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Rationale for using an alternative thesis format

This thesis has been presented in the alternative paper format, in line with
the guidelines for including research papers in a doctoral thesis provided by the
University of Liverpool. This format was chosen to allow for the publication of this
research in scientific journals. All three empirical chapters (chapters 2, 3 and 4) have
been presented as separate manuscripts, in a structure in line with peer-reviewed
journals. At the time of writing, chapter 2 is in submission in Cognitive
Development. Chapters 3 and 4 are in preparation for submission to scientific
journals. For consistency, the formatting of these papers match a common font and
style used throughout the thesis. There are no reference sections provided at the end
of each paper but in a single Reference section at the end of the thesis. Before each
empirical chapter, there is a summary to explain how the chapters fit within the
thesis and the role of each author is provided. The chapters are presented in the same
format as the manuscripts that would be submitted for publication, with each chapter
starting with a review of the relevant literature and ending with a discussion of the

results.



Abstract
Predictors of individual differences and language delay in children learning
English

Lana Susan Jago

This thesis examines individual differences in productive vocabulary
development in 2-year-old children. Many factors are implicated in such individual
differences in productive vocabulary development when children are 2 years old, but
less is known about whether or not these factors also have a role in late talking. It is
possible that the factors contributing to individual differences in vocabulary
development can also be used to predict late talking. However, it is not necessarily a
given that these factors will be sensitive enough to correctly identify late talking
children. In addition, little is known about the predictors of language delay over
time. Many children who experience an early delay in vocabulary development catch
up by the time they start school, while a substantial proportion do not.

This thesis investigates these issues in detail. Chapter 1 provides an overview
of the literature on individual differences in vocabulary development, on the
predictors of late talking, and of later developmental delays, as indexed by parental
or professional concern about development. Chapter 2, the first empirical chapter,
examines the predictors of individual differences in productive vocabulary
development at 24 months in a large sample of typically developing English-learning
children. This chapter also establishes if those factors, implicated in individual
differences, can also be used to distinguish between children who are and are not
slow to learn to talk. The purpose of this was to establish if the same factors that
predict individual differences can be used to categorise the speech of children with
lower ability. Chapter 3 examines if a subset of these factors predicts individual
differences in productive vocabulary at 25 months in a different sample of children
who were identified, on the basis of vocabulary scores at 15-18 months as children
likely to be very delayed in productive language (so called late-talking children), as
well as typically developing children. The purpose was to determine whether those
factors that successfully predict individual differences in the typical range can also
be used to distinguish between typically developing and late talking children. The
final empirical chapter, Chapter 4, investigates if the language measures used in

chapters 2 and 3, as well as risk factors and earlier parental concern for language
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development can predict concern for language development late in life, at 4-6 years
of age; the age at which language disorders are starting to be diagnosed. Overall,
language proficiency and cognitive measures were the most robust predictors of
individual difference in productive vocabulary development at 2 years and can be
used to identify children who are slow to talk and late talking children. However,
language proficiency, in addition to risk factors, did not successfully identify
children for whom there was concern for their language development when they
were 4-6 years old. The findings of these studies and their implications for future

research are discussed in the final chapter, chapter 5.



1 Chapter 1: Literature Review

1.1 Introduction to the thesis

This thesis investigates predictors of individual differences in vocabulary
acquisition and late talking, and examines predictors of potential language delay, as
indexed by parental or professional concern for language development. We know
that there are many factors previously shown to be strong predictors of individual
differences in vocabulary development (Fernald & Marchman, 2012; Kidd,
Donnelly, & Christiansen, 2018). For example, previous research has shown that a
number of demographic factors (Henrichs et al., 2011; Huttenlocher, Haight, Bryk,
Seltzer, & Lyons, 1991; Nelson, 1973; Zubrick, Taylor, Rice, & Slegers, 2007),
language proficiency (Henrichs et al., 2011; Westerlund, Berglund, & Eriksson,
2006) and cognitive ability (Fernald & Marchman, 2012; Fernald, Perfors, &
Marchman, 2006) all influence the rate that children begin to produce their first
words and the size of their lexicon throughout early childhood. It is plausible to think
that the factors that explain why children vary in the rate they acquire language can
also explain why some children experience a delay in vocabulary acquisition.

However, it is not inevitable that the factors implicated in individual
differences in vocabulary development can also distinguish between children who
are and are not experiencing a delay in vocabulary acquisition. It is possible that
some measures can discriminate well at the top end, distinguishing between
precocious children, or typically developing children, but do not discriminate well
between children with lower vocabulary scores. The factors which are strong
predictors of individual differences in language development may not be
discriminant enough to identify children experiencing a delay in vocabulary
acquisition in early childhood or children with concern for their language
development later in childhood.

We address this issue in multiple ways in this thesis. The first empirical study
(chapter 2) investigated, first, predictors of individual differences in vocabulary
development to establish which factors contribute unique variance in productive
vocabulary at 24 months after controlling for child sex and vocabulary at 18 months.
These predictors include: family history of speech or language impairments, adult
word count, conversational turn count, receptive vocabulary, mean length of

utterances (MLU), earlier gesture use, speed of linguistic processing and non-word
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repetition (NWR). Following this, we established whether these predictors can
correctly classify children who are and are not slow to talk (i.e. at the bottom of the
typical range) in a large longitudinal, naturalistic database, in order to identify
potentially promising predictors for discriminating between children with lower
vocabulary scores, which can be used to identify late talking children.

The second study (chapter 3) then determined whether those factors
identified as robust predictors in chapter 2, could be used to predict unique variance
in productive vocabulary at 25 months in a sample that included both typically
developing children and late taking children. These factors were: child sex, family
history of speech or language impairments, adult word count, conversational turn
count, earlier productive and receptive vocabulary, MLU, earlier gesture use, speed
of linguistic processing and NWR. This extension was important to test whether, and
how, the inclusion of late talking children affected the pattern of results; i.e. does the
inclusion of such children affect which factors predict individual differences?
Following this, we established whether we could use these predictors to distinguish
between typically developing and late talking children using two classifications of
late talking (1. producing fewer than 50 words at 25 months; 2. not combining words
together at 25 months).

The third study (chapter 4) examined whether earlier vocabulary and gesture
scores, as well as health and demographic risk factors, and parental concern, were
successful at predicting potential language delays at 4-6 years, as indexed by
parental or professional concern for language development. The goal here was to
identify whether there was continuity across the preschool years; can we use the
same predictors that successfully discriminate between children in early childhood
(at 2 years of age) to identify which children are likely to have a language delay or
disorder at school entry (4-6 years)?

The current chapter sets the scene for the following empirical chapters. The
following three sections first summarise previous research on individual differences
in language acquisition. Then evidence for the role of factors implicated in
individual differences in predicting late talking is presented. Finally, a summary of
the research examining the relationship between early language delays and later

language impairment is provided.
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1.2 Individual differences in vocabulary development

In recent years, it has become widely accepted that there are large individual
differences in children’s language acquisition and that these differences are crucial
for predicting language development over time (Kidd & Donnelly, 2019; Kidd et al.,
2018). It is in these individual differences that we begin to understand how
children’s current abilities influence their later learning. Among many things,
children vary in the age at which they produce their first words, in their reaction time
to familiar words (Fernald et al., 2006) and even in their phonological working
memory capacity (Gathercole & Baddeley, 1989). In addition, children's linguistic
environments vary, with some children being exposed to substantially more input
than others (Hart & Risley, 1995; Golinkoff, Hoff, Rowe, Tamis-LeMonda, & Hirsh-
Pasek, 2019). All of these differences influence the rate that children’s language
develops. While we can identify timelines for the development of many skills
involved in language acquisition through the use of group testing, it is by looking at
the individual differences in these skills that we begin see the trajectories for
subsequent language acquisition.

Previous research has found demographic risk factors such as family income
and maternal education predicts individual differences in language development
(Evans, Maxwell, & Hart, 1999; Rowe, 2018; Rowe, Pan, & Ayoub, 2009).
Socioeconomic status (SES; such as family income and maternal education) impacts
parental input via many different factors. For example, Rowe (2018) details the
impact of socioeconomic differences on parental input addressed to children; parents
with higher educational attainment are more likely to provide the rich linguistic input
from which children have greater opportunity to learn more vocabulary. Similarly,
parents from lower socioeconomic backgrounds have limited opportunity to provide
the same wealth of input compared to parents from higher socioeconomic
backgrounds with more opportunity (Evans et al., 1999; Rowe, 2018; Vernon-
Feagans, Garrett-Peters, Willoughby, Mills-Koonce, & The family life project key
investigators, 2012). Vernon-Feagans et al. (2012) found household disorganisation
predicted unique variance in children's productive and receptive vocabulary at 36
months. The research outlined here shows that there are many external factors that
impact children's language development over time and how it is important to

consider multiple factors when predicting vocabulary development.
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Other research has shown health factors such as child sex, prematurity, low
birth weight, ear infections, family history of speech or language impairment and
developmental disabilities predict individual differences in language development
(Harrison & McLeod, 2010; Reilly et al., 2010). For example, Reilly et al. (2010)
found child sex, low birth weight and a family history of speech or language
impairment predicted both productive and receptive vocabulary skills at age 4 years.
Similarly, Van Noort-Van Der Spek, Franken and Weisglas-Kuperus (2012) showed
that prematurity affected language development from 3-12 years, with children who
were born premature having lower scores on measures of vocabulary and complex
language.

There are many potential reasons why sex and family history of speech and
language impairment will impact language acquisition. One possible reason is that
these factors have an environmental impact on language development. Previous
research has shown that parents speak more to girls than they do to boys (Cherry &
Lewis, 1976; Huttenlocher et al., 1991). Two environmental factors that have been
shown to play a role in individual differences in vocabulary development are
caregiver input and conversational turns.

Caregiver input has been shown to be a robust predictor of individual
differences in children's vocabulary acquisition (Huttenlocher et al., 1991; Jones &
Rowland, 2017; Weisleder & Fernald, 2013). Children who hear more input (Hart &
Risley, 1995; Hoff & Naigles, 2002) and better quality input (Cartmill et al., 2013;
Jones & Rowland, 2017) have larger vocabularies. For example, Huttenlocher et al.
(1991) found parental input at 16 months predicted vocabulary growth from 14-26
months. There is also research highlighting the role of conversational turn counts in
children's language development in that children who engage in more conversations
have larger lexicons (Romeo et al., 2018; Zimmerman et al., 2009). However, there
is less research looking at the unique role of these measures in predicting vocabulary
development. Typically, this research looks at the role of input or conversational
turns without controlling for earlier vocabulary. One such study, by Zimmerman et
al. (2009) examined the role of conversational turns in children's language over time.
Conversational turns explained a unique portion of children's language scores at (on
average) 28 months, after controlling for their language scores at (on average) 14
months. However, while the authors use a measure of pre-school language

performance, they do not provide explicit details on the impact of conversational
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turns on productive vocabulary. Therefore, the unique role of both caregiver input
and conversational turns requires more examination.

Children's own early language proficiency has been repeatedly shown to be a
robust predictor of individual differences in later vocabulary development (Henrichs
et al., 2011; Reilly et al., 2010; Rescorla, 2011; Westerlund et al., 2006). For
example, children with lower vocabulary scores at 18 months were more likely to
still have low vocabulary scores at 3 years (Westerlund et al., 2006). As earlier
vocabulary skill is such a strong predictor of later vocabulary development, it is
important to control for this when examining if other measures can predict
vocabulary development over time.

When children are very young, they are producing very few words and thus it
can be difficult to capture enough meaningful variance to establish relationships
between early productive vocabulary and later productive vocabulary. Receptive
vocabulary, therefore, often presents as a better measure of children's early
communicative skills. Previous research has shown a strong relationship between
children's receptive vocabulary and productive vocabulary (Jordan & Coulter, 2017)
with early receptive vocabulary predicting later vocabulary development (Chiat &
Roy, 2008; Stolt et al., 2016; Watt, Wetherby, & Shumway, 2006; Zambrana,
Ystrom, Schjelberg, & Pons, 2013). For example, children's receptive vocabulary
skills at 2;6 to 3;6 predicts variance in their productive vocabulary at 4;6 (Chiat and
Roy, 2008). However, where research has predicted later productive vocabulary
from earlier receptive vocabulary, typically authors tend not to control for earlier
productive vocabulary. Therefore, the unique role of receptive vocabulary in
language learning is still unknown.

Mean length of utterance (MLU) and the mean length of a child’s three longest
utterances (M3L) are two measures of syntax, capturing the complexity of children’s
first word combinations. Previous research has shown that vocabulary and syntax
development are very closely related when children are young (Bates & Goodman,
1997a). For example, previous research has shown that higher vocabulary scores
associated with higher MLU scores when children are between 3 and 4 years old.
(Rescorla, Dahlsgaard, & Roberts, 2000; Rescorla & Schwartz, 1990). The causal
relationship between syntax and vocabulary is typically reported to travel from
vocabulary to syntax, with increases in vocabulary size, leading to the production of

word combinations. Others have proposed that once children know a certain number
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of words, vocabulary and syntax emerge in parallel; children’s understanding of
grammar then helps vocabulary development (Dixon & Marchman, 2007; Dionne,
Dale, Boivin, & Plomin, 2003). However, research looking at the relationship
between syntax and vocabulary development over time, tends not to control for
earlier vocabulary (Dixon & Marchman, 2007) and thus, it is still unknown if syntax
plays a unique role in vocabulary development.

Early gesture skills have been previously shown to be robust predictors of
vocabulary acquisition (Colonnesi, Stams, Koster, & Noom, 2010; Colonnesi et al.,
2016; Rowe, Ozcaliskan, & Goldin-Meadow, 2008). As with receptive vocabulary,
gesture skills are an early measure of children's communicative ability and thus can
be used to assess early communication in young children when vocabulary skills are
still low. Furthermore, gestures have been shown to influence vocabulary
development via parental input; children who produce more gestures, elicit more
responses to their gestures and in turn, more parental input (Dimitrova, Ozcaliskan,
& Adamson, 2016; Goldin-Meadow, Goodrich, Sauer, & Iverson, 2007; Ozcaliskan,
Adamson, Dimitrova, & Baumann, 2017). For example, Goldin-Meadow et al.
(2007) found that gestures mothers translate when children were 10-14 months were
more likely to have become part of children's vocabulary by 17-23 months.
Furthermore, gestures that were translated by mothers were more likely to become
part of children's vocabulary compared to gestures that were not translated.
However, here, and in most research that examines the role of gestures in vocabulary
development, the authors do not control for concurrent vocabulary, and thus, the
unique role of gestures in predicting later productive vocabulary development, above
earlier productive vocabulary skills, is largely unexplored.

Speed of linguistic processing and non-word repetition (NWR) are cognitive
measures that have been shown to be implicated in predicting individual differences
in language development. Speed of linguistic processing measures the time it takes
for children to react to familiar linguistic stimuli. It is measured by using a looking-
while-listening task where children are shown two imagines on a screen and one of
them is named (e.g. "look at the car"; Fernald & Marchman, 2012; Fernald et al.,
2006). The time it takes for children to orient their eyes to named picture is a
measure of reaction time, and has been shown to be associated with children's
vocabulary (Fernald & Marchman, 2012; Killing & Bishop, 2008; Marchman,
Adams, Loi, Fernald, & Feldman, 2016; Marchman & Fernald, 2008; Peter et al.,
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2019). For example, children's reaction times to familiar linguistic stimuli at 25
months predicts vocabulary growth from 12 to 25 months, and language and
cognitive skills up to 8 years (Fernald et al., 2006; Marchman & Fernald, 2008). As
with the research outlined above, where speed of processing is used to predict
vocabulary development over time, there is a trend for authors not to control for
earlier or concurrent vocabulary. Therefore, the unique role of speed of processing in
predicting later language development is still unknown. Peter et al (2019) found that
speed of processing at 19 months predicted growth in vocabulary development up
until 30 months after controlling for vocabulary at 19 months. However, speed of
processing at 25 and 30 months did not correlate with vocabulary from 8-37 months
and as a result, the authors could not examine the role of speed of processing at these
time points. Thus, the unique role of speed of processing in vocabulary development
requires more research.

Non-word repetition (NWR) is a measure of phonological working memory.
Children differ in their ability to temporarily store phonological representations of
novel sound sequences in their working memory (Gathercole & Baddeley, 1989,
1990a, 1990b). Learning new words requires children to form long-term
representations of the sound sequences associated with these words. To successfully
form these long-term representations, children must first store these phonological
representations in their working memory. The more speech sounds a child can store
in their phonological working memory, the more opportunity there is for these words
to transfer into long term memory. NWR tasks require children to repeat nonsense
words back to the experimenter. NWR assesses phonological working memory via
nonsense syllables; children cannot use their knowledge of the words they already
know, and therefore, must store the phonological representations of the nonsense
syllables in their short term memory in order to repeat them back. The more accurate
children's repetitions are the bigger their phonological working memory (Gathercole
& Baddeley, 1989).

Children's performance on NWR tasks is associated with their vocabulary
development (Ellis & Sinclair, 1996; Hoff, Core, & Bridges, 2008; Thal, Miller,
Carlson, & Vega, 2005). The majority of research examining the role of NWR in
language development does so with children later in childhood (Conti-Ramsden,
Botting, & Faragher, 2001; Gathercole & Baddeley, 1990b; Thal et al., 2005), and
thus, little is known about the usefulness of NWR in young children at the beginning

15



of language acquisition. One study by Hoff et al. (2008) found NWR of children
aged between 20-24 months predicted variance in concurrent vocabulary after
controlling for real-word repetition. However, the aim of this study was to examine
if NWR was a reliable measure of phonological working memory and, thus, the
authors did not evaluate the predictive power of NWR in predicting vocabulary
development after controlling for earlier productive vocabulary scores. Therefore,
the unique role of NWR in productive vocabulary in children this age remains
unexplored.

In sum, the literature presented here demonstrates the role of these measures
in language acquisition. However, in order to identify their usefulness in predicting
language development over time, it is important to control for earlier vocabulary. If
these measures explain no unique variance in later vocabulary skills after controlling
for earlier vocabulary skills, there would be no need to use these additional measures
to predict language development. In this thesis, we will first replicate and confirm
some the findings presented above and then expand on that research by examining
the unique role of these measure in vocabulary development. We will then examine
the role of these factors in identifying children who are slow to talk and late talking
children at 2 years, and then use some of these factors to predict concern for

language development later in childhood.
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1.3 Late talking children

As outlined above, children vary greatly in their rate of language acquisition
and many factors influence language development over time. Typically, children
produce their first words around their first birthday (Nelson, 1973). However, after a
certain age, if a toddler has not begun to speak or is saying very few words, they will
be classified as late talking. Late talking children are children who have an early
delay in productive language (i.e. the number of words they can say) but are not
identified as having a clinical language impairment (Rescorla, 1989, 2011; Weismer,
Murray-Branch, & Miller, 1994). These children are usually identified as late talkers
between the age of 18 to 35 months. Late talking children are described as producing
fewer than 50 words or no word combinations at around 24 months (Rescorla, 1989;
Weismer, Venker, Evans, & Moyle, 2014). This delay exists in the absence of any
other developmental delays such as autistic spectrum disorder, hearing impairment
or a general intellectual disability (Bishop & Edmundson, 1987; Rescorla, 2011). In
addition, late talking children perform within the typical range on measures of non-
verbal cognitive measures (Rescorla, 2011). Prevalence of late talking varies across
the literature because different studies use different cut-off criteria. However, rates
are reported to be between 10%-19% of 24 month old children (Carson & Gavin,
1998; Collisson et al., 2016; Rescorla, 1989; Rescorla & Achenbach, 2002; Zubrick
etal., 2007).

Currently, we know very little about why some children experience a delay in
productive vocabulary acquisition. One of the reasons why we know very little about
why some children are late talkers is because much of the research on late talking
has focussed on the outcomes of late talkers, establishing if their language skills
catch up (Bishop et al., 2012; Dale, Price, Bishop, & Plomin, 2003; Girolametto,
Wiigs, Smyth, Weitzman, & Pearce, 2001; Rescorla, 2005, 2009; Thal et al., 2005),
and does not examine the predictors of late talking at the time when children are
identified. Previous research, following up late talking children, has shown that they
perform below their typically developing peers on measures of language
development over time (Bishop et al., 2012; Fernald & Marchman, 2012; Moyle,
Weismer, Evans, & Lindstrom, 2007; Rescorla, 2011; Rescorla et al., 2000; Thal et
al., 2005). For example, Rescorla et al. (2000) found children who were identified as
late talking between the age of 2;0 and 2;7 performed below typically developing
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peers on measures of syntax at 3 and 4 years. Similarly, Fernald and Marchman
(2012) found late talking children, identified at 18 months, performed poorer than
typically developing children on a measure of word recognition at 30 months.
However, while these studies show that late talking is associated with later
performance on assessments of language development, we still know very little
about what causes the initial language delay in vocabulary acquisition. If we can
establish predictors of late talking, we can begin to understand the underlying causes
of language delay and have a better opportunity of predicting which children's
language development will catch up and which children will have a persisting
language impairment.

Another reason why we know very little about the causes of late talking is
because much of the research on late talking focusses on distal factors. Distal factors
are factors that have an indirect impact on language development. As outlined above,
health and demographic risk factors impact language development, and these factors
also play a role in language delay. For example, prevalence of language delay has
been shown to be higher in children who experience a greater number of health
related risk factors such as birth complications (Barre, Morgan, Doyle, & Anderson,
2011; Guarini et al., 2009; Jansson-Verkasalo et al., 2004), a history of early ear
infections (Winskel, 2006) or a family history of speech or language impairments
(Bishop et al., 2012; Collisson et al., 2016). It is also associated with biological sex,
in that boys are more likely to have a language delay than girls (Reilly et al., 2010).
Other research has highlighted the role of demographic risk factors on language
acquisition. Low socioeconomic status (SES) is associated with increased risk for
delays in vocabulary development (Evans et al., 1999; Rowe, 2018). However, these
distal factors have to impact via proximal factors. To date, we still do not know what
cognitive mechanisms are affected by birth complications. For example, it is possible
that being premature, or of very low birth weight could impact a children’s ability to
efficiently process linguistic stimuli and therefore, they will be slower to learn new
words. Similarly, with SES, previous research has shown that parents from lower
SES families talk less to their children and produce less varied linguistic input from
which children can learn (Rowe, 2018; Hoff, 2003) , and thus, SES impacts language
development via input. It is, therefore, important to examine how proximal factors
differ between children to establish if they can predict language development and

can identify late talking children.
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Individual differences in language acquisition present an opportunity to predict
late talking from individual variation in children’s vocabulary acquisition. As
detailed above, many factors are associated with individual variation in the rate that
children produce their first words. These factors that predict individual differences in
productive vocabulary development may also be good predictors of late talking;
individual variation encompasses slower acquisition.

In much of this thesis, we focus on four main types of predictors that previous
research suggests might be promising predictors of late talking ability: sex and
family history of disorders, the child’s linguistic environment, the child’s own
communication skills at an earlier age, and the child’s wider cognitive abilities. We
summarise these here, but provide more detail in chapters 2 and 3. The first two - sex
and family history of speech or language impairment - have been implicated in
explaining individual differences in a number of studies (Bishop et al., 2012;
Rescorla, 2011). Similarly, both factors play a role in language impairment. For
example, Rescorla (2011) reports that incidence of late talking is more common in
boys and children with a family history of speech or language impairment compared
to girls. However, while being a boy or having a family history of speech or
language impairment may increase a child's likelihood of being a late talker, there
may be too much overlap in these factors between late talking and typically
developing children, and therefore, they may not be good at discriminating between
these children. That said, the inclusion of sex and family history, with other factors,
may increase our ability to identify late talking children. Thus, it is important to
investigate if these factors play a role in identifying late talkers.

As outlined above, two environmental factors that have been shown to predict
individual differences in language development are parental input and conversational
turns (Cartmill et al., 2013; Hoff & Naigles, 2002; Romeo et al., 2018; Zimmerman
et al., 2009). However, there is little research looking at the role of these factors in
late talking. Due to the strength of these factors in predicting variance in vocabulary
development- children who hear less input and engage in fewer conversational turns
have smaller vocabularies- it is likely that they can be used to identify late talking
children and to distinguish between late talking and typically developing children.

Similarly, children’s own communicative skills are a strong candidate for
predicting late talking because they are such strong predictors of individual

differences in vocabulary development. It is logical to assume that the factors
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implicated in delaying children’s productive vocabulary development affect
children’s communicative development overall. Since late talking children perform
at floor on measures of productive vocabulary- resulting in too little variance from
which an effect can be found- measures of receptive vocabulary and gestures may be
better assessments of children’s communicative skills and thus are promising
predictors of late talking (Duff, Nation, Plunkett, & Bishop, 2015; Hsu & Iyer, 2016;
Paul & Roth, 2011; Thal, Tobias, & Morrison, 1991). Syntax and vocabulary are
strongly associated in early language development (Bates & Goodman, 1997a). As
mentioned above, some researchers propose that vocabulary and syntax emerge in
parallel and children’s understanding of grammar helps develop their vocabulary size
(Dixon & Marchman, 2007; Dionne et al., 2003). Therefore, children’s early syntax
acquisition could be a good predictor of late talking, with delays in vocabulary
development also impacting syntax acquisition. The inclusion of receptive
vocabulary, gestures and syntax, in addition to measures of productive vocabulary
will likely improve our ability to identify late talking children.

As outlined above, research has often focused on distal measures associated
with late talking and as a result, the underlying mechanisms involved in a delay in
vocabulary acquisition are unknown. Two cognitive measures that are possible
candidates for predicting late talking are speed of linguistic processing and non-word
repetition (NWR). Both speed of linguistic processing and NWR are associated with
individual difference in productive vocabulary development (Fernald & Marchman,
2012; Fernald et al., 2006; Marchman & Fernald, 2008, Gathercole & Baddeley,
1990a). Speed of processing is a strong candidate for identifying late talking
children; if children with faster processing speeds learn more words it is highly
likely that children with slower processing speeds learn fewer words. Similarly,
NWR is a strong candidate for identifying late talking children; if children with
smaller working memory capacities have less opportunity to learn new words, they
will in turn produce fewer words.

The four main types of predictors described above - sex and family history of
speech or language impairment, the child’s linguistic environment, the child’s own
communication skills at an earlier age and the child’s wider cognitive abilities — are
robust predictors of individual differences in language acquisition. However, it is not
inevitable that the same predictors of individual differences will be the most

successful predictors of late talking status. It is possible that factors are successful in
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predicting variation in fast learning, or all learners, but do not discriminate well
between children who are and are not experiencing a delay in vocabulary acquisition.
For example, while family history of speech or language impairment may be more
prevalent in late talking children, most late talkers still do not have such a family
history (Reilly et al., 2007). Thus, family history may not have strong discriminatory
power. We aim to discover this in chapters 2 and 3. However, it is possible that
combinations of measures will improve our ability to discriminate between late
talking and typically developing children. Therefore, in this thesis we also examine
whether combining measures that individually predict variance in early language
acquisition provides a more powerful and accurate method for discriminating

between late talking and typically developing children.

21



1.4  Linking late talking in early childhood to later language
problems, as indexed by parental or professional concern for language

development

An early delay in productive vocabulary development is often one of the
reasons that parents first become concerned for their children's language
development (Paul & Roth, 2011; Rescorla, 2011; Whitehurst & Fischel, 1994). In
addition, a delay in the production of children's first words, without an clear
diagnosed disability, can be an indication of a language impairment (Bishop et al.,
2012). Thus, parental concern for language development can be of benefit for
identifying language impairment (Glascoe, 1991; Glascoe, Altemeier, & MacLean,
1989a; Glascoe & Dworkin, 1995), and the combination of parental concern and
clinical observations can improve the accuracy of paediatrician’s diagnoses of
developmental complications. Identifying an early delay often prompts parents to
seek a referral to establish if their children's language development requires close
monitoring or even intervention. Thus, parental concern for language development
provides an opportunity to begin to examine delays in language development before
children are old enough to be diagnosed with a language impairment. Children are
typically classified as having a language impairment at approximately 5 years old
(Bishop et al., 2016). However, it is evident that difficulties present earlier, and
waiting for a diagnosis may potentially risk missing the opportunity to provide
crucial interventions (Singleton, 2018).

Some children experiencing an early delay in vocabulary acquisition (late
talkers) continue to have persisting language impairments (Bishop et al., 2012;
Moyle et al., 2007; Paul & Alforde, 1993; Rice, Taylor, & Zubrick, 2008) and most
perform below their typically developing peers throughout childhood (Bishop et al.,
2012; Reilly et al., 2010; Rescorla, 2002, 2005, 2009). For example, Bishop et al.
(2012) found that a substantial proportion of late talking (29%) children had specific
language impairment (SLI, now developmental language disorder (DLD)) by the
time they were 4 years old. Rice et al (2008) followed a large sample late talking
children from 24 months to 7 years. Late talking children performed below the
typical range on multiple measure of language ability including measures of syntax
and morphosyntax. Given this, it is important to monitor children's language skills

throughout childhood, once they present with an early delay in language acquisition.
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However, for many late talking children, their language catches up with that
of their peers in the first few years of life (Fischel, Whitehurst, Caulfield, &
Debaryshe, 1989; Paul, 1996; Rescorla & Schwartz, 1990). However, for most of
these children, their language skills still remain behind their typically developing
peers, albeit still in the typical range, even if they are not diagnosed with a having a
language impairment (Rescorla, 2002, 2005). For example, Rescorla and Schwarts
(1990) followed late talking children from 22 months to 4 years. Half of the late
talking children's language had caught up by age 4. However, all children, including
those who had caught up, were still producing fewer syntactically complex sentences
than we would expect for their age. Similarly, Rescorla (2002) found late talking
children, identified between 24 and 31 months, were still behind their peers on
measures of language and literacy when they were 9 years old. Children who were
identified as late talkers performed significantly below their typically developing
peers on measures of vocabulary, grammar, listening comprehension and reading at
age 8 and were still behind on reading skills at age 9. These same children performed
below their peers on language assessments up until they were 13 and 17 years old
(Rescorla, 2005, 2009). Similarly, Girolametto et al. (2001) found that late talking
children had, identified at 2-years -old, caught up to the typical range on grammar
and vocabulary measures by the time they were 5 years old. However, these children
were still performing significantly below their typically developing peers on
measures of higher level language skills (e.g. pragmatic and narrative skills). The
research outlined here shows that some late talkers remain delayed later in childhood
and, of those that catch up to within the typical range, many still remain behind their
typically developing peers. However, as of yet, there is no known method for
distinguishing between children who have persisting language impairments and
those children whose language will catch up. It is, therefore, crucial to establish
predictors of language impairment over time.

According to the literature, many of the risk factors associated with early
language delay are also associated with a later diagnosis of developmental language
disorder (Campbell et al., 2003; Law, McBean, & Rush, 2011; Reilly et al., 2010).
Being born premature or of low birth weight increases a child's risk of having a
language impairment later in childhood (Van Noort-Van Der Spek et al., 2012).
Other health risk factors such as having an ear infection also impact language

acquisition; recurring early ear infection disrupts exposure to language due to a
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reduction in hearing and in turn impacts children's language development (Carroll &
Breadmore, 2017; Winskel, 2006). Demographic risk factors impact language
development throughout childhood; children from lower income families or whose
mothers have lower education perform below their peers on language measures
throughout childhood (Harrison & McLeod, 2010; Reilly et al., 2010).

However, while it is widely accepted that these health and demographic risk
factors are associated with language acquisition much of the research on this yields
only small effect sizes (Harrison & McLeod, 2010). In addition, even when a study
finds a strong relationship between risk factors and later language skills, this effect
disappears when examining language impairment (Reilly et al., 2010). For example,
Reilly et al. (2010) found that multiple risk factors (being a boy, low birth weight,
low SES and maternal education) predicted variance in productive vocabulary at 4
years. However, these risk factors were less successful in identifying children with
SLI (now termed DLD); only SES and maternal education correctly classified
children for whom there was a persisting language impairment.

There are many reasons why previous research examining on risk factors on
language development may be inconclusive. First, it is possible that the effects of
these risk factors are actually quite weak and therefore their effect is only evident in
very high-powered studies using large sample sizes. For example, while Carroll and
Breadmore (2017) found a history of ear infection was associated with deficits in
phonological awareness, the effect was still weak. Studies with more power and
more participants are often more successful at finding relationships between risk
factors and language impairment over time (Kennedy et al., 2006; Van Noort-Van
Der Spek et al., 2012).

Second, it is possible that risk factors are only successful predictors of
language development at the group level, and do not predict on the individual level,
and therefore, fail to predict language impairment. Reilly et al. (2010) found nine
risk factors predicted language development up to age 4 years old. However, only
three of these factors were able to accurately identify children with language
impairment. It may be that predictors of individual differences in language
development are not sensitive enough to discriminate between children with and
without delays in language development. As mentioned above, family history of

speech or language impairment is known to be implicated in language development
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over time. However, most children with and without language impairment do not
have a family history and therefore this factor is not a good discriminator.

Third, it may be possible that risk factors are not strong enough when
examined in isolation. For example, research focussing on the predictive power of
risk factors, has been mixed with some research showing a significant but weak
effect of some individual factors (Barre et al., 2011; Bishop et al., 2012). However,
these factors may gain substantial power when combined. There is currently little
research looking at how early language skills, risk factors and early parental concern
for language development might interact to increase the risk of language impairment.
It is possible that an early delay, combined with a greater number of risk factors,
increases the likelihood of persisting language delays. For example, perhaps children
who experience a delay, but have fewer risk factors, have more opportunity to catch
up with their peers, where children experiencing more risk factors find the type of
accelerated language acquisition needed for catch up to be more difficult. Combining
risk factors could, thus, increase the likelihood of successfully distinguishing
between children who are, and are not, at risk for later language disorder. Therefore,
it is important to examine these early measures of language development, health and
demographic risk factors, as well as early parental concern together. If a combination
of these factors can predict later language problems, as indexed by later parent or
practitioner concern for language development, they can be used as a starting point
for monitoring language development or for informing early intervention on the

basis of risk alone, before language impairment has been diagnosed.

1.5  Summary

The work here outlines the importance for identifying predictors of late
talking and for examining predictors of later language delay, as indexed by concern
for language impairment over time. To date, we know very little about why some
children present with a delay in productive vocabulary acquisition early in
childhood. Furthermore, we are still unable to distinguish between which of these
children will catch up and which will continue to have persisting impairments. The
aims of this thesis are 1) to better understand predictors of variance in vocabulary
when children are 2 years old in order to begin to identify late talking children, and
2) to establish if some of these predictors, when combined with risk factors and early

parental concern for language development at 15-18 months, can predict potential
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later language delays, as indexed by concern for language development when

children are between 4-6 years old.
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2 Chapter 2: Individual differences in productive vocabulary: Identifying
children who are slow to talk.
Fit within the thesis

As discussed in chapter 1, this thesis examines unique predictors of
individual differences in productive vocabulary when children are 2 years old, in
order to begin to establish the role of these predictors in identifying children
experiencing a delay in productive vocabulary development. The study in chapter 2
investigated whether multiple factors (child sex, family history of speech or language
impairment, adult word count, conversational turn count, earlier productive
vocabulary, earlier receptive vocabulary, mean length of utterances, gestures, speed
of linguistic processing and non-word repetition) are unique predictors of individual
differences in productive vocabulary development at 24 months. Following this, the
study examined whether or not these factors can be used to identify children who are
slow to talk at 24 and 30 months. The importance of this is to identify if these factors
are sensitive enough to identify children with lower vocabulary scores, in order to
establish if they can then subsequently be used to identify late talking children
(chapter 3).

We found that multiple factors (earlier receptive vocabulary, mean length of
utterances, speed of linguistic processing and non-word repetition) predicted unique
variance in productive vocabulary at 24 months after controlling for child sex and
earlier productive vocabulary. Furthermore, these factors, individually and
combined, can discriminate between children who were slow to talk and typically
developing children.

The data for this paper is part of a large longitudinal project, The Language
0-5 Project. This project ran from 2014-2019 and is part of the wider Economic and
Social Research Council (ESRC) International Centre for Language and
Communicative Development (LuCiD). The data was collected by Michelle Peter,
Amy Bidgood and Samantha Durrant as part of the Language 0-5 Project. The study
reported here was designed by Lana Jago and Caroline Rowland. Lana Jago was
responsible for all coding of the data, for all analyses and for writing the paper. Lana
Jago and Caroline Rowland worked in collaboration to construct the final manuscript
and all authors provided comments on this manuscript. At the time of submitting this
thesis, this chapter has been submitted as a paper to the journal Cognitive

Development.
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Abstract

This study investigated why some children are slower than others at
acquiring vocabulary, using a new, unique intensive longitudinal sample of 79
English-learning children, tested every 2-3 months between 8 and 30 months of age
(the Language 0-5 Project children). First, we investigated what are the best
predictors of individual differences in productive vocabulary development at 24
months. Next we assessed the discriminatory ability of these predictors in identifying
children who are slow to learn to talk at 24 and 30 months old. Regression analyses
revealed conversational turn counts, earlier receptive vocabulary, mean length of
utterance (MLU), non-word repetition (NWR) and speed of linguistic processing
were all predictors of individual differences in productive vocabulary when
controlling for earlier productive vocabulary and sex. Receiver operation
characteristic curve and discriminant function analyses revealed that these predictors
were also successful at distinguishing between children who are, and are not, slow to

talk.
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2.1 Introduction

A substantial proportion of children are slow to learn to talk. These children,
whose productive language development is delayed compared to their peers, exhibit
no other measurable cognitive delays, and have experienced no hearing or visual
impairment that can explain this delay in language acquisition (Bishop &
Edmundson, 1987; Rescorla, 1989).

In fact, we know very little about why some children are slow to acquire
language in the first two years. This lack of understanding is problematic for two
reasons. First, on a theoretical level, determining the causes of slow development
will help solve the puzzle of individual differences; it will help us understand why
children differ so substantially in their rate of language acquisition in the first two
years of life. For example, if we find that slow language learners are slower to
process sentences (Fernald & Marchman, 2012) or have smaller phonological
working memories (Thal, Miller, Carlson, & Vega, 2005), this will provide
important evidence for the role of these processes in early language acquisition.

Second, having a better understanding of why some children are slow to learn
to talk has practical implications, since some late developers go on to develop
developmental language disorder (DLD, Bishop & Adams, 1990; Rescorla, 2002),
though precise proportions vary depending on the age that persisting language delay
is identified and the criteria used to characterise it (Law, Boyle, Harris, Harkness, &
Nye, 2000). For example, Rescorla and Schwartz (1990) found that 54% of children
identified with an early expressive delay at 2 years were still delayed on measures of
productive language skills at a follow up visit between 3-4 years old. In a later study,
following up the same children, Rescorla (2002) found that 17% of these children
had DLD at 6 years old and many were still delayed on multiple language measures
when they were 9 years old. Therefore, the more we understand about the various
causes of slower language learning early in acquisition, the better chance we have of
predicting which children might go on to develop language delay.

Unfortunately, one of the reasons why we know very little about why some
children are slow to talk is because the bulk of the research on this topic focusses on
attempts to determine which of these children will go on to develop a developmental
language delay, rather than the factors that predict late talking itself (see e.g. Dale,
Price; Bishop & Plomin, 2003; Rescorla, 2002; 2005; Rescorla & Schwartz, 1990).
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Children who experience an early delay in vocabulary development are at a greater
risk for developing persisting language impairments. In these studies, late talkers are
identified on productive vocabulary alone, leaving us with little understanding about
other processes involved in early vocabulary acquisition. Without understanding the
mechanisms involved in early language acquisition, we cannot begin to determine
why some children experience a delay in productive vocabulary.

In addition, what work there is on predicting why some children are slow to
talk tends to focus on distal factors (factors that only have an indirect effect on
language development; e.g. socioeconomic status (SES), birth complications, sex)
rather than proximal factors (direct factors such as input quantity and quality; Zubric,
Taylor, Rice & Slegers, 2007; Rescorla, 1989; Reilly et al., 2007). Children who are
exposed to more distal risk factors, such as low SES or low birth weight, are more
likely to be slow to develop productive vocabulary (Reilly et al., 2007). Since distal
factors have to have an influence via proximal factors, it is important to investigate
what proximal factors influence late talking. For example, we know that birth
complications affect language development, in that the prevalence of slow language
development is higher in premature children (Jansson-Verkasalo et al., 2004).
However, we do not know which cognitive mechanisms are affected by prematurity;
for example, it could be that prematurity affects children’s ability to process
linguistic material quickly, which explains why they are slow to learn vocabulary.
Similarly, the relationship between SES and late talking may be explained by the fact
that parents from lower SES families tend to talk less to their children (Hoff, 2003;
Hoff-Ginsberg, 1991). Thus, in the present study, we focus on how proximal factors
affect language development. If we can identify which proximal factors are
implicated in early language acquisition, we can begin to understand how they
contribute to delays in vocabulary development.

We can identify a range of promising predictors of why some children are
slower than their peers by looking at the larger literature on individual differences in
vocabulary development within the typical range. Although most children begin to
comprehend words within their first year and produce words soon after their first
birthday, there is much individual variation in the timing of language acquisition
trajectories, with more precocious speakers starting earlier, and reaching language
milestones faster, than their peers (Fenson et al. 1994; Fernald & Marchman, 2012;
Kidd, Donnelly, & Christiansen, 2018). For example, data from the norming sample
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of the MacArthur-Bates CDI (see Stanford Wordbank database
,http://wordbank.stanford.edu) shows that the top 10" percentile of children at 24

months are, on average, producing 549 words, compared to the 84.6 words produced
by the bottom 10 percentile.

We already know quite a lot about what predicts individual differences in
vocabulary development (e.g. demographic factors such as sex and family history of
speech or language impairment, environmental factors such as input and
conversational turn taking). Many of these factors are also candidates for predicting
which children may be slow to learn to talk, since it seems logical to assume that the
same factors that predict why some children are faster than average are likely to also
explain why some children are slower. In addition, many of these factors are
implicated in individual differences during the time children first exhibit delays in
productive vocabulary development - in the first two years of life. Therefore, we
know that these are integrally implicated in the early stages of language acquisition.

However, it is not inevitable that predictors of individual differences are the
same as predictors of slow talking. Some measures may discriminate well between
faster learners, or between learners in general, but have very little discriminatory
power when distinguishing between children with lower vocabulary scores (e.g. boys
tend to be slower than girls on average but the differences are so small, and the
overlap in standard deviation so large, that sex has very little discriminatory power).
Thus, it is important to investigate whether the predictors implicated in individual
differences across the spectrum can also be used to discriminate at the lower end of
the scale. The goal of the present study was to investigate whether 10 factors, all
implicated in explaining individual differences in vocabulary size during the first
two years of life, can also be used to discriminate between children whose
productive vocabulary is of lower ability: child sex, family history of speech or
language impairment, input quantity, conversational turn taking, productive and
receptive vocabulary size at earlier time points, language complexity (MLU), gesture
use, speed of language processing and phonological working memory.

We used data from a new unique longitudinal cohort dataset (the Language 0-5
project), which ran in the North West of England and followed 95 children from 6
months to 4 years and 6 months. Data on a large range of factors associated with
early language development were collected at multiple time points each year, which

allowed us to assess the influence of a number of factors at once, and to establish if
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each contributes unique variance to vocabulary acquisition. It is important to note
that few, if any, of the Language 0-5 children have language that is so delayed that it
warrants concern. However, there are large individual differences in productive
vocabulary size within the sample, which we can use to identify characteristics of
children who are slow to learn to talk (henceforth slow-to-talk children), and then
apply in further studies to determine if they also allow us to identify children whose
language is worryingly delayed.

In the remainder of this introduction, we describe why each of the predictors
mentioned above are promising candidates for identifying children whose productive

vocabulary is of lower ability, before summarising the objectives of the study.

2.1.1 Demographic factors

Two demographic factors robustly implicated in explaining individual
differences in vocabulary acquisition are child sex and family history of speech or
language impairment. Sex emerges as a robust predictor of individual differences in
many studies, with boys generally tending to develop more slowly than girls (e.g.
Acredolo & Goodwyn, 1988; Henrichs et al., 2011; Horwitz et al., 2003;
Huttenlocher, Haight, Bryk, Seltzer, & Lyons, 1991; Nelson, 1973). In addition,
boys tend to be strongly represented at the lower end of the scale (Horwitz et al.,
2003, Nelson, 1973; Rescorla, 1989). Thus, sex is a likely predictor of being slow to
talk, as well as individual differences in vocabulary acquisition, although, as we
explain above, we think it unlikely to have much discriminatory power.

Family history of speech or language impairment is also a strong candidate
for discriminating between children whose productive vocabulary is of lower ability,
since it has been consistently reported to be predictive of individual differences in
early vocabulary development (Bishop et al., 2012; Collisson et al., 2016; Hadley &
Holt, 2006; Reilly et al., 2007; Reilly et al., 2009; Reilly et al., 2010; Zubrick,
Taylor, Rice & Slegers, 2007), with a positive family history of speech or language
impairment being strongly associated with poorer productive vocabulary skills
(Bishop et al., 2012; Olswang, Rodriguez, & Timler, 1998; Rescorla, 2011; Zubrick
et al., 2007). While there is some research looking at the relationship between family
history of speech or language impairment and late talking, there is often a failure to
control for earlier productive vocabulary or sex, making it difficult to determine

whether family history is a robust unique predictor. Therefore, the unique role of
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family history in predicting whether children will be slow to learn to talk is still

unexplored.

2.1.2 Environmental measures

There are two potential reasons why sex and family history of speech or
language impairment, discussed above, might affect language acquisition. First, it is
highly likely that there is a biological component; boys may mature more slowly
than girls, and children with a family history of speech or language impairment are at
an increased risk of having inherited a speech and language disorder from their
parents (Zubrick et al., 2007; Reilly et al., 2010; Rescorla, 2011). However, both
factors may also have an environmental component; parents may talk more to girls
(Cherry & Lewis, 1976; Huttenlocher et al, 1991) and parents with speech and
language difficulties themselves may find it harder to model rich linguistic input
when talking with their children. Two such environmental factors, in particular, are
robustly implicated in explaining individual differences in vocabulary acquisition:
caregiver input, and number of conversational turns.

Caregiver input plays an important role in the individual differences children
exhibit in vocabulary development (Hirsh-Pasek et al., 2015; Weisleder & Fernald,
2013; Huttenlocher et al., 1991), with a wealth of evidence suggesting that children
who hear more input, and better quality input, start to talk earlier, and acquire
language faster (Huttenlocher, Waterfall, Vasilyeva, Vevea, & Hedges, 2010;
Huttenlocher et al, 1991; Hart & Risley, 1992; Pearson, Fernandez, Lewedeg, &
Oller, 1997). Similarly, there is evidence to suggest that children who engage in
more conversational turns perform better on measures of vocabulary development
(Zimmerman et al., 2009; Romeo et al., 2018). While there is little in the literature
that directly assesses the role of input and conversational turns in predicting late
talking, the fact that they are such strong predictors of individual differences makes
them likely candidates. Furthermore, we know that input and conversational turns
are affected by SES and that the incidence of late talking is more prevalent in low
SES families (Hirsh-Pasek et al., 2015; Romeo et al., 2018; Rowe, Ozcaliskan &
Goldin-Meadow, 2008; Weisleder & Fernald, 2013). Thus, SES may be able to
distinguish between children whose productive vocabulary is and is not of lower
ability, in part because children from low SES families hear fewer utterances and

engage in fewer conversations compared to children from high SES families.
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2.1.3 Language Proficiency Measures

A highly robust predictor of individual differences in vocabulary at 24
months is productive vocabulary at an earlier time point (Fernald & Marchman,
2012; Henrichs et al., 2011; Rescorla, 2011; Westerlund, Berglund, & Eriksson,
2006). For example, Henrichs et al. (2011) found vocabulary scores at 18 months
explained 11.5% of the variance in vocabulary scores at 30 months. Therefore,
productive vocabulary at earlier time points is also likely to be a good predictor of
whether a child will be slow to learn to talk.

However, it can be difficult to find clear relationships across time between
productive vocabulary scores early in life, simply because we find floor effects since
very young children do not produce many words. Thus, size of receptive vocabulary
may actually be a stronger predictor of later productive vocabulary. In fact, earlier
receptive vocabulary skills have been shown to predict individual differences in later
productive vocabulary skills in a number of studies (Stolt et al., 2016; Watt,
Wetherby, & Shumway, 2006; Zambrana, Ystrom, Schjelberg, & Pons, 2013) with
lower receptive vocabulary scores associated with lower productive vocabulary
scores (Hsu & lyer, 2016; Paul & Roth, 2011). Therefore, earlier receptive
vocabulary is likely to be good at distinguishing between children with lower
productive vocabulary scores. While there is some research looking at the role of
receptive vocabulary in identifying children who are slow to talk (Thal, Bates,
Goodman & Jahn-Samilo, 1997; Paul, Looney, & Dahm, 1991), this research often
fails to control for earlier productive vocabulary skills, meaning the unique role of
receptive vocabulary in predicting delays in productive vocabulary acquisition
remains largely unexplored.

Another early learned communicative skill which shows large individual
differences early in life is gesture production (Colonnesi, Stams, Koster, & Noom,
2010; Hsu & Iyer, 2016; Iverson & Goldin-Meadow, 2005; Ozcaliskan & Goldin-
Meadow, 2005; Rowe et al., 2008; Rowe & Goldin-Meadow, 2009; Schults,
Tulviste, & Konstabel, 2012; Thal, Tobias & Morrison, 1991; Zambrana et al.,
2013). Children elicit parental input through gestures and in turn learn from this
input; when parents translate gestures into words, these words are more likely to
enter a child’s vocabulary compared to the words for gestures which parents do not

translate (Goldin-Meadow, Goodrich, Sauer & Iverson, 2007; Ozcaliskan, Adamson,
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Dimitrova, & Baumann, 2017; Dimitrova, Ozcaliskan, & Adamson, 2016). Gesture
use might be predictive of delays in productive vocabulary development for two
reasons. First, if children are slow to develop the ability to communicate, this might
affect both verbal and non-verbal communicative abilities. Second, since gestures are
a way for pre-verbal children to initiate communicative exchanges with adults,
parents may interact less with, and thus address less language to children who
gesture infrequently (Dimitrova et al., 2016), which in turn will reduce the amount of
input from which children can learn new words.

Finally in this section, mean length of utterance (MLU) is a measure of
language complexity that assesses how many morphemes (or sometimes, words)
there are, on average, in children’s sentences at different stages of development
(Brown, 1973). Unsurprisingly, individual differences in MLU are associated with
individual differences in vocabulary size (Bates & Goodman, 1997; Rescorla,
Dahlsgaard, & Roberts, 2000; Rescorla & Schwartz, 1990). The causal relationship
between MLU and vocabulary development is likely to be from vocabulary to MLU
(Mc Gregor, Sheng and Smith, 2005; Petinou & Spanoudis, 2014; Smith, & Jackins,
2014). However, Dixon and Marchman (2007) suggest that vocabulary and grammar
emerge in parallel; children’s grammatical complexity and productive vocabulary
both increase with age. Similarly, Dionne, Dale, Boivin, and Plomin (2003) found
grammatical patterns were abstracted from the lexicon and that this acquired
grammatical knowledge, in turn, aids further vocabulary acquisition. Therefore, it is
worth investigating whether MLU adds predictive power when attempting to

distinguish between children whose productive vocabulary is of lower ability.

2.1.4 Cognitive measures

Two cognitive measures that have been shown to predict individual
differences in vocabulary development are speed of linguistic processing and non-
word repetition (NWR). Speed of linguistic processing is a reaction time measure
and refers to the speed with which a child is able to process familiar linguistic
material. It is measured by testing how quickly children orient their eyes to a target
picture on hearing its label (e.g. “look at the ball”: Fernald et al, 2006). The rate at
which children can recognise familiar words has been shown to be related to their
vocabulary development (Fernald & Marchman, 2012; Fernald, Perfors &
Marchman, 2006; Killing & Bishop, 2008; Marchman, Adams, Loi, Fernald, &
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Feldman, 2016;). For example, Fernald et al. (2006), found speech processing at 25
months was related to individual differences in the trajectories of vocabulary
development from 12-25 months; children whose vocabulary developed at a more
accelerated rate during this time performed better on the speech processing task. The
precise mechanism through which this happens is not known; it may be that faster
processing of familiar words frees up resources that can be dedicated to learning new
words (Fernald & Marchman, 2012) or that having a larger lexical network improves
lexical processing speed because these children are likely to have had more
experience hearing and using speech (Fernald et al., 2006). Either way, if children
with faster processing speed have larger vocabularies, it seems highly likely that
children who process language slowly will learn language more slowly, Thus, speed
of processing seems like it could be a promising candidate for identifying children
who are slow to talk.

Finally, individual differences in children’s vocabulary development are also
associated with individual differences in their ability to store phonological
representations of novel sound sequences in their working memory (Ellis & Sinclair,
1996; Gathercole & Baddeley, 1990a). In order to learn new words, children must
form a long-term representation of the sound sequences associated with each word.
To form this representation, children need to first store this representation,
temporarily, in phonological working memory. Therefore, the more information a
child can store in their phonological working memory, the greater the opportunity for
this information to be processed and stored in long-term memory (Gathercole &
Baddeley, 1990a).

Differences in phonological working memory are measured using non-word
repetition (NWR) tests in which children are asked to repeat nonsense words back to
an experimenter. Performance on NWR tasks is known to be robustly associated
with individual differences in vocabulary development (Duff, Nation, Plunkett, &
Bishop, 2015; Hoff, Core & Bridges, 2008; Petinou & Spanoudis, 2014; Stokes &
Klee, 2009; Thal et al., 2005). NWR is used to identify older children with language
disorders, with poorer performance on NWR tasks associated with lower scores on
language assessment (Botting & Conti-Ramsden, 2001) and language impairment
(Conti-Ramsden, Botting & Faragher, 2001). Few studies have tested the
relationship between NWR performance and vocabulary in preschool children under

4 years, but those that do report a robust relationship (Hoff et al, 2008; Roy & Chiat,
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2004; Torrington Eaton, Newman, Ratner & Rowe, 2015). We predict that, because
low scores on NWR tests are predictive of poorer productive vocabulary, NWR is
likely to be a strong candidate for distinguishing between children whose productive
vocabulary is of lower ability.

In summary, the goal of the present study was to investigate whether the 10
factors described above, all implicated in explaining individual differences in
productive vocabulary size in the first two years of life, could also be used to classify
children who are slow to talk, in a cohort of 79 children aged 24 and 30 months.
Identifying which measures are sensitive enough to identify children whose
productive vocabulary is of lower will allow us to begin to use these measures for
identifying late talking children in future studies. We first used correlations and
regressions to determine which of these factors predict individual differences in
productive vocabulary size at 24 months in our sample. Then, we used sensitivity
and specificity analyses and discriminant function analyses to establish the
discriminatory ability of these factors in classifying children as slow-to-talk at 24
and, 6 months later, at 30 months of age. The participants for this study were part of
a longitudinal project run in the North West of England, the Language 0-5 Project.
The data for this study was collected from multiple data points from when the

children were 6 months old up until they were 30 months old.

37



2.2 Methods
2.2.1 Participants

An initial sample of 89 families were recruited at 6 months of age, at the
beginning of the project in 2014. An additional six families were recruited at the 15
month data point to replace some who had dropped out. A total of 95 families were
recruited. One family was excluded due to their responses on a family background
questionnaire completed by the parents at 6 months (persistent ear infections likely
to affect hearing). At the time of writing, 15 families (16%) in total had dropped out
of the study due to time commitment. Two families had dropped out after the initial
sign-up and a further three after the first visit at 6 months. Five families dropped out
after the 8 months data-point and one after each of the 14, 15 and 19 month data-
points. A final two dropped out after the 21 month data-point.

At the time of recruitment, at 6 months of age, all infants were born full-term,
none were born low birth weight and all were typically-developing. We had
available 24 month productive vocabulary scores for 75 children, and 25 month
productive vocabulary score for a further four, which we used as a proxy for their 24
month data. We had available 30 month productive vocabulary scores for 73
children. Thus, there were 79 participants in our full sample at 24 months and 73 in
our full sample at 30 months, though there were fewer for some analyses because we
did not have full samples of predictor variables for all children. Table 2.1 describes
the sample characterises at each data point.

The sample was split almost evenly for sex (girls =41). More than half the
children were first borns (n=50) with the remainder having one or more older
siblings (1 older sibling: n = 24; 2 or more older siblings: n =5). All children were
mono-lingual English learners. The children were specifically recruited to have no
developmental disorders that would influence language development. Therefore, no

children suffered from persisting ear infections (e.g. glue ear).
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Table 2.1

Number of participants, sex, mean age and age range for each variable at each data point

Category Variable Girls Boys
n (%) Data point Mean Age Age Range (y;m;d) 1 (%) Data point Mean Age Age Range (y;m;d)
(months old) (y;m;d) (months old) (y;m;d)
Demographic Sex 41 (52%) At intake 0;7;11 0;5;24-1;3;21 38(48%) Atintake 0;6;27 0;5;29-1;3;16
Family history 41 (52%) At intake 0;7;11 1;6;5-1,7;21 38(48%) Atintake 0;6;27 1;6;6-1;7;18
Input variables Conversational turn
count at 18 months 40(51%) 18 1;6;24 1;6;5-1;7;21 38(49%) 18 1;6;26 1;6;6-1;7;18
Conversational turn
count at 21 months 41(52%) 21 1;9;12 1;9;0-1;9;25 38(48%) 21 1;9;12 1;8;28-1;9;28
Adult word count at 18
months 40(51%) 18 1;6;24 1;6;5-1;7;21 38(49%) 18 1;6;26 1;6;6-1;7;18
Adult word count at 21
months 41(52%) 21 1;9;12 1;9;0-1;9;25 38(48%) 21 1;9;12 1;8;28-1;9;28
Language 18 month receptive
variables vocabulary 40(51%) 18 1;6;16 1;6;0-1;7;1 38(49%) 18 1;6;19 1;6;4-1;7;3
(speech): 18 month productive
vocabulary 40(51%) 18 1;6;16 1;6;1-1;7;2 38(48%) 18 1;6;19 1;6;4-1;7;3
19 month M3L 37(47%) 19 1;7;11 1;6;26-1;7;28 35(45%) 19 1;7;12 1;7;0-1;8;0
24 month productive
vocabulary 41(53%) 24 2;0;14 1;11;20-1;1;15 38(49%) 24 2;0;15 1;11;19-2;1;18
24 month MLU 40(56%) 24 2;0;13 1;11;24-2;1;0 37(51%) 24 2;0;12 1;11;22-2;1;10
Gesture use 8 month gestures 36(46%) 8 0;8;6 0;8;0-0;8;19 36(46%) 8 0;8;5 0,7,27-0;8;20
9 month gestures 31(40%) 9 0;9;22 0;9;0-0;10;18 33(43%) 9 0;9;20 0;9;8-0;10;6
11 month gestures 34(47%) 11 0;11;9 0;11;0-0;11;25 33(46%) 11 0;11;10 0;10;29-1;0;2
12 month gestures 37(58%) 12 1;0;7 0;11;28-1;0;22 35(55%) 12 1;0;11 0;11;22-1;1;15
15 month gestures 41(61%) 15 1;3;10 1;3;0-1;3;24 36(54%) 15 1;3;11 1;3;0-1;4;2
16 month gestures 39(54%) 16 1;4;27 1;4;10-1;5;21 36(50%) 16 1;4;29 1;4;4-1;5;25
18 month gestures 40(52%) 18 1;6;16 1;6;0-1;7;1 38(49%) 18 1;6;19 1;6;4-1,7;3
Cognitive 19 month speed of
variables linguistic processing 39(52%) 19 1;7;12 1;7;0-1;7;27 37(49%) 19 1;7;13 1;7;0-1;8;0
25 month non-word
repetition 35(45%) 25 2;1;12 2;1;0-2;1;28 31(40%) 25 2;1;16 1;0;24-2;2;10




2.2.2 Overall design

This was a longitudinal study using experimental, questionnaire and
observational methods. This study was granted ethical approval by The University of
Liverpool’s Research Ethics Subcommittee for Non-Invasive Procedures for the
study Language Development in Late Talkers (Institute Review Board (IRB)
protocol number: RETH000764). We ran two different sets of analyses. In the first
set of analyses we used correlational and regression designs to test which of our 10
factors predicted individual differences in productive vocabulary size at 24 months.
For the regressions, the independent variables were: demographic factors (sex and
family history of language delay or dyslexia); environmental factors (conversational
turn count and adult word count), language proficiency measures (productive and
receptive vocabulary scores at 18 months, MLU at two time points (19 and 24
months)), gesture scores at 7 time points (8, 9, 11, 12, 15, 16 and 18 months), and
two measures of cognitive ability (speed of linguistic processing and non-word
repetition performance, which measures phonological working memory). The
dependent variable was productive vocabulary scores at 24 months as measured by
the Lincoln Communicative Development Inventory (a UK adaptation of the
MacArthur Bates CDI Words and Sentences; Meints, Fletcher, & Just, 2017).

The second set of analyses used receiver operating characteristic (ROC)
curves and discriminant function analyses to establish the discriminatory ability of
the factors in classifying children into language groups at 24 months and 30 months.
We chose 24 months, because this is the age at which late talkers are most often
identified in the literature. However, since the factors chosen for these analyses
were determined on the basis of regressions performed on the 24 month data, we ran
the final set of analyses — the discriminant function analyses — again, this time on the
productive vocabulary of the children at 30 months, to verify the pattern of results on
a different, but related, outcome measure. The independent variables were the six
predictors that emerged from analysis set 1 as significant predictors of individual
differences in our sample: sex, earlier productive and receptive vocabulary scores,
MLU at 24 months, speed of linguistic processing and non-word repetition. The
dependent variables were language group at 24 months for the ROC curve analyses

and language group at 24 and 30 months for the discriminant function analyses.

40



The data collected for the Language 0-5 Project includes data from multiple
time points (see Rowland, Bidgood, Durrant, Peter & Pine (unpub.), available on the

Open Science Framework at https://osf.io/kau5f/) so we wanted to make hypothesis-

based, a priori, decisions about which data points to use for each of our predictors in
order to remove the potential for p-hacking. Since our dependent variable was
productive vocabulary at 24 and 30 months, where possible our predictor variables
were based on data collected at our 18 and 19 month data points, which were the first
major data points prior to 24 months that included measures that have been used in
previous research to predict late talking, as well as being the age most often tested in
the literature on late talking prior to 24 months.

However, there were four exceptions to this. First, for gesture use, we used
data from multiple data points (7 data points between 8 and 18 months) since it is not
clear from the literature when we might expect this effect to emerge. Second, for the
adult input measures, we used data averaged across two data points (at 18 and 21
months of age), in order to improve the representativeness of the data (i.e. to increase
the chances that the data is representative of the child’s typical daily environment).
Third, phonological working memory data was not collected before 25 months, since
children younger than this do not have enough productive language to complete the
test successfully (Eaton, Newman, Ratner, & Rowe, 2015; Gathercole & Adams,
1993). Thus, we used data from the earliest data point we could: the 25 month data
point. Fourth and finally, we supplemented the child MLU measure we obtained at
19 months (M3L from the Lincoln CDI) with a measure of MLU calculated from
transcripts of natural conversations between the child and a caregiver at the 24
month data point. We did this because we wanted to include a traditional measure of
MLU (calculated from spontaneous speech), as well as the M3L measure from the

CDI, but did not have transcripts available to calculate this at 18 or 19 months.

2.2.3 Demographic measures

Here we used the Family Questionnaire and the Family Language History
Questionnaire to ascertain sex and family history of language delay or dyslexia. The
Family Questionnaire is a simple factual questionnaire that asks a range of questions
about a child’s health and family life. It was devised for the UK-CDI project (for
details of construction, see Alcock, Meints, Rowland, Brelsford, Christopher, & Just,

2020). It includes a question about the child’s sex, and a question about family
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history of language delay or dyslexia (the questions of interest were: “4. Is there
anyone in the child’s immediate family (brothers/sisters/parents only) with a speech
or language difficulty or dyslexia?” (yes/no)). Parents filled this in at intake, then
more details were elicited using a more specific Family Language History
Questionnaire (Alcock et al., 2020) completed when the children were 18 months.
This questionnaire asks parents about the language history of each of the child’s
immediate family members (e.g. mother, father, brother, half-sister). Questions
include details on each person’s speech and language development (e.g. “Was she/he
identified as being a late talker?”’). Nine of the children had a family history of

language delay or dyslexia.

2.2.4 Environmental measures

The Language Environment Analysis (LENA; LENA Research Foundation,
2014) system was used to record audio from the children’s environment. Here we
use the data collected at both the 18 and 21 month data points, since we wanted to
predict later vocabulary from earlier input (Hirsh-Pasek et al., 2015; Weisleder &
Fernald, 2013). Parents were given a LENA Pro digital language processor (DLP;
LENA Research Foundation, 2014) for their child to wear in a specialised t-shirt
with a small padded pocket on the front. Parents were asked to record a full 16 hours
during one typical day at both 18 and 21 months. Actual hours recorded ranged from
8 hours to 16 hours (M=15 hours, 14 minutes). We used two measures to assess
language in children’s environment: adult word count (input) and conversational turn
count. The LENA Pro processing software (LENA Research Foundation, 2014)
automatically analyses the audio recording and provides estimates of adult word
count and conversational turn count. Previous research has found LENA calculations
to correlate highly with human coding (Gilkerson et al., 2017; Zimmerman et al.,
2009). Adult word count is the total number of words spoken by adults within the
child’s environment. One limitation of the measure of adult word count captured
using the LENA system is that it collects all adult speech and is not limited to child
directed speech. We revisit this in the discussion section. A conversational turn is
calculated when a child utterance is followed by an adult utterance, or vice versa,
within a 5 second window. Total adult word count and conversational turn count
were averaged from both time points to provide one value for each measure. For one

child, we only had 21 month data available so we used this data as their calculated
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adult word count and conversational turn count. The mean adult word count was
18,238.25 with a wide range, indicating that there were substantial differences across
our families (range=7,239.00 - 43,926.50). The mean number of conversational turns

was 806.11 (again, with substantial individual difference: range=300.50 - 1804.00).

2.2.5 Language proficiency measures
2.2.5.1 CDI questionnaires

Communicative Development Inventories (CDIs) are widely used parent
report checklists of words, and gestures or sentences, which require parents simply to
indicate if their child uses, or understands, an item. The UK-CDI Words and
Gestures (Alcock, et al., 2020) was used to collect productive and receptive
vocabulary, and gesture scores from 8-18 months (total possible scores are 396 for
vocabulary and 57 for gesture). The UK-CDI has been standardised for the UK
population, and has good validity and reliability (see Alcock et al., 2020). The
Lincoln CDI was used to collect productive vocabulary scores at 24 and months
(total possible score = 689) and MLU scores (M3L; no upper bound) at 19 months.
The Lincoln CDI is the UK version of the MacArthur Bates CDI Words and
Sentences (Meints, et al., 2017). It has not yet been validated but is expected to have
good validity and reliability due to its similarity to the MacArthur-Bates instrument.
For both instruments, scores were calculated according to the instructions in the

manuals referenced above.
2.2.5.2 Lab-based naturalistic play

At the 24 month data point, children were video-recorded for a 30 minute
naturalistic play session in the lab, based on the procedure of Quinn, Donnelly, and
Kidd (2018). The play sessions were split into three ten minute sessions that ran
back-to-back. Children played with one set of toys for the first ten minutes and
another set for the second ten minutes. For the last ten minutes, children played with
both sets of toys. One set of toys was chosen to elicit functional play. The other set
of toys was chosen to elicit symbolic play. We counterbalanced which set of toys
children played with in the first two ten minute sessions. One parent or caregiver was
involved in the play session, typically the mother. Parents were told that the session

should be child-led; allowing their child to pick the toys.
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Children’s speech from the recordings was transcribed to provide our 24
month MLU measure. These recordings were transcribed in CHAT format and
morphologically coded using the MOR program (Macwhinney, 2000), then MLU for
each child was calculated as number of morphemes per utterance, using the
associated CLAN software. Utterances with self-repetition, imitations or routine
speech were excluded from our analysis. Three MLU scores were calculated for each
10 minute session and then a mean MLU was calculated across the 30 minutes.
There were substantial individual differences in MLU across children (MLUs ranged
from 0.89 to 3.30; mean = 1.79). Finally, to check that the speech recorded in the lab
was representative of the child’s speech at home, we transcribed naturalistic data
collected in the home for seven children and ran correlations between MLU taken
from lab and home recordings. Reliability was extremely good (r = .90) so we can be
confident that MLU calculated from the lab-based recording reflects children’s

linguistic competence.

2.2.6 Cognitive measures

Speed of processing

A looking-while-listening paradigm using an EyeLink ® 1000 Plus eye-
tracker (EyeLink 1000 Plus, SR Research Ltd) was used to capture children’s speed
of linguistic processing at the 19 month data point. Children heard a series of 64
sentences paired with visual stimuli, across two blocks (A and B). Two pictures were
presented on the screen paired with a pre-recorded sentence naming one of the
pictures (e.g., Where’s the baby? Can you see it?). Words which appeared as the
target in block A, appeared as the distractor in block B. Each block also included
three filler sentences (e.g., “Here comes the train! Choo-choo™), to keep the child
interested. Children were randomly assigned to a counterbalance group (‘A then B”
or “B then A”). Prior to the session, parents indicated on a questionnaire whether or
not their child understood the target words.

Speed of processing was measured in terms of reaction time (RT). RT was
defined as the time taken to initiate a shift from the distractor picture to the target
picture between 300ms after and up to 1800ms target word onset. Trials where the
child was not looking at the distractor image at the onset of the target word were

excluded from the analysis. RT was calculated per trial, per child. A total mean RT
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for the task was calculated for each child and used for our analyses. For the full

details of stimuli creation, procedure and coding, see Peter et al. (2019).

Non-word repetition

The NWR task used here was designed by the Language 0-5 team and was
completed at the 25 month data point. Full details of stimuli creation, procedure and
coding can be found in The Language 0-5 Project Non-Word Repetition Test
(Bidgood, Durrant, Peter, Pine, & Rowland, unpub.), available on the Open Science
Framework (at https://osf.io/kau5f/). For this task, children were asked to repeat 24

non-words (6 one-syllable, 6 two-syllable and 6 three-syllable words). At each
syllable length, half of the words were wordlike (contained high word average
biphone probability) and half of the words were non-wordlike. Words were
presented in order of syllable length: 1, 2 then 3 syllables. The task was embedded in
a fuzzy felt game in which children attached fuzzy felt animals to a farmyard
background. The experimenter produced each non-word a maximum of two times,
always in a carrier phrase (e.g. “can you say ...”). The experimenter spoke the non-
word and immediately followed this with the presentation of a fuzzy felt picture.
When the children attempted the repetition, they were given the picture to attach to
the background, regardless of the accuracy of their attempt.

Scores were calculated by totalling the proportion of consonants in each non-
word repeated correctly. Consonant errors were coded at the phoneme level. A score
of 1 was given for each correct consonant. A score of 0 was given for each omitted
or substituted consonant. Added consonants or phonemes and common articulation
substitutions were not counted as errors (see Bidgood et al, for details of the coding

scheme).

2.2.7 Analysis strategy

Pearson’s correlations were performed in R (R Core Team, 2017, R version
3.4.1) using the R Studio (Version 1.0.153) cor.test function, part of the R base
package. Regressions were run using the Im function from the Ime4 package (Bates,
Maechler, Bolker & Walker, 2015). Categorical variables were sum-coded. For sex,
girls were coded as 1 and boys were coded as -1. Negative family history of
language delay or dyslexia was coded as 1 and positive was coded as -1. Numeric

variables were centred for the regression analyses.
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We used two cut-offs to classify children as slow talkers at 24 months: having
productive vocabulary below the 25" percentile (253 or fewer words produced) and
below the 15™ percentile (169 or fewer words products) for this sample. The 25
percentile is an inclusive definition and included a number of children who would
not be considered late talkers by some criteria (e.g. Rescorla, 1989). However, the
use of the 25th percentile is grounded in the literature (Duff et al., 2015) and gave us
enough children classified as slow to talk for robust interpretation of analyses. The
use of the 15 percentile cut-off is more consistent with previous research on late
talkers (Reilly et al., 2010; Hadley & Short, 2005) but this gave us fewer children in
our sample of slow talkers.

We constructed receiver operating characteristic (ROC) curves in SPSS
Statistics 24 (Hajian-Tilaki, 2013) to determine the sensitivity and specificity of each
of our factors at predicting language group at 24 months individually. Next we ran
four different discriminant function analyses in SPSS Statistics 24 to determine the
power of different combinations of factors to predict language group at 24 months,
and another set on language group at 30 months to verify the results on a different
outcome measure: 1) all the variables which are successful in predicting unique
variance in our regressions; 2) only the non-experimental measures; 3) only the
variables from earlier time points, and 4) only non-experimental measures from
earlier time points. We chose these four combinations so that we could first identify
the predictive power of all the variables combined, then determine if we could
exclude costly, time-consuming experimental procedures while retaining the same
level of accuracy and finally, to investigate whether accuracy levels are maintained
when predicting only from earlier time points. We ran these four analyses twice, first
predicting language group membership at 24 months and then predicting language

group membership at 30 months.
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2.3 Results

Descriptive statistics for each of the numeric variables can be seen in table
2.2 including number, mean and standard deviations. The range is large for all
variables, suggesting that there are, indeed, meaningful individual differences in our

sample that we can model.

Table 2.2

Descriptive statistics for each numeric variable

Category Variable n (girls) M SD Range
Input Adult word count 79(41) 18,238.25  7017.04 7,239.00-43,926.50
variables: (n per day)
Conversational turn 79 (41) 806.11 322.58  300.50- 1,804.00
count (n per day)
Language 18 month receptive 78 (40) 246.60 86.25 66.00-394.00
variables vocabulary
(speech): 18 month productive 78 (40) 83.68 69.60 1.00-324.00
vocabulary
24 month productive 79 (41) 371.46 161.67  13.00-679.00
vocabulary
19 month M3L 72 (37) 1.99 1.15 1.00-6.00
24 month MLU 77 (40) 1.79 0.52 0.89-3.30
Gesture 8 month gestures 72 (36) 10.19 5.69 1.00-28.00
use at 9 month gestures 64 (31) 14.48 6.35 3.00-34.00
multiple
time 11 month gestures 67 (34) 21.54 8.13 6.00-47.00
points: 12 month gestures 72 (37) 27.49 8.28 10.00-55.00
15 month gestures 77 (41) 40.27 8.64 19.00-62.00
16 month gestures 75 (39) 46.15 8.44 21.00-63.00
18 month gestures 78 (40) 50.83 7.40 25.00-63.00
Cognitive 19 month speed of 76 (40) 741.57 139.12  410.25-1,005.33
variables:  linguistic processing
25 month non-word 66 (35) 0.65 0.18 0.08-0.96
repetition

Note. Adult word count= the number of words spoken by all adults in the child’s environment; Conversational
turn count= the total number of conversational turns taken, defined as: a child utterance is followed by an adult
utterance, or vice versa, within a 5 second window; M3L= mean length of the child’s three longest utterances;
MLU= mean length of morphemes per utterance; speed of linguistic processing= mean reaction time to look from
the distractor picture to target picture; non-word repetition= mean proportion of consonants repeated correctly
across all non-words.

2.3.1 Predicting individual differences in productive vocabulary at 24

months

This analysis was run in two steps. In step 1, we ran simple linear regressions

(for our two categorical factors) and correlations (for our numerical factors) to test
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for a relationship with productive vocabulary size at 24 months. Note that we also
ran an initial regression to test whether there was an effect of experimenter (there
were three experimenters, each of whom was responsible for testing one third of the
children) but this was non-significant so is not discussed further. We did not apply
corrections for multiple testing, because step 1 was included simply to identify
predictors to carry forward to the regression, and we did not want to miss potential
predictors by applying too conservative a criterion. Then, in step 2, those factors that
were significantly correlated with 24 month productive vocabulary size (all rs >
0.29) were entered into multiple regressions to determine whether they remained
unique predictors.

The results of the linear regressions on sex and family history of language
delay or dyslexia can be seen in Table 2.3. Child sex was a significant predictor of
24 month productive vocabulary, accounting for 21% of the variance in the scores,
so this variable was retained at step 2. As girls were coded as 1 and boys were coded
as -1, the positive R? indicates that being a girl is associated with a larger productive
vocabulary. However, family history of language delay or dyslexia was not a

significant predictor, so was not retained for step 2.
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Table 2. 3

Relationship between predictor variables and 24 month productive vocabulary
scores. Statistics given are results of linear regression for categorical predictor
variables and correlations for numeric variables

Category Variable R? SE t r p
Demographics  Sex 21 16.24 4.59 <.001
Family history .0002  30.34 13 901
Input variables Conversational turn 33 .003
count
Adult word count 13 .26
Language 18 month productive .65 <.001
variables vocabulary
(specch): 18 month receptive .65 <.001
vocabulary
19 month M3L 48 <.001
24 month MLU .57 <.001
Gesture use at 8 month gestures 13 28
multiple time- 9 ponth gestures A7 19
points 11 month gestures 32 .009
12 month gestures .29 .01
15 month gestures 40 <.001
16 month gestures 40 <.001
18 month gestures 45 <.001
Cognitive 19 month speed of -46  <.001
variables linguistic processing
25 month NWR .58 <.001

The list of our numeric predictor variables and the results of the correlations
between each of these variables and our outcome measure (24 month productive
vocabulary scores) can be seen in Table 2.3. Only one of our input variables
correlated with 24 month productive vocabulary size — conversational turn-count, so
this was retained. All four spoken language variables (18 month productive
vocabulary size, 18 month receptive vocabulary size, 19 and 24 month MLU)
correlated significantly with 24 month productive vocabulary size, with large effect
sizes.

Early gesture use (at 8 and 9 months) was not significantly correlated with 24
month productive vocabulary, but gesture use from 11 months onwards was.
However, gesture scores across time were collinear at most data points between 11
and 18 months of age (see table 2.4), making it difficult to include them all in a

regression analysis. Thus, we chose to retain only gesture scores from 11 and 18
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months of age, which were only moderately correlated (r =.55) with VIF values
under 10 (11 month gestures VIF=1.41; 18 month gestures VIF=1.41; Alin, 2010).
Finally, both of our cognitive variables — 19 month speed of processing and 25
months non-word repetition performance — were significantly correlated with 24
month productive vocabulary size, so both were retained. Note that the effect size for
speed of processing is negative (r = -.46), indicating that, as predicted, faster

processers (smaller reaction time) had larger productive vocabulary scores.

Table 2.4

Collinearity results for gesture scores at 11, 12, 15, 16 and 18 months

Age 11 months 12 months 15 months 16 months 18 months
11 months -

12 months ~ .82%** -

15 months ~ .72%%* JTTEEE -

16 months  .69%*** T16H** 5HH* -

18 months ~ .55%** O3 HHH J2H 84HH* -

We also ran correlation analyses between each of the predictor variables that
correlated significantly with 24 month productive vocabulary, to check if any of the
variables were highly collinear. None of the nine variables correlated highly; all
were below 7=0.80 and therefore were kept for the regression analyses. See table 2.5

for the results of these correlations.
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Table 2.5

Collinearity results for all numeric predictor variables that correlated with 24 month productive vocabulary scores

Variable Conversational 18 month 18 month 19 month 24 month 11 month 18 month 19 month speed 25 month

turn count productive receptive M3L MLU gestures gestures of linguistic NWR
vocabulary vocabulary processing

Conversational -

turn count

18 month 0.43 -

productive

vocabulary

18 month 0.17 0.58 -

receptive

vocabulary

19 month M3L  0.45 0.72 0.47 -

24 month MLU  0.41 0.58 0.43 0.55 -

11 month -0.10 0.45 0.48 0.43 0.24 -

gestures

18 month 0.04 0.51 0.52 0.42 0.35 0.55 -

gestures

19 month speed  -0.29 -0.36 -0.35 -0.35 -0.42 -0.04 -0.24 -

of linguistic

processing

25 month NWR  0.41 0.46 0.41 0.36 0.51 0.20 0.29 -0.45 -




In step 2, we ran regression analyses with all the variables that we retained
from step 1. We were particularly interested in whether any of our predictor
variables remained significant after accounting for the variance explained by sex and
previous productive vocabulary size (at an earlier time point, in our case 18 months),
which have already been identified in the previous literature as robust predictors of
vocabulary size. Thus, we first entered sex and productive vocabulary size at 18
months into our base model, and then, for each model, we individually entered the
additional predictor variable that we retained from step 1 above: conversational turn
count, 18 month receptive vocabulary, 19 and 24 month MLU, 11 and 18 month
gestures, speed of linguistic processing, and NWR.

The results of the base model, including both sex and 18 month productive
vocabulary can be seen in table 2.6, and the results for the additional eight
regressions, each of which contained the baseline variables plus one additional
variable, are in table 2.7. Again, we chose not to correct for multiple comparisons in
order to retain potentially influential variables for our sensitivity and specificity
analysis below, but note that applying a conservative Bonferroni correction would

reduce the critical p value to 0.006.

Table 2.6

Base multiple regression model with Sex and 18 month productive vocabulary as
predictors and 24M productive vocabulary size as the outcome measure.

Base Model R* Adj.R*? F df p
Sex + 18 month productive vocabulary .49 .48 36.62 275 <.001
Sex 47.52 14.03  3.39 .001
18 month productive vocabulary 1.25 0.20 6.15 <.001

Note. Adj. =Adjusted

The base model alone explains a significant proportion of the variance in
24M productive vocabulary scores (49%) but additional significant variance was
explained by both spoken language measures (18 month receptive vocabulary
explained an additional 9% variance, and MLU at 24 months an additional 5%

variance) and both cognitive predictors (speed of processing predicted an additional
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6% and NWR performance an additional 5% variance). However, M3L at 19

months, both gesture scores, and conversational turn count were not unique

significant predictors of variance in productive vocabulary scores at 24 months.

Table 2.7

Results of eight separate multiple regression models. Each model contains the

baseline predictor variables plus one additional predictor variable, specified below

Variables R?

Model Adj. R? F df p
Base model + 50 .48 24.70 3,74 <001
conversational
turn count B SE t 4
Sex 49.79 14.24 350 <001
18 month
productive 1.14 0.23 4.97 <.001
vocabulary
Conversational 0.04 0.05 096 34
turn count
Base R? Adj.R* F df p
model+18
month .58 .56 33.84 3,74 <.001
receptive B SE t p
vocabulary Sex 37.33 13.17 2.84 .006
18 month
productive 0.81 0.22 3.71 <.001
vocabulary
18 month
receptive 0.68 0.18 3.85 <.001
vocabulary
R* Adj.R* F df p
Base model+ Z 001
19 month M3L 52 .50 23.99 3,67 .
B SE t p
Sex 57.28 14.62 3.92 <.001
18 month
productive 1.11 0.29 3.83 <.001
vocabulary
19 month M3L 2.95 17.21 0.17 .86
Base model+ R? Adj. R? r da p
24 month 54 52 27.72 3,72 <.001
MLU B SE i »
Sex 45.73 13.87 3.30 .002
18 month
productive 0.90 0.24 3.83 <.001
vocabulary
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24 month MLU 81.02 30.59 2.65 01!
Base model+ 2 - P2
R Adj. R F d
11month ! y r
gestures 0.52 .50 22.74 3,62 <.001
B SE t p
Sex 46.96 15.47 3.04 .004
18 month
productive 1.37 0.25 545 <.001
vocabulary
11 month 1.07 2.02 0.53 .60
gestures
Base model+ 2 - p2
R Adj. R F d
18 month ! 4 P
gestures 51 49 25.18 3,74 <.001
B SE t p
Sex 42.90 14.42 2.98 .004
18 month
productive 1.14 0.22 5.23 <.001
vocabulary
18 month 2.66 2.06 129 20
gestures
Base model+ R2 Adj. R? F df p
speed of
hﬂgulst%c .55 .53 28.83 3,71 <.001
processing
B SE t p
Sex 46.94 13.61 3.45 .001
18 month
productive 1.06 0.20 5.16 <.001
vocabulary
Speed of
linguistic -0.22 0.10 2.16 .03
processing
Base model+ R2 Adj. R? Va df p
non-word
repetition 54 52 23.86 361 <001
B SE t p
Sex 31.96 14.21 2.25 0.03'
18 month
productive 0.91 0.21 4.36 <.001
vocabulary
Non-word 24301 8409 289 .05
repetition

Note: Adj. =Adjusted

'Does not reach critical p of <.006 if Bonferroni correction is applied.
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We ran one final regression including all significant predictors from the last
round. The full model explained 63% of the variance in productive vocabulary
scores, though only 18 month receptive vocabulary remained as a significant unique

predictor (see Table 2.8)".

Table 2.8

Full regression model predicting variance in 24 month productive vocabulary scores

Model Variables R* Adj.R* F df p
Full model .63 .59 1545 6,55 <.001
B SE t p
Sex 23.24 1346 1.73 .09
18 month productive 0.41 0.24 1.72 .09
vocabulary
18 month receptive 0.60 0.19 3.20 .002
vocabulary
24 month MLU 13.49 29.41 046 .65
Speed of processing -0.12 0.10 -1.12 27
Non-word repetition 163.67 8499  1.93 .06

Adj. =Adjusted

2.3.2 Classifying children who are slow to learn to talk at 24 months

using ROC curves

The aim of this analysis was to determine how accurately each of our
predictor variables was able to classify children in our slow-to-talk sample. The 15"
percentile cut-off yielded 12 children and the 25™ percentile cut-off yielded 20
children in our slow to talk sample. Our predictor variables were those that were
significantly related to productive vocabulary in our step 1 analysis above: 18 month
productive vocabulary, 18 month receptive vocabulary, MLU at 24 months, speed of
linguistic processing and NWR performance. As a receiver operating characteristic

(ROC) curve analysis assesses the accuracy of a continuous measure for predicting a

!'In the interests of full reporting, note that we also ran growth curve analyses (Mirman, 2014) to
predict growth in productive vocabulary between 24, 27 and 30 months, since these were in our
original analysis plan. However, ceiling effects in our outcome data between 25 and 30 months meant
we could not sensibly interpret the results of the linear term, so these results are not reported here. For
this analysis, see supplementary materials at https://osf.io/2xgtv/.
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binary outcome, sex could not be included in this analysis but is included in the
discriminant function analyses below.

We constructed ROC curves to determine the diagnostic classification
accuracy of each of our predictor variables individually. The ROC curve is created
by plotting the true positive rate (or sensitivity) against the false positive rate (or 1-
specificity) at various threshold settings. This yields an area under the curve (AUC)
measure that can be used to judge the overall accuracy of the predictor at classifying
the participants into the two groups. AUC values range from 0.5 to 1, and higher
AUC values indicate better classification accuracy. The analysis also yields
sensitivity and specificity measures. Sensitivity measures the ability of the predictor
to correctly identify the children in our slow to talk group (the true positive rate).
Specificity is the ability of the predictor to correctly identify children who are not in
our slow to talk group (true negative rate). While there are no gold standard
sensitivity and specificity rates for classifying late talkers, sensitivity and specificity
rates between 70-80% are considered good for diagnostic assessments for autistic
spectrum disorder (Bright Futures Steering Committee & Medical Home Initiatives
for Children with Special Needs Project Advisory Committee, 2006). Thus we
consider accuracy rates above 70% to be good in the present analysis.

The results from the ROC curve analyses at 24 months can been seen in
tables 2.9 and 2.10. These tables also detail the best cut-off scores in terms of
maximising both sensitivity and specificity. Using the 25" percentile cut-off, the best
cut-off scores were: for productive vocabulary at 18 months, 45.5 words or less
(sensitivity 83%, specificity 81%), for receptive vocabulary at 18 months: 206 words
or less (sensitivity 83%, specificity 81%); for MLU at 24 months: MLU under 1.53
or less (sensitivity 90%, specificity 83%); for NWR at 25 months: 59% or fewer
consonants repeated accurately (sensitivity 85%, specificity 81%).

The speed of processing predictor was less successful. The AUC score was
below 0.80, and even the best cut-off score (a reaction time of 744.79ms or slower)
only identified slow talkers at 24 months with a sensitivity of 82% and a specificity
of 57%.

Using the 15 percentile cut-off, the best cut-off scores were: for productive
vocabulary at 18 months, 38 words or less (sensitivity 91%, specificity 82%), for
receptive vocabulary at 18 months: 196 words or less (sensitivity 91%, specificity

79%); for MLU at 24 months: MLU under 1.47 or less (sensitivity 92%, specificity
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81%); for speed of processing: a reaction time of 820.43ms or slower (sensitivity
80%, specificity 81%); for NWR at 25 months: 59% or fewer consonants repeated
accurately (sensitivity 100%, specificity 76%). The results of these analyses can be
seen in table 2.10. These results yielded similar sensitivity and specificity values to
the analyses using the 25 percentile cut-off, thus, in the interests of brevity, for the

remainder of the analyses we use only the 25" percentile cut-off.

Table 2.9

ROC Analyses Results: Diagnostic classification accuracy for each predictor
variable correctly distinguishing between children with and without language delay
using the 25" percentile cut-off

Variable Best cut-off AUC  SE p Sensitivity ~ Specificity

18 month <45.5words 0.90 0.04 <.001 0.83 0.81

productive

vocabulary

18 month <206 words  0.81 0.06 <.001 0.83 0.81

receptive

vocabulary

24 month MLU  <1.53 0.89 0.04 <.001 0.90 0.83
morphemes

Speed of >744.79ms 0.73 0.07  .005 0.82 0.57

Processing

Non-word <59% 0.87 0.06 <.001 0.85 0.81

repetition accuracy
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Table 2.10

ROC Analyses Results: Diagnostic classification accuracy for each predictor
variable correctly distinguishing between children with and without language delay
using the 15" percentile cut-off

Variable Best cut-off AUC SE p Sensitivity ~ Specificity
18 month
productive <38 words 0.89 0.06 <.001 0.91 0.82
vocabulary
18 month
receptive <196 words  0.83 0.08 <.001 0.91 0.79
vocabulary
<1.47
24 month MLU 0.89 0.05 <.001 0.92 0.81
morphemes
Speed of >82043ms 079 007  0.005  0.80 0.81
Processing
_ 0
Non-word =59% 094 004 <001  1.00 0.76
repetition accuracy
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2.3.3 Classifying children who are slow to learn to talk at 24 and 30

months using discriminant function analysis

We ran eight discriminant analyses, with four different combinations of
variables, to determine whether combinations of our predictor variables give us
better classification accuracy at predicting language group at 24 months than each
predictor individually. We then repeated these analyses at 30 months, to test the
pattern of results against a different, but related, outcome measure. We recoded our
predictor variables into categorical variables (1, 2) based on the best cut-off
identified by the ROC analysis above. For example, the best cut-off for the 18 month
productive vocabulary predictor was producing 45.5 or fewer words. Thus, we
created a new variable in which children producing 45.5 words or fewer were
recoded as 1, and children producing more than 45.5 words were recoded as 2. We
then used the 25" percentile cut-off for productive vocabulary at 30 months to create
language groups at 30 months. This cut-off was producing fewer than 527 words and
gave us 18 children in our sample of slow talkers. For analyses using language
groups at 30 months, we still used cut-off scores from the ROC analyses created
using the language groups at 24 months to identify if these cut-off scores remained
strong predictors over time.

The first discriminant function analysis included all of the factors which were
included in the sensitivity and specificity analyses above: 18 month productive
vocabulary, 18 month receptive vocabulary, MLU at 24 months, NWR performance
and speed of linguistic processing, as well as child sex. This model correctly
classified children into their language groups at 24 months using the combination of
all the factors with an accuracy rate of 91.50% with a sensitivity of 81.80% and
specificity of 93.80%. The results of this analysis can be seen in table 2.11.

This model also correctly classified children into their language groups at 30
months, with an overall accuracy of 86.00%, and specificity of 93.50%. However,
sensitivity was only 54.50%. Thus, while the accuracy of this model was good, it
was not successful in correctly classifying children whose productive vocabulary

was below the 25" percentile at 30 months.?

2 Note that we also ran a discriminant function analysis including all these variables as well
as family history of language delay or dyslexia since this was in our original analysis plan. We chose
to run this analysis on the basis that family history might be a good classifier of slow to talk children
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The second discriminant function analysis included only our non-
experimental measures: sex, 18 month productive vocabulary, 18 month receptive
vocabulary and 24 month MLU. Experimental tasks are time-consuming and
expensive to run, so it is important to know whether they add any explanatory
power. This model correctly classified children into their language groups at 24
months at a very high rate of 91.90%, with a sensitivity of 83.30% and a specificity
of 94.60%. Comparison of accuracy measures for the full model and the non-
experimental model revealed only a 0.4% difference in accuracy, suggesting that,
while the exclusion of experimental measures slightly increases the model’s
accuracy, it provides very little additional explanatory power.

This model also correctly classified children into their language groups at 30
months with an accuracy of 80.00%, specificity 84.90%. However, sensitivity was
poor (64.70%). In sum, this model was 6% less accurate that the full model at 30
months, which means that the inclusion of experimental factors increased the
model’s ability to classify children who are, and are not, slow to learn to talk at 30
months.

The third discriminant function analysis only included variables from earlier
time points, before 24 months, to determine whether we can use earlier measures to
identify later group membership: sex, 18 month productive vocabulary, 18 month
receptive vocabulary and 19 month speed of processing. This model correctly
distinguished between language groups at 24 months with an accuracy of 89.20%,
sensitivity of 88.20% and specificity of 89.50%. This model was only slightly less
accurate than the first model that had all the variables included (91.50% vs 89.20%).

This model also correctly distinguished between language groups at 30
months with an accuracy of 84.50%. The time, both the sensitivity and specificity of
this model were also good, 81.30% and 85.50% respectively. Overall, this model
was only 1.50% less accurate than the full model (model 1 above, 86.00% vs
84.50%), and the sensitivity was much better, meaning this model was better at
correctly classifying children whose productive vocabulary was below the 25%

percentile at 30 months.

even if it is not a good predictor of individual differences. The inclusion of this variable had no effect
on the result.
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Finally, the fourth discriminant function analysis included only non-
experimental variables from earlier time points. This model correctly identified
language group membership at 24 months using these factors with an accuracy of
88.50%. However, while the specificity of this model was good (93.20%) the
sensitivity was not as good (73.70%), meaning it was less successful in correctly
classifying slow-to-talk children when compared to model 3, which also included
experimental measures (speed of linguistic processing; sensitivity = 88.20%).
Therefore, for classifying groups based on productive vocabulary at 24 month using
measures only from earlier time points, speed of processing is a useful additional
measure to have, over and above productive and receptive vocabulary.

This model also correctly distinguished between language groups at 30
months with an accuracy of 79.50%. However, while the specificity of this model
was good (85.50%), the sensitivity was poor (61.10%). This means that this model
did not do well in terms of correctly classifying children whose productive
vocabulary was below the 25" percentile at 30 months. Therefore, the inclusion of
speed of linguistic processing (model 3 above) again improves our ability to classify
children into language groups at 30 months using data from before 24 months.

The standardised canonical correlations for each model can be seen in table
2.12. These values provide the contribution of each variable in classifying children

into their groups.
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Table 2.11

Results of the discriminate function analyses for various combinations of variables for predicting language group membership at 24 and 30
months

Variable Month  r 2 n df )4 Accuracy  Sensitivity Specificity
All variables 24 72 38.74 59 6 <.001 91.50% 81.80% 93.80%
(sex, 18 month productive &
receptive vocapulary, 24 month 30 55 1851 57 6 005 86.00%  54.50% 93.50%

, speed of processing, non-word
repetition)
No experimental data 24 g7 63.31 74 4 <.001 91.90% 83.30% 94.60%

(sex, 18 month productive &

fecentive vocabulary. 24 month 30 58 2706 70 4 <001 80.00%  64.70% 84.90%
MLU)

Only carlicr data 24 71 4812 74 4 <001 8920%  88.20% 89.50%
(Sex, 18 month productive &

receptive vocabulary, speed of 30 62 3200 71 4 <001 8450%  81.30% 85.50%
processing)

Earlier Vocabulary 24 68 4673 78 3 <001 88.50%  73.70% 93.20%
(Sex, 18 month productive & 30 58 2868 73 3 <001 79.50%  61.10% 85.50%

receptive vocabulary)




Table 2.12

Standardised canonical coefficients for all variables in the four different
discriminant function analyses predicting language group at 24 months

Model Variable r (24 months) 7 (30 months)
All variables Sex .03 .002
18 month productive vocabulary .48 18
18 month receptive vocabulary .36 .52
24 month MLU .55 .05
Speed of linguistic processing 32 46
Non-word repetition .09 .30
Non-experimental ~ Sex -.07 -.25
18 month productive vocabulary .41 A1
18 month receptive vocabulary .50 74
24 month MLU .67 .34
Only Earlier Sex =11 -.12
18 month productive vocabulary .72 32
18 month receptive vocabulary 42 .69
Speed of linguistic processing .38 .37
Earlier non- Sex -.14 -.29
experimental 18 month productive vocabulary .63 24
18 month receptive vocabulary .61 .79
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2.4 Discussion

The goal of the present study was to investigate whether 10 factors, all
implicated in explaining individual differences in vocabulary size in the first two
years of life, could also be used to discriminate between children who were, and
were not, slow to learn to talk, in a sample of 79 children aged 24 and 30 months of
age. We first assessed whether our measures predicted individual differences in 24
month productive vocabulary development using correlational and simple linear
regression analyses. In line with our predictions, 18 month productive vocabulary
and sex were significant predictors of 24 month productive vocabulary and were
therefore entered as baseline predictors for subsequent analyses. In addition, one
input measure (conversational turn count), three language measures (18 month
receptive vocabulary, MLU at both 19 and 24 months, and gesture scores at 11, 12,
15, 16 and 18 months), and both cognitive measures (19 month speed of linguistic
processing, 25 month NWR) correlated with 24 month productive vocabulary
development. However, only two language measures (18 month receptive
vocabulary, 24M MLU) and the two cognitive measures (speed of linguistic
processing, NWR) remained unique predictors when controlling for 18 month
productive vocabulary and sex.

Three of our null findings - family history, adult word count and gesture scores
at 8 and 9 months - can be explained relatively easily. First, although a family
history of speech or language impairment has been shown previously to be a robust
predictor or individual differences in vocabulary development (Reilly et al., 2007;
Reilly et al., 2009; Zubrick et al, 2007), our sample probably did not contain enough
variance to capture an effect; only nine children, out of 79, had a family history of
speech or language impairment. Second, adult word count, as measured by LENA,
includes both overheard speech and child directed speech, and an increasing body of
evidence shows that while children can learn from overhearing (Akhtar, Jipson, &
Callanan, 2001), it may be child directed speech that matters for vocabulary
development, and thus predicts vocabulary size (Weisleder & Fernald, 2013). In
addition, it may not be quantity but quality (lexical diversity) of child directed
speech that matters for vocabulary development, which we did not measure here
(Cartmill et al., 2013; Jones & Rowland, 2017; Vigil, Hodges, & Klee, 2005). Third,

the finding that gesture scores at 8 and 9 months did not correlate with productive

64



vocabulary at 24 months is most likely due to a floor effect; children are not
producing enough gestures at 8 and 9 months for us to find a relationship with
productive vocabulary.

More interesting is the failure to find an effect of conversational turn counts
once we added productive vocabulary at 18 months and child sex into the regression
model, given the research supporting its role in vocabulary development (Romeo et
al., 2018; Zimmerman et al., 2009). However, the result becomes less surprising if
you characterise conversational turn taking not as a pure measure of the linguistic
environment (e.g. a measure of how much the parent allows the child to take a turn
in the conversation) but as a measure, at least in part, determined by the child (e.g. a
measure of how talkative a child is). Children with larger vocabularies are likely to
talk more, and are thus likely to take more turns in the conversation. This means that
relationships between conversational turn taking between 18-21 months and
vocabulary scores at 24 months is likely to be at least partly mediated by vocabulary
scores at 18 months, as is the case here. Note that conversational turn counts and
child talkativeness are not exactly the same thing. For example, Romeo et al. (2018)
found a relationship between turn taking and vocabulary size when controlling for
talkativeness. However, conversational turn taking behaviour may, in large, be
influenced by the child’s vocabulary size, rather than a pure measure of the quality
of the linguistic environment.

Similarly surprising is the fact that gesture use at earlier time points did not
uniquely predict subsequent vocabulary size. Although the correlations between
gesture use at 11, 12, 15, 16 and 18 months and productive vocabulary at 24 months
were significant, the effects of gesture use disappeared in the regression when
controlling for productive vocabulary at 18 months and sex. However, the result
becomes less surprising when we consider the fact that previous studies that have
found robust relationships between early gesture use and later vocabulary (Rowe et
al., 2008; Rowe & Goldin-Meadow, 2009) do not, in the main, control for
vocabulary at prior data points. While gesture use may be a predictor of later
vocabulary development, it is likely highly correlated with concurrent vocabulary,
and thus does not predict unique variance when controlling for concurrent
vocabulary or sex. Overall though, we replicated the effect of four predictors from
the literature on individual differences in vocabulary size at 24 months; the effect of

earlier receptive vocabulary at 18 months, of concurrent language complexity (MLU
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at 24 months), of earlier speed of linguistic processing ability (at 19 months) and of
concurrent non-word repetition ability (at 25 months).

Our second set of analyses established the discriminatory ability of our six
factors in classifying children as slow to talk at 24 and 30 months of age. When
distinguishing between language groups at 24 months, using both 25" and 15
percentile cut-off points, most of the variables that were successful at predicting
individual differences (18 month productive and receptive vocabulary, MLU at 24
months, speed of processing and NWR) were successful in identifying children in
the slow-to-talk group, with acceptable levels of sensitivity. However, speed of
processing was less successful in identifying children who were not slow to talk
(specificity was low).

The findings from our discriminant function analyses at 24 months show that
cut-off scores from all of these variables can be used in combination to successfully
distinguish between children whose productive vocabulary was above and below the
25" percentile at 24 months. In addition, the model using non-experimental measures
alone (sex, 18 month productive and receptive vocabulary and MLU at 24 months)
was equally accurate in distinguishing between these children. Similarly, using
earlier measures only (18 month productive and receptive vocabulary and speed of
processing) was successful in separating the two groups. However, when using only
earlier non-experimental data, we were less successful in identifying children who
were slow to talk. To successfully classify children based on their productive
vocabulary at 24 months, using only measures from earlier time points, a measure of
speed of processing improves our prediction.

The full model was less successful in identifying children who were slow
talkers at 30 months, as were the models using only language measures (models 2
and 4). However, model 3, that included only 18 month vocabulary and 19 month
speed of processing measures was successful in identifying both children who were
and were not slow to talk, with good sensitivity and specificity. Thus, adding 19
month speed of processing to early vocabulary (productive and receptive) measures
adds additional explanatory power when predicting long term (to 30 months) growth.

Overall, considering both individual differences and classification analyses
together, the most consistently robust predictor of individual difference in
vocabulary development and of language group at 24 and 30 months, was the child’s

own communicative ability, both at an earlier time point (18 month vocabulary
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predicting language group at 24 and 30 months) and concurrently (24 month MLU
predicting language group at 24 months). This is consistent with previous research
showing that earlier vocabulary measures are consistently our most robust predictors,
both for predicting individual differences (Henrichs et al., 2011; Westerlund et al.,
2006) and late talking status (Klee et al., 1998; Reilly et al., 2007).

Language use at an earlier time point is likely to influence later vocabulary
for a number of reasons. First, even if the rate of growth is static, children who start
out with more words at 18 months will end up with more words at 24 months and 30
months. Second, rate of growth is also likely to be faster, since all the factors that led
to children being fast at the earlier time point are presumably still operating. Third,
and most interestingly, is the idea that the amount a child knows at one time point
might actually facilitate faster subsequent vocabulary growth, an idea suggested by a
number of researchers. For example, Borovsky, Ellis, Evans and Elman, (2016) have
suggested that the more words a child knows the more semantic concepts they have,
the easier they can recognise and thus learn new words. Therefore, children who
know more words are quicker to learn new words because they have more semantic
concepts to refer to compared to children who know fewer words and thus have
fewer semantic concepts. Alternatively, Jones & Rowland (2017) suggest that
children who know a lot of words have a bigger store of sublexical chunks in long
term memory that they can call upon to process and learn new material. This means
that children with a bigger store of sublexical chunks should therefore learn
subsequent words faster than children who know fewer words and thus have a
smaller store of sublexical chunks to refer to when they encounter new words.

This idea that the size of a child’s lexicon affects the speed with which they
build subsequent vocabulary faster, gains additional support from the fact that, in our
data, receptive vocabulary at 18 months was such a robust predictor even when we
took into account productive vocabulary at 18 months. It added substantial additional
variance even in the full regression model which included productive vocabulary at
18 months, and was consistently one of the most reliable variables for classifying
children into our slow to talk group. This finding - that the number of words that a
child knows influences later productive vocabulary growth over and above the
number of words they can produce at the same time point - suggests that lexicon size

may play an important role in later vocabulary acquisition.
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The role of our cognitive predictors - speed of processing and non-word
repetition performance - is less clear cut. Both of these have been suggested in the
literature to be strong predictors of later vocabulary skills (Fernald et al., 2006;
Fernald & Marchman, 2012; Killing & Bishop, 2008 for speed of processing; Duff et
al., 2015; Hoff et al., 2008; Thal et al., 2005 for NWR), which makes them excellent
candidates for identifying children who are slow to talk. NWR performance, in
particular, is said to be a strong predictor for later developmental language disorder
(Bishop, North & Donlan, 1996; Gathercole & Baddeley, 1990b).

While we replicated the findings that speed of processing predicts later
vocabulary size, it consistently had less predictive power than our language
measures. In addition, speed of processing did not predict unique variance in our full
regression model, which also included all language measures, sex and NWR
performance, and it was one of the least accurate predictors at classifying our slow to
talk group at 24 months. That said, it substantially improved the accuracy of the
classifier model that was given only 18-19 month old data to predict language group
at both 24 and 30 months. Therefore, our data suggest that processing speed adds
additional explanatory power to the ability to predict, from 19 months of age, which
children are likely to have productive vocabulary scores below the 25 percentile.
However, why this is still remains to be explained. Some speech perception models
propose that increases in vocabulary size allow for more efficient, perceptual
routines for word recognition, which contributes to faster lexical processing speeds
(Curtin & Werker, 2007; Strange, 2011). There is also the possibility that children
with larger vocabularies have more robust lexical knowledge, and more highly-
developed lexical representations. This would lead to more rapid, efficient
processing of known words relative to children with smaller vocabularies, even if
words are familiar to both groups of children, which would free up cognitive
resources for the more efficient encoding of new words. Both these explanations are
consistent with our findings, so further work is necessary to disentangle cause and
effect in speed of processing and vocabulary size studies.

We also replicated findings that show NWR predicts variance in productive
vocabulary size and expanded on this by showing that NWR uniquely predicts
vocabulary when controlling for earlier productive vocabulary and child sex.
However, it did not predict unique variance in our full regression model and did not

seem to substantially add to the accuracy of our classification models. In addition,
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we can see from the discriminate function analysis table 2.11, the model that
includes NWR has fewer participants. More children who did not complete the NWR
task had lower vocabulary scores. Thus, NWR may not be practical for identifying
children whose vocabulary scores are delayed due to missing data.

Jones, Gobet and Pine (2007) propose that NWR examines how phonological
working memory and long-term memory interact; performance on NWR tasks
improves with age not because of increases in phonological working memory but
because of increases in the amount of information stored in the long-term memory. If
NWR is largely a reflection of vocabulary size (information stored in the long-term
memory), then it may not add much explanatory power to a model that already
contains vocabulary measure. We need to know more about what it measures, and
about the relationship between non-word repetition performance and vocabulary
size, before we draw causal conclusions about its predictive power to identify

children who are slow to talk.

2.5 Conclusion

We found that 18-19 month receptive vocabulary and speed of linguistic
processing scores, and 24-25 month MLU and NWR scores were robust predictors of
individual differences in 24 month productive vocabulary scores. These measures
successfully predicted variance in productive vocabulary scores when earlier
productive vocabulary and sex were controlled for. They also successfully
distinguished between children who were, and were not, slow to learn to talk. We
conclude that these measures may be useful tools to monitor children’s language

development from an early age.
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3 Chapter 3: Individual differences in vocabulary acquisition in late talking

and typically developing children.

Fit within the thesis

Chapter 2 demonstrated the role of multiple factors in predicting unique
variance in productive vocabulary development at 24 months in a sample of typically
developing children. Chapter 3 examines the role of these factors in predicting
unique variance in productive vocabulary at 25 months in an expanded sample of
late talking and typically developing children. Following this, the discriminatory
ability of these factors to distinguish between late talking and typically developing
children was examined. As outlined in chapter 1, much of the research examining
late talking focusses either on language outcomes of late talking children or on distal
factors contributing to an increased likelihood of late talking. This chapter examines
the role of proximal factors in identifying late talking children to begin to establish
the underlying causes of late talking.

The study reported in this chapter found that multiple factors (earlier
receptive vocabulary, mean length of children's three longest utterances, gestures and
non-word repetition) all explain unique variance in productive vocabulary at 25
months after controlling for child sex and earlier productive vocabulary. In addition,
individually these factors can identify late talking and typically developing children.
However, additively, they are not successful at discriminating between these two
groups of children.

This study was designed by Lana Jago and Caroline Rowland. Lana Jago
recruited and collected data from the primary data set of 36 late talking children.
This was completed between 2017-2019. All of these children came to The
University of Liverpool to complete experimental and standardised language-based
assessments. The additional comparison data from typically developing children is
the same as that reported in chapter 2, and was collected by Michelle Peter, Amy
Bidgood and Samantha Durrant as part of the Language 0-5 Project. Lana Jago
coded the primary data, ran the data analyses and wrote the first draft of the paper.
Caroline Rowland gave comments and revisions on the paper. This chapter is in
preparation for submission to a peer reviewed journal (Jago, Peter, Bidgood,

Durrant, Pine & Rowland, in prep.).
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Abstract

This study investigated why some children are late talkers and others are not,
using a sample of 113 children tested from 15-25 months. These children were part
of two samples. The main data was from a sample of 36 children recruited
specifically to have lower productive vocabulary scores. The comparison sample of
77 typically developing children was from the Language 0-5 Project. First, we
established the best predictors of individual differences in productive vocabulary at
25 months. Then we investigated if the best predictors of individual differences in
productive vocabulary could also discriminate between late talking and typically
developing children. Regression analyses revealed that earlier receptive vocabulary
and gestures from 15-18 months, as well as mean length of the three longest
utterances (M3L) and non-word repetition (NWR) at 25 months all predicted unique
variance in productive vocabulary after controlling for child sex and earlier
productive vocabulary. Receiver operation characteristic curve analyses revealed that
the measures can also be used to identify late talking children but discriminant
function analyses revealed these measures were less successful, when combined, at
correctly classifying late talking children with poor levels of sensitivity. Overall,
NWR was the best predictor for identifying late talking children and for

discriminating between late talking and typically developing children.
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3.1 Introduction

Up to 19% of 2-year-old children are categorised as late talkers (Carson &
Gavin, 1998; Collisson et al., 2016; Rescorla, 1989; Rescorla & Achenbach, 2002;
Zubrick et al., 2007). While there are many reasons why children express a delay in
productive vocabulary development, late talking children do so in the absence of any
other cognitive, visual or hearing impairments. Late talkers are identified at
approximately 2 years old. There are two main criteria used to identify late talkers:
first, late talkers are toddlers who are producing fewer than 50 words; second, late
talkers are toddlers who are not combining any words together (Klee et al., 1998;
Rescorla, 1989).

Currently, little is known about why some children are late talkers. However, a
delay in vocabulary acquisition is associated with an increased risk of later language
impairment. Up to half of late talking children remain delayed when followed up in
early childhood (Rescorla & Schwartz, 1990) and a substantial proportion continue
to perform poorly on measures of vocabulary and grammar in later childhood
(Bishop & Edmundson, 1987; Girolametto, Wiigs, Smyth, Weitzman, & Pearce,
2001). For example, Rescorla and Schwarts (1990) followed up a sample of 25 boys
from 24 months to 4 years. All 25 boys were diagnosed as having a delay in
productive vocabulary at 24 months. At follow-up, half of these children still had
delays with productive vocabulary development. However, as it stands, we are
currently unable to predict which children’s language will catch up and which
children will remain delayed (Bishop et al., 2012; Rescorla, 2011).

One of the reasons why we know very little about why some children are late
talkers is that most research on late talking has focused on the language outcomes of
late talkers, not the predictors of late talking itself (Dale, Price, Bishop, & Plomin,
2003; Rescorla, 2005, 2009). For example, Rescorla (2005) looked at the language
outcomes of late talking children at both 13 years and 17 years (Rescorla 2009).
While these children’s performance on measures of language related skills was
below that of their typically developing peers at 13 and 17 years, when these
children were identified as late talkers at 2 years, only their vocabulary was assessed.
Therefore, it is not possible to know how these children may have differed on factors
that are underlying language development at 2 years. Having a better understanding

of the causes of late talking is an important step, both for answering the question of
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why children differ in their early language development in itself, but also in terms of
delivering better predictions about which late talkers will later catch up with their
peers, and which children will have persisting language impairments.

There are many reasons why children may exhibit a delay in their early
productive vocabulary development. For example, it is possible that children with
smaller phonological working memories have less opportunity to transfer
representations of novel words from short term memory to long term memory and
thus, are slower to learn vocabulary (Thal, Miller, Carlson, & Vega, 2005).
Alternatively, late talking children may be slower to process familiar words, and
thus, have less opportunity to learn new words (Fernald & Marchman, 2012). If we
can establish whether late talking children perform differently on such measures, we
will begin to understand the underlying causes of late talking. There are also large
individual differences in the rate of vocabulary development; children vary in the
rate they begin to produce their first words and in the rate they begin to combine
words together (Fenson et al., 1994; Kidd, Donelly, & Christiansen, 2018). Many of
the factors which explain individual differences in vocabulary development (such as
demographic factors: child sex, family history of speech or language impairment;
environmental factors: input and conversational turns; language proficiency factors:
earlier vocabulary and mean length of utterances; gesture skills; and cognitive
factors: speed of linguistic processing and non-word repetition) could also explain
late talking. It is likely that measures which can explain why children acquire
language at varying rates can also explain why children have a delay in vocabulary
acquisition.

However, it is also possible that these measures may only be successful in
predicting individual variation but do not distinguish between late talking and
typically developing children. While these factors have been shown to play a role in
language delay (Fernald & Marchman, 2012; Reilly et al., 2010) there may be too
much overlap between scores obtained by typically developing and late talking
children for these factors to discriminate well between children. Thus, it is important
to investigate whether these factors can also identify late talking children; if we can
identify whether or not causes of individual variation in language acquisition can
distinguish between typically developing and late talking children, we can use these
factors to begin to identify children who may experience a delay in vocabulary

acquisition from an early age.
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For this study, we used two data sets. First, we used a longitudinal design to
identify a sample of potential late talkers by measuring children's vocabulary
acquisition at 15-18 months of age. We then tested them again at 25 months of age.
At both time points, we collected data on the factors that had been identified in a
previous study (Jago et al, in submission, see chapter 2), as predictors of individual
differences in language acquisition, and thus are promising predictors of late talking
status. To provide a comparison sample of typically developing children, we used
the data from the Language 0-5 Project, in which data on multiple factors associated
with language development was collected at multiple time points from 6-25 months
(the same data used in Jago et al, in submission, see chapter 2). The question we ask
is whether the same factors that predict individual differences within the typical
range of typically developing children in chapter 2 can also be used to identify late
talking children. Late talking children were identified in both samples of children.

In the remainder of this introduction, we outline why the predictors mentioned
above are likely candidates for identifying late talking children. This is followed by a

summary of the aims of this study.

3.1.1 Demographic factors

Two demographic factors that have been shown to be implicated in language
development are child sex and family history of speech or language impairment.
Previous research has shown that girls produce their first words and sentences faster
than boys (Fenson et al., 1994; Horwitz et al., 2003). In addition, prevalence of late
talking has been shown to be greater in boys compared to girls (Rescorla, 2011).
However, while being a boy may be a good indicator of late talking, it may not be
good at discriminating between late talkers and typically developing children. Thus,
it is important to investigate the role that sex plays in language identifying late
talkers.

Family history of speech or language impairment has been shown in previous
research to predict language development over time (Reilly et al., 2007; Reilly et al.,
2009). In addition, family history contributes to language delay, with a greater
number of late talking children with a family history of speech or language
impairment (Bishop et al., 2012; Rescorla, 2011). However, like child sex, the role
of family history in discriminating between typically developing and late talking is

less clear cut and therefore, more research is required.
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3.1.2 Environmental factors

Caregiver input and conversational turns are robust predictors of individual
differences in language acquisition. Both the quality (Cartmill et al., 2013; Demir-
Vegter, Aarts, & Kurvers, 2014; Jones & Rowland, 2017) and quantity (Hoff &
Naigles, 2002; Huttenlocher, Haight, Bryk, Seltzer, & Lyons, 1991) of caregiver
input play an important role in vocabulary development. For example, Cartmill et al.
(2013) showed caregiver input at 18 months correlated with children’s vocabulary
size at 54 months. Furthermore, when combined, the quality and quantity of
caregiver input explained 22% of variance in children’s vocabulary size.

Similarly, conversational turns are associated with variance in language
acquisition with children who engage in more conversational turns achieving higher
scores on vocabulary assessments (Romeo et al., 2018; Zimmerman et al., 2009).
Zimmerman et al (2013) found that a greater number of conversational turns was
associated with an increase in language score; with every 100 fold increase in the
number of adult-child conversational turns a child engaged in, their language score
increased by 1.92. However, the influence of input and conversational turn on late
talking is virtually unexplored. Due to the strength of these factors in predicting
variance in vocabulary acquisition, they are likely to be good predictors of late
talking and in turn also likely to be good at discriminating between late talkers and

typically developing children

3.1.3 Language proficiency factors

Measures of language proficiency have repeatedly been shown to be robust
predictors of individual differences in vocabulary acquisition (Henrichs et al., 2011;
Rescorla, 2011) and of language delay (Westerlund, Berglund & Eriksson., 2006).
For example, Westerlund et al. (2006) found that productive vocabulary at 18
months was the strongest predictor of language delay at 3 years. However,
productive vocabulary alone did not yield a high level of sensitivity, only accurately
classifying 50% of children with language delay at 3 years. Thus, it is important to
investigate how well productive vocabulary, both in isolation and when combined
with other factors, can identify late talking children.

However, if children are producing very few words, it may be hard to capture

any variance. Therefore, earlier receptive vocabulary may actually be a better
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predictor of later productive vocabulary than earlier productive vocabulary. The
number of words a child knows at an earlier time point has been shown to predict
their productive vocabulary size at a later time (Stolt et al., 2016). In addition, lower
receptive vocabulary scores predict lower productive vocabulary scores and later
language impairment (Hsu & lyer, 2016). However, there has been little research
looking at the role of receptive vocabulary in late talking, and in the research, there
is a trend not to control for productive vocabulary size (Paul, Looney, & Dahm,
1991). We predict that receptive vocabulary will be a strong measure of early
communicative ability and therefore will explain unique variance in later productive
vocabulary as well as being a good predictor of late talking.

Mean length of utterances (MLU) is a measure of language complexity that
assesses the average number of morphemes produced in a child’s three longest
utterances (Brown 1973). The more morphemes produced, the greater the
complexity. Individual differences in vocabulary development are associated with
individual differences in mean length of utterances (Bates & Goodman, 1997,
Rescorla, Dahlsgaard, & Roberts, 2000; Rescorla & Schwartz, 1990). Previous
research has shown that vocabulary and grammar develop together with growth in
language complexity aiding vocabulary acquisition (Dionne, Dale, Boivin, and
Plomin, 2003). Therefore, MLU is likely to be a good predictor of late talking, with
delays in vocabulary acquisition also impacting syntax development.

Similarly, gesture skills are a robust predictor of individual differences in
productive vocabulary development (Colonnesi, Stams, Koster, & Noom, 2010; Hsu
& lyer, 2016; Iverson & Goldin-Meadow, 2005). Children who produce more
gestures elicit more input from their parents and in turn, have more opportunity to
learn from this input (Goldin-Meadow, Goodrich, Sauer, & Iverson, 2007;
Ozgaliskan, Adamson, Dimitrova, & Baumann, 2017). Gesture skills are likely to be
a good predictor of late talking; if gestures are a measure of early communicative
abilities, children who experience a delay in language acquisition, may also
experience a delay in gesture production. In addition, when looking at language
skills in very young children, gesture scores may be a good indicator of communitive

ability, especially if vocabulary scores are low.
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3.1.4 Cognitive factors

Speed of linguistic processing and non-word repetition have both been shown to
predict individual differences in productive vocabulary development. Speed of
linguistic processing is a measure of a child’s reaction time to process familiar
linguistic material. It is measured by assessing the length of time it takes for a child
to orient their gaze to a named picture (Fernald, Perfors, & Marchman, 2006). Speed
of linguistic processing has been shown to be associated with vocabulary
development (Fernald & Marchman, 2012; Fernald et al., 2006; Killing & Bishop,
2008; Marchman & Fernald, 2008). For example, Fernald and Marchman (2012)
found processing speed at 18 months predicted vocabulary at 30 months. In addition,
children whose vocabulary had caught up by 30 months had faster processing speeds
at 18 months. Thus, if speed of processing facilitates vocabulary development,
slower processing will likely have a negative impact on vocabulary acquisition.
Thus, speed of linguistic processing is a promising factor for distinguishing between
typically developing and late talking children.

Phonological working memory, as measured by non-word repetition tests, is
associated with individual differences in language acquisition (Gathercole &
Baddeley, 1989, 1990; Hoff, Core, & Bridges, 2008). Phonological working memory
is the ability to temporarily store speech sounds in working memory. In order to
learn new words, children need to store the phonological representation of the word
in their phonological working memory; and the more speech sounds children can
store in their working memory, the more opportunity they have to transfer these into
long term memory. Non-word repetition tests, which require children to repeat
sequences of nonsense syllables (non-words), assess phonological working memory.
The use of non-words means children cannot use their knowledge of words during
this task and thus, they must use their phonological working memory to temporarily
store and reproduce these words.

Poorer performance on NWR tasks is associated with poorer performance on
language assessments, and with language impairment (Conti-Ramsden, Botting, &
Faragher, 2001; Thal et al., 2005). For example, Conti-Ramsden et al. (2001) found
that NWR correctly identified children with specific language impairment (now
developmental language disorder, DLD) with a sensitivity value of up to 78%.

However, in this study, and in most others, the children were older than 2 years and
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thus we are unable to confirm if NWR is equally useful at discriminating between
late talking and typically developing children. Studies that have investigated the role
of NWR in language acquisition in younger children have not examined the role of
NWR had in language delay (Eaton, Newman, Rathner, & Rowe, 2015; Hoff et al.,
2008; Roy & Chiat, 2004). For example, Hoff et al. (2008) did find that the NWR
performance of children from 20-24 months predicted variance in concurrent
vocabulary but did not establish if NWR could be used to identify children whose
vocabulary acquisition was delayed. Since NWR is a robust predictor or later
language impairment, it is important to investigate its usefulness in identifying early
language delay.

The aim of the present study was to investigate whether factors implicated in
explaining individual differences in productive vocabulary development at 25
months can also distinguish between typically developing and late talking children.
We first ran correlations and regressions to identify factors that predict individual
differences in productive vocabulary size at 25 months. We then established the
sensitivity and specificity of these factors in identifying late talking toddlers. Finally,
we ran discriminant function analyses to establish the discriminatory ability of these
factors in distinguishing between typically developing and late talking toddlers. The
participants for this study were part of two samples. The first sample were from a
longitudinal sample aimed to specifically recruit children whose productive
vocabulary was below average from 15-18 months. The second sample were a
typically developing comparison sample from the Language 0-5 Project, a

longitudinal project run in the North West of England.
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3.2  Methods
3.2.1 Participants

The data for this study were collected from two samples of children. One
sample of children were part of a project which aimed to recruit children whose
productive vocabulary development was below average for their age. The second
sample of children were part of the Language 0-5 Project. Details of these two

groups are given below.
3.2.1.1 Low language sample

This sample is named the low language sample because only children whose
productive vocabulary was below average between 15-18 months were invited to
take part in the lab based session at 25 months. The data for the children in this
sample was collected from 2017-2019. Parents were invited to complete the UK-
CDI, during the recruitment phase, when children were between 15-18 months. In
order to specifically recruit children whose language skills were low, all children
whose productive vocabulary scores were below the 25th percentile at 15 and 16
months and below the 50th percentile at 17 and 18 months, according to the UK-CDI
norms (Alcock, Meints, Rowland, Brelsford, Christopher, & Just, 2020), were
invited to the university to take part in two sessions in the lab when they were 25
months old. We chose to use the 50 percentile cut off for 17 and 18 months because
the normed productive vocabulary scores are still low at this age (50" percentile at
17 months= 34 words, 50" percentile at 18 months= 44 words) and we did not want
to miss children with potential delays by using too strict criteria. A total of 183
families completed the UK-CDI during the recruitment phase; 55 children had
vocabulary below the 25th percentile at 15 and 16 months or the 50th percentile at
17 and 18 months. Two of the children were twins so one child was randomly
selected to take part. Fifty- four families were invited to participate in the study. Of
these, 37 families (69%) agreed to participate in the lab-based study and provided 25
month CDI data. One of these children was bilingual so was excluded from the data
analyses. Therefore, a total of 36 children (67% of all invited) were included from
this sample. All of these children were mono-lingual English learners. One of the
children had ear infections. Details on the number of risk factors is provided in table

4.1.
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3.2.1.2 Language 0-5 Project sample

The data for this group were collected as part of the Language 0-5 Project.
This project followed children from 6 months to 4 years 6 months from 2014 to
2019. A total of 95 families were recruited (89 at 6 months, six in a second wave at
15 months). Here we use the data collected between 18-25 months. These are the
same children whose language was investigated in Jago et al, in submission, see
chapter 2. At the time of writing, 17 (18%) of the 95 families had dropped out due to
time commitment reasons. Two families had dropped out after the initial sign-up and
a further three after the 6 month data-point. Five families dropped out after the 8
months data-point and one after each of the 14, 15 and 19 month data-points. Two
more had dropped out after the 21 and 24 month data-points.

We compared children from the Language 0-5 sample and the low language
sample on the Bayley Scales of Infant and Toddler Development. This is a
standardised measure of child development from 1-42 months. We used the language
subscale to obtain standardised scores for receptive and productive vocabulary. The
Language 0-5 children completed this when they were 16 months old (mean age
=16;29) and the low language sample completed this during the second testing
session when they were 25 months old (mean age =25;22). However, because this is
a standardised measure, composite scores across different ages are comparable. The
mean composite score for the Language 0-5 sample was 111.11 (SD=11.17) and for
the low language sample the mean was 101.08 (SD=17.13). All of these children
were mono-lingual English learners. None of the children had suffered from any ear
infections that could impact language development (e.g. glue ear). See table 4.1 for
details on the number of risk factors these children experiences.

We had 25-month productive vocabulary scores available for all 36 children
from the low language sample and for 73 children in the Language 0-5 Project
sample. For four children in the Language 0-5 Project sample, 25 month productive
vocabulary was not available. We used 24 month productive vocabulary as a proxy
for 25 month productive vocabulary for these 4 children. Thus, there were 77
children with productive vocabulary scores from the Language 0-5 sample giving a

total of 113 children with productive vocabulary scores at 25 months from both
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samples. For the predictor variables, the total numbers vary because not every child
completed every task.

For the descriptive statistics, we split the Language 0-5 sample into two
groups; the faster Language 0-5 sample included children whose productive
vocabulary was above the 50th percentile at 25 months and the slower Language 0-5
sample included children whose productive vocabulary was below the 50th
percentile at 25 months. Therefore, for exploring the data, there are 3 groups: the
Faster Language 0-5 sample, the Slower Language 0-5 sample and the low language
sample. There were a total of 113 participants. The sample was split almost evenly
for sex (girls=59). Most of the children were first borns (n=71) with the remainder

having one or more over siblings (n=41).

3.2.2 Overall design

This was a longitudinal study following children from 15 months to 25 months
This study was granted ethical approval by The University of Liverpool’s Research
Ethics Subcommittee for Non-Invasive Procedures for the study Language
Development in Late Talkers (Institute Review Board protocol number:
RETHO000764).

We ran two sets of analyses. In the first set of analyses, we investigated if 10
factors were predictors of individual differences in productive vocabulary at 25
months using correlation and regression analyses. For the regressions, the
independent variables were: demographic factors (sex and family history of language
delay or dyslexia), environmental factors (adult word count and conversational turn
count), language proficiency measures (productive and receptive vocabulary scores
recorded between 15-18 months, mean length of utterance of children’s three longest
utterances (M3L) at 25 months), gesture scores recorded between 15-18 months, and
measures of cognitive ability (speed of linguistic processing and non-word repetition
(NWR) which measures phonological working memory). The dependent variable
was productive vocabulary at 25 months as measured by the Lincoln Communicative
Development Inventory (a UK adaptation of the MacArthur Bates CDI Words and
Sentences; Meints, Fletcher, & Just, 2017).

In the second set of analyses, we investigated the discriminatory ability of
those factors in correctly classifying children late talking and typically developing

children. Late talking children were classified in two ways. First, children who were
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producing fewer than 50 words at 25 months were classified as late talkers (50 word
cut off). Second, children who were not combining any words at 25 months were
classified as late talking children (failure to combine cut off). We used receiver
operating characteristic (ROC) curve analyses to establish the sensitivity and
specificity of each factor in correctly classifying late talking and typically
developing children. Then we ran discriminant function analyses to identify the
accuracy of different combinations of factors in correctly classifying children. The
independent variables were six factors that were significant predictors of individual
differences in analyses set 1: sex, earlier productive and receptive vocabulary, M3L,
earlier gesture scores, and NWR. For the first set of ROC curve and discriminant
function analyses, the dependent variable was the first classification of late talking,
the 50 word cut off. In the second set of ROC curve and discriminant function
analyses, the dependent variable was the second classification of late talking, the
failure to combine cut off.

As the data for this study was collected from two samples of children (see
below), every effort was made to have data collected at the same age points. There
are two exceptions to this. First, earlier productive and receptive vocabulary as well
as gesture scores were collected using the UK-CDI from 15-18 months for children
in the low language sample. For the Language 0-5 Project sample, we used only data
from 18 months. For both samples of children, age adjusted z-scores were used for
all analyses (see below for a detailed explanation of this calculation). Second, for
language environment measure recordings (LENA) were collected at 25 months for
the children in the low language sample and at the 24 month data point for the

children in the Language 0-5 Project sample.

3.2.3 Measures
3.2.3.1 Demographic measures

We used the Family Questionnaire to determine sex and family history of
language delay or dyslexia for the children in the low language sample between 15-
18 months and for children in the Language 0-5 Project when they were recruited at
6 months. The Family Questionnaire is a factual questionnaire that asks about a
child’s health and family background. This questionnaire was devised for the UK-
CDI project (for details of construction, see Alcock et al., 2020). It includes a
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question about family history of language delay or dyslexia (the question of interest
was: “4. Is there anyone in the child’s immediate family (brothers/sisters/parents
only) with a speech or language difficulty or dyslexia?” (yes/no)). A total of 13
children had a family history of language delay or dyslexia (8 children from the

Language 0-5 sample, 5 children from the low language sample).
3.2.3.2 Environmental measures

The Language Environment Analysis (LENA; LENA Research Foundation,
2014) system was used to record audio from the children’s environment. One
recording was taken for each child at 24 months for the Language 0-5 Project sample
(mean= 24 months, 23 days (range=24 months, 6 days- 26 months 1 day) or 25
months for the low language sample (mean= 25 months, 18 days (range25 months, 7
days- 26 months 2 days) months. Recordings were taken for one entire day. Parents
were asked to record from morning until their child went to sleep at night during a
typical day. We used a LENA Pro digital language processor (DLP; LENA Research
Foundation, 2014) to collect these recordings. Children wore these in a specialised t-
shirt with a small padded pocket on the front. A LENA Pro DLP can hold up to 16
hours of recording. The mean number of hours recorded was 15 hours, 12 minutes
(range: 3hours, 0 minutes- 16hours, 0 minutes).

The LENA Pro processing software (LENA Research Foundation, 2014)
automatically analyses the audio recording and provides estimates of adult word
count, conversational turn count, and child vocalisation count. We used two
measures to assess the language in children’s environment: adult word count and
conversational turn count. Adult word count is the total number of words spoken by
adults within the child’s environment. A conversational turn is calculated when a
child utterance is followed by an adult utterance, or vice versa, within a 5 second
window. We also examined the mean number of child vocalisations for children in
each sample. Child vocalisation count is the total number of child vocalisations
within the recording. Children in the Language 0-5 sample produced on average
3435 (range=914-7062) vocalisations. Children in the low language sample
produced on average 2848 (range=326-5583) vocalisations.

3.2.3.3 CDI questionnaires
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Communicative Development Inventories (CDIs) are parent report checklists
of words, and gestures or sentences, which require parents to indicate if their child
uses, or understands, an item. The UK-CDI Words and Gestures (Alcock et al.,
2020) was used to collect vocabulary and gesture scores from 15-18 months (total
possible scores are 396 for vocabulary and 57 for gesture). The UK-CDI has been
standardised for the UK population, and has good validity and reliability (see Alcock
et al., 2020). The Lincoln CDI was used to collect vocabulary scores at 25 months
(total possible score = 689) and M3L scores (mean length of the three longest
utterances reported by parents (M3L); no upper bound) at 25 months for both
groups. For six of the children in the Language 0-5 sample, we did not have M3L
scores at 25 months, so M3L at 24 months was used as a proxy for this. The Lincoln
CDI is the UK version of the MacArthur Bates CDI Words and Sentences (Meints, et
al., 2017). It has not yet been validated but is expected to have good validity and
reliability due to its similarity to the MacArthur-Bates instrument. Parents were sent
the CDI a week before the lab session and were asked to complete the questionnaire
before they come into the university. For both instruments, scores were calculated

according to the instructions in the manuals referenced above.
3.2.3.4 Cognitive measures

Speed of Processing

A looking-while-listening paradigm was used to capture children’s speed of
linguistic processing at 25 months for both groups (note that this differs from Jago et
al, in submission, and chapter 2, where speed of processing measures were taken at
19 months). We used an Eyelink ® 1000 Plus eye-tracker (EyeLink 1000 Plus, SR
Research Ltd) to capture reaction times (RT) to named familiar words. Children
heard a sequence of 64 sentences paired with visual stimuli across two blocks (A and
B). Two pictures were shown on the screen paired with a pre-recorded sentence
naming one of the pictures (e.g., "Where’s the car? Can you see it?"). Words which
appeared as the target in block A, appeared as the distractor in block B. Each block
also included three filler sentences (e.g., “Do you like the pictures? Here’s some
more”), to keep the child interested. For 12 sentences (2 in each block) nouns were
preceded by an adjective (“blue” or ’red”; for example “look at the red ball”) to
increase the complexity of some sentences (noun-adjective trials). Children were

randomly assigned to a counterbalance group (block “A then B” or “B then A”).
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During the session, parents completed a questionnaire asking whether or not their
child understood the target words. Where parents indicated their child did not
understand a word, these trials were excluded from any analyses. RT was used to as
our measure of speed of linguistic processing. RT was defined as the time taken to
initiate a shift from the distractor picture to the target picture between 300ms after
and up to 1800ms target word onset. Trials where the child was not looking at the
distractor image at the onset of the target word were excluded from the analysis. RT
is calculated per trial, per child. A total mean RT for the task was calculated for each
child and used for our analyses. A minimum of two trials were required to create a
mean score for each child. For the full details of stimuli creation, procedure and
coding, see Peter et al. (2019).

The results from the Peter et al. (2019) study found no relationship between
speed of processing and vocabulary at 25 months when using the full set of items 64
sentences. The authors proposed that this was due to nouns being high frequency for
all children, meaning even slow processors were reacting to them quickly. When the
authors compared the relationship between RTs from adjective-noun trials (red ball)
and productive vocabulary, the correlations were higher than those using nouns only
trials. Therefore, we created two RT scores for each child: RT for all trials and RT

for noun-adjective trials.

Non-word repetition

The NWR task used was designed by the Language 0-5 Project team and was
completed at 25 months for both groups. Full details of stimuli creation, procedure
and coding can be found at The Language 0-5 Project Non-Word Repetition Test site
on the Open Science Framework (Bidgood, Durrant, Peter, Pine, & Rowland,

unpub., https://osf.io/kaust/). For this task, children were asked to repeat 24 non-

words (6 one-syllable, 6 two-syllable and 6 three-syllable words). At each syllable
length, half of the words were wordlike (contained high word average biphone
probability) and half of the words were non-wordlike. Words were presented in order
of syllable length: 1, 2 then 3 syllables. The task was embedded in a fuzzy felt game
in which children attach fuzzy felt animals to a farmyard background. The
experimenter produced each non-word a maximum of two times, always with a
carrier phrase (e.g. “can you say ...”). The experimenter said the non-word and

immediately presented a fuzzy felt picture. When the children attempted the
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repetition, they were given the picture to attach to the background, regardless of the
accuracy of their attempt.

Scores were calculated by totalling the proportion of consonants in each non-
word repeated correctly. Consonant errors were coded at the phoneme level. A score
of 1 was given for each correct consonant. A score of 0 was given for each omitted
or substituted consonant. Added consonants or phonemes and common articulation
substitutions were not counted as errors (see Bidgood et al, for details of the coding

scheme).

3.2.4 Data coding
3.2.4.1 Classifying late talkers

In the literature, children are classified as late talkers if they are producing
fewer than 50 words, or are not combining any words together (Rescorla, 1989). We
used both of these criteria for classifying late talkers. First, we classified children as
late talkers if they were producing fewer than 50 words (50 word cut off). There
were a total of 8 children were classified as late talkers using this cut off. Second, we
classified children as late talkers if they were not combining any words by 25 months
(failure to combine cut off). We chose to also use this classification because we were
interested in how children use language at this age. A total of 14 children were

classified late talkers using this cut off.
3.2.4.2 Creation of Z-Scores

The UK-CDI data was collected across different ages from 15-18 months. To
control for variances in scores due to the fact that children were different ages when
parents completed the UK-CDI, age adjusted z-scores were calculated for each child
for productive vocabulary, receptive vocabulary and gestures. We used the mean and
standard deviation of productive and receptive vocabulary, and gestures for each age
from the entire UK-CDI Project sample (Alcock et al., 2020 to create standardised
scores for each child for these three variables. From here, these variables are referred
to as earlier productive vocabulary, earlier receptive vocabulary and earlier gesture

SCOIECS.

3.2.5 Analysis strategy
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All analyses were conducted using one-tailed tests as all hypotheses are
unidirectional. All outliers were included, unless it was determined that the data
point was due to experimenter/participant error (i.e., an impossible value such as a
score of 50 on a 40 point scale).

Pearson’s correlations were performed using R (R Core Team, 2017, R version
3.4.1) using the R Studio (Version 1.0.153) cor.test function, part of the R base
package. Regressions were performed using the Im function from the Ime4 package
(Bates, Maechler, Bolker & Walker, 2015). For the regression analyses, all
categorical variables were sum-coded to make the parameter estimates more
straightforward to interpret and all numeric variables were centred.

Receiver operating characteristic (ROC) curves were constructed in SPSS Statistics
24 (Hajian-Tilaki, 2013) to determine the sensitivity and specificity of each of our
factors at predicting late talking status. Next we took the cut-off values established in
the ROC curve analyses and ran discriminant function analyses in SPSS Statistics 24
to determine the power of different combinations in predicting late talking status at
25 months. We used two different combinations of variables: 1) all of the variables
which are successful in predicting unique variance in the regression analyses; 2) only
non-experimental measures from earlier time points. We chose these combinations to
first identify the discriminatory power of all variables combined, then to determine if
earlier, non-experimental measures could be as accurate at predicting late talking

status at 25 months.
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3.3 Results

In this study, we wanted to: (1) assess the ability of our predictor variables in
predicting individual differences in productive vocabulary at 25 months, and (2)
investigate the discriminatory ability of these variables in distinguishing between late
talking and typically developing children.

We chose not to apply corrections for multiple testing because we did not want
to miss factors which could be predictive of individual differences or discriminate
between late talking and typically developing children as a result of applying a

conservative criterion.

3.3.1 Descriptive statistics

Table 3.1 provides details about demographic factors for participants in both
the Language 0-5 sample and the low language sample. To help with the comparison
between the two samples, the Language 0-5 sample have been split into two groups,
children whose productive vocabulary was above the 50" percentile at 18 months
(the faster Language 0-5 group) and children whose productive vocabulary was
below the 50™ percentile at 18 months (the slower Language 0-5 group). For one
participant in the Language 0-5 Project sample, 18 month UK-CDI data was not
available. We therefore used their UK-CDI data from 16 months to establish which
group they were in. This data was used only for calculating the rate of demographic
risk factors of children in each group (table 3.1) and was not used for any further
analyses. This table shows that there were more boys in both the low language
sample and the slower Language 0-5 sample compared to the faster Language 0-5
sample. Rate of family history of language delay or dyslexia was not different
between the three groups. Low socioeconomic status did differ across the groups.
Rate of health risk factors (prematurity, low birth weight and reports of ear infections
or problems with hearing) were greater in the low language sample. Table 3.2
provides descriptive statistics for each predictor variable for the three groups
including number of participants, mean age and age range of when they completed
each measure.

Figure 1 shows productive vocabulary scores at 25 months split between the
Language 0-5 sample and the low language sample. This graph shows that there is a

trend for children in the low language sample (i.e. the children who had low
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productive vocabulary scores at 15-18 months) to still have productive vocabulary

scores lower than those of children in the Language 0-5 sample at 25 months.
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Table 3.1:

Number of children experiencing demographic risk factors split by three groups: faster language 0-5 group, slower language 0-5 group, and the
low language sample

Group
Faster Language 0-5 sample Slower Language 0-5 sample Low language sample
Variable (risk n (girls)  n with risk Mean age tested n (girls)  n with risk Mean age tested: n (girls) n with risk Mean age tested:
factor) factor (y;m;d) factor (y;m;d) factor (y;m;d)
(range) (range) (range)
Sex (being a boy) 49 (32) 17 0;7.10(05;24- 28(7) 21 0;6;26(0;6;00-1;3;00) 36(15) 21 1;4;24(1;3;01-1;6;21)
1;3;19)
Family history 49 (32) 6 0;7;10(0;5;24- 28(7) 2 0;6;26(0;6;00-1;3;00) 36(15) 5 1;4;24(1;3;01-1;6;21)
(yes) 1;3;19)
Socioeconomic 49 (32) 4 0;7;10(0;5;24- 28(7) 0 0;6;26(0;6;00-1;3;00) 36(15) 4 1;4;24(1;35;01-1;6;21)
status (low) 1;3;19)
Prematurity (born 49 (32) 0 07;10(05;24- 28(7) 0 06;26(06;00-1;3;00) 36(15) 3 1;4;24(1;3;01-1;6;21)
before 37 wks) 1;3;19)
Low birth weight 49 (32) 0 07;10(05;24- 28(7) 0 06;26(06;00-1;3;00) 36(15) 2 1;4;24(1;3;01-1;6;21)
(below 5lbs 90z) 1;3;19)
Ear problems 49 (32) 0 0;7;10(0;5;24- 28(7) 0 0;6;26(0;6;00-1;3;00) 36(15) 1 1;4;24(1;3;01-1;6;21)

(yes) 1;;19)
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Table 3.2:

Number of children, mean age and age range for each predictor variable split by sex and by three groups: faster language 0-5 group, slower
language 0-5 group, and the low language sample

Girls

Group

Faster Language 0-5 sample

Slower Language 0-5 sample

Low language sample

Variable n (%) Mean Age; y;m;d Mean score (range) n (%) Mean Age; Mean score (range)  n (%) Mean Age; Mean score (range)
(range) y;m;d (range) y;m;d (range)

Adult word count 31 2;0;23 19592.10 7 2;0;29 24227.86 ( 13 2;1;16 18923.77

(66%) (2;0;8-2;1;25) (4343.00-36862.00)  (27%)  (2;0;12-2;1;18)  9319.00-53588.00)  (41%) (2;1;9-2;1;25) (3481.00-32745.00)
Conversational turn 31 2;0;23 950.45 7 2;0;29 1029.43 13 2;1;16 818.69
count (66%) (2;0;8-2;1;25) (255.00-1579.00) 27%)  (2;0;12-2;1;18) (522.00-1330.00) (41%) (2;1;9-2;1;25) (209.00-1354.00)
Earlier productive 32 1;6;16 0.34 6 1;6;18 -0.73 15 1;4;21 -0.69
vocabulary (67%) (1;6;0-1;6;29) (-0.48-2.65) (22%) (1;6;7-1;6;29) (-0.94--0.67) (42%) (1;3;1-1;6;15) (-0.87--0.38)
Earlier receptive 32 1;6;16 0.33 6 1;6;18 -0.30 15 1;4;21 -0.81
vocabulary (67%) (1;6;0-1;6;29) (-1.21-1.68) (22%) (1;6;7-1;6;29) (-1.01-0.24) (42%) (1;3;1-1;6;15) (-1.73-0.12)
25 month productive 32 2;1;10 495.78 7 2;1;12 388.86 15 2;1;6 233.60
vocabulary (65%) (2;0;15-2;1;27) (192.00-673.00) (26%) (2;1;6-2;1;23) (174.00-503.00) (42%) (2;1;0-2;1;20) (41.00-509.00)
M3L at 25 months 32 2;1;10 5.67 7 2;1;12 4.10 15 2;1;6 3.09

(65%) (2;0;15-2;1;27) (2.67-14.67) (26%) (2;1;6-2;1;23) (1.00-8.33) (42%) (2;1;0-2;1;20) (1.00-5.67)
Earlier gestures 32 1;6;16 0.94 6 1;6;18 (1;6;7- 0.68 15 1;4;21 -0.23

(67%) (1;6;0-1;6;29) (-0.52-1.88) (22%) 1;6;29) (0.31-1.46) (42%) (1;3;1-1;6;15) (-1.29-1.30)
Speed of linguistic 29 2;1;13 671.52 6 2;1;13 692.54 13 2;1;10 756.92
processing (67%) (2;1;2-2;1;28) (438.05-1080.33) (24%) (2;1;6-2;1;23) (500.75-812.33) (43%) (2;1;2-2;1;21) (611.89-1056.20)
NWR 26 2;1;12 0.73 7 2;1;13 0.62 9 2;1;11 0.46

(62%) (2;1;0-2;1;28) (0.45-0.96) (33%) (2;1;6-2;1;23) (0.37-0.81) (43%) (2;1;2-2;1;21) (0.32-0.69)
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Table 3.2 continued:

Number of children, mean age and age range for each predictor variable split by sex and by three groups: faster language 0-5 group, slower
language 0-5 group, and the low language sample

Boys Group
Faster Language 0-5 sample Slower Language 0-5 sample Low language sample

Variable Mean Age; Mean score Mean Age; Mean score Mean Age;

n (%) y;m;d (range) (range) n (%) y;m;d (range) (range) n (%) y;m;d (range) Mean score (range)
Adult word count 16 2;0;23 17983.06 19 2;0;20 (2;0;6- 19383.42 19 2;1;19 17786.90 (6819.00-

(34%) (2;0;7-2;1;15) (7639.00-28738.00)  (73%) 2;1;4) (8578.00-34310.00)  (59%) (2;1;7-2;2;2) 42451.00)
Conversational turn 16 2;0;23 947.94 19 2;0;20 (2;0;6- 925.68 19 2;1;19 887.90 (119.00-
count (34%) (2;0;7-2;1;15) (447.00-1406.00) (73%) 2;1;4) (330.00-2069.00) (59%) (2;1;7-2;2;2) 2126.00)
Earlier productive 16 1;6;18 0.12 21 1;6;19 (1;6;4- -0.72 21 1;4;27
vocabulary (33%) (1;6;12-1;6;28) (-0.43-1.28) (78%) 1;7;3) (-0.99--0.51) (58%) (1;3;5-1;6;21) -0.77 (-1.00--0.58)
Earlier receptive 16 1;6;18 0.11 21 1;6;19 (1;6;4- -0.87 21 1;4;27 (1;3;5-
vocabulary (33%) (1;6;12-1;6;28) (-1.51-1.60) (78%) 1;7;3) (-2.19-1.54) (58%) 1;6;21) -0.82 (-2.38-2.04)
25 month productive 17 2;1;15 473.65 21 2;1;12 (2;057- 254.76 21 2;1;10 (2;0;14- 156.14 (1.00-
vocabulary (35%) (2;0;24-2;2;1) (351.00-630.00) (78%) 2;1;27) (13.00-574.00) (58%) 2;2;0) 552.00)
M3L at 25 months 17 2;1;15 5.09 21 2;1;12 (2;057- 3.23 21 2;1;10 (2;0;14-

(35%) (2;0;24-2;2;1) (3.00-8.00) (78%) 2;1;27) (1.00-10.00) (58%) 2;2;0) 2.55(1.00-6.33)
Earlier gestures 16 1;6;18 0.69 21 1;6;19 (1;6;4- 0.02 21 1;4;27 (1;3;5-

(33%) (1;6;12-1;6;28) (-0.62-1.88) (78%) 1;7;3) (-2.08-1.77) (58%) 1;6;21) -0.46 (-1.86-1.58)
Speed of linguistic 15 2;1;14 683.32 20 2;1;14 (2;1;0- 680.26 17 2;1;14 (2;1;5- 725.67 (568.06-
processing (35%) (2;0;24-2;1;28) (502.67-904.57) (80%) 2;2;2) (521.75-947.33) (57%) 2;2;0) 897.47)
NWR 16 2;1;15 0.68 15 2;1;17 (2;1;0- 0.49 12 2;1;16 (2;1;5-

(38%) (2;0;24-2;2;10) (0.28-0.89) (71%) 2;2;2) (0.08-0.78) (57%) 2;2;0) 0.44 (0.25-0.81)
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Figure 3.1: productive vocabulary scores for children in the Language 0-5 sample and
the low language sample variable split by three groups: faster Language 0-5 group,
slower Language 0-5 group, and the low language sample

Of the low language sample, only children whose productive vocabulary was
below the 25th percentile at 15 and 16 months and below the 50th percentile at 17
and 18 months were invited to take part in the lab-based. Details of mean productive
vocabulary, range of vocabulary scores and number of children who were invited for
the follow-up project and children who were not invited for the follow-up can be

seen in table 3.3.
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Table 3.3

Mean productive vocabulary scores, range of vocabulary scores and n for children
who were and were not invited for the follow-up project. Mean and range are given in
raw scores and standardised z-scores

Month  Group M (z-score) Range (z-score) n (girls)
15 Invited 4.70 (-0.81) 0-8 (-0.95- -0.70) 10(6)
Notinvited  22.19 (-0.27) 9-57 (-0.67-0.80) 31(16)
16 Invited 4.42 (-0.80) 0-10 (-0.87- -0.70) 12(4)
Not invited ~ 47.30 (-0.07) 14-174 (-0.64-2.06) 30(19)
17 Invited 12.46 (-0.65) 0-34 (-0.81- -0.38) 26(7)
Not invited 86.89 (0.29) 39-228 (-0.31-2.07) 29(13)
18 Invited 15.43 (-0.83) 0-43 (-1.00- -0.52) 7(3)
Not invited 109.24 (0.23) 49-320 (-0.45-2.60) 17(9)

3.3.2 Predicting individual difference in productive vocabulary at 25

months

We ran this analysis in two steps. In step 1, we assessed the relationship
between our predictor variables and the children’s 25 month productive vocabulary.
We did this to identify which variables were related to 25 month productive
vocabulary, to retain them for the remaining analyses. For categorical factors we ran
simple linear regressions and for numeric factors we ran correlations. In step 2, once
we identified factors that were significantly related to 25 month productive
vocabulary, we entered these into multiple regressions to determine if they added
additional explanatory power after controlling for earlier productive vocabulary and
sex.

The results of the simple linear regressions can be seen in table 3.4. Child sex
was a significant predictor of 25 month productive vocabulary, explaining 12% of
the variance in scores. As girls were coded as 1 and boys were coded as -1, the
positive beta value means that being a girl is associated with higher productive
vocabulary scores. Therefore, sex was retained for the regression analyses. Family
history of language delay or dyslexia was not a significant predictor of productive
vocabulary at 25 months and was not retained for the regression analyses.

The results of the correlation analyses can be seen in table 3.4. Neither of our
environmental variables (adult word count and conversational turn count) correlated

significantly with productive vocabulary at 25 months and therefore, were not
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retained for the regression analyses. All three language variables (earlier productive
and receptive vocabulary, and M3L) and gestures significantly correlated with
productive vocabulary at 25 months, and were retained for the regression analyses.
Of our cognitive variables, NWR and speed of linguistic processing on adjective-
noun trials significantly correlated with productive vocabulary at 25 months and so
were retained for the regression analyses. Speed of linguistic processing on all trials
did not correlate significantly and therefore, was not retained for the regression

analyses.

Table 3.4

Relationship between predictor variables and 25 month productive vocabulary scores.
Statistics given are results of linear regression for categorical predictor variables and
correlations for numeric variables

Category Variable R? SE t r p
Demographics Sex 12 16.42 3.85 <.001
Family history 001 2734 035 73
Environmental ~ Adult word count .06 .55
variables i
Conversational turn 11 97
count
Language . .
variables Eszggflﬂmducuve 65 <001
(speech) Y
Earlier receptive 58 <001
vocabulary
25 month M3L .65 <.001
Gestures Earlier gestures .56 1.69¢e-10
Cognitive Speed of linguistic
. . -06 .53
variables processing
Speed of linguistic
processing on =36 .001
adjective-noun trails
NWR 73 <.001

To check if any of the predictor variables were highly collinear, we ran
correlation analyses between each predictor variable. None of the variables
correlated highly, with all below r=.80, so all were kept for the regression analyses.

In step 2, we ran regression using all the variables retained from step 1 (sex,
earlier productive and receptive vocabulary, M3L, earlier gestures, speed of

processing on adjective-noun trials and NWR). We were interested in seeing if any
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of the predictor variables remained significant predictors after controlling for sex and
earlier productive vocabulary, which have been shown, in previous research, to be
robust predictors of vocabulary size. Thus, we controlled for sex and earlier
productive vocabulary by entering them first into our base model. For each model
after, we individually entered each additional predictor variable that we retained
from step 1, on top of the base model.

The results from the base model can be seen in table 3.5 and the results for
the additional five regressions can be seen in table 3.6. Again, we chose not to
correct for multiple comparisons in order to avoid removing potentially influential
variables for our sensitivity and specificity analysis below, but note that applying a

conservative Bonferroni correction would reduce the critical p value to 0.008.

Table 3.5

Base multiple regression model with sex and 18 month productive vocabulary as
predictors and 24M productive vocabulary size as the outcome measure.

Base Model R? Adj.R* F df p

Sex + Earlier productive vocabulary .45 44 4438 2,109  <.001
B SE T p

Sex 32.41 13.74 236 .02

Earlier productive vocabulary 154.74 19.36  7.99 <.001

Note. Adj. =Adjusted

The base model explains a significant proportion of the variance in
productive vocabulary scores at 25 months (45%). Additional significant variance
was explained by both language variables (earlier receptive vocabulary explained an
additional 6% of the variance, M3L explained an additional 16% of the variance),
earlier gesture scores (explained an additional 5% of the variance) and NWR
(explained an additional 18% of the variance). Speed of linguistic processing on
adjective-noun only trials did not explain any additional unique variance in

productive vocabulary at 25 months.
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Table 3.6

Results of six separate multiple regression models. Each model contains the baseline

predictor variables plus one additional predictor variable, specified below

RZ

Model Variables Adj.R* F df p
Base model+ S1 49 37.12 3,108  <.001
earlier. B SE T P)
receptive
vocabulary Sex 27.55 13.12 2.10 .04
Earlier productive 113.93 21.61 5.27 <.001
vocabulary
Earlier receptive 53.27 14.83 3.59 <.001
vocabulary
Base model+ R* Adj.R* F df p
25 month M3L 61 .60 5606 3,106 <001
B SE T P
Sex 25.43 11.83 2.15 .03
Earlier productive 83.58 19.66 4.25 <.001
vocabulary
M3L 38.24 5.89 6.49 <.001
Base model+ R* Adj.R* F df p
earlier gesture
scores S50 .49 36.45 3,108  <.001
B SE T p
Sex 24.69 13.30 1.86 .07
Earlier productive 120.63 20.97 5.75 <.001
vocabulary
Earlier gestures 56.11 16.35 3.43 <.001
Base model+ R* Adj.R* F df p
speed of 45 43 19.84 373 <001
11ngu1s‘qc B SE T »
processing on
adjective-noun  Sex 32.92 14.67 2.24 .03
trials Earlier productive 103.91  21.43 4.84 <.001
vocabulary
Speed of linguistic -0.09 0.06 -1.40  .16;
processing on
adjective-noun
trials
Base model+ R* Adj.R* F df p
NWR .63 .61 44.96 3,80 <.001
B SE T P
Sex 15.20 11.56 1.31 .19
Earlier productive 71.05 16.91 4.20 <.001
vocabulary
NWR 431.58  69.80 6.18 <.001

Note: Adj. =Adjusted
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We then ran one final regression which included all of the variables which
were significant predictors in the last set of regressions. This full model explained
75% of the variance in productive vocabulary scores at 25 months. In addition,
earlier receptive vocabulary, M3L and NWR all remained significant unique

predictors. The results of this full model can be seen in table 3.7.

Table 3.7

Full regression model predicting variance in 25 month productive vocabulary scores
including all significant predictors from the last set of regression analyses

2 . 2
Model Variables R Adj. R F af P
Elli)l(liel 75 73 37.41 6,75 <.001
B SE T P
Sex 13.77 9.94 1.39 .17
Earlier
productive 16.17 17.42 0.93 .36
vocabulary
Earlier
receptive 33.42 12.46 2.68 .009
vocabulary
M3L 21.65 5.22 4.15 <.001
gjsrﬁfrre score 15.53 13.63 1.14 26
i;‘eln‘ff);d 297.72 63.67  4.68 <.001

Adj. =Adjusted

In order to understand why speed of processing using adjective-noun trials
fails to explain additional variance in productive vocabulary after controlling for
earlier productive vocabulary and child sex, we examined the mean and SD of RT
scores obtained by children in the three groups created above: faster Language 0-5
sample, slower Language 0-5 sample and low language sample. Children in the
faster Language 0-5 sample had a mean RT of 760.60 (SD=259.51). Children in the
slower Language 0-5 sample had a mean RT of §70.00 (SD=190.10). Children in the
low language sample had a mean RT of 1084.31 (SD=184.80). Thus, although the
lower language sample had slower speed of processing, as predicted, there was
substantial overlap (large SDs), between the scores in the three groups, especially

between children in the two Language05 groups.
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3.3.3 Classifying late talking children

The aim of these analyses was to determine how accurately each of our
predictor variables classified children who were and were not late talkers. The
independent variables were those that significantly predicted variance in productive
vocabulary in our analyses above: sex, earlier productive and receptive vocabulary,
M3L, earlier gestures and NWR. The dependent variable for the first set of analyses
was late talking status as defined by the 50 word cut off. The dependent variable for
the second set of analyses was late talking status as defined by the failure to combine
cut off. As ROC curve analyses measure the accuracy of a continuous measure in
predicting a binary outcome, sex could not be included in the ROC curve analyses
but was reintroduced in the discriminant function analyses below.

First, we ran ROC curve analyses to determine the diagnostic accuracy of each
of the predictor variables. This analysis does this by measuring the overlap in scores
obtained for each variable by the two groups of children. An ROC curve is created
by plotting the true positive rate (sensitivity) against the false positive rate (1-
specificity) at different thresholds. This yields an area under the curve (AUC) which
is a measure of the overall accuracy of each predictor in correctly classifying
children into the two groups. AUC values range from 0.5-1.0; higher AUC values
indicate better accuracy. This analyses also provides levels of sensitivity and
specificity for different scores for each variable. Here, the sensitivity indicates the
ability of a predictor to correctly classify late talking children (the true positive rate).
Specificity indicates the ability of a predictor to correctly classify typically
developing children (the true negative rate). Sensitivity and specificity rates between
70-80% are considered good for diagnostic assessments used for autistic spectrum
disorder (Bright Futures Steering Committee & Medical Home Initiatives for
Children with Special Needs Project Advisory Committee, 2006). Therefore, we
considered values above 70% to be good in the present analyses.

Results from the first five ROC curve analyses can be seen in table 3.8
(classifying late talking using the 50 word cut off). This table also provide the best
cut-off scores in terms of maximising both sensitivity and specificity. Earlier
productive vocabulary, M3L and NWR were successful in correctly classifying late
talking and typically developing children with high AUC values (0.86, 0.91 and 0.99
respectively) as well as yielding good sensitivity and specificity. While the AUC for
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earlier gestures was good (0.71) the sensitivity of this measure was poor (63%).
Therefore, earlier gesture scores are less accurate in identifying late talking children.
For earlier receptive vocabulary, the AUC was poorer, 0.68. This is reflected in the
specificity of this model, 53%, meaning this measure was less accurate in identifying

typically developing children.

Table 3.8

ROC Analyses Results: Diagnostic classification accuracy for each predictor variable
correctly distinguishing between typically developing and late talking children using
the 50 word cut off

Variable Best cut-off AUC SE p Sensitivity ~ Specificity
(raw scores)

Earlier <-0.73 words 0.86 0.04 <001 0.88 0.76

productive (<24 words)

vocabulary

Earlier <-0.53 words 0.68 0.09 .088 0.88 0.53

receptive (<207 words)

vocabulary

M3L <2.83 morphemes  0.91 0.03 <001 0.88 0.81

Earlier gesture  <-0.36 gestures 0.71 0.10  .049 0.63 0.76

scores (<42 gestures)

NWR <26% accuracy 0.99 0.01 .019 1.00 0.99

Note: earlier vocabulary and gesture scores are age-standardised scores. Raw scores are given in brackets beside
each standardised score.

Results from the second four ROC curve analyses can be seen in table 3.9
(classifying late talking children using the failure to combine cut off). As the
dependent variable was whether or not children were combining words together,
M3L was not included in this set of because it was measured at 25 months, so
including it as an independent variable would be too circular. The AUC for all
models was good. Both earlier gesture scores and NWR were successful in correctly
classifying late talking and typically developing children, yielding good sensitivity
and specificity (earlier gestures: sensitivity 77%, specificity 72%; NWR: sensitivity
100%, specificity 86%). Note that 100% sensitivity for the NWR measures means
that this model correctly classified all seven late talking children. While the AUC
values for earlier productive and receptive vocabulary were good (0.79 and 0.75
respectively) the sensitivity of these measures was poorer (earlier productive

vocabulary: sensitivity 69%, specificity 77%; earlier receptive vocabulary:
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sensitivity 69%, specificity 77%) meaning these two variables did not do well in

correctly classifying late talking children.

Table 3.9

ROC Analyses Results: Diagnostic classification accuracy for each predictor variable
correctly distinguishing between typically developing and late talking children using
failure to combine words as the cut-off for late talking

Variable Best cut-off AUC SE p Sensitivity Specificity
(raw score)

Earlier <-0.73 words 0.79 0.06 <.001 0.69 0.77

productive (<24 words)

vocabulary

Earlier <-1.07 words 0.75 0.08 .004 0.69 0.77

receptive (<161 words)

vocabulary

Earlier <-0.15 gestures  0.82 0.06 <.001 0.77 0.72

gesture (< 44 gestures)

scores

NWR <41% accuracy  0.93 0.03 <.001 1.00 0.86

Note: earlier vocabulary and gesture raw scores are standardised scores converted back to raw scores at 18
months

We ran one final exploratory ROC curve analyses to investigate the
discriminatory ability of speed of processing on adjective-noun trials. While this
variable did not predict unique variance in productive vocabulary, previous research
has shown that speed of linguistic processing is related to syntax acquisition and
thus, it is possible that it would be a good discriminator between late talking and
typically developing children. We used the failure to combine classification because
if speed of processing as related to syntax development, it seems logical that our
classification be based on syntax. See table 3.10 for the results of this analysis.
Speed of linguistic processing on adjective-noun trials did not successfully classify
late talking and typically developing children. The AUC was below the threshold,
and both the sensitivity (60%) and specificity (60%) were poor. Note, there were
only five late talking children with speed of processing available for adjective-noun

trials.
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Table 3.10

ROC Analyses Results: Diagnostic classification accuracy for speed of processing on
adjective-noun trials correctly distinguishing between typically developing and late
talking children using failure to combine words as the cut-off for late talking

Variable Best cut-off ~AUC SE p Sensitivity Specificity
Speed of processing  >930.33 0.61 0.15 .43 0.60 0.60

on adjective-noun

trials

Next, we ran two different discriminant function analyses, to determine if
different combinations of our predictor variables were better at classifying late
talking children compared to each predictor individually. We ran these two analyses
twice; first using the 50 word cut off classification and then using the failure to
combine classification. We recoded our predictor variables into categorical variables
(1, 2) based on the best cut-off scores from the ROC curve analyses above. For
example, the best cut off score for earlier productive vocabulary was producing -.73
or fewer words using the age adjusted standardised scores. Thus, we created a new
variable where children who were producing -.73 or fewer words were coded as 1
and children producing more than -.73 words were coded as 2. This was done for
both sets of classifications using the cut off scores from the associated ROC curve
analysis. The results from all discriminant function analyses can be seen in tables
3.11 and 3.12. As with the ROC curve analyses above, M3L was not included for the
analyses using the failure to combine classification. See table 3.13 for the
standardised canonical discriminant function coefficients. These values provide the
contribution of each variable in classifying children into their groups (late talking
and typically developing).

The first discriminant function analysis included all of the variables that were
included in the ROC curve analyses as well as sex. For the 50 word classification
criteria, this model correctly classified late talking and typically developing children
with an accuracy of 98.80%. While the sensitivity and specificity of this model are
good (100.00% sensitivity and 98.80% specificity), note that there were only two
late talking children available for this analysis (i.e. who had data for all of these
variables). For the failure to combine classification criteria, this model correctly

classified late talking and typically developing children with an accuracy of 91.80%.
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Both the sensitivity and specificity of this model were good (83.30% sensitivity and
92.40% specificity).

The second discriminant function analysis included only non-experimental
variables from earlier time points to determine if we can identify late talking status
from an earlier age: sex, earlier productive and receptive vocabulary, and earlier
gesture scores. When using the 50 words classification, this model correctly
classified late talking and typically developing children with an accuracy of 92.80%.
However, the sensitivity of this model was 0.00%, meaning it did not correctly
classify any late talking children. When using the failure to combine classification,
this model correctly classified children with an accuracy of 87.70%. Using this cut
off, increased the sensitivity of this model to 46.20%. This model is also successful
in classifying typically developing children with a specificity of 93.10%.

We see from these analyses that M3L and NWR are consistently the best
predictors of group membership using the 50 word cut off, and earlier gestures and
NWR are the best predictors when using the failure to combine cut off. Therefore,
we ran another set of discriminant function analyses using only the best predictors.
For the 50 word classification criteria of late talking, this model yielded good
accuracy, 98.80%. Both the sensitivity (100.00%) and specificity (98.80%) of this
model were good. However, as with the first model, there were only two late talking
children included in this model. When using the failure to combine cut off, this
model yielded good accuracy, 87.20%. The sensitivity and specificity of this model
were also good, 100.00% and 86.30% respectfully.
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Table 3.11

Results of the discriminate function analyses for various combinations of variables for predicting late talking status as determined by producing
fewer than 50 words at 25 months

Variable r 2 n (late talkers) df p Accuracy  Sensitivity = Specificity
All variables (sex, earlier productive vocabulary, .81 80.50 80(2) 6 <.001 98.80% 100.00%  98.70%
earlier receptive vocabulary, M3L, earlier gestures

and NWR)

No experimental data from earlier time 38 17.08 111 (8) 4 .002 92.80% 0.00% 100.00%

points (sex, earlier productive vocabulary, earlier
receptive vocabulary, earlier gestures)

Best predictors (M3L, NWR) .81 8594 81(2) 2 <.001 98.80% 100.00%  98.80%

=
+  Table 3.12

Results of the discriminate function analyses for various combinations of variables for predicting late talking status as determined by failure to
combine together words at 25 months

Variable r 2 n (late talkers) dff p Accuracy  Sensitivity = Specificity
All variables (sex, earlier productive vocabulary, .60 3522  85(6) 5 <.001 91.80% 83.30% 92.40%
earlier receptive vocabulary, earlier gestures and

NWR)

No experimental data from earlier time 43 22.58 114 (13) 4 <.001 87.70% 46.20% 93.10%

points (sex, earlier productive vocabulary, earlier
receptive vocabulary, earlier gestures)

Best predictors (earlier gestures, NWR) .56 30.50 86 (6) 2 <.001 87.20% 100.00%  86.30%




Table 3.13

Standardised canonical coefficients for all variables in the two different discriminant
function analyses predicting late talking status at 25 months

Model Variable r (producing fewer r (not combining
than 50 words) words)
All variables Sex 0.00 0.04
Earlier productive 0.00 0.15
vocabulary
Earlier receptive 0.00 0.42
vocabulary
M3L 0.00 NA
Earlier gestures 0.00 -0.35
NWR 1.00 0.93
Non-experimental ~ Sex 0.29 0.30
Earlier productive 0.77 0.40
vocabulary
Earlier receptive 0.14 0.36
vocabulary
Earlier gestures 0.12 0.39
Best predictors Earlier gestures NA -0.13
M3L 0.00 NA
NWR 1.00 1.03
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34 Discussion

The goal of the present study was to investigate whether predictors of individual
differences in productive vocabulary development up to 25 months, could also
discriminate between typically developing and late talking children in a sample of
113 children. First, we investigated whether our measures predicted individual
differences in productive vocabulary at 25 months. In line with our predictions, all
language measures (earlier productive and earlier receptive vocabulary as well as
M3L), gestures, and two cognitive measures (speed of linguistic processing on
adjective-noun trials, and NWR) correlated with productive vocabulary. We were
interested in whether our measures predicted unique variance in productive
vocabulary at 25 months after controlling for child sex and earlier productive
vocabulary (recorded between 15-18 months). Earlier receptive vocabulary, M3L,
earlier gestures and NWR all remained unique predictors of productive vocabulary at
25 months when controlling for earlier productive vocabulary and child sex.

Our first null finding can be easily explained. Family history of speech or
language impairment has been previously shown to be a robust predictor of
individual differences in vocabulary development (Reilly et al., 2007; Reilly et al.,
2009). The failure to find a relationship between family history and productive
vocabulary at 25 months is likely a result of the low number of children with any
family history of speech or language impairment in the entire sample. There were
only 13 out of 113 children with a family history of speech or language impairment
and therefore, there was not enough variance to capture an effect.

For the two environmental factors (adult word count and conversational turn
count), one of the null findings can be easily explained. Adult word count, as
measured by LENA, captures both overheard speech and child directed speech.
Previous research has shown that child direct speech is more important than
overheard speech for children’s vocabulary development (Weisleder & Fernald,
2013). The finding that conversational turns did not correlate with vocabulary at 25
months is more surprising, especially given that in a previous paper using the data
from the children in the Language 0-5 Project sample (chapter 2, Jago et al, in
submission), conversational turn count was a significant predictor of productive
vocabulary at 24 months. One possible explanation for this finding is that while

conversational turns are predictive of vocabulary development in typically
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developing children (Romeo et al., 2018; Zimmerman et al., 2009), it is not a
predictor of late talking status; i.e. that late talking children’s delay is caused by
something other than quality or quantity of their input. Thus, the inclusion of late
talking children in this sample may have impacted the relationship between
conversational turns and vocabulary. Previous research looking at the role of
conversational turns in language development has not investigated its role in
language delay (Gilkerson et al., 2017; Romeo et al., 2018; Zimmerman et al., 2009).

The finding that speed of processing, on all trials (adjective-noun and noun only
trials) did not correlate with vocabulary at 25 months is consistent with previous
research (Peter et al., 2019). This is likely a result of the items used in the task; if the
target nouns were too high frequency for all children, there would not be much
variance in the scores obtained and thus reduce the chances of finding an effect. This
idea is supported by the results from the speed of processing on adjective-noun only
trials. Here we found a relationship with 25 month productive vocabulary. The
introduction of adjectives created variance in RT scores. This is likely due to the
adjective target words being lower frequency for some children.

However, after controlling for child sex and earlier productive vocabulary, this
effect disappeared; speed of processing explained no additional unique variance.
When we compare the mean RTs of children, divided by three groups we find again
that there is little variance in scores obtained between children in both Language 0-5
groups (of the 77 children with speed of processing scores on adjective-noun trials,
61 of them were in these two groups). Research by Fernald et al. (2006) proposes
that speed linguistic processing would predict unique variance in vocabulary because
speed of processing contributes to vocabulary growth over and above concurrent
vocabulary. However, our findings that speed of processing on adjective-noun trial
does not explain unique variance when controlling for earlier vocabulary is in
contradiction to this research.

Alternatively, other research has found that speed of linguistic processing is
related to syntax acquisition (Fernald et al., 2006; Peter et al., 2019). When we
consider late talking as failure to combine words together (a measure of syntax
acquisition), it is possible that speed of processing would be a promising
discriminator between late talkers and typically developing children. To explore this
possibility, we ran an ROC curve analyses using speed of processing on adjective-

noun trials using the failure to combine classification. The results of this analyses
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were poor; both sensitivity and specificity did not reach a satisfactory threshold.
However, there were only five late talking children with reaction times available for
adjective-noun trials. Therefore, more research is required, with more late talking
children, to establish the role of speed of linguistic processing in language delay.

Our second set of analyses established the discriminatory ability of the six
predictors that explained unique variance in the first set analyses, in classifying late
talking and typically developing children. Using the 50 word cut off, most of the
variables (earlier productive vocabulary, earlier receptive vocabulary, M3L and
MWR) were successful in identifying late talking children with good levels of
sensitivity. Only earlier gestures did not reach acceptable levels sensitivity when
using the threshold of 70%. Using the failure to combine cut off, earlier gestures and
NWR were successful in identifying late talking children with good levels of
sensitivity. However, both earlier productive and receptive vocabulary did not reach
acceptable levels of sensitivity.

When using the 50 word cut off, the findings from our discriminant function
analyses show that NWR is the most important factor for discriminating between late
talking and typically developing children. It should be noted that, in both analyses
that include NWR, there were only 2 late talking children. In the one analysis
without NWR, none of the late talking children were correctly identified.

Using the failure to combine cut off, we see that a combination of all of the
variables can be used to discriminate between late talking and typically developing
children. Again, NWR contributes the most the classification accuracy of this model.
When using only non-experimental variables, the sensitivity does not reach our
threshold for satisfactory. However, this analysis is substantially better than that
using the 50 word cut off. Here, earlier receptive vocabulary contributes the most to
the classification accuracy of this analysis. When looking at our best predictors
(earlier gestures and NWR), this model correctly classified most children; all late
talking children were correctly classified and 86.30% of typically developing
children were correctly classified.

Child sex predicted unique variance in productive vocabulary at 25 months after
controlling for earlier productive vocabulary scores. However, sex did not contribute
a large proportion to the classification accuracy of late talking and typically
developing children when using all of our measures or only non-experimental

measures. A child’s sex does contribute to variance in early vocabulary development
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(Horwitz et al., 2003; Nelson, 1973). Boys acquire vocabulary and syntax slower
than girls (Huttenlocher et al., 1991; Ramer, 1976; Schachter, Shore, Hodapp,
Chalfin, & Bundy, 1978). However, though there are more boys than girls in our low
language sample, there is too much overlap in the number of boys in the two groups
for child sex to be good at discriminating between late talking and typically
developing children.

Language use at an earlier time point was successful at predicting both individual
differences in productive vocabulary development and in classifying late talkers
using the 50 word cut off. This is consistent with previous research showing
language use as a strong predictor of individual differences (Henrichs et al., 2011;
Westerlund et al., 2006) and late talking status (Klee et al., 1998; Reilly et al., 2007).
It is unsurprising that a child’s productive vocabulary at one time predicts variance
in their productive vocabulary at a later point, and there is a large body of research in
line with this finding (Henrichs et al., 2011; Rescorla, 2011). More interesting is the
finding that earlier receptive vocabulary was a robust predictor of individual
differences in later productive vocabulary and late talking using the 50 word cut off.
The idea that a child’s own lexicon facilitates the speed with which productive
vocabulary grows has been previously proposed by Borovsky, Ellis, Evans and
Elman, (2016) and by Jones & Rowland (2017). Borovsky et al. (2016) proposed
that the larger a child’s lexicon, the more concepts they understand and thus the
easier they can recognise and learn new words. Jones & Rowland (2017) proposed
that the more words a child knows, the more sublexical chunks they have stored in
long term memory from which they can process and learn new material. Our finding
that earlier receptive vocabulary was a robust predictor of individual differences in
later productive vocabulary development even when we control for earlier
productive vocabulary supports the idea that the words children know are having an
impact on the rate of later language learning.

However, the finding that earlier language use was less successful in classifying
late talkers according to the failure to combine criteria is surprising; a delay in early
vocabulary development is one of the first indicators that a child may experience a
language impairment and may cause parents to seek additional support for children’s
language development (Paul & Roth, 2011). However, combining words together is
a measure of syntax ability. We know that there is a correlation between vocabulary

development and syntax acquisition (Bates & Goodman, 1997; Rescorla,
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Dahlsgaard, & Roberts, 2000; Rescorla & Schwartz, 1990)., but it is possible that the
effect of vocabulary on syntax is not big enough to classify late talking children on
the basis of word combinations.

Of particular interest is the finding that M3L was a strong predictor of individual
differences in productive vocabulary development and late talking status using the
50 word cut off. M3L is an early measure of syntax development, and there is a
wealth of research showing there is a strong relationship between vocabulary and
syntax at the beginning of syntax acquisition (Bates & Goodman, 1997; Rescorla et
al., 2000; Rescorla & Schwartz, 1990). Since our vocabulary measures were not
strong predictors of late talking status as defined by failure to combine (M3L), it is
possible that the direction of this effect, at this age, is syntax impacting vocabulary
development. When we consider that older children with persisting language
impairments no longer exhibit a delay in vocabulary development but in syntax, and
that 2 years is that age at which language delay begins to present, the direction of
this relationship starts to make sense. If syntax is influencing vocabulary
development, a delay in syntax acquisition could, for a time, impact vocabulary size.

Gesture use from 15-18 months predicted unique variance in productive
vocabulary at 25 months and was successful at identifying late talkers who were not
combining any words together. Interestingly, gesture use was not sensitive enough to
correctly classify late talking children when using the 50 word cut off. It was also
one of the weakest contributors to group classification in the discriminant function
analyses using only non-experimental measures for the 50 word cut off
classification. However, it contributed a larger proportion to group classification
using the failure to combine cut off. It is possible that gesture scores are more
successful than vocabulary scores at predicting variance in later vocabulary and late
talking status because we find a floor effect in vocabulary between 15-18 months,
and thus, gesture scores are actually a better measure of a child’s actual
communicative ability at this age.

Considering the individual differences and classification analyses together, NWR
is most consistently robust predictor. We replicated findings that NWR predicts
variance in vocabulary development and expanded these to show that it predicts
unique variance in productive vocabulary development even when we control for
earlier productive vocabulary and child sex. Of most interest, is the finding that

NWR predicts unique variance in our full regression model and was the best
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discriminator for distinguishing between typically developing and late talking
children. Jones, Gobet and Pine (2007) propose that NWR is a measure of
vocabulary size and that performance on NWR tasks in a reflection of vocabulary
size rather than phonological working memory. However, our finding that NWR
predicted unique variance when controlling for earlier vocabulary and in our full
model contradicts this conclusion. While NWR performance is undoubtedly affected
by vocabulary size, our results suggest that something else — perhaps intrinsic
capacity differences in phonological working memory (Gathercole & Baddeley,
1989) - also contributes. Similarly, the finding that NWR was the best measure for
discriminating between late talking and typically developing children is in line with
previous research that recommends NWR as a clinical marker for language
impairment (Conti-Ramsden et al, 2001). However, one of the limitations of this
finding is that most late talking children did not complete the NWR task. We can see
from our discriminant function analyses that in the models that include NWR, only 2
late talking children had data when using the 50 word cut off, and only 5 when using
the failure to combine cut off. Therefore, most of the late talking children do not
actually complete the NWR task. Thus, in principle, NWR may be a promising
predictor of late talking status, and have the potential to predict persisting late talking
status. However, in practice it may be difficult to acquire reliable NWR results from

children with low productive vocabulary scores.

3.5 Conclusion

We found that earlier receptive vocabulary and gestures, as well as concurrent
M3L and NWR, predicted additional unique variance in productive vocabulary at 25
months after controlling for child sex and earlier productive vocabulary in a sample
of late talking and typically developing children. Individually, earlier productive
vocabulary, M3Land NWR correctly classified late talking and typically developing
children using the 50 word cut off. Gestures and NWR correctly classified late
talking and typically developing children using the failure to combine cut off.
However, when combined, only NWR contributed to classification accuracy and
without NWR these measures did not correctly distinguish between late talking and
typically developing due to poor sensitivity. We conclude that individual measures

are more successful at discriminating between these two groups of children.
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4 Chapter 4. Follow-up study from the UK-CDI Project: Can risk factors,
vocabulary skills and gesture scores in infancy predict later concern for

language development?

Fit within the thesis

Chapters 2 and 3 examined if different factors could be used to identify
children who are experiencing a delay in vocabulary acquisition. As discussed in
chapter 1, it is difficult to discriminate between children whose vocabulary
development does and does not catch up. Chapter 1 also details how the findings of
previous research are mixed; the predictive power of early language development or
risk factors, when examined alone, is often weak. This chapter examines the
discriminatory ability of a combination early language skills (used in chapters 2 and
3), health and demographic risk factors, as well as early parental concern for
language development (recorded at 15-18 months) to accurately distinguish between
children for whom there is and is not concern for their language development in later
childhood (recorded at 4-6 years).

The study reported in this chapter found that, while these factors could
successfully identify children for whom there was no concern for their language
development, earlier language skills, health and demographic risk factors, and early
parental concern for language development did not successfully identify children for
whom there was overall concern for their language development, either individually,
or when combined together. This was due to a lack of sensitivity in each model.

This study was designed by Lana Jago and Caroline Rowland. This study was
a follow-up of the UK-CDI project. Data for the UK-CDI Project was collected
across the UK between 2013-2015. Lana Jago collected the data for the follow-up
project, analysed the data and wrote the first draft of the paper. Caroline Rowland
gave comments and revisions on the paper. This chapter is in preparation for

submission to a peer reviewed journal (Jago, Pine & Rowland, in prep.).
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Abstract

This study followed up families who took part in the UK-CDI Project to
investigate if a combination of health and demographic risk factors, as well as
vocabulary and gesture scores recorded between 15-18 months, could be used to
identify children who have had concern expressed for their language development at
4-6 years. A questionnaire was used to measure concern for children’s language
development and children were identified as having concern for their language
development if their parents answered in the affirmative to at least one of five
questions: parental concern about language development, diagnosis of
developmental disability, diagnosis of language disorder, hearing or visual
impairments, or identification of early language delay at the Healthy Child
Programme’s 2 Year Review. Discriminant function analyses revealed that while
these factors could successfully identify children without concern for their language
development, they were not sensitive enough to identify children for whom there

was concern for their language development.
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4.1 Introduction

Delays in language development and impairment over time are associated
with exposure to more adverse health and demographic risk factors (Campbell et al.,
2003; Paul, 2000; Reilly et al., 2010). In addition, young children with early delays
in language acquisition are at an increased risk for developing persisting language
impairments (Rice, Taylor, & Zubrick, 2008).

It is widely accepted that risk factors impact language development, with
more risk factors being associated with poorer language development (Law,
McBean, & Rush, 2011). As a result, policy-makers and lobby groups often
recommend that the language development of children growing up with greater
disadvantage is monitored through their first years and that they receive targeted
support aimed at improving their communication environments (All Party
Parliamentary Group on Speech and Language Difficulties, 2013; Save the Children,
2015).

However, while there is a wealth of research examining the role of
environmental risk factors in predicting later language outcomes (Reilly et al., 2007;
Reilly et al., 2010), the results of these studies have not been conclusive. Some
research has found slower language acquisition and increased risk for persisting
language impairment is associated with early identified health and demographic risk
factors (Campbell et al., 2003), but other research has failed to find this relationship
(Reilly et al., 2010). This means we are currently unable to successfully predict later
language outcomes from infancy using exposure to risk factors as a predictor
(Bishop et al., 2012; Duff, Nation, Plunkett, & Bishop, 2015; Roos & Ellis Weismer,
2008).

In the remainder of this introduction, we outline some of the contradictory
research around the role of risk factors, early concern for language development and
earlier language skills in predicting later language impairment. Following this, we
describe three reasons why this research is inconclusive, before describing the
current study, the aim of which is to provide additional evidence, from a large
representative sample of children, about the role of early risk factors in predicting
later language delay. Note that in our study, we use professional or parental concern

for language development when the child is aged 4 to 6 years as our index of later
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language delay, rather than a diagnosis of language disorder. The reasons why we do

this are explained below.

4.1.1 Language proficiency

It is widely accepted that a child’s own language ability at time 1 predicts their
language ability at time 2, at least in children within the typical range (Henrichs et
al., 2011; Rescorla, 2011; Westerlund, Berglund, & Eriksson, 2006). However, the
role of language proficiency in predicting language impairment is less clear cut.
Many children who experience an early delay in language acquisition are later
diagnosed with a developmental language disorder. However, since many other
children do catch up, language ability at an early age is not a robust predictor of later
language delay. For example, Westerlund et al (2006) found that a measure of
vocabulary size at 18 months was not sensitive enough to identify children with
language impairments at 3 years.

However, it is possible that combining a number of early language measures (e.g.
combining productive vocabulary with measures of receptive vocabulary, gestures,
risk factors and early concern for language impairment) will improve the
discrimination between children for whom there is, and is not, concern for their
language development. Measuring only early productive vocabulary, especially in
children who experience a delay in vocabulary acquisition, may result in a floor
effect. Therefore, receptive vocabulary may be a more accurate measure of
children’s communicative abilities when they are young and, indeed, previous
research has shown that receptive vocabulary predicts later productive vocabulary
development (Duff et al., 2015). However, the role of receptive vocabulary in
predicting later language impairment is relatively unexplored. We hypothesise that
receptive vocabulary is likely to be good at discriminating between children who do
and do not have delayed language later on, as indexed by parental or professional
concern for their language development, because it will capture children’s early
communication skills.

Measures of early gesture use may, similarly, be a robust way to measure
children’s early communicative skills, especially since we know they are related to
later language development and language impairment (Hsu & Iyer, 2016; Colonnesi,
Stams, Koster, & Noom, 2010 ;Rowe & Goldin-Meadow, 2009). Hsu and Iyer

(2016) found children at risk for language impairment at 3 years produced fewer

115



gestures at 15 months. However, this effect disappeared at 4 and a half years, which
suggests that the relationship between early gesture use and later language
development may hold only for a few years, with other skills becoming more
important as the child ages That said, while gestures alone many not be strong
enough to predict later language impairment over time, the combination of gesture
scores with vocabulary scores and with other risks factors may improve our ability
to discriminate between children for whom there is and is not concern for their

language development in later childhood.

4.1.2 Health risk factors

A variety of health factors have been shown to be associated with language
development over time (child sex, prematurity, low birth weight, ear infections,
family history of speech or language impairments, and developmental disabilities;
Barre, Morgan, Doyle, & Anderson, 2011; Huttenlocher, Haight, Bryk, Seltzer, &
Lyons, 1991). For example, Reilley et al. (2010) found that multiple health related
risk factors (child sex, low birth weight and family history of speech of language
difficulties) predicted variance in language skills at age 4 years. Similarly, Jansson-
Verkasalo et al. (2004) showed that being born premature was associated with poorer
performance on measures of comprehension at 2 years.

However, some research investigating the role of such risk factors in predicting
later language impairment often finds weak effects (Harrison & McLeod, 2010). For
example, Harrison and McLeod (2010) found that while risk factors correctly
distinguished between children who were and were not attending speech-language
pathology services, they only correctly classified 2.6% of children who were
attending these services. Therefore, risk factors were not sensitive enough to identify
children with language impairment. Here again, however, it is possible that we can
improve classificatory accuracy by combining risk factors with other measures, such

as early vocabulary and gesture scores.

4.1.3 Demographic risk factors

Two demographic factors which have been shown to predict language
development over time are maternal education and household income. It is likely that
these factors impact language development together because they interact; rate of

household income can be dependent on maternal education and they both, together,
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determine socioeconomic status (SES). Previous research has shown that maternal
education impacts language development via the mother’s own language skills;
parents with higher educational attainment have more advanced literacy skills and
are therefore more likely to produce rich linguistic input from which children learn
(Rowe, 2018; Rowe, Pan, & Ayoub, 2009). However, other research has found that
the effect of maternal education on predicting later language is weak (Harrison &
McLeod, 2010).

Socioeconomic status, as established via household income, has been shown to
impact language development via quantity of parental input; parents from lower SES
backgrounds do not have the same amount of opportunity to provide the wealth of
input children from higher SES background receive. For example, parents living in
more chaotic and crowded conditions use less varied language with their children
(Evans, Maxwell, & Hart, 1999; Rowe, 2018). Reilly et al. (2010) found that
maternal education and socioeconomic disadvantage (measured using household
income) predicted both performance on language assessments and language
impairment at age 4 years. However, Harrison and McLeod (2010) found family
income did not predict whether or not children were attending speech-language
pathology services. It is, nonetheless, possible that SES factors, though unreliable on
their own, when combined with health risk factors, early language skills and early

concern for language development will be strong predictors of language outcomes.

4.1.4 Early concern for language development

Parental concern for language development early in childhood has also been shown
to support the identification of language impairment (Glascoe, 1991). When
combined with clinical observations, parental evaluation of their children’s language
development increases the accuracy with which paediatricians can detect
developmental complications (Glascoe, Altemeier, & MacLean, 1989; Glascoe &
Dworkin, 1995). In addition, a delay in vocabulary development is one of the reasons
that parents first seek support for their children’s vocabulary development (Rescorla,
2011). Therefore, parental concern could be used in combination with other risk
factors to support the detection of delays in language development before language
impairment is identified by a clinician or therapist.

In sum, the research outlined above shows that the role of risk factors in

predicting language outcomes and impairment is somewhat contradictory. There are
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a few possibilities which can explain why these results are unreliable. First, it is
possible that the effect of these risk factors in language acquisition is quite weak
overall, and therefore, only very high-powered studies with large sample sizes are
successful in finding relationships. Where effects are found, these very often are
weak (Carroll & Breadmore, 2017; Stolt, Haataja, Lapinleimu, & Lehtonen., 2009),
and studies with more power are often more successful detecting relationships
between risk factors and language acquisition (Barre et al, 2011; Winksel, 2006;
Kennedy et al., 2006; Van Noort-Van Der Spek, Franken, & Weisglas-Kuperus,
2012).

Second, it is possible that risk factors are only strong predictors of later
language outcomes at the group level but fail to predict on the individual level and
are, in turn, weak predictors of language disorders. It is not inevitable that predictors
of individual differences are the same as predictors of language disorders. Some
measures may discriminate well between faster learners, or between learners in
general, but have very little predictive power when identifying children whose
productive vocabulary is of lower ability. For example, boys tend to be slower than
girls on average but the differences are so small, and the overlap in standard
deviation so large, that sex has very little discriminatory power for identifying
children whose productive vocabulary is of lower ability. In support of this view,
Reilly et al. (2010) found that nine risk factors were successful in predicting
individual differences in language scores at 4 years, but only three of them allowed
the authors to discriminate between children with and without expressive specific
language impairment (SLI; now Developmental Language Disorder (DLD)).

Third, it might be possible that risk factors, when examined in isolation, are
not strong enough to predict language impairment (e.g. Harrison & McLeod, 2010)
but gain substantial predictive power when combined. However, very little research
has investigated how earlier language skills and multiple risk factors might interact
to increase the risk of developing persistent language impairments. Using multiple
risk factors, combined with measures of earlier language skills, could increase our
chances of successfully predicting language impairment. Therefore, it is important to
investigate risk factors and early language skills together. If we can show that a
combination of risk factors and language skills identified early can predict later
language impairment, we can use these factors as a starting point for informing early

intervention based on risk, before language impairment reveals itself.
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4.1.5 The current study

This study followed up a large unique cohort of children who participated in
the UK-CDI project in later infancy (15-18 months). We investigated whether a
combination of environmental risk factors, early language skills, and whether parents
had expressed any worries about their child’s language in late infancy, could
distinguish between children whose language development in later childhood
(between 4 and 6 years of age) was of concern. ‘Concern’ about language
development was defined as parents answering in the affirmative to one or more of
the following questions: a) having being concerned about their child’s language
development in the past, b) their child having had a diagnosis of developmental
delay, c) a diagnosis of language disorder, or d) a visual or hearing language delay
at the Healthy Child Programme’s Two Year Review (a UK-wide review of
development that occurs between 24 and 30 months of age, performed by a health
professional). We chose this broad category of ‘concern’, rather than a diagnosis of
language disorder as our outcome variable, as many children will not yet have a
diagnosis at the age at which we tested them (4-6 years). In addition, as stated above,
parental concern for language development has been shown to benefit clinical
evaluations of language impairment.

The cohort were a subset of the parents who had taken part in the UK-CDI
Project when their children were between 15 and 18 months (time 1). The UK-CDI
Project collected parental report data from across the United Kingdom to establish
norms for productive and receptive vocabulary, and gestures for children from 8-18
months. Parents completed a vocabulary and gesture questionnaire (a
Communicative Development Inventory, or CDI), and a family questionnaire
containing questions about child health, familial risk of language and literacy
disorders, and demographic characteristics. The original cohort were representative
of the UK population as a whole in terms of a range of demographic factors (e.g.
socio-economic status, sex, region, nation, marital status etc). For the present study,
those parents who had agreed to be re-contacted were asked to complete a follow-up
questionnaire when their children were between 4 and 6 years (time 2). The follow-
up questionnaire determined whether anyone had expressed concern about the
children’s language development at time 2, with concern defined according to the

five categories outline above.
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The study had three aims. First, we wanted to determine whether overall
concern for language development at time 2 was predicted by parental concern for
their child’s language development between 15-18 months (time 1). We anticipated
that parents’ concerns about their children’s language development in late infancy
would predict later overall concern for children’s later language development.
Second, we investigated whether a combination of risk factors and early language
and gesture scores at time 1 predicted an increased likelihood of there being concern
expressed for children’s language development at time 2. We hypothesised that a
combination of risk factors and earlier language skills would be a better predictor of
later overall concern for language development than any individual risk factors or
language skill in isolation. Third, we investigated if risk factors and early language
skills could predict whether or not children’s language development caught up after
concern for their language development had been identified. We anticipated that
children with higher vocabulary and gesture scores at time 1, as well as those who
experienced fewer risk factors at time 1, would be more likely to catch up compared
to children experiencing more risk factors and having lower vocabulary and gesture

SCOIECS.
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4.2 Methods
4.2.1 Participants

The original data were collected as part of the UK-CDI Project, a large-scale
project aimed at creating norms for productive vocabulary, receptive vocabulary and
gestures for children in the UK from 8-18 months (Alcock, Meints, Rowland,
Brelsford, Christopher, & Just, 2020). This project collected vocabulary and gesture
data from 1210 children aged 8-18 months across the UK. Parents also provided
information about their children’s health and family background. The original
sample was designed to be representative of the population of UK children of this
age in terms of a number of demographic factors including sex, region, SES, and
race

We contacted all of the families from the original data collection phase who
had agreed to be contacted for further studies, had provided contact details, and
whose children were between 15-18 months when they completed the UK-CDI
(n=370; 78 of whom had productive vocabulary scores in the bottom 25th
percentile). We received 147(40%) responses; 223 families did not reply (60%).0One
family was excluded because their response was incomplete, so the final sample size
was 146 (see table 4.4 for the demographic information for all families contacted,
split by those who did and did not reply to the follow-up questionnaire). Out of the
final sample of 146 children that contributed data for the follow-up project, 24 had a
family history of language delay or dyslexia. Around half of the cohort were girls
(n=70). Twelve families had low maternal education and 34 had low family income.
Details on how these cut-offs were established is in section 4.2.5.2, below. Of the
223 families who did not reply, 113 were of the children were girls. Sixty-three had
low maternal education and 104 had low family income.

The mean age of children 146 included in the follow-up project was 16
months 25 days (15 months, 3 days -18 months, 28 days) during the UK-CDI Project
(time 1), and 5 years and 3 months (4 years, 3 months - 6 years, 4 months) at follow-
up (time 2). All children were monolingual English learners. Details on the number

of children who had ear infections is given in table 4.1.
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4.2.2 Overall design

We used a questionnaire design to follow up children who previously took
part in the UK-CDI Project, and had agreed to be contacted for future studies. This
study was granted ethical approval by The University of Liverpool’s Research Ethics
Subcommittee for Non-Invasive Procedures for the study Language Development in
Late Talkers (Institute Review Board protocol number: RETH000764).

We ran four sets of analyses. In the first analysis, we tested whether the
families who replied to the follow-up questionnaire were representative of the entire
UK-CDI Project sample. We ran preliminary Chi? analyses to assess the rate of risk
factors reported by families in both groups. In the second analysis, we used logistic
regression to test if parental concern at time 1 increased the likelihood of overall
concern at time 2. For this analysis the independent variable was parental concern at
time 1 and the dependent variable was overall concern at time 2. In the third set of
analyses, we ran five discriminant function analyses to establish if different
combinations of risk factors, together with vocabulary and gesture scores recorded at
time 1, were associated with increased likelihood for concern at time 2. The
independent variables for these analyses were language group at time 1, health risk
factors (child sex, prematurity, low birth weight, ear infections at time 1, familial
risk for speech or language impairment, ear infection lasting more than three months,
developmental disability), demographic risk factors (maternal education, household
income), and concern expressed at time 1 (hearing or communication concerns at
time 1), and finally, all of these variables combined. The dependent variable for
these analyses was overall concern for language development established at time 2.
We then ran these five analyses again using a more stringent criteria of concern that
included only the questions that asked about a diagnosis of a disability: a diagnosis
of a developmental disability, a diagnosis of a language disorder, or a visual or
hearing impairment.

In the fourth set of analyses, we tested whether our risk factors, when
combined, could predict ‘catch up ability’ (i.e. could distinguish between children
whose language had been of concern at some point in their development but whose
difficulties resolved by time 2, and those whose language was still of concern). This
included only the subset of children whose parents answered yes to the question

“Have you ever worried that your child's speech was delayed compared to other
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children the same age?” at time 2. For this analysis, the independent variables were
the risk factors listed above, as well as vocabulary and gesture scores at time 1. The
dependent variable was the answers to the language catch-up question at time 2 (Did
your child's speech eventually catch up with up to that of other children the same

age?).

4.2.3 Sampling and data collection procedures

The first data collection (time 1) took place as part of the UK CDI Project
from 2013 to 2015. The data for the follow-up project (time 2) was collected
between 2017 and 2018. We used the database from the UK-CDI Project to follow-
up families who had consented to be re-contacted for future research. Parents were

given a £5 shopping voucher for completing the follow-up questionnaire.

4.2.4 Measures and procedure
4.2.4.1 The UK-CDI

Communicative Development Inventories (CDI) are parent report checklists of
words and gestures/sentences. Parents complete these questionnaires by indicating if
their child uses or understands the words and gestures listed. The UK-CDI Words
and Gestures is standardised for the UK population for vocabulary and gesture
scores in children aged 8-18 months and has good validity and reliability (total

possible scores are 396 for vocabulary and 57 for gesture).
4.2.4.2 The Family Questionnaire

The family questionnaire asks a range of questions about a child’s health and
family background. This questionnaire was designed for the UK-CDI Project (for
details of construction, see Alcock et al, 2020). This questionnaire was used to
collect information about demographic and health risk factors, including prematurity,
birth weight, family history of language delay or dyslexia, and SES. Questions of
interest included “1. At what week of pregnancy was your child born?”, “2. How
much did your child weigh at birth?”, “3. Has your child had an ear infection/glue
ear for longer than 3 months, 4 to 6 ear infections within a 6 month period, or
another identified hearing problem (e.g. at newborn hearing screening)?”, “4. Is there
anyone in the child’s immediate family (brothers/sisters/parents only) with a

speech/language difficulty?”, “5. Does your child have a developmental disability
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(e.g. Cerebral Palsy, ASD, Fragile X syndrome, Muscular dystrophy, Di George
syndrome, Down’s syndrome, Williams syndrome)?”’, “6. Does your child have a
hearing or visual impairment?”, “7. Have you or anyone else had any concerns
about your child’s hearing or communication?”, “17. Mum’s highest education is a.
No formal qualifications, b. GCSE/O Level/NVQ Level 1 or2/ similar, c. A
Level/NVQ Level 3/similar, d. University degree/HND/HNC/NVQ Level 4 or
S/similar, d. Postgraduate/similar e.g.(PGCE, PhD, MA etc.)”, “27. What is the
overall household income (before tax) per year in your child’s main home? a. £0-

£14000, b. £14,001-£24,000, c. £24,001-£42,000, d. £42,001 or more”.
4.2.4.3 Follow-up questionnaire

The follow-up questionnaire was used to investigate the language outcomes of
the children who took part in the UK-CDI project. The key questions for this study
are those that asked about parental concern for language development, details of
those concern (if any), whether the Healthy Child Programme’s 2 Year Review
identified a delay in language development, whether the children had been diagnosed
with a developmental disability or language disorder, and whether the children had a
visual or hearing impairment. The Healthy Child Programme 2 Year Review
(Department of Health, 2009) is part of the Healthy Child Programme: Pregnancy
and the first five years of life, which is run in England and Wales. This review is
designed to optimise child development by reviewing all children in England and
Wales between 2 years and 2 years, 6 months.

At time 2, parents who had provided an email address at time 1 were sent an
email containing a link to complete the questionnaire online. For parents who only
provided a home address, a paper copy of the questionnaire was sent out with a
prepaid return envelope included. See the supplementary materials at

https://osf.io/gvz3x/ for a copy of this questionnaire.

4.2.5 Data coding
4.2.5.1 Concern scores at time 2

Five questions on the follow up questionnaire at time 2 were used to create

‘concern’ scores:
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1. Parental concern for language development: answering yes to “have you ever
worried that your child’s speech was delayed compared to other children the
same age?” = score of 1

2. Developmental disability: answering yes to “does your child have a
developmental disability?” = score of 1

3. Diagnosis of language disorder: answering yes to “has your child been diagnosed
with any of the following language disorders?” = score of 1

4. Hearing or visual impairment: answering yes to “does your child have a hearing
or visual impairment?” = score of 1

5. Identification by the Healthy Child Programme’s 2 Year Review (the Two Year
Check): answering yes to “did this programme identify any delays with your
child’s speech, language or communication abilities?”” = score of 1

The parents’ answers to these questions were used to calculate two scores for each

child:

6. Overall concern: Children whose parents answered yes to any of the question
above were given a concern score of 1. Those whose parents answered no to all
of the questions above were given a concern score of 0.

7. Identified disability: Children whose parents answered yes to any one of
questions 2, 3 or 4 above were given a score of 1. Children whose parents
answered no to questions 2, 3 and 4 were given a score of 0.

Forty-nine children (33.56%) were identified as having an overall concern score
of 1 at time 2. Twenty children (13.70%) fit the criteria for having an identified
disability (developmental disability =10, language disorder =1 and/or visual or
hearing impairment= 12). Note that DLD is estimated to affect approximately 7.58%
of the population (Norbury et al., 2016).

Parents who answered yes to the question “have you ever worried that your
child’s speech was delayed compared to other children the same age?” were also
asked a catch-up question (“Did your child's speech eventually catch up with that of
other children the same age?””). Of the 37 parents who expressed concern for their
children’s language development, 26 reported that their children’s language had
caught up with children the same age, and 11 reported that it had not caught up.

4.2.5.2 Risk factor scores at time 1

Information about 10 risk factors were collected at time 1:

1. Concern (at time 1): answering yes to “have you or anyone else had any concerns
about your child’s hearing or communication?”” = score of 1

Physical/health factors:

2. Child sex: operationalised as being male= score of 1
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3. Prematurity: operationalised as being born before week 36 = score of 1

4. Low birth weight: operationalised as weighing less than 51b 80z when born =
score of 1

5. Ear infection: operationalised as answering yes to the question “has your child
had an ear infection/ glue ear for longer than 3 months, 4 to 6 ear infections
within a 6 month period, or another identified hearing problem?” = score of 1

6. Familial risk of language/literacy disorder: answering yes to “is there anyone in
the immediate family with speech/language difficulty or dyslexia?” = score of 1

7. Developmental disability: answering yes to “does your child have a
developmental disability?” = score of 1

8. Hearing or visual impairment: answerin es to “does your child have a hearin
y y
or visual 1mpa1rment‘?” = score of 1

Demographic factors:

9. Maternal education: selecting “no formal qualifications” or “GCSE/O level/NVQ
level 1 or 2” = score of 1

10. Household income: selecting “£0-£14,000” or “£14,000-£24,000” = score of 1

The cut off scores for maternal education and household income used above
were designed to determine low SES status. For household income, families with
income of around £22,800 per year are considered to have low income (Department
for Work and Pensions, 2019). Low maternal education was established as having no
formal qualifications or GCSE/O level/ NBQ level 1 or 2. Previous research has
shown that children of mothers with less than 12 years of education are at increased
risk for persisting language impairment (Stanton-Chapman, Chapman, Bainbridge, &

Scott, 2002).

4.2.6 Language measures at time 1
4.2.6.1 Division by quartiles: Group membership

Because we wanted to be able to identify if being in the bottom 25%
percentile for vocabulary/gesture at time 1 would predict concern at time 2, we
divided the children into four groups based on vocabulary and gesture scores
between 15-18 months using the UK-CDI norms. The UK-CDI norms were created
using the entire UK-CDI Project sample and provide percentile cut-offs for
productive and receptive vocabulary, and gestures for each month. Children were

split into four groups based on percentiles: 0-25th, 25th-50th, 50th-75th, and above
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75 percentiles. Each child was placed into one of the 4 groups separately for

productive vocabulary, for receptive vocabulary and for gesture use.
4.2.6.2 Language Z-Scores

Standardised scores for productive vocabulary, receptive vocabulary and
gestures were calculated using the data from the UK-CDI Project data using the
mean and standard deviation (SD) of gesture, productive and receptive vocabulary
scores for the entire standardisation sample at all four ages (15, 16, 17 and 18
months). These are age-adjusted scores which control for the fact that the children

were different ages at time 1 (between 15 and 18 months).

4.2.7 Analysis strategy

All analyses were conducted using one-tailed tests, as all hypotheses are
unidirectional hypotheses. All outliers were included, unless it was determined that
the data point was due to experimenter or participant error. Chi? analyses were
performed in R (R Core Team, 2017, R version 3.4.1) using R Studio (Version
1.0.153) using the CrossTable function as part of the gmodels package (Warnes,
Bolker, Lumley & Johnson, 2018). Logistic regressions were performed in R using
the glm function as part of the pscl package (Jackman, 2010). Discriminant function

analyses were run in SPSS Statistics 24.
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4.3 Results

The aim of this study was to (1) assess if parental concern at time 1 was
accurate enough to predict overall concern at time 2, (2) investigate whether a
combination of risk factors and earlier vocabulary and gesture scores can predict
later concern for language development and (3) investigate if risk factors and earlier
vocabulary and gesture scores can distinguish between children whose language
does or does not catch up after parents expressed concern for their language

development.

4.3.1 Descriptive statistics

Descriptive statistics of all the children whose parents provided data for the
follow-up questionnaire can be seen in table 4.1. Table 4.2 details the number of
children in each quartile group for productive vocabulary, receptive vocabulary and
gestures from 15-18 months. Table 4.3 details the number of children whose
language did or did not catch up when their parents reported that they had concern

for their language development at time 2.
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Table 4.1:

Number of children with and without each risk factor

Girls Boys
Risk factor n with the n without the Missing n with the n without the ~ Missing
risk factor risk factor data risk factor risk factor data
Overall concern at time 2 (answering “yes” to any of the 5 16 54 0 33 43 0
questions which denote concern)
Identified disability (answering “yes” to the three questions on 4 66 0 16 60 0
diagnosis of developmental disability, diagnosis of language
impairment, having a visual or hearing impairment at time 2)
Concern expressed by parent at time 2 10 60 0 27 49 0
Concern expressed at Two Year Review time 2 6 56 8 16 45 15
Diagnosis of developmental disability time 2 3 67 0 7 69 0
Visual or Hearing impairment time 2 1 69 0 11 65 0
Diagnosis of language disorder time 2 0 70 0 1 75 0
Health problems at time 1 (total)
Prematurity time 1 5 65 0 8 68 0
Low birth weight time 1 6 64 0 5 71 0
Ear infection at time 1 1 69 0 2 74 0
Familial risk (someone in family) time 1 12 58 0 12 63 1
Developmental disability time 1 0 69 1 0 76 0
Visual or hearing impairment time 1 1 69 0 1 73 2
Language concerns at time 1
Hearing or communication concerns at time 1 2 68 0 8 68 0
Demographic factors at time 1 (total)
Maternal education time 1 9 61 0 3 73 0
Household income time 1 18 52 0 16 60 0




Table 4.2:

Number of children in each quartile for vocabulary and gestures at time 1 (group
membership)

Variable 0-25® 25h.50t 50th-75th 75%h-100"
Productive Vocabulary 39 30 39 38
Receptive Vocabulary 33 32 32 49
Gestures 30 36 43 37

Table 4.3:

Number of children whose parents reported that their language has or has not caught
up by time 2

Caught up Not caught up
26 11

To check if any of the variables were highly collinear we ran Chi? analyses
between each variable. For any two variables that yielded significant Chi? scores, we
followed this up with a Cramer’s V post-test to establish the collinearity. Cramer’s V
provides an effect size where values vary between 0 and 1, with 0 indicating no
collinearity and 1 indicating high collinearity. The Chi? analyses revealed eight of
the predictor variables were significantly associated (prematurity and low birth
weight; low birth weight and family history of language delay or dyslexia; ear
infection at time 1 and visual or hearing impairment at time 1; family history of
language delay or dyslexia and a visual or hearing impairment at time 1; family
history of language delay or dyslexia and maternal education; visual or hearing
impairment at time 1 and maternal education; maternal education and household
income; productive vocabulary group and receptive vocabulary group; productive
vocabulary and gesture group; receptive vocabulary and gesture group). However,
none of these were variables were highly collinear (all Cramer’s V values below
0.70). Collinearity between developmental disability at time 1 and all other variables

could not be established because no parents reported developmental disability at time
1.
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4.3.2 Preliminary analysis: Demographics of families who did and did

not reply to the follow-up questionnaire

We ran Chi? analyses to investigate if there were any differences in the risk
factors listed in table 4.4, recorded at time 1, between families who did and did not
respond to the follow-up questionnaire. There were no significant differences
between the groups in terms of prematurity, birth weight, incidence of ear infections,
family history of language delay or dyslexia, developmental disability, visual or
hearing impairment and hearing or communication concerns. However, there were
significant differences between response groups in maternal education (y? (4)=23.25,
p=.0001) and household income (y? (3)=22.03, p=.0002). Families with higher
maternal education and household income were more likely to respond to the follow-
up questionnaire. The results for these analyses, along with percentages of children

in each response group who had each risk factor at time 1, can be seen in table 4.4.
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Table 4.4:

Number and percentage of children in each risk factor category whose parents did and did not reply. Results are split by sex
a comparison of all families who did and did not reply, not split by sex

. The y* analysis is

Girls Boys
Risk factor Families who  Families who did  Families who Families who did
replied (%) not reply (%) replied (%) not reply (%) $> df p
Health problems
Prematurity time 1 5 (7%) 6 (5%) 8 (11%) 11 (10%) 1.86 2 .39
Low birth weight time 1 6 (9%) 8 (7%) 5 (7%) 5 (5%) 0.77 2 .68
Ear infection at time 1 1 (1%) 1 (1%) 2 (3%) 7 (6%) 073 1 .39
Familial risk time 1 12 (17%) 17 (15%) 12 (16%) 19 (17%) 0.01 1 .92
Developmental disability time 1 5 (7%) 6 (5%) 8 (11%) 11 (10%) 0.67 1 41
Visual or hearing impairment 6 (9%) 8 (7%) 5 (7%) 5 (5%) 071 1 40
Language concerns at time 1
Hearing or communication concerns at time 1 1 (1%) 1 (1%) 1 (1%) 5 (5%) 0.04 1 .85
Demographic factors
Maternal education time 1 2 (3%) 4 (4%) 8 (11%) 10 (9%) 2325 4 .0001
Household income time 1 2 (3%) 4 (4%) 8 (11%) 10 (9%) 22.03 3 .0002




4.3.3 Main analysis 1: Strength of parental concern over time

We ran a logistic regression analysis to investigate if parental concern at time
1 predicted overall concern at time 2. Parental concern at time 1 did not increase the
likelihood of overall concern at time 2, b= 1.18, SE=0.67, p=.08, but note that, only

10 parents expressed concern at time 1.

4.3.4 Main analysis 2: Predicting overall concern for language at time 2

from risk factors, language skills and gesture scores recorded at time 1

Next, we ran discriminant function analyses to assess the discriminatory
ability of the risk factors and language group at time 1 in correctly classifying
children into two groups. Discriminant function analysis is a statistical technique
used to determine how well predictor variables discriminate between two or more
naturally occurring groups. Here we used it to determine which different
combinations of risk factors gave us the best classification accuracy of children into
our two outcome groups: children for whom concern about language has been
expressed (1) and children for whom concern about language has not been expressed
(0) by time 2. Discriminant function analysis yields an overall accuracy figure (how
well the model performs at discrimination overall), and sensitivity and specificity
values. The sensitivity value measures the ability of the model to correctly classify
children for whom there is concern for language development (true positives).
Specificity measures the ability of the model to correctly classify children for whom
there has been no concern expressed about their language development (true
negatives). Sensitivity and specificity rates between 70-80% are deemed acceptable
for diagnostic assessments (e.g. for autistic spectrum disorder; Bright Futures
Steering Committee & Medical Home Initiatives for Children With Special Needs
Project Advisory Committee, 2006). Therefore, we consider accuracy, sensitivity
and specificity and values above 70% to be adequate in the present analyses.
Discriminant function analyses also provides standardised canonical coefficients for
each variable. These coefficients allow us to compare the weighted importance of
each variable in predicting group membership.

We ran five analyses (see table 4.5 for the overall results, and table 4.7 for
the standardised canonical coefficients for each variable in each model, which

indicate the weighted importance of each variable in predicting group membership).
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The first discriminant function analysis included language group at time 1 (quartile
groups for productive vocabulary, receptive vocabulary and gestures at time 1)
predicting group membership (Overall Concern, No Overall Concern). This model
correctly classified children into their groups with an accuracy of 67.10%, =0.35
1*=18.89, df= 3, p<.001, and had good specificity (80.40%) meaning that it did well
in classifying children in the No Overall Concern group (i.e. those for whom no
concern had been expressed at time 2). However, the sensitivity was poor at
40.80%, so the model did not do well in identifying the children in the Overall
Concern group at time 2. We also reran these analyses predicting concern group
membership using productive vocabulary, receptive vocabulary and gesture z-scores,
rather than language quartile groups. The results from these analyses were
essentially the same.

The second discriminant function analysis tested the effect of health risk
factors at time 1: child sex, prematurity, low birth weight, ear infections, familial risk
for speech or language impairment, developmental disability, and visual or hearing
impairments. This model correctly classified children into their groups with an
accuracy of 70.80%, r=.33 y*=15.40, df= 6, p=.02. Again, although the specificity of
the complete model was excellent, 97.90% meaning it correctly classified almost all
children in the No Concern Group, it did not do well in terms of correctly classifying
children in the Overall Concern group (sensitivity = 14.90%).

The third discriminant function analysis tested the effect of demographic
factors predicting group membership: maternal education and household income.
This model correctly classified children into their groups with an accuracy of
71.20%, r=0.25 *=9.48, df= 2, p=.009. Again, however, specificity was good
(89.70%,) but sensitivity was poor (34.70%).

The fourth discriminant function analysis included only parental concern for
language development at time 1 predicting group membership. This model failed to
correctly classify children into their groups, with an accuracy of only 67.80%, r=.15
x>=3.35, df=1, p=.07. Again, the sensitivity of this model was poor, 12.20%,
therefore it did not do well in terms of correctly classifying children with overall
concern for their language development at time 2. The specificity of the model,
however, was excellent, 95.90%, it correctly classified most children without overall

concern for their language development at time 2.
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The fifth discriminant function analysis included all risk factors and language
group at time 1, to determine if, together, these variables can be used to predict
group membership. The included risk factors were health factors (child sex,
prematurity, low birth weight, ear infections at time 1, familial risk for speech or
language impairment, developmental disability, visual or hearing impairment),
demographic factors (maternal education, household income), concern expressed at
time 1 (hearing or communication concerns at time 1), and language groups at time 1
(quartile groups for productive and receptive vocabulary and for gestures). This
model correctly classified children into these two groups with an accuracy rate of
75.70%, r=0.50, 1>=39.26, df= 12, p<.001. Again, however, as with all the previous
models, though specificity was good (91.80%), sensitivity was poor (42.60%). In
sum, all of the models had low sensitivity, and were thus unable to classify children
into the Overall Concern group with reliable levels of accuracy.

However, our Overall Concern measure identified a larger number of children
whose language raised concern (33.56%) than we might expect, given the prevalence
of language disorder in the population (e.g. DLD is estimated to affect
approximately 7.58% of the population, Norbury et al., 2016). Thus, we ran these
five analyses again with a stricter criteria, testing the models ability to classify those
children who had/had not been identified with a disability that might affect language
(being diagnosed with a developmental disability, being diagnosed with a language
disorder and/or having had a hearing or visual impairment). Children were split into
two groups: children for whom a problem which may impact their language
development has been identified (Identified Disability = 1) and children for whom
there has been no disability identified by time 2 (Identified Disability = 0). Here, the
sensitivity value measures the ability of the model to correctly classify children for
whom there is an identified disability (true positives). Specificity measures the
ability of the model to correctly classify children for whom there is not an identified
disability (true negatives). The results from these five analyses can be seen in tables
4.6 and 4.7. As with the previous five analyses, the sensitivity of these models was
very poor; they were unable to accurately classify children with an Identified

Disability.
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4.3.5 Main analysis 3: Predicting catch-up in language development

from risk factors recorded at time 1

For this analysis, we ran a discriminant function analysis to assess the
discriminatory ability of the risk factors and language group in correctly classifying
children whose language did (0) and did not (1) catch up by time 2. A total of 37
parents expressed concern for their children’s language development at time 2. Of
these 37, 26 reported that their children’s language had caught up with children the
same age, and 11 reported that it had not caught up.

This model did not correctly classify children into their groups. While the
accuracy of this model was good, 82.90%, it did not reach significance, 7=0.57
x>=10.66, df= 11, p=.47. This result is reflected in the sensitivity of the model. The
sensitivity of this model was poor, 54.50% meaning it did not do well at classifying
children whose language did not catch up. The specificity of the model was good,
95.80%, meaning it did well in terms of correctly classifying children whose
language did catch up. See table 4.8 for the results of the discriminant function

analysis and table 4.9 for the standardised canonical coefficients for each variable.
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Table 4.5:

Results from the discriminant function analyses distinguishing between children with and without overall concern for their language development
at time 2.

Variable r 2 n df p Accuracy Sensitivity Specificity

Language group at time 1 0.35 18.89 146 3 <001 67.10% 40.80% 80.40%
(quartile groups for vocabulary and
gesture scores at time 1)

Health factors 0.33 1540 143 6 .02 70.80% 14.90% 97.90%
(sex, prematurity, low birth weight, ear

infection, visual or hearing impairment,

family history, developmental disability)

Demographic factors 025 948 146 2 .009 71.20% 34.70% 89.70%
(maternal education, family

income)

Concern at time 1 0.15 3.35 146 1 .07 67.80% 12.20% 95.90%

All variables 0.50 3926 143 12 <001  75.70% 42.60% 91.80%
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Table 4.6:

Results from the discriminant function analyses distinguishing between children with and without an Identified Disability at time 2

Variable r "2 n d p Accuracy Sensitivity Specificity
Language group at time 1 0.13 2.36 146 3 .50 86.30% 0.00% 100.00%
(quartile groups for vocabulary and

gesture scores at time 1)

Health factors 0.35 17.90 143 6 .006 86.80% 10.50% 98.40%
(sex, prematurity, low birth weight, ear

infection, visual or hearing impairment,

family history, developmental disability)

Demographic factors 0.16  3.62 146 2 .16 86.30% 0.00% 100.00%
(maternal education, family income)

Concern at time 1 0.13 2.39 146 1 A2 86.30% 0.00% 100.00%
All variables 040 2287 143 12 .03 86.10% 15.80% 96.80%




Table 4.7:

Standardised canonical discriminant function coefficients of each discriminant
function analysis predicting overall and identified concern

Model Variable r (Overall r (Identified
Concern) Concern)
Language group Productive vocabulary group 1.07 0.66
Receptive vocabulary group -0.18 -0.36
Gesture group 0.08 0.79
Health factors Sex 0.69 0.67
Prematurity -0.25 -0.64
Low Birth Weight 0.45 0.68
Ear Infection 0.70 0.60
Family history 0.22 -0.11
Visual or hearing impairment -0.15 0.16
Demographic
Factors Maternal education -0.48 -0.09
Household income 1.02 1.02
Concern at time 1 Concern at time 1 1.00 1.00
All variables Sex 0.36 0.57
Prematurity 0.04 -0.47
Low Birth Weight 0.13 0.52
Ear Infection 0.30 0.45
Visual or hearing impairment 0.10 0.24
Family history -0.01 -0.22
Maternal education -0.38 -0.12
Household income 0.66 0.46
Concern at time 1 0.08 0.17
Productive vocabulary group -0.62 -0.08
Receptive vocabulary group 0.09 0.10
Gesture group 0.09 -0.13
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Table 4.8:

Results of the discriminant function analysis distinguishing between children whose language did and did not catch up

Variable r 2 n d p Accuracy Sensitivity

Specificity

All variables 0.57 10.66 35 11 .47 82.90% 54.50%

95.80%

Note: Only 35 children (of the 37 whose language was of concern at some point) had data available for all variables in this analysis



Table 4.9:

Standardised canonical discriminant function coefficients for each variable
predicting whether or not children's language caught up after concern was expressed

Model Variable r

All variables  Sex -0.53
Prematurity 0.69
Low Birth Weight -0.17
Ear Infection -0.15
Visual or hearing impairment 0.51
Family history 0.18
Maternal education NA'
Household income -0.13
Concern at time 1 -0.63
Productive vocabulary group -0.22
Receptive vocabulary group -0.38
Gesture group 1.03

*No children whose language did or did not catch up had low maternal education so it did not contribute to
classification accuracy
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4.3.6 Exploratory analyses

We ran three exploratory descriptive analyses to investigate why the risk
factors were not sensitive enough to correctly classify children whose language was
of concern at time 2. Table 4.10 details the number and percentage of children in
each Concern group (Overall Concern, No Overall Concern) with each risk factor.
We can see from this table that the proportion of children with the risk factor is
almost always bigger in the Overall Concern group than the No Overall Concern
group. For example, if we consider the family history of language delay or dyslexia
risk factor, 20.83% of children in the Overall Concern group have that risk factor,
compared to 14.43% in the No Overall Concern group. However, the differences are
not big; for most risk factors, a substantial minority of children in the No Overall
Concern group also have the risk factor.

Next, we looked at the number and proportion of children with and without
overall concern in each of the language quartile groups at time 1. Again, we can see
from table 4.11, why language and gesture scores at time 1 do not predict Overall
Concern at time 2. Although there are a greater proportion of children in the lowest
quartiles who subsequently raise concerns than in the higher quartiles (e.g. 40.82%
for 0-25" percentile vs 12.24% in 75-100"™ percentile for productive vocabulary) the
differences are not large or distinct enough to be discriminatory. A substantial
minority of children in the higher quartiles go on to develop concerning language,
and a substantial minority of children in the lower quartiles do not go on to
subsequently raise concerns.

Finally, we created total risk factor scores for each child in the Overall
Concern and No Overall Concern groups (see table 4.12 for means and SDs). The
total number of risk factors was 10 (being a boy, being premature, having a low birth
weight, ear infections family history of language delay or dyslexia, having a
developmental disability at time 1, having a visual or hearing impairment at time 1,
hearing or communication concerns at time 1, low maternal education and low
household income). The mean number of risk factors for children in the Overall
Concern group was 1.71 and the mean number of risk factors for children in the No
Overall Concern group was 1.04. In addition, the overlap in standard deviation of
both groups is quite big, and the range was the same across the two groups (0-5).

Therefore, while children in the Overall Concern group experience a slightly larger
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number of risk factors overall, the differences are not big or distinct enough to be

discriminatory.
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Table 4.10:

Number and percentage of children with each risk factor split by Overall Concern and
No Overall Concern groups

Have risk  Overall concern No overall concern

Variable factor n (%) n (%)
Sex (male) Yes 33(67.35%) 43(44.33%)
No 16(32.65%) 54(55.67%)
Prematurity Yes 5(10.20%) 8(8.25%)
No 44(89.80%) 89(91.75%)
Low birth weight Yes 5(10.20%) 6(6.19%)
No 44(89.80%) 91(93.81%)
Ear infection at time 1 Yes 3(6.12%) 0(0.00%)
No 46(93.88%) 97(100.00%)
Family history Yes 10(20.83%) 14(14.43%)
No 38(79.17%) 83(85.57%)
g;l\éeiopmental disability at Yes 0(0.00%) 0(0.00%)
No 48(100.00%) 97(100.00%)
Visual impairment at time 1 Yes 1(2.13%) 1(1.03%)
No 46(97.87%) 96(98.97%)
Concern at time 1 Yes 6(12.24%) 4(4.12%)
No 43(87.76%) 93(95.88%)
Maternal Education Yes 3(6.12%) 9(9.28%)
No 46(93.88%) 88(90.72%)
Family Income Yes 18(36.73%) 16(16.49%)
No 31(63.27%) 81(83.51%)
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Table 4.11:

Distribution of children with and without overall concern across four percentile
quartiles for productive vocabulary, receptive vocabulary and gesture scores from 15-

18 months
0-25™ 25M 50" 50" -75% 75" percentile
Variable Concern percentile percentile percentile and above
Productive  Overall 20(40.82%)  17(34.69%)  6(12.24%) 6(12.24%)
vocabulary concern
No overall  19(19.59%)  13(13.40%)  33(34.02%)  32(32.99%)
concern
Receptive  Overall 14(28.57%)  13(26.53%)  12(24.49%)  10(20.41%)
vocabulary concern
No overall  19(19.59%)  19(19.59%)  20(20.62%)  39(40.21%)
concern
Gesture Overall 15(30.61%)  13(26.53%)  8(16.33%) 13(26.53%)
scores concern
No overall 15(15.46%)  23(23.71%)  35(36.08%)  24(24.74%)
concern

Table 4.12:

Mean and standard deviation of the number of risk factors for children with and
without overall concern. Minimum and maximum number of risk factors experienced
by any one child in each group is also listed.

M SD Minimum Maximum
Overall concern 1.71 1.14 0 5
No overall concern 1.04 1.09 0 5
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4.4 Discussion

The goal of the present study was to investigate if we could use a
combination of risk factors, earlier vocabulary and gesture scores, as well as early
parental concern for language development to predict later concern for language
development in children who took part in the UK-CDI Project.

We first investigated if there was a difference in the demographics of families
who did and did not respond to our questionnaire. We found that parents from
families with higher income and higher maternal education were more likely to
respond to the follow-up questionnaire than parents from families with lower income
and lower maternal education. This is a common problem when collecting data from
lower SES families (Reilly et al., 2010). However, when we consider that DLD
affects 7.58% of all children (Norbury et al., 2016), and that 13.70% of our sample
had an identified disability, we believe we have still collected data from a
representative proportion of the population, at least when it comes to language
ability, if not socio-economic status. It is however, important that low SES families
are represented in this area of research. Future research should therefore make an
increased effort to contact families represented in lower SES brackets. We may have
been more successful at encouraging families to participate if we had personally
contacted them, either via email or phone.

We then examined the strength of parental concern over time. Contrary to our
predictions, overall concern at time 2 was not predicted by parental concern at time
1. This is due to there being so few parents reporting concern at time 1; only 6
parents of children who expressed concern at time 2 also expressed concern at time 1
(see table 4.10). Therefore, we are hesitant to conclude that, where more parents
express early concern for their children's language, there would be no relationship
between parental concern at time 1 and Overall Concern at time 2.

Following this, we used discriminant function analyses to examine if
different combinations of health and demographic risk factors as well as earlier
vocabulary and gesture scores could discriminate children for whom there was, and
was not, concern for their language development. We first examined the role of
earlier language and gesture scores in predicting later concern for language
impairment. These variables did not successfully discriminate between children with

and without concern for their language development due to poor sensitivity; they
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failed to correctly classify the children in the Overall Concern group. When we
examine the number of children in each vocabulary and gesture quartile (table 4.11),
we see that children with and without overall concern were distributed across all four
quartiles with very little clustering at each end for each group. To be expected,
children for whom there was overall concern were less likely to be represented in the
top two quartiles for productive vocabulary. However, they were distributed across
the bottom two quartiles (0-25" and 25"-50'") and, while their productive vocabulary
scores were below average (below the 50" percentile), they were not very low. In
addition, 19.59% and 13.40% of children for whom no one expressed concern for
their language development at time 2 were also in the bottom 0-25% and 25"-50t%
respectively at time 1. This means that early language and gesture ability did not
reliably distinguish between children whose language was, and was not, of later
concern.

One reason that could explain why early vocabulary and gesture scores,
recorded at 15-18 months, do not predict concern for language development at 4-6
years, is a disconnect between the skills that children are required to master early on
to acquire language (i.e. to learn to use and interpret gestures and words) and the
skills that characterise later acquisition (syntax and pragmatics). Although some
have argued that vocabulary and syntax development are strongly correlated (Bates
& Goodman, 1999), others have argued strongly that syntactic and vocabulary
acquisition are governed by different learning mechanisms (innate syntactic ability;
e.g. Valian, 2014). Language impairments in older children tend to be characterised
by greater difficulties in syntax or pragmatics (Bishop, 2014; Norbury & Bishop,
2002) than in vocabulary (Bishop & Snowling, 2004; Leonard, 2014). Therefore, one
possible reason for these results is that different acquisition mechanisms underlie
vocabulary and syntax acquisition, and, thus, that delays in vocabulary and syntax
acquisition stem from different causes (see van der Lely, Rosen, & McClelland,
1998, for a theory of specific language impairment based on this premise).

Alternatively, it is possible that the change in children’s environments
between 15-18 months and 4-6 years is having an effect. Previous research has
shown that once children start attending playgroups and nurseries (typically at about
2-3 years of age), this has a substantial impact on their cognitive development
(Sylva, Stein, Leach, Barnes, & Malmberg, 2011; Turner, 1974). It might be that the

environmental influences that affect language development early in life are now no

147



longer influencing later language, and vice versa. For example, children who hear
little language in the home early in life, and thus develop slowly at first, might start
to attend a nursery that promotes language development, and thus start to thrive. In
other words, changes in children’s environment over the preschool years may break
the link between early and late language development.

We then examined if a number of health or demographic risk factors could
predict later concern for language impairment. As with early language skills above,
these risk factors did not successfully identify children for whom there was concern
for their language development due to a poor sensitivity. Although the Overall
Concern group experienced, on average, a greater number of risk factors (see table
4.12: 1.71 vs. 1.04), there was lot of overlap (wide and overlapping standard
deviations and ranges) in the number of risk factors in each group. This means that
no combination of health or demographic risk factors was experienced almost
exclusively by children with concern for their language development and therefore
no factors were discriminant enough to distinguish between these two groups of
children. Furthermore, when we consider that there were a maximum of 10 risk
factors and the most risk factors any one child experienced was 5, we can see that
neither children with nor children without overall concern for their language
development were exposed to a very high number of these risk factors. This result is
consistent with previous research, which has shown that health and demographic risk
factors are better at predicting individual differences than they are at predicting
language impairment or concern for language development (Harrison & McLeod,
2010; Reilly et al., 2010). For example, Harrison and McLeod (2010) found health
and demographic risk factors did not predict parental concern for vocabulary
development or use of speech-language pathology services, with a combination of
these factors yielding poor levels of sensitivity.

Following this, we examined if early parental concern for language
development predicted later overall concern for language development. Again, this
did not improve our ability to discriminate between children with and without
concern due to poor sensitivity. Previous research has shown that parental concern
for language delay can benefit clinical detection of language impairment (Glascoe,
1991; Glascoe & Dworkin, 1995). However, this research has been typically run
with older children. The findings here suggest that very early concern for language

development may not be as beneficial for predicting later problems. Again, it is
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possible that the factors driving parental concern at time 1 and time 2 are not the
same. When children are 15-18 months old, delay in productive vocabulary
development is responsible for parental concern. However, by the time children are
4-6 years old, vocabulary is typically no longer a cause for concern. As mentioned
above children experiencing language impairment at 4-6 years typically present
difficulties associated with syntax acquisition (Bishop & Snowling, 2004; Leonard,
1998; Leonard, 2014). Therefore, parental concern at time 1 and time 2 may stem
from different sources.

Similarly, with all of the factors combined, while we were successfully able
to distinguish between children in terms of accuracy and specificity, the sensitivity
of each of these models was low. This means that these models all failed to identify
those children for whom there is concern for their language development. This is
particularly surprising when we consider that this full model includes all risk factors,
earlier vocabulary and gesture scores and early concern for language development.
However, the finding is in line with previous research. Reilley et al (2010) found that
while risk factors were successful in predicting continuous language scores at 4 years
(i.e. individual differences), they were unable to correctly classify children with
specific language impairment (now DLD). Looking at our exploratory analyses, we
can begin to understand these findings; there were no risk factors that consistently,
and distinctly, impacted children for whom there was later concern.

One possible explanation for why risk factors, early vocabulary and gesture
scores, and early concern for language development do not predict later concern for
language development is that our measure of later concern was not reliable. It was
possible that the inclusion of parental concern for language development and
identification by the Healthy Child Programme’s 2 Year Review added too much
noise. However, we controlled for this possibility by repeating the analyses using
identified disability. Still, these variables did not successfully predict identified
disability and thus, it was not the reliability of our concern measure driving these
findings.

Finally, we investigated if catch-up in language delay is associated with
exposure to fewer risk factors and better scores on earlier vocabulary and gestures. In
line with the results of the previous models, this model had poor sensitivity and did
not correctly classify children whose language did not catch up - children whose

language development was of the greatest concern. Again, we find that risk factors
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as well as earlier vocabulary and gesture scores are not exclusively impacting
children with the poorest language development and are therefore, not predictive of
persisting language impairment.

Throughout all of the analyses, there was a failure to identify children with
overall concern for their language development, with identified disability and whose
language did not catch up due to a consistent lack of sensitivity. This is in line with
previous research; it is very difficult to classify children whose language is of most
concern over time (Reilly et al., 2010). We know that a substantial proportion of
children who present with early delays in language acquisition continue to perform
poorly on measures of language and literacy skills later in childhood (Rescorla,
2002, 2009). However, these measures are not accurate enough to classify children
later in life. Therefore, more research is required to identify predictors of language

delay over time.

4.5 Conclusion

The present findings shed light on the role of health and demographic risk
factors in predicting later language outcomes. Risk factors are currently
recommended as a starting point when monitoring language delay in young children
because the incidence of persisting language impairments is greater in children from
families exposed to greater risks (Harrison & McLeod, 2010). However, since we
have found that these risk factors, alone and combined, do not allow us to accurately
predict concern for children’s language development over time we would not
recommend that they be used when screening children at risk for language

impairment on the basis of a delay in productive vocabulary acquisition.
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5 Chapter 5: Discussion

There were three main aims of this thesis. The first aim was to identify
predictors of individual differences in vocabulary acquisition. The second aim was to
establish if the same predictors can be used to identify children who were
experiencing a delay in productive vocabulary development. The third aim was to
investigate if combinations of early risk factors and language skills can identify
children for whom there is concern about their language development between 4-6
years. Chapter 2 identified factors implicated in predicting individual differences in
productive vocabulary development at 24 months, and in distinguishing between
typically developing children and children who were slow to talk at 24 months.
However, nearly all of the children studied in chapter 2 had language development
within the typical range; few were so delayed as to be classified as late talkers. Thus,
in chapter 3 we collected an additional sample of late talking children. We examined
predictors of individual differences in vocabulary development at 25 months in this
combined sample of typically developing and late talking children, and the ability of
these predictors to discriminate between typically developing and late talking
children. Finally, chapter 4 extended the investigation to the role of early language
skills in later language impairments, by examining the relationships early language
skills, early concern for language development, risk factors and later concern for
language development.

This discussion chapter will first summarise the findings from the three
empirical chapters. Following this, it will provide an overview of the results for each
predictor variable, in the light of the findings from all chapters and the previous
literature. Next, the chapter will present a summary of the discriminant function
analyses throughout the thesis and their implications for how we use combinations of
predictor variables to discriminate between different groups of children in terms of

their language ability. Finally, directions for future research will be presented.

5.1 Chapter 2: Individual differences in productive vocabulary:

Identifying children who are slow to talk.

In this chapter, we investigated factors that contributed to individual differences
in vocabulary development and established if these factors, individually and
combined, could be used to distinguish between typically developing children who

were faster, and slower, to talk at 24 months. The aim of this was to investigate

151



potential factors that could then be used to identify late talking children who are
traditionally identified around 2 years old. We found that conversational turn counts,
earlier receptive vocabulary, mean length of utterances (MLU) non-word repetition
(NWR) and speed of linguistic processing, all predicted unique variance in
productive vocabulary at 24 months after controlling for earlier productive
vocabulary and child sex. We controlled for these factors for two reason. First, they
have been shown to be robust predictors of individual differences in later productive
vocabulary and are relatively easy to assess; if these factors can explain the variance
in productive vocabulary alone, there would be no need to run additional
assessments. Second, we were interested in establishing what unique variance the
additional factors explained in order to have a better understanding of their unique
role in language development, and in turn, their usefulness in identifying late talking
children.

When we examined the discriminatory ability of each of these factors
individually, we found that they were successful in distinguishing between the
children who were, and were not, slower to learn to talk. In addition, when
combined, all of these factors were successful in discriminating between the two
groups of children. When using only the non-experimental factors or factors
collected from earlier data points, they could still successfully discriminate between
these two groups of children. However, when using only earlier non-experimental
measures, the factors were less successful in identifying children who were slow to
talk. Therefore, when using earlier measures to predict group membership at 24
months, the inclusion of experimental measures (speed of processing at 19 months)
improved our ability to discriminate between typically developing children and

children who were slow to talk.

5.2 Chapter 3: Individual differences in vocabulary acquisition in

late talking and typically developing children.

The research outlined in the second empirical chapter replicated the above
research with an extended sample of late talking and typically developing children.
Chapter 3 identified whether the same factors which were successful in predicting
individual differences in a sample of typically developing children, were also
predictive of differences between typically developing and late talking children.

Children’s earlier receptive vocabulary, the mean length of their three longest
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utterances (M3L), earlier gesture scores, and NWR all predicted unique variance in
productive vocabulary scores at 25 months, after controlling for sex and earlier
productive vocabulary scores. Next we assessed the ability of these variables to
distinguish between late talking and typically developing children. Late talkers were
classified using two commonly applied criteria. First, children who were not
producing 50 words were classified as late talkers (50 word cut off). Second,
children who were not combining any words together were classified as late talkers
(failure to combine cut off). Using the 50 word cut off, earlier productive and
receptive vocabulary, concurrent M3L and NWR could all successfully distinguish
between late talking and typically developing children. However, when all variables
were combined, only NWR made a unique contribution to group membership. The
earlier non-experimental measures alone (sex, earlier productive vocabulary, earlier
receptive vocabulary and earlier gestures) did not successfully discriminate between
late talking and typically developing children, with a failure to identify any late
talking children. Using the failure to combine cut off, earlier gestures and concurrent
NWR successfully distinguished between late taking and typically developing
children. Again, with all variables combined, NWR contributed the most to
successfully distinguishing between these two groups of children. However, the
NWR task presented a limitation due to sample size. Most late talking children did
not complete the NWR task and therefore, the resulting sample size was substantially
reduced. Using only earlier non-experimental measures, again, this combination of
variables did not successfully distinguish between typically developing and late
talking children. However, the sensitivity of this combination of variables was better
than that using the 50 word cut off.

In summary, the results from chapter 3 demonstrate that early measures of
language development can be used to predict individual differences in vocabulary
development at 25 months. In addition, these measures can be used individually to
distinguish between late talking and typically developing children. However, when
combined, the measures lose their ability to discriminate between these two groups

due to a lack of sensitivity.
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5.3  Chapter 4: Follow-up study from the UK-CDI Project: Can risk
factors, vocabulary skills and gesture scores predict later concern for

language development?

This chapter presented a study following up children who had taken part in the
UK-CDI Project at 15-18 months of age, and were now aged between 4-6 years. The
purpose of this was to identify if any concern about their language had ever been
expressed, and to examine if we could predict this concern from factors recorded
when children were 15-18 months old. The aim of this study was to identify if
different combinations of language skills, risk factors and early concern for language
development could reliably improve the accuracy of predicting later concern for
language development.

Whether we examined factors in individual groups or combined together, none
of our factors - language skills, health risk factors, demographic risk factors and
early concern for language development - successfully discriminated between
children for whom there was and was not concern for their language development.
However, there was a possibility that our measure of concern was too inclusive, so
we repeated these analyses with a stricter criteria — identifying only children who
had an identified disability that could impact their language development over time
(developmental disability, diagnosis of a language disorder, and/or having a hearing
or visual impairment). Again, the different combination of factors, individually and
combined, did not successfully identify children.

We then examined whether or not language skills from 15-18 months, health
and demographic risk factors, and early concern for language development could
distinguish between children whose language did or did not catch up after concern
for their language development had been identified. Again, we found that these
variables did not successfully identify children whose language did not catch up.

In summary, the results from chapter 4 suggest that none of our early predictor
variables allowed us to identify the children of greatest concern: children with
concern for their language development, children with an identified disability and
children whose language never caught up. We concluded that this is most likely due
two possible, not mutually exclusive, reasons. First, risk factors are not discriminant
enough to distinguish between groups of children; there is too much overlap between

children with and without concern for their language development. Second, there
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may be a disconnect between the development of early language skills (vocabulary
and gesture acquisition) and later language development (syntax and pragmatics

acquisition).
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5.4  Overview of each predictor variable: Interpretations of their

contributions to the results

Given the findings summarised above, what implications do these results have,
overall, for our understanding of the causes of individual differences, and of
language difficulties, in early childhood? In the following section, we discuss each
predictor variable in turn, collating the evidence across chapters, and discuss its

contribution to language development.

5.4.1 Child sex

Child sex predicted individual differences in productive vocabulary at 24 and
25 months in chapters 2 and 3. This is in line with previous research that robustly
demonstrates that girls tend to more advanced in their language development than
boys (Fenson et al., 1994; Horwitz et al., 2003).

However, throughout all three empirical chapters, child sex contributed very
little to the identification of children whose language development was slow. In
chapter 2, child sex did not contribute to our ability to discriminate between children
who were and were not slow to talk in our typically developing sample. In chapter 3,
again, child sex did not contribute to discriminating between late talking and
typically developing children using concurrent and earlier measures; the overall
sensitivity of these models was poor. Similarly, in chapter 4, while child sex
contributed a substantial amount to the classification accuracy of identifying children
for whom there was concern, the overall sensitivity of these models was poor and
thus, child sex did not contribute to the overall success in identifying children whose
language was of concern. Finally, in models using a combination of variables to
discriminate between children whose language did and did not catch up, child sex
did not improve this model’s ability to identify children whose language did not
catch up.

We can see from these studies that child sex is a strong predictor of
individual differences in vocabulary and we know from previous research that is in
implicated in language impairment (Reilly et al., 2010; Rescorla, 2011). However, in
the research presented here, sex was not a reliable factor for distinguishing between
children who do and do not have typically developing language and fails to identify

the children whose language is of most concern. The reason we find individual
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differences when using sex as a predictor variable is because there are slightly more
girls at the top of the scale and slightly more boy at the bottom. However, given that
only a small proportion of the population have language delays (Norbury et al.,
2016; Tomblin, Records, Buckwalter, Zhang, Smith & O’Brien,1997), most boys
will not experience a delay in language acquisition. Therefore, sex is a very
unreliable predictor of language delay.

What is most surprising is that, in all three chapters, sex did not add much
discriminatory power when combined with other measures. Although our results
show that sex is not a good discriminator on its own, we might expect it to add some
accuracy when combined to other measures. However, sex was such an unreliable
discriminator that it did not actually improve classification accuracy. Thus, although
some advocate the use of sex as a risk factor, our studies suggest that there is no

reason for its inclusion because it adds no additional explanatory power.

5.4.2 Family history of speech or language impairments

In both chapter 2 and chapter 3, family history did not correlate with
vocabulary and thus its discriminatory ability was not assessed in detail. One
exploratory analysis, outlined in chapter 2, included family history along with five
other measures (child sex, earlier productive vocabulary, earlier receptive
vocabulary, MLU and NWR) but it did not increase the model’s accuracy. In
addition, when we examine the descriptive statistics of the children in chapter 3, we
see that rates of family history of speech or language impairment was not greater for
children in the low language sample.

In chapter 4, family history of speech or language impairment was used,
along with other demographic factors, to predict later concern for language
development between 4-6 years. Here, family history did not contribute to
classifying children with later concern for their language impairment or children
with an identified disability that could impact their language development. When we
examine the exploratory descriptive analyses, it can be seen that family history of
speech or language impairments was a poor classifier because, although the
proportion of children with family history was higher for children with concern for
their language development, there was still too much overlap between the two

groups of children.
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The finding that, throughout these chapters, family history of speech or
language impairments did not relate to vocabulary or predict later concern for
language development is surprising and contradicts previous research (Bishop et al.,
2012; Reilly et al., 2007). The finding that family history does not correlate with
vocabulary is likely due to the small number of children with a family history of
speech of language impairments in our samples. However, the finding that family
history of speech or language impairment does not predict later concern for language
development is harder to explain. It is possible that although family history is
implicated in language development, it is, like child sex, a poor discriminator. The
exploratory descriptive analyses in chapter 4 show that while there may slightly be
more children with a family history at the bottom end of the distribution, and thus
have concern for their language development, most children with and without a
family history have no concern for their language development. In summary, we
know, from the literature, that family history of speech or language impairments
does have an impact on language development and impairment (Bishop et al., 2012;
Reilly et al., 2007). However, its contribution to language impairment was not strong
enough for it to be good at discriminating between children with and without early
vocabulary delay and children who do and do not have concern for their language

impairment.

5.4.3 Early parental concern for language impairment

In chapter 4, we examined if early parental concern for language
development, early language and gesture skills, as well as health and demographic
risk factors, could distinguish between children with and without concern for
language development, with and without an identified disability, and whose language
did and did not catch up. Alone, early parental concern for language impairment had
no effect on the likelihood of later concern. In addition, it did not correctly classify
any children of concern or with an identified disability. When combined with early
language and gesture skills, as well as health and demographic risk factors, early
parental concern for language impairment contributed very little to classification
accuracy. Similarly, when distinguishing between children whose language did and
did not catch up, early concern, again, did not contribute to classification accuracy.

Overall, early parental concern for language development was not sensitive

enough to improve predictions about later concern for language development. While
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there is research showing the benefit of parental concern for identifying children at
risk for developing language impairment, this has typically been done with older
children (Glascoe, Altemeier, & MacLean, 1989; Glascoe & Dworkin, 1995). In our
study, rate of parental concern at 15-18 months was low for both children with and
without concern for their language development, and thus, it was not a useful
discriminator this early in childhood.

Alternatively, it may be that the factors driving concern for language
development between 15-18 months are not the same as those at 4-6 years. For
children with an early delay in language development, vocabulary acquisition is
often the source of parental concern for language development (Rescorla, 2011).
However, for most children with persisting language impairments, vocabulary will
not be the source of parental concern; children with persisting language impairments
usually present difficulties with syntax (Bishop & Snowling, 2004; Leonard, 1998)
or pragmatics (Bishop, 2014; Norbury & Bishop, 2002). As mentioned in chapter 4,
later concern for language development may be driven by children’s syntax or
pragmatic skills. Bates and Goodman (1997) argue that language and syntax are
strongly linked, and the best predictor of syntax acquisition is a child's own
vocabulary skills. They suggest that there is a bidirectional relationship between
vocabulary and grammar, once children can produce a certain number of words, and
that this does not dissociate throughout development. The results from chapter 2 and
3 support this view, showing that vocabulary and grammar are related up until
children are, at least, 30 months old. However, the results from chapter 4 suggest that
sometime after 30 months, this relationship begins to dissociate. For example, Locke
(1997) proposed that there are specialised phases of language development that are
time-locked; subsequent phases cannot be activated if the previous phase is delayed.
Following this theory, syntax will not develop if the lexicon size is insufficient.
Locke (1997) argued that each phase is mediated by distinct neural mechanisms.
Therefore, vocabulary size determines the activation of grammar but not the success
of grammar. It is, thus, possible that once children have a certain understanding of
the rules of syntax for their language, vocabulary is no longer important for the
success of syntax development. If this were the case, it would explain why early
vocabulary skills do not predict later concern for language development, where

concern is a result of a delay in syntax development.
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5.4.4 Distal risk factors: Prematurity, low birth weight, ear infection,
hearing or visual impairment, developmental disability, maternal

education, family income

In chapter 4, we examined the contribution of health and demographic risk
factors in distinguishing between children with and without concern for language
development, with and without an identified disability, and whose language did and
did not catch up.

We consider these factors to be distal because their effect on language is
indirect. Previous research has shown that these factors do impact language
development over time (Harrison & McLeod, 2010; Reilly et al, 2010), however,
they have to be having an effect via proximal factors. For example, Jansson-
Verkasalo et al (2004) found that the prevalence of birth complications is higher in
children who are slow to talk. Since birth complications cannot be directly
influencing language acquisition, they must impact some cognitive mechanisms
responsible for language development and in turn impact language acquisition.

Alone, health risk factors (sex, prematurity, low birth weight, ear infection,
hearing or visual impairment, family history of speech or language impairment and
developmental disability) failed to identify children with concern and children with
an identified disability due to poor sensitivity. While the presence of an ear infection
contributed the most to the classification accuracy of these variables, overall the
sensitivity of the model was still poor. Demographic risk factors (family income and
maternal education) also failed to identify children with concern and children with an
identified disability due to poor sensitivity. When these factors were all combined,
along with earlier language and gesture skills, and earlier concern for language
impairment, all factors still failed to distinguish between these children, again, due to
a lack of sensitivity.

As with sex and family history of speech and language impairment above, we
know from previous research that these factors have an impact on language
development and are implicated in language impairment ( Harrison & McLeod,
2010; Reilly et al., 2010). Like child sex and family history of speech or language
impairment, these factors were not strong discriminators. The exploratory descriptive
statistics in chapter 4 show that risk factors tend to impact children with concern for

their language development slightly more than those without concern. However, this
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difference is marginal and still, the majority of children with and without concern for
their language development experience no risk factors. It is, however, surprising that
when combined, these factors did not improve classification accuracy. Like child
sex, they were such poor discriminators that even additively, their accuracy did not
improve. Thus, our studies show that such risk factors cannot be used to predict later

concern for language impairment due to poor sensitivity.

5.4.5 Environmental measures: Adult word count and conversational

turn count measures using LENA

In chapter 2, we found that adult word count did not correlate with productive
vocabulary at 24 months. While conversational turn counts did correlate, it did not
predict individual differences in productive vocabulary after controlling for sex and
earlier productive vocabulary. In chapter 3, neither of these measures correlated with
productive vocabulary at 25 months and thus, their discriminatory ability was not
assessed. The finding that adult word count does not correlate with vocabulary
development is inconsistent with previous research. There is a wealth of research
demonstrating the role of input on vocabulary development (Hurtado, Marchman, &
Fernald, 2008). However, adult word count, as captured by the LENA (LENA
Research Foundation, 2014), includes all adult vocalisations within the child’s
environment and does not distinguish between child-directed speech and overheard
speech. Recent research has shown that it is the quality of input, rather than the
quantity of input, that influences children’s vocabulary development (Cartmill et al.,
2013; Jones & Rowland, 2017; Rowe, 2012). Thus, it is likely that this measure of
adult word count captured too much overheard speech that was not impacting
children’s vocabulary development. A measure of adult word count that includes
only child-directed speech could provide a better assessment of its unique role in
vocabulary development and language delay.

Conversational turn count is a measure of the amount of dialogue between
children and adults. The number of turns taken is determined both by the adult
speech and how much language the child can produce. Children who know more
words will take more turns. Therefore, it is crucial to control for children’s earlier
productive vocabulary if we want to examine whether or not turn-taking has an
effect on language development over time. While conversational turn counts did

correlate with productive vocabulary at 24 months in chapter 2, it failed to predict
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unique variance in productive vocabulary over and above earlier productive
vocabulary and child sex. This finding is inconsistent with previous research.
Zimmerman et al. (2009) found conversational turns predicted later performance on
a preschool language assessment even after controlling for earlier performance on
the same assessment, suggesting that conversational turns do have a unique
contribution to language development. However, there is still very little research on
conversational turns on language development, and most of it still does not control
for previous vocabulary (Gilkerson et al., 2017; Romeo et al., 2018). Therefore, we
are still unsure if conversational turn count is an important predictor of language

acquisition and what role they may play in language impairment.

5.4.6 Earlier productive and receptive vocabulary

The results from chapters 2 and 3 show us that receptive vocabulary plays a
unique role in productive vocabulary development; the words that children
understand have an impact on the words they learn over and above the words they
already say. There is a wealth of research showing that there is individual variation
in the words that children know, but our results suggest that there is also individual
variation in the gap between the number of words children understand and the
number of words they say; some children understand a lot of words and hardly say
any of them, while other children understand a lot of words and say almost all of
them. Our findings suggest that there is a unique role played by receptive
vocabulary, over and above productive vocabulary; children who understand a lot of
words- even if they are not saying them- will learn more subsequent words compared
to children who understand only a few words- even if they are saying all of those
words.

Throughout chapter 2 and 3, both earlier productive and receptive vocabulary
were two of the best discriminators; successfully distinguishing between children
who were and were not slow to talk, and between late talking and typically
developing children using the 50 word cut off. However, these measures were not
strong enough to discriminate between children with and without concern for their
language development at 4-6 years. While earlier productive and receptive
vocabulary successfully discriminated between children who were and were not slow

to talk up to 30 months, this relationship breaks down sometime between 30 months
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and 4 years. Thus, earlier language scores are not sensitive enough to classify
children at 4-6 years.

At first sight these results seem non-intuitive; why would there be a
disconnect between language acquisition in the very early years (up to 2;6) and
acquisition later in childhood (between 4 and 6 years). However, these results fit
with much of the literature, which also finds that it is extremely difficult to classify
children who have concern for their language development between 4-6 years using
language measures taken between 15-30 months (Bishop et al., 2012; Reilly et al.,
2010).

There are a number of possible reasons to explain why early vocabulary
scores are poor at identifying children who have concern for their language
development later in childhood. First, it is possible that our measure of later concern
for language development was not reliable enough to capture true language
impairment. However, to control for this, we also looked at identified disability
using three criteria known to impact language impairment: developmental disability,
diagnosis of a language disorder, and/or having a hearing or visual impairment. Still,
early vocabulary scores were unable to distinguish between children with and
without an identified disability. Therefore, it was not the reliability of our concern
measure leading to these results; parents were not reporting concern for their
children’s language development when there was nothing wrong with their language.

Second, it is possible that different factors affect language development in the
early and the later preschool years. Over these years, other factors come into play;
children’s environments change a lot as they start to go to nursery and school. For
example, some research shows that nursery (Sylva, Stein, Leach, Barnes, &
Malmberg, 2011) and playgroup attendance (Turner, 1974) both influence cognitive
and language development during preschool years. For example, Sylva et al (2011)
found that the quality and quantity of non-maternal group care was associated with
higher cognitive scores on the Bayley Scales of Infant Development at 18 months.
All of this variation will impact children’s language development and thus, it is very
hard to classify these children over time. Our results are in line with this research; we
have good classification accuracy using these measures up until 30 months, but at 4-
6 years, they are no longer reliable.

Third, and most interesting, is the likelihood that the factors implicated in

concern at 4-6 years are no longer strongly related to vocabulary development.
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Children with persisting language impairment, into later childhood, present
difficulties with syntax (Bishop & Snowling, 2004; Leonard, 2014) or pragmatics
(Bishop, 2014; Norbury & Bishop, 2002).. As discussed above, Bates and Goodman
(1997) propose that vocabulary and syntax are strongly related in early language
development and that these two factors remain closely associated throughout life.
However, Locke (1997) proposes that the development of the lexicon and syntax
emerge from separate linguistic mechanisms that activate in sequence; when the
lexicon is large enough, syntax development is activated, but the success of syntax
development is not necessarily dependent on any further development of the lexicon.
Following Bates and Goodman's (1997) theory, we would expect that there would be
a relationship between vocabulary and later concern for language development even
if concern for language development is driven by delays in syntax development.
However, following Locke's (1997) theory, if vocabulary and syntax stem from
separate linguistic mechanisms, the relationship between vocabulary and syntax
would not be strong enough to predict later concern for language development.
Examining both theories, we might be able to explain why vocabulary and syntax are
strongly related in chapters 2 and 3 but not in chapter 4. It is highly likely the
vocabulary and syntax are linked in early language development. However, it is
possible that in later language development these two factors dissociate. If this is
true, the reason we find such poor predictive classification accuracy later in
childhood is because these two factors are now stemming from different
mechanisms. Therefore, we would not expect to find any relationship between early
vocabulary development and later concern for language development on the basis of
delays in syntax development.

It is also possible, that syntax and vocabulary development separate earlier in
childhood than we would expect. Our findings in chapter 3 support this idea. When
late talking children were classified on the basis of word combination, a measure of
syntax, productive and receptive vocabulary were not sensitive enough to identify
late talking children. It is possible that there is a difference between children who are
slow to produce words and children who are slow to use syntax, and it is those

syntax problems that would be identified as a matter of concern at 4-6 years.
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5.4.7 Mean length of utterance

Mean length of utterance (MLU) and the mean length of a child’s three
longest utterances (M3L) are measures of productive syntactic ability. In chapter 2,
MLU at 24 months was successful in predicting unique variance in productive
vocabulary development at 24 months and in discriminating between children who
were and were not slow to talk. Similarly, in chapter 3, M3L at 25 months predicted
unique variance in productive vocabulary at 25 months, remained significant in the
full regression model with five other measures, and successfully discriminated
between late talking and typically developing children. Previous research has shown
a strong relationship between vocabulary and syntax acquisition; as the lexicon
grows, it provides the foundations for syntax to develop (Bates & Goodman, 1999;
Marchman & Bates, 1994).

Other research however, proposes that, vocabulary and grammar emerge in
parallel and as children’s understanding of grammar grows, their vocabulary benefits
from this and in turn, grows further (Bates & Goodman, 1997; Dixon & Marchman,
2007) . Dionne, Dale, Boivin and Plomin (2003) found that the syntax patterns
learned from the lexicon aid further vocabulary acquisition. It is therefore possible,
that at around 2 years, knowledge of syntax is crucial for vocabulary development.
Many children experience an explosion in vocabulary between 18-24 months
(Goldfield & Reznick, 1990). At the same age, children begin to acquire syntax
(Bates et al., 1994). It is possible that syntax, at least in part, contributes to this
explosion of vocabulary and thus, if children are experiencing a delay in syntax
acquisition, it may, for a time, present as a delay in vocabulary acquisition. The
findings in chapters 2 and 3 support this idea; in chapter 2 and 3, we found that
syntax predicted variance in vocabulary at both 24 and 25 months suggesting that, at
this age, syntax and vocabulary development are tightly related. In addition, in
chapter 3, syntax classified both typically developing and late talking children using
the 50 word cut off. However, the finding that vocabulary measures did not correctly
classify late talkers when using a syntax related cut off (failure to combine) suggest
that, at least at this age, it is syntax impacting vocabulary development.

Similarly, in chapter 4, our early measures of vocabulary- again from 15-18
months- were not successful in predicting later concern for vocabulary development.

When we consider that children who have persisting language impairment, often
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present with impairments related to syntax, these findings begin to make sense.
While we know that there is a relationship between vocabulary and syntax early on,
it is possible, as mentioned above, that these factors diverge as children are getting
older. Therefore, by the time children are 4-6 years old, the complexity of their
grammar is no longer a reflection of the number of words they know but of
something other than vocabulary. If there is a disconnect between vocabulary and
syntax, it is possible that an early measure of syntax would be a better indicator of
later language impairment. While syntax cannot be measured as early as 15-18
months, a measure from 24-30 months might improve our ability to distinguish

between children with and without concern for their language development.

5.4.8 Early gesture use

Early gesture skills were successful at discriminating between typically
developing children and late talkers using the failure to combine cut off (chapter 3).
However, early gesture skills were not successful at predicting individual differences
in typically developing children after controlling for child sex and earlier productive
vocabulary (chapter 2) or at discriminating between children with and without later
concern for their language development (chapter 4). Of particular interest is the
finding that when classifying late talkers using the failure to combine classification,
earlier gesture use was one of the most successful in discriminating between
typically developing and late talking children. Previous research shows that gestures
impact vocabulary development (Hsu & Iyer, 2016), yet in chapter 2, gestures did
not predict unique variance in productive vocabulary development. It is possible that
early gestures play a role in very early vocabulary development and when
vocabulary is larger, the relationship between gesture and vocabulary weakens. This
would explain why we find an effect of gestures with a sample that includes late
talking children and not with a sample of typically developing children.

It is also possible that we have a floor effect of productive and receptive
vocabulary between 15-18 months within the sample of late talking children and
therefore, the best measure of variation was their gesture production. Gesture use is a
measure of very early communicative abilities (Colonnesi, Stams, Koster, & Noom,
2010; Iverson & Goldin-Meadow, 2005) and thus, when vocabulary scores are low,
gestures may become the best indicator for communicative ability. The results in

chapter 3 support this idea; when we discriminate children on the basis of their very
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early syntax skills (combining words), early gesture skills, and not productive and
receptive vocabulary, could successfully discriminate between late talking and

typically developing children.

5.4.9 Speed of linguistic processing

Speed of processing at 19 months predicted unique variance in productive
vocabulary in chapter 2. When discriminating between typically developing children
and children who were slow to talk, speed of processing was less successful at
identifying typically developing children using the 25 percentile cut off. However,
when using a combination of variables recorded before 24 and 30 months, speed of
processing improved the classification accuracy. Interestingly, in chapter 3, speed of
processing at 25 months did not correlate with productive vocabulary at 25 months.
However, this is in line with recent research (Peter et al., 2019) where speed of
processing at 25 months did not correlate with productive vocabulary between 18-36
months. Speed of processing on adjective-noun trials did, however, correlate with
productive vocabulary at 25 months. This is most likely because of an increase in
variance in children’s reaction time due to the inclusion of adjectives. Adjectives are
acquired later than nouns (Mintz & Gleitman, 2002) and thus, may not have been as
high frequency for all children. However, speed of processing on adjective-noun
trials did not explain unique variance in productive vocabulary at 25 months,
suggesting that the role of speed of processing in concurrent vocabulary
development is mediated by both earlier productive vocabulary and child sex.

If speed of processing is a measure of vocabulary size, then we would not
expect it to predict later concern for language development since the results in
chapter 4 demonstrated no relationship between early vocabulary and later concern
for language development. However, previous research has shown a relationship
between speed of linguistic processing and syntax acquisition (Fernald, Perfors, &
Marchman, 2006; Peter et al., 2019). Peter et al. (2019) found speed of processing at
19 months predicted growth in syntax from 19-30 months, even after controlling for
productive vocabulary at 19 months. When we consider that children with later
language impairments often have difficulties with syntax (Bishop & Snowling,
2004), it is therefore, possible that speed of processing would be a good
discriminator for children with and without concern for their language development

later in childhood on the basis of a delay in syntax development. For this reason, in

167



chapter 3, we examined the role of speed of processing on adjective-noun trials in
discriminating between late talking and typically developing children (late talking as
defined by the failure to combine classification). We found the sensitivity and
specificity of this model did not reach significance. However, this is most likely due
to there being so few late talkers with speed of processing scores on adjective-noun
trials. Further research on late talking as determined by a delay in syntax acquisition

could help disentangle to role of speed of processing in early language delay.

5.4.10 Non-word repetition

Throughout chapter 2 and 3, NWR was a robust predictor of individual
differences in productive vocabulary development and was successful in
discriminating between typically developing children and children who were slow to
talk (chapter 2), and typically developing and late talking children (chapter 3). Jones,
Gobet and Pine (2007) propose that NWR is a proxy measure of vocabulary size;
they argue that performance on NWR tasks increases with age simply because of an
increase in the vocabulary size. However, our finding that NWR explained variance
in later productive vocabulary scores after controlling for earlier vocabulary suggests
that it is not just a measure of vocabulary, but that it plays a unique role in
vocabulary development.

NWR is a clinical marker for language impairment (Botting & Conti-
Ramsden, 2001; Conti-Ramsden, Botting, & Faragher, 2001). It is widely accepted
that children with language impairment struggle with syntax development (Bishop &
Snowling, 2004; Leonard, 1998). Phonological working memory plays a role in
syntax acquisition, in that children who perform better on measures of phonological
working memory, produce longer, syntactically richer sentences (Adams &
Gathercole, 2000; Blake, Austin, Cannon, Lisus, & Vaughan, 1991). Therefore, we
would expect NWR performance to predict later concern for language impairment
when concern for language come from children’s syntax development. However, it is
impractical to run NWR tasks with children younger than two. In both chapter 2 and
chapter 3, most of the children who did not complete the NWR task were those who
had the lowest productive vocabulary scores. Therefore, although NWR performance
might be a robust predictor in principle, in practice it is difficult to get NWR scores

from the children whose language development is of the most concern.
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In summary, earlier and concurrent measures of language proficiency
(productive and receptive vocabulary, gestures and MLU or M3L), and NWR are the
most promising predictors of vocabulary at 2 years and can successfully discriminate
between typically developing children and late talking children. However, when
predicting later concern for language development, no individual group of factors, or
overall combination of factors could, successfully predict later concern for language
development. While language measures were the most successful in predicting
vocabulary in chapters 2 and 3, they did not continue to provide predictive power in

chapter 4.

5.5 Summary of the discriminant function analyses

In each chapter, discriminant function analyses were used to establish the
discriminatory ability of combinations of variables in distinguishing between
children whose language was and was not typically developing. It is unlikely that
there is one underlying cause of language delay and thus, a combination of variables
should improve our ability to distinguish between these children (Conti-Ramsden &
Durkin, 2012). In chapters 2 and 3, the success of classification accuracy was largely
due to the power of earlier language measures. In chapter 3, when discriminating
between typically developing and late talking children, the sensitivity of the models
was poor when concurrent NWR was excluded. This was because the majority of
children were not late talkers. In practice, this is a major issue; the majority of all
children do not experience delays in vocabulary development and therefore,
measures need to be sensitive enough to identify the few children who do experience
delays among a larger number of children who do not experience delays.

Interestingly, in chapter 3, combining the variables together counter-intuitively
reduced their ability to discriminate between typically developing and late talking
children. Individually, earlier productive and receptive vocabulary, M3L and NWR
could discriminate between these groups of children when using the 50 word cut off.
Similarly, earlier gestures and NWR could discriminate between the groups using the
failure to combine cut off. However, when combined, NWR contributed the most to
classification accuracy, and the removal of NWR resulted in the loss of sensitivity.
This shows that it is not that some measures are more accurate than others, in that
some classify more children and others classify less children, but that different

measures are classifying different subsets of children altogether. As a result, these
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measures cannot be used additively to improve classification accuracy. The
implications of these results are that late talking children’s performance differs
across multiple measures. However, the finding that, when using the failure to
combine classification, the sensitivity of the model was improved compared to the
50 word cut off, shows that there is some overlap in the performance of these late
talking children across the measures.

These conflicting results from chapter 2 and chapter 3 suggest that individual
variation and late talking may have different origins. It is possible that individual
differences in the normal range are a result environmental differences, in that the
same cognitive mechanisms support language acquisition in typically developing
children but differences in environmental factors determine variance. However,
where there is a diagnosable delay, it could be that there is a maturational difference
in brain development. Therefore, lower typical development is not comparable to
late talking. Thus, it is important to understand what is different between children
with lower typically developing vocabulary skills and children who end up with a
clinical diagnosis.

In chapter 4, the sensitivity of all of the discriminant function models was
poor. Language skills between 15-18 months were no longer driving discrimination.
This may be because the factors that cause difficulties in vocabulary acquisition
early in life are different to those that cause difficulties in other (later acquired)
aspects of language. As mentioned above, children who have language impairments
later in childhood, have more difficulties with syntax (Bishop & Snowling, 2004;
Leonard, 1998) or pragmatics (Bishop, 2014; Norbury & Bishop, 2002) than with
vocabulary (though vocabulary is often also relatively low). Therefore, the factors
underlying parental concern when children are older might be driven by different

factors then those earlier in childhood.

5.6 Future studies

The research presented in this thesis has demonstrated the role of multiple
measures in early vocabulary development and that some of these measures can be
used to identify late talking children. In particular, early measures of vocabulary and
gestures, syntax and NWR can be used to discriminate between children who are and
are not experiencing a delay in vocabulary acquisition. However, the findings in

chapter 4 emphasise that later concern for language development is not necessarily

170



predicted by measures of vocabulary and gestures early in life. Later language
impairment often presents as difficulties with syntax acquisition. Thus, syntax
measures might be better suited for first predicting late talking and then for
distinguishing between persisting and transient language impairment into later
childhood. Therefore, future research should investigate whether or not syntax
measures are a better predictor of later language learning in late talking children.

Further research should also focus on the relationship between speed of
processing, NWR and syntax acquisition in late talking children. There is some
research showing the relationship between speed of processing and syntax
development (Peter et al., 2019; Fernald et al., 2006), however, no research to date
looks at this relationship specifically in late talking children and children with
language impairment. Similarly, the role of NWR and syntax has been previously
explored (Adams & Gathercole, 2000; Blake, Austin, Cannon, Lisus, & Vaughan,
1991). Again, however, its role in predicting late talking as determined by a delay in
syntax acquisition is unexplored.

Most importantly, future research needs to focus on finding predictors of
language delay over time. In this research, the factors that could successfully
distinguish between typically developing and late talking children were not the same
factors that predicted concern for language development and an identified disability
between 4-6 years. If there is a disconnect between vocabulary and syntax
acquisition during language development, as predicted by some modularity theorists,
this might explain why we find no relationship between early vocabulary skills and
concern for language development between 4-6 years. Even if vocabulary and syntax
are correlated early on in childhood, children’s abilities could still vary as they get
older. It is therefore important to establish, in terms of language delay, when this
disconnect begins to emerge. If it is during early childhood, then it is important to
examine syntax skills early on, and establish their role in language delay and late

talking.

5.7 Conclusion

The three experimental chapters in this thesis have demonstrated that there are
a variety of factors that predict variance in productive vocabulary at 24 and 25
months, and that many of these factors can be used to predict early language delay.

However, early measures of language skills and risk factors cannot be used to predict
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if there will be concern for children’s language development later in childhood.
Chapters 2 and 3 replicated findings that early measures of vocabulary and gestures,
mean length of utterance, speed of processing and NWR predict variance in
productive vocabulary and expanded on these findings by demonstrating their unique
role in vocabulary development. In addition, these chapters show the role of these
factors in discriminating between children who do and do not have a delay in
vocabulary acquisition. Chapter 4 demonstrated that even when combined, early
measures of language, risk factors and parental concern cannot be used to
discriminate between children who do and do not have concern for their language
delay due to a lack of sensitivity. While the current thesis has provided important
additional evidence for the unique role of multiple factors in early language
acquisition and delay, more research is required to establish factors which can

predict language impairment over time.
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