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ABSTRACT

Late talkers (LTs) are a heterogenous group of children who experience delayed language
development in the absence of other known causes (Fisher, 2017). Many LTs “catch up” to their
typically talking peers (TTs), but some go on to experience continued difficulties with speech
and language development (Dale & Hayiou-Thomas, 2013), with little variance in long-term
outcomes predicted by current language measures (Fisher, 2017). While typical language
measures used in clinical practice and research with LTs involve broad-based language
assessments, fine-grained measures of LTs’ language processing may elucidate mechanisms of
early language delay and offer incremental utility in predicting later outcomes. In this
dissertation, a group of TTs and LTs completed two eye-tracking experiments to assess two fine-
grained aspects of language processing. Children were from U.S. monolingual English-speaking

speaking families and the sample was mostly white and of higher socioeconomic status.

In Study One, children completed a mispronunciation Looking-While-Listening (LWL)
paradigm (Swingley & Aslin, 2000; White & Morgan, 2008). Children heard words that were
pronounced correctly or contained a word-initial mispronunciation. Results revealed that both
LTs and TTs were sensitive to these mispronunciations, but that LTs’ processing may have been
more disrupted than that of TTs. These results suggest that, at least on word-initial phonemes,

LTs have created accurate auditory-phonological representations.

In Study Two, children completed a target-absent LWL paradigm (Chow et al., 2017;
Huettig & McQueen, 2007) to assess children’s sensitivity to taxonomic semantic relationships.
Results showed that both LTs and TTs were sensitive to the taxonomic relationships used in the

experiment and looked to semantic competitors in the target-absent trials. Both groups also



looked more to the target in the target-present condition than in the target-absent condition,

suggesting both groups had formed specific, differentiated representations of these lexical items.

Taken together, these results reveal both similarities and differences in how LTs and TTs
process language. Future research should incorporate additional aspects of language processing,
such as assessments of children’s motor-phonological representations, and include more diverse

participants that are representative of the target population.
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Chapter 1: Introduction

There is a great deal of variability in children’s early language development (Fenson et
al., 2000; Fenson et al., 1994; Fenson et al., 2006). While general guidelines exist for major
linguistic milestones, such as children saying their first words around the age of 12 months and
producing their first word combinations around the age of 18 months, there is variation in both
the onset and trajectory of language acquisition. This variability can be difficult to interpret for
both caregivers (Yimgang et al., 2017) and clinicians (Singleton, 2018), as delays in vocabulary
development or word combinations may simply reflect normal variation in development or be
early indications of persistent language learning difficulties (Dale & Hayiou-Thomas, 2013;
Singleton, 2018).

Children who experience delayed expressive language development are typically referred
to as “Late Talkers” (LTs); other terms used in the literature are early language delay (Dale et al.,
2003), delayed expressive language development (Hawa & Spanoudis, 2014), expressive
language delay (Fischel et al., 1989), children with late language emergence (Rice et al., 2008),
and specific expressive language delay (Rescorla & Schwartz, 1990). Definitions of LTs vary
widely but typically utilize a measure of caregiver-reported vocabulary size, such as the
Language Development Survey (Rescorla, 1989) or MacArthur-Bates Communicative
Development Inventory (Fenson et al., 2006) and percentile-score thresholds of the 10", 15", or
20" percentiles using age-based normative scores from these measures. Other methods of
categorizing children as LTs or typical talkers (TTs) include using specific vocabulary sizes (50

words or 70 words) and sometimes the absence of 2-word-combinations by 24 months of age.



12
The prevalence of LTs is estimated to be anywhere between 10-20% of children (Desmarais et
al., 2008; Klee et al., 1998; Rescorla, 2002).

While both caregivers and clinicians may display concern when children’s language
development seems to lag behind their same-aged peers, the majority of LTs go on to “recover”
from their initial delay. Their performance on language measures often fall in the typical range,
although their performance may continue to fall below that of children who had no history of LT
(Rescorla, 2005, 2009). In addition to the variability in defining LTs mentioned earlier, there is
also variability in terms and criteria used to refer to children with persistent language learning
difficulties. This variability in definitions makes it difficult to give relative risk of continued
language deficits for LTs and TTs. Defining LTs as children who had fewer than 70 words or no
two-word combinations, Rice et al. (2008) found that 20% of former LTs achieved general
language scores one standard deviation or more below normative levels at age 7, compared to
only 11% of children who had not been LTs. Using cutpoints of the 10 percentile on the MCDI
at age 2 and the 10" percentile on the Peabody Picture Vocabulary Test at age 4, Hammer et al.
(2017) found that 25% of LTs continued to have vocabulary deficits at age 4 (an odds ratio of
about 4 in a logistic regression model controlling for covariates). These studies suggest that
while the majority of LTs will not show clinically significant language impairments later in
development, LTs are at increased risk compared to their TT peers.

While numerous studies have attempted to identify predictors that might help clinicians
to identify children most at risk for continued delays, even statistically significant predictors
account for only a small percentage of variance in long-term outcomes (Fisher, 2017). Previous

studies have found that the degree of delay in expressive language skills, receptive language
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abilities, and socioeconomic status are significant predictors of later outcomes (Fisher, 2017).
These studies have mostly relied on broad behavioral measures of children’s language abilities,
such as parent checklists or standardized language assessments. While these tools are clinically
efficient and useful, recent work in communication sciences and disorders and development
psychology has explored more fine-grained aspects of children’s language development that may
add incremental utility in predicting later development.

Several decades of research has revealed that children’s developing language systems
contain many of the complex psycholinguistic processes observed in adults that suggest the
presence of interactive architecture. For instance, during eye tracking paradigms, toddlers have
been shown to process speech incrementally. Toddlers can identify a target object given only
partial phonetic information for that word (Fernald et al., 2001) and are slowed in identifying a
target image if the initial phonemes of that target overlap with those of a competitor image
(Swingley et al., 1999). Toddlers activate both phonological and semantic competitors during
language processing (Chow et al., 2017) and are sensitive to even minor changes in
pronunciation (Mani et al., 2008; Mani & Plunkett, 2007; Swingley, 2009; White & Morgan,
2008). Priming studies have demonstrated that children are sensitive to phonological (Mani &
Plunkett, 2011b), semantic (Arias-Trejo & Plunkett, 2009), phono-semantic (Angulo-Chavira &
Arias-Trejo, 2018; Mani et al., 2012), and semantic-phono (Angulo-Chavira & Arias-Trejo,
2018) primes. These results suggest that children’s early lexicons display both lexical-semantic
and lexical-phonological organization and elucidate the early connections that children form
between lexical items in their lexicons. Other work has shown that toddlers can use verbs (Mani

& Huettig, 2012) and thematic relationships between objects (Bobb et al., 2016) to predict future
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referents during online language processing. Taken together, these findings suggest that
toddlers’ lexicons already display many of the complex, interactive processes observed in adults.

Assessing some of these processes in LTs may both elucidate specific disrupted systems
or processes that underly these children’s difficulty with language acquisition, and potentially
serve as predictors of later language development. Work by (Fernald & Marchman, 2012) has
demonstrated that measuring the speed of children’s familiar-word processing shows promise as
a predictor of later development among LTs. It could be that assessing other aspects of children’s
online language processing may offer further predictive and diagnostic capabilities. The current
project sought to explore two such fine-grained aspects of children’s language processing: the
specificity of children’s early phonological representations, and children’s sensitivity to
taxonomic relationships among familiar lexical-semantic concepts.

This dissertation is organized as follows. In Chapter 2, I describe a study investigating
typical and late talkers’ sensitivity to mispronunciations in order to assess the specificity of their
internal phonological representations for early-acquired words. In Chapter 3, I describe a study
investigating typical and late talkers’ sensitivity to taxonomic relationships, in order to assess
children’s lexical-semantic organization. In Chapter 4, I provide an overall discussion of the
studies presented in chapters 2 and 3, as well as a discussion of implications and direction for

future research.
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Chapter 2: Sensitivity to Mispronunciations in U.S. Monolingual Later Talkers and
Typical Talkers

One of the most common concerns that parents raise during well-child visits is delayed
language development (Coonrod & Stone, 2004; Yimgang et al., 2017). This high rate of
concerns about communication development is consistent with epidemiological data that show
that approximately 10 - 20% of 24-month-olds experience delayed communication development
(Collisson et al., 2016; Horwitz et al., 2003; Reilly et al., 2007; Zubrick et al., 2007). These
children are frequently referred to as “late talkers” (LTs) or children with late language
emergence. Children are classified as LTs when they present with a reduced expressive
vocabulary in comparison with their age-matched peers (variably defined as either at or below
the 10™, 15®, or 20" percentile on a parent-reported expressive vocabulary checklist), or when
they are not combining words by the age of 24 months. The long-term outcomes for these LTs
are highly variable. Approximately 20% of LTs exhibit language below expected levels at 7
years of age, compared to 11% of TTs (Rice et al., 2008). Others go on to develop language in
the low-average range and may struggle with reading and other academic skills later in life
(Rescorla, 2009). A core barrier in clinical intervention for this population is the lack of quality
predictors that exist to determine which children will recover spontaneously, and which children
would benefit from early language intervention.

Many clinical assessments used to assess the language abilities of toddlers rely on parent-
reported vocabulary checklists or standardized behavioral assessments of children’s general
language abilities. However, lower scores on these measures may be caused by a number of

underlying differences in speech-language processing (Stackhouse & Wells, 1997). Difficulties
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in multiple psycholinguistic processes, such as poor phonological encoding (Nash & Donaldson,
2005), weak semantic representations (Nash & Donaldson, 2005), and difficulties with
phonological production planning (Stackhouse & Wells, 1997) may all result in the common
presentation of a reduced expressive vocabulary. However, different processes may have

different long-term outcomes and may require different forms of intervention.

Phonological Development in Early Childhood

In order to become competent and efficient language users, children need to acquire the
phonological system(s) of the language(s) in their environment, a process which is closely tied to
children’s ability to form lexical representations. The development of a child’s phonological
system can be observed both in children’s language production as well as in children’s language
perception. Children begin to produce consonant-vowel combinations, frequently referred to as
canonical babbling, at about 6 months of age (Fagan, 2009) and the frequency of canonical
babbling increases as children age (Cychosz et al., 2019). Children’s early phonemic repertoires
consist of only a few early-acquired speech sounds (Robb & Bleile, 1994) and syllable structures
(Levelt et al., 1999). Both phonetic inventory and syllable structure diversity increase as children
get older. At around 12 months, children say their first words. These first words typically
contain a limited number of speech sounds and a limited set of syllable shapes, and are more
likely to contain sounds that are already in children’s productive phonemic repertoire (Davis et
al., 2018; Schwartz & Leonard, 1982). Assessment of children’s early phonological development
typically involve assessing children’s phonemic inventories, including phonemes produced in

multiple positions within word productions, and the diversity of syllable structures children
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produce (Paul & Jennings, 1992). These measures are thought to reflect children’s acquisition of
the rule-based phonological system of the language or languages to which they are exposed.

While these linguistic behaviors are evidence of the productive manifestations of
children’s developing phonological systems, other work has used perception and comprehension
tasks to investigate the nature of children’s internal representations of lexical forms. Early
theories posited that infants formed indistinct, holistic representations of the phonological
structure of words they understand (Charles-Luce & Luce, 1995; Metsala & Walley, 1998), and
only create representations with fine-grained phonetic detail as their lexicons expand and acquire
words with similar phonological structures that require precise encoding. However, a
preponderance of evidence has accumulated demonstrating that early in development, children
are sensitive to small phonemic differences in word comprehension tasks. For example, Fennell
and Werker (2003) found that 14-month-olds were sensitive to contrasts in known words that
differed on only one phonological feature (e.g., ‘ball’ and ‘doll’).

One method for assessing children’s internal phonological representations is the Looking
While Listening (LWL) Mispronunciation paradigm (Swingley & Aslin, 2000). In this
paradigm, children are shown two images on the screen representing familiar objects (e.g., dog,
ball) and hear a word naming one of the images (e.g., Look! Dog!). There are two conditions in
this paradigm: the correct pronunciation condition, in which the target item is labeled correctly,
and the mispronunciation condition, in which children hear the target label with a
mispronunciation on one phoneme. Children’s looking behavior (most often the proportion of
time spent looking at the target image) is then compared between the two conditions to derive a

measure of ‘mispronunciation sensitivity’.
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Using this paradigm, Swingley and Aslin (2002) found that 14- and 15-month-olds were
sensitive to mispronunciations on the onsets of familiar words. These findings have been
replicated in multiple conditions across the second year of life. Toddlers can detect
mispronunciations across multiple phonological features (White & Morgan, 2008) and are
sensitive to mispronunciations on word onsets (Swingley & Aslin, 2000; White & Morgan,
2008), vowels (Mani & Plunkett, 2011a), codas (Swingley, 2009), and lexical tone (in languages
which possess this feature) (Wewalaarachchi et al., 2017). Taken together, these findings suggest
that young children without known language delays or disorders have formed fine-grained
phonological representations of words in their receptive vocabularies prior to age 2.

School-aged children are similarly able to detect mispronunciations of varying kinds in
both auditory lexical discrimination tasks (McNeill & Hesketh, 2010) and word identification
tasks (Krueger & Storkel, 2020). While typically developing school-aged children readily detect
mispronunciations in the auditory lexical discrimination task, children diagnosed with
Developmental Language Disorder are less sensitive to these mispronunciations (Claessen &
Leitao, 2012; Van Alphen et al., 2004). When asked whether a word produced by the examiner is
correct or incorrect in these tasks, children with DLD are more likely to accept
mispronunciations as correct, while their typically-developing peers typically identify them as
incorrect. Claessen and Leitao (2012) suggest that children with DLD have poorly specified
phonological forms for these words, leading to difficulty in detecting errors in others’
productions.

These findings suggest that children’s sensitivity to mispronunciations, or more generally

the specificity of their phonological representations, may be an indicator of their language
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abilities. There is some empirical evidence to support this idea. For instance, Werker et al.
(2002) found that when 14-month-olds were taught new words that differed by only one
phoneme (‘bih’ and ‘dih’), only infants with larger vocabularies could detect changes between
the two words. Using a mispronunciation paradigm, Law and Edwards (2015) found that 30- to
46-month-olds’ sensitivity to mispronunciations was associated with their vocabulary size:
children with larger vocabularies were more sensitive to mispronunciations. However, other
studies have failed to find any correlation between vocabulary size and sensitivity to
mispronunciations (e.g., Swingley & Aslin, 2002). While these studies looked at children with
typical language development, fewer studies have investigated the specificity of phonological

representations in children who are LTs.

Phonological Development in Late Talkers

As a group, LTs experience delays in multiple areas of expressive phonological
development, including the onset of canonical babbling, the size of their early consonant
inventories, the complexity of early learned words, the inclusion of atypical phonological
patterns in their word productions, and increased variability in sound productions (Williams &
Elbert, 2003). These delays persist into the preschool period for some LTs (Paul, 1993;
Whitehurst et al., 1991). In a sample of 4- to 5-year-olds with a history of late talking, Neam et
al. (2020) found that these children had significant difficulty producing polysyllabic words,
compared to typically developing peers. Additionally, the degree to which LTs’ phonological
systems are delayed — assessed productively via consonant and syllable shape inventories - has
been found in some studies to be predictive of their later language development (Carson et al.,

2003). Delays in LTs’ expressive phonology may be the result of difficulty with the motoric
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aspect of speech production, or may result from difficulty retrieving phonological representations
(Oller et al., 1999). Observations of children’s language production are not sufficient to
differentiate between difficulties with motor-speech production and difficulties with the creation
or retrieval of phonological representations.

A few studies have used the LWL mispronunciation paradigm to investigate links
between children’s lexical phonological representations and language ability. For instance, Hohle
et al. (2009) administered a LWL mispronunciation task to a group of children at 18 months;
then, at 30 months, children were classified as having either typical language development or
low language performance. The children classified as having typical language at 30 months had
shown sensitivity to mispronunciations at 18 months, looking to the target image only when it
was labeled correctly. The children classified as having low language performance at 30 months,
on the other hand, only looked to the target image when the label was mispronounced, and not
when it was pronounced correctly. The authors suggest that this difference may be due to the low
language performance group having unstable phonological representations.

Another study used a variant of the LWL mispronunciation task to compare children
concurrently classified as LTs and TTs (MacRoy-Higgins et al., 2013). The authors taught
groups of LTs and TTs 12 novel words over 10 sessions. The authors then used multiple
measures to assess children’s learning of these nonwords, including traditional comprehension
measures that require the child to point to physical objects, production tasks that required
children to label the novel objects, and a LWL mispronunciation task. When data from the LWL
task was analyzed separately for LTs, they showed no evidence of sensitivity to

mispronunciations for the novel words. One interpretation of these findings is that LTs have less
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precise phonological representations and, like older children with DLD, ‘accept’
mispronunciations as correct. However, LTs also performed worse than TTs on traditional
comprehension measures of the novel words. Thus, it may be that LTs did not show sensitivity
to the mispronunciations in this task because they had not had enough experience with the novel
words. Evidence suggests that children with language difficulties require many more exposures
to novel words before they are added to the child’s lexicon. It may be that with additional
exposures to the novel words, LTs may have shown sensitivity in the mispronunciation
condition.

In order to better understand the extent to which LTs form detailed phonological
representations of words after repeated exposure, the current study investigates LTs’ sensitivity
to mispronunciations for familiar real words. The results from this study will elucidate whether
LTs possess fine-grained phonological representations for familiar words they have been
exposed to many times, in contrast to the novel words used by MacRoy-Higgins et al. (2013).
The results will also help us understand whether difficulties in creating detailed phonological

representations may be a causal mechanism in LTs’ delayed expressive vocabulary development.

The Current Study

In the current study, we administered a LWL mispronunciation task to a sample of LTs
and TTs. The study was designed to test whether LTs show a mispronunciation effect as TTs do
when the stimuli involve familiar items. Our hypothesis is that LTs as a group, like older

children with DLD, will how reduced sensitivity to mispronunciations compared to the TTs.
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Methods

Participants

Participants were recruited through online advertisements, flyers distributed in the
community, and through existing research databases. Participants were eligible if they had a
child between the ages of 22 and 30 months of age, reported no concerns about their child’s
hearing, reported that their child only heard English at home, the child was born at 37 weeks
gestation or later, and if the caregiver had no concerns that their child may have an autism
spectrum disorder. Additional inclusion criteria were assessed during research visits. These
included a T-Score of 35 or higher on the Mullen Scales of Early Learning — Visual Reception
scale (MSEL-VR), and a score of less than 2 on the Screening Tool for Autism in Toddlers
(STAT). Two participants did not complete a second study visit due to a university-mandated
suspension of research activities due to the Covid-19 pandemic. For this reason, these children
did not complete the STAT. Instead, we utilized the Childhood Autism Rating Scales, 2"
Edition (CARS-2). Both children scored in the “minimal to no risk of autism spectrum disorder”
category. Because recruitment and data collection were curtailed due to the COVID-19
pandemic, we may have reduced power to detect interaction effects of interest.

In total, 57 participants were enrolled in the study. Twelve participants were excluded
from the analysis: six children received a score of 2 or higher on the STAT; two children
received a T-Score of less than 35 on the Mullen; one child’s caregiver did not complete the
MCDI; and three children did not contribute at least 4 trials in each condition during the

Looking-While-Listening task.
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A total of 45 children were retained for analyses. Twenty-three children qualified as TTs,
and 22 as LTs. Participant characteristics are given in Table 2.2. Children did not differ on STAT
or MSEL-VR scores. Children in the LT group were significantly younger than children in the
TT group (t(42.24) = 2.60, p = 0.01). Consistent with our analysis plan, we include child age as a
covariate in all models, together with race (White vs. not White), biological sex, and caregiver
education (college or less vs. post-secondary degree). A detailed discussion of how the age
difference between groups might impact the results of the current study are presented in the

discussion.

Measures

Screening Tool for Autism in Toddlers and Young Children (STAT; Stone & Ousley,
2008). The STAT is a Level 2 autism screener for children between the ages of 24 and 36
months, with studies demonstrating its validity in younger children as well (Stone et al., 2008).
The STAT assesses three broad domains: Play, Social Communication, and Imitation Skills.
Assessors use a series of presses throughout the assessment, including rolling a ball back and
forth with the assessor, giving the child a sealed jar of snack that the child cannot open
themselves, and giving the child a bag of toys. The STAT classifies children receiving a score of
2 or higher as having a higher likelihood of having autism. These children were referred for
further assessment through Illinois’ Early Intervention System.

Childhood Autism Rating Scale, Second Edition (CARS-2; Schopler et al., 2010). Two
children in the study did not complete the STAT because their second study visit was cancelled
due to the 2020 Covid-19 pandemic. To screen for the presence of autism in these children, we

utilized the CARS-2. The CARS-2 is an observational coding system. Observers rate children on
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15 items, including items that assess how the child relates to others, how the child uses objects,
and how the child adapts to change. The CARS-2 can be scored based on observations of the
child in a variety of settings. For the current study, a trained rater scored the CARS-2 based on
recordings of a 15-minute caregiver-child interaction.

Mullen Scales of Early Learning, Visual Reception Scale (MSEL-VR; Mullen, 1995).
This subscale assesses children’s non-verbal cognitive skills. Children complete a range of
activities, such as completing a foam-board puzzle, making object associations, and matching
shapes. The Visual Reception scale produces a T-Score based on the child’s age. Children
needed to achieve a T-Score of 35 (1.5 standard deviations below the mean) or higher to be
included in the study.

MacArthur-Bates Communicative Development Inventory — Words and Sentences
(MCDI; Fenson et al., 2006). The MCDI is a caregiver report measure that assesses children’s
expressive communication development, including expressive vocabulary and syntax. The
MCDI was used to classify children into the Later Talker (LT) and Typical Talker (TT) groups.
Children who received a score at or below the 15™ percentile (Beckage et al., 2011; Hodges et
al., 2017; Lu et al., 2020), and/or children who had no reported two-word combinations were
classified as LTs. All other children were classified as TTs.

Looking While Listening Mispronunciation Task

Design. Twelve monosyllabic words that are acquired early in development (Fenson et
al., 2006) were selected. Six yoked pairs were created by matching word pairs on age of
acquisition, lexical frequency in child-directed speech, and phonological neighborhood size. For

each word, a mispronunciation was created by altering the initial phoneme’s voicing (6 words) or
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place of articulation (6 words). Previous work has shown that toddlers are sensitive to changes in
both voicing and place of articulation in the mispronunciation paradigm (White & Morgan,

2008). See Table 2.1 for stimuli descriptions.

Table 2.1. Lexical Stimuli Properties

Initial Phoneme (IPA)
Yoked Pair  Word Correct Mispronunciation Type of change
1 fork /7 /s/ Place
purse /p/ /b/ Voicing
2 foot /7 v/ Voicing
book /b/ /p/ Voicing
3 duck /d/ /g/ Place
bed /b/ /p/ Voicing
4 ball /b/ /g/ Place
car /k/ /g/ Voicing
5 bib /b/ /g/ Place
couch /k/ /t Place
6 bath /b/ /g/ Place
keys /k/ /g/ Voicing

Each yoked pair was presented 4 times during the experiment. Each item was presented
once as a target with the correct pronunciation, once as a target with the mispronunciation, and
twice as a distractor for its yoked word. Four pseudo-random counterbalanced orders were
created. In each order, side of target presentation was counterbalanced. Orders were adjusted so
that the first item was a correct pronunciation and no more than two mispronunciations were
presented consecutively. Additional filler trials with colorful images and cartoon characters
were interspersed every 3 to 4 trials to maintain children’s attention.

In each trial, two images were presented on the screen for a total of 7000 ms. After 1500
ms, children heard the speaker say “Look!” At 3000 ms, the target stimulus word was played.
The images remained on the screen for another 4000 ms. The trials thus consisted of a pre-

naming phase (0-3000 ms) and a post-naming phase (3000 — 7000 ms). See Figure 2.1.



26

Figure 2.1. Stimulus Presentation
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Auditory Stimuli. Audio stimuli were recorded by a female General American English
speaker who used infant-directed prosody. Multiple examples of each word were recorded. A
group of adults then listened to both correct and mispronunciation word tokens in isolation and
were asked to rate their clarity and to phonetically transcribe the word. Only tokens on which all
listeners correctly identified the initial phoneme and had an average rating of 6 or higher on a 7-
point Likert scale measuring the words’ clarity were included as stimuli in the experiments.
Words were on average 0.7315 (sd = 0.0856) seconds in duration. The correct pronunciation and
mispronunciation word sets did not differ in their length (t(21.784) =-0.378, p = 0.709), mean
pitch (t(21.719) = 1.028, p = 0.315), or listeners’ average clarity ratings (t(21.997) =1.481, p =

0.153).
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Visual Stimuli. Two sets of images were selected for each yoked pair of stimuli (e.g.,
there were two image pairs for the duck-bed pair, two for the foot-book pair, etc.). For each
word, multiple photographs were selected and rated by a group of adults. Adults were asked to
rate the degree to which each image matched their internal representation of each word on a scale
of 1-100. Images with a value of at least 80% were selected (average rating of 95.437). Image
pairings for each yoked pair were created by analyzing the distribution of luminance values for
the pixels in each picture. The imager package in R (Barthelme, 2018) was used to extract an
array of luminance values for all pixels in each picture, and a Kolmogorov-Smirnov test was
used to assess the similarity of each image’s luminosity distribution. Image pairs with similar
distributions were selected in order to reduce the likelihood that children would prefer one image
because of its visual properties.

Images were resized and centered in a 600 x 600 pixel area. The narrower of the two
images was adjusted so its maximum length would be 600 pixels. The other image was then
resized so that it had approximately the same number of pixels. Images were placed on a 1920 x

1080 gray background (hex color code #7f717f).

Procedure

The LWL experiment was presented using Tobii Studio Pro. Children either sat in a
highchair or in their caregiver’s lap in a sound-attenuating area of the testing room. Caregivers
were given a pair of occluded sunglasses to wear and were instructed not to repeat any of the
target words and to only speak in order to redirect their child’s attention to the stimuli. Visual
stimuli were presented on a 24” ASUS VS248H-P monitor. Auditory stimuli were presented at

65 dB through Bose Companion 2 Series III Multimedia Speakers on either side of the monitor.
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Children’s gaze was captured using a Tobii X3-120 using a 120 Hz sampling rate and via video
recording. Children completed the MSEL-VR and the STAT behavioral testing after a brief

warm-up period while caregivers completed the MCDI and demographic forms.

Eye Tracking Data Preparation

Raw gaze data was exported from the Tobii Pro Studio software. The average gaze
coordinates provided by Tobii Pro Studio were used in analyses. Gaps in data less than 75 ms,
most likely representing blinks or brief periods of track loss, were interpolated using scripts from
Unger, Vales, et al. (2020). An area of interest (AOI) was drawn around each image. Previous
studies utilizing other Tobii products report lower precision and accuracy in toddler-aged
participants (Dalrymple et al., 2018). Likewise, other eye tracking studies have demonstrated that
specifying larger AOI’s reduces the influence of noise in the data (Hessels et al., 2016). For this
reason, we added an additional 4 degrees to all sides of the area of interest, resulting in AOI’s
that are 764 pixels x 764 pixels, with the image centered in the middle of the AOL.

Data from six participants were hand coded using peyecoder (v 1.1.13; Olson et al.,
2020). Two participants had extreme track loss, despite optimal viewing position and angle. The
first and last author then reviewed plots that aggregated fixations from each child in a cartesian
plane to identify calibration drift. Plots were reviewed in a random order, and identifying
information was removed from each plot. The authors were blind to LT status, and plots
contained data from both correct pronunciation and mispronunciation conditions. From this
inspection, four children were identified as having significant drift. Upon reviewing the videos
for these children, it was observed that these children frequently shifted their head position

during the experiment, despite remaining attentive. These children’s data were hand-coded in



29
peyecoder as well. A separate participant with optimal data from the Tobii eye tracker was also
hand coded, and the Tobii gaze data was compared with hand-coded data. The correlation
between proportion of looks to the target image in 100 ms bins was 0.93, demonstrating that the
two methods give very similar results.

Data were processed in R (v 4.0.3) (R Core Team, 2014) using the eyetrackingR package
(Dink & Ferguson, 2015) and the Ime4 package (Bates et al., 2015). Looks to neither AOI
(shifts, looking at parts of the monitor outside the AOI, trackloss, looks away from the monitor,
etc. were removed). Data were then collapsed into 100 ms bins for growth curve analyses, or into
one bin for window analyses.
Analysis Plan
Statistical models.

The analysis plan was pre-registered on OSF prior to analyzing any main effects

(https://osf.io/hda87). In all analyses, the caregiver’s education, the child’s race (White vs. non-

White), the child’s age, and the child’s biological sex were included as covariates. We utilized an
analysis window of 300-1800 ms post-word onset (Fernald et al., 2008).

Window Analysis. Consistent with prior studies using the Looking While Listening
(LWL) paradigm, we first conducted a window analysis (Swingley & Aslin, 2000; White &
Morgan, 2008). In this type of analysis, the total amount of time spent looking at the target
versus the distractor during the analysis window were entered into a model. We conducted the
window analysis using a logistic mixed effects model, with talker status (LT vs TT),
experimental condition (correct pronunciation vs. mispronunciation), and their interaction

included in the model, along with covariates.


https://osf.io/hda87
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Growth Curve Modeling. The window analysis approach collapses all data within the
analysis window, potentially obscuring fine-grained temporal differences in children’s
processing of stimuli. In order to capitalize on the temporal precision offered by the LWL
methodology, we analyzed data using growth curve modeling (Barr, 2008; Mirman et al., 2008).
While previous studies have utilized an empirical logit transformation of gaze data, there are
several statistical shortcomings with this approach (see Donnelly and Verkuilen (2017) for a
detailed review and simulation). For this reason, we utilized a logistic mixed effects model,
which uses a vector of successes (a sample in which the child looks to the target) and failures (a
sample in which the child looks to the distractor) within each timebin or window (Donnelly &

Verkuilen, 2017; Mirman, 2014).

Results
Table 2.2. Participant Characteristics
Variable Typical Talkers Late Talkers
Mean (SD) or n d p

N 23 22
Age (Months) 26.27 (2.38) 24.57 (1.99) 0.77 0.01
STAT Score® 0.42 (0.34) 0.61 (0.50) -0.45 0.15
MSEL-VR® 51.61 (19.51) 50.00 (8.24) 0.11 0.72
Caregiver education

Some college 1 0

College graduate 9 10

Graduate/professional 13 12

training or above
Caregiver report of child race

White 18 16

Black 1 1

Asian 0 1

More than one race 4 4

Note. Abbreviations: MSEL VR, Mullen Scales of Early Learning Visual Reception; STAT,
Screening Tool for Autism in Toddlers

aScore range of 0 — 4

*T-Score (Mean = 50; SD = 10)
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Figure 2.2. Time Course from 300 — 1800 ms
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Out of a total of 1,080 trials, 867 (80.28%) were retained for analysis. Trials were
excluded for the following reasons: equipment failure or aborted trial (n=6), child not looking
before or after target word (n=41), noise during the critical word (n=78), child was inattentive
during critical word (n=13), trackloss or inattentiveness (n=75) . On average, TTs contributed
20.087, and LTs contributed 18.409 trials (t =1.444 (37.722), p = 0.157).

An analysis of looks to the target image during the pre-naming phase (-1500 to 0 ms
before target word onset) revealed no systematic preference for the target image before naming
(TTs =50.633%, LTs = 48.737%, t(40.173) = 0.811, p = 0.423). Accordingly, we did not control

for pre-naming gaze behavior in analyses.
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Window Analysis
Looks to the target and looks to the distractor were entered into a logistic multilevel
model which included random effects for participant, participant by condition, lexical item, and
lexical item by condition. Both LTs and TTs were included in this model. Results for this
analysis are given in Table 2.3. Estimated marginal means were obtained using the emmeans

package (Lenth, 2020) in order to quantify TTs’ and LTs’ performance in each condition.

Table 2.3. Window Analysis, 300 - 1800 ms

Predictors Log-Odds  Std. Error Wald Z p
Intercept 0.966 0.176 5.479 <0.001
Late Talker -0.340 0.180 -1.894 0.058
Condition (Mispronunciation) -0.569 0.150 -3.793 <0.001
Late Talker : Condition 0.191 0.168 1.136 0.256

Table 2.4. Estimated Marginal Means by Talker Type and Phonological Condition in Log-
Odds Units

Estimated Asymptotic 95%
Marginal Mean  CI
(SE)
Correct Pronunciation Condition
TTs 0.968 (0.176) [0.623, 1.312]
LTs 0.627 (0.171) [0.291, 0.963]
Mispronunciation Condition
TTs 0.399 (0.176) [0.054, 0.743]
LTs 0.250 (0.171) [-0.086, 0.586]

Note. Abbreviations: LT, Late Talker; TT, Typical Talker
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Figure 2.3. Proportion Looks to Target by Talker Type and Phonological Condition
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The window analysis revealed that typical talkers looked more to the target image during
the post-naming window in the correct pronunciation condition (Wald = 5.479, p <.001). Late
Talkers looked less at the target during the correct pronunciation trials, although this was only
marginally significant (p = 0.058). There was a highly significant effect of mispronunciation
condition, showing that TTs looked less to the target image when it was mispronounced (Wald =
-3.793, p <.001). The LT by Condition interaction did not reach significance (p = 0.256),
although this interaction effect was in the hypothesized direction. This suggests that LTs, like
TTs, were sensitive to mispronunciations.

To further investigate the performance of LTs, the same model was run for LTs only.

Like TTs, LTs looked more to the target image than the distractor in the correct pronunciation
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condition (Wald =2.641, p = 0.008), and looked less to the target image in the mispronunciation
condition than in the correct pronunciation condition (Wald =-1.926, p = 0.054). The effect of
mispronunciation just failed to reach significance when analyzing LTs on their own. When
analyzing TTs on their own, there was a significant effect of condition (Wald =-2.719, p =
0.007). The estimated marginal means in Table 2.4 revealed that TTs looked at above-chance
levels to the target image in both conditions, while LTs looked at above-chance levels in only the
correct pronunciation condition. In the mispronunciation condition, LTs did not look at above-
chance levels to the target.

Productive Vocabulary as a Continuous Predictor.
Because various definitions of Late Talkers exist in the literature, we also performed a
window-analysis with total vocabulary scores from the MCDI entered as scaled continuous

predictor in place of the talker status variable.

Table 2.5. Window Analysis, 300 - 1800 ms, Continuous Vocabulary Scores

Predictors Log-Odds  Std. Error  Wald Z p
Intercept 0.827 0.145 5.711 <0.001
MCDI Total Vocabulary 0.374 0.099 3.776 <0.001
Condition (Mispronunciation) -0.474 0.124 -3.816 <0.001
MCDI : Condition -0.156 0.085 -1.830 0.067

Note. Abbreviations: MCDI, MacArthur Bates Communicative Development Inventories
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Figure 2.4. Relation Between Productive Vocabulary Size and Proportion Looks to Target
by Phonological Condition
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Once again, Mispronunciation Condition was highly significant (Wald = -3.816, p <
0.001), as was MCDI scores (Wald = 3.776, p < 0.001). As a group, children were sensitive to
mispronunciations, and children with larger productive vocabularies looked to the target image
more than children with smaller productive vocabularies in the correct pronunciation condition.
The coefficient of the interaction term between MCDI and Condition was negative and
marginally significant (Wald =-1.830, p = 0.067). Consistent with our hypothesis, there was a
trend for children with larger vocabularies to show a greater sensitivity to mispronunciations.
Growth Curve Analyses

Growth curve analyses were conducted using logistic fixed effects models. The main

model contained orthogonal polynomials for liner and quadratic time (beginning 300 ms after
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stimulus onset to 1800 ms), as well as their interaction with talker status and mispronunciation
condition and previously stated covariates. The model was first run with maximal random
effects of intercept, linear time, and quadratic time nested in both participants and participants by
condition. This model did not converge, however, and so the random effect of linear time nested
within participant was removed, and the intercept and quadratic time random effects nested in

participant were set to be uncorrelated (Barr et al., 2013).

There was a main effect of condition (Wald Z = 7.437, p < 0.001), demonstrating that on
average, TTs (the reference group) looked to the target image less in the mispronunciation
condition. There was also a main effect of talker type (Wald Z =-2.025, p = 0.043). Late talkers
looked to the target image less in the correct pronunciation condition than do typical talkers. The
main coefficients of interest investigating the effect of talker type were the two-way interaction
between condition and talker type, and the three-way interactions between condition, talker type,
and linear and quadratic time. None of these interactions were significant (talker by condition:
Wald Z = 1.177, p = 0.239; talker by condition by linear time: Wald Z = 0.055, p = 0.956; talker

by condition by quadratic time: Wald Z =-0.587, p = 0.557).
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Table 2.6. Growth Curve Analysis, 300 - 1800 ms

Predictors Log-Odds Std. Error Wald Z p
(Intercept) 1.080 0.145 7.437 <0.001
Phonological Condition -0.649 0.140 -4.641 <0.001
Late Talker -0.402 0.198 -2.025 0.043
Late Talker : Phonological Condition 0.236 0.200 1.177 0.239

Late Talker : Linear Time : Phonological Condition 0.048 0.866 0.055 0.956

Late Talker : Quadratic Time : Phonological -0.303 0.516 -0.587 0.557
Condition

Note. Abbreviations: LT, Late Talker; otl, orthogonal time — linear; ot2, orthogonal time —
quadratic

Exploratory Analyses

In order to explore item-by-item variability, effect plots were created for each item (see
Figure 2.5). Considerable item-by-item variability existed in the effect of the mispronunciation
condition between LTs and TTs. In order to analyze item characteristics that may have led to this
variability, we constructed an additional model that included item-level variables. Previous
literature has suggested that words’ phonotactic probability may affect children’s sensitivity to
mispronunciations (MacRoy-Higgins et al., 2014). Because the design was not balanced to assess
the impact of phonotactic probability, we included other item-level covariates, including age of
acquisition, frequency in child-directed speech, number of phonological neighbors, and
mispronunciation type (change in voicing or change in place). Random effects of participant,
participant by condition, target word, and target word by condition were entered as well. In order
to assess whether phonotactic probability had a differential impact on moderating the effect of
condition for LTs compared to TTs, the main term of interest was entered as a 3-way-interaction

between talker type, phonotactic probability, and mispronunciation condition.
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Figure 2.5. Iltem-Level Plots of Proportion Looks to the Target
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Results revealed that this 3-way-interaction was significant; phonotactic probability
altered the mispronunciation effect, and the effect of phonotactic probability varied based on

talker status.

Discussion
This study used a Looking-While-Listening paradigm to investigate typical talkers’ and
late talkers’ sensitivity to mispronunciations. The primary research question was whether LTs,
who as a group show differences in their expressive phonological development (Carson et al.,
2003; Williams & Elbert, 2003), showed similar differences in their receptive phonological
development. The present findings do not support our hypothesis that LTs show difficulty in

forming specific phonological representations of frequently encountered words in their



39
environment, as both LTs and TTs showed sensitivity to mispronunciations for the early-
acquired words used in the current study. When including vocabulary as a continuous predictor
in statistical models, there is some evidence that children with smaller vocabularies may be less
sensitive to mispronunciations than children with larger vocabularies. However, there was no
significant effect of late talker status on sensitivity to mispronunciations, at least for the word-
initial mispronunciations on monosyllabic words used in this study.

Although we did not observe differences in sensitivity to mispronunciations between LTs
and TTs, we did observe differences in their processing of correctly pronounced and
mispronounced familiar words. Compared to TTs, LTs looked less to the target image on correct
pronunciation trials, suggesting they were less efficient in processing the familiar word and
identifying its referent, consistent with previous studies (Fernald & Marchman, 2012). In
addition, LTs looked less to the target image on mispronunciation trials relative to TTs, and were
barely different from chance on this condition. This suggests that LTs struggled with identifying
the referent on mispronunciation trials. Overall, this pattern of results suggests that both TTs and
LTs were sensitive to the differences between correctly pronounced and mispronounced words,
yet TTs were better able to recover from the mispronunciation to identify its more likely referent
while LTs did not always associate the mispronounced word with the intended target. While
mispronunciation paradigms have largely focused on analyzing the reduction in looking time in
the mispronunciation condition compared to the correct pronunciation condition (Von Holzen &
Bergmann, 2021), the current findings also draw attention to the fact that TTs were able to

identify the target image even in the presence of a mispronunciation. LTs, on the other hand, did
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not recognize these mispronunciations as well — even relatively minor changes in pronunciation
almost completely disrupted LTs’ ability to understand the intended referent of the speaker.
What led TTs to identify the intended target in the mispronunciation condition, while LTs were
less successful? Previous work has demonstrated that typically developing children, like adults,
process speech incrementally (Chow et al., 2017; Swingley et al., 1999). For example, when
looking at a picture of a baby, hearing the first sound in the word “dog” is sufficient for a two-
year-old to shift their eyes away from the baby and towards the dog. When a listener encounters
an initial phoneme that does not match that of any referent in the environment (here the two
pictures on the screen), they must use the remaining phonological information in the auditory
stimulus to select the most likely match (McMurray et al., 2019). Adult speakers are able to
accommodate disturbances to voice onset times in word-initial position (McMurray et al., 2009).
The current results suggest that TTs were also able to use phonological information in the
auditory stimulus other than the word onset to infer the intended referent.

LTs’ diminished ability to recover after a mispronunciation may be caused by a number
of factors. It may be that while LTs have well-specified representations of word-onsets, they
have poorly specified representations of vowels or offsets, leading to difficulty in matching the
remainder of the stimulus to the target referent. Another explanation may involve differences in
TTs’ and LTs’ activation of the referents’ phonological forms prior to word onset. Some studies
show that typically-developing infants activate the phonological form of a pictured object before
hearing its name (Mani et al., 2012; Mani & Plunkett, 2010a). It may be that LTs in the current
sample did not do this, or did so to a lesser degree than TTs. This in turn may have led to greater

difficulty in matching the limited correct phonological information in the input to the less-
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activated phonological forms of the referents. It could also be that LTs’ overall decreased
efficiency in language processing slowed their ability to recover from the mispronunciation.
However, even when extending the time window to 3000 ms post word-onset, LTs’ proportion of
looks to the target in the mispronunciation condition remained close to chance.

As noted by Marchman and Fernald (2013), performance on the LWL may be impacted
by multiple cognitive and linguistic processes. Given that differences between TTs and LTs were
observed in both the correct pronunciation and mispronunciation conditions, it is possible that
factors outside of phonological processing, such as working memory, attentional control, or
general processing speed, may have impacted LTs’ performance. Indeed, research suggests that
older children with a diagnosis of developmental language disorder exhibit impairments on
nonlinguistic processing tasks, in addition to language processing tasks (e.g., Kohnert et al.,
2009; Leonard et al., 2007). Regardless of the cause of LTs’ performance, it may be that in
everyday settings, LTs are not only less efficient in processing the language in their environment
(Fernald & Marchman, 2012), but that even minor inaccuracies in language input disrupt LTs’
language comprehension to a greater extent than their TT peers.

These findings help to refine our understanding of what underlies LTs’ delays in
expressive vocabulary development. There is extensive research documenting delays in LTs’
expressive phonological development, including reduced phonemic inventories, reduced
diversity of syllable shapes, and lower accuracy in speech sound production. We had
hypothesized these delays may have been driven by weaknesses in LTs’ forming specific

phonological representations. However, the current results to do not support this idea. What can
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explain these differences in LTs’ expressive phonological development in light of the current
findings?

As theorized in psycholinguistic models of speech processing (Stackhouse & Wells,
1997; Terband et al., 2019), many different processes might explain difficulties in producing a
target word, even when a child has a well-formed internal phonological representation of that
word. Difficulties in motor planning, motor programming, or motor execution could all lead to
delays or deviations in spoken language. Recent studies have linked toddlers’ speech-motor
control to both concurrent and future expressive language development (Alcock & Krawczyk,
2010; Nip et al., 2011), highlighting links between motor and language development. It may be
that differences in aspects of speech-motor control prevent LTs from using their well-formed
internal phonological representations to produce speech.

As demonstrated in older children with speech delays (Geronikou & Rees, 2016), it may
also be that individual children show delays or impairments in different aspects of speech
processing. Within both TDs and LTs in the current sample, there was heterogeneity in
children’s sensitivity to mispronunciations, supporting the notion that children — TD and LT
alike — may show differences in specific aspects of speech processing. If this is the case, then
individual differences in sensitivity to mispronunciations may still predict later language
development. Given that many LTs go on to develop language abilities in the average range, it
may be that only the subset of LTs who will continue to show protracted language development
will display reduced sensitivity to mispronunciations. We are currently collecting longitudinal
follow-up data on this sample of children to address this possibility. In addition, recent work

shows that preschoolers with speech sound disorders are less sensitive to mispronunciations than
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children without speech sound disorders (Brosseau-Lapre & Schumaker, 2020). It may be that
only children (TTs and LTs alike) who are susceptible to later speech sound disorders, and not to
language delays more generally, show a reduced sensitivity to mispronunciations.

Children may also differ in their sensitivity to mispronunciations on speech sounds that
they can and cannot produce accurately. Future investigations may use the LWL
mispronunciation task to probe sensitivity to mispronunciations on speech sounds that are both in
and out of toddlers’ phonemic inventories. We are currently conducting analyses of expressive
phonological development for children in the current sample, but future work may include
designs that use individualized stimuli based on each child’s phonemic inventory and error
patterns.

Finally, results from the exploratory analyses support previous findings suggesting that
lexical properties, such as phonotactic probability, impact children’s sensitivity to
mispronunciations (MacRoy-Higgins et al., 2014). The current analyses expand on these findings
and suggest that lexical properties may have a differential impact on processing of
mispronunciations in LTs and TTs. Future studies should investigate lexical properties that may
impact LTs lexical processing of mispronunciations in familiar words.

Design Considerations

In addition to the explanations discussed above, there are several design choices that may
have impacted our ability to detect a difference in TTs” and LTs’ sensitivity to
mispronunciations.

Mispronunciation Type
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This study used 1-feature mispronunciations that occurred in word-initial position on
monosyllabic words. Given that recent work has found that children with a history of being a LT
have difficulty producing polysyllabic words (Neam et al., 2020), sensitivity to
mispronunciations on longer words may reveal differences we did not see in the current study. In
future work, we plan to explore LTs’ sensitivity to mispronunciations of vowels and codas, as
well as mispronunciations of polysyllabic words.

In the current study, we created mispronunciations by manipulating either place of
articulation or voicing of target words. While White and Morgan (2008) found that 18-month-old
children were sensitive to both of these types of mispronunciations, other studies of younger
children (Mani & Plunkett, 2010b) using familiar-distractor paradigms showed that children did
not show a mispronunciation effect in reaction to changes in voicing. In the current study, when
data from only TTs is analyzed, TTs showed a smaller mispronunciation effect for changes in
voicing compared to changes in place of articulation (interaction between phonological condition
and mispronunciation type: Wald Z =2.115, p = 0.034). When compared to White and Morgan
(2008)’s finding in a similar sample of 18-month-old English-speaking North American children,
this suggests that the TTs in our sample “accommodated” the voicing mispronunciations when
presented with a familiar distractor. Future studies that utilize the familiar-distractor
mispronunciation paradigm may want to avoid mispronunciations formed by changes in only
voicing, as any mispronunciation effect may be masked by accommodation of the
mispronunciation.

Novel vs. Familiar Distractor Images
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In the current study, we chose to use familiar images for both the distractor and the target
image. This is in contrast to some other studies, in which a novel distractor object is paired with
a familiar target (White & Morgan, 2008). In the presence of a novel image, children may
assume that a mispronunciation is in fact a novel word and refers to this unfamiliar object;
however, in the presence of two familiar objects, children may “accommodate” the
mispronunciation and look to the target image because it is the closest match available to the
auditory stimulus (White & Morgan, 2008). Thus, the difference in looking time to the target
between correct and mispronunciation conditions may be smaller in familiar-distractor
paradigms compared to novel-distractor paradigms. In a study using a novel-distractor
mispronunciation paradigm in 30-46-month-olds, Law and Edwards (2015) found that children
with larger vocabularies were more sensitive to mispronunciations than were children with

smaller vocabularies.

Limitations and Constraints to Generality

A limitation of the study is that the group of late talkers was significantly younger than
the group of typical talkers. Though we controlled for age in all statistical models to account for
this, one might nevertheless worry that differences between the groups could be explained by age
rather than late talker status. We next discuss this limitation in the context of the findings. The
main goal of this study was to determine whether late talkers and typical talkers differed in
sensitivity to mispronunciations. We found that both groups were sensitive to mispronunciations
and did not find evidence that late talkers differed from typical talkers in the magnitude of their
sensitivity to mispronunciations. Given this result, it is unlikely that the age difference between

groups influenced the main findings.
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On the other hand, the finding that late talkers did not look at the target in the MP

condition above chance levels may have resulted from their younger age. However, previous
mispronunciation studies with typically developing children have found above-chance looking in
the mispronunciation condition in children as young as 14 months (Swingley & Aslin, 2002).
Late talkers in this study had a mean age of 24.57 months and the youngest was 22 months,
suggesting that age is unlikely to explain their performance in the MP condition. This suggests
that the pattern of results in the current study reflects differences based on children’s late talking
status rather than age. Finally, the main effect of talker status (indicating that late talkers looked
less to the images in the correct pronunciation condition) may reflect an age difference between
groups and so should be interpreted with caution. However, the results of our analyses do not

hinge on this effect.

The children in this sample were monolingual English-learning children from the U.S.
Children were primarily white (80%), and children’s caregivers had completed high levels of
education (only one caregiver had not completed college). These children in the current sample
passed a screening test for ASD, scored within 1.5 SD of the mean on a test of nonverbal
cognitive abilities, and were not reported to have been born prematurely. We expect these results
to generalize to similar groups of monolingual U.S. toddlers learning English with similar
characteristics. Children learning languages other than English, children learning more than one
language, children at risk for ASD or general cognitive delay, and children who were born
prematurely may perform differently on similar measures. We also used a fairly inclusive
threshold for classification as a LT (age- and gender-matched scores at or below the 15

percentile, and/or no caregiver-reported two-word combinations). Studies using different
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thresholds to categorize children as LTs or TTs may find different results. Future studies should
strive to include more diverse participants with varying characteristics in order to increase the
generalizability of findings.

One of the largest limitations of this study is a reduced sample size. The study was
interrupted by the COVID-19 2020 pandemic, which reduced our recruitment and testing efforts.
While interaction terms assessing the difference in sensitivity to mispronunciations between LTs
and TTs failed to reach statistical significance, they were in the expected direction of LTs
showing smaller mispronunciation effects. With a larger sample, these effects may have been
statistically significant. The fact that TTs showed a smaller mispronunciation effect to changes in
voicing also means that the overall mispronunciation effect for TTs was reduced, potentially
further obscuring differences that did exist between LTs and TTs. Although the current study
leaves open the possibility that there may be differences in the magnitude of the
mispronunciation effect between TTs and LTs, it is quite clear from the present findings that LTs

— as a group — are sensitive to mispronunciations.

Conclusion
In the current study, two-year-old late talkers and typical talkers showed sensitivity to
mispronunciations of early acquired familiar words. This suggests that children in both groups
possess lexical representations with sufficient phonological detail to allow detection of minor
changes in pronunciation, at least in word-initial position. In contrast to previously documented
delays in late talkers' expressive phonological development, these findings do not find evidence
of comparable delays in receptive phonological development. On the other hand, findings

suggest that late talkers may be more impacted by mispronunciations than are typical talkers,
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such that relatively minor inaccuracies in language input may disrupt late talkers' ability to
understand a speaker's intended message.

In the current study, both LTs and TTs showed sensitivity to mispronunciations. This
suggests in both groups, stored phonological representations contain sufficient detail to detect
minor changes in pronunciations, at least in word-initial position. This stands in contrast to
previous findings demonstrating delayed expressive phonological development in LTs. LTs may
be more impacted by mispronunciations than are TTs, such that even minor inaccuracies in

language input disrupt LTs ability to understand intended messages.
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Chapter 3: Sensitivity to Semantic Relationships in U.S. Monolingual English-Speaking

Typical Talkers and Late Talkers

Introduction

Late talkers (LTs) are a heterogenous group of toddlers who experience delayed language
development in the absence of known genetic, cognitive, or other developmental conditions. LTs
experience varied language outcomes later in development, with some children “catching up” to
their typically developing peers (a group referred to as “Late Bloomers™) while others continue
to experience delays in various aspects of language processing (Dale et al., 2003; Fernald &
Marchman, 2012; Rescorla, 2005, 2009, 2011).

Numerous studies have attempted to find child characteristics that clinicians might use to
predict which LTs will catch up and which will not, in the hopes of targeting early intervention
services to children most at risk for continued language difficulties. One meta-analysis revealed
that initial expressive language, receptive language, and socioeconomic status predicted
continued difficulties with expressive language, while gender, family history, and the presence of
phrase speech did not (Fisher, 2017). However, these predictors explained only a small
percentage of the variance in later outcomes (Fisher, 2017). While studies so far have largely
used broad-based measures of children’s receptive and expressive language development, such
as standardized assessments and caregiver-reported vocabulary checklists, there is the possibility
that more fine-grained analysis of LTs’ language processing may reveal more nuanced
differences that may better differentiate those LTs who will continue to show difficulties with

language and those who will develop language skills in the typical range.
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Sensitivity to Semantic Relationships Among TT Toddlers

There is an extensive literature suggesting that lexical-semantic concepts (words) in both
children’s and adults’ lexicons are organized around taxonomic categories and thematic
relations, such that items sharing taxonomic and/or thematic associations co-activate one
another (Mirman et al., 2017). For instance, using a visual world paradigm, Mirman and
Graziano (2012) found that adults look to distractor images that are either taxonomically or
thematically related to the target image more than they do completely unrelated distractors.
Similarly, Unger, Savic, et al. (2020) found that children looked more to an image that was either
taxonomically related to a named word, or frequently co-occurred with that word, compared to
an unrelated object. This sensitivity to semantic relationships is also evident in the toddler-
period. For instance, using a priming task, Arias-Trejo and Plunkett (2009) found that 21-
month-olds’ lexical processing was disrupted by an unrelated prime word, but was not affected
by a semantically-related prime, suggesting these children were sensitive to the semantic
relationship between prime and target. Other work using a diverse set of methodologies has
revealed that young toddlers are sensitive to taxonomic relations between lexical items (Chow et
al., 2017; Delle Luche et al., 2014; Johnson et al., 2011; Mani et al., 2013; Ross, 1980; Styles &
Plunkett, 2009; von Koss Torkildsen et al., 2007; Willits et al., 2013). Furthermore, some work
has shown that individual differences in the sensitivity to these relationships is related to
children’s language abilities (Chow et al., 2017). These findings suggest that children’s
sensitivity to semantic relationships among lexical-semantic items in their developing lexicon

may be an important indicator of underlying language development.
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Semantic Deficits in Children with Language Disorders

The storage of a word’s meaning, or its semantic representation, has been implicated as
an area of weakness in children with language learning deficits. For instance, older children with
Developmental Language Disorder (DLD) demonstrate difficulties with giving detailed semantic
information about the words they know (McGregor et al., 2013), have difficulty producing
semantic associates (Sheng & McGregor, 2010), and show differences in a number of other tasks
assessing semantic knowledge (Alt et al., 2004; Botting & Adams, 2005; Sabisch et al., 2006;
Sheng & McGregor, 2010). This work has demonstrated that many preschool and kindergarten
children with language difficulties show differences in tasks that require knowledge of semantic
relationships. It may be that LTs also show similar differences in early lexical-semantic
organization.

While the defining characteristic of LTs has been a delay in expressive vocabulary size,
recent work has shown that late talkers also differ in their vocabulary structure. For instance,
Beckage and colleagues (Beckage et al., 2011) found that the vocabularies of late talkers
contained fewer semantic connections than did those of typically-developing children, even after
controlling for vocabulary size. Additionally, work from our lab has shown that early differences
in the semantic structure of late-talkers’ vocabularies predicted their language development one
year later (Curtis et al., 2017). While these studies have relied on children’s expressive
vocabularies, other studies of typically developing infants and toddlers have explored children’s
knowledge of semantic relationships using receptive language measures. In studies using both
eye tracking and semantic priming paradigms, children as young as 21 months of age show

knowledge of various semantic relationships (Chow et al., 2017; Johnson et al., 2011; Styles &
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Plunkett, 2009). While many expressive language tasks assessing lexical-semantic organization
are not feasible for toddlers, these receptive language tasks may be an ideal way to assess

lexical-semantic organization in LTs.

The Current Study

In order to assess children’s sensitivity to semantic relationships between lexical items,
we employed a target-absent Looking-While-Listening Paradigm. In target-absent paradigms,
children see images on a screen and hear a target word that is not pictured, but that is
semantically related to one of the images. Target-absent paradigms have been used previously to
study semantic processing in both children (Chow et al., 2017) and adults (Huettig & Altmann,
2005; Huettig & McQueen, 2007). We hypothesized that LTs, as a group, would show reduced
sensitivity to semantic relationships among familiar words compared to TTs. This study will
improve our knowledge of the lexical-semantic structure of LTs’ early lexicons without relying

on children’s expressive vocabulary.

Methods

Participants

Participants were recruited via flyers distributed in the community, online
advertisements, and existing research registries. Children were eligible for the study if they were
between 22 and 30 months of age, heard only English in the home, were born at 37 weeks
gestation or later, and had no caregiver-reported concerns regarding hearing loss or the presence
of autism spectrum disorder. Other eligibility criteria were assessed during laboratory visits and

included obtaining a T-score of 35 or higher on the Visual Reception scale of the Mullen Scales



53
of Early Learning, and a passing score of less than 2 on the Screen Tool for Autism in Toddlers
(STAT).

In total, 57 participants were eligible for the study; 46 participants were retained for the
current analyses. Participants were excluded for the following reasons: six participants received a
score of 2 or higher on the STAT; two participants did not meet eligibility criteria on the Mullen;
one child did not have a completed MCDI; and two children did not complete the eye tracking

experiment because of visit cancellation due to the COVID-19 pandemic.

Measures

Screening Tool for Autism in Toddlers and Young Children (STAT; Stone & Ousley,
2008). The STAT is a level 2 screening measure for children between the ages of 24-36 months,
with studies showing its efficacy in children younger than 24 months (Stone et al., 2008). The
STAT is a 20-minute structured assessment, in which the examiner completes a number of
presses to assess aspects of the child’s social communication, imitation skills, and play. A score
of 2 or higher indicates a higher likelihood of having autism. Children who received a score of 2
or higher were referred to Illinois’ Early Intervention System and were excluded from further
analyses.

Mullen Scales of Early Learning — Visual Reception Scale (MSEL-VR; Mullen,
1995). The Mullen Visual Reception (VR) scale is a measure of children’s nonverbal cognitive
abilities. Children are asked to complete a number of activities, including sorting objects by
shape, matching visual images, and nesting cups together. In the current study, children with a T-
score below 35 (more than 1.5 standard deviations from the mean of age-matched peers) were

excluded.
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MacArthur-Bates Communicative Development Inventory — Words and Sentences
(MCDI; Fenson et al., 2006). The MCDI is a checklist of early-acquired vocabulary completed
by the child’s caregiver. In the current study, children were classified as LTs if their vocabulary
score was at or below the 15% percentile (Beckage et al., 2011; Hodges et al., 2017; Lu et al.,
2020) compared to age- and gender-matched peers, and/or if the child’s caregiver reported that
their child was not combining words. Children with vocabularies at or above the 20" percentile
and who were reported to combine words were classified as TTs.

Target-absent Looking-While-Listening Task.

Design. Four groups of four words each (quartets) were chosen from words that are
acquired early in development (Fenson et al., 2006). Each quartet was made up of words from
two of the following taxonomic categories: clothing, animals, food, or vehicles. Each quartet
contained two words from one category, and two words from the other. From each quartet, two
yoked pairs were created, combining one word from each taxonomic category (e.g., pizza-shirt;
hat-crackers).

Quartets were chosen by matching words on their frequency in child-directed speech,
number of phonological neighbors, and age of acquisition. The semantic relationships between
words in each quartet was determined by using the Buchanan feature norms (Buchanan et al.,
2019). The root value was extracted for each pair of words in the quartet. The root value is
formed by comparing lists of semantic features generated by participants when presented with
individual lexical items. A cosine value is calculated from the feature vectors of each word pair.
Words were considered semantically related when they came from the same taxonomic category

and their cosine value was greater than 0.2 (average = 0.3649). Words were considered
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semantically unrelated when they came from separate taxonomic categories and their cosine

value was less than 0.1 (average = 0.013). A full table of stimuli and their root values is given in

Table 3.1.

Table 3.1. Semantic Similarity Ratings within Stimuli Quartets

Quartet 1 Pants Boots Cereal Toast
Pants 0.323 0 0
Boots 0 0
Cereal 0.374
Toast

Quartet 2 Shirt Hat Crackers Pizza
Shirt 0.571 0 0
Hat 0 0
Crackers 0.2382
Pizza

Quartet 3 Airplane Truck Bread Cheese
Airplane 0.226 0 0
Truck 0 0
Bread 0.444
Cheese

Quartet 4 Monkey Lion Bus Train
Monkey 0.359 0.096 0.037
Lion 0.061 0.017
Bus 0.384
Train

Each word was presented twice: once in the target present condition, in which an image
of that word appeared on the screen, and once in the target-absent condition, in which an image
of the taxonomically related word from the same quartet appeared. Four pseudo-randomized
counter-balanced orders were created. Targets appeared equally often on the left and right side of
the screen. Each order began with a target present trial, and no more than two target-absent trials
were presented consecutively, as children this age may become upset when presented with

multiple target-absent trials consecutively (Chow et al., 2017).
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Images were presented for a total of 7,000 ms. At 1500 ms, the speaker said “Look!” At
3000 ms, the speaker said the target word for that trial. The images remained on the screen for

an additional 4,000 ms. See Figure 3.1 for an example of a target-present and target-absent trial.

Figure 3.1. Example Target-Present and Target-Absent Trial Sequences

Target Present Trial Target Absent Trial

| | | ; | | | | : 4
' ' 7000 ms

oms 1500 ms 3000ms 7000 ms oms 1500 ms 3000 ms

Analy sis Window Analy sis Window
3300- 4800 ms 3300 - 4800 ms

Auditory Stimuli. Auditory stimuli were recorded by a female North American Midwest
General American English speaker. Target words were on average 0.824 seconds in duration
with a mean pitch of 346.54 Hz.

Visual Stimuli. In order to increase child engagement during the task and reduce
repetition of the same images, two images were chosen for each word. Images were selected by
the first author, and a group of adult raters were asked to label each picture and rate how well it
matched their internal representation of that word. Adult raters correctly labeled every picture.
Average ratings of the representativeness of each image were 97.597% (min 94.6, max 99.74).
Images were matched to create pairs by comparing the distribution of luminosity of each pixel in
that image. Images with similar distributions, as measured with Kruskal Wallis H Test, were

combined into pairs. Each image pair was presented twice during the experiment.
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Images were centered in 600 x 600 pixel areas of interest (AOI). Image size was
manipulated so that the total number of pixels of each image was approximately equal. This was
done to minimize the chance that broader stimulus items took up a larger proportion of the screen

than narrower stimulus items.

Procedure

Children either sat in a highchair or on their caregiver’s lap in a sound-attenuated area of
the laboratory. Caregivers were instructed not to repeat any of the words used during the
experiment and only to provide general verbal encouragement or redirection. Caregivers were
given a pair of darkened sunglasses to wear to obscure their vision of the stimuli. The experiment
was presented on a 24” ASUS VS248H-P monitor using Tobii Studio Pro. Audio was presented
at 65 dB using Bose Companion 2 Series III Multimedia Speakers situated on the left and right
sides of the monitor. A Tobii X3-120 eye tracker was used to collect children’s gaze data at a
sampling rate of 120 Hz. Children completed the Mullen VR and STAT while parents completed

Survey measures.

Eye Tracking Data Preparation

Gaps in eye tracking data less than 75 ms were interpolated using analysis scripts from
Unger, Vales, et al. (2020). A 600 x 600 pixel area of interst (AOI) was defined around each
target and distractor image. An additional 4 degrees of visual angle were added to all sides of the
AOI, as previous studies have suggested that using larger AOI’s may reduce the influence of
noisy gaze data (Hessels et al., 2016).

Several children were hand-coded because the Tobii system was not able to track them.

Children’s eye tracking data were hand coded if Tobii calibration failed (4 children), if an
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excessive number of trials were lost due to trackloss (one child), or if significant calibration drift
was detected after inspecting visual plots (4 children). These data were coded using peyecoder
(Olson et al., 2020).

All data processing and analyses were conducted in R (v 4.0.3) (R Core Team, 2014),
using the eyetrackingR (Dink & Ferguson, 2015), Ime4 (Bates et al., 2015), ImerTest
(Kuznetsova et al., 2017), and emmeans (Lenth, 2020)packages. Gaze samples in which children

looked outside of an AOI were removed from analyses.

Analysis Plan

Prior to data analysis, the analysis plan was registered on OSF (https://osf.io/x3vsj/). In

all models, the child’s the child's race as reported by their caregiver, the caregiver’s education

(coded as graduate or professional degree vs. college degree or less), the child’s biological sex,
and the child’s age (scaled and centered) were included as covariates. Consistent with previous
analyses using the LWL paradigm (Fernald et al., 2008), we utilized an analysis window of 300

— 1800 ms after word onset.

Window Analyses

The first analysis we performed was a “window analysis.” In this type of analysis, the
proportion of time spent looking at the target image throughout the entire analysis window is
analyzed. We utilized a logistic mixed effects regression, with talker status and semantic
condition (target-absent condition serving as the reference group), and their interaction as
variables in the model, in addition to the above-mentioned covariates. The estimated marginal
means for each talker group in each condition was also estimated suing the emmeans package

(Lenth, 2020).


https://osf.io/x3vsj/
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Growth Curve Modeling

Because window analyses obscure fine-grained temporal dynamics of children’s
language processing, we also utilized growth curve modeling to capture any potentially fine-
grained differences in children’s processing (Barr, 2008; Mirman et al., 2008). We utilized
logistic multilevel modeling, which analyzes a vector of successes (looks to the target) and
failures (looks to the distractor) in each time bin (Donnelly & Verkuilen, 2017; Mirman et al.,
2008). Our pre-registered analysis plan stated that linear and quadratic orthogonal polynomials
would be used to model the data, but visual inspection of growth curves suggested more than one
inflection point. For this reason, orthogonal polynomials for linear, quadratic, and cubic time, as
well as their interactions with talker status and condition were entered into the models, as well as
random intercepts and slopes for linear, quadratic, and cubic time nested in participants and
participants by condition. Data were collapsed into 50 ms bins to reduce autocorrelation in the
data. Sensitivity analyses were conducted with 100 ms and 200 ms windows, and results

remained consistent across bin sizes.

Reaction Time Analyses

In addition to children’s accuracy in the window and growth curve analyses, children’s
speed of lexical processing (or reaction time) was also analyzed. Consistent with previous studies
using the LWL paradigm, the latency to shift from the distractor to the target image was
analyzed on trials in which children were looking at the distractor image at word onset
(distractor-initial trials) (Fernald & Marchman, 2012; Fernald et al., 2008). We additionally
looked at children’s latency to shift from the target image on target-initial trials. Differences in

latency to shift on target-initial trials between the target-present and target-absent conditions may
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index the specificity of children’s semantic representations of each target word. If children have
specific definitions of each word, then they may shift off of the target image more quickly in the

target-absent condition compared to the target-present condition.

Results

Visual inspection of the data revealed one outlier. This child, a late talker, looked to the
target image 22.5% of the time in the target-absent condition (i.e., they looked reliably to the
distractor). Given the small sample size of the current study, the outlier exerted an outsized
influence on model coefficients. This participant was therefore excluded from all analyses
presented here. Note that excluding this participant shifts results to be /ess consistent with our
hypothesis (increasing the proportion of looks to the target among LTs in the target-absent
trials), not more.

Table 3.2. Participant Characteristics

Variable Typical Talker Late Talker
Mean (SD) or n Cohen’sd p

n 24 21
Child Age (months) 26.28 (2.29) 24.28 (1.98) 0.892 P=0.004
MSEL VR? 52.38(19.45)  50.48 (8.05) 0.125 P =0.665
STAT® 0.406 (0.344)  0.631 (0.430) -0.581 P=0.063
Female 11 9
Caregiver-report of child race

White 19 17

Black 1 0

More than one race 4 4
Caregiver education

Some college 1 1

College graduate 9 9

Graduate/Professional training 14 11

Note. Abbreviations: MSEL VR, Mullen Scales of Early Learning Visual Reception; STAT,
Screening Tool for Autism in Toddlers

aT-Score (Mean = 50; SD = 10)

bScore range of 0 - 4
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A total of 45 children were included in the following analyses (24 TTs, 21 LTs).
Participant characteristics are provided in Table 3.2. Children in the LT group were significantly
younger than children in the TT group (t(42.998) = 3.013, p = 0.004). Because of this, age was
entered as a covariate in all models. This limitation is discussed in the discussion section of this
chapter, as well as in the general discussion in Chapter 4. Children did not differ on their Mullen-
VR scores or STAT scores.

Out of 1,440 total trials from the LWL task, 1,083 were retained for analyses (75.21%).
Trials were excluded for the following reasons: testing was aborted early or there was equipment
failure (15); the child did not look at least one frame before and after word onset (97); the child
made a noise during the critical word (88); there was an external noise during the critical word
(28); the child was inattentive during the critical word (21); or there was greater than 50%
trackloss during the critical window (108).

On average, children contributed 24.1 trials to analyses. This number did not differ
significantly by talker status (LTs =22.714 trials, TTs = 25.25 trials, t(39.1) = 1.522, p = 0.136).
Gaze behavior prior to word onset was analyzed to determine whether children systematically
preferred either distractor or target images. Proportion of looks to the target in the pre-naming
phase did not differ from chance and did not differ significantly by talker status (TTs = 49.94%,
LTs =49.185%, t(39.801) = 0.366, p = 0.717). Accordingly, pre-gaze behavior was not included

in analyses.



62
Window Analysis
A logistic multilevel model was used to analyze looking behavior across the 300 ms —
1800 ms window. The model included random effects for participant, participant by condition,

item, and item by condition, as well as previously stated covariates.

Table 3.3. Window Analysis, 300-1800 ms, LT and Target-Absent Conditions as Reference

Predictors Log-Odds Std. Error ~Statistic  p

(Intercept) 0.440 0.158 2.788  0.005
TT 0.007 0.137 0.053  0.957
Target-present condition 0.369 0.156 2.372  0.018
TT : Target-present condition 0.128 0.157 0.818 0.413

Abbreviations: TT, Typical Talker

Table 3.4. Estimated Marginal Means in Log-Odds Units from Main Window Analysis
Model, 300-1800 ms

EMM (SE) 95% Asympt. CI
Target-absent
LT 0.433 (0.158) [0.133, 0.753]
TT 0.451 (0.155) [0.147, 0.754]
Target-present
LT 0.813 (0.158) [0.502, 1.123]
TT 0.948 (0.155) [0.644, 1.252]

Note. Abbreviations: LT, Late Talker; TT, Typical Talker
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Figure 3.2. Proportion Looks to the Target in Main Window Analysis, 300-1800 ms

Proportion Looks to Target
for Main Effect
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The window analysis revealed that LTs looked significantly above chance
at the target image in the target-absent condition (Wald Z = 2.788, p = 0.005).
Additionally, LTs looked significantly more at the target during the target-present
condition than in the target-absent condition (Wald Z =2.372, p = 0.018).
Reviewing the estimated marginal means in logit units from Table 3.4 reveals
that TTs looked more to the target than the distractor in both target-absent and

target-present conditions. There was no significant difference in looking to the
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target between TTs and LTs in the target-absent condition (Wald Z =0.053, p =
0.957) and no interaction between talker status and condition (Wald Z = 0.818, p
=0.413).
MCDI as a continuous variable

As various definitions of LT exist in the literature, we also used expressive vocabulary as
a continuous predictor. A logistic multilevel model was used to analyze looking behavior across
the 300 ms — 1800 ms window. Instead of talker status, children’s scaled and centered total
expressive vocabulary scores from the MCDI were entered into the model. The model included
random effects for participant, participant by condition, item, and item by condition, as well as
previously stated covariates.

Table 3.5. Window Analysis with Vocabulary as Continuous Predictor, 300-1800 ms

Predictors Log-Odds Std. Error Statistic  p
(Intercept) 0.445 0.140  3.181 0.001
MCDI Score (scaled) 0.086 0.079 1.097 0.272

Target-present condition  0.432 0.131  3.291 0.001

MCDI Score (scaled) * 0.073 0.080  0.908 0.364
Target-present condition

Note. Abbreviations: MCDI, MacArthur Bates Communicative Development Inventories
Results revealed that, after controlling for expressive vocabulary, children looked to the
target in the target-absent condition significantly above chance. They also looked more in the
target-present condition. There was no effect of expressive vocabulary on looks to the target in
the target-absent condition (Wald Z = 1.097, p = 0.272) and no significant interaction between

expressive vocabulary and condition (Wald Z = 0.908, p = 0.364).
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Growth Curve Modeling

In order to capitalize on the temporal precision offered by eye tracking, a growth curve
model was created to analyze data across the 300 — 1800 ms window. The model contained
linear, quadratic, and cubic orthogonal polynomials for time, as well as their interaction with

talker status and semantic condition.

Figure 3.3. Growth Curve Model by Talker Type and Semantic Condition
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A model converged with random intercepts and slopes for linear and quadratic time
nested within participants, and random intercepts and slopes for linear, quadratic, and cubic time
nested within a participant by condition interaction. Because orthogonal polynomials were used
in these models, the intercept represents overall looks to the target throughout the analysis

window. As in the window analysis above, LTs looked to the target significantly above chance
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in the target-absent condition (Wald Z = 3.423, p = 0.001). They also looked significantly more
in the target-present condition than in the target-absent condition (Wald Z = 2.165, p = 0.030).
There was no effect of talker status (Wald Z =0.252, p = 0.801), and there was no significant
interaction either between talker type and condition (Wald Z = 1.103, p = 0.270), talker type,
condition, and linear time (Wald Z =-0.961, p = 0.337), talker type, condition, and quadratic
time (Wald Z =-0.763, p = 0.446), talker type, condition, and cubic time (Wald Z = 1.140, p =
0.254).

Reaction Time Analyses

Children who did not provide at least 2 trials in each condition were excluded from
analyses. This resulted in 3 participants being excluded from the distractor-initial analysis and 7
participants being excluded from the target-initial analysis. Reaction times were log-transformed
prior to analyses.
Distractor-Initial Trials.

A multilevel model was run and p-values derived using the ImerTest package
(Kuznetsova et al., 2017). Random effects of participant, participant by condition, and lexical

item were included in the model, as well as previously stated covariates.

Table 3.6. Reaction Time Analysis on Distractor-Initial Trials

Predictors Estimates Std. Error Statistic  p
(Intercept) 0.563 0.042 13.265 <0.001
TT 0.031 0.054  0.579 0.565
Target-present condition 0.042 0.042 1.011 0318

TT : Target-present condition -0.091  0.056 -1.633 0.111
Note. Abbreviations: TT, Typical Talker
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Results revealed no differences between LTs and TTs in the target-absent condition
(Wald Z =0.579, p = 0.565), no significant interaction between talker type and condition (Wald
Z =-1.633, p=0.111) trials, nor an effect of semantic condition on LTs (Wald Z=1.011, p =
0.318).
Target-Initial Trials.

A multilevel model was fit using ImerTest, and included random effects of participant,

participant by condition, and lexical item, as well as previously stated covariates.

Table 3.7. Reaction Time Analysis on Target-Initial Trials

Predictors Estimates std. Error Statistic ~ p
(Intercept) 0.653 0.059 11.069 <0.001
TT -0.126  0.072  -1.759 0.086
Target-present condition 0.116 0.065 1.795  0.082

TT : Target-present condition  0.025 0.085  0.300 0.766
Abbreviations: TT, Typical Talker

Results revealed that TTs shifted away from the target image more quickly in the target-
absent condition than did LTs, but this was only marginally significant (Wald Z =-1.759, p =
0.086). There was no interaction between talker status and condition (Wald Z = 0.300, p =

0.766).

Alternative Explanation and Exploratory Analysis: Syllable Structure Matching
The findings above show that both TTs and LTs looked longer at an image that was
taxonomically related to the target word than to an unrelated distractor. However, we wondered

whether there were other differences between the semantically related and unrelated items that
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could have influenced children’s performance. Although the semantically related and unrelated
items were matched on parameters known to influence lexical processing in young children
(frequency in child-directed speech, age of acquisition, and number of phonological neighbors),
we realized that for some word pairs, the semantically related item and the target word shared the
same number of syllables (e.g., monkey and lion) while the unrelated item did not (e.g., bus).
Thus, it is possible that on some target-absent trials, children may have looked to the target
because of a match in the number of syllables (referred to as “syllable structure” hereon)
between the auditory stimulus and the taxonomically-related image, and not necessarily due to
their semantic relationship.

In order to explore whether syllable structure congruency impacted children’s processing,
we created a variable for each trial indicating whether syllable structure was an informative cue
for identifying the target word (i.e., when the target word and target item matched in syllable
structure while the target word and the distractor did not, as in monkey — lion [target] vs monkey
— bus [distractor]).

This syllable structure congruency variable (“syllable cue™) was added to a growth curve
model. This analysis was done only for target-absent trials, as the main concern over syllable
structure was whether it could fully explain the above results in the target-absent condition. The
syllable cue variable was entered in 3-way interactions with time and talker status. As in
previous models, random intercepts and slopes for linear, quadratic, and cubic time nested in
both participant and participant by condition were included in the model. Models did not
converge with the full random effects structure, and so random slope for cubic time nested in

participant was removed from the model.
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Figure 3.4. Growth Curve of Target-Absent Trials by Talker Status and Syllable Cue Status
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Results revealed that LTs (as well as TTs) looked significantly above chance at the target
even without syllable cues (Wald Z = 2.727, p = 0.006), suggesting that children looked at the
target image on these target-absent trials on the basis of semantic relatedness alone. However,
LTs looked significantly more to the target in target-absent trials in the presence of a syllable
structure cue (Wald Z = 5.325, p <.001). While TTs did not look significantly more to the target
than did LTs (Wald Z = 0.857, p = 0.392) in the target-absent condition, there was a significant
interaction between talker group and syllable cue, indicating that TTs were not as impacted by
syllable cues compared to LTs (Wald Z = -3.590, p < 0.001).

As in previous analyses, a separate model was run with scaled and centered continuous

expressive vocabulary from the MCDI entered instead of talker status. In this model, there was a
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significant effect of vocabulary on looks to the target without a syllable cue (Wald Z =2.282, p =
0.022). Children with larger vocabularies looked to the target more during target-absent trials in
the absence of a syllable cue. The effect of vocabulary size on looks to the target was weaker in
the presence of a syllable cue (Wald Z =-8.080, p <.001). When using vocabulary as a
continuous predictor, children with larger vocabularies looked more to the target in target-absent
trials without a syllable cue, but this effect was weaker in trials in which syllable structure could

be used as a cue.

Discussion

The current study utilized a target-absent Looking-While-Listening paradigm to assess
typical and late talkers’ sensitivity to semantic relationships among early-acquired lexical items.
Contrary to our hypothesis, late talkers looked towards a visual referent (e.g., truck) after hearing
a semantically related word (e.g., bus) to the same extent than typical talkers, suggesting similar
levels of co-activation between taxonomically related items. Additionally, late talkers looked
significantly more to the target in the target-present condition compared to the target-absent
condition, suggesting that, as a group, late talkers in the current sample had specific definitions
of these lexical items. This suggests that their gaze behavior in target-absent trials was not due to
a vague or overly general representation of the words used in the study, but instead that they
were sensitive to the taxonomic relationship between the items used. There were no statistically
significant differences in sensitivity to semantic relationships between typical and late talkers,
although there was some evidence that children with larger expressive vocabularies looked more
to targets in the target-absent condition in trials in which syllable structure did not provide an

additional cue.



71

These findings extend previous literature demonstrating that typically developing
children are sensitive to semantic relationships among early-acquired words (Arias-Trejo &
Plunkett, 2009; Chow et al., 2017). These findings also stand in contrast to previous literature
that has found differences between late talkers’ and typical talkers’ lexical-semantic structures
using network analysis (Beckage et al., 2011), as well as to studies of older children with DLD
demonstrating difficulties in tasks assessing lexical-semantic organization. The discrepancy
between the current findings and these previous investigations may be due to a number of
factors, which are discussed below.
Type of Semantic Knowledge Assessed

There is emerging consensus that in adults, conceptual semantic knowledge for objects
can be divided into two broad systems: taxonomic semantic relationships, and thematic semantic
relationships (Mirman et al., 2017). Broadly, taxonomic relationships exist among objects with
shared perceptual features (lions and monkeys both have eyes and tails) (McRae et al., 2005),
while thematic relationships exist among objects that co-occur in similar contexts or are present
within similar events (pizza and plates are often used together) (Estes et al., 2011). In adults,
evidence from a number of independent investigations has demonstrated activation of distinct
neural circuitry for taxonomic and thematic relationships, suggesting this is a theoretical
distinction that influences linguistic and cognitive processing (see Mirman et al. (2017) for a
comprehensive review of this literature). Developmental research has demonstrated that children
are sensitive to both thematic and taxonomic relationships (Chow et al., 2017; Nguyen, 2007),
and that early lexical networks show structural properties when analyzed using perceptual

features (Peters & Borovsky, 2019) and co-occurrence metrics (Beckage et al., 2011).
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While late talkers in the current sample showed sensitivity to the taxonomic relationships
represented in our items, it may be that late talkers are less sensitive to thematic relationships.
Beckage et al. (2011)’s study that found that the semantic networks of late talkers show less
clustering than do the networks of typical talkers utilized co-occurrence relationships to construct
the networks. These networks may have been indexing children’s sensitivity to thematic
relationships instead of taxonomic relationships. Chow et al. (2017) also found that children’s
language abilities were related to their sensitivity to thematic relationships, also lending support
to the idea that late talkers may be less sensitive to thematic relationships. This possibility
warrants further research.
Receptive vs. Expressive Tasks

Another possible explanation for the current findings is the fact that the current study
used a receptive task, whereas studies of older children that found differences between typically
developing children and children with DLD used production tasks (McGregor et al., 2002;
McGregor et al., 2013). Utilizing the notion that taxonomic relationships exist between objects
with shared semantic features, it may be that in the current task, in which late talkers are
presented with images and lexical labels, shared features are activated to a sufficient degree to
allow children to identify the target image. In production tasks, children are asked to access
semantic features without visual cues in order to name taxonomic associates or give detailed
word descriptions. It may be that late talkers and children with DLD are slower to access shared
features in the absence of visual referents. There is evidence from semantic fluency tasks, which
assess children’s ability to name as many items from a specific category as possible (e.g., foods),

that while children with DLD are slower than their age-matched peers and produce fewer
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category exemplars, their response patterns do not show any evidence of differences in lexical-
semantic organization (Mengisidou et al., 2020). Difficulties in language tasks assessing
children’s semantic knowledge may be unduly influenced by slower lexical access, and not
differences in lexical-semantic organization per se (Mengisidou et al., 2020).

Heterogeneity Among Typical and Late Talkers

Previous studies have demonstrated that a majority of late talkers go on to develop
language in the typical range (Dale & Hayiou-Thomas, 2013), although there is evidence that
these children continue to perform below the level of same-age peers (Rescorla, 2005, 2009).
Thus, it may be that while the majority of late talkers have developed a lexical-semantic
organization similar to that of typical talkers, a subset of these late talkers have differently-
organized lexico-semantic networks, and that it is these late talkers who will later persist in
having language difficulties with diminished sensitivity to semantic relationships. Longitudinal
follow-up of this cohort will help adjudicate between these possibilities.
Sensitivity to Syllable Structure Similarities

Upon further exploration of our stimuli, we discovered that on some trials, children could
use a match in syllable count between the auditory stimuli and pictured items in the target-absent
trials to identify the target, and thus could have used syllable matching rather than semantic
relatedness to succeed in the task. Further analyses indicated that children looked significantly
longer at the target image even on trials in which syllable count was not informative, confirming
that their performance was driven by their sensitivity to the semantic relationship between the

auditory and visual stimuli.
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These additional analyses also revealed an incidental but interesting finding. Although
typical talkers were unaffected by the presence or absence of syllable count congruency (in both
trials with and without syllable cues, typical talkers looked to the target image), late talkers
showed a clear and statistically significant effect of syllable structure congruency: on target-
absent trials, late talkers looked more to the target in trials containing a syllable cue compared to
non-congruent trials. This suggests that late talkers were sensitive to the taxonomic relationship
between auditory and visual stimuli, but also influenced by the syllable count congruency of the
stimuli.

These findings are consistent with previous work demonstrating that children are
sensitive to the prosodic structure of lexical items (Jusczyk et al., 1999; Vihman et al., 2004).
Late talkers seemed to utilize syllable structure as an additional cue in target-absent trials. This
could imply that typical talkers activated taxonomically related concepts to a greater degree
across both congruent and non-congruent trials, and so did not show a processing difference
between these trials. Future research using this target-absent paradigm should carefully control

syllable count among stimuli.

Individual Differences and Future Language Development

As can be seen in Figure 3.2, there was a large degree of variability in both typical talkers
and late talkers in looking behavior in target-absent trials, with some children in both groups
displaying greater or lesser activation of taxonomically related lexical-semantic concepts. While
there was not strong evidence for differences between typical and late talkers’ sensitivity to
taxonomic relationships across all stimuli, it may be that a subset of children shows reduced

activation of semantically related items. Individual differences in this sensitivity may be related
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to either: a) children’s vocabulary composition (Borovsky et al., 2016) and/or (b) later
vocabulary development. We plan to utilize network science techniques (Beckage et al., 2011;
Borovsky et al., 2016; Peters & Borovsky, 2019) to investigate the role of individual differences
in the structure of children’s early lexicons on online language processing in target-absent trials,
and we are currently collecting follow-up data to investigate the impact of individual differences

in sensitivity to taxonomic relationships on language outcomes in this sample.

Limitations and Constraints on Generality

It is important to note that the late talker group in this study was significantly younger
than the typical talker group. The main aim of this study was to assess whether late talkers
differed from typical talkers in their sensitivity to taxonomic relationships. Both groups looked at
above-chance levels to the target image in the target-absent condition, and there was no effect of
talker status. Therefore, the age difference between groups did not influence the main finding of

this paper.

The current sample was composed of monolingual English-speaking children from the
U.S. Toddlers in the sample were predominately white (80%) and caregivers had high levels of
formal education (all but 2 caregivers had completed college). These children also passed a
screener for ASD and a nonverbal cognitive skills screener. We expect the results from this study
to generalize to other U.S. monolingual English-speaking children with similar characteristics.
Children at risk for ASD, children born prematurely, or children with delays in non-verbal
cognitive development may behave differently than the current sample. It is important to note
that we used a relatively inclusive criteria for late talker status (scores at or below the 15"

percentile using age- and gender-matched norms on the MCDI, and/or no two-word
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combinations). Studies that utilize different criteria for late talker status may find different
results. It may also be that toddlers exposed to more than one language may show different
sensitivity to taxonomic relationships on target-absent trials. There is evidence that bilingual
toddlers are sensitive to both within- and between-language semantic primes (Jardak & Byers-
Heinlein, 2019; Singh, 2014), although in some contexts the priming effect may vary based on
language dominance (Singh, 2014).

We utilized words that are acquired early in development based on normative data from
the MCDI, which itself is biased towards white North American monolingual children. Utilizing
words that are learned later in development may result in different behavior. The stimuli chosen
represented a relatively restricted set of taxonomic categories (vehicles, clothing, food, and
animals), and so work that investigates other categories is needed. In the literature, there is
evidence that both culture and experience may influence the processing of semantic relationships
(Imai et al., 2010; Lopez-Pérez et al., 2016; Medin et al., 2006; Mirman et al., 2017). For this
reason, sensitivity to taxonomic relationships between specific stimuli may vary based on

children’s culture and experiences across samples.

Conclusion
The current results suggests that U.S. English-speaking monolingual late talkers and
typical talkers are both sensitive to taxonomic relationships among early-acquired lexical-
semantic items. Variability existed within both groups, and the role of individual differences in
sensitivity to these relationships will be explored in future research. Late talkers specifically

benefited from similarities in syllable count as an additional cue in language processing. In



future research, it may be promising to examine the interplay in toddlers’ use of prosodic and

semantic cues during spoken word recognition.
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Chapter 4: General Discussion

This dissertation investigated both phonological and semantic language processes in U.S.
monolingual English-speaking typical and late talkers. Two experiments were conducted to
investigate children’s sensitivity to word-initial mispronunciations and children’s sensitivity to
taxonomic relationships between early-acquired words. The results from these two experiments
revealed both similarities and differences in typical and late talkers’ language processing. With
regards to phonological processing, both LTs and TTs showed sensitivity to word-initial
mispronunciations. However, these mispronunciations seemed to disrupt LTs’ language
processing to a greater degree than they did TTs’ processing. When it comes to semantic
processing, both LTs and TTs were sensitive to taxonomic relationships between early-acquired
lexical-semantic items and looked more to target images than distractors in the target-absent
condition. There was some evidence that children with larger vocabularies were more sensitive
to these relationships when analyzing vocabulary as a continuous predictor. Taken together,
these findings suggest that as a group, LTs’ developing lexicons share some of the lexical-
semantic and lexical-phonological organization that is seen in TTs, older children, and adults.

While the results from these two experiments did not find statistically significant group
differences between TTs and LTs, this fact may not be surprising given the heterogeneity
amongst LTs and their developmental trajectories (Rescorla, 2002, 2005, 2009; Rescorla et al.,
2000). Additionally, the reduced sample size may have masked significant differences that do
exist between groups. Because many LTs “catch up” with their typically developing peers (Dale
& Hayiou-Thomas, 2013), there may not be group-level differences in lexical organization

between TTs and LTs. Only a subset of LTs will go on to experience continued language
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difficulties, and it may be that only this subset will show differences on the language-processing
tasks used in these experiments.

Indeed, there may even be a subset of TTs who show differences in these tasks, further
weakening group-level differences at baseline. While there is evidence demonstrating that LTs
are at increased risk for DLD compared to their TT peers (Dale & Hayiou-Thomas, 2013; Rice et
al., 2008), many children with DLD were not LTs (Rice et al. (2008) estimates the risk of later
language difficulties for TTs as 11%). This may suggest that there are TTs in the current sample
who show reduced specificity of phonological representations and/or reduced sensitivity to
semantic relationships. This possibility is reflected in variability among both TTs and LTs across
both tasks. In order to assess whether performance on these two assessments can predict future
outcomes for TTs and LTs alike, we are currently collecting longitudinal caregiver-reported
speech and language development, as well as video observations of children’s language in
naturalistic contexts.

The findings from these two studies raise a number of questions about the various
processes that may be contributing to the expressive language delays observed in late talkers and
the intersections between these processes. Below I discuss these larger issues, limitations from

the current work, and outline directions for future research.

Auditory, Phonological, and Motor Speech Processes

The two experiments conducted in this project probed children’s lexical-phonological and
lexical-semantic organization. However, there are several other possible aspects of language
processing that may differentiate TTs and LTs. Observations of dissociations in speech

recognition and speech production abilities in adults with acquired language disorders have led
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some theorists to posit separate auditory and motor lexical representations (Caramazza, 1991;
Jacquemot et al., 2007). This has led several psycholinguistic models to include stored oral-
motor representations of either phonemes or words (phonological output lexicon in the Ellis and
Young model (Ellis & Young, 1993), stored motor program in the Stackhouse and Wells model
(Stackhouse & Wells, 1997), or motor-phonological representation in the SLAM model (Walker
& Hickok, 2016)). Using the framework from the SLAM model, the studies in this project
investigated aspects of children’s lexical-semantic and auditory-phonological representations.
However, motor-phonological representations (or auditory-phonological to motor-phonological
paths) may also be an area of deficit for LTs. This aspect of children’s lexical representations is
referenced in multiple models of speech sound disorders (McLeod & Baker, 2017), and offers
the possibility that even in the presence of intact semantic representations and accurate auditory
phonological representations, children may still have difficulty producing words they understand.

Indeed, there is some evidence that LTs have impairments in motor development as well
as language development (Viholainen et al., 2002). There are also documented longitudinal
relationships between speech-motor control (specifically lip and jaw movements) and vocabulary
development (Nip et al., 2011); children with better speech-motor control have larger
vocabularies, suggesting that the development of motor control is an important domain to
consider in early communication development.

The deficits long documented in LTs’ expressive phonological systems (Whitehurst et al.,
1991; Williams & Elbert, 2003) may be due to either deficits in auditory-phonological
representations or motor-phonological representations. Accurate auditory-phonological

representation of phonemes must be present in order for children to learn to execute articulatory
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gestures that reproduce those sounds (Hickok et al., 2011). The fact that LTs in the current
sample were sensitive to word-initial mispronunciation seems to imply that, at least for initial
phonemes, LTs’ auditory-phonological representations are well-specified. This might suggest
that for these children, it is only the motor-phonological representations that are impaired in
some way. The fact that these children were not able to use the remaining phonological
information in the word to infer the intended target (e.g.., utilizing [ak] in “guk” to infer that the
target was “duck” and not “bed”) could suggest that non-initial phonological information in the
auditory-phonological representations are not well specified. Or, it could suggest that LTs’
slower lexical processing impeded successful word recognition in this online task (Fernald &
Marchman, 2012). Further studies targeting vowel and coda mispronunciations will be needed to
elucidate these possibilities. In addition, to further disentangle the relationships between
auditory-phonological and motor-phonological representations, analyses of phoneme-level
sensitivity to mispronunciations will need to be compared to measures of these same phonemes
in speech production.

Other aspects of psycholinguistic speech processing models include sensorimotor and
auditory feedback monitoring (Hickok, 2012). There is some evidence that toddlers monitor their
own speech and will alter their vocalizations in response to perturbations in auditory feedback
(Scheerer et al., 2020). Utilizing this methodology with LTs may elucidate whether there are
disturbances in error monitoring that may contribute to differences in LTs speech output.
Heterogeneity in causal mechanisms within LTs

While the two experiments here were analyzed separately, it may be that heterogeneity in

LTs extends to the underlying processes that lead to their language delays. The evidence from
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these studies suggests that, as a group, LTs co-activate taxonomically related lexical-semantic
concepts, and that, as a group, LTs have specific phonological representations and are sensitive
to word-initial mispronunciations. However, it may be that individual children have deficits in
only one of these areas and not the other, and that comparing all LTs as a group against TTs
obscures processing differences that do exist among subgroups of LTs. Further analyses that
examine individual profiles of speech processing abilities may be especially useful in predicting
later outcomes and developing treatment goals (Stackhouse & Wells, 1997). While motor-
phonological output was not analyzed in the current experiments, both real word and non-word
repetition tasks were administered to the current sample of children. Future analyses will
simultaneously evaluate children’s sensitivity to lexical-semantic relationships, sensitivity to
mispronunciation, and speech motor output to assess the possibility of clusters of performance

among LTs and TTs and their impact on later language development.

Additional Considerations

The current sample of children is composed of typical talkers and late talkers between the
ages of 22 and 30 months. We utilized the age- and gender-matched normative data provided by
the MCDI in month-by-month intervals to classify children as late talkers and typical talkers.
These norms account for the non-linear changes in children’s vocabulary development over time,
and so all children, regardless of age, are classified based on data from same-age peers. As
discussed in Chapters 2 and 3, the group of late talkers was significantly younger than the group
of typical talkers. For the main findings in this study, namely that late talkers were sensitive to
mispronunciations and were sensitive to taxonomic relationships between lexical-semantic items,

this age difference does not unduly affect interpretation of these findings. Even the younger late
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talker group were sensitive to the manipulations in each study. The finding that late talkers may
not identify the target at above-chance levels in the mispronunciation condition in Chapter 2 may
be influenced by difference in children’s age. While our models did statistically adjust for the
effects of age, it may be that a group of late talkers who were matched in age with the typical

talkers would identify the target at above-chance levels in the mispronunciation condition.

There are additional limitations caused by the relatively wide age range used in the
current study (although some studies use even broader age ranges, e.g. Beckage et al. (2011)).
One of these limitations is that we do not have data on the older participants’ language
development at the age of the youngest participants in this study (i.e. the vocabulary size of a 27-
month-old participant when they were 22 months of age). This means that some older typical
talkers may have previously met criteria for classification as a late talker. Any underlying
processing differences that differentiate late talkers and typical talkers may change across
development, such that the impact of talker status on looking behavior in the two tasks used in
this dissertation may not be constant across development. These are limitations imposed by the
structure of the current data set. Future researchers may wish to restrict the age of participants to
a narrower developmental window, or to recruit multiple age groups with sample sizes that

support investigating developmental differences in the influence of talker status.

There are also broader methodological considerations that impact the current study, as well as

other research conducted on late talkers.

Classifications Rely on Normative Samples

Studies of late talkers typically rely on caregiver-report measures of children’s

vocabulary to classify children as either typical or late talkers. Researchers typically use the
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normative data provided by those instruments (often the MacArthur-Bates Communicative
Development Inventories (MCDI; Fenson et al., 2006) and a selected threshold (10", 15, 20,
or 25" percentiles) to categorize participants. The validity of this classification is thus influenced
by the extent to which the study sample matches the characteristics of the normative sample. The
current study utilized the MCDI to classify children as late talkers and typical talkers. The study
sample matches the MCDI normative sample well on children’s race — since both the current
sample and the MCDI normative sample are primarily white. The samples are also relatively
well matched with regards to SES, although the caregivers in the current study completed more
years of education than the average in the MCDI normative sample. This suggests that for the
current study, the MCDI norms may provide accurate classification of children as late or typical
talkers in relation to the normative sample. In other samples that do not match normative samples
— for instance with predominately non-white samples — the MCDI norms may mis-classify

children as late talkers or typical talkers.
Classifications Utilize a Single Timepoint

As previously discussed, most studies classify children as typical talkers or late talkers at
a single timepoint. Often, longitudinal data are collected on children’s later development.
However, data on children’s language development prior to classification as an LT or TT is often
not available, as was the case in the current study. Because many LTs go on to develop language
in the typical range (Dale & Hayiou-Thomas, 2013; Rescorla et al., 2000; Rescorla & Schwartz,
1990), even after only a few months, a child classified as a typical talker at age 24 or 27 months
may have in fact met criteria for classification as a late talker just a few months prior. This fact

points to the need to examine vocabulary size not just at a single timepoint, but instead at
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multiple timepoints in order to characterize the (often nonlinear) trajectory of a child’s
vocabulary over time. This method was used by Rowe et al. (2012), who found that both the
linear and quadratic coefficients describing children’s vocabulary development trajectories
helped to explain later vocabulary. It may be that underlying language processing differences
may have stronger associations with children’s vocabulary trajectories than with their
vocabulary at a single time point. While we did collect longitudinal data on children in the
current sample after initial classification as a typical or late talker, we did not collect data prior to
children’s first study visits. Future studies may wish to collect this data from early in

development in order to classify children based on the properties of their vocabulary trajectories.

Future Directions

One future direction we plan to pursue is to utilize network analyses, or graph theoretical
analytical methods, to model the semantic and/or phonological properties of children’s emerging
lexica. This sort of analysis has been conducted to analyze both the semantic (Beckage et al.,
2011; Hills et al., 2009; Jimenez & Hills, 2017; Peters & Borovsky, 2019) and phonological
structure of children’s vocabularies. Multiplex, or multi-layer networks, have also been used to
model multiple properties simultaneously (Stella et al., 2017). In all of these techniques, words
are entered as nodes in the network. Semantic or phonological relationships between words are
then used to create “links” or “ties” between nodes, and mathematical formulae are used to
analyze various structural properties of the derived network. One limitation of this approach,
however, is the very non-trivial task of choosing ties. In phonological networks, for instance,
researchers have used Levenshtein distances of 1 (Stella et al., 2017), Levenshtein distance of 2

(Fourtassi et al., 2020), inverse of the Levenshtein distance (Beckage, 2016), degree of
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phonological overlap (Beckage, 2016), and more complicated metrics based on the euclidean
distance of shared phonological features (Laing, 2020). Similarly, a variety of measures of
semantic relatedness have been used in semantic network analyses (Beckage et al., 2011;
Beckage, 2016; Jimenez & Hills, 2017; Peters & Borovsky, 2019). Many of these studies also
then choose an edge “threshold” value in order to create a binary network, where edges are either
present or absent, introducing further researcher degrees of freedom. Before these measures can
be used to compare groups or to predict later development, further work is needed to investigate
the psychological validity of these edge metrics within both typical talkers and in late talkers. I
plan to conduct further research using experimental data from eye tracking paradigms and real-
and nonword-repetition tasks in order to investigate the psychological validity of these various
edge metrics in future work.

Limitations

One important limitation of the current study is a reduced sample size. Due to the
COVID-19 Pandemic, recruitment was cut short prior to achieving our planned sample size. This
reduction in power may have resulted in failing to detect differences between groups. In addition
to the reduction in power, the current sample largely self-identified as white and caregivers were
highly educated. These characteristics constrain the generalizability to other groups, as discussed
in the discussion section of each experiment. Additionally, the current sample consisted of only
monolingual English-speaking children. This choice was made for several reasons. Current
definitions of LT are typically based on monolingual vocabulary norms, and valid methods for
classification of multi-language learners as LTs or TTs are still being developed (Pearson, 2013).

The two eye tracking paradigms used here have not been used extensively with bilingual
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children, and so their validity in bilingual populations is not yet known. Future research should
recruit children that are more representative of the target research population and extend this
work to dual language learners in order to enhance the generalizability of these findings.
Conclusion

Results from this dissertation revealed important aspects of language processing in U.S.
monolingual English-speaking late talkers. Like typical talkers, late talkers were sensitive to
mispronunciations on word-initial phonemes. This suggests that, unlike older children with DLD
or SSD, late talkers have formed accurate auditory-phonological representations of words in their
lexicons (at least on the initial phoneme). Likewise, late talkers were also sensitive to taxonomic
relationships between early-acquired words. This suggests that, like typical talkers, late talkers’
emerging lexicons contain the complicated semantic organizational structure found in older
children and adults. Heterogeneity in both typical and late talkers’ performance on these two
experimental paradigms reinforces previous research demonstrating varied outcomes and
language development trajectories among children this age. Longitudinal follow-up is needed to
assess whether individual differences on these tasks may be useful predictors of later
development. Additional analyses will incorporate assessments of children’s motor-phonological
representations to assess whether this area of language processing the language delays in the
current sample. Additionally, profile analyses that simultaneously incorporate children’s lexical-
semantic, auditory-phonological, and motor-phonological representations will be conducted to

assess the presence of distinct language processing profiles among late talkers.
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