviant, trajectory of expressive language growth. 
Late talkers (LTs) are defined as toddlers 18– 
35 months of age with restricted vocabularies but average 
nonverbal cognitive abilities as measured by standardized 
developmental assessments (Paul, 1991; Paul & Jennings, 
1992; Rescorla, 1989). Late talking impacts approximately 
15% of toddlers (Collisson et al., 2016) and has negative 
consequences on academic, social, and vocational out-
comes (Singleton, 2018). 

Inefficient language processing (Fernald et al., 2006; 
Peter et al., 2019), atypical spoken phonological acquisition 
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(Paul & Jennings, 1992; Thal et al., 1995), and impairments 
in nonverbal cognition such as attention (MacRoy-Higgins 
& Montemarano, 2016) have been suggested as sources of 
late talking. Yet, there remains no unifying theory that pro-
vides a mechanistic account for the slowed vocabulary 
development observed in these toddlers. 

Statistical learning theory may afford a framework 
for better understanding the language acquisition differ-
ences observed in LTs (Stokes, 2010; Stokes et al., 2012). 
Statistical learning is a domain-general cognitive mecha-
nism by which infants and toddlers extract patterns and 
regularities from visual and auditory input (Aslin, 2017). 
It is a powerful implicit learning tool that helps infants 
rapidly acquire a language system. Although statistical
ight © 2024 American Speech-Language-Hearing Association 1
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learning is not sufficient for acquiring language, it is one 
pathway thought likely to contribute to its growth. Most 
studies of statistical learning in typical infants and tod-
dlers employ an artificial language task that provides 
exposure to a stream of computer-generated nonsense syl-
lables. Participants are then tested on their ability to dis-
tinguish “words” (syllables that always co-occur) from 
“nonwords” (syllables that rarely or never co-occur) from 
the input presented. For example, 9-month-old infants 
were found to differentiate “words” (e.g., pabiku) from 
“nonwords” (e.g., pakuda) in a stream of nonsense sylla-
bles (e.g., pabikugolatudaropi) after only a limited expo-
sure period (Saffran et al., 1996). Around their first birth-
day, toddlers also use statistical properties of input to 
learn novel word–object pairs, as evidenced during cross-
situational word learning paradigms (Smith & Yu, 2008), 
in which toddlers track the co-occurrences of presentations 
between novel words and novel objects and then implicitly 
determine the likelihood of a given word–object pair 
occurring together. 

Although statistical learning has generally been 
explored through laboratory-based perception tasks, pro-
duction studies may provide complementary support for 
the importance of pattern detection in lexical acquisition. 
Two such lexical-level patterns that occur in natural lan-
guages are phonological neighborhood density (ND) and 
word frequency (WF). Words are considered phonological 
neighbors if they differ by a single phonemic deletion, 
addition, or substitution (referred to as the DAS rule; 
Luce & Pisoni, 1998). Thus, for the word “mat,” the 
words “at,” “mast,” and “cat” are considered phonolo-
gical neighbors. Words can be part of dense (i.e., 
with many phonological neighbors) or sparse (i.e., with 
few phonological neighbors) phonological neighborhoods. 
Unlike in perception where phonologically similar words 
compete for recognition (Allopenna et al., 1998), in pro-
duction, phonological similarity is thought to provide a 
supportive effect (Vitevitch, 2002). ND provides a metric 
of how many lexical entries have a similar phonological 
structure; WF, on the other hand, provides an index of 
how often a word is heard within linguistic input. 
Increased exposure to a word form may impact whether 
the word is acquired (Rice et al., 1994). Taken together, 
both ND and WF provide measures of the ways in which 
toddlers may use patterns in their input to add new lexical 
entries to their spoken vocabularies. 

Analyses of parent questionnaires of toddler vocabu-
lary and vocabulary transcriptions of parent–child interac-
tions that have measured both ND and WF provide evi-
dence that very young children leverage pattern detection 
to acquire early words. Dollaghan (1994) reported that 
the majority of words within the spoken lexicons of 1- to 
3-year-olds had greater than two phonological neighbors, 
•2 Journal of Speech, Language, and Hearing Research 1–9
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based on a database analysis of parent checklists of tod-
dler vocabulary. Coady and Aslin (2003) transcribed short 
play sessions between toddlers and their parents and 
found that toddlers’ productive vocabularies included 
words that resided in denser phonological neighborhoods 
compared to their parents’ word neighborhoods. Thus, 
there is some evidence that toddlers use the statistical pat-
tern of ND to add words to their spoken vocabulary. 

Regarding WF, concrete nouns are some of the ear-
liest lexical entries acquired (E. Bates et al., 1994), with 
WF predicting their age of acquisition (Braginsky et al., 
2016; Storkel, 2004). S. D. Jones and Brandt (2019) used 
Bayesian regression to model productive vocabularies in 
300 English-speaking, 1- to 2-year-olds and found that 
words heard most often were more commonly reported by 
parents to be both comprehended and produced by tod-
dlers. Similar results were found using audio and video 
recordings of 9- to 24-month-old infants and toddlers col-
lected longitudinally. Roy et al. (2009) reported that the 
more frequently a word was heard by the toddler, the ear-
lier the word was added to the productive lexicon across 
all grammatical classes of words. 

Impoverished statistical learning has been implicated 
in the language difficulties observed in older children with 
language impairments (see Lammertink et al., 2017, for a 
review). School-aged children and adolescents with devel-
opmental language disorder (DLD) are less accurate in 
extracting the transitional probabilities from a speech 
stream of nonsense syllables compared to same-age con-
trols (Evans et al., 2009; Hsu et al., 2014). Preschoolers 
with DLD also showed a disadvantage in recognizing new 
words in statistical learning paradigms when presented 
with an artificial language, compared to school-aged peers 
(Haebig et al., 2017). These empirical studies provide 
emerging evidence that language delayed preschoolers and 
older children with language disorders may have limita-
tions in their ability to detect statistical regularities in lan-
guage input for acquiring new word meanings. Still, like 
the other studies reviewed above, these experiments did 
not examine the effects of these differences on lexical 
selection in word production. Thus, the examination of 
WF and ND on young children’s ability to produce words 
can help expand our understanding of their role in lan-
guage acquisition. 

There are treatment protocols, such as Vocabulary 
Acquisition and Usage for Late Talkers (VAULT; Alt 
et al., 2020; Munro et al., 2021), that leverage techniques 
such as focused stimulation, which operates under the 
assumptions of statistical learning (e.g., providing variable 
language input relative to speaker, context, and referents 
where toddlers must implicitly learn the patterns). Results 
of these treatment studies show positive changes to
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toddlers’ expressive language skills. Yet, observational stud-
ies suggest that toddlers with small expressive vocabularies 
may be overly and more persistently reliant on early lever-
aged statistical cues, which could have a cascading effect 
on the ability to add new words to spoken lexicons. Stokes 
(2010) and Stokes et al. (2012) used a small corpus of 
MacArthur–Bates Communicative Developmental Invento-
ries (CDI; Fenson et al., 2007) to evaluate both ND and 
WF in British-English– and French-speaking toddlers 
divided into “average” versus “below-average” word pro-
ducers. They limited their analyses of words to monosyl-
labic nouns, verbs, adverbs, and adjectives. They found that 
below-average producers’ vocabularies included words 
higher in ND and lower in WF compared to average pro-
ducers. Subsequently, they attributed their findings to what 
they coined the extended statistical learning account 
(ESLA), which holds that LTs were slower to take advan-
tage of the statistical patterns of their input and then slower 
to expand pattern detection to unfamiliar input patterns 
(Stokes et al., 2012). 

The present study seeks to extend the findings of 
Stokes (2010) and Stokes et al. (2012) by evaluating lexical 
regularities in late-talking toddlers and two typically 
developing (TD) toddler groups using (a) a large database 
sample of parent questionnaires measuring spoken vocab-
ularies collected from the CDI (Fenson et al., 2007) and 
(b) the inclusion of a younger group of TD toddlers 
matched on expressive language level to the LTs. By 
doing this, we will begin to determine whether LTs are 
using pattern extraction strategies that are similar or dis-
similar to their productive vocabulary-matched counter-
parts. If the ESLA explains the slow vocabulary growth in 
LTs, we would expect their ND and WF properties to be 
more similar to their younger, language-matched peers 
than to typical age-mates. 
Method 

Data Acquisition and Reduction 

We extracted 2,174 CDI: Words and Sentences 
American English forms (CDI:WS; Fenson et al., 2007) 
from the Wordbank database (Frank et al., 2017), an 
online, open-source database of CDI. This study was 
exempt from the institutional review board process as the 
data are readily available to the public in anonymized 
form. The CDI are a family of parent report question-
naires, available in several languages, designed to measure 
early gesture, vocabulary, and grammar development. We 
selected the Words and Sentences form normed for tod-
dlers ages 16–30 months (our age group of interest), 
restricted our selection to only the American English 
Downloaded from: https://pubs.asha.org Elizabeth Simmons on 09/22/2024
form, and then eliminated inventories for toddlers with no 
words (n = 4). The CDI:WS provides parents a checklist 
of vocabulary words loosely organized by syntactic cate-
gories. Parents simply indicate which words the child is 
currently producing on a regular basis. 

The CDI:WS contains 668 word forms. Of these 
possible words, we constrained our analysis to monosyl-
labic words. Our motivation for doing so was twofold: (a) 
Longer words have few, if any, phonological neighbors 
(e.g., “elephant,” “crayon,” “blanket”), and (b) previous 
literature has focused on monosyllabic words, thus making 
between-study comparisons more straightforward (Coady 
& Aslin, 2003; Dollaghan, 1994; Stokes, 2010; Stokes 
et al., 2012). After constraining data to single-syllable 
words (n = 400), we eliminated nonword sound effects 
(e.g., “ouch,” “moo”; n = 4) and idiosyncratic proper 
nouns (e.g., pet’s name, babysitter’s name; n = 3). Dupli-
cates of word tokens such as “watch” (object) and 
“watch” (action) were counted once (n = 9). This left a 
possible 384 words for analysis including noun, verb, 
adverb, adjective, preposition, social (e.g., “hi,” “bye”), 
and function (e.g., “yes,” “no”) word classes. 

ND and WF 

An ND metric and a WF metric were assigned to 
each word produced by every participant from the analy-
sis set of 384 words. ND was derived from the Irvine Pho-
notactic Online Dictionary, Version 2.0 (IPhOD; Vaden 
et al., 2009). IPhOD calculates estimates for phonotactics 
using approximately 54,000 American English words. 
Words were considered phonological neighbors if they dif-
fered by one phoneme using the DAS rule (Luce & Pisoni, 
1998). The smaller the ND metric, the fewer phonological 
neighbors a word had within the IPhOD lexicon. For 
example, the word “brush” had the fewest phonological 
neighbors (n = 6, ND metric = 6), whereas the word 
“see” had the greatest number of phonological neighbors 
(n = 56, ND metric = 56). 

WF was calculated using data from the Child Lan-
guage Data Exchange System Database (CHILDES-DB) 
and the CHILDES-R package using procedures outlined 
by Sanchez et al. (2019), which calculates the number of 
times a word was used (per million) in child-directed par-
ent speech in a sample of parent–child interactions with 
toddlers ages 12 and 30 months. For example, the word 
“skate” was produced by parents least frequently during 
these dyadic interactions (820 tokens/million words), 
whereas the word “you” was produced most frequently 
(46,945 tokens/million words). CHILDES-DB was selected 
over SUBTLEXus (Brysbaert & New, 2009) as it provides 
a better estimate of word forms heard by toddlers, 
whereas SUBTLEXus frequencies are extracted from
Simmons & Paul: Spoken Word Properties of Late Talkers 3
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American English movies and television series subtitles 
and likely do not represent the type of language input 
heard by our target age group. After ND and WF were 
calculated for each word, they were standardized using a 
z-score transformation following Stokes (2010) and Storkel 
(2004) as the absolute values for ND and WF were on dif-
fering scales. 
 

 

Inventory Groups 

Inventories were selected and divided into three 
groups based on chronological age and spoken vocabulary 
size (N = 1,636). The LT group (n = 202) included tod-
dlers ages 21–30 months who scored at or below the 15th 
percentile on the CDI:WS. We constrained the age range 
for this group and selected a cutoff of 1 SD below the 
mean (≤ 15th percentile) based on the extant literature 
on LTs (Collisson et al., 2016; Curtis et al., 2023; Ellis 
et al., 2015; Horvath et al., 2019; MacRoy-Higgins & 
Montemarano, 2016; MacRoy-Higgins et al., 2013; Weismer 
et al., 2011). Two TD groups were used for comparison. 
A TD age-matched group (TDA; n = 1,238) was
matched on chronological age to the LT group. We also 
included a TD language-matched group (TDL; n = 196) 
that was matched to the LT group on number of spoken 
words produced as measured by the CDI:WS. These 
participants were between 16 and 17 months of age 
(MacRoy-Higgins et al., 2013; Thal et al., 1995). Both 
TD groups had spoken vocabularies at or above the 30th 
percentile for their age. There is no consensus in the liter-
ature relative to CDI:WS cutoff scores for TD toddlers, 
with some studies using the 20th percentile (Curtis et al., 
2023), other studies using a more stringent cutoff of the 
35th percentile (MacRoy-Higgins et al., 2013), and others 
•

Table 1. Demographics and expressive vocabulary by group. 

Variable 

Group

TDA 
(n = 1,238) 

TDL 
(n = 196) 

LT 
(n = 202) d

Chronological age in 
months, M (SD) 

25.75 
(2.50) 

16.43 
(0.49) 

25.55 
(2.33) 

2, 1

Male, % 51% 49% 53% —

With maternal education ≥ 
some college, % 

81% 85% 69% —

CDI:WS percentile, M (SD) 66% (20%) 60% (20%) 8% (4%) 2, 1

No. of monosyllabic 
words produced on 
CDI:WS, M (SD) 

260 (81) 56 (48) 50 (40) 2, 1

Note. Numbers in parentheses are standard deviations. Em dashes ind
ance; TDA = typically developing age-matched group; TDL = typically 
MacArthur–Bates Communicative Developmental Inventories: Words and 
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simply reporting the number of spoken words produced 
on the instrument and not including percentile rank cut-
off scores (Horvath et al., 2019). We selected a cutoff of 
≥ 30th percentile on the CDI:WS for our TD groups 
(Sosa & Stoel-Gammon, 2012) to minimize inclusion of 
potential LTs in these typical groups and to ensure that 
the TDL and LT groups were well matched on the num-
ber of spoken words produced. Pairwise comparisons 
showed no significant differences between the LT and 
TDA groups on chronological age (p = .50) or between
the LT and TDL groups on mean number of monosyl-
labic words produced (p = .75). The sample was roughly 
split between males and females, and the maternal educa-
tion level across groups consisted mostly of some college 
or additional education. See Table 1 for details. 

Analysis Plan 

Two different mixed-effects models were used to 
evaluate group-level differences for z score ND (z-ND) 
and z score WF (z-WF). Group (LT, TDL, TDA) was 
used as the fixed effect in the model, whereas either z-ND 
or z-WF was used as the dependent variable. Participant 
was included as the random effect (intercepts) for both 
models. We only included random intercepts as the 
models would not converge when random slopes were 
added (Barr et al., 2013). 

Analyses were conducted in R (Version 1.1.463; R 
Core Team, 2020) using the lme4 package (Version 1.1-21; 
D. Bates et al., 2015) for multilevel modeling. The lmerTest 
package (Version 3.10; Kuznetsova et al., 2017) was 
employed to evaluate main effects, and the emmeans pack-
age (Version 1.4.6; Lenth et al., 2020) was used to explore 
planned comparisons.
One-way ANOVA 
p values from pairwise 
comparisons or χ2 

f F p 
TDA vs. 
TDL 

TDA vs. 
LT 

TDL vs. 
LT 

633 1,369.00 < .001 < .001 .50 < .001 

— — .76 .54 .48 

— — < .001 < .001 < .001 

633 791.40 < .001 < .001 < .001 < .001 

633 1,181.00 < .001 < .001 < .001 .75 

icate values not provided by analyses. ANOVA = analysis of vari-
developing language-matched group; LT = late talker; CDI:WS = 
Sentences (Fenson et al., 2007). 
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Results 

ND 

There was a significant main effect of group, F(2, 
34384) = 380.77, p < .001, on z-ND. Both the LT (M = 
0.75, SD = 0.20, z ratio = 20.68, p < .001) and TDL 
(M = 0.75, SD = 0.19, z ratio = 18.91, p < .001) groups’ 
expressive vocabularies included words from denser pho-
nological neighborhoods, as measured by standardized 
average, compared to the TDA group (M = 0.50, SD = 
0.05). No significant difference in z-ND between the LT 
and TDL groups (p = .18) was observed (see Figure 1a). 

WF 

A significant main effect of group on z-WF was also 
present, F(2, 34384) = 20.13, p < .001. Both the LT (M = 
0.26, SD = 0.30, z ratio = 7.66, p < .001) and TDL (M = 
0.20, SD = 0.21, z ratio = 4.88, p < .05) groups’ expres-
sive vocabularies had a higher standardized average on 
WF compared to the TDA group (M =  0.11, SD = 0.08). 
There was also a significant difference in z-WF between 
the LT and TDL groups (z ratio = 2.39, p < .05), such 
that LTs produced words with higher standardized fre-
quency scores compared to their language-matched peers 
(see Figure 1b). 
Discussion 

This study evaluated the properties of toddlers’ spo-
ken vocabularies obtained from a large database of parent 
questionnaires. Based on the ESLA (Stokes, 2010; Stokes 
Figure 1. Bar plots of z-transformed mean neighborhood density (a) and 
developing language-matched group; TDA = typically developing age-ma
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et al., 2012), we hypothesized that the late-talking partici-
pants add words to their spoken vocabularies by leveraging 
patterns in their ambient language input in a manner simi-
lar to that of younger children matched on expressive 
vocabulary size. Our findings partially support this hypoth-
esis in that both LTs and their younger, typical counter-
parts’ expressive vocabularies consist of words from denser 
phonological neighborhoods compared to TD, older tod-
dlers. Yet, we also saw a significant difference between LTs 
and the spoken vocabulary–matched group on WF. That 
is, language-delayed toddlers appear to be producing words 
with even higher average standardized frequency scores 
than language-matched younger children. These findings, 
we believe, lend support to existing literature that suggests 
less efficient statistical learning as one aspect of the profile 
of children with language disorders, which this study 
extends down to the LT population. Thus, we observe that 
LTs present with a delay, an extended reliance on some sta-
tistical features, and a difference in their use of statistical 
patterns, in that they require even more input than 
language-matched toddlers to produce new words. 

Again, our study extended the findings (Stokes, 2010; 
Stokes et al., 2012) that early spoken vocabulary consists of 
words from phonologically dense neighborhoods by com-
paring the language-delayed toddlers to both age-matched 
and expressive language–matched peers. Both LTs and tod-
dlers with matched levels of expressive language produce 
words from similarly dense phonological neighborhoods 
suggesting that LTs’ ability to say new words is influenced 
by their phonotactic structure in a manner similar to that 
seen in younger toddlers with like levels of expressive lan-
guage. Older toddlers with typical expressive vocabulary 
sizes, on the other hand, are producing words from less
mean word frequency (b) by group. LT = late talker; TDL = typically 
tched group. 

Simmons & Paul: Spoken Word Properties of Late Talkers 5
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dense neighborhoods compared to the LTs and younger 
typical toddlers. These findings may also suggest that 
young toddlers and those with language delays make use of 
the phonological shapes of words as building blocks of 
early vocabulary. Growth in vocabulary, particularly in the 
“word spurt” stage that occurs around 18–24 months in 
typical development, would seem to require the toddler to 
expand beyond the most common phonological shapes 
available in dense neighborhoods. 

Experimental studies of word learning in typical pre-
schoolers highlight the facilitatory effect of ND, with 
high-ND words more readily learned than words in low-
density neighborhoods (Hoover et al., 2010; Storkel et al., 
2013). It is argued that as a new word form is heard, its 
phonological neighbors stored in memory are activated. If 
the new word form has many phonological neighbors, pre-
existing word forms may act as templates that provide 
memory support as new phonologically similar forms are 
consolidated into underlying representations. Recent com-
putational work also supports this hypothesis. Using data 
derived from CHILDES (MacWhinney, 2000), models 
that included ND, WF, word length, and phonotactic 
probability simulated word acquisition in human infants 
and showed an advantage for acquisition of high-ND 
word forms (G. Jones et al., 2021). 

With regard to WF, although both the LTs and 
language-matched toddlers produce words heard more 
often in their ambient language compared to older, 
language-typical children, LTs’ vocabularies consisted of a 
greater proportion of high-frequency words, even when 
compared to younger toddlers with similar expressive 
vocabulary sizes. Although this finding represents a differ-
ence, it bolsters the suggestion that statistical learning 
may be less efficient in LTs, as they appear to require pro-
longed exposure to word forms before they are added to 
the spoken lexicon, more so than even language-matched 
peers. Studies of novel word learning in LTs have shown 
that they are less efficient at mapping a new word form to its 
referent, given the same amount of input, compared to age-
matched typical peers (MacRoy-Higgins & Montemarano, 
2016; Weismer et al., 2013). These findings differ from 
those of Stokes (2010) and Stokes et al. (2012), however. 
The source of this variation may be the inclusion criteria 
for words selected for analyses. Stokes limited the words 
analyzed to what was described as “core vocabulary,” pri-
marily nouns, verbs, and adjectives. Our analysis included 
all monosyllabic words, including prepositions as well as 
social and functional words, as elimination of these high-
frequency word categories may not provide a full picture 
of the statistical strategies used by LTs. 

Although nouns as a class are learned earliest, they 
are, individually, lower in frequency than closed-class words 
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(Goodman et al., 2008). Our findings showing that LTs pro-
duce words higher in frequency, even when compared to 
expressive language–matched peers, suggest a stronger-than-
typical reliance on these most often–heard terms. At least 
one study of LTs suggests their expressive vocabularies have 
a lower proportion of nouns compared to TD toddlers 
matched on expressive language or chronological age 
(MacRoy-Higgins et al., 2016). As noted, nouns are a com-
mon class of first words (Lahey, 1988), but more social 
words such as “hi” and “bye,” negation (“no”), some verbs 
such as “go,” and prepositions such as “in” and “on” are 
also very high in frequency in toddler lexicons and often 
appear in children’s first 50 spoken words (Lahey, 1988). 
Another vocabulary study of LTs, using the Language 
Development Survey (Rescorla, 1989), found that late-
talking 2-year-olds with a greater proportion of nouns in 
their spoken lexicons had larger vocabularies when tested at 
3 years of age. Our results may reflect this heterogeneity 
within the population of LTs, such that some may be relying 
more heavily on closed-class and function words heard with 
very high frequency in child-directed speech. 

Limitations 

There are limitations of using database-derived sam-
ples. We do not know the developmental profiles of our 
toddlers; thus, it is possible that some of our LTs may 
have other developmental conditions and/or receptive lan-
guage delays in addition to small spoken vocabularies. 
This database also does not provide any information on 
race or ethnicity. Additionally, although parents are 
experts on their child’s language development skills, we do 
not have a way to confirm validity of these parent reports. 
Finally, our sample generally consists of participants 
whose mothers have completed at least some college. This 
highly educated sample represents a relatively narrow sub-
set of the general population, which makes these findings 
less generalizable. We also appreciate that these partici-
pants may not represent the ethnic and racial distribution 
of the entire population of American English talkers. 
Follow-up studies should include a more diverse sample 
to ensure findings are generalizable to the population as a 
whole, as well as more in-depth participant characteriza-
tion with regard to demographics, nonverbal cognition, 
and receptive skills. Despite these limitations, the use of 
databases yields large samples that are generally difficult 
to acquire otherwise. It also provides opportunities for 
reproducibility studies and for preliminary tests of a vari-
ety of hypotheses regarding language development. 

Clinical Implications 

These findings have the potential to impact our 
thinking about interventions for LTs. First, the role of
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dense phonological neighborhoods, corroborated by find-
ings using this same database examining lexical selection in 
relation to productive phonological repertoires (Simmons & 
Paul, 2023), emphasizes the importance of considering pho-
nological shape when adding to the spoken lexicon of LTs 
in therapeutic settings. Our findings could be interpreted to 
suggest that facilitating production of new words in LTs 
initially by choosing those that contain phonemes and word 
shapes (e.g., consonant–vowel [CV], VC, CVC) common to 
words they already say. Eliciting production of words with 
new phonemes and syllable shapes may follow, as studies 
of both speech (Gierut, 2001) and language therapy 
(Thompson, 2007) for older children suggest that “challeng-
ing” a delayed system to increase its complexity is an effec-
tive spur to development. 

Our WF findings also support also this suggestion. 
In early phases of therapy for LTs, therapists might 
encourage production of high-frequency social and func-
tion words, rather than relying on less frequent noun 
tokens alone, combined with structured intensive input of 
less frequent but child-relevant words in play-based lan-
guage stimulation activities. Such activities have been 
shown to increase language comprehension (e.g., Tarvainen 
et al., 2020) and may also solidify emerging phonological 
representations for later production. 

In the course of this intervention, clinicians might 
first add intensified input and later the elicitation of less 
frequent, age-appropriate words, using approaches such as 
milieu communication teaching (Fey et al., 2016), focused 
stimulation (e.g., VAULT; Alt et al., 2020), and elicited 
imitation. These therapeutic activities, we suggest, would 
serve to not only enhance the child’s expressive vocabu-
lary but also, through the exposure to more phonologic-
ally complex and less frequent words in the input phases 
of the intervention, provide the opportunity for the child 
to understand and build phonological representations for 
a broader set of words that can serve as a basis for pro-
duction activities in later phases. 
Conclusions 

We found partial support for the ESLA for LTs as 
they produce words from denser phonological neighbor-
hoods than typical age-matched peers, as younger 
language-matched children do. This suggests that LTs 
may weigh the phonological features of words more 
heavily than their older TD peers when acquiring a spo-
ken lexicon. Yet, LTs’ vocabularies also consist of words 
that are more frequently heard compared to age-matched 
peers and are even more limited to highly frequent words 
than language-matched typical toddlers. Taken together, 
the findings of persisting constraints regarding ND and 
Downloaded from: https://pubs.asha.org Elizabeth Simmons on 09/22/2024
overreliance on WF in LTs may further slow their language 
development. These results suggest limitations in LTs’ 
leveraging of statistical patterns when adding words to 
their spoken vocabularies. Clinical practice can be 
informed by considering the implications of these limita-
tions for early vocabulary intervention. 
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