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Abstract

This study explored the dynamic relationship among language knowledge (i.e.
vocabulary size and phonological capacities) and nonword repetition (NWR).
Specifically, we proposed a three-phase working model which predicted that
phonological capacities and vocabulary size might be dominating factors to NWR at
different phases. Moreover, we examined the predictability of NWR to expressive
vocabulary development. The study was conducted in a cross-sequential design. We
recruited three cohorts of typically-developing children, respectively from the ages of 2,
3, and 4. They were followed for one year, tested at three time points, with an interval of
6 months. The children were tested with receptive vocabulary, expressive vocabulary,
productive phonology, word discrimination, and NWR, which included nonce word
repetition and gap word repetition. Inspection on children’s NWR revealed growth with
age. However, children of the same age manifested considerable individual variation.
Findings of the analyses verified that productive phonology and vocabulary knowledge
played roles in children’s NWR development. Nevertheless, the extent to which they
contributed to the variance in NWR was determined by the increase in vocabulary size
and the nature of the stimuli. The effect of lexical knowledge was consistently found in
children from age 2 to age 5, as evidenced by the vocabulary breadth effect in the age 2
and the lexicality effect in the older children. The findings indicated that children made
use of existing vocabulary knowledge to support their encoding of novel sound forms.
The mediation of productive phonology to NWR usually occurred after the mediation of
vocabulary; however, productive phonology took over the role of determining NWR
variation when children reached a certain level of vocabulary size and learned to
retrieve for lexical support when encoding nonwords. The repetition of nonce words and
the repetition of gap words were found to involved different processes. While the

repetition of both types of nonwords was mediated by productive phonology, the



repetition of nonce words was additionally supported by lexical knowledge. Based on
the finding above, a revised model was developed to account for the processes involved
in NWR. Furthermore, our study provided the evidence that NWR could predict

children’s subsequent expressive vocabulary knowledge.

Key words: nonword repetition, receptive vocabulary, expressive vocabulary,

productive phonology
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Chapter 1  Introduction

1.1 Background

People have been interested in the mechanisms that govern the development of
language, and have also expressed concerns for the causes of language disorders. A
number of assessments have been developed to effectively identify children with
language disorders. Nonword repetition (NWR) is one such measure that has been
developed for this purpose, and has been found to be a powerful index to not only
children’s language development (Adams & Gathercole, 1996; Gathercole & Baddeley,
1989, 1990a; Gathercole & Willis, 1991; Hoft, Core, & Bridges, 2008) but also to
children with language disorders (Conti-Ramsden, 2003; D’odorico, Assanelli, Franco,
& Jacob, 2007; Girbau & Schwartz, 2007; Stokes & Klee, 2009; Stokes, Wong, Fletcher,
& Leonard, 2006). In light of its significance to language development, looking into the
nature of NWR would provide insights into the mechanisms that support language
development.

Over the past 30 years, there have been considerable studies related to the NWR
measure. While it has been constantly applied as a measure of either phonological
memory or phonological representation in studies, a wealth of research has been carried
out in parallel to explore the nature of this task. Consensus has been reached that this
task taps the capacity to decode and encode phonological information, and the ability to
maintain phonological information in storage. Performances in NWR could also be
affected by the perception ability and the ability to organize articulatory gestures
(Gathercole, 2006). The complex processing mechanism involved in the task makes it
sensitive to any problems in the mechanism that would cause language difficulties or
deficits. However, this complexity also makes its interpretation challenging, because a
poor performance in this task could result from any of the processes involved, or could

be the consequence of several causes. Therefore, it is necessary to understand the



processes involved in this task, and also factors that would affect task performances, so
that we can develop more accurate interpretation of children’s performance in this task.

NWR performances develop with age, and demonstrate considerable variation
across individuals. Different proposals have been raised regarding the major source of
individual variation and developmental changes. Gathercole and colleagues (1989,
1990a) propose that NWR is a measure of phonological short-term memory (see also
Gathercole, 2006). They made this proposal based on the working memory model of
Baddeley and Hitch (1974). In this model, phonological short-term memory is one of
the components specialized in managing verbal information. When verbal information
is encountered, it will automatically enter into the phonological store in phonological
codes and will be maintained in the store with the rehearsal process. The operation of
subvocal rehearsal is most relevant to phonological short-term memory capacity,
because a faster rehearsal rate can capture more information in the phonological store
within the two-second memory decay period (Hulme, Thomson, Muir, & Lawrence,
1984). However, the driving force of subvocal rehearsal may not be at work in
preschool children or younger, because past studies have shown that children do not
spontaneously exploit the rehearsal strategy or other active memory strategies until age
7 (Gathercole & Adams, 1994; Gathercole, Adams, & Hitch, 1994; Henry, 1991).

The other line of research proposes that variation and development in NWR are
more associated with the development in children’s language knowledge, especially in
the young children. For example, Metsala and Chisholm (2010) discovered that
preschool children’s NWR accuracy is supported by lexical knowledge. It was found
that children had better repetition performances with the syllables that have lexical
status, and they tended to change a nonword syllable into a word syllable. Also, their
repetition of NWR may be mediated by the density of the lexical neighbors that the
constituent syllable of the nonword has. The lexical effect and the neighborhood density

effect were most prominent in multisyllabic nonwords.



In addition to mediation at the lexical level, NWR performance is also influenced
by children’s phonological analysis ability. Metsala (1999) and Bowey (1996, 2001)
found that phonological analysis played an important role in the 4- to 5-year-old
English-speaking children’s NWR performances, even when the effect of short-term
memory was controlled. The study of Li and Cheung (2014) on 4- to 5-year old
Mandarin-speaking children showed that productive phonology was the major predictor
of NWR, while digit span made a minor contribution. Moreover, they demonstrated that
children’s individual differences in NWR performance may reside in their ability to
encode nonwords into appropriate phonological units.

In most of the studies, the effects of lexical knowledge and phonological capacities
are considered independently. However, in development they are not two unrelated
constructs. In fact, increasing studies have pointed out that phonological capacities
develop in conjunction with the increase in vocabulary size. It is proposed that
phonological representations are shaped through the dynamics of the
production-perception loop in the process of learning the forms of lexical items
(Munson, Beckman, & Edwards, 2012). At the beginning, young children’s
phonological representations are relatively more holistic, with words or syllables as the
basic units (Ferguson & Farwell, 1975; Treiman & Breaux, 1982). The emergence of
phonemic representation undergoes a process of gradual reformulation and it is
suggested to be propelled by vocabulary growth (Metsala, 1999; Smith, McGregor, &
DeMille, 2006; Walley, 1993). This is also known as the “lexical restructuring account.”
Even though some scholars propose that the developing phonological system affects
lexical acquisition to a greater extent than the reverse (Sosa & Stoel-Gammon, 2006;
Stoel-Gammon, 2011), they also admit that this may be limited to the age before 2;6.
From then on, the increase in lexicon size may be the driving force of phonological
development. For example, the findings of Sosa and Stoel-Gammon (2006) suggested

that phonological reorganization and the emergence of phonemic representation may



take place with the attainment of 150-200 words.

Therefore, regarding the contribution of lexical knowledge to NWR, lexical
knowledge does not only mediate NWR at the lexical level, but also could mediate
NWR at the sublexical level by affecting phonological abilities. For example, Munson,
Kurtz, and Windsor (2005) showed that vocabulary size was the best predictor of the
difference in repetition accuracy between high- and low-probability sequences. Also, the
study of Edwards, Beckman, and Munson (2004) demonstrated an interaction effect
between children’s vocabulary size and the phonotactic probability of nonwords. They
discovered that children with smaller vocabulary size showed more prominent influence
of the phonotactic probability of nonwords. Based on the findings, they propose that
vocabulary size mediates the influence of phonotactic probability on nonword repetition
by improving the specificity of phonological categories. Children with smaller
vocabulary might have less established knowledge of sublexical units, because this
knowledge is formed based on generalization made over lexical items.

As shown in the literature, a well-established model on NWR should not only take
into consideration the effect of storage capacity, but also incorporate the influences from
long-term lexical knowledge and phonological capacities. Gupta (2009) has
incorporated all in a computational model of NWR. In the model, Gupta (2009) has
incorporated a serial order mechanism and also linguistic representations at both the
lexical and the sub-lexical levels. As suggested by Gupta (2009), the linguistic
representations in this model constitute long-term knowledge, and the serial ordering
device constitutes the short-term sequence memory. Therefore, when given a nonword,
the participant has to decode and encode the nonwords into representations at the lexical
level (i.e. word) and the sublexical levels (i.e. syllable and phoneme), and also to
maintain the sequential information of the linguistic units. This process could be
performed in the phonological buffer, which is subject to time decay (Barrouillet et al.,

2009; Towse & Hitch, 1995). Hence, efficient decoding and encoding of the nonwords



is required to maintain the verbal information. Though it is not mentioned explicitly in
Gupta’s model, vocabulary knowledge (i.e. word frequency, lexical effect, or
neighborhood density) supports the repetition of nonwords up to the word form level,
and phonological capacities (phonemic perception and production, or phonotactic
knowledge) support NWR up to the syllable level. The mechanisms involved in NWR

can be conceptualized as the figure demonstrated in Figure 1.

Figure 1.1

A Conceptual Model of NWR
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While Gupta’s (2009) computational model offers a clear and plausible illustration
of the abilities and processes involved in NWR, this framework is static in nature.
Nevertheless, the variables involved in this framework manifest developmental changes,
particularly NWR performances, vocabulary knowledge and phonological capacities.
Findings in past studies also reveal that the interactions between these variables might
change over time. For example, Gathercole, Willis, Emslie, and Baddeley (1992)

showed that NWR performance at age 4 could predict vocabulary knowledge at age 5.



However, among the older children, the dependence relationship between the two
factors changed. The vocabulary knowledge at age 5 and age 6 predicted children’s
performance in NWR at age 6 and 8, respectively. Also, regarding the relationship
between vocabulary and phonological development, there may be a change in the
direction of influence between them (Stoel-Gammon, 2011). Therefore, what appears to
be interesting is the dynamic interaction pattern of these three variables along the course
of development.

Particularly, it is of interest how the growth in vocabulary or the growth in
phonology influences the performances in NWR. Past studies examine the effect of
vocabulary growth by comparing children with large vocabulary size with children with
small vocabulary size (Edwards et al., 2004). This approach could allow us to examine
how children form different processing strategies and performances when they
accumulate different sizes of vocabularies. However, it does not allow us to control for
children’s variation in other aspects, such as their phonological analysis capacity,
attention span, or other cognitive factors, which might also contribute to variation in
NWR performance. Gupta’s (2009) computational model simulates vocabulary growth
in the model to examine NWR performance; however, it was done just for the purpose
of establishing corpus for the model, and may not be assimilated to the nature
vocabulary growth in children.

In addition, the relationship between vocabulary knowledge and phonological
development is rarely considered in NWR studies. Even though the studies of Edwards
et al. (2004) and Munson et al. (2005) have pointed out the close tie between vocabulary
and phonological development, they did not measure children’s phonological capacities
independently, but rather manipulated the phonotactic probability of the nonword
stimuli. They hold the belief that phonology is an emergent consequence of the mapping
between phonetic parameters and lexicons (Munson, Beckman, & Edwards, 2012).

However, it is also likely that phonological capacities have their own independent



contributions, especially in cases where lexical knowledge is only allowed to exert little
intervention, such as very young children who has only limited vocabulary size, or
nonword stimuli that composed of non-attested syllables.

Most of the current NWR studies are cross-sectional, thus not able to demonstrate
the dynamic relationship among the three variables. Longitudinal studies on the
relationship between NWR and other measures have been rare (e.g. Gathercole, Willis,
Emslie, & Baddeley, 1992; Melby-Lervag, et al., 2012; Bowey, 2001), and all these
studies have focused on children at 4 or above. However, if nonword repetition could
potentially be used as an indicator of language abilities, it is necessary to examine its

correlation with language abilities at a much younger age.

1.2 Purpose of the Study

In this dissertation, we would like to portrait the dynamic relationship among
language knowledge (vocabulary size and phonological capacities) and NWR
performance. Specifically, we explored the effects of vocabulary growth and
phonological development on the improvement of NWR. A cross-sequential study was
conducted, so that we could inspect not only cross-group differences, but also individual
variation in the interaction among these capacities. The primary research questions that

we address are as follows:

1. What are the roles of phonological capacities and vocabulary knowledge in NWR?
And how do the two factors interact in NWR developmentally?

2. Does NWR predict vocabulary development?

Based on the literature, we formulated a working model to delineate the dynamic
interactions among these factors in development. In this model, we propose that

vocabulary knowledge and phonological capacities play roles in NWR. However, the



extent to which they are involved in NWR is affected by children’s vocabulary size. For
children at the beginning stage of language development, their NWR performance is
mainly constrained by their ability to accurately encode the sound forms. In this phase,
the intervention of lexical knowledge would be small due to the child’s little vocabulary
knowledge (Phase I). Vocabulary knowledge begins to support the repetition of
nonword when the vocabulary size grows larger. In other words, there will be greater
chance for children to encounter familiar syllables in nonwords. Moreover, the increase
in vocabulary size would also lead to refinement of more discrete representation of the
phonemic units. Thus, children become more efficient and accurate in their encoding of
the phonological representation of nonword. Their repetition of a single nonword,
especially nonwords composed of unattested syllables, is still largely determined by
their ability to accurately encode the sound form (Phase II). Finally, in phase III, when
children have even greater vocabulary size and well-developed phonological
representations which allow manipulation as abstract discrete units, their decoding and
encoding of nonwords becomes less effortful. Their performance is likely to reach
ceiling effect when repeating short nonwords, and the repetition of lengthy nonwords

may be determined by the storage factors.
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In addition to examining the developmental trajectory of NWR, we are also
interested in its predictability to language development, particularly vocabulary
development. Baddeley, Gathercole and Papagno (1998) have proposed the
phonological loop, as measured by NWR, plays a crucial role in learning the novel
phonological forms of new words. Also, findings in Gathercole et al. (1992) suggested
that NWR could predict vocabulary knowledge of younger children, though it failed to
predict that of older children. However, mixed results have been found. For example,
with data derived from a three-year longitudinal study, Melby-Lervag et al. (2012)
found that NWR is not associated with vocabulary development. In this study, we would
like to evaluate the hypothesis that NWR is a predictor of vocabulary development in

Mandarin-speaking children.



For the purpose of our study, we recruited three cohorts of children, respectively
from the ages 2, 3, 4, and followed them longitudinally, testing their NWR performance,
vocabulary size and phonological abilities at three different time points, with an interval
of 6 months. We included children as young as age 2 in this study, because their
vocabulary and phonological system are still in development. It was interesting to
examine their developments in vocabulary and phonology, and explore how these
language abilities are related to NWR performance along the developmental trajectory.
Some studies have examined NWR in children at this young age (Chiat & Roy, 2007;
Hoff et al., 2008; Stokes & Klee, 2009). However, as far as we know, no one has
followed children’s phonological development and NWR performance longitudinally
across different age groups.

In the analysis, first we carried out cohort-based examinations on children’s
development of vocabulary, phonology, and NWR, both quantitatively and qualitatively.
Also, the relative contributions of phonological capacities and vocabulary knowledge to
NWR performance were examined in each cohort. Then, we delineated the development
of vocabulary, phonology and NWR across cohorts, from age 2 to age 5. Furthermore,
the contributions of vocabulary knowledge and phonological capacities to NWR in the
developmental trajectory were inspected with the hierarchical linear model approach.
Finally, the predictability of NWR to vocabulary development was explored.

It is expected that this study will lead to a more comprehensive understanding of
the NWR task, which is often applied to distinguish children with language problems. In
addition to identifying the abilities that are involved in this task, we also explored how
the factors (i.e. vocabulary knowledge and phonological analysis in this study) interact
to contribute to NWR developmentally. In this way, NWR would not only function as a
preliminary index of language performance, but could also potentially reflect the

underlying cause of the impairment in language.
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Chapter 2  Literature Review

2.1 NWR and L anguage Development

Young children’s vocabulary development is worthy of attention due to its
relationship with later language and literacy development (Adams & Gathercole, 1995;
Adams & Gathercole, 1996; Gathercole, Willis, Emslie, & Baddeley, 1992). Children’s
vocabulary size in the early stage of language development can affect their performance
in reading performance (National Institute of Child Health and Human Development
2000). A number of studies have shown that children’s repetition of nonwords (NWR)
can provide a quick and reliable index of children’s vocabulary development in the early
childhood. Children who have better performance at NWR are also more capable of
learning new vocabulary items (Gathercole & Baddeley, 1990a). Moreover, low
repetition group is poorer in long-term retention of new vocabulary materials. In
addition, this measure can help identify children with language disorders. Children who
have devastating performance in repeating nonwords, especially lengthy nonwords, are
likely to be at risk of language impairment (Dollaghan & Campbell, 1998; Gathercole &
Baddeley, 1990b). Since this measure is closely linked to vocabulary development, it
provides a window through which we may examine what capacities are involved in

word learning.

2.1.1 Relationship between NWR and language development. NWR is a good
predictor to several aspects of language development during early years of life,
particularly vocabulary development. The studies carried out by Gathercole and
colleagues were the first to show that vocabulary knowledge is associated with NWR
performance (Gathercole & Baddeley, 1989, 1990a), and this association has been
replicated in numerous studies (see reviews in Gathercole, 2006). Recent studies have

extended this finding to younger children. For example, Hoff, Core and Bridge (2008)
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found that NWR performances were significantly correlated with the expressive
vocabulary percentile in children at age 2 (r = .53-.72, p < .05). Several studies tried to
disentangle the causal relationship between vocabulary knowledge and NWR. Current
findings show that NWR predicts children’s vocabulary knowledge in the earlier years,
while the direction of prediction changes as children grow older. For example, Stokes
and Klee (2009) investigated the factors that affect the vocabulary development of
children aged 24-30 months. They found that NWR was the unique predictor of their
expressive vocabulary knowledge in addition to sex and age. With the cross-lagged
technique, Gathercole, Willis, Emslie, and Baddeley (1992) showed that NWR
performance at age 4 could predict vocabulary knowledge at age 5. Nevertheless,
among the older children, the dependence relationship between the two factors changed.
The vocabulary knowledge at age 5 and 6 predicted children’s performance in NWR at
age 6 and 8, respectively. The findings above appear to suggest that NWR is robustly
associated with vocabulary development. However, this proposal is not without debate.
For example, with data derived from a three-year longitudinal study, Melby-Lervag et al.
(2012) assert that phonological working memory is not associated with vocabulary
development.

NWR is also found to be related to children’s syntactic development and reading
development. Adams and Gathercole (1996) found that 4- and 5-year-old children’s
ability to repeat nonwords made a significant contribution to the variance in children’s
ability to recall a story and the average length of the five longest utterances,
independent of age, nonverbal abilities and vocabulary. Adams and Gathercole (1995)
found evidence of a relationship between NWR and expressive language abilities
indexed as the vocabulary diversity, the mean length of utterances in morphemes, and
the syntactic complexity produced in the spontaneous speech of children at age 3. With
a training study, Maridaki-Kassotaki (2002) demonstrated a strong correlation between

NWR and reading skills in Greek-speaking children at ages 6 to 9. They found that
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children who receive one-year training on NWR showed a benefit in reading
achievements. However, there might be an age effect in the correlation pattern.
Gathercole, Willis and Baddeley (1991) showed that NWR was associated with reading

among children at age 5, but not among children at age 4.

2.1.2 Relationship between NWR and word learning. A relationship between
vocabulary learning and NWR performance has been established in several studies. For
example, Stokes and Klee (2009) have found that children’s performance in a fast
mapping task is positively correlated with their performance in repeating nonwords (r
= .26, p < .001, when age is partialled out). The study of Gathercole and Baddeley
(1990a) revealed that children with good NWR performance were better in learning
novel names, suggesting that NWR predicts word learning performance. Gathercole,
Hitch, Service and Martin (1997) examined the association between NWR and new
word learning in different conditions (i.e. word-word association, word-nonword
association, new word in story context: recall of new word and recall of definition) in
children at age 5. They found that NWR is associated with all the word learning
conditions except for the word-word association. Therefore, Gathercole et al. (1997)
suggested that the phonological memory component, as measured by NWR, is
particularly involved in the acquisition of novel sound forms (see also Baddeley et al.,
1998). However, when vocabulary scores were partialled out, these significant links
were eliminated.

The positive relationship between NWR and word learning has been replicated in
studies on younger children and studies on non-English-speaking children. For example,
Weill (2011) examined the relationship between verbal working memory and new word
learning in younger English-speaking children, age 24 to 30 months, and found that
NWR is a significant predictor to children’s performance in the receptive fast-mapping

task. Lee (2005) also found a significant correlation between NWR and immediate word
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learning performance in Mandarin-speaking preschoolers. NWR, especially the
repetition of lengthy non-attested nonwords, accounted for significant variance of the
word learning performance. Storkel (2001) proposes that children’s better ability to
process the novel sound form would spare more capacity resources to process the
semantic representation of the sound form, thus children could be better at learning
novel words.

However, the association between NWR and word learning is not robustly found in
all the studies. For example, in the investigation of Mandarin preschoolers’ word
learning, Yang (2002) showed that NWR was not a significant cause for the group
differences in the word learning task, though there was a significant correlation between
NWR and word learning performance (r = .30, p < .01). Ramachandra, Hewitt, &
Brackenbury (2011) examined the relationship between phonological working memory,
phonological sensitivity and incidental word learning in English-speaking children at
age 4. It was discovered that NWR (adopted from Dollaghan & Campbell, 1998) did not
make significant contribution to incidental word learning, while phonological sensitivity,
as measured by rhyming and phoneme alliteration tasks, did. Similar findings have been
discovered in a recent study by Abel and Schuele (2014). Yuen (2009) looked into
Cantonese-speaking children between the age 3;2 to 5;1, and found no association
between NWR and children’s performance in the fast mapping task. These findings
appear to suggest that word learning performance may be more related to language
knowledge, than to NWR.

There might be some possible explanations to the discrepant findings among the
studies. One is that the role of phonological memory to word learning is determined by
children’s concurrent language experience. Word learning could be dependent upon
verbal STM in the very early stage of language development. However, when children
have acquired considerable language experience/knowledge, their learning of novel

sound forms would be supported by their language knowledge (Masoura & Gathercole,
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2005). Another likely cause is the difference in task demand. Abel and Schuele (2014)
pointed out that the significant link between NWR and word learning has usually been
observed when the word learning task involves explicit teaching (Gathercole &
Baddeley, 1990a). But the link is absent when an incidental word learning task was
adopted, as in the studies of Ramachandra et al. (2011) and Abel and Schuele (2014).
Therefore, it is likely that how the word learning is designed and instructed would incur

a strategic difference in the acquisition of novel sound forms.

2.1.3 Relationship between NWR and language disorders. NWR is of clinical
importance because poor performance in this task is indicative of language disorders,
though this task alone may not be a sufficient index. Children with some forms of
language disorders would perform poorly in repeating nonwords. Most notable is the
robust impaired NWR performance observed in children with specific language
impairment (SLI), and their performance deteriorates sharply with the increase in the
lengths of nonwords (Dollaghan & Campbell, 1998; Gathercole & Baddeley, 1990b).
Weak performance in NWR could also be observed among several clinical groups,
including those with cochlear implants, stuttering, autism spectrum disorders (ASD), or
language delay (LD). Given that NWR is a complex task, the performance of which
involves a variety of processes (Gathercole, 2006), it is possible that different clinical
groups may have similar NWR performance due to different underlying factors (Riches
et al.,, 2011). For example, children with cochlear implants performed poorly on
nonword imitation due to their constraints in auditory encoding of the nonword
information. However, NWR could possibly serve as a phenotypic marker for some
forms of language impairment (Bishop, North, & Donlan, 1996). For example,
significant poor performances in NWR may not be observed among all the children who
stutter, but only found among stuttering children with concomitant language or speech

sound disorders (Smith, Goffman, Sasisekaran, & Weber-Fox, 2012). Similar findings
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have been observed in studies on children with ASD. For example, similarly poor NWR
performance has been found between SLI children and ASD children with language
impairment (ALI), while the ASD children with normal language development
performed equally well with the typically developing children (Taylor, Maybery,
Grayndler, & Whitehouse, 2014). However, SLI and ALI children may have different
underlying causes of language deficits, as evidenced by the qualitative differences in
their error patterns in NWR. There were a stronger effect of syllable length in SLI than
ALI and a trend for SLI to make more errors affecting syllable structure, and drop more
syllables. Also, a number of studies have suggested that NWR could be a putative
marker for heritable language impairment, since family members of children with SLI
(Bishop et al., 1996) or ASD (Bailey, Palferman, Heavey, & Le Couteur, 1998; Lindgren,
Folstein, Tomblin, & Tager-Flusberg, 2009) show impaired performance on NWR.
Therefore, poor NWR performance can be indicative of some forms of disorders at the

processing of linguistic level.

2.2 Nature of Nonword Repetition Task

A number of processes and abilities are involved in the repetition of nonwords,
including auditory processing, phonological analysis, phonological storage and verbal
output abilities. Although a remarkable number of studies have been devoted to
exploring the underpinning mechanism of this task (see Gathercole, 2006, for a review),

consensus has not yet been reached regarding the major source of individual variation.

2.2.1 The phonological storage hypothesis. One of the most prevailing proposals
regarding the nature of NWR is suggested by Gatherolce and Baddeley (1989, 1990a,
1990b), who have considered NWR as mainly a measure of phonological memory. The
link was established by the association found between NWR and the conventional tests

of memory storage, such as digit span (Gathercole et al., 1994, Gathercole & Baddeley,
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1990b), and the association found between low repetition scores and patients with
short-term memory impairments (Baddeley, 1993). This proposal was advocated by
Gathercole and colleagues (see Gathercole & Baddeley, 1989, 1990a, 1990b; Baddeley
et al., 1998) based on Baddeley and Hitch’s influential working memory model (1974,
Figure 2.1, see also Baddeley, 1986). In this model, phonological short-term memory is
one of the components specialized in managing verbal information. When verbal
information is encountered, it will automatically enter into the phonological store in
phonological forms, and be maintained in the store with the rehearsal process. The
operation of the subvocal rehearsal is most relevant to the phonological short-term
memory capacity, because a faster rehearsal can capture more information in the
phonological store within the two-second memory decay period (Hulme et al., 1984).
Accordingly, an individual’s phonological short-term memory capacity, as reflected by
the NWR score, is determined by the rate at which one is able to rehearse the
to-be-recalled nonwords.

However, one limitation of this account to young children’s NWR performance
concerns the source of variations observed in the course of development. Previous
findings have shown that children do not spontaneously exploit the rehearsal strategy or
other active memory strategy until a later age (Gathercole & Adams, 1994; Gathercole,
Adams, & Hitch, 1994; Henry, 1991). Therefore, factors other than rehearsal rate should

contribute to the developmental changes in NWR performances.

Figure 2.1

Baddeley and Hitch's (1974) Working Memory Model
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Findings in the studies on working memory development may provide insights to
the possible sources of developmental changes in NWR. For example, the study of Case,
Kurland, and Goldberg (1982) proposed that the age-related increase in working
memory capacities can be attributed to the greater efficiency in processing. They
suggest that there is a total processing space which remains constant across ages, and is
composed of an operating space and a storage space. The operating space is related to
the execution of intellectual operations, and the processed item would be stored in the
storage space. There would be a trade-off between the two spaces in processing. More
efficient operation speed takes up fewer resources in working memory, thus freeing
more available space for storage, hence the better recall in older children.

Towse and Hitch (1995) have proposed a task-switching hypothesis, which
proposes that children alternate their attention between processing and storage during
working memory span tasks. When children are engaged in the operating process, the
memory traces would suffer from a time-related decay. The increase in working
memory capacities in older children may result from their faster operating speed, and
thus less time-based forgetting.

Barrouillet and colleagues (2004, 2009) demonstrated that both the trade-off
account (Case et al., 1982) and the task-switching account (Towse & Hitch, 1995) could
account for developmental or individual differences in working memory capacity.
However, the task-switching model is more appropriate to account for working memory

in preschool children (Barrouillet, Gavens, Vergauwe, Gaillard, & Camos, 2009).

2.2.2 The phonological analysis hypothesis. Contrary to the proposal that
phonological storage is the major constraint to nonword repetition and word learning,
other studies propose the role of linguistic factors. For example, Snowling, Chiat and
Hulme (1991) suggested that lexical knowledge is involved in the repetition of

nonwords. This is supported by the findings of the repetition advantage of real words

18



over nonwords (Hulme, Maughan, & Brown, 1991), and wordlike nonwords over less
wordlike nonwords (Gathercole, Willis, Emslie, & Baddeley, 1991). Also, children tend
to change a nonsense syllable into a lexical item (Jones & Witherstone, 2010).

Other studies further propose that linguistic knowledge not only affects NWR at the
level of lexical knowledge, but also at the more basic level of phonological analysis.
That is, performance in NWR is constrained by the ability to efficiently process the
novel verbal forms into accurate phonological representation (Bowey, 1996, 2001;
Metsala, 1999). This proposal has received support from the findings that young
children’s phonological analysis, as measured by phonological awareness (Metsala,
1999) or output production (Li & Cheung, 2014), accounts for major proportion of
variance when the effect of short-term memory is controlled. The effect of phonological
analysis on NWR can also be observed in older children and adults when they encode
nonwords constructed with nonnative phonological constituents (Kovacs & Racsmany,
2008; Morra & Camba, 2009; Service, Maury, & Luotoniemi, 2007). For instance, when
8- to 10-year-old Italian-speaking children were asked to repeat and learn Italian
nonwords which contained one Russian phoneme, their performance was more related
to measures of phonological sensitivity, such as the phonological awareness of rhyme or
initial consonants (Morra & Camba, 2009).

Among the studies favoring the phonological analysis account, differences should
be noted regarding their assumptions of the relationships between phonological analysis
and phonological storage. For example, Bowey (1996) asserts that phonological
memory and phonological sensitivity may be surface manifestations of a latent
phonological processing factor, possibly reflecting the clarity of underlying
phonological representations of speech. However, others do not link between
phonological memory and phonological analysis. For instance, Munson and colleagues
(Edwards et al., 2004; Munson et al., 2005) consider NWR as a measure of children’s

abstract phonological encoding ability, and the relationship between NWR and word
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learning is due to the association of these constructs with phonological representation

(Munson, 2006).

2.2.3 Gupta’'s (2009) computational model of nonword repetition. The previous
accounts taken together implicate that NWR constitutes a domain of interaction between
short-term memory and long-term memory. This concept has been demonstrated well in
Gupta’s (2009) computational model of nonword repetition. Gupta (2009) simulated the
processes involved in nonword repetition, serial recall and nonword learning in a
computation model. He proposed that when encoding a nonword or a list of nonword,
one should be able to represent sublexical constituents of the nonword, and also to
encode the serial orders of the sublexical units and the nonwords. Therefore, his model
incorporated a serial order mechanism and also linguistic representations at the lexical
and the sub-lexical levels. With an attempt to account for the mechanism of novel word
learning, a representation at the semantic level was also included in his model (see
Figure 2.2).

According to Gupta (2009), the presentation of a sound form would give rise to
sequences of representation activated at the phonemes level and the syllable level, and
of a single activation at the word form level. The serial ordering mechanism would help
to encode the serial order of a sequence of activations, both at the lexical and the
sublexical levels. Each of the word form level and the syllable level is composed of two
sets of representations: the localist representations and the distributed representations.
The localist and distributed representations at each level are bidirectionally connected
(Gupta, 2009, p.113). The localist representation refers to the representation of an
individual unit as the entire entity. Every unit in the localist pool (e.g. syllable level or
phoneme level) has a connection to every unit in the distributed pool (e.g. word form
level or syllable level). In the distributed representation, the entity would be represented

as activations of a pool of units, in each of which there is a shared feature (or more than
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one shared features) with the entity. The distributed representation at the word form
level are the phonologically structured representations of an entire word form, in a form
of a string of syllables, while the distributed representation at the syllable level are the
phonologically structured representation of an entire syllable, arranged in a format of
syllable structure, such as CCVCC in English. The hidden layers function to translate
input representation into a sequence of localist outputs that are represented in sequential
order in the sub-level of representation. As suggested by Gupta (2009), this aspect of the
model constitutes long-term knowledge, and the serial ordering device constitutes the
short-term sequence memory.

The model constructed by Gupta (2009) is able to simulate qualitatively humanlike
performance in NWR, thus providing strong evidence for the involvement of both

long-term linguistic knowledge and storage factor in NWR processing and performance.

Figure 2.2

Gupta's (2009) Computational Model on NWR

Semantics
- (distributed)
Hidden layer
i
Distributed «— Localist Word forms
> \\ (distributed & localist)
Hidden layer -
5 \ Serial
~ ordering
Distributed Localist Syllables
Speech input \ (distributed & localist)

\

C/Hidden layer
\i
Locakist Phonemes

(distributed & localist)

21



2.3 Design of the Nonwor d Repetition Task

What NWR measures could be greatly affected by the construction of the task.
Archibald and Gathercole (2006) have compared the most widely-used nonword
repetition tasks in the English literature: the Children’s Test of Nonword Repetition
(CNRep; Gathercole, Willis, Baddeley, & Emslie, 1994) and the Nonword Repetition
Test (NRT; Dollaghan & Campbell, 1998). CNRep consists of nonwords of one-, two-,
three-, and four-syllable lengths. These nonwords are phonotactically and prosodically
(i.e. stress pattern) legal. Due to the manipulation on stress, the nonwords may have
weak syllables with a reduced vowel. In addition, some of the stimuli contain consonant
clusters. NRT also consists of nonwords of one- to four-syllable of length. However, the
nonword stimuli in NRT contain only single consonants. In addition, the nonwords are
spoken with equal stress on each syllable. Archibad and Gathercole (2006) discovered
that these two tasks showed different patterns of correlations with language impairments.
Children with SLI performed significantly poorly than the age-matched group in both
the two tasks. However, the SLI children performed significantly poorly than the
language-matched group only in CNRep, but not NRT. The findings not only suggest
that language and output factors may be involved in SLI in addition to memory problem,
but also demonstrate that different psychological processes may be involved in nonword
repetition that are constructed differently.

With regard to the construction of nonword stimuli, factors that would be
considered include length, phonological complexity, lexicality/wordlikeness,
phonotactic frequency and neighborhood density. How they may affect the NWR

performances is reviewed in the following sections.

2.3.1 Construction of the stimuli.
Length. The construction of a nonword repetition task always involves the

manipulation of length, because children’s performance at items of different lengths
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may be especially informative in separating the group with language impairment from
the typically-developing bilingual group (Windsor, Kohnert, Lobitz, & Pham, 2010),
and also the group of SLI from other clinical groups, such as ASD (Riches et al. 2011).
For example, now it has been well-established that children with language impairment
usually have deteriorated performances in repeating 3- and 4-syllable nonwords
(Dollaghan & Campbell, 1998; Gathercole & Baddeley, 1990b; Snowling et al., 1991).

Phonological complexity. As revealed in the study of Archibald and Gathercole
(2007), CNRep is phonologically more complex than the NRT due to its inclusion of
consonant clusters and also the variation in prosodic patterns. This complexity in
phonological complexity may challenge SLI children to a greater extent than the
controlled group with matched language abilities yet younger age.

Gallon, Harris, and van der Lely (2007) investigated the phonological deficits in
children with Grammatical Specific Language Impairment (G-SLI). With this intent,
they manipulated the nonword stimuli in terms of their prosodic complexity. They
systematically varied the syllabic and metrical complexity of nonwords. In terms of the
syllable structures, they manipulated three parameters, including onset (single
consonant vs. consonant cluster), rhyme (open syllable vs. closed syllable), and
word-end (vowel-final vs. consonant final). With regard to metrical structure, two
parameters were considered. First was to determine whether a word contains an
unfooted syllable adjoined to the beginning of a word. The other was to determine
whether a word contains an unfooted syllable to the end of a word. Their study clearly
demonstrated that the increase in the prosodic complexity of nonwords can result in
deterioration in NWR accuracy in G-SLI.

Lexicality & wordlikeness. The study of Hulme, Maughan, and Brown (1991)
demonstrated that the recall of real words is better than the recall of nonwords (i.e. the
lexicality effect), because the latter lacks a long-term memory representation. However,

the mediation of lexical knowledge does not only support the repetition of real words,
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but also the repetition of nonwords. This has been evidenced by the wordlikeness effect
in NWR. Wordlikeness refers to the degree to which the nonwords are like real words.
Superior performances are observed in the repetition of more wordlike nonwords
(Dollaghan, Biber, & Campbell, 1995; Gathercole, Willis, Emslie, & Baddeley, 1991),
because the repetition of wordlike items can be mediated by the mapping with an
existing linguistic neighbor in lexical knowledge. On the other hand, it is less likely for
low-wordlike nonwords to be mapped to well-established lexical representation, and the
repetition of these nonwords could be largely dependent on phonological memory. Thus,
the repetition performance is usually poorer in low-wordlike nonwords.

Phonotactic frequency and neighborhood density. The degree of wordlikeness of
nonwords is rated through native speaker’s subjective judgment of the nonword based
on a 5- or 7-point scale. However, the judgment is in fact influenced by at least two
objective factors: the similarity between a nonword and one or more particular words in
the lexicon, or the phonotactic structure of the nonword itself (Frisch, Large, & Pisoni,
2000). The former is usually termed as neighborhood density, and the latter as
phonotactic probability. By definition, neighborhood density refers to the number of
phonologically similar words based on a difference of one sound. Phonotactic
probability refers to the likelihood of occurrence of a sound sequence in a language.
Phonotactic probability and neighborhood density are positively correlated (Vitevitch &
Luce, 2005). Metsala and Chisholm (2010) discovered that children’s repetition of
NWR may be mediated by the density of the lexical neighbors that the constituent
syllable of the nonword has (i.e. the neighborhood density effect). Also, it has been
found that children had better repetition performances with nonwords containing
high-frequency phoneme sequences (i.e., the phonotactic probability effect, Edwards,
Beckman, & Munson, 2004; Gathercole, Frankish, Pickering, & Peaker, 1999; Messer,
Leseman, Boom, & Mayo, 2010). Also, infants are aware of phonotactic probability as

it was revealed in a discrimination task (Jusczyk, Luce, & Charles-Luce, 1994).
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Vitevitch and colleagues have identified that phonotactic probability has more
facilitative effects for nonwords over the neighborhood density, because “nonwords
fails to strongly activate competing lexical representations” (Vitevitch & Luce, 1998;

Vitevitch & Luce, 2005).

2.3.2 Procedures of NWR task. Nonword repetition is a task easy to apply to
young children, because it resembles the process of acquiring the sound form of a
newly-encountered word. It has often been applied to preschool children and children of
older age. The nonword stimuli would be pre-recorded into the audio files, and played
through speakers for the participants to repeat. In this way, the study could control for
the articulatory variations of the inputs across participants and across sessions. To
enhance children’s participation in this task, the NWR would proceed in a form of an
imitation game, in which a puppy would be used to pretend as the speaker of the “weird
language.” Some of the studies may choose to present stimuli live, but the experimenter
had to cover up their mouth when delivering the nonword stimuli for the child to repeat.
This is applied especially in studies which use NWR as a measure of auditory
short-term memory, because they intend to eliminate any visual cues that could cause
unintended facilitative effect to auditory short-term memory performance (Adams &
Gathercole, 1995).

Recently, more and more studies explore NWR performances of children at a much
younger age, almost as early as they are at the beginning of producing words (Chiat &
Roy, 2007; Hoff, et al., 2008; Roy & Chiat, 2004; Stokes & Klee, 2009; Weill, 2011).
These studies point out that the way of testing older children’s NWR may be too
demanding for younger children, and some adjustments on the procedure are
recommended to boost cooperation and maximize responses, such as presenting stimuli
live, or making the imitative activity more interesting. For example, Stokes and Klee

(2009) devised a ball-rolling activity to facilitate young children’s participation in the
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NWR task. For children who repeated after the experimenter, they could get one chance

to roll a ball down a chute.

2.3.3 NWR scoring. Children’s performance in NWR could be scored at the word
level (Gathercole et al., 1994), the syllable level or the phoneme level (Dollaghan &
Campbell, 1998; Edwards & Lahey, 1998). At the word/syllable level scoring, the
participant get one credit for each correctly recalled word/syllable. As for the
phoneme-level scoring, each correctly repeated phoneme would get one point. However,
given that nonwords with controlled number of syllables may differ in the number of
phonemes they have, in phoneme level scoring, the researchers might took the
percentage of the number of correctly repeated phonemes to yield a
percentage-of-phonemes-correct score (usually termed PPC). In phoneme level scoring,
studies may differ in some details regarding what are considered to be accurate
phonemes, depending on the purpose of the NWR task. For example, in Dollaghan and
Campbell (1998), which adopted NWR as a measure of phonological working memory,
phoneme distortion and addition were not considered as incorrect because they do not
represent any loss of information. However, in Coady, Evans, and Kluender (2010),
which used NWR as a measure of phonotactic sensitivity, phoneme additions were
counted as errors, because they reflected children’s inability to maintain the syllable
structure or phonotactic regularity of the target stimuli. Despite these differences, the
systematic substitutions of young participants are usually disregarded and counted as
correct, because they represent articulatory constraints in development, but not encoding
deficits in memory.

Some clinical studies have compared the sensitivity of different scoring approaches.
Riches et al. (2011) have asserted that comparing with the all-or-none, or word-level,
scoring, phoneme-based scoring may enhance the sensitivity of the NWR assessment,

because the all-or-none scoring is not able to contrast repetition with one (random) error
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with repetition difficulties affecting multiple phonemes per word. However, Estes et al.
(2007) argued that in clinical studies, the all-or-none scoring may be more preferred,
because it does not give children with language impairment any credit for partially
correct repetition of nonwords. Guiberson and Rodriguez (2013) shared similar view
when compared the syllable-level scoring and the phoneme-level scoring approaches in
a classification study, and argued for a preference over the syllable-level scoring. As
each scoring approach has its advantages and weaknesses, it is important to choose the
most appropriate one based on the purpose of the study. The scoring at the large-unit
level could be effective and sensitive to the identification of language deficits, while the
scoring at the small-unit level could potentially reflect the underlying causes of the

disruptions in NWR performance.

2.3.4. Error analysis. Examining the error patterns of the misrecalled nonwords
could potentially reveal the processing mechanism of the NWR task. For example, the
findings that participants tend to transform nonsense syllables into lexical items reveal
the mediation of lexical knowledge in NWR (Jones & Witherstone, 2010). Moreover,
inspecting the errors patterns of NWR in clinical groups may help to identify the
possible causes of their underlying deficits. In the study of Edwards and Lahey (1998),
they found that children with SLI exhibited different error patterns from those of typical
development. The children with SLI made significantly more syllable structure and
phoneme deletion errors and significantly fewer phoneme substitution errors. Riches et
al. (2011) also discovered that children with autism plus language impairments
manifested different error patterns from children with SLI, though both had poor NWR
performances compared with the normally-developing children.

Error analyses could be conducted at different levels (e.g. syllable, phoneme, and
feature) and with the identification of different processes (omission, addition, and

substitution). For example, Riches et al. (2011) distinguished two types of error patterns
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in terms of retaining the syllable structure of nonword stimuli. They suggested that the
structure-changing error, such as omission of an initial consonant or weak syllable
deletion, would be an indication of difficulties with hierarchical prosodic and
phonological processes. On the other hand, the structure-preserving errors, such as
consonant-for-consonant substitution, reflects difficulties with simultaneous processing
of metrical information (number of syllables and stress placement), and phonemic
information; the encoding of phonemic information disrupts as the result. While the
former is proposed to be more associated with attentional/memory processes, the latter
is more associated with phonological representation (Riches et al., 2011).

Error analyses could also be conducted at the phonemic level. For example,
Shriberg et al. (2009) distinguished within-class substitutions (e.g. /t/-/d/) from
between-category substitutions (e.g. /t/-/t[/), with the class defined as manner of
articulation. They proposed that a substitution preserving manner could be interpreted as
a partial encoding of the target. On the other hand, poor encoding of the manner feature
might indicate a poor auditory-perceptual encoding.

As revealed above, misrecalled errors in NWR could be analyzed from several
different aspects. However, solid theoretical background should also be provided to
justify the interpretations. It is also important to bear in mind that when examining
NWR misrecalled errors of young children in clinical groups, we should distinguish
developmental articulation errors related to normal phonological processes from
repetition errors which result from representation or memory deficits (Dollaghan &

Campbell, 1998; Guiberson & Rodriguez, 2013).

2.3.5. NWR in Mandarin—Characteristics of Mandarin NWR. NWR studies in
Mandarin have been rare, and the NWR tasks applied in these studies could be divided
into two types, based on their designs. The first type of NWR is devised with the

purpose of assessing the overall performance in phonological working memory. Each
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item in this task consists of three bisyllabic nonwords, the syllables in which are all
existing syllables in Mandarin (Table 2.1). The composition of nonwords is limited to a
restricted set of onsets and rimes. The nonword syllables are from the combination of
one of the onsets b, d, k, g, zh, sh, with one of the rhymes u, a, ai, ao, an, ang. The
NWR task of this type was administered in Hu and Catts (1998), Yang (2002), and Hsu

(2005).

Table 2.1

The Nonword Stimuli Used in Hu and Catts (1998)

Practice trials

1) bai3-sha4 kangl-gu4 zhan4-daol
2) kang4-zhail gal-shu3 bao3-danl

3) zhal-banl dao3-shang4 gu4-kai3

Experimental trials

1) ba3-ganl zhaol-dai3 ku4-shang4
2) shangl-kai3 dao4-ga4 zhan3-bul
3) bangl-zhai4 kan4-du3 sha4-gaol
4) zhan4-dal shu4-gao3 bail-kang4
5) gal-shao3 bang4-ku3 dan3-zhail

6) shaol-gal ban4-zhu4 kangl-dai3

However, the increasing findings that a number of factors other than memory
storage may influence performance in NWR have called for a more sophisticated design
of the task. Therefore, in the other type of the NWR task, the length and lexicality of the
nonword stimuli were manipulated to control for the influence of memory storage,
lexical knowledge and phonological analysis. In this NWR task, two types of nonwords

are constructed, including the nonce-words and the gap words. The nonce words are
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composed of existing syllables in Mandarin, while the gap words are made up of
phonotactically legal but non-existing syllables in Mandarin. In the processing of a
nonce word, though it cannot be mapped onto any existing semantic representation,
each of its constituent syllables can be mapped onto a lexical representation. With
regards to the processing of a gap word, which is absent in real-life language use, it has
no stored representations at either the semantic level or the lexical level. Therefore, the
processing of gap words depends on phonological analysis ability (Lee, 2005). The
length of nonword items is manipulated by conjoining bisyllabic nonwords, thus the
one-word lists, the two-word lists, and the three-word lists in the nonce word repetition
and the gap word repetition. The NWR in Li and Cheung (2014) was a modification of
Lee (2005). They added a number of nonwords to equalize the number of each syllable

shape.

All these studies reveal that NWR in Mandarin-speaking children improve with the
increase of age. Also, children have significantly better performances in nonce-word
repetition over gap-word repetition, demonstrating the lexicality effect. However, due to
the absence of a large-scale oral corpus in Mandarin, the phonotactic probabilities of

nonwords were not controlled in these studies.

2.4 Phonological Development

24.1 Its relationship with lexical development. Children’s phonological
development refers to the process of reaching adult-like phonological representation,
which is phoneme-based. A number of studies have demonstrated that children’s
phonological representation is word-based. That is, they perceive “words” as an
unanalyzable phonological unit (Treiman & Breaux, 1982). Also, their production of
words is the approximation of the whole-word unit (Ferguson & Farwell, 1975). The

specification of the phonological representation of words is proposed to be driven by the
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increase of vocabulary size, which is known as the lexical restructuring account (Fowler,
1991; Metsala, 1999). As the neighborhood density of the vocabulary network increases,
this would lead to restructuring of the network. Children are forced to be able to
distinguish phonological similar words, such as bat and pat, causing their phonological
representation to become more and more fine-grained. Also, in the process of
coordinating the articulatory gestures to assimilate the sounds they hear, the
co-occurring gestures would gradually be crystallized into segments (Studdert-Kennedy,
1987, 2000; Studdert-Kennedy & Goodell, 1995). Therefore, a growth in vocabulary
size means not only that children know more words, but also that children are provided
with richer resources from which they could generalize abstract sound patterns and
processing units of their ambient language (Edwards et al., 2004).

However, another line of research proposes that vocabulary may not be the driving
force of phonological development right from birth. In a review paper on the
relationship between vocabulary and phonology in development, Stoel-Gammon (2011)
suggests that early phonological development, at least during the period from birth to
age 2;6, exerts more influence to lexical development than the other way around.
Children’s early lexicon is filtered by their phonological productive ability.

Given the discrepant view regarding the relationship between vocabulary and
phonology in the early stage of language development, Edwards et al. (2011) suggest
longitudinal studies should be conducted to examine the interaction between these two

constructs in development.

24.2 Assessing phonological development. Traditionally, phonological
development is assessed by examining children’s acquisition of phonemes, either in
production or in perception. Tasks used for the evaluation of phoneme production
include picture naming, mispronunciation correction task, or speech imitation. Tasks

used for the assessment of phoneme perception include mispronunciation detection task,
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accurate pronunciation identification task, speech discrimination task and gating
paradigm. Also, the production errors would be examined in terms of the phonological
processes that they undergo, which would be taken as a reflection of the mechanisms

that children formulate speech in relation to the adult model (Ingram, 1989).

Table 2.2

Representation-related Phonological Processing Abilities and the Related Measures

Representation-related phonological processing abilities ~ Measures

1 Ease of forming new phonological representations Word-learning paradigms

2 Accessibility of extant phonological representations 1. Picture naming tasks

2. Gating paradigm

3 Precision of extant phonological representations as 1. Mispronunciation detection task
reflected in speech perception 2. Accurate pronunciation identification task

3. Speech discrimination task

4 Precision of extant phonological representations as 1. Picture naming
reflected in articulation accuracy 2. Imitation of real words and nonwords

3. Mispronunciation correction task

More recent studies point out that these measures are in a way assessing
phonological representation. Phonological representation is an abstract unit that cannot
be assessed directly. Several studies have attempted to find out the best measure to tap
this construct (Anthony et al., 2010; Foy & Mann, 2001). By far the study of Anthony et
al. (2010) demonstrated the most comprehensive comparisons across all the possible
tasks. They propose that the quality of phonological representation can be examined by
at least three representation-related phonological processing abilities, including the

accessibility of phonological representations, the precision of phonological
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representation evidenced via articulation accuracy and evidenced via speech perception
(Table 2.2). These abilities have been shown to be equally good assessments of
phonological representation. However, in order to obtain more accurate evaluation of
the quality of phonological representation, it is recommended to apply more than one

task to assess two or more representation-related abilities.

2.5 The Phonological Development of M andarin-speaking Children

2.5.1 The phonological system of Mandarin. Compared with English, Mandarin
has simpler phonological structure. It has only 12 possible syllable structures, including
V, VC, VG, GV, GVC, GVG, CV, CVC, CVG, CGV, CGVC, and CGVG. There are 21
consonants that can occur in the syllable-initial position and only two consonants (i.e. n
and ng) can occur in the coda position. No consonant clusters are allowed in Mandarin.
The initial consonants and final nasals are optional, while the vowel is compulsory. In
terms of vowel, there are 9 simple vowels, 9 diphthongs, and 4 triphthongs (Zhu &
Dodd, 2000). The diphthongs can be further divided into offglides (labeled as VG in
syllable structure) and onglides (labeled as GV in syllable structure). The offglides refer
to the diphthongs with the first vowel sounds that are longer and more intense, such as
ai, ei, ao, and ou. Onglides refer to the diphthongs in which the second vowels are more
sonorous, including ia, ie, ua, uo, and iie. The triphthongs include uai, iao, ui, and iu.

Each syllable in Mandarin is composed of its segmental combination and tone.
There are four tones in Mandarin, high-level tone (Tone 1), high rising tone (Tone 2),
falling-rising tone (Tone 3), and high-falling tone (Tone 4). Tones in Mandarin have
lexical status for they can distinguish meanings. For instance, the CV combination /ma/
would yield different meanings when combined with the four tones, respectively mal

(mother), ma2 (hemp), ma3 (horse), ma4 (scold).
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25.2 The phonological development of Mandarin-speaking children. We
reviewed a number of studies on Mandarin-speaking children’s phonological
development. In addition to studies targeted at Mandarin-speaking children in Taiwan,
we also included a large-scale study on phonological development of children speaking
Putonghua, a Mandarin dialect speaking in Beijing, China. Its larger subject pool and
longitudinal data might provide robust findings regarding Mandarin-speaking children’s
development in phonological system. However, we should be aware of the possible
regional or dialectal differences in developmental patterns in interpretation.

With regards to tones, they are acquired well before the acquisition of segments. By
the age of two, articulation control over tone production is mastered (Hsu, 1987; Li &
Thompson, 1977; Zhu, 2006). Also, it is reported that children have little difficulty
learning the tone sandhi rule, which is acquired by age 3 (Hsu, 1987; Li & Thompson,
1977). However, in tone perception, children tend to confuse Tone 2 and Tone 3 easily.

Findings regarding the acquisition of vowels have demonstrated considerable
differences across studies (Table 2.3). For example, Shiu (1990) revealed that the vowel
ti was stabilized in children’s production at the age of 3; however, Hsu (1987)
demonstrated that it was not stabilized until after age 6. Even within a study, we also
observe individual variation. In Jeng’s (1985) study, child K acquired the vowel u and o
at 1;1. Nevertheless, child J did not acquire these vowel until age 1;6. Despite these
differences across studies and participants, a general pattern could be observed. There is
a tendency for the simple vowels to be acquired by the age of 2 (except for the vowel ii,
which is often acquired late). The acquisition of diphthongs and triphthongs is not
complete until 5.0.

When we look into Mandarin-speaking children’s mastery of final coda, it is found
that children in Taiwan tend to substitute /n/ with /n/, different from children speaking
Beijing Mandarin (or Putonghua) in Zhu and Dodd (2000). Also, it is found that it is

more common for Taiwan children to omit final coda than Putonghua-speaking
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children speaking (Liu, 2007).

Consonant development is more often the issue of investigation in phonological
development, because consonant acquisition extends a longer period of time, usually
not complete until the age of 5. When examining children’s acquisition of phonemes,
we are not only interested in the time a particular phoneme emerges in children’s
production. In fact, we are more interested in when the phoneme becomes stabilized in
production. Phoneme stabilization is a measure indicating the growing consistency of
children’s pronunciation of a certain phoneme (Zhu & Dodd, 2000). A sound is
considered stable when the child produced the sound correctly on at a considerable
numbers of occasions over its total productions. For example, in Zhu and Dodd’s (2000)
study, a phoneme should have at least an accuracy of 66.7% (two out of three
productions are correct) to be considered as stable. When 90% of the children in an age
group achieved this accuracy rating for a phoneme, the phoneme would be considered
to have been stabilized by that age group. However, different studies may adopt
different standards. The criterion of 75% is often adopted in the literature as well.
Though differences are observed across studies, similar acquisition patterns were
observed (Table 2.4). When the criterion of 75% is adopted, phonemes acquired before
age 3 generally include b, m, d, t, g, and those acquired before age 4 include %, g, x, J, z,
¢, s, f, h. Retroflexes such as zh, ch, sh are acquired relatively late, because they are
articulatorily more challenging for young children.

In general, in Mandarin-speaking children’s development of phonological units,
tones are acquired first, followed by syllable-final consonants and vowels.

Syllable-initial consonants are acquired last (Zhu & Dodd, 2000).
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Table 2.3

Mandarin-speaking Children’s Development of Vowels

Study Jeng (1985)" Shiu (1990) Hsu (1987)

Participants Two boys: One boy and one girl, by 3;0 28 children, aged 1;0-6;0
Child J: 1;3-2;5 Child K: 1;0-2;6

1;0-1;6 ChildK:e,a%u,o%i% i,u,a, ua a,

1;7-2;0 u u, 1, /9/, ia, va, an
Child J: [1;4]1, e, a > [1;6u, 0 > 18] i

2:1-2:6 0, /d/, e, ai, ao, ang, in, ia, ie, i0, uo, ue, ai, ei*, ie, iau, iu*, uai, ui*, ang, en, in,

1a0, uai, ui, ian, uan, un ing*, iang

2;7-3;0 (3.0) i, ei, ou, an, en, eng ung, ian, iong*,

3;1-4;0 (3.0) au, ou*, uan, uang, un, uo

4;1-5;0 (4.0)

5;1-6;0

After 6.0 i, ue, eng, Uin, lien
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Notes: Chen (2005) looked into Mandarin-speaking children’s development of vowels. Nevertheless, she looked at only one child. Therefore, the acquisition patterns

could be influenced by individual differences. For that reason, it was not presented here.

1. Considerable variation was found between Child K and Child J’s acquisition of vowels. However, i and # tended to be the last vowels acquired

2. Zhu and Dodd (2000) also examined the development of vowels. However, they did not specify when each vowel became stabilized. In general, they found that the
acquisition of vowels, particularly the simple vowels, took place mainly between the age of 1;0 and 2;0. Among simple vowels, low vowel a and back high vowel u

occurred earliest, while retroflex vowel and the back vowel o occurred last. As for diphthongs, ei is acquired first, and iie last. Among triphthongs, iu is acquired first,

and wui last.
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Table 2.4

Large-scale Studies on Mandarin-speaking Children’s Development of Consonant Productions

Cheng et al. Hsu (1987)' Wang et al. Chang & Zhu & Dodd Cho (2008) Lin & Lin Zhu & Dodd Cho (2008)
(2003) (1986)" Chung (1986) | (2000) (1994) (2000)
Sample Taiwan 28 children 150 Taiwan 363 Taiwan 129 Beijing 852 Taiwan 839 Taiwan 129 Beijing 852 Taiwan
preschoolers (1;0-6;0) preschoolers preschoolers children, aged | preschoolers preschoolers children, aged | preschoolers,
(Tainan), aged (Taipei), aged | (Taipei), aged | 1;6-4;6 (Taipei), aged | (Taipei), aged | 1;6-4;6 aged 3-6
25t06 3-6 2-2;6 3-6 3-5;11
Measure Picture-naming | Diary records Picture-naming | Not specified Picture-naming | Pic-naming & | Measure of Picture-naming | Pic naming &
& picture sentence Chang & & picture sentence
description imitation Chung (1986) description imitation
criterion 70% stabilized 75% 75% 75% 75% 90% 90% 90%
Before b,n b,p, m,d, t,n, d,t,m,n, h b,d, t, g k1, d, m
2:0 b, m,d, g, l,g h h, m, ng, coda
2;1-2:6 b,n 1;8-2:6 b,p,m,d, t, n, b,p,g k,j,q, |n,r n
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m,d, g, j n, j l,g h X b,p,mn,l, g,
2.11-3.5 k. h,j,q
2:7-3;0 k,q,z b,p,md, t,n, |f b, t, f, h, x
lLgj
3;1-3;6 k, h, q, x, zh, p, N, X,270¢,], g k b,d, t, gk, 1,
Z,C, S g, ch h, m, ng, n, r
3,7-4;0 Lk, h 3;4-4;0 3.5-3.11 ch f, s, sh d, p n, j
p,t k h, X,¢C, 8, T
4;1-4;6 f,t,q 4.0-4.11 f, sh I,sh,1,s zh X, Z Ls,j,q,r p, ch
]
4;7-5;0 4.0-4.11 t, C zh,ch,sh,z,c | f,z¢c,q
f,Lq,x,2z,¢,8 |] zh, ch, z, ¢
5;1-5;6 p, X, Z,C sh S, X
5:;7-6;0 5.6-5.11 f,ch, 1, s
After 6.0 | zh, ch, sh, 1, s zh, ch, sh, r r zh zh, sh
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Note: Jeng (1985) and Shiu (1990) also examined Chinese-speaking children’s development of phonemes. However, they looked at only one or a few more children.
Therefore, the acquisition patterns could be influenced by individual differences. For that reason, the two studies were not presented here.

1. The study of Cheng et al. (2003) is cited in Chi (2009).

2.  When a study adopted different age periods when demonstrating the acquired consonants, the age periods adopted in the specific study would be specified in

rectangular.
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Chapter 3  Method

This study aimed to explore the developmental trajectories of nonword repetition,
phonological capacities and vocabulary knowledge, and the relationship among them
along the course of development in young children. In order to model the
developmental change across an extending period of ages, a cross-sequential design was
adopted. We recruited children of three age cohorts, respectively age 2, age 3 and age 4,
and followed their growth in vocabulary knowledge, phonological capacities, and
nonword repetition for one year. Detailed descriptions of the participant information,
experimental tasks that we administered, and the analyses of the data were provided in

the following sections.

3.1 Participants

We recruited typically-developing children at age 2, age 3, and age 4. Children
were recruited from kindergartens, posts on parenting websites or by word-of-mouth.
Children who had been diagnosed as language delayed were not included in this study.
Also, at the beginning of the test, children were screened with the “Preschool Child
Developmental Checklist” for his or her age (see the Appendix A for the sample for age
2 children). All of the children passed this screening test, and showed no sign of
developmental delay. While previous studies suggest that NWR performance is not
independent of language (Coady & Evans, 2008), balanced bilinguals proficient in
another language in addition to Mandarin were not included in this study. All of the

children speak Taiwan Mandarin as their dominant language.
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Table 3.1

Participant Information

Age 2 Age 3 Age 4

Time 1 N 24 (12 &) 24 (8 &) 24 (11 &)
Mean age 24.92 months 35.80 months 48.83 months
Agerange  23.83-26.63 35.47-38.93 47.36-50.8

Time 2 N 22 (12 8) 23(73) 24 (11 &)
Mean age 31.10 months 42.81 months 54.97 months
Agerange  29.93-32.93 41.47-44.63 53.67-56.9

Time 3 N 21 (11 ) 20 (6 &) 23 (11 &)
Mean age 37.00 months 48.70 months 60.89 months
Agerange  35.57-39.53 47.37-50.73 59.57-62.57

At the first testing (Time 1), there were seventy-two children participating in this
study, 24 children in each age cohort. Each child was followed for one year, and tested
at three time points with an interval of 6 months. At Time 2, three children did not
return, because the parents were unable to cooperate with the testing schedule (Age 2: 2;
Age 3: 1). At Time 3, additional 4 children were lost due to parents’ inability to
cooperate with the schedule (Age 3: 1) or children leaving the kindergarten (Age 3: 2;
Age 4: 1). Table 3.1 presented our child participants’ background information.

Since children in each of the age group were followed for one year, each age
cohort would overlap with another age cohort. For instance, the age 2 cohort overlapped
with the age 3 cohort at age3, and the age 3 cohort overlapped with the age 4 cohort at
age 4. Table 3.2 demonstrated the number of data at each chronological age. In total we

had 206 data from our three cohorts.
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Table 3.2

Number of Data at Each Age

Timeline 2 2.5 3 3.5 4 4.5 5
Age 2 cohort 24 22 22

Age 3 cohort 24 23 20

Age 4 cohort 24 24 23
Total 24 22 46 23 44 24 23

3.2 Experimental Tasks

In this study, we tested children with their expressive vocabulary, receptive
vocabulary, phonological perception, phonological production and NWR. In addition,
we tested children’s nonverbal intelligence with the Leiter-R as a control for their
cognitive abilities. However, concerning the broad age ranges we covered in this study,
some constructs were tested with different tests that were more appropriate for the age.
For example, vocabulary knowledge among children at age 3 or above was measured
with the Receptive and Expressive Vocabulary Test (REVT, for expressive vocabulary)
and Peabody Picture Vocabulary Test-Revised (PPVT-R, for receptive vocabulary).
However, for children below age 3, their expressive vocabulary and receptive
vocabulary were tapped with the Mandarin-Chinese Communicative Development
Inventory (MCDI-T). Also, on account of younger children’s smaller attention span, we
downsized the number of trials children below age 3 had to complete in some of the

tasks. These adjustments would be specified in the following introduction of the tasks.

3.2.1 Mandarin-Chinese Communicative Development Inventory (Taiwan)
(MCDI-T). The MCDI-Taiwan (Liu & Tsao, 2010) is a parent-report evaluation of

infants’/toddlers’ word production, communicative functions, sentence complexity, and
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the mean length of the three longest utterances. This assessment was applied in this
study to collect the data on very young children’s expressive vocabulary size. Since
there was no parallel measure of receptive vocabulary for children below 3 in Mandarin,

this form was also used to collect our children’s receptive vocabulary.

3.2.2 Peabody Picture Vocabulary Test-Revised (PPVT-R). The PPVT-R (Lu &
Liu, 1994) is often used to measure age 3 to age 12 children’s receptive vocabulary
knowledge. Different from the MCDI-T, this test is administered by the experimenter. In
this study, it was also applied to test children’s receptive vocabulary at age 2.5.

The test has form A and form B. In this study, form A was adopted. In the test, the
child responded by pointing to one of four line drawings that corresponds to the word
spoken by the experimenter. The test has 125 items. The child started from the item
appropriate to his or her age. Testing was stopped when the child made 6 errors in 8
consecutive items. The total number of items the child accurately answered was counted

as his or her PPVT-R score.

3.2.3 Receptive and Expressive Vocabulary Test (REVT). The REVT (Huang,
Jian, Zhu, & Lu, 2011) is designed for children at the age from 3 to 6, and consists of
the scale of receptive vocabulary and the scale of expressive vocabulary. Each scale is
comprised of four subtests, including label, category, definition, and reasoning. This test
takes into consideration the specific linguistic features of Mandarin, in comparison with
the linguistic structure of English. We adopted the scale of expressive vocabulary to

assess children’s ability to encode or express language based on concept.

3.2.4 Productive phonology task. This task tapped the children’s productive

phonology, which reflected the quality of phonological representation (Anthony et al.,
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2010). Colored pictures of familiar objects were used to elicit the children’s production
of 21 Mandarin syllable-initial consonants. Since words in Mandarin are mostly
disyllabic, the position constraints were considered by testing all the target phonemes in
the first syllable and the second syllable (see Appendix B).

In order to promote young children’s participation, we also designed a
“find-the-figure” game to elicit children’s production. Five pictures were created
incorporating the figures of the target words. Children were given pieces of the figures,
and were asked to paste each to its corresponding figure on the pictures. While pasting,
children were required to name the figure.

Each child would be given a score on onset production and a score on rhyme
production. Onset and rthyme were scored separately because previous studies suggest
that they play asymmetric roles in speech processing and language acquisition (Nazzi,
2005; Nespor, Pefia, & Mehler, 2003). With regard to the scoring of onset, we first
calculated the accuracy rate of the target phoneme in each lexical item; then we took the
average of the accuracy rates across all the lexical items that contained the target
phoneme. For example, for the phoneme /b/ at the word initial position, one child
produced beil-zi (cup), bai2-tu4 (white rabbit), and bangl-mang?2 (help). For the lexical
item beil-zi, 5 out of his 6 productions of /b/ were accurate; therefore, the accuracy rate
of /b/ in this lexical item was 0.83. The accuracy rates for /b/ in bai2-tu4 and
bangl-mang2 were 0.7 and 1, respectively. Therefore, the average accuracy rate of /b/ at
word-initial position was 0.8433. One point was given when the target phoneme was
pronounced correctly in all the lexical items that contained it. The children’s systematic
mispronunciations for a single phoneme were considered inaccurate but were noted for
scoring NWR. Children’s scores of each of the phoneme at the word-initial position and
the non-word-initial position were summed up to yield a productive phonology score,

with the maximum score of 42.
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The scoring of rhymes followed a similar procedure. We first calculated an average
accuracy rate for each of the thymes. Then we took the average of the rhymes with the
same rhyme structure. For example, we averaged the accuracy rates of the rhymes ai, e,
ao, and ou to get a score of the VG rhyme structure. There are 6 rhyme structures in
Mandarin, including V, VN, VG, GV, GVN, and GVG. The maximum score for rhyme

production was 6.

3.25 Word discrimination. This task was designed to tap children’s
discrimination ability at the phonemic level. There were four practice trials and 24 test
trials. The test trials were composed of 6 pairs of sound contrasts. Two pairs of the
sound contrasts differed in three features (3-f difference, e.g. t-m and b-q); another two
pairs differ in two features (2-f difference, e.g. h-p and x-j); and the other two pairs
differ in only one feature (1-f difference, e.g. d-g and n-I) (see Appendix C for the
stimuli). A female Taiwan Mandarin speaker produced spoken version of these stimuli
in a sound-attenuated booth, and recording were made by using a DAT-recorder.

In this task, children were instructed to answer “yes” or “no” in response to the
correspondence between the picture they saw and the audio label they heard. For
example, for the n-/ pair, children would see a picture of a bird. In the “yes” trial, the
children were asked “zhe4-1i3 you3-mei2-you3 niao3? (Is there a bird here?)” However,
in the “no” trial, the children were asked “zhe4-li3 you3-mei2-you3 liao3? (Is there a
knotweed?)”

The test was divided into four blocks. The presentation order of the six pairs of
stimuli would be counterbalanced across the four blocks. Therefore, for each sound pair,
there would be four times of discrimination, in which each of the sound stimuli would
appear twice in the audio, and the presentation order of the sound stimuli would be

counterbalanced. However, considering that younger children might have shorter
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attention span, children below age 3 only had to complete the first two blocks.
Each accurate response was credited with one point. The maximum score for the

task was 24. However, for children at age 2 and age 2.5, the maximum score was 12.

3.2.6 Nonword repetition. Two types of nonwords were constructed based on the
characteristics of Mandarin phonology, following the Mandarin NWR studies (Lee,
2005; Li & Cheung, 2014). The first type is nonce words, which are nonsense words
consisting of two existing syllables. Though a nonce word cannot be mapped onto any
existing semantic representation, each of its constituent syllables can be mapped onto a
lexical representation. The second type is gap words, which are formed by conjoining
two phonotactically legal but non-existing syllables. Gap words are absent in real-life
language use and therefore have no stored representations at either the semantic level or
the lexical level. Based on their compositions, the two types of nonwords are distinctive
in their lexicality. While nonce word repetition is supposed to be more related to
vocabulary knowledge, the repetition of gap words may tap phonological analysis.

Some gap syllables may be real syllables in other dialects in Taiwan, and children’s
familiarity with these dialects may affect their performance. In fact, we have checked
the lexical status of the Mandarin gap syllables in Southern Min and Hakka, two of the
major dialects in Taiwan. It is found that thirty-three syllables out of the 108 gap
syllables are real syllables in Southern Min (despite the fact that there might be subtle
difference in the actual pitch of the tone). As in the case of Hakka, sixty of the Mandarin
gap-syllables were real syllables in Hakka (also disregarding the subtle difference in the
actual pitch of the tone).

The nonwords were composed of early-acquired consonants only (Cheung, 2000;
Zhu & Dodd, 2000) to avoid articulatory difficulties. The NWR task contained 36

disyllabic nonce words and 36 disyllabic gap words. Each type of nonword was equally
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divided into the one-word list, the two-word list, and the three-word list (see Appendix
D).

In the task, the child was told to repeat some strange words. The task was
administered in the form of a live presentation for an optimal condition for the
perception of the stimuli (Chiat & Roy, 2007). The repetition of nonce words was
administered first.

Concerning that the younger children’s shorter attention span and their need for
more motivation to engage in this task, we not only downsized the number of nonword
items, but also adopted and modified the testing procedure of Stokes and Klee (2009)
for children at age 2 and age 2.5. In the testing, the child was asked to imitate each
nonword said by the experimenter, and then rolled a ball down a chute as a reward,
whether the word was correctly imitated or not. At age 2, the child was required to
complete only half of the stimuli in the one-word list and the two-word list of each
NWR task (i.e. 12 disyllabic nonce words and 12 disyllabic gap words). At age 2.5, the
child had to complete half of the stimuli in the one-word list, the two-word list and the
three-word list of each NWR task (18 disyllabic nonce words and 18 disyllabic gap
words). For children at and above age 3, they were instructed to repeat after puppies for
the all the nonwords.

The recall accuracy of the nonwords was scored at the syllable level. A syllable
received one point if it was correctly repeated. Any omission, deletion, addition, or
substitution would be considered errors because they signaled an inability to encode or
maintain the original phonological representation. However, children’s systematic
substitutions, as observed in their performance in the productive phonology task, were
counted as correct to minimize the effect of articulatory constraint on their NWR
performance. The maximum score was 72 for the nonce word repetition or the gap word

repetition.
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3.2.7 Leiter International Performance Scale-Revised (Leiter-R). The Leiter-R
(Roid & Miller, 1997)is an intelligence test designed to assess nonverbal cognitive
abilities in children and adolescent aged 2 to 20. It includes two groupings of subtests:
the Visualization and Reasoning Battery and the Attention and Memory Battery. For the
purpose of this study, we used 4 subtests in the Visualization and Reasoning Battery as
a rapid estimate of global intellectual ability, including Figure Ground (FG), Form
Completion (FC), Repeated Pattern (RP) and Sequential Order (SO). The raw scores on
each of the measure would be converted to normalized scale scores. The composite of

the subtest scaled scores was regarded as a Brief IQ estimate.

3.3. Procedures

The child was tested in a quiet room in the kindergarten or a sound-attenuated
testing booth. Since there were a number of tests the child had to complete in each
testing, each testing would be divided into two sessions. The two sessions would be
controlled to be separated for no more than two weeks. Each of the session lasted for
about 30 to 40 minutes.

In the first session, the child was tested with vocabulary (PPVT-R for children
above age 3), output phonology, discrimination, and nonce-word repetition. In the
second session, the child was tested with vocabulary (REVT for children above age 3),
gap-word repetition, and Leiter-R (only at Time 2). For children below age 3, the
parents were asked to fill in the MCDI-T form. They had to check the child’s productive
vocabulary at the 1* session, and the child’s receptive vocabulary at the 2™ session. The
procedure demonstrated here was the regular arrangement. However, the order of the
tasks would change in accordance with children’s cooperative situation in the testing in

order to achieve children’s optimal performance.
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3.4 Analyses

A set of analyses were conducted to answer the research questions. Our research
questions concerned the interactions among vocabulary size, phonological capacities
and NWR. To answer this question, we first examined the growth in vocabulary,
phonology, and NWR in each of the three age cohorts. The developments were
described quantitatively and qualitatively. Individual variation in developmental
patterns was also noted. Then, regression analyses were conducted in each age cohort to
examine (1) the contribution of phonological capacities and receptive vocabulary
knowledge to NWR performances, and (2) the predictability of NWR performance to
expressive vocabulary knowledge. Finally, we delineated the developmental trajectories
of vocabulary size, phonology capacities, and NWR based on the data across age groups
(from age 2 to age 5). Given that children might demonstrate considerable variation in
NWR performance, and that phonological capacities and vocabulary size might have an
effect on the developmental changes of NWR (including the initial ability and the
growth rate), the hierarchical linear model approach was conducted to present a more
global profile of the interactions among these three factors in the development from age

2 to age 5.
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Chapter 4  Vocabulary, Phonology, and NWR of the Age 2 Cohort

In this chapter, we examined the vocabulary development and phonological
development of children in the age 2 cohort, and also the relationship between these two
constructs in this age range. Children’s performances in the nonce word repetition and
the gap word repetition were also inspected. The performance data and the correlation
relationship of the measures in discussion would be presented in the main text. However,
a more detailed descriptive statistics of all the measures and an overall correlation
matrix were provided in Appendix E(1) and F(1), respectively. In the end of this chapter,
we examined the relative contribution of phonological capacities and vocabulary
development to NWR performances. Preliminary analyses showed that there was no
significant difference between genders; therefore, gender was not included in the

following analyses, unless it was particularly specified.

4.1 Participants

Children in this cohort were recruited at age 2 (age range = 23.83-26.63 months),
and tested every six months. Therefore, they were tested at age 2 (Time 1), age 2.5
(Time 2) and age 3 (Time 3), respectively. These children were recruited by posts on
parenting websites or by word-of-mouth. Twenty-four children were tested at Time 1. At
Time 2, we lost two participants because their parents were unable to cooperate with the
testing schedule. At Time 3, all the remaining participants returned. However, it should
be noted that one of the boy children (YHW) refused to perform almost all the tasks that
required speech production, though he was quite cooperative in the past two testing
points. As a result, his data were missing in some of the tasks at Time 3. Participant

information was summarized in Table 4.1.
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Table 4.1

Information of the Child Participants in the Age 2 Cohort

Test time Time 1 Time 2 Time 3
N 24 (12 &) 22 (12 &) 22 (12 )
Average age (month) 24.92 31.10 36.95
Age range 23.83-26.63 29.93-32.93 35.57-39.53

4.2 Vocabulary Development

Children in the age two cohort were still too young at their first testing time to
receive any standardized tests. Therefore we measured their vocabulary knowledge,
both the receptive vocabulary and the expressive vocabulary, with the MCDI-T
checklist (Liu & Tsao, 2010). The parents were required to fill in the MCDI-T checklist
in all the three testing sessions. At age 2.5, we included the standardized test PPVT-R
(Lu & Liu, 1994) to measure children’s receptive vocabulary, because we believed that
children at this age might be old enough to appropriately react to a standardized
language receptive task, though a language expressive task might still be too demanding.
It was until when children reached age 3 that we included both standard tests on the
receptive vocabulary (PPVT-R) and the expressive vocabulary (REVT, Huang et al.,
2011) to assess children’s vocabulary knowledge, in addition to the parent-report
measure of early vocabulary (MCDI-T). For the convenience of reference, we would
specify the receptive vocabulary score measured with the MCDI-T as MCDI-ggcgprive,
and the expressive vocabulary score measured with the MCDI-T as MCDI-gxpressive.
Children’s growth in each task would be examined respectively in the following

sections.
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4.2.1 The expressive vocabulary and receptive vocabulary as measured by
MCDI-T. Since both children’s receptive vocbaulary and expressive vocabulary were
inspected with the MCDI-T checklist in this cohort, we first examined the children’s
performances in these two vocabulary constructs, and the relationship between these
two. Children’s average performances in MCDI-ggceprive (the line with black dots) and
MCDI-gxpressive (the line with hollow dots) across time were graphed in Figure 4.1.

In terms of the performances in MCDI-grgcepmve, children at age 2 obtained an
average score of 471.96 (SD = 99.77), with scores ranging between 232 and 628. At age
2.5, children attained an average score of 638.32 (SD = 60.23), with the range of 485
and 694. At age 3, children had an average score of 686.05 (SD = 10.99). Children’s
scores ranged between 651 and 696, suggesting a ceiling effect in using MCDI-T to
assess age 3 children’s receptive vocabulary size. In fact, this task has been designed for
children below age 3, so it might not effectively reflect the actual variation in children’s
receptive vocabulary at age 3.

Correlation analyses were conducted to examine the relationship among children’s
receptive vocabulary size at each time points (Table 4.2). MCDI-geceprive at age 2 was
associated with MCDI-ggceprive at age 2.5 (r = .59, p < .01) and MCDI-ggceprive at age 3
(r = .49, p < .05). However, the correlation between MCDI-geceprve at age 2.5 and
MCDI-gecermive at age 3 only revealed a borderline significance (» = .38, p = .083),
probably because children were about to reached the maximum score of the checklist at
age 2.5 and age 3. The smaller variation in the children’s performances at these two
time points led to the weak correlations.

With regards to the performance in MCDI-gxpressive, children at age 2 received an
average score of 304.87 (SD = 109.89), ranging between 152 and 565. At age 2.5,
children attained an average of 567.59 (SD = 85.47), a remarkable increase in size. The

score range (409-686) was smaller compared to the score range in age 2. Children
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seemed to manifest remarkable growth in their expressive vocabulary in this half a year.
At age 3, children’s scores ranged between 574 and 696, with an average score of
665.91 (SD = 28.83), which almost reached the maximum score of this checklist.
Therefore, MCDI-T might not effectively reflect actual variation in children’s
expressive vocabulary at age 3.

Then, we examined the correlations among children’s MCDI-gxpressive Score at each
time point (Table 4.2). Correlations were found only between MCDI-gxpressive at age 2
and age 2.5 (r = .59, p < .01). MCDI-gxpressive at age 3 was not associated with either

MCDI_EXPRESSIVE at age 2 (7’ = 26,p > 05) or MCDI_EXPRESSIVE at age 2.5 (7‘ = .36,p > .05).

Figure 4.1

Children’s Average Performances in MCDI-gpcpprve and MCDI-gyprpssive Across Time
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Table 4.2

Correlation Matrix of MCDI-gpcpprive and MCDI-gxppessive Across Time

MCDI-r MCDI-r MCDI-E MCDI-E MCDI-E

@age 2.5 @age 3 @age 2 @age 2.5 @age 3
MCDIR @age 2 59 49% 77 71 37
MCDI-R @age 25 38 35 8% 33
MCDIR @age 3 29 41 86
MCDI-E @age 2 59 26
MCDI-E @age 25 36

The correlations between MCDI-recpprive and MCDI-gxpressive Were examined
(Table 4.2). MCDI-gxpressive at each time point was highly correlated with the concurrent
MCDI-gecgprve (7 = .77 - .86, p < .01). Therefore, there was close relationship between
children’s concurrent receptive vocabulary and expressive vocabulary. Cross-time
correlations were only found between MCDI-ggceprive at age 2 with MCDI-gxpressive at
age 2.5 (r = .71, p < .01), which appeared to suggest a strong association between
receptive vocabulary size and the expressive vocabulary size half a year later.

A two-way repeated measures ANOVA was conducted to compare children’s
performances of MCDI-gxppessive and MCDI-gecgprve across time. In addition to the
significant effect of time (F(2, 42) = 153.11, p < .001, #* = .88), the results
demonstrated a significant main effect of vocabulary (F(1, 21) = 140.26, p < .001, ;72
= .87), and a significant interaction effect of vocabulary and time (F(2, 42) = 46.63, p
< .001, #* = .689). The interaction effect was caused by the faster growth rate of
expressive vocabulary in comparison with the growth rate of receptive vocabulary, as

shown in Figure 4.1.
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Planned analyses were conducted to examine children’s growth in MCDI-rgceprive
size. The results showed that children’s receptive vocabulary size increased from age 2
to age 2.5 (#(21) =9.47, p <.001), and from age 2.5 to age 3 (#(21) =3.93, p <.001).

Parallel analyses were also conducted to examine whether children demonstrated
significant growth in MCDI-gxpressive. The results revealed that children’s expressive
vocabulary size increased from age 2 to age 2.5 (#21) = 13.38, p <.001), and from age

2.5toage 3 (#(21)=5.77, p <.001).

4.2.2 Receptive vocabulary size as measured by PPVT-R. Children in this age
cohort were tested with the standardized test PPVT-R at age 2.5 (Time 2) and age 3
(Time 3). At age 2.5, the average score they obtained in this task was 18.82 (SD = 6.55,
range 10-37). Half a year later, they attained an average score of 29.86 (SD = 8.94,
range 13-47). Correlation analysis revealed that children’s PPVT-R at age 2.5 and
PPVT-R at age 3 were significantly correlated, » = .62, p = .002. The results of a paired
t test revealed a significant growth effect, #(21) = 7.34, p <.001. Children’s performance
in PPVT-R at age 3 was significantly better than their performance at age 2.5.

Since children in this cohort were assessed with two receptive vocabulary tests, i.e.
MCDI-greceerve and PPVT-R, we examined the correlations between children’s
performance in these two tasks. The results showed that PPVT-R at each time point was
only associated with its concurrent MCDI-ggceprive score. For example, PPVT-R at age 3
was only significantly associated with MCDI-geceerive at age 3 (r = .49, p < .05). The
correlation between PPVT-R at age 2.5 and MCDI-T at age 2.5 was close to borderline
significance (r = .39, p = .073). In addition, MCDI-geceprive at age 2 was associated with
neither PPVT-R at age 3 nor PPVT-R at age 2.5. In other words, children’s

MCDI-ggceemve scores could not predict children’s PPVT-R scores.
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4.2.3 Expressive vocabulary size as measured by REVT. In addition to
measuring the age two cohort children’s expressive vocabulary with the parent-report
checklist, we assessed children’s expressive vocabulary with the standardized test
REVT. Considering that this task required children’s expressive performance, and
would be too demanding for children below age 3, we included this task when children
in this cohort reached age 3. Children gained an average score of 34.57 (SD = 9.77,
range = 15-46, percentile range = 52-99%) in this task.

We examined how REVT was associated with MCDI-gxpressive. The results showed
that REVT was correlated with MCDI-gxpressive at age 3 (r = .54, p <.05). Nevertheless,
its correlations with MCDI-gxpressive at age 2 (r = .40, p = .073) and MCDI-gxpressive at
age 2.5 (r= .40, p = .076) approached but fell short of significance.

MCDI-gxpressive and REVT were modestly associated, because both assess
children’s ability in verbally labeling objects. However, REVT provides a more
advanced measurement of children’s expressive vocabulary ability by additionally
assessing vocabulary categorization, definition, and reasoning. Therefore, it measures
not only the breadth, but also the depth of children’s expressive vocabulary.

As stated in the previous section, MCDI-T checklist might not reliably reflect
individual variation in vocabulary knowledge in age 3 children. Therefore, we inspected
the relationship between expressive vocabulary and receptive vocabulary which were
measured with the standardized tests. Correlation analyses showed that REVT at age 3
was significantly correlated with PPVT-R at age 2.5 (r = .47, p < .05), and PPVT-R at
age 3 (r=.57, p <.01). The cross-time correlation seemed to suggest that the receptive
vocabulary may serve as the foundation for the development of expressive vocabulary,
just as we observed in the correlation between MCDI-gpcpprve at age 2 and
MCDI-gxpressive at age 2.5. However, since we did not measure REVT at age 2.5, we

could not verify whether there was a cross-time correlation between REVT at age 2.5
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and PPVT-R at age 3.

4.2.4 Summary of vocabulary development from age 2 to age 3. Children in this
age showed dramatic improvements in their vocabulary size, particular during age 2 to
age 2.5. As measured by the MCDI-T checklist, during this half a year, children’s
receptive vocabulary had an average increase of 28 words per month, and their
expressive vocabulary an average increase of 48 words per month. However, the flatter
growth curves during age 2.5 to age 3 might not be a genuine slowdown in children’s
vocabulary acquisition rates, but the consequence of the limit of the checklist.

The use of the MCDI-T checklist for the assessments of vocabulary size in both the
receptive and expressive aspects allowed us to make a direct comparison of these two
aspects of vocabulary. The results showed that children tended to have larger receptive
vocabulary size than expressive vocabulary size, just as found in previous studies (Clark,
1993; Ingram, 1974). Regarding the correlations between these two vocabulary aspects,
we found that MCDI-ggcrerive at age 2 was associated with MCDI-gxpressive at age 2.5.
The association between the earlier receptive vocabulary size and the subsequent
expressive vocabulary size was also replicated in the significant correlations between
PPVT-R at age 2.5 and REVT at age 3. It is likely that receptive vocabulary could serve
as the foundation for the development of expressive vocabulary, at least in this age
range.

Analyses in the previous sections demonstrated the average trend of children’s
vocabulary growth. Close inspection on the idiosyncrasies of children’s performances
revealed considerable variation in children’s onset vocabulary knowledge, though all the
children experienced growth in the size of vocabulary knowledge during this age range.
It was of interest whether this difference in vocabulary knowledge would be related to

performance in nonword repetition. We would investigate this hypothesis in the last
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section of this chapter.

We assessed the vocabulary knowledge of the children in this cohort with both the
parent-report checklist MCDI-T (in all three testing sessions) and the standardized tests
PPVT (at age 2.5 and age 3) and REVT (at age 3 only). Though correlations were found
between the parent-report checklist and the standardized tests, the magnitude of the
correlations suggested a modest-to-weak relationship between them. The differences

between the MCDI-T checklist and the other two standardized tests should be noted.

4.3 Phonological Development
We examined children’s phonological development in terms of their production of

onsets and rhymes, and also their discrimination ability at the phonemic level.

4.3.1 Productive phonology

4.3.1.1 Onset production. We examined children’s production of 21 onset
consonants in both the word-initial position and the non-word-initial position
(maximum score = 42). Children at age 2 attained an average score of 23.03 (SD = 7.32),
and the scores ranged between 9.51 and 35.31. At age 2.5, children attained a score of
29.59 (SD = 7.22, range: 16.63 — 39.50). At age 3, when children reached age 3, their
onset production accuracy achieved an average score of 32.85 (SD = 4.50, range 20.71
— 39.29). Children’s average performances across time were plotted in Figure 4.2.
Correlation analyses showed that onset production at the three time points were
correlated with each other (r values ranged between .56-.78).

A one-way ANOVA was conducted to compare children’s onset production across
three time points. It demonstrated a significant main effect of time, F(2, 40) = 42.48, p
< .001, #* = .68. Planned comparisons on onset production at each of the two time

points revealed that there was significant growth both from age 2 to age 2.5 (#(21) =
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6.72, p <.001), and from age 2.5 to age 3 (#(20) = 2.99, p < .01). The growth exhibited a

linear trend, F(1, 20) = 73.23, p < .001, > = .79.

Figure 4.2

Children’s Average Performances in Onset Production Across Time
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We further examined the ages at which children reached 75%, 50-75%, or below
50% accuracy in onset phoneme production (Table 4.3). The criterion of phoneme
stabilization follows the one proposed in Zhu and Dodd (2000). That is, a phoneme is
considered to be stabilized when 75% of the children in the particular age group reached
an accuracy rate of 66.67% in its production. With this standard we identified the
phonemes that had been stabilized at each testing time point. At Time 1, when children
were at age 2, they gained mastery of unaspirated oral stops b, d, g, and nasal stops m, n.
At age 2.5, children had learned to master the articulation of other manners, including
the approximant /, the fricative 4, and the affricate j. Children’s production of the

aspiration feature was not yet mature until age 3. At this time, children gained mastery
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of aspirated oral stops, and also phonemes with other manners, such as the fricatives x
and s. The sounds which remained to be difficult for children at age 3 included the
labiodental fricative f, the affricates g, z, ¢ and also the retroflexes zh, ch, sh, r.

In this age range, children’s phonological production ability was still in
development, which could be reflected in the variability of phonemic errors they made.
However, in general the most common error types in this age range included syllable
initial deletion (e.g. zui3-bal “mouth” = wui3-bal), stopping (e.g. feil-ji “plane” =>

beil-jil), deaspiration (e.g. kuai4-zi0 “chopsticks” = guai4-zi(), and etc.

Table 4.3

Children’s Development in Onset Production

Pass rate” Age 2 Age 2.5 Age 3
> 75% b, d g m nlhjp,
b d g mn b, d g mmnlhj
(stabilized) t k x, s
50-75% k hjq pftkqgxzces fqzc
<50% p ft L x zh ch, sh,
zh, ch, sh, r zh, ch, sh, r
Kzc s

Note. * % of children passed the 66.7% accuracy rate

4.3.1.2 Rhyme production. In addition to the production of onset consonants, we
also examined children productions of six rhyme structures, including V, VG, GV, VN,
GVN, and GVG (maximum score = 6). Children attained an average score of 4.24 (SD
= 1.15) in the rhyme production at age 2, and the scores ranged between 2.40 and 5.75.
At age 2.5, they attained an average score of 4.73 (SD = 1.00, range: 2.88 — 5.88). At
age 3, their scores ranged between 3.82 and 5.99, with an average score of 5.26 (SD =

0.72). The average performances were graphed in Figure 4.3. Correlation analyses
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showed that rhyme production at the three time points were correlated with each other (r

values ranged between .62 - .85).

Figure 4.3

Children’s Average Performances in Rhyme Production Across Time
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A one-way ANOVA was conducted to compare children’s rhyme production
across three time points, and revealed a significant main effect of time, F(2, 40) = 24.67,
p < .001, #* = .55. Planned comparisons on each of the two time points demonstrated
significant growth in rhyme production from age 2 to age 2.5 (#(21) = 3.98, p = .001),
and from age 2.5 to age 3 (#20) = 4.43, p < .001 #20) = 4.43, p < .001). The trend
analysis showed that the growth exhibited a linear trend, F(1, 20) = 31.92, p <.001, ;12
=.62.

Further, we examined children’s development in the production of each rhyme
structure in Mandarin, particularly the rhyme structures that have stabilized at the

particular age. Again, Zhu and Dodd’s (2000) criterion of phoneme stabilization was
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applied. It was found that only the rhyme structure of V, such as the simple vowels /i/,
/u/, /o/ and others, was stabilized in the age 2 children. When children grew to age 2.5,
they gradually mastered the diphthongs VG and GV, and the triphthong GVG, which are
the more complex rhyme structures. Children’s production of VN and GVN structures
were not stabilized even when children reached the age of 3, which suggested that final

nasal codas are difficulty for children to master.

4.3.1.3 The relationship between the productions of onset and rhyme. Correlation
analysis was conducted to examine the association between the productions of onset and
rhyme structure. The results were summarized in Table 4.4. Onset production at age 2
was found to be highly associated with rhyme structure production at the same period of
time (r(24) = .75, p <.01). However, the associations of the concurrent onset production
and rhyme structure production diminished in the subsequent testing. Additionally, onset
production at age 2 was found to be modestly associated with rhyme structure
production at age 2.5 (#(22) = .55, p < .01). Rhyme structure production at age 2 was
found to be associated with onset production at age 2.5 (#(22) = .43, p <.05), and at age
3 ((21) = .49, p < .05). In general, we found that the production of onsets and rhymes

only shared strong correlation at age 2. Their association weakened as children grew up.

4.3.2 Word discrimination. This measure assessed children’s word discrimination
ability at the phoneme level. Since the number of items children had to complete
differed across three testing points, the scores were first transformed into percentages

for the subsequent analyses.
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Table 4.4

Correlation Matrix of the Production of Onsets and Rhymes Across Time

Onset Onset Rhyme Rhyme Rhyme

@age 2.5 @age 3 @age 2 @age 2.5 @age 3
Onset @age 2 J718%* S6H* J15%* S5%* 36
Onset @age 2.5 O7*% 43* 34 29
Onset @age 3 49% .36 29
Rhyme @age 2 85%* 62%%
Rhyme @age 2.5 8O**

It has to be noted that at age 2, not all the children performed this task. Among the
four children who failed to perform the task, two had difficulty following the instruction,
one lost patience in watching the PowerPoint presentation, and the other one was too
shy to respond. However, at age 2.5 and age 3, all the attending children completed the
task.

At age 2, children attained an average accuracy rate of 56.25% (SD = 14.53), with
the scores ranging between 33.33% and 91.67%. Half a year later, children gained an
average accuracy rate of 70.45% (SD = 14.02, range: 50-100%). At age 3, when
children reached age 3, they had an average accuracy rate of 75.57% (SD = 9.56),
ranging between 58.33% and 91.67%. Children’s discrimination performances across
the three time points were displayed in Figure 4.4. The correlation analyses showed that

discrimination performances at the three time points were not correlated with each other

(p > .05).
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Figure 4.4

Children’s Average Performances in Word Discrimination Across Time
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4.3.2.1 Sensitivity for different degrees of phonetic contrast. In this task we
included minimal pairs that were of different degrees of phonetic contrast. We
manipulated the contrasting onset consonants to differ in one phonetic feature (1-f
difference), two phonetic features (2-f difference), or three phonetic features (3-f
difference), aiming to examine the specificity of children’s discrimination ability. Their
average performances were presented in Figure 4.5. The one-sample ¢ tests were first
conducted to examine whether children’s performance in discriminating the contrast
pairs at each time point was above chance level. The results demonstrated that at age 2
children’s discrimination performances in all contrast pairs approached borderline
significance (p < .083, one-tailed). Their performances were above chance level at age
2.5 and at age 3 (all p < .05, one-tailed).

A repeated measures ANOVA was conducted with the variables of time and degree

of phonetic contrast on children’s discrimination performance. The results revealed a
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significant interaction effect (F#(4, 68) = 6.25, p < .001, ;72 = .27), and both the main

effects were significant (time: (F(2, 34) = 9.93, p < .001, > = .37); contrast degree: (F(2,

34)=19.26, p < .001, 5* = .53)).

Figure 4.5

Children s Average Performances in Discriminating Different Degrees of Phonetic

Contrasts
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Three one-way ANOVAs were conducted to examine children’s sensitivity for
different degrees of phonetic contrast at each time point. Analysis on the data at Time 1
showed no significant effect of phonetic contrast, F(2, 38) = .02, p > .05, > = .001. In
other words, children at age 2 showed equal sensitivity for the phonetic contrasts of 3-f
difference, 2-f difference, and 1-f difference. However, a significant phonetic contrast

effect was found in Time 2 (F(2, 42) = 10.36, p < .001, #* = .33) and in Time 3 (F(2, 42)
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=20.93, p < .001, #* = .50). At Time 2, children were more sensitive to 3-f difference
contrasts than to 1-f difference contrasts, while they showed the poorest sensitivity to
2-f difference contrasts. At Time 3, children were still more sensitive to 3-f difference
contrast, whereas they demonstrated equal sensitivity to the contrasts of 1-f difference
and the contrasts of 2-f difference.

We also conducted additional one-way ANOVAs to inspect children’s development
in their discrimination of each type of phonetic contrast. The results showed that
children had greater improvement in discriminating phonemic pairs with prominent
phonetic contrasts (i.e. those with 3-f difference), F(2, 34) = 24.86, p < .001, 772 = .59,
especially in the first half of the year, #(17) = 5.66, p <.001. On the other hand, children
sensitivity for less prominent phonetic contrasts did not manifest significant
improvements over time [1-f difference: F(2, 34) = 2.50, p = .097, #* = .13; 2-f
difference: F(2, 34) = .446, p = .641, n* = .026]. Though there was a noticeable increase
in children’s discrimination of phonemic pairs with 1-f difference from age 2 to age 2.5,
as shown in Figure 4.5, the increase only approached significance, #(17) = 2.09, p
=.052.

We had hypothesized that the more dissimilar the phonetic contrasts were, the easier
they could be discriminated. However, this hypothesis was only partially born out. It
was unexpected to find that children had better discrimination performance in the
contrasts of 1-f difference than in the contrasts of 2-f difference. We looked into
children’s performance in each of the phonetic contrast pairs (Figure 4.6), and found
that the contrast pairs of 2-f difference, i.e. £-p and x-j, had the poorest performances
throughout almost all the testing points. There were some possible explanations for this

finding.
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Figure 4.6

Children s Average Performances in Each of the Contrast Pairs
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First, it was possible that children’s discrimination performance was affected by the
frequencies of the word stimuli, i.e. word frequency. The more frequent a word occurs
in speech, the more likely that the child could construct a well-specified and robust
representation of that specific word. Therefore, it is more probable for the children to
detect a mispronunciation of that specific word. To verify this hypothesis, we checked
up the frequencies of our word stimuli in the Chinese Spoken Wordlist, which was
derived from the transcripts of spoken data in the spoken Taiwan Mandarin corpora,
developed by the Academia Sinica, Taiwan (Tseng, 2013). However, concerning that
this spoken data consist of adult-to-adult conversations, which might not resemble the
status of these words in adult-to-child conversations, we also checked up the

frequencies of the word stimuli in the spontaneous spoken data in Taiwan Corpus of
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Child Mandarin (TCCM, Cheung, 1998). The frequencies of these words in these two
corpora were summarized in Table 4.5. If the word frequency hypothesis is supported,
then the target words in the 2-f difference contrasts (i.e. ~u3 and xi3) should have fewer
frequencies than target stimuli in other contrast types, specifically target words with 1-f
difference contrasts (i.e. gou3 and niao3). This explanation seemed to account for the
performance in discriminating /4 vs. p, but not the performance in discriminating x vs. j,
which is also frequent in spoken data.

In addition to the effect of the absolute frequencies of the target words, it is possible
that children’s discrimination of the target words could be affected by the frequencies of
the distractors. That is, if one distractor is particularly less frequent than its target, it
would be more difficult for the child participant to tell them apart. However, the
distractors used in this task were almost equally less frequent in speech (Table 4.5).
Therefore, this account failed to explain why children demonstrated the poorest

performance in discriminating the 2-f difference contrasts.

Table 4.5

Frequencies of the Target Word Stimuli and the Distractors in Two Different Spoken

Corpora
Target word gou3 niao3 hu3 xi3 biao3 maol
AS spoken corpus 29 4 3 31 1 7
TCCM 70 49 0 111 4 23
Distractor dou3 liao3 pu3 Ji3 qiao3 taol
AS spoken corpus 1 0 0 8 8 3
TCCM 0 0 0 9 0 0
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Children’s discrimination of the sounds could be affected by the age of acquiring
the phonemes (AoA). According to our analysis on this group of children’s onset
production, the target onset phonemes in the 2-f difference contrast, i.e. 4 and x, were
stabilized at age 2.5 and age 3, respectively. On the other hand, the target onset
phonemes in the 1-f difference contrast and 3-f difference, i.e. g, n, b, and m, were
already stabilized at age 2. Since these sounds were stabilized at the earlier age, children
were more familiar with these sounds and could be able to discriminate them from other
similar phonemes.

Children’s superior performance in discrimination 1-f difference contrasts than 2-f
difference contrasts could also be accounted for by the relative acoustic saliency of the
phoneme contrasts. Phonemic contrasts that are acoustically more salient could be more
detectable than those that are less salient. The acoustic saliency here is referring to the
persistence of the distinctive cue of the phonetic contrast pairs. For example, the g-d
distinction was easier to detect because the distinctive acoustic cue remained to be
detectable till their transition to vowels. Also, the n-/ pair contrasts in the weaker F3 of
n, and the acoustic cue lasts at least 50ms. However, the phonetic contrast pairs with 2-f
difference, i.e. h-p and x-j, had swifter presence of the distinctive cue. These two pairs
of sounds were most distinctive at the burst. Moreover, the syllable lengths of these two
pairs of stimuli were shorter than other pairs of stimuli. If young children did not notice
the burst, or their attention drifted a little while, then they could easily miss the cue and
fail to discriminate the sounds.

Our findings above demonstrated that the age 2 cohort children’s discrimination
performances could be affected by not only the phonetic contrast degree of the stimuli,
but also the word frequency, AoA, and acoustic saliency of the stimuli. However, in
general, the results showed that while children at age 2 still had a chance performance at

discriminating phonetic contrasts at the phonemic level, their sensitivity for these
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contrasts, particularly those with prominent contrast, grew with age.

4.3.3 Summary of the phonological development from age 2 to age 3. The results
revealed that children’s phonological capacity at age 2 were still far from adult-like.
Most of the age 2 children developed stabilized production of single vowels,
unaspirated stops and nasals, while the production of other consonants and rhymes
remained under-developed. However, children also demonstrated appreciable variance
in their phonological production ability. While some children had almost all the
phonemes in place, there were some still at the beginning stage of word production. In
terms of children’s discrimination at phoneme level, their performance was about at
chance at this age.

Half a year later, most children gained mastery of other rhyme types that are
structurally more complex, including VG, GV, and GVG. Almost all the rhymes became
stabilized except for the rhymes with a nasal coda (i.e. VN and GVN). With regard to
onset consonants, children had mastered the articulation manners other than stops, such
as the fricative 4, the glide /, and the affricate j. However, children were still not able to
control aspiration and manner of retroflex. These findings together exhibited the
development in children’s motor planning ability in carrying out more complex
articulatory gestures. In addition, we also saw a prominent growth in children’s
discrimination ability. They showed growth both in discriminating minimal pairs with
great contrasts and those with less prominent contrasts.

At age 3, children finally had stabilized performance in controlling the feature of
aspiration in onset production. The aspirated stops p, ¢, and k became stabilized, as well
as the aspirated fricatives s and x. Children’s performance in rhyme production and
discrimination retained at the similar levels as in age 2.5.

The findings in general revealed that children from age 2 to age 3 showed steady
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growth in their phonological capacities. Qualitative analyses suggested a greater leap
during age 2 to age 2.5. In this period of time, most children had gained mastery of the
production of more complex rhyme structures, such as VG, GV, and GVG. Moreover,
they had acquired manners of articulation other than stops in onset production (i.e.
glides, fricatives, and affricates), which reflected their enhanced ability in carrying out
complex articulatory gestures.

Findings in the discrimination task also demonstrated children’s refining ability in
discriminating phoneme-level contrasts. For example, even though children at age 2 had
random performances in discriminating contrasts in onset phonemes, their sensitivity for
the phonetic contrasts increased with age. There was a noticeable increase in children’s
discrimination of phonemic pairs with 3-f difference, especially during the age 2 to age
2.5 span. These improvements, either in production or in perception, altogether
implicated that children had developed more refined phonological representation in this
age range, even though there were noticeable individual variation in children’s

phonological capacities.

4.3.4 The relationship between vocabulary knowledge and phonological
capacities. Looking into the correlations between phonological capacities and
vocabulary knowledge, particularly the receptive vocabulary, might provide some
insights to the relationship between these two constructs. The receptive vocabulary,
rather than the expressive vocabulary, is focused here, because expressive vocabulary is
greatly confounded by children’s phonological production ability, and their correlation
relationship 1is expectable. Indeed, our inspection of the correlation between
phonological production of onsets and expressive vocabulary (either MCDI-gxpressive OF
REVT) revealed significant correlations (» = .43-.45, p <.05).

We examined the correlation between phonological production of onsets and
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receptive vocabulary (either MCDI-ggcgprive o PPVT-R). No significant correlation was
found between onset production and MCDI-ggcprive. However, onset production at age 2
showed a significant correlation with PPVT-R at age 3 (r = .67, p = .001). Similarly, we
found a significant correlation between onset production at age 2.5 and PPVT-R at age 3
(r = 46, p < .05). As for the relationship between discrimination and vocabulary
knowledge, no correlation was found among them. The findings demonstrated a
relationship between the phonological capacities, particularly phonological production,

with the subsequent vocabulary development.

4.4 NWR Development

Our study is among the few studies which applied the nonword repetition task to
children as young as two (Chiat & Roy, 2007; Hoff et al., 2008; Stokes & Klee, 2009).
One concern of applying this task to young children is their ability to follow the
instructions and the compliance to verbal output. In our study, all the children were
cooperative to complete the task, except for two children. The child LLJ refused to
respond to this task until age 3, so her data were missing in age 2 and age 2.5. Also, one
missing data in Time 3 belonged to the child YHW, who refused to respond to any of the
production tasks at Time 3.

Concerning that young children tend to have shorter attention span, we adjusted the
number of items that children had to complete at each time point. At age 2, when
children were age 2, they only had to complete half of the items in the one-word lists
and the two-word lists in the nonword repetition task. At age 2.5, children had to
perform half of the items of the entire nonword repetition task (up to the three-word
lists). At age 3, children had to complete the entire nonword repetition task, as children
in the other cohorts did. Children’s performances were presented in Table 4.6. Since

children in this cohort completed different numbers of items at different time points, the
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data in the following analyses uniformly consisted of children’s performances of just
half of the items in the one-word lists and the two-word lists in the task.

Children’s NWR performances across the three time points were plotted in Figure
4.7. The line with black dots represents children’s performance in the nonce word
repetition. Children obtained an average score of 7.43 (SD = 4.92) at age 2, and an
average score of 13.76 (SD = 4.82). When they reached age 3, they gained an average
score of 17.10 (SD = 4.18). Children’s gap word repetition performance is displayed
with the line in hollow dots. Children attained an average score of 6.57 (SD = 4.90) at
age 2, and an average score of 12.81 (SD = 3.64) at age 2.5. At age 3, children gained an

average score of 14.71 (SD = 3.12).

Figure 4.7
Children’s Average Performances in Nonce Word Repetition and Gap Word Repetition
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Correlation analyses revealed that children’s performances in nonce word repetition
at each time point was correlated with each other. Modest correlations were found
between nonce word repetition at age 2 and age 2.5 (r = .49, p < .05), and nonce word
repetition at age 2 and age 3 (»r = .57, p < .01). The correlation between nonce word
repetition at age 2.5 and age 3 exhibited high association (» = .82, p <.001). Regarding
children’s performances in gap word repetition, significant correlations were found
between age 2 and age 2.5 (r = .55, p = .01), and between age 2.5 and age 3 (r = .59, p
<.01). The correlation between gap word repetition at age 2 and gap word repetition at
age 3 did not reach significance (» = .38, p > .05).

Children’s performances in the nonce word repetition and gap word repetition were
associated. Nonce word repetition performance at each time point was found to be
significantly associated with the concurrent performance in gap word repetition (r
=.55-.78, p < .05). Nonce word repetition at age 2 was found to be associated with gap
word repetition at age 2.5 (r = .43, p = .05), but not gap word repetition at age 3 (= .19,
p > .05). Nonce word repetition at age 2.5 was not associated with gap word repetition
at age 3 (r = .33, p > .05). The findings suggested that the relationship between nonce
word repetition and the long term performance in gap word repetition was modest to
weak. On the other hand, gap word repetition at age 2 was significantly associated with
nonce word repetition at age 2.5 (» = .58, p <.01), and nonce word repetition at age 3 (»
= .67, p = .001). Gap word repetition at age 2.5 was also correlated with nonce word
repetition at age 3 (r = .59, p < .01). The findings implied that there was a close
relationship between gap word repetition and the subsequent performances in nonce

word repetition.
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Table 4.6

Correlation Matrix of the Nonce Word Repetition and Gap Word Repetition Across Time

Nonce Nonce Gap Gap Gap

@age 2.5 @age 3 @age 2 @age 2.5 @age 3
Nonce @age 2 49% S7k*® J78** 43 .19
Nonce @age 2.5 82H* S58%* 62%* 33
Nonce @age 3 67** 59k S5%®
Gap @age2 S5%* 38
Gap @age 25 S9*

To examine whether children improved in NWR across time, the repeated measures
ANOVA was conducted with the variables of time, lexicality and length. Significant
differences were found among NWR performances across the three time points, F(2, 38)
=77.11, p < .001, * = .80, stimuli with different lexicality, F(1, 19) = 7.19, p = .015, 5
= .28, and stimuli of different lengths, F(1, 19) = 106.14, p < .001, 172 = .84. We also
observed a significant interaction effect of lexicality and length, F(1, 19) = 21.00, p
=.006, 7 = .33. The interaction effect resulted from the differences in the gaps between
nonce-word repetition and gap-word repetition at different lengths. Simple main effects
showed that there was an advantage for the nonce words in the repetition of longer
stimuli item, i.e. when repeating the two-word lists (#(22) = 2.75, p = .012). Simple
contrasts analysis further presented the presence of the lexicality effect in the two word
lists at each time point (age 2.5: #20) = 2.74, p < .05; age 3: #20) = 3.10, p < .01),
except for the repetition of the two-word lists at age 2 (p > .05) (Figure 4.8). However,
when repeating a single nonword, children had similar performance in the nonce word
repetition and gap word repetition at age 2 (#22) =-.12, p > .05), at age 2.5 (#20) = -.50,

p>.05), and at age 3 (#20) = 1.75, p > .05).
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Figure 4.8
NWR Performances as the Function of Length and Lexicality in (a) Time 1, (b) Time 2

and (c) Time 3
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Each child’s growth curves in nonce word repetition and gap word repetition were
displayed in Figure 4.9(a) and Figure 4.9(b), respectively. Similar patterns have been
observed in children’s individual growth curves in both types of nonwords. Children in
this cohort demonstrated considerable individual variation in their NWR performances.

However, they were more or less parallel in the growth rates.
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Figure 4.9
Children s Individual Growth Curves of (a) Nonce Word Repetition and (b) Gap Word
Repetition
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4.5 NWR, Phonological Capacities and Vocabulary Knowledge

In this section, we examined the predictability of children’s phonological capacities
and vocabulary knowledge to their nonword repetition performance. Children’s
phonological capacities were represented by children’s phonological production ability
(as measured by onset production), and word discrimination. We did not consider
children’s production of rhymes in the following analyses, because children’s
acquisition of most rhymes were stabilized at the age of 3, and the rhyme production
might not properly reflect the individual variation in their phonological capacities. With
regards to vocabulary knowledge, we considered receptive vocabulary, rather than
expressive vocabulary, as the main contributor based on the notion that receptive
vocabulary and expressive vocabulary are two manifestations depending on one unitary
lexicon system (Melka, 1997), and receptive vocabulary is less affected by children’s
motor planning ability.

Preliminary stepwise regression analyses revealed that children’s vocabulary

knowledge and productive phonology were associated with NWR, while word
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discrimination did not. Therefore, word discrimination was not included in the
following analyses.

In the following regression analyses, children’s nonce word repetition and gap
word repetition at age 2.5 and age 3 were entered as the dependent variables
respectively. As mentioned previously, the number of nonword items -children
completed differed across time. Analyses in the previous section showed that in addition
to lexicality, length of the stimuli item would affect children’s NWR performance. To
control for the effect of length on the factors involved in NWR, the regression analyses
throughout the three testing points were conducted based on children’s minimum
completion of NWR, that is, half of the stimuli up to the two word lists. To specify the
relative contribution of productive phonology and receptive vocabulary to NWR, we
carried out the hierarchical regression analyses. Children’s Leiter-R score was always
entered as the first step to control for the variation in nonverbal intelligence. In the first
set of the analyses, the productive phonology at age 2 was entered prior to the receptive
vocabulary at age 2. In the second set of the analyses, their entry sequence was reversed.

The analyses on NWR at age 2.5 demonstrated that both the nonce word repetition
and the gap word repetition at age 2.5 were best accounted for by receptive vocabulary
at age 2 (B = .50, p < .05, and B = .78, p < .001, respectively) (Table 4.7). Productive
phonology at age 2 also played a role in predicting nonce repetition at age 2.5, but it
could not predict gap word repetition at age 2.5.

As for the NWR performance at age 3, children’s nonce word repetition at age 3
could be predicted by both their productive phonology at age 2 (B = .46, p < .01) and
receptive vocabulary at age 2 (B = .58, p = .001) (Table 4.8). Compared with the
productive phonology, the receptive vocabulary was of higher predictive power. With
regards to children’s gap word repetition, children’s receptive vocabulary predicted their

performance of repeating gap words at age 3 (B = .49, p < .05) (Table 4.9). It was also
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noticed that children’s nonverbal intelligence seemed to play a role here, with the 3
value at .50 (p < .05). We found no role for productive phonology in the gap word

repetition.

Table 4.7
The Hierarchical Regression Analyses on Nonce Word Repetition and Gap Word

Repetition at Age 2.5 (Time 2)

Dependent variable Independent variable AR*  AF P B P

Nonce repetition-,e.os 1 Leiter-R .00 .05 > .05 =12 > .05
2 Productive phonology-,..2 .28 7.16 <.05 41 <.05
3 MCDI-geceprivemage 2 22 7.57 <.05 S50 <.05
2 MCDI-geceprivimage 2 37 10.70 <.01 .50 <.05
3 Productive phonology-,ee> .13 4.54 <.05 41 <.05

Gap repetition-yge 2 5 1 Leiter-R .00 .02 > .05 .16 > .05
2 Productive phonology-se.> .04 78 > .05 -04 >.05
3 MCDI-pecermveage 2 .54 21.84 <.001 .78 <.001
2 MCDI-pecermveage 2 .58 2481 <.001 .78 <.001
3 Productive phonology-se.» .00 .04 > .05 -04 >.05
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Table 4.8

The Hierarchical Regression Analyses on Nonce Word Repetition at Age 3 (Time 3)

Step Independent variable AR’ NF p B p

1 Leiter-R .01 .20 > .05 .03 > .05
2 Productive phonology-gc » 41 12.66 <.005 .46 <.01
3 MCDI'RECEPTIVE'age 2 .29 16.60 = .001 .58 = .001
2 MCDI'RECEPTIVE'ageZ .53 20.66 < .001 .58 = .001
3 Productive phonology-gc » 17 9.65 <.01 46 <.01
1 Leiter-R .01 .20 > .05 11 >.05
2 Productive phonology-age 2 5 .14 3.04 > .05 35 >.05

3 MCDI-geceprveage 2.5 23 6.16 <.05 A48 <.05
2 MCDI-geceprveage 2.5 24 5.89 <.05 A48 <.05
3 Productive phonology-age 2 5 12 3.40 >.05 35 >.05

1 Leiter-R .01 .20 > .05 .06 > .05
2 Productive phonology-age 25 .14 3.04 > 05 31 >.05

3 PPVT-yge 25 .04 0.73 > .05 .20 >.05
2 PPVT-yge 25 .09 1.84 > .05 .20 >.05
3 Productive phonology-age 25 .09 1.80 >.05 31 >.05
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Table 4.9

The Hierarchical Regression Analyses on Gap Word Repetition at Age 3 (Time 3)

Step  Independent variable AR’ NF p B p

1 Leiter-R 22 5.48 <.05 .50 <.05
2 Productive phonology-gc » .07 1.82 > .05 .10 >05
3 MCDI'RECEPTIVE'age 2 .21 7.08 < .05 .49 < .05
2 MCDI'RECEPTIVE'age 2 .27 9.64 < .01 .49 < .05
3 Productive phonology-gc » .01 0.27 > .05 10 >.05
1 Leiter-R 22 5.48 <.05 A48 <.05
2 Productive phonology-age 2 5 .04 0.85 > .05 17 >.05
3 MCDI-geceprveage 2.5 .10 2.69 >.05 32 >.05
2 MCDI-Recerrivemage 2.5 11 2.89 >.05 32 >.05
3 Productive phonology-age 2 5 .03 0.76 > .05 17 >.05
1 Leiter-R 22 5.48 <.05 45 <.05
2 Productive phonology-age 25 .04 0.85 > 05 .16 >.05
3 PPVT-4ec2s .01 0.17 >.05 .09 >.05
2 PPVT-4ec2s .02 0.50 >.05 .09 >.05
3 Productive phonology-age 25 .02 0.50 > 05 .16 >.05
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Parallel regression analyses were conducted to examine the contribution of
Leiter-R, receptive vocabulary and productive phonology at age 2.5 to NWR
performance at age 3. It was found that nonce word repetition could be accounted for by
receptive vocabulary at age 2.5 (B = .48, p <.05) (Table 4.8), while gap word repetition
was mainly accounted for by Leiter-R (B = .48, p < .05) (Table 4.9). Since children at
age 2.5 received a standardize test on receptive vocabulary, i.e. PPVT-R, we replaced
the receptive vocabulary score as measured by MCDI-T with PPVT-R in the regression
analyses. It turned out that neither PPVT-R nor productive phonology accounted for
significant variance in nonce word repetition (Table 4.8) or gap word repetition (Table
4.9). Only Leiter-R was found to make significant contribution to gap word repetition.

Overall, the results of the regression analyses revealed an early role of receptive
vocabulary to NWR. At age 2.5 and age 3, the repetition of nonwords, both nonce words
and gap words, could be predicted by the receptive vocabulary size at age 2. Moreover,
the receptive vocabulary size at age 2.5 could predict nonce word repetition at age 3,
though not gap word repetition at age 3. In other words, children who had larger
receptive vocabulary tended to have better NWR performances later. However, the
effect of receptive vocabulary seemed to be restricted to the use of MCDI-rgceprive
measure. The effect of receptive vocabulary was not observed when the measure
PPVT-R was considered.

While we found an effect of receptive vocabulary on NWR, we would expect to
see a lexical advantage in the repetition of nonce words, because these nonwords consist
of lexical syllables in Mandarin. However, statistical analyses in section 4.4 showed that
the lexical advantage of nonce words was not prominent in this age cohort until the
children reached age 2.5 or older. Therefore, it is likely that in this age range, receptive
vocabulary contributes to NWR by providing a bank of phonological vocabulary forms

that are partially or sufficiently encoded, and could be easily accessed to support the
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decoding and encoding of novel words. In other words, the receptive vocabulary effect
on NWR at this age might be more related to the breath of vocabulary knowledge.

The phonological analysis account asserts that the effect of vocabulary to NWR
was through the mediation of productive phonology. That is, the increase in receptive
vocabulary facilitated the improvement in children’s productive phonology, which
further enhanced their performance in NWR. However, this hypothesis was not
supported statistically. When we controlled for the effect of the productive phonology to
its concurrent NWR, there was still a significant and robust effect of receptive
vocabulary. Also, the discussion on the relationship between vocabulary knowledge and
phonological capacities (in Section 4.3.4) suggested that in this cohort phonological
capacities appeared to exert influences on vocabulary development, rather than the other
way around.

The lexicality effect emerged at age 2.5 and age 3, however, only in the lengthy
stimuli item. The presence of the lexicality effect implies that the emergence of
sensitivity to the lexical status of the novel sound stimuli. This awareness is supposed to
be nurtured by the increase in vocabulary size. Therefore, we hypothesized that the
lexicality effect might be more prominent in children with larger vocabulary sizes.
Therefore, we divided children into two groups (good vs. poor) based on their z scores
in receptive vocabulary (measured by MCDI-ggceprive) at each testing time. If our
hypothesis is true, then there would be an interaction effect of lexicality and vocabulary
group. We carried out the repeated measures ANOVAs on children’s performances at
age 2, age 2.5, and age 3, and found a near-significant interaction effect of lexicality and
vocabulary group at age 3, F(1, 19) = 4.33, p = .051. Figure 4.10 showed that children
with larger receptive vocabulary size at age 3 tended to have better performance in
repeating nonce words, even though they were not better at repeating the gap words,

when compared to children with smaller receptive vocabulary size.
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Children’s productive phonology was found to play a role in accounting for the
subsequent performance in nonce word repetition, though it had less predictive power
than receptive vocabulary. Children’s productive phonology at age 2 could predict
nonce word repetition at age 2.5 and age 3. Nevertheless, productive phonology at age
2.5 did not show predictability to NWR at age 3. Productive phonology at age 2, but not
productive phonology at age 2.5, was particularly involved in NWR, probably because
phonological production at age 2 revealed greater individual differences among children,
thus tended to have greater power to predict variation in the subsequent nonce word

repetition.

Figure 4.10
A Scatter Plot on the Relationships of Receptive Vocabulary Z Scores at Age 3 with

Nonce Word Repetition and Gap Word Repetition at Age 3
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Productive phonology was generally not associated with gap word repetition at any
ages. On the contrary, the repetition of gap words appeared to be related to children’s
nonverbal intelligence, which was measured with the Leiter-R.

Our working model hypothesized that for children with little vocabulary, their
NWR performance could be mainly constrained by their productive phonology. This
phase was expected to be observed in this cohort in this study since children were still at
the early stage of language development. To further explore this hypothesis, we
examined the relationship between productive phonology and NWR performance
among those children with expressive vocabulary size below 200 words (Marchman &
Bates, 1994; Sosa & Stoel-Gammon, 2006). Among the 24 children in this cohort, only
5 children had a vocabulary size smaller than 200 words. The correlation analyses
showed that higher correlation was found in these children’s productive phonology at
age 2 and their subsequent NWR performances (» = .61 with nonce word repetition at
age 2.5; r = .78-.79 with nonword repetition at age 3), compared with the correlations
between their receptive vocabulary at age 2 and the subsequent NWR performance. The
correlations did not reach significance due to the small sample size. However, the data
revealed the tendency that NWR performance was more correlated with productive
phonology among children with little vocabulary size.

To summarize the discussions above, we have found that during this age range,
children’s NWR was predicated by their receptive vocabulary knowledge. Receptive
vocabulary knowledge supported the repetition of nonwords by providing a bank of
fully- or partially-specified phonological forms that children could access when
encoding a novel sound form, regardless of its degree of wordlikeness. A lexical
advantage for the more wordlike nonwords (i.e. nonce words) did not emerge until
children grew older. The lexical advantage may emerge with the expansion of

vocabulary size. With the increase in receptive vocabulary size and also the refinement
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of the phonological representations of the vocabulary items, children would gradually
develop a sensitivity for the phonological similarity between a newly-encountered
sound form and the lexical forms that they have acquired. This could be supported by
the co-occurrence of children’s dramatic increase in receptive vocabulary size from age
2 to age 2.5 and the first emergence of the lexicality effect in children’s NWR at age 2.5.
Also, another supporting evidence came from the finding that the lexicality effect was
more prominent in age 3 children with larger receptive vocabulary size.

We found a role of productive phonology, however, only to the repetition of nonce
words, and with less predictive power than receptive vocabulary. On the other hand, the
repetition of gap words was related to nonverbal intelligence. However, the post hoc
analyses on the NWR performance of children with little vocabulary showed that these
children’s NWR might be more associated with their productive phonology. A larger
sample of children with the same characteristic should be recruited to further verify this
hypothesis.

The findings in general provided some implications to the processes that children
tackle newly-encountered sound forms. When young children first run into a novel
sound form, they may first rely on the phonological forms in their vocabulary bank to
decode and encode it (thus, the vocabulary breadth effect). When encoding nonce words,
it is easier for children to find matched or similar phonological forms that could help
them construct the representation of the sound form, or at least part of its representation,
and maintain the representation in the phonological storage. Since this process could be
performed more swiftly or efficiently, children could further use phonological
knowledge to reconstruct incomplete traces of the constructed representation (thus, the
productive phonology effect). However, when encoding gap words, it is more difficult
for children to find similar sound forms that could help them construct the

representation of the nonword. At the same time, they also have to retain the sound in
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the phonological storage. The storage and retrieval process in encoding gap words
would greatly tax children’s ability to allocate their attentions between these two
different demands (thus, the nonverbal intelligence effect). Therefore, the difference
between the nonce word repetition and gap word repetition in terms of the contributing
factors might result from the cognitive load of encoding in each of the task.

It is also of interest whether NWR at age 2 could predict children’s subsequent
vocabulary development. Correlation analyses showed that nonce word repetition at age
2 was correlated with REVT at age 3 (r = .60, p = .005). Gap word repetition at age 2
was correlated with MCDI-gxpressive at age 2.5 (r = .51, p < .05), and REVT at age 3 (r
= .47, p < .05). It was also modestly correlated with receptive vocabulary at age 2.5,
either measured by MCDI-gecgprve (7 = .37, p = .098) or measured by PPVT-R (r = .38,
p = .088); however, neither achieved conventional significance level.

Regression analyses revealed that nonce word repetition at age 2 could account for
20.2% of the variance in REVT at age 3 (B = .52, p < .05), when the nonverbal
intelligence and age were controlled. After controlling for the nonverbal intelligence
variable, gap word repetition at age 2 could account for 20.8% of variance in
MCDI-gxpressive at age 2.5 (B = .57, p < .05). The findings suggested that children’s
NWR performances were particularly associated with their subsequent expressive

vocabulary development.
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Chapter 5  Vocabulary, Phonology, and NWR of the Age 3 Cohort

This chapter presented the vocabulary development, phonological development, and
the nonword repetition development of children in the age 3 cohort. The relative
contributions of phonological capacities and vocabulary development to NWR
performances were also investigated. Preliminary analyses showed that there was no
significant gender difference among the tasks; therefore, gender was not included in the
following analyses, unless it was particularly specified. The performance data and the
correlation relationship of the measures in discussion would be presented in the main
text. However, a more detailed descriptive statistics of all the measures and an overall

correlation matrix were provided in Appendix E(2) and F(2), respectively.

5.1 Participants

Children in this cohort were recruited at age 3 (age range = 35.47-38.93 months),
and tested every six months. Ten of the children in this cohort were recruited by posts
on parenting websites, and the other fourteen children were from three kindergartens in
Taipei City and New Taipei City, Taiwan. Twenty-four children were tested at age 3. At
Time 2, one child did not return because his parents were unable to cooperate with the
testing schedule. At Time 3, two girl children dropped out because they left the
kindergartens, and another boy moved overseas. Participant information was

summarized in Table 5.1.
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Table 5.1

Information of the Child Participants in the Age 3 Cohort

Time 1 Time 2 Time 3
N 24 (8 &) 23(73) 20 (6 &)
Average age (month) 36.80 42.77 48.70
Age range 35.47-38.93 41.47-44.63 47.37-50.73

5.2 Vocabulary Development

Children in this age cohort were old enough to receive standardized tests on
vocabulary. Their expressive vocabulary was tested with the expressive vocabulary
scale in REVT. Though REVT also had the receptive vocabulary scale, this study
assessed children’s receptive vocabulary with the PPVT-R, which is more
widely-adopted in Mandarin studies on children language development and thus allows
comparisons across studies. Children’s growth in each task would be examined

respectively in the following sections.

5.2.1 Receptive vocabulary size as measured by PPVT-R. Children at age 3
obtained an average score of 24.92 (SD = 9.25, range 9-49) on PPVT-R. At age 3.5,
there was a prominent increase to the average score of 32.35 (SD = 7.96), ranging
between 16 and 51. At age 4, children reached an average score of 40.55 (SD = 9.60,
range = 19-59). Children’s average PPVT-R scores of the three time points were
depicted in Figure 5.1. Correlation analyses showed that PPVT-R scores of age 3, age
3.5 and age 4 were correlated with each other, with » ranging from .50 to .64 (p < .05).

One-way ANOVA on the effect of time revealed a significant effect, F(2, 38) =
33.69, p < .001, #* = .64. Paired ¢ tests showed that there were significant increases in

children’s PPVT-R score from age 3 to age 3.5 (#(22) = 4.31, p < .001), and from age
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3.5to age 4 (#(19) =4.74, p < .001). A trend analysis showed that children’s growth in
PPVT-R was in a linear trend. The findings suggested that children from age 3 to age 4

demonstrated steady growth in receptive vocabulary.

Figure 5.1

Children’s Average Performances in PPVT-R Across Time
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5.2.2 Expressive vocabulary size as measured by REVT. At age 3, children
received an average score of 32.54 (SD = 13.02), ranging between 15 and 54. At age 3.5,
an average score of 46.65 was obtained (SD = 12.16, range = 26-72). At age 4, when
children reached age 4, they attained an average score of 60.95 (SD = 12.59), with the
range from 40 to 86. Children’s average REVT scores at the three time points were
graphed in Figure 5.2. REVT scores of age 3, age 3.5 and age 4 were correlated with
each other. Children’s performance of REVT at each of the two adjacent time points
reached a correlation as high as .8 (p < .05). REVT scores at age 3 and REVT scores at

age 4 also revealed a correlation coefficient of .63 (p <.05).
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One-way ANOVA on the effects of time revealed that the effect was significant,
F(2,38) =104.02, p <.001, 5> = .85. Paired ¢ tests showed that children’s REVT scores
increased from age 3 to age 3.5 (#(22) =9.04, p <.001), and from age 3.5 to age 4 (#(19)
= 8.40, p < .001). The trend analysis exhibited a linear trend in children’s REVT scores

over time, demonstrating that children had steady growth in expressive vocabulary.

Figure 5.2

Children’s Average Performances in REVT Across Time
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5.2.3 The correlation between receptive vocabulary and expressive vocabulary.
The correlation relationship between the receptive vocabulary (as measured by PPVT-R)
and the expressive vocabulary (as measured by REVT) of the three time points were
demonstrated in Table 5.2. Each of the concurrent PPVT-R and REVT scores showed
correlations, though at age 3.5 the correlation did not achieve the conventional level of

significance (p = .058).
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On inspecting the long-term relationship, we found that PPVT-R score at age 3
were highly correlated with REVT at age 3.5 (r = .76, p < .01) and modestly correlated
with REVT at age 4 (r = .50, p <.01). REVT score at age 3 was correlated only with

PPVT-R score at age 4 (r = .63, p <.01), but not PPVT-R score at age 3.5 (p > .05).

Table 5.2

Correlation Matrix of PPVI-R and REVT Across Time

PPVT PPVT REVT REVT REVT
@age 3.5 @age 4 @age 3 @age 3.5 @age 4
PPVT @age s 54k 50% 75%% 76+ 50%
PPVT @age s 647 29 40 26
PPVT @age 4 63 65+ 5T
REVT @age 3 80 637
REVT @age3s 83

5.2.4 Summary of vocabulary development from age 3 to age 4. Children in this
age showed steady improvements in their vocabulary sizes. With respect to the
development in receptive vocabulary, children in this cohort gained an average 8 points
every half a year. As for the development in expressive vocabulary, there was an
average of 14-point increase every half a year.

We also observed interactions between receptive vocabulary and expressive
vocabulary in development. Cross-time correlations were observed not only between
earlier receptive vocabulary knowledge and latter expressive vocabulary, but also
between earlier expressive vocabulary and latter receptive vocabulary. This was
different from what we observed in the age 2 cohort. In the age 2 cohort, associations

were found between receptive vocabulary at an earlier time and latter expressive
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vocabulary development, but the predictability of expressive vocabulary to latter
receptive vocabulary was not observed. However, according to what we found here,
children in the age 3 cohort might demonstrate a different interactive patterns between

receptive vocabulary and expressive vocabulary in development.

5.3 Phonological Development

5.3.1 Productive phonology.

5.3.1.1 Onset production. Children at age 3 (Time 1) obtained an average score of
32.21 (SD = 4.57) in onset production, and the scores ranged between 19.60 and 37.06.
There were small but steady increases at age 3.5 (mean = 34.66, SD = 4.53, range =
21.70-39.42) and age 4 (mean = 36.38, SD = 3.20, range = 25.16-40.11). Correlation
analyses showed that onset production at the three time points were correlated with each
other, with 7 values ranging between .69-.91, p <.01. Children’s average performance at
each time point was demonstrated in Figure 5.3.

A one-way ANOVA was conducted to examine children’s growth in onset
production across time. There was a significant main effect of time, F(2, 38) = 20.78, p
<.001, #* = .52. Planned comparisons were conducted to compare onset productions at
each of the two adjacent time points, and found that children’s onset production
performance showed significant improvement from age 3 to age 3.5 (#22) = 6.63, p
<.001), and from age 3.5 to age 4 (#(19) = 2.16, p = .044). The trend analysis showed

that the growth was linear.
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Figure 5.3

Children’s Average Performances in Onset Production Across Time
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We further examined the onsets that have become stabilized at the particular age,
following the criterion of phoneme stabilization proposed in Zhu and Dodd (2000). At
Time 1, when children were at age 3, most children gained mastery of oral and nasal
stops, alveo-palatal affricates and fricative, alveolar liquid, and velar fricative. More
than 25% of the children were still not mature with the production of f and alveolar
affricates, and most children still had difficulty with the retroflexes. The findings were
similar to what we observed in the age two cohort when the children reached age 3. By
age 4, children mastered most of the onset phonemes in Mandarin except for the
retroflexes. The results were summarized in Table 5.3.

Error patterns found with children in this age range were not as diverse as those of
children in the age 2 cohort, thus revealing their growing maturity in phonological
output ability. The common error patterns observed in this age range included stopping

(e.g. cao3-mei2 “strawberry” > tao3-meil), gliding (e.g. re4-gou3 ‘“hotdog” ->
95



le4-gou3), fronting (e.g. shou3-biao3 “watch” = sou3-biao3).

Table 5.3

Children's Development in Onset Production

Pass rate® Age 3 Age 3.5 Age 4

>75% bpmdtnl gk bpmfdtnlg bpmfdtnlg
(stabilized) hj, q, x, s k hj qxcs khjqgxzecs
50-75% fzc z,

<50% zh, ch, sh, r zh, ch, sh, r zh, ch, sh, r

Note. * % of children passed the 66.7% accuracy rate

5.3.1.2 Rhyme production. In this measure, we assessed children’s productions of
six rthyme structures, including V, VG, GV, VN, GVN, and GVG. At age 3, children
obtained an average score of 5.37 (SD = 0.75), which ranged between 3.66 and 6.00
(maximum score = 6). The mean and the range suggested that children were about to
reach ceiling in their production of rhymes. There were just slight increases in the
average rhyme production scores at age 3.5 (mean = 5.39, SD = 0.77, range = 3.50-6.00)
and at age 4 (mean = 5.53, SD = 0.76, range = 3.8-6.00). Thus, children presented
mature and stable performance in rthyme production. Correlation analyses showed that
rhyme production at the three time points were highly correlated with each other, with
value ranging between .90-.95, p < .001.

A one-way ANOVA was conducted to compare children’s rhyme production
across the three time points. There was a significant main effect of time, F(2, 38) = 3.27,
p =.049, 5> = .15. Paired ¢ tests were conducted to compare rhyme productions at each

of the two time points. The only significance was found when comparing rhyme
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production at age 3 and rhyme production at age 4, #(19) = 2.09, p = .05. The trend

analysis showed that the growth was linear (F(1, 19) =4.38, p =.05).

Figure 5.4

Children’s Average Performances in Rhyme Production Across Time
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We further examined the rhyme structures that have become stabilized at the
particular age. Again, Zhu and Dodd’s (2000) criterion of phoneme stabilization was
applied. It was found that children at age 3 gained mastery of almost all of the rhyme
types in Mandarin, except for those containing a final nasal coda. The findings were
similar to the rhyme production performances of the age 2 cohort children at age 3. The

GVN type became stabilized by the age of 3.5, while the VN type became stabilized at

age 4.

5.3.1.3 The relationship between the production of onsets and rhymes.

Correlation analysis was conducted to examine the associations between the
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productions of onset and rhyme structure across time (Table 5.4).

Significant correlations were found between concurrent onset and rhyme
production abilities. Performance at age 3 revealed the highest correlation, » = .72, p
< .01, while the correlations at age 3.5 and age 4 were modest (both » = .48, p < .05).
Onset production at age 3 was significantly correlated with rhyme production at age 3.5
(r =.62, p <.01) and age 4 (r = .66, p < .01), while similar patterns were also found
between rhyme production at age 3 and onset production at age 3.5 (r = .61, p < .01)
and age 4 (r=.59, p <.01). The findings suggested that onset production was associated

with rhyme production in this age cohort, though the correlation was modest.

Table 5.4

Correlation Matrix of the Production of Onsets and Rhymes Across Time

Onset Onset Rhyme Rhyme Rhyme

@age 3.5 @age 4 @age 3 @age 3.5 @age 4
Onset @age 3 91%* 69H* J12%* 62%% 66%*
Onset @age 3.5 2EE H1%* A48* 56*
Onset @age 4 S59** S8F* A48%*
Rhyme @age 3 94 90**
Rhyme @age 3.5 J95%*

5.3.2 Word discrimination. This measure assessed children’s word discrimination
ability at the phoneme level. Unlike children in the age two cohort, children in this
cohort completed the same number of items across three testing sessions. Therefore, the
subsequent statistical analyses were conducted with the raw scores.

At age 3, children gained an average of 15.29 points (SD = 2.89, range = 12-22),

attaining an accuracy rate of around 64%. At age 3.5, the average score increased to
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17.87 (SD = 2.83, range = 12-24), attaining an accuracy rate of 74.46%. Half a year
later, children attained an average of 19.50 points (SD = 2.46, range = 16-24), an
accuracy rate of 81.25%. Correlations were found between discrimination at age 3 and
age 3.5 (r=.56, p <.01), and between age 3 and age 4 (r = .50, p <.05). The correlation
between the discrimination at age 3.5 and discrimination at age 4 approached but fell
short of significance (» = .39, p = .092). This could be due to the fact that most of the
children had good performances in the discrimination task at age 3.5 and age 4, and the

little variation in children’s scores rendered the correlation insignificant.

Figure 5.5

Children’s Average Performances in Word Discrimination Across Time
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5.3.2.1 Sensgitivity for different degrees of phonetic contrast. Figure 5.6 presented
children’s performances in discriminating minimal pairs of different degrees of phonetic
contrast. One-sample ¢ tests were first conducted to examine whether children’s

performance in discriminating the contrast pairs at each time point was above chance
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level. The results showed that children’s performances were above the chance level
across all contrast pairs and all testing sessions (all p <.05, one-tailed).

Paired ¢ tests further showed that there was significant growth in their
discrimination ability from age 3 to age 3.5 (#(22) = 5.05, p <.001), and from age 3.5 to

age 4 (1(19) = 2.3, p < .05). The growth was linear and steady, as reflected by the trend

analysis, F(1, 19) =55.36, p <.001.

Figure 5.6

Children’s Average Performances in Discriminating Different Degrees of Phonetic

Contrasts
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A two-way ANOVA was conducted with the variables of time and degree of
phonetic contrast on children’s discrimination performance. The results revealed

significant main effects of time (F(2, 38) = 28.72, p < .001, #* = .60), and contrast
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degree (F(2, 38) = 43.60, p < .001, #* = .70). There was no significant interaction effect
(F(4,76)=1.19, p > .05).

The significant main effect of time suggested that children’s sensitivity for
phonetic contrasts at the phoneme level increased over time. Post hoc analyses showed
that there was significant growth in their discrimination ability from age 3 to age 3.5
(7(22) =5.05, p <.001), and from age 3.5 to age 4 (#(19) = 2.3, p <.05).

Also, statistical analyses were conducted to examine the main effect of phonetic
contrast. The results revealed that the significance of the main effect resulted from the
significance found between 3-f difference contrasts and 2-f difference contrasts (#(19) =
8.03, p <.001) and 3-f difference contrasts and 1-f difference contrasts (#(19) = 7.81, p
< .001). Children showed similar sensitivity for contrasts with 1-f difference and
contrasts with 2-f difference (#(19) = .08, p > .05).

The findings in general suggested that children’s sensitivity for contrasts at the
phoneme level increased over time. Though children showed above chance sensitivity
for all the contrast types, they were more capable of discriminating minimal pairs with
more prominent contrasts (i.e. those with 3-f difference) than those with 1-f difference

or those with 2-f difference.

5.3.3 Summary of phonological development from age 3 to age 4. Findings in
this section showed that children in this age range mastered most of the onsets and
rhyme types. With regards to onset production, children mastered all onsets except for
retroflexes by age 4. Particularly during this age range, the production of f, z and ¢
became stabilized. At the age of 4, children still had difficulty in producing retroflexes,
the accuracy rates of which remained low throughout this age range. As for rhymes,
children mastered most of them. However, some children still had difficulty with those

containing final nasal codas. Compared with children in the age 2 cohort, children in
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this age range manifested relatively more mature mastery with the phonemes in
Mandarin Chinese.

In terms of children’s discrimination at phoneme level, children’s performance was
above chance at age 3, suggesting a sensitivity for contrasts at the phonemic level, either
when the contrasts were small or prominent. However, children were still better at
discriminating more prominent contrasts, while their performance in discriminating the
less-prominent contrasts remained poor. At age 3, only about a quarter or less of the
children could discriminate 1-f difference contrasts and 2-f difference contrasts. It was
not until when children reached age 4 that more than half of the children could
discriminate these less-prominent contrasts.

A modest correlation was found between children’s phonological production ability
(as reflected by onset production) and discrimination at age 3 (»r = .43, p < .05).

However, their association diminished at age 3.5 and age 4.

5.34 The relationship between vocabulary knowledge and phonological
capacities. The correlation analyses were conducted to examine phonological capacities,
including onset production and word discrimination, and the receptive vocabulary.

With regards to the correlation between onset production and receptive vocabulary,
PPVT-R at age 4 showed marginal correlation with onset production at age 3 (»r = .42, p
=.069) and onset production at age 3.5 (r = .42, p = .066). We also found a marginal
correlation between onset production at age 4 and PPVT-R at age 3.5 (r = .40, p = .084).

The analysis between word discrimination and receptive vocabulary revealed a
significant correlation between PPVT-R at age 3 and word discrimination at age 3.5 (r
= .51, p < .05). Marginal correlations were found between PPVT-R at age 4 and word
discrimination at age 3 (r = .41, p =.072) and at age 3.5 (r = .40, p = .08).

As shown in the analyses above, phonological capacities and receptive vocabulary
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demonstrated modest-to-weak correlations. There were tendencies for earlier onset
production ability or discrimination ability to correlate with the subsequent receptive
vocabulary. However, we also observed correlations between earlier receptive
vocabulary and the subsequent phonological capacities, either phonological perception
or phonological production. The findings appeared to suggest that during this age range,

there might be an interaction between these two constructs.

5.4 NWR Development

Different from children in the age 2 cohort, children in this cohort performed the
complete set of the nonword repetition. In total there were 36 disyllabic words in either
the nonce word repetition or the gap word repetition, respectively. Each correctly
repeated syllable would be credited with one point; thus the maximum score for the
nonce word repetition or the gap word repetition was 72. Children’s repetition
performances in each type of the nonwords were graphed in Figure 5.7.

With regards to children’s performance in nonce word repetition, they obtained an
average score of 34.88 (SD = 13.68) at age 3, and an average score of 42.04 (SD = 9.67)
at age 3.5. When they reached age 4, they gained an average score of 49 (SD =9.15). In
the gap word repetition, children attained an average score of 25.25 (SD = 10.41) at age
3, and an average score of 29.70 (SD = 10.84) at age 3.5. At age 4, children gained an
average score of 34.05 (SD = 9.48).

Correlation analyses were first conducted to examine (1) the correlations of
repetition performances within each type of nonwords across time, and (2) the
correlations between the nonce word repetition and the gap word repetition. The
analyses on nonce word repetition showed that their performances at each time point
was highly correlated with each other, with the » value ranged between .83-.86 (p

< .001). Similar results had been observed in children’s performances in gap word
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repetition, with the 7 values ranged between .77 and .90 (p <.001).

Figure 5.7

Children's Average Performances in Nonce Word Repetition and Gap Word Repetition
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There were significant correlations between children’s performances in the nonce
word repetition and gap word repetition. Nonce word repetition performance at each
time point was found to be highly associated with the concurrent performance in gap
word repetition (r = .85-.87, p <.001). Nonce word repetition at age 3 was found to be
associated with gap word repetition at age 3.5 (r = .84, p < .001) and gap word
repetition at age 4 (r = .84, p < .001). Nonce word repetition at age 3.5 was also
associated with gap word repetition at age 4 (» = .87, p < .001). The findings suggested
that the relationship between nonce word repetition and the long term performance in

gap word repetition was quite strong, which was different from what we had found in
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the age 2 cohort, who demonstrated modest-to-weak correlations. On the other hand,
gap word repetition at age 3 was significantly associated with nonce word repetition at
age 3.5 (r = .87, p <.001), and nonce word repetition at age 4 (r = .82, p < .001). Gap
word repetition at age 3.5 was also correlated with nonce word repetition at age 4 (r
=.79, p <.001). The findings implied that there was a close relationship between gap
word repetition and the subsequent performances in nonce word repetition, which
replicated the findings in the age 2 cohort.

To examine whether children improved in NWR across time, the repeated measures
ANOVA was conducted with the variables of time, lexicality and length. The results
demonstrated an interaction effect of lexicality and length (F(2, 38) = 4.93, p = .012, #*

.21), and also an interaction effect of lexicality and time (F(2, 38) =4.25, p = .022, 172

=.18). In addition, we found significant main effects of time (£(2, 38) = 62.50, p <.001,
n*=.77), lexicality (F(1, 19) = 283.45, p < .001, #* = .94), and length (F(2, 38) =
249.53, p < .001, #* = .93). The three way interaction was at the borderline of
significance, F(4, 76) = 10.81, p = .062, * = .11.

Even though the three way interaction fell somewhat short of significance, it
suggested that we should look at simple interaction effects. First we examined the
length by lexicality interaction at each level of the time factor. Children’s performance
at each time point was graphed in Figure 5.8. The analyses showed that the length by
lexicality interaction was statistically significant only at age 4, F(2, 38) =9.65, p <.001,
n* = .34, but not at age 3 or age 3.5 (both p > .05). The results suggested that at age 3
and age 3.5, children’s performance in repeating nonce words was better than their
performance in repeating gap words; however, both decreased in parallel as the length
of the stimuli item increased. However, at age 4, the discrepancies between nonce word
repetition and gap word repetition increased as the length of the stimuli item increased,

though both exhibited downward trends (Figure 5.8 (c)). There was a difference in the
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decline rates of nonce word repetition and gap word repetition in relation to length at
age 4. Nonce word repetition showed a gentler decline than gap word repetition did,
which probably implied the raising support from lexical knowledge to nonce word

repetition at age 4.

Figure 5.8

NWR Performances as the Function of Length and Lexicality in (a) Time 1, (b) Time 2

and (c) Time 3
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We also examined the lexicality by time interaction at each level of the length
factor. Children’s performances were graphed in Figure 5.9. The analyses showed that
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the lexicality by time interaction was statistically significant only in the three-word list
(Length 3), F(2, 38) =4.14, p = .024, 5> = .18, but not in the one-word list (Length 1) or
the two-word list (Length 2, both p > .05). The results suggested that in the repetition of
the one-word lists and the two-word lists, children had better performance in nonce
word repetition than performance in gap word repetition. However, both improved in
similar rates, as reflected in the parallel growth curves. However, in the repetition of the
three-word lists, children exhibited growth in their nonce word repetition performance
over time, while showing little improvement in their repetition of gap words. In fact, the
simple contrasts analysis on the gap word repetition three-word list across time showed
that there was a significant increase from age 3 to age 3.5 (#22) = 1.80, p < .05,
one-tailed), but no significant improvement from age 3.5 to age 4 (#19) = 0.82, p > .05,
one-tailed). It appeared that children’s performance in repeating three consecutive gap

words levelled off at age 4.

Figure 5.9
NWR Performances as the Function of Time and Lexicality in (a) the One-word Lists, (b)

the Two-word Lists and (c) the Three-word Lists
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In addition to inspecting the two simple interaction effects, we also conducted the
simple main effect analysis to examine the lexicality effect. We compared children’s
performances in nonce word repetition and gap word repetition at each time point and at
each length. The results showed that the nonce word repetition performance always
better than the gap word repetition performance (all p < .05). Therefore, children in this
cohort were sensitive to the lexicality effect.

To summarize the findings above, lexicality effect was pervasive in children’s
performances. Children had better performance in repeating nonce words than
performance in repeating gap words. Moreover, they performances decreased with the
increase in the length of the stimuli items. Children’s nonword repetition ability
improved with age. Nevertheless, they appeared to show a ceiling in the encoding of
gap word three-word list since age 3.5.

Each child’s growth trajectories in the nonce word repetition and gap word
repetition were plotted in Figure 5.10(a) and Figure 5.10(b), respectively. For both types
of nonwords, children demonstrated noticeable variability in their initial performance.
Though minor differences were observed in children’s growth rates, they were more or

less parallel.
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Figure 5.10
Children s Individual Growth Curves of (a) Nonce Word Repetition and (b) Gap Word
Repetition
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5.5 NWR, Phonological Capacities and Vocabulary Knowledge

In this section, we examined the predictability of children’s phonological capacities
and vocabulary knowledge to their nonword repetition performance. Preliminary
stepwise regression analyses revealed that children’s vocabulary knowledge and
productive phonology (as measured by onset production) were associated with NWR,
while word discrimination did not. Therefore, word discrimination was not included in
the following analyses.

To specify the relative contribution of productive phonology and receptive
vocabulary to NWR, we carried out the hierarchical regression analyses. Children’s
Leiter-R score was always entered as the first step to control for the variation in
nonverbal intelligence. In the first set of the analyses, the productive phonology was
entered prior to the receptive vocabulary (PPVT-R). In the second set of the analyses,
their entry sequence was reverse.

Analyses on nonce word repetition and gap word repetition at age 3.5 (Table 5.5)

revealed that productive phonology at age 3 was a more powerful predictor to nonword
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repetition at age 3.5, either the nonce word repetition or the gap word repetition, than
PPVT-R at age 3. Productive phonology accounted for 24% of the variance in nonce
word repetition even after the effects of nonverbal intelligence and receptive vocabulary
knowledge were controlled (B = .50, p = .001). In fact, nonverbal intelligence and
receptive vocabulary knowledge seemed to be involved in nonce word repetition, since
their B values were at the marginal significance (p = .05 and p = .055, respectively). In
the analysis on gap word repetition, the finding was partly in accordance with the
findings in nonce word repetition. That is, productive phonology at age 3 accounted for
significant variance in gap word repetition at age 3.5 (B = .45, p < .05). However,
nonverbal intelligence and receptive vocabulary played no roles here.

Then we examined the predictability of Leiter-R, productive phonology, and
PPVT-R at age 3 to NWR at age 4. The results on nonce word repetition revealed that
only productive phonology made significant contribution (f = .41, p < .05) (Table 5.6).
After Leiter-R and PPVT-R were controlled, productive phonology still accounted for
16% of the variance in nonce word repetition. Different results had been found in gap
word repetition (Table 5.7). While the parallel analysis was conducted on gap word
repetition at age 4, neither productive phonology nor receptive vocabulary made
significant contributions. Leiter-R was found to account for 37% of the variance in gap
word repetition at this age. However, its effect was not significance when children’s
productive phonology and receptive vocabulary at age 3 were considered in the model.

We also investigated the relationship between productive phonology and PPVT-R
at age 3.5 to NWR at 4. Similar results were found. Productive phonology could
account for 14% of the variance in nonce word repetition after controlling for the effect
of Leiter-R and PPVT-R, though the effect was just at borderline significance (p = .053)
(Table 5.6). Children’s nonverbal intelligence appeared to play a role here, as Leiter-R

accounted for 30% of the variance in nonce word repetition (p < .05). On the other hand,
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none of the variables made significant contributions to gap word repetition, except for

an effect of nonverbal intelligence (B =.64, p < .05) (Table 5.7).

Table 5.5

The Hierarchical Regression Analyses on Nonce Word Repetition and Gap Word

Repetition at Age 3.5 (Time 2)

AR?

Dependent variable Independent variable AF p B p

Nonce repetition-,.35 1 Leiter-R 40 13.73 =.001 .34 =.050
2 Productive phonology-ye.3 .24 13.02 <005 .50 =.001
3 PPVT-R-4e; .07 4.20 =.055 .33 =.055
2 PPVT-R-yges .06 2.29 >.05 33 =.055
3 Productive phonology-ae.3 .24 1536 =.001 .50 =.001

Gap repetition-,ee 3 5 1 Leiter-R 24 6.56 <.05 34 >.05
2 Productive phonology-,..3 .20 6.86 <.05 45 <.05
3 PPVT-R-pe3 .01 0.24 > .05 A1 > .05
2 PPVT-R-gee; .01 0.16 >.05 A1 > .05
3 Productive phonology-ae3 .20 6.64 <.05 45 <.05
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Table 5.6

The Hierarchical Regression Analyses on Nonce Word Repetition at Age 4 (Time 3)

Step Independent variable AR’ NF p B p
1 Leiter-R .30 7.58 <.05 32 > .05
2 Productive phonology-,ec 3 .17 5.51 <.05 41 <.05
3 PPVT-R-gges .02 .68 >.05 .20 >.05
2 PPVT-R-yges .03 0.87 >.05 .20 >.05
3 Productive phonology-ee 3 .16 5.01 <.05 41 <.05
1 Leiter-R .30 7.58 <.05 57 <.05
2 Productive phonology-,gc3.s .16 5.01 <.05 .39 =.053
3 PPVT-R-pgess .02 0.73 > .05 -.19 > .05
2 PPVT-R-pgess .04 1.07 >.05 -.19 > .05
3 Productive phonology-,ec3.s .14 4.38 =.053 .39 =.053
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Table 5.7

The Hierarchical Regression Analyses on Gap Word Repetition at Age 4 (Time 3)

Step Independent variable AR’ NF p B p
1 Leiter-R 37 10.39 =.005 41 >.05
2 Productive phonology-,ec 3 .09 2.96 >.05 .30 >05
3 PPVT-R-gges .02 .068 >.05 .20 >.05
2 PPVT-R-yges .03 0.87 > .05 .20 >.05
3 Productive phonology-ee 3 .09 2.63 > .05 .30 >.05
1 Leiter-R 37 10.39 =.005 .64 <.05
2 Productive phonology-,gc3.s .06 1.82 > .05 .24 >.05
3 PPVT-R-pgess .02 0.43 > .05 -.15 >.05
2 PPVT-R-pgess .02 0.65 >.05 -.15 >.05
3 Productive phonology-,ec3.s .05 1.52 >.05 .24 >.05

The findings in the above regression analyses revealed the predictive role of
productive phonology to children’s subsequent performances in repeating nonwords,
particularly the nonce words. For example, children’s productive phonology at age 3
was associated with their nonce word repetition at age 3.5 and age 4, and with gap word
repetition at age 3.5. There was also a modest association between children’s productive
phonology at 3.5 and their nonce word repetition at 4.

The effect of productive phonology was further supported in the analysis in which

we compared children with good or poor productive phonology in terms of their
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performances in nonce word repetition and gap word repetition. We divided children
into two groups (good vs. poor) based on their z scores in onset production at each
testing time. The repeated measures ANOVAs on the lexicality by production group
effect at each testing time were performed. The results demonstrated significant
production group effects at age 3 (F(1,22) = 14.23, p = .001) and at age 3.5 (F(1,21) =
6.80, p < .05), but not at age 4 (F(1,18) = 0.93, p > .05). At age 3 and at age 3.5,
children with better productive phonology tended to have better performance in
repeating nonwords. There was no difference between their performances in repeating
nonce words or gap words, as evidenced by the insignificant lexicality by production
group interaction (both p > .05). It was only at age 4 that we observed a marginal
significant lexicality by production group interaction (F(1,18) = 4.19, p = .056). At age
4, children with better productive phonology had better performances in nonce word
repetition in comparison with gap word repetition (though the difference was not
significance, #(18) = 1.52, p > .05), while children with poor productive phonology had
similar performances in nonce word repetition and gap word repetition.

While productive phonology was found to predict subsequent NWR performances,
receptive vocabulary, as assessed by PPVT-R, played little role in NWR. We only found
an association between children’s receptive vocabulary at age 3 to nonce word repetition
at age 3.5; however, the association did not reach the standard significance level. The
finding was consistent with the finding in the age 2 cohort, in which we found that
PPVT-R could not account for significant variance in children’s subsequent NWR
performances, though a receptive vocabulary effect was observed when the receptive
vocabulary size assessed by MCDI-T was considered.

Though we did not see the role of vocabulary knowledge in the regression analyses,
the pervasive and robust lexicality effect that we observed throughout this age range

revealed the mediation of the vocabulary knowledge to NWR at the lexical level.
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Analyses on this cohort showed that children in this age range were sensitive to the
lexical status of the nonwords at the syllable level, regardless of age and length.
Children in this cohort always had better performance in the repetition of nonce words
than the repetition of gap words.

Does the lexicality effect differ in accordance with children’s vocabulary sizes? We
divided children into two groups (good vs. poor) based on their z scores in receptive
vocabulary (as measured by PPVT-R) at each testing time, and compared the two
groups in terms of their nonce word repetition and gap word repetition performances.
The repeated measures ANOVAs revealed no lexicality by vocabulary group interaction
at age 3 (£(1,22) =0.13, p > .05), age 3.5 (£(1,21) = 0.002, p > .05) or age 4 (F£(1,18) =
0.09, p > .05). However, there were significant main effects of vocabulary group at age
3 (F(1,22) = 8.16, p < .01) and age 4 (F(1,18) = 4.46, p < .05). Though the effect of
vocabulary group at age 3.5 did not reach significance (F(1,21) = 2.24, p > .05), there
was a tendency for children with larger vocabulary size to have better NWR
performance. The findings suggested that children in this age range made use of their
receptive vocabulary knowledge to support their repetition of nonce words, despite the
difference in the vocabulary size.

The results of the regression analyses also manifested contributions from nonverbal
intelligence to NWR. For example, Leiter-R significantly accounted for variance in
nonce word repetition at age 3.5. Moreover, we found an increase in the contribution of
Leiter-R to NWR at age 4 in the model involved productive phonology and receptive
vocabulary at age 3.5, comparing to that in the model involved productive phonology
and receptive vocabulary at age 3. The increase in the predictive power of nonverbal
intelligence to NWR might be related to the improvements in productive phonology. As
children’s productive phonology matured with age, their performances gradually

stabilized and the individual differences became smaller. Therefore, the variation in
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NWR could not be predicted by productive phonology, but by children’s ability to
handle the complex processes of processing and storing the nonword stimuli at the same
time.

The analyses above demonstrated how phonological capacities and vocabulary
knowledge supported the repetition of nonwords in the age 3 cohort. It is also of interest
whether NWR at age 3 could predict children’s subsequent vocabulary knowledge.
Correlation analyses showed that nonce word repetition at age 3 was correlated with
REVT at age 3.5 (r = .67, p <.001) and REVT at age 4 (r = .67, p = .001). Gap word
repetition at age 3 showed significant correlations with REVT at age 3.5 (r = .68, p
<.001), REVT at age 4 (r = .65, p <.005), and PPVT-R at age 4 (» = .50, p <.05).

Regression analyses showed that nonce word repetition at age 3 could account for
22.8% of the variance in REVT at age 3.5 (B = .51, p <.005) and 24.6% of the variance
in REVT at age 4 (B = .54, p = .005), when the nonverbal intelligence and age were
controlled. On the other hand, gap word repetition at age 3 could account for 17.9% of
the variance in REVT at age 3.5 (B = .48, p <.01) and 16.4% of the variance in REVT
at age 4 (B = .47, p <.05). Neither nonce word repetition nor gap word repetition at age
3 accounted for significance variance in the subsequent PPVT-R when the variables of

age and nonverbal intelligence were controlled.
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Chapter 6  Vocabulary, Phonology, and NWR of the Age 4 Cohort

The chapter examines the age 4 cohort’s development in vocabulary, phonology, and
NWR. The relative contribution of phonological capacities and vocabulary development
to NWR performances were also investigated at the end of the chapter. Consistent with
findings in the age 2 cohort and age 3 cohort, the analyses showed that there was no
significant gender effect; hence, the gender variable was no included in the following
analyses. The performance data and the correlation relationship of the measures in
discussion would be presented in the main text. However, a more detailed descriptive
statistics of all the measures and an overall correlation matrix were provided in

Appendix E(3) and F(3), respectively.

6.1 Participants

Children in this cohort were recruited at age 4 (age range = 47.36-50.80 months),
and tested every six months. Therefore, they were tested at age 4 (Time 1), age 4.5
(Time 2) and age 5 (Time 3), respectively. Nine of these children were recruited by
posts on parenting websites, while the other fifteen were recruited from kindergartens in
Taipei City and New Taipei City. Twenty-four children were included at Time 1. All of
them returned at Time 2. However, at Time 3, we lost one participants because the child
left the kindergarten. The background information of the participants was summarized

in Table 6.1.
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Table 6.1

Information of the Child Participants in the Age 4 Cohort

Time 1 Time 2 Time 3
N 24 (118) 24 (113) 23 (113)
Average age (month) 48.83 54.97 60.89
Age range 47.36-50.80 53.67-56.90 59.57-62.57

6.2 Vocabulary Development

Children in this age cohort receive standardized tests on vocabulary, just as
children in the age 3 cohort did. Their expressive vocabulary was tested with the
expressive vocabulary scale in REVT, and their receptive vocabulary was tested with
the PPVT-R. Children’s growth in each task would be examined respectively in the

following sections.

6.2.1 Receptive vocabulary size as measured by PPVT-R. Children at age 4
obtained an average score of 34.63 (SD = 11.48, range 20-65) on PPVT-R. At age 4.5,
there was a prominent increase to the average score of 48.58 (SD = 11.32), with the
scores ranging between 28 and 74. At age 5, children reached an average score of 58.52
(SD = 15.13), and the scores ranged between 33 and 83. Correlation analyses showed
that PPVT-R scores of age 4, age 4.5 and age 5 were correlated with each other, with »
ranging from .48 to .68 (p <.05).

One-way ANOVA on the effect of time revealed a significant effect, F(2, 44) =
50.69, p < .001, #* = .70. Paired ¢ tests showed that there were significant increases in
children’s PPVT-R scores from age 4 to age 4.5 (#(23) = 6.65, p < .001), and from age
4.5 to age 5 (#(22) = 4.17, p <.001). A trend analysis showed that children’s growth in

PPVT-R was in a linear trend (F(1,22) = 71.39, p <.001), as demonstrated in Figure 6.1.
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The findings suggested that children in from age 4 to age 5 demonstrated steady growth

in receptive vocabulary.

Figure 6.1

Children’s Average Performances in PPVI-R Across Time
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6.2.2 Expressive vocabulary size as measured by REVT. At age 4, children
received an average score of 53.50 (SD = 12.52) in REVT, with the scores ranging
between 27 and 81. At age 4.5, an average score of 65.88 was obtained (SD = 11.60,
range = 47-87). When children reached age 5, they attained an average score of 81.91
(SD = 8.76), with the range of 63-94. REVT scores of age 4, age 4.5 and age 5 were
correlated with each other (» =.55-.67, p <.01).

One-way ANOVA on the effect of time revealed that the effect was significant,
F(2, 44) = 88.43, p < .001, > = .80. Paired ¢ tests showed that children’s REVT scores
increased from age 4 to age 4.5 (#(23) = 5.75, p <.001), and from age 4.5 to age 5 (#22)

= 8.60, p < .001). The trend analysis exhibited a linear trend in children’s REVT score
119



over time (£(1,22) = 155.53, p <.001), demonstrating that children had steady growth

in expressive vocabulary (Figure 6.2).

Figure 6.2

Children’s Average Performances in REVT Across Time
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6.2.3 The correlation between receptive vocabulary and expressive vocabulary.
The correlation relationships between the receptive vocabulary (as measured by
PPVT-R) and the expressive vocabulary (as measured by REVT) of the three time
points were demonstrated in Table 6.2. Each of the concurrent PPVT-R and REVT
scores showed correlations (= .51-.68, p <.05).

On inspecting the long-term relationship, we found that PPVT-R score at age 4 was
not correlated with REVT at either age 4.5 or age 5. However, significant correlations
were found between REVT at age 4 and PPVT-R at age 4.5 (r = .54, p < .01), and
REVT at age 4 and PPVT-R at age 5 (r =.57, p <.01). Different from what we found in

the age 3 cohort, findings here suggested that in this age range, expressive vocabulary
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knowledge could predict the subsequent development in receptive vocabulary, but not

the other way around.

Table 6.2

Correlations Between PPVT-R and REVT Across Time

PPVT PPVT REVT REVT REVT
@age 4.5 @age 5 @age 4 @age 4.5 @age 5
PPVT @age 4 59 48% 5% 38 35
PPVT @ageas 687 54 5 38
PPVT @age s 57 667 68%*
REVT @ages 62 55
REVT @age 4.5 67%%

6.2.4 Summary of vocabulary development from age 4 to age 5. Children in this
age showed steady improvements in their vocabulary size. With respect to the
development in receptive vocabulary, children in this cohort gained an average 12
points every half a year. As for the development in expressive vocabulary, there was an
average of 14-point increase every half a year.

We also observed interactions between receptive vocabulary and expressive
vocabulary sizes in development. Cross-time correlations were observed only between
the earlier expressive vocabulary knowledge and the subsequent receptive vocabulary
development. No correlations were found between the earlier receptive vocabulary
knowledge and the subsequent expressive vocabulary. The finding was different from
what we observed in the age 2 cohort and in the age 3 cohort. In the age 2 cohort,
associations were found between receptive vocabulary at an earlier time and latter

expressive vocabulary development. On the other hand, children in the age 3 cohort
121



showed bi-directional cross-time interactions between receptive vocabulary and
expressive vocabulary. Children in the age 4 cohort revealed an interaction pattern
different from these two age cohorts. The findings in the three cohorts suggested a
dynamic relationship between receptive vocabulary and expressive vocabulary in the

developmental trajectory.

6.3 Phonological Development

6.3.1 Productive phonology.

6.3.1.1 Onset production. Children at age 4 obtained an average score of 34.99
(SD = 3.39) in onset production (range = 21.14-38.83). There were small but steady
increases at age 4.5 (mean = 37.40, SD = 2.54, range = 30.37-41.69) and age 5 (mean =
38.96, SD = 1.70, range = 34.80-41.83). Correlation analyses showed that onset
production at the three time points were correlated with each other (» = .51-.78, p <.05).
The average performances were demonstrated in Figure 6.3.

A one-way ANOVA was conducted to examine children’s growth in onset
production across time. There was a significant main effect of time, F(2, 44) = 30.96, p
<.001, #* = .59. Planned comparisons were conducted to compare onset productions at
each of the two adjacent time points, and found that children’s onset production
performance showed significant improvement from age 4 to age 4.5 (#23) = 4.77, p
<.001), and from age 4.5 to age 5 (#(22) = 4.43, p < .001). The trend analysis showed

that the growth was linear (F(1, 22) =40.92, p <.001.

122



Figure 6.3

Children’s Average Performances in Onset Production Across Time
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We further examined how the onset phonemes were stabilized in this age cohort,
following the criterion of Zhu and Dodd (2000). Children in this age range had mastered
all the onsets in Mandarin, except for the retroflexes, zA, ch, sh, and r. At age 4, still less
than 50% of the children could accurately produce the retroflexes. It was until age 5 that
about 75% of the children in this age could accurately produce these sounds. The
findings suggested that retroflexes were still in development until the age of 5 (Table
6.3).

Children in this age range seldom made production errors. The common error
patterns observed in this age range included fronting (e.g. shou3-tao4 “glove” —>
sou3-tao4, chu2-shil “chef” = cu2-sil) and gliding (e.g. re4-gou3 ‘“hotdog” ->

le4-gou3).
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Table 6.3

Children's Development in Onset Production

Passrate®  Age4 Age 4.5 Age 5

>75% bpmf,dtnlg bpmf,dtnlg bpmfdtnlg
(stabilized) k& h,j, g, x, ¢ s khjqxzecs khjqgxzecs
50-75% z zh zh, ch, sh, r

<50% zh, ch, sh, ch, sh, , ==

Note. * % of children passed the 66.7% accuracy rate

6.3.1.2 Rhyme production. Children’s productions of six rhyme structures were
examined. Children obtained an average score of 5.72 (SD = 0.41, range = 4.71-6.00) in
rhyme production at age 4, which suggested that children had acquired most of the
rhyme structures at age 4. Both at age 4.5 and at age 5, children reached an average of
5.81 (SD = 0.40 and 0.46, respectively). Children’s scores at age 4.5 ranged between
4.19 and 6.00, and their scores at age 5 ranged between 4.14 and 6.00. Correlation
analyses showed that rhyme production at the three time points were correlated with
each other. Rhyme production at age 4 showed modest correlations with rhyme
production at age 4.5 (r = .52, p = .01) and rhyme production at age 5 (» = .53, p <.01),
while rhyme production at age 4.5 was highly correlated with rhyme production at age 5
(r=.94, p <.001).

A one-way ANOVA was conducted to compare children’s rhyme production
across the three time points. The main effect of time was not significant, F(2, 44) = 1.09,
p > .05. Paired ¢ tests were conducted to compare rhyme productions at each of the two
time points, and neither showed significance (all p > .05). Children’s production of
rhymes had become mature at the age of 4. Thus, they showed stable performance

throughout this age range.
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Figure 6.4

Children’s Average Performances in Rhyme Production Across Time
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A further examination on children’s production of each rhyme structure revealed
that children had gained mastery of all of the rhyme types in Mandarin at age 4. The
most difficult rhyme structures for young children, i.e. VN and GVN, had stabilized

production at age 4 and onward.

6.3.1.3 Correlation between the productions of onset and rhyme structure.
Correlation analysis was conducted to examine the association between the production
of onsets and rhyme structures. Children in this cohort showed no correlation between
the production of onsets and rhymes. This was probably because children’s production
of onsets and rhymes had become stabilized at this age range, particularly the
production of rhymes. Since children’s production performances of onsets and rhymes
became mature and demonstrated little variation across children, it was reasonable that

they revealed no significant correlation.
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6.3.2 Word discrimination. This measure assessed children’s word discrimination
ability at the phoneme level. Children in this cohort completed the same number of
items across three testing sessions. Therefore, the subsequent statistical analyses were
conducted with the raw scores.

At age 4, children had an average of 18.38 accurate items (SD = 3.03, range =
13-24), attaining an accuracy rate of around 76.56%. Half a year later, the average score
increased to 19.33 (SD = 2.75, range = 13-24), attaining an accuracy rate of 80.56%. At
age 5, children accurately responded an average of 20.13 items (SD = 2.56, range =
16-24), achieving an average accuracy rate of 83.88%. Children’s average performances
were graphed in Figure 6.5. Correlations were found between discrimination at age 4
and age 4.5 (r = .64, p = .001), between age 4 and age 5 (r = .42, p <.05), and between

age 4.5 and age 5 (r= .47, p <.05).

Figure 6.5

Children’s Average Performances in Word Discrimination Across Time
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6.3.2.1 Sensitivity for different degrees of phonetic contrast. Figure 6.6 presented
children’s performances in discriminating minimal pairs of different degree of phonetic
contrast. One-sample ¢ tests showed that children’s performances were above the chance
level across all contrast pairs and all testing sessions (all p <.001, one-tailed).

A two-way ANOVA was conducted with the variables of time and degree of
phonetic contrast on children’s discrimination performance. The results revealed
significant main effects of time (F(2, 44) = 4.32, p < .05, #* = .16), and contrast degree

(F(2, 44) = 44.34, p < .001, > = .67). The interaction effect did not reach significance

(F(4, 88) = 0.66, p > .05).

Figure 6.6

Children s Average Performances in Discriminating Different Degrees of Phonetic
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The significant main effect of time suggested that children’s sensitivity for phonetic
contrasts at the phoneme level increased over time. Post hoc analyses showed that there
was significant growth in their discrimination ability from age 4 to age 5 (#(22) =2.65, p
= .015). However, there was no significant difference either between age 4 and age 4.5
(#(23) = 1.90, p > .05), or between age 4.5 and age 5 (#(22) = 1.52, p > .05).

Also, post hoc analyses were conducted to examine the performances of the three
types of contrast pairs. The results showed that children had better performance in
discriminating contrasts with 3-f difference than contrasts with 1-f difference (#22) =
8.77, p < .001) and contrasts with 2-f difference (#22) = 7.00, p < .001). Children
showed better sensitivity for contrasts with 2-f difference than contrasts with 1-f
difference (#(22) =2.72, p = .013).

The findings revealed that children showed sensitivity for all the contrast types, and
their sensitivity for the contrasts improved in this age range. Children were more
capable of discriminating minimal pairs with more prominent contrasts (i.e. those with
3-f difference) than pairs with less prominent contrasts (i.e. those with 2-f or 1-f

differences).

6.3.3 Summary of phonological development from age 4 to age 5. Findings in
this section showed that children in this age range mastered the production of most of
the onsets and rhyme types. With regards to onset production, children at age 4 had
acquired all the phonemes in Mandarin, except for the retroflexes. During age 4 to age 5,
children gained prominent improvements in the productions of retroflexes; however,
they were not stabilized until age 5. As for rhyme production, children mastered all of
the rhyme types, though a few children were still having difficulty with those containing
final nasal codas. The results in general suggested that children in this age range

achieved near-adult performance in their phonological production.
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In terms of children’s discrimination ability, children showed a sensitivity for
contrasts at the phonemic level, either when the contrasts were small or prominent.
Children in this age range could easily discriminate phonemes of more prominent
contrasts (e.g. m-t and b-g), since they had an average accuracy of 90% and above when
discriminating these items. Though children performed above chance at discriminating
contrasts with 1-f difference and contrasts with 2-f difference, these contrasts were still
more difficult to be detected.

No significant correlations were found between children’s phonological production

ability and their discrimination ability.

6.3.4 The relationship between vocabulary knowledge and phonological
capacities. The correlation analyses were conducted to examine phonological capacities,
including onset production and word discrimination, and the receptive vocabulary.

With regards to the correlation between onset production and receptive vocabulary,
no correlations were found (all p > .05).

The analysis between word discrimination and receptive vocabulary revealed
significant correlations between the earlier PPVT-R scores and the subsequent word
discrimination performances. For example, we found a significant correlation between
PPVT-R at age 4 and word discrimination at age 4.5 (» = .44, p < .05) and a marginal
correlation between PPVT-R at age 4.5 and word discrimination at age 5 (r = .39, p
= .065). Modest-to-weak correlations were found between PPVT-R at age 5 and word
discrimination at age 4 (» = .36, p = .093) and at age 4.5 (» = .35, p = .099). However,
both did not achieve the conventional significance level. In general, the results only
demonstrated modest-to-weak correlations between the earlier receptive vocabulary and

the subsequent word discrimination performances.
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6.4. NWR Development

Children in this cohort performed the complete set of the nonword repetition. In
total there were 36 disyllabic words in the nonce word repetition and the gap word
repetition respectively. Each correctly repeated syllable would be credited with one
point. As a result, the maximum score for the nonce word repetition or the gap word
repetition was 72. At Time 1 and Time 2, 24 children finished the NWR task. At Time 3,
23 children participated in the task. Nevertheless, a child’s data on gap word repetition
was lost due to some technical problem. As a result, at age 5 there were 23 child data in
the nonce word repetition and 22 child data in the gap word repetition. Children’s

average repetition performances in each type of the nonwords were graphed in Figure

6.7.

Figure 6.7

Children’s Average Performances in Nonce Word Repetition and Gap Word Repetition
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With regards to children’s performance in nonce word repetition, they obtained an
average score of 49.25 (SD = 8.68) at age 4, and an average score of 54.17 (SD = 6.46)
at age 4.5. When they reached age 5, they gained an average score of 57.57 (SD = 5.82).
In the gap word repetition, children attained an average score of 36.17 (SD = 6.90) at
age 4, and an average score of 39.50 (SD = 7.84) at age 4.5. At age 5, children gained an
average score of 44.86 (SD = 7.55).

Correlation analyses were conducted to examine (1) the correlations of repetition
performances within each type of nonwords across time, and (2) the correlations
between the nonce word repetition and the gap word repetition. The analyses on nonce
word repetition showed that their performances at each time point was highly correlated
with each other, with the » value ranging between .74-.82 (p <.001). Similar results had
been observed in children’s performances in gap word repetition, with the r values
ranging between .68 and .70 (p <.005).

There were significant correlations between children’s performances in the nonce
word repetition and gap word repetition. Nonce word repetition performance at each
time point was found to be highly associated with the concurrent performance in gap
word repetition (r =.70-.87, p < .001). Nonce word repetition at age 4 was found to be
associated with gap word repetition at age 4.5 (r = .81, p < .001) and gap word
repetition at age 5 (r = .66, p = .001). Nonce word repetition at age 4.5 was also
associated with gap word repetition at age 5 (» = .86, p < .001). The findings suggested
a strong relationship between nonce word repetition and the subsequent performances in
gap word repetition. On the other hand, gap word repetition at age 4 was significantly
associated with nonce word repetition at age 4.5 (» = .67, p < .001), and nonce word
repetition at age 5 (r = .71, p <.001). Gap word repetition at age 4.5 was also correlated
with nonce word repetition at age 5 (r = .80, p < .001). Therefore, we also found a

strong association between the gap word repetition and the subsequent performances in
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the nonce word repetition. Despite the distinction of lexicality between the nonce words
and the gap words, children’s performances in repeating these two different types of
nonwords were closely related.

Then, the repeated measures ANOVA was conducted with the variables of time,
lexicality and length. The results demonstrated an interaction effect of lexicality and
length (F(2, 42) = 44.67, p < .001, > = .68). We also found significant main effects of
time (F(2, 42) = 46.58, p < .001, 7*= .69), lexicality (F(1, 21) = 450.20, p < .001, #°
=.96), and length (F(2, 42) = 272.14, p < .001, > = .93). The three way interaction was
at the borderline of significance, F(4, 84) =2.31, p = .065, 172 =.10.

Even though the three way interaction fell somewhat short of significance, we
should still look at the simple interaction effects. First, we examined the length by
lexicality interaction at each level of the time factor. The results were graphed in Figure
6.8. The analyses showed that the length by lexicality interaction was statistically
significant at age 4 (F(2, 46) = 6.85, p < .005, 5* = .23), at age 4.5 (F(2, 46) = 14.52, p
< .001, #* = .39), and at age 5 (F(2, 42) = 36.90, p < .001, #* = .64). Generally,
children’s performance in repeating nonce words was better than their performance in
repeating gap words. However, the discrepancies between nonce word repetition and
gap word repetition widened when children had to repeat two or more nonwords
consecutively. Though the repetition performance declined as the length of the stimuli
increased, there was a difference in the decline rates of nonce word repetition and gap
word repetition in relation to length. Nonce word repetition showed a gentler decline
than gap word repetition did.

In addition to inspecting the simple interaction effect on length and lexicality, we
also conducted the simple main effect analysis to examine the lexicality effect. We
compared children’s performances in nonce word repetition and gap word repetition at

each time point and at each length. The results showed that the nonce word repetition
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performance always better than the gap word repetition performance (all p < .005).
Therefore, children in this cohort were sensitive to the lexicality effect.

To summarize the findings above, children’s NWR performance improved over time.
Their performance in repeating nonce words was better than the performance in
repeating gap words. Moreover, it was found that their performances decreased with the
increase in the length of the stimuli items. However, the decline rate of the nonce word

repetition was smaller compared with that of the gap word repetition.

Figure 6.8
NWR Performances as the Function of Length and Lexicality in (a) Time 1, (b) Time 2

and (c) Time 3
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Each child’s growth trajectories in the nonce word repetition and gap word
repetition were plotted in Figure 6.9(a) and Figure 6.9(b), respectively. For both types of
nonwords, children demonstrated noticeable variability in their initial performance.
Though minor differences were observed in children’s growth rates, they were more or

less parallel.

Figure 6.9
Children s Individual Growth Curves of (a) Nonce Word Repetition and (b) Gap Word
Repetition
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6.5 NWR, Phonological Capacities and Vocabulary Knowledge

In this section, we examined the predictability of children’s phonological capacities
and vocabulary knowledge to their nonword repetition performance. Preliminary
stepwise regression analyses revealed that children’s vocabulary knowledge and
productive phonology (as measured by onset production) were associated with NWR,
while word discrimination did not. Therefore, word discrimination was not included in
the following analyses.

The hierarchical regression analyses were conducted to examine the relative

contribution of productive phonology and receptive vocabulary to NWR. Children’s
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Leiter-R score was always entered as the first step to control for the wvariation in
nonverbal intelligence. In the first set of the analyses, the productive phonology was
entered prior to the receptive vocabulary. In the second set of the analyses, their entry
sequence was reverse.

Analyses were conducted on nonce word repetition and gap word repetition at age
4.5 (Table 6.4). The analyses on the nonce word repetition revealed that productive
phonology at age 4 was a more powerful predictor than PPVT-R at age 4 (B = .50, p
<.01 vs. B = .29, p > .05). The finding in the analysis on gap word repetition was in
accordance with the finding in nonce word repetition. That is, productive phonology
was the only statistically significant predictor to gap word repetition performances at
age 4.5 (B = .48, p <.05). Leiter-R did not make significant contribution to either nonce
word repetition or gap word repetition.

Similar with previous findings, productive phonology at age 4 accounted for
significant variance in children’s nonce word repetition at age 5 (f = .52, p <.05), while
receptive vocabulary and nonverbal intelligence played no role here (Table 6.5).
However, the analysis on the gap word repetition at age 5 showed a different result.
None of the predictive variables at age 4 served as a significant predictor to gap word
repetition at age 5 (Table 6.6). Similar patterns were found when we examined the
predictability of Leiter-R, productive phonology at age 4.5 and PPVT-R at age 4.5 to
nonce word repetition at age 5 (Table 6.5) and gap word repetition at age 5 (Table 6.6).

The findings above showed that NWR, especially nonce word repetition, was
predominantly predicted by productive phonology. The predictability of productive
phonology to gap word repetition was only found when predicting gap word repetition

at age 4.5 with productive phonology at age 4.
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Table 6.4
The Hierarchical Regression Analyses on Nonce Word Repetition and Gap Word

Repetition at Age 4.5 (Time 2)

Dependent variable Independent variable AR*  AF P B P

—

Nonce repetition-yge 4.5 Leiter-R .06 1.35 > .05 23 > .05
2 Productive phonology-seecs .27 8.29 <.01 .50 <.01

3 PPVT-R-gge4 .08 2.63 >.05 29 >.05

2 PPVT-R-ye4 .10 2.44 >.05 29 >.05

3 Productive phonology-aee4 .25 8.27 <.01 .50 <.01

Gap repetition-yge 4.5 1 Leiter-R .01 22 >.05 11 >.05
2 Productive phonology-ec4 .24 6.77 <.05 A48 <.05

3 PPVT-R-yge4 .03 0.94 > .05 19 >.05

2 PPVT-R-yec4 .05 1.03 >.05 19 >.05

3 Productive phonology-aees .23 6.40 <.05 A48 <.05
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Table 6.5

The Hierarchical Regression Analyses on Nonce Word Repetition at Age 5 (Time 3)

Step Independent variable AR’ NF p B p
1 Leiter-R .00 .02 > .05 .01 >.05
2 Productive phonology-,gc 4 .29 8.02 = .01 52 <.05
3 PPVT-R-gge4 .05 1.45 > .05 24 >.05
2 PPVT-R-yge4 .07 1.53 >.05 24 >.05
3 Productive phonology-agc 4 27 7.60 <.05 .52 <.05
1 Leiter-R .00 .02 > .05 -.03 >.05
2 Productive phonology-,gc 4.5 .26 7.02 <.05 .54 <.01
3 PPVT-R-pgess .08 2.40 >.05 31 > .05
2 PPVT-R-pgess .05 1.11 > .05 31 >.05
3 Productive phonology-,gc 4.5 .29 8.38 <.01 .54 <.01
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Table 6.6

The Hierarchical Regression Analyses on Gap Word Repetition at Age 5 (Time 3)

Step Independent variable AR’ VAV p B p
1 Leiter-R .03 .63 >.05 15 >.05
2 Productive phonology-,gc 4 .10 2.28 >.05 .33 >.05
3 PPVT-R-gge4 .05 1.21 >.05 25 > .05
2 PPVT-R-yge4 .06 1.15 >.05 25 >.05
3 Productive phonology-agc 4 .10 2.29 >.05 .33 > .05
1 Leiter-R .03 .63 >.05 .19 >.05
2 Productive phonology-,gc 4.5 .07 1.57 >.05 27 >.05
3 PPVT-R-pgess .00 .00 >.05 -.01 >.05
2 PPVT-R-pgess .00 .02 >.05 -.01 >.05
3 Productive phonology-,gc4.s .07 1.48 >.05 27 >.05

To further explore the effect of productive phonology on NWR, we compared the
NWR performances between children with good production and children with poor
production. We divided children into two groups (good vs. poor) based on their z scores
in onset production at each testing time. The repeated measures ANOVAs on the
lexicality by production group effect at each testing time were performed. The results
showed that there was a tendency for children with good production to have better

NWR performances than those with poor production, though the production group
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effect was only significant at age 4.5 (£(1,22) = 5.03, p = .035). There was no
significant lexicality by production group interaction across time.

Though in regression analyses we did not see the role of vocabulary knowledge,
the lexicality effect has been observed throughout this age range. The presence of the
lexicality effect revealed the mediation of the vocabulary knowledge to NWR at the
lexical level. As a result, children in this cohort always had better performance in the
repetition of nonce words than the repetition of gap words.

We further examined whether the lexicality effect differed in accordance with
children’s vocabulary sizes. We divided children into two groups (good vs. poor) based
on their z scores in receptive vocabulary (as measured by PPVT-R) at each testing time,
and compared the two groups in terms of their nonce word repetition and gap word
repetition performances. The repeated measures ANOVAs revealed no lexicality by
vocabulary group interaction at age 4 (F(1,22) =0.43, p > .05), age 4.5 (F¥(1,22) = 0.10,
p>.05) orage 5 (F(1,22) =0.22, p > .05). There was a tendency for children with larger
vocabulary size to have better performance in repeating nonwords, even though the
vocabulary group effect was significant only at age 4.5 (F(1,22) = 7.26, p < .05).
Similar with the findings in the age 3 cohort, the findings suggested that children in this
age range used vocabulary knowledge to support their repetition of nonce words.

The analyses above demonstrated how phonological capacities and vocabulary
knowledge supported the repetition of nonwords in the age 4 cohort. It is also of interest
whether NWR at age 4 could predict children’s subsequent vocabulary knowledge.
Correlation analyses showed that nonce word repetition at age 4 was correlated with
REVT at age 4.5 (r = .43, p < .05) and REVT at age 5 (r = .48, p < .05). Gap word
repetition at age 4 was not correlated with any of the vocabulary constructs at age 4.5 or

age S.

139



Regression analyses showed that nonce word repetition at age 4 could account for
17% of the variance in REVT at age 4.5 ( = .42, p <.05) and 21.9% of the variance in
REVT at age 5 (B = .47, p < .05), when the nonverbal intelligence and age were
controlled. On the other hand, gap word repetition at age 4 could not account for
significant variance in REVT at age 4.5 or REVT at age 5. Neither nonce word
repetition nor gap word repetition at age 4 accounted for significance variance in the
subsequent PPVT-R when the variables of age and nonverbal intelligence were

controlled.
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Chapter 7 Developmental Trajectories of Vocabulary, Phonology, and NWR
from Age2toAge5

Our study was a cross-sequential design. That is, children of different age cohorts
were followed for one year, tested at three occasions which spaced 6 months apart. The
age 2 cohort and the age 3 cohort overlapped at age 3, and the age 3 cohort overlapped
with the age 4 cohort at age 4. Therefore, the growth curves could be estimated on a
combination of cross-sectional and longitudinal information.

In this chapter, we tried to delineate the developmental trajectory of vocabulary
knowledge, phonological capacities and nonword repetition across age 2 to age 5. Then,
we would examine the developmental relationships of vocabulary knowledge and

phonological capacities with NWR.

7.1 Vocabulary Development from Age 2toAge5

7.1.1 Receptive vocabulary size as measured by PPVT-R. We had children’s
PPVT-R scores from age 2.5 to age 5. Figure 7.1 demonstrated that children showed
growth across ages. Independent 7 tests were conducted to compare different cohorts at
the overlapping age. No significant difference was found between the PPVT-R scores of
the age 2 cohort at age 3 and the PPVT-R scores of the age 3 cohort at age 3 (#(44) =
1.84, p > .05), nor a significant difference between the PPVT-R scores of the age 3
cohort and the age 4 cohort at age 4 (#(42) = 1.83, p > .05). Children from age 2.5 to age

5 showed steady growth in their receptive vocabulary.
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Figure 7.1

The Growth Patterns in PPVT-R from Age 2.5 to Age 5
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7.1.2 Expressive vocabulary size as measured by REVT. Children at age 3 and
above received a standardize test on expressive vocabulary, i.e. REVT. Thus, we had
children’s REVT scores from age 3 to age 5. Figure 7.2 demonstrated that children
showed steady growth in expressive vocabulary across ages. There was no significant
difference between the REVT score of the age 2 cohort at age 3 and the REVT score of
the age 3 cohort at age 3 (#(43) = 0.58, p > .05). The difference between the REVT score
of the age 3 cohort and the age 4 cohort at age 4 approached but did not reach
significance (#(42) = 1.96, p = .057). The findings in REVT, along with the findings in
PPVT-R appeared to suggest that children grew linearly in their receptive and

expressive vocabulary knowledge.
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We conducted a correlation analysis on PPVT-R and REVT, while controlling the
variable of age. The result showed that these two vocabulary constructs were modestly

correlated with each other (» = .50, p <.001).

Figure 7.2

The Growth Patterns in REVT from Age 3 to Age 5
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7.2 Phonological Development from Age2to Age 5

7.2.1 Productive phonology

7.2.1.1 Onset production. All the children in this study received a test on the
phonological production throughout all the testing sessions. Figure 7.3 demonstrated
that the developmental trajectory of children’s production of onsets from age 2 to age 5.
No significance difference was found between (1) the onset production scores of the age

2 cohort and the age 3 cohort at age 3 (#43) = 0.47, p > .05), and (2) the onset
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production scores of the age 3 cohort and the age 4 cohort at age 4 (#(42) = 1.39, p
> .05). The growth patterns appeared to demonstrate a quadratic trend. Children
demonstrated a faster growth rate from age 2 to age 2.5, while they showed flatter and

steady growth in the following ages.

Figure 7.3

The Growth Patterns in Onset Production from Age 2 to Age 5
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In the previous chapters, we examined the onset phonemes that became stabilized
in each age span, following the criterion of Zhu and Dodd (2000). The results of the
three age cohorts were integrated and summarized in Table 7.1. The table demonstrated
that at the age of 3, children had acquired 2/3 of the onsets in Mandarin. The acquired
manners of articulation included stop, nasal, approximant, fricative and affricate. Also at

this time, the children had learned to control the feature of aspiration. The onset
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phonemes that failed to stabilize at age 3 included the labio-dental fricative f, alveolar
affricates z, ¢, and retroflexes zh, ch, sh, r. Retroflexes were particularly difficult for
Mandarin-speaking children, because these sounds are still in development until the age
of 5. Our findings were more or less similar to the findings in the past large-scale

studies on Mandarin-speaking children’s development in consonant production (Table

2.4).

Table 7.1

The Stabilized Onset Phonemes from Age 2 to Age 5

Pass rate® Age2 Age25 Age3d Age3.5 Aged AgedS5S AgeS

> 75% b d g Dtk

L hj fa  @ec z =
(stabilized)  m, n x5 (q)

Note. 1 The aspirated affricate ¢ was found to be stabilized in the age 3 cohort at age 3. Though g had not reached the stabilization
rate in the age 2 cohort when the children were at 3, it actually was about to stabilize (69%). 2 The voiced affricate z was stabilized
in the age 3 cohort at age 4. Despite not qualified for the stabilization rate, its production in the age 4 cohort at age 4 was close to

stabilization (around 73%).

7.2.1.2 Rhyme production. The developmental trajectory of children’s production
of thyme structures from age 2 to age 5 was presented in Figure 7.4. No significance
difference was found between (1) the rhyme production score of the age 2 cohort and
the age 3 cohort at age 3 (#(43) = 0.50, p > .05), and (2) the rhyme production score of
the age 3 cohort and the age 4 cohort at age 4 (#(42) = 1.09, p > .05). Similar with the
production of onsets, the growth patterns of rhyme productions appeared to demonstrate
a quadratic trend. Children demonstrated a faster growth rate before age 3. After that,

the growth curves became flatter.
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Figure 7.4

The Growth Patterns in Rhyme Production from Age 2 to Age 5

Production of rhyme structures
w

2.0 2.5 3.0 35 4.0 4.5 5.0

Age

—@— age 2 cohort
—v— age 3 cohort
—&— age 4 cohort

We examined the rhyme structures that became stabilized in each age span
following the criterion of Zhu and Dodd (2000) in the previous chapters. The results of
the three age cohorts were integrated and summarized in Table 7.2. The table showed
that the productions of rhyme types that do not involve a final coda had become
stabilized before age 3. Rhyme types that contain a coda appeared to be difficult for
young children; however, these sounds became stabilized at the age of 4. Most children
at the age of 4 had mastered all the rhyme types in Mandarin, except for a few who had
trouble with pronouncing the final codas. The development of rhymes is of faster pace

than the development of onsets, as suggested in Zhu and Dodd (2000).
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Table 7.2

The Stabilized Rhyme Structures from Age 2 to Age 4

Pass rate” Age 2 Age 2.5 Age 3 Age 3.5 Age 4
> 75% VG, GV,

A% == GVN VN
(stabilized) GVG

A correlation analysis was conducted on the production of onsets and rhymes. The
result showed that they were modestly correlated with each other (r = .51, p < .001)

after the age factor was controlled.

7.2.2 Word discrimination. All the children in the cohorts of this study received a
test on the phonological perception in addition to the phonological production test.
Figure 7.5 demonstrated the developmental trajectory of children’s discrimination at the
phoneme level across age 2 to age 5. It should be noted here that before age 3, children
completed a shorter form of the discrimination task due to the concern for young
children’s attention span. Therefore, the following analyses were conducted with
percentage scores.

We found no significant difference between the discrimination performances of the
age 3 cohort and the age 4 cohort at age 4 (#42) = 1.33, p > .05). However, when
comparing the discrimination performances of the age 2 cohort and the age 3 cohort at
age 3, the former group showed superior performance, and the difference had reached
significance (#44) = 3.67, p = .001). At age 3, children in the age 2 cohort reached an
average accuracy of 75.58%, while children in the age 3 cohort had an average accuracy
rate of 63.71%.

One possible explanation to this gap was that the children in the age 2 cohort did

have better discrimination ability than children in the age 3 cohort. However, if this was
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true, then the advantage of the age 2 cohort should be accompanied with better
performances in their other linguistic aspects that are proposed to be related to
discrimination ability, such as their phonological production ability or vocabulary size
(Best, 1984; Walley, 1993). However, as shown in previous analyses, these two groups
of children were not different in those aspects. For this reason, we assumed that this

would be a less probable explanation.

Figure 7.5

The Growth Patterns in Word Discrimination from Age 2 to Age 5
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It was possible that the difference resulted from the practice effect. Since it was the
third time the children in the age 2 cohort were asked to perform the task, they might
have become more familiar with the procedure and the requirements of the task, and

thus had better performance in the task. However, we think that the practice effect
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should be restricted to the familiarity with the procedure, not familiarity with the tested
stimuli, because each testing session spaced 6 months apart. Young children might not
remember the specific sounds they heard in the task. Therefore, within-cohort
discrimination performances across time still to some extent reflected children’s growth
in discrimination ability.

In spite of the unbalanced performance between the age 2 cohort and the age 3
cohort, children from age 2 to age 5 in general exhibited growth in the discrimination at
the phoneme level. Age 2 and age 3 cohorts appeared to show steady growth across time.
However, children in the age 4 cohort had flatter growth curves in comparison with the

other two age cohorts.

7.2.3 Summary of phonological development. From age 2 to age 5, children’s
phonological production abilities improved in a quadratic manner. They showed the
greatest improvements before age 3, in their productions of onsets and rhymes. After
age 3, they still revealed improvements, though the growth was less dramatic. In fact,
by the age of 4, children had developed mature performances in rhyme production,
while their production of onsets was still in development at the age of 5.

As for children’s performance in discrimination phonemic level contrasts, children
showed improvements mostly in their discrimination of prominent phonemic contrasts
(i.e. contrasts with 3-f difference). However, our task might not be able to distinguish
between the age 2 cohort and the age 3 cohort, since they showed similar performances
and growth rates across time. Children in the age 4 cohort tended to had better
discrimination performance than the other two cohorts; however, the difference was not
so prominent. Children’s performances could be explained in terms of their insensitivity
to phonemic level contrasts in metalinguistic tasks, as discovered in previous studies

(Hu, 2004).
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The correlation analysis on phonological production and discrimination showed that
they were not significantly correlated with each other (p > .05), when the age factor was

controlled.

7.24 The relationship between vocabulary knowledge and phonological
capacities. The correlation analyses were conducted to examine phonological capacities,
including onset production and word discrimination, and the receptive vocabulary. Only
a significant correlation was found between onset production and PPVT-R (r = .28, p
< .001), when the age factor was partialled out. Therefore, onset production was
associated with receptive vocabulary knowledge, though the value of correlation
coefficient was small. There was no significant correlation between PPVT-R and word

discrimination when the age factor was controlled.

7.3 NWR Development from Age2toAge5

As mentioned in the chapter on methodology, children in the age 2 cohort completed
a shorter form of the nonword repetition due to the concern for their shorter attention
span. Since we would like to depict a developmental trajectory of NWR across age
ranges, we examined children’s minimum completion of NWR from age 2.5 to age 5,
that is, half of the NWR task up to the three-word lists. Performances of the cohorts
across the three testing occasions were presented in Figure 7.6.

Age 2 cohort and age 3 cohort at the overlapping age of 3 showed non-significant
difference in their nonce word repetition (#43) = 1.79, p > .05), but a significant
difference in their gap word repetition (#(43) = 2.32, p < .05). On the other hand, age 3
cohort and age 4 cohort were not significantly different in either their repetition of
nonce words (#(38) = -0.06, p > .05) or the repetition of gap words (#38) = 0.04, p
>.05).
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Despite the significant difference in the age 2 cohort and the age 3 cohort regarding
their NWR performances at age 3, children across the three cohorts showed a tendency
of steady growth in their repetition of nonce words and gap words. The repetition of
nonce words and gap words developed in parallel among each age group. However, the
performance of repeating nonce words was better than gap words, except for the
performances in the age 2 cohort. Previous analyses showed that the lexicality effect

was not prominent until age 3.

Figure 7.6
The Growth Patterns in Nonce Word Repetition and Gap Word Repetition from Age 2.5

to Age 5
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One of the main purposes of this study was to examine the developmental
trajectory of nonword repetition, and the language factors associated with it. However, a
prerequisite for modeling a growth curve on the NWR data is that the different cohorts
were comparable. That is, children in different cohorts had comparable performances
when they were at the same age (e.g. age 3), and also showed similar growth rate and
growth direction (Bell, 1953). Therefore, we first carried out a test of convergence to
test whether the growth curves from multiple cohorts of different ages could be
regarded as a single growth trajectory.

This assumption was tested by using hierarchical linear models proposed by
Miyazaki and Raudenbush (2000). In this approach, the age by cohort interaction effect
is examined by comparing a full model and a reduced model. In the full model, the
cohort effect was considered. The model assumed that each cohort had its own
trajectory. On the other hand, the reduced model assumed that all cohorts followed a
common trajectory. The details of the two models were presented in Appendix G. The
two models would be compared by conducting a likelihood ratio test. If the difference
between the two models was close to 0 (comparing the deviance values, which
represented the fit measure of a model), then we could retain the hypothesis that the
growth curves of these cohorts in fact represented a common expected developmental
trajectory for the entire population.

We tested the hypothesis in children’s nonce word repetition and gap word
repetition, respectively (Table 7.3). For nonce word repetition, the deviance value for
the full model was 976.060, with df = 10 and the deviance value for the reduced model
was 980.200, with df = 8. Thus the difference between the deviance values was 4.14,
with df = 2, p > .05. A similar result was found for gap word repetition. The deviance
value for the full model was 993.394, with df = 10 and the deviance value for the

reduced model was 998.355, with df = 8. Thus the difference between the deviance
152



values was 4.96, with df =2, p > .05.

Both the results showed that the addition of cohort effect to the full model reduced
deviance by a non-significant amount; therefore, there was no significant difference
between the models in representing the growth patterns of the three cohorts. In other
words, we could regard the growth curves of the three cohorts as representing a
common expected developmental trajectory for the entire population. The departures of
cohort-specific growth curves from the developmental trajectory could be dismissed as

chance differences.

Table 7.3

Results of the Convergence Analyses on Nonce Word Repetition and Gap Word

Repetition
Model fit measures Likelihood ratio test
No. of estimated No. of
Deviance v p
parameters df
Nonce word repetition
Reduced model  980.200 8
Full model 976.060 10 4.14 2 >.05
Gap word repetition
Reduced model 998.355 8 4.96 2 >.05
Full model 993.394 10

153



7.4The Developmental Trajectory of NWR and the Role of Phonological

Capacities and Vocabulary K nowledge

A preliminary way to examine the contribution of phonological capacities and
vocabulary knowledge to NWR from age 2 to age 5 was to conduct regression analyses.
The results were demonstrated in Table 7.4. Both productive phonology and PPVT-R
were found to contribute significantly to nonce word repetition when the nonverbal
intelligence was controlled. Comparing these two involving factors, PPVT-R was of
higher predictability than productive phonology, as reflected by its higher B value
(PPVT-R: B = .50; productive phonology: B = .33). Similar results were found for gap
word repetition. Children’s gap word repetition was associated with their PPVT-R and
productive phonology. Again, of these two factors, PPVT-R showed higher
predictability (PPVT-R: B = .43; productive phonology: B = .21). However, different
from the repetition of nonce words, the repetition of gap words involved the influence
from nonverbal intelligence (B = .19, p <.005).

The regression analyses might provide us preliminary insights of the relationships.
However, our study was a cross-sequential study, which incorporated not only
cross-sectional information from different age cohorts, but also longitudinal information
from individual child participants. Our data showed that there was considerable
variation across participants; therefore the ordinary regression methods might suffer
from correlated error.

The hierarchical linear model (hereafter abbreviated as HLM) provided a more
proper approach to explore our data, because longitudinal data can be viewed as
multilevel data with repeated measurements nested within individuals (Hox, 2010, p.
79). In HLM, there would be models at two levels. In the level I model, each child’s
development was represented by an individual growth trajectory that depended on a

unique set of person-specific parameters. These individual growth parameters became
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the outcome variables in a level 2 model, in which they might depend on some

person-level characteristics.

Table 7.4

Hierarchical Regression Analyses on Nonword Repetition

AR?

Dependent variable Independent variable AF p B p

Nonce repetition 1. Leiter-R .06 11.85 =.001 .06 >.05
2. Productive phonology 37 114.81 <.001 33 <.001
3. PPVT-R .14 58.86 <.001 .50 <.001
2. PPVT-R 45 158.93 <.001 .50 <.001
3. Productive phonology .07 28.09 <.001 33 <.001

Gap repetition 1. Leiter-R A2 23.80 <.001 .19 <.005
2. Productive phonology 21 54.09 <.001 21 <.005
3. PPVT-R A1 32.53  <.001 43 <.001
2. PPVT-R .29 83.72 <.001 43 <.001
3. Productive phonology .03 8.88  <.005 21 <.005

The outcome variables for our analysis were children’s performances in nonce word

repetition and gap word repetition. The variables PPVT-R and productive phonology

would be considered in the HLM models. Since the growth in vocabulary knowledge

and phonological capacities varied with time (i.e. time-varying covariates), they would

be incorporated at Level 1. The time-invariant covariate, such as nonverbal intelligence
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(or Leiter-R), would be incorporated at Level 2.

First we created a null growth model in which we only considered the variable of
age. The purpose of the null model was to see whether HLM was needed to examine our
data. Also it could serve as a baseline for evaluating the explanatory power of other
models. Equation 7.1 presented the level 1 model for the null model.
Nonword repetition;; was the nonword repetition performance of the child i measured
at measurement occasion ¢. Since we modelled children’s growth pattern from age 2.5
(30 months) to age 5, the component (age — 30) represented the linear slope of the

growth curve with age 2.5 as the onset.

Level 1

Nonword repetition,; = my; + 7y;(age — 30) +ey; (7.1)

The value of my; represented the level 1 intercept, or the expected score of person i
at age 2.5. The value of my; was the expected rate of increase in the score for person i
at age 2.5. Finally, e;; was the random within-person error of prediction for person i at
time 7.

The coefficients in the level 1 models were the outcomes of the level 2 models
(Equation 7.2). The coefficients signaled by ps represented between-participants
parameters. For example, By, represented the estimate of the average intercept across
children. Similarly, f;, stood for the estimate of the average slope across participants.

uy; and u,; were between-participants variance.

Level 2

To; = Poo T+ Uo;

Ty = Bro + Uq; (7.2)
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The analysis results on nonce word repetition were presented in Table 7.5. The
model predicted a value of 17.76 at age 2.5, which increased by 0.45 with the increase
in age (month). The variance components for the intercept and the regression slope for
the time variable were both significant, which meant that individuals had different
initial states, and different rate of change. The estimate of the level 1 variance was 7.24,
while the subject-level (level 2) variance was 42.86 (42.82 + 0.04). The intra-class
correlation (ICC) was estimated as 42.86/(42.86 + 7.24) = 85.55%. About 86% of the
variance was variance between individuals. The finding qualified our study for the
HLM analysis.

The second model added the time-varying covariate productive phonology to the
model. The effect of productive phonology was significant: better productive phonology
led to superior performance in nonce word repetition. Using the first model as the
baseline, productive phonology explained 23% of the variance between children’s
intercepts and 25% of the variance between children’s rates of change. Even though
productive phonology is a time-varying predictor, it explained more variation between
different children than within the same children from one testing time to the next.

The third model replaced productive phonology with another time-varying
covariate PPVT-R. The effect of PPVT-R was significant, suggesting that the larger a
child’s receptive vocabulary knowledge, the higher the nonce word repetition score.
Using the first model as the baseline, PPVT-R explained 9.60% of the variance between
children’s intercepts. However, it did not explain additional variance in children’s rates
of change.

In the fourth model, we entered both time-varying covariates PPVT-R and
productive phonology. Both effects were significant. However, age became a
non-significant factor (p = .07), suggesting that lexical and phonological knowledge

could account for the NWR growth. High nonce word repetition performance correlates
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with high receptive vocabulary knowledge, and better productive phonology. The
inclusion of the two variables to the model had explained 27.60% of the variance
between children’s intercepts and 25% of the variance between children’s rates of
change.

In the fifth model, we added the time-invariant covariate Leiter-R score to account
for the differences in children’s initial state and rates of change. However, the effect was
not significant.

The likelihood tests were conducted to compare all the models. In general, models
with a lower deviance fit better than models with a higher deviance. We found that
Model 2 and Model 3 were significantly better than Model 1 (Model 2: y*(1) = 13.78, p
< .001; Model 3: Xz(l) = 7.34, p < .01), while Model 2 and Model 3 were not
significantly different in model fit (p > .05). Comparing Model 4 with Model 2 and with
Model 3, Model 4 showed significantly better fit (Model 2: ¥*(1) = 9.30, p < .005;
Model 3: ¥*(1) = 15.73, p < .001). The difference between Model 4 and Model 5
revealed no significant difference (X2(2) =0.12, p > .50).

As a result, the fourth model was preferred to account for the developmental
trajectory of nonce word repetition. Both children’s productive phonology and receptive
vocabulary knowledge could account for children’s initial performance in nonce word
repetition, even when the factor of age was controlled. Though the fourth model also
appeared to account for children’s variances in rates of change, the results of the second
model and the third model suggested that the effect might come from productive

phonology.
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Table 7.5

Hierarchical Linear Models on Nonce Word Repetition

Model MI1: M2: M3: M4: MS5:
null model + production + PPVT-R + production  + production
+ PPVT-R + PPVT-R
+ Leiter-R
Fixed part
Intercept 17.76 (0.97)**  19.44 (0.93)**  20.60 (1.30)** 22.34 (1.20)** 22.37 (1.35)**
Child age 0.45 0.04** 033 (0.04)**  0.250.08)**  0.13 (0.07) 0.13 (0.08)
Production 0.37 (0.07)** 0.38 (0.07)**  0.38 (0.07)**
PPVT-R 0.09 (0.03)**  0.09 (0.03)**  0.09 (0.03)**
Leiter*intercept -0.02 (0.06)
Leiter*age 0.00 (0.00)
Random part
U 42 .82%* 32.97%* 38.71%%* 31.00%* 31.10%*
wy; 0.04** 0.03* 0.04* 0.03* 0.03**
e 7.24 7.84 7.64 8.03 7.99
Deviance 995.16 981.38 987.82 972.09 971.97
Parameters No. 6 7 7 8 10

Parallel analyses were conducted on gap word repetition, and the results were

presented in Table 7.6. The model predicted a value of 13.78 at age 2.5, which increased

by 0.35 with the increase in age (month). The variance component for the intercept was
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significant, which meant that children had different initial states. However, children
appeared to demonstrate similar rates of change, as reflected by the non-significant
variance component for the regression slope for the time variable. The estimate of the
level 1 variance was 8.48, while the subject-level (level 2) variance was 19.99 (19.99 +
0.00). The intra-class correlation (ICC) was estimated at 19.99/(19.99+8.48) = 70.21%.
About 70% of the variance was variance between individuals. Thus, the finding justified
our application of HLM analysis on gap word repetition.

The second model added the time-varying covariate productive phonology score to
the model. The effect of productive phonology was significant: better productive
phonology led to superior performance in nonce word repetition. Using the first model
as the baseline, productive phonology explained 9.85% of the variance between
children’s intercepts. Again, we found that even though productive phonology is a
time-varying predictor, it explained more variation between different children than
within the same children from one testing time to the next.

The third model replaced productive phonology with another time-varying
covariate PPVT-R. The effect of PPVT-R only approached significant (p = .072),
suggesting only a tendency for children with larger receptive vocabulary knowledge to
have higher gap word repetition score. Comparing with the first model, PPVT-R
explained 11.26% of the variance between children’s intercepts.

In the fourth model, we entered both time-varying covariates PPVT-R and
productive phonology. While the effect of productive phonology was significant, the
effect of PPVT-R was only at the borderline of significance (p = .078). The inclusion of
the two variables to the model had explained 17.06% of the variance between children’s

intercepts.
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Table 7.6

Hierarchical Linear Models on Gap Word Repetition

Model MIl: M2: M3: M4 MS5:
null model + production + PPVT-R + production  + production
+ PPVT-R + PPVT-R
+ Leiter-R
Fixed part
Intercept 13.78 (0.74)** 14.66 (0.74)** 16.01 (1.33)** 16.69 (1.34)** 16.03 (1.43)**
Child age 0.35 (0.03)**  0.29 (0.04)**  0.19 (0.08)* 0.15 (0.08) 0.19 (0.09)*
(= .079)
Production 0.18 (0.08)* 0.17 (0.0n* 0.16 (0.07)*
PPVT-R 0.07 (0.04) 0.07 (0.04) 0.05 (0.04)
Leiter*intercept 0.04 (0.05)
Leiter*slope 0.00 (0.00)
Random part
Uo; 19.99%* 18.02%* 17.74%%* 16.58%* 16.40%*
uy; 0.00 0.00 0.00 0.00 0.00
e 8.48 8.63 8.80 8.88 8.70
Deviance 1001.25 997.39 997.24 993.69 991.94
Parameters No. 6 7 7 8 10

In the fifth model, we added the time-invariant covariate Leiter-R score to account

for the differences in children’s initial state and rates of change. However, the effect was

not significant.
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The likelihood tests were conducted to compare all the models. We found that
Model 2 and Model 3 had better fit than Model 1 (Model 2: y*(1) = 3.86, p < .05; Model
3: %*(1) = 4.01, p < .05). Model 2 and Model 3 were not significantly different in model
fit (p > .05). Comparing Model 4 with Model 2 and with Model 3, Model 4 showed the
better fit; however, the differences were only at borderline significance (Model 2: x*(1)
=3.70, p = .051; Model 3: ¥*(1) = 3.55, p = .056). The difference between Model 4 and
Model 5 revealed no significant difference (X2(2) =1.75, p > .50).

It seemed that Model 3 was the best model due to its significant better fit than
Model 1, and its parsimoniousness compared with Model 4 and Model 5. However, it
should be noted that the variable that added to Model 3, i.e. PPVT-R, did not exert a
significant effect. On the other hand, Model 2 included a variable that exerted
significant effect (i.e. productive phonology), and had the same advantage of
parsimoniousness. Therefore, Model 2 might be the best model that account for the
developmental trajectory of gap word repetition. Children’s performance in gap word
repetition was best predicted by their productive phonology, while receptive vocabulary
knowledge played a less important role.

We could compare children’s performances in nonce word repetition and gap word
repetition based on the findings in HLM. The results showed that nonce word repetition
performance was associated with both receptive vocabulary knowledge and productive
phonology, while the gap word repetition performance was more associated with
productive phonology.

The null model on nonce word repetition revealed that there were significant
differences in the intercepts and the growth rates between participants in nonce word
repetition. The between-participant variation could be accounted for by children’s
PPVT-R scores and productive phonology. In other words, children’s performance in

nonce word repetition was correlated with their receptive vocabulary knowledge and
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phonological productive ability. We also found that productive phonology could
account for individual differences in the growth rates of nonce word repetition. On the
other hand, the null model on gap word repetition revealed significant difference in
children’s intercepts, but not in their growth rates. Different from the findings in nonce
word repetition, the growth in gap word repetition was more related to children’s

phonological productive ability.
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Chapter 8  General Discussion and Conclusion

The aim of this dissertation was to explore the dynamic relationship among
language knowledge (vocabulary size and phonological capacities) and NWR
performance. Specifically, we investigated the effects of vocabulary growth and
phonological development on the improvement of NWR. A cross-sequential design was
conducted, so that we could inspect not only cross-cohort differences, but also the
individual variation in the interaction among these capacities. In addition, the
longitudinal observations of the age 2 cohort, the age 3 cohort, and the age 4 cohort
allowed us to portrait the developmental trajectory of NWR in relation to phonological
capacities and vocabulary knowledge from age 2 to age 5.

In the following, we will summarize the main findings of this study in response to

the research questions.

8.1 The Contributions of Receptive Vocabulary and Productive Phonology to NWR
Perfor mance

We proposed a three-phase working model to account for the interactions among
phonological capacities, vocabulary knowledge and NWR along the course of
development. It was believed that different factors dominate children’s NWR
performances in different phases. This hypothesis is born out in the current study. We
observed that the main contributor to children’s NWR differed across ages, and was
associated with children’s levels of phonological capacities and vocabulary knowledge.
However, our statistical findings also suggested revisions to the original model. The
findings and their significance to the original model will be discussed below. A revised
model will then be provided at the end of this section.

In our model, children’s productive phonology and vocabulary knowledge are
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supposed to play important roles in the first two phases. It was claimed that at the
beginning stage of language development, children’s NWR is mainly constrained by
their ability to accurately encode the sound forms. This assumption was made based on
the idea that children at this age still had little vocabulary size. As a result, their
encoding of nonwords would have little lexical support. Due to little involvement of
vocabulary knowledge in NWR in this phase, there would not be lexicality effect or
wordlikeness effect. In the case of our study, there would be no difference between
nonce word repetition and gap word repetition, though both performances tend to be low.
However, as children acquire a considerable amount of vocabulary, the intervention of
lexical knowledge to NWR would gradually become prominent. In this second phase,
we would be able to observe an advantage in children’s repetition of nonwords that
contain lexical syllables (e.g. nonce word repetition) when compared with their
repetition of nonwords that contain non-attested syllables (e.g. gap word repetition).
Also, children with a larger vocabulary size would show an advantage in the NWR task.
On the other hand, productive phonology plays a minor role in this phase.

Statistical analyses were conducted to examine our hypotheses. The hierarchical
linear model analyses on the data revealed that productive phonology and receptive
vocabulary accounted for significant cross-individual variation in NWR, including the
initial performances and the growth rates. Moreover, regression analyses showed that
children’s productive phonology and receptive vocabulary at an earlier time usually
made significant contributions to their subsequent NWR performance. Therefore, it is
verified that productive phonology and vocabulary knowledge contribute to children’s
NWR development.

Though both productive phonology and vocabulary knowledge played roles in
NWR, the extent to which they were associated with NWR differed in different cohorts

and in different testing occasions. Based on the original model, it was expected that
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productive phonology, rather than vocabulary knowledge, would play the dominant role
in the NWR of the children in the age 2 cohort. Our hypothesis for the first phase was
supported by the finding that children in this cohort showed similar performances in
repeating nonce words and gap words. The lexicality effect was not prominent until age
3, when children had acquired a larger amount of vocabulary and might had established
a preliminary lexical-phonological network that allowed them to recognize lexical items
when they encountered a new word. While children in this age range did not reveal a
general lexicality effect, the regression analyses demonstrated that their receptive
vocabulary size, which was measured by MCDI-ggcgprive, accounted for their variation in
NWR performance. Children who had larger receptive vocabulary knowledge tended to
have better NWR, either in nonce word repetition or in gap word repetition, at the
subsequent ages. The contribution of productive phonology to NWR was found only in
nonce word repetition, with less predictive power than receptive vocabulary.

On the other hand, the original model assumed that vocabulary knowledge would
play a crucial role when children grow older. This assumption was supported by the
finding that among children above age 3, there was always a prominent and robust
lexicality effect in children’s NWR performances. Superior performance was found in
nonce word repetition than in gap word repetition. Also, a recall advantage was found in
children with greater vocabulary size than children with smaller vocabulary size. These
findings provided evidence of the mediation of vocabulary knowledge to NWR.
However, the regression analyses revealed that the individual variation in NWR
performance in this age range was more associated with their productive phonology.
Children who had better productive phonology tended to showed better NWR,
specifically nonce word repetition.

The findings call for a new perspective on the role of vocabulary and its interaction

with productive phonology in novel word encoding in development. The findings
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suggest that when young children run into a novel sound form, they would make use of
the lexical knowledge they have to support their repetition. At this stage, the receptive
vocabulary knowledge is still not able to mediate NWR at the lexical level, because it is
limited in size, and the phonological forms of the lexical items are mostly
underspecified (Ferguson & Farwell, 1975). However, it could mediate NWR at the
phonological level by providing a bank of phonological forms that are mostly- or
partially-specified, which children could access to for phonological representation that
are similar to or matched with the target form. As a result, children with larger receptive
vocabulary bank would be at an advantage for the greater resources they have. On the
other hand, for children with similar size of vocabulary bank, their NWR could be
determined by their phonological capacities, that is, their abilities to process and
produce the sound form.

The finding of the association between receptive vocabulary and NWR in the age 2
cohort suggested that children use their existing lexical knowledge, however little it is,
to mediate their encoding of novel words, regardless of the lexical status of the novel
words. The mediation of productive phonology occurs after receptive vocabulary once
children have acquired some vocabulary.

In our study, children began to show more prominent lexicality effect at age 3, and
it was robustly present until age 5. Previous studies also showed that this effect is
consistently found in older children and adults (Lee, 2005). The emergence of lexicality
effect has its significance in phonological and lexical development. Literature on child
language development demonstrates that young language learners at the early stage of
language development tend to perceive/acquire words as a whole, without much
sublexical details (Ferguson & Farwell, 1975). However, as their vocabulary size
increases, they begin to recognize similarities across phonological forms and add

sublexical information to underlying representation (Metsala & Walley, 1998). This also
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leads to the formation of a network of lexical-phonological neighbors (i.e.
neighborhood), and the more-specified phonemic content at the syllabic level. The
growth in lexicon size and the specification of the lexical units raise the chance for
children to run into familiar sound combinations in newly-encountered words and also
allow them to recognize these forms more efficiently. As a result, their encoding of
nonwords would be greatly benefited by the lexical knowledge. In other words, the
emergence of lexicality effect may signal the formation of a network of
lexical-phonological neighbors, which is important for lexical and phonological
processing.

While lexical knowledge was found to mediate NWR in the age 3 cohort and the
age 4 cohort, as evidenced by the lexicality effect, the regression analyses showed that
variation in NWR was predominantly determined by productive phonology, but not
receptive vocabulary. The findings could be explained following the account that we
propose. When encoding nonwords, vocabulary knowledge comes in first to help, which
leads to the lexicality effect. Children with different levels of vocabulary knowledge
showed different NWR performances due to the size of lexical-phonological form bank
that they can access to. However, it might have smaller explanatory power to children’s
NWR variation than productive phonology. This is due to the fact that syllable
structures in Mandarin are relatively simple. Because of that, children can have been
exposed to most of the possible syllables or constituents in Mandarin when they have
acquired a certain amount of vocabulary. Then, what determines their performance in
repeating these sound units in the NWR task is their phonological ability.

The results of HLM analyses also demonstrated that phonological production
ability could account for significant cross-individual variation in their initial NWR
performance, and also the growth rates in nonce word repetition. Therefore, children’s

phonological representation, as reflected by their phonological output ability, greatly
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determined their performances in processing nonwords. Children with refined,
well-specified phonological representation would have better phonological analysis
ability, which allows them to swiftly and accurately construct phonological
representations of good quality for the newly-encountered words that can be robustly
registered and produced.

Our account appears to assume that there is a close relationship between vocabulary
and phonological development. Specifically, we made our argument based on the
assumption that phonological representations are shaped through the dynamics of the
production-perception loop in the process of learning the forms of lexical items
(Munson, Beckman, & Edwards, 2012; Walley, 1993), which is also known as the
lexical restructuring hypothesis. This hypothesis was not supported in our age 2 cohort.
In this cohort, we found significant correlations between children’s onset production at
age 2 and age 2.5 to their receptive vocabulary at age 3, which seemed suggest that the
developing phonological system affects lexical acquisition to a greater extent than the
reverse (Sosa & Stoel-Gammon, 2006; Stoel-Gammon, 2011). However, we observed
significant correlations between onset production and receptive vocabulary in older
children. Therefore, it is likely that the effect of vocabulary on phonological capacities
emerge when considerable amount of lexical items are accumulated. However, this
hypothesis may require further exploration.

The nonword repetition task in our study included the nonce word repetition and
the gap word repetition. The plots on children’s NWR performances and the analysis
results of the HLM on children data showed that children manifested growth in both
nonce word repetition and gap word repetition. However, the two subtests appeared to
have different growth patterns due to the nature of the stimuli. These two subtests both
consist of nonsense disyllabic words; however, they differ in the lexical status of the

syllables that form the nonwords.
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The HLM results suggested that different factors were involved in nonce word
repetition and gap word repetition. Children at the same age differed considerably in
their initial performances and growth rates in the repetition of nonce words, even when
the factor of age was considered. The individual variation in their initial performances
was shown to be related to children’s productive phonology and receptive vocabulary
knowledge, while the variation in growth rates could be associated with productive
phonology. With regards to gap word repetition, children showed variation in their
initial performance. However, their growth rates were more or less similar. Different
from what we found in nonce word repetition, the individual variation in gap word
repetition could be accounted for by productive phonology, whereas receptive
vocabulary played little role here. The findings appear to confirm our hypothesis
regarding the mediating factors involved in nonce word repetition and gap word
repetition. While the repetition of nonwords is mediated by the productive phonology,
or phonological representation, the repetition of nonce words is additionally supported
by lexical knowledge.

In the regression analyses, we particularly observed a role of nonverbal intelligence
to gap word repetition in the age 2 cohort and the age 3 cohort. We believe that it
represented a cognitive factor in NWR. Nonword repetition is a complex task in which
children have to process and store sound stimuli at the same time. When the novel
sounds children encounter are familiar to them, it would be easier for them to efficiently
and accurately encode and storage the sound for recall. However, if the novel sound
forms are strange to them, there will be greater processing load. Then, it would
challenge children’s ability to allocate attention between processing and storage, which
is crucial to the success of a memory task.

The regression analyses on gap word repetition in the age 4 cohort demonstrated a

different patterns from the findings in the other two age cohorts. It was found that the
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gap word repetition of the age 5 children could not be accounted for by their nonverbal
intelligence, productive phonology or vocabulary knowledge. We still do not have an
explanation for this. Nonetheless, it is likely that gap word repetition is determined by
different factors when the length of gap word stimuli is considered. Further explorations
should be conducted to explore this issue.

In the original model, we has hypothesized that there should be a stage in which
productive phonology and vocabulary knowledge play no or little role in nonword
repetition, and their mediating role has been taken over by storage factors. This stage
might occur when children have acquired a great amount of vocabulary and
well-developed phonological representations which allow manipulation as abstract
discrete units. However, this stage was not observed in this study. This could be due to
the fact that we investigated children from age 2 to age 5, who were still developing
their vocabulary and phonological system. The emergence of this stage might be
observed in much older children or adults.

Based on our findings in this study, we could reformulate the original three-phase
model, particularly the first phase and the second phase. First, we observed an
unexpected earlier role of lexical knowledge in the youngest cohort. In this age range,
children’s breadth of vocabulary knowledge appeared to be a crucial factor that
determined children’s NWR performance. This finding may challenge our proposal of
the presence of phase I, in which productive phonology is the dominant factor to NWR.
We had expected to observe a mediating role of productive phonology to NWR at such
a young age because these children were still at the early stage of vocabulary
development. However, it is possible that vocabulary knowledge begins to mediate the
processing of novel sound forms when a certain but small amount of vocabulary size is
acquired. In fact, when we examined the NWR performances of the children with

smaller vocabulary size, it was found that their NWR tended to be more related with
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productive phonology, rather than vocabulary knowledge. For that reason, we would
like to retain phase I for now, since it is likely that children in this cohort is at the
transition to phase II, as they showed dramatic vocabulary growth in this age range.
Also, it may take a smaller vocabulary for the development of a phonological system in
Chinese to support the analysis of nonwords. According to the analysis in the previous
section, a smaller vocabulary less than 200 words may do. We may have to look into

younger children to see a primary effect of productive phonology to NWR.

Figure 8.1

Modification on the Second Phase of the Three-phase Model

Phonological
storage

—TE—

Phonological"'_‘- ‘{ " vocabulary
L knowledge y VIR knowledge

Some changes should be made to the second phase with the finding that productive
phonology played an important role to NWR performance in addition to vocabulary
knowledge. In phase II, both vocabulary knowledge and phonological knowledge
mediate NWR (Figure 8.1). To what extent they contribute to the variance in NWR
performance is determined by the increase in vocabulary size and the nature of the
stimuli. The effect of lexical knowledge is persistent because when children encounter a
novel sound form, they tend to rely on their existing lexical knowledge to process the
form. The mediation of lexical knowledge is even more prominent when children
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acquire a considerable amount of vocabulary, and they demonstrate the lexicality effect
in NWR. However, it is likely that when children’s receptive vocabulary size reaches a
certain level, all the children learn to use their lexicality knowledge to support their
encoding of nonwords whenever necessary. Therefore, the individual variation that we
observed in children at this time is more related to their productive phonology.

The current study does not allow us to examine the third phase. Future study
should be conducted on much older children or adults to verify the hypothesis.

The findings of our study provide some insights to the debate on the nature of
NWR, particularly the debate between the phonological storage account and the
phonological analysis account. The phonological storage account propose that nonword
repetition mainly reflects phonological memory capacity, because its repetition process
is heavily influenced by one’s phonological memory capacity (Gathercole, 2006). We
think this proposal is only partially correct in that it points out that memory capacity
could be the fundamental constraint to any human brain processing activities. For
example, our study found that children’s NWR performance declined dramatically with
the increase of the length of the nonword stimuli. As suggested in previous studies,
when the length of nonwords increases, the repetition performance is taxed by the
complex interaction of several storage factors, including memory decay (Baddeley,
1986), interferences (Nairne et al., 1997), and the allocation of attentional resources
(Cowan, 1999; Engle, Kane, & Tuholski, 1999). Also, we observed the involvement of
cognitive factors when children encounter gap words, which are more difficult to
process.

Even though storage factors greatly affect NWR performance, there are studies
pointing out that storage capacity is closely tied to analysis speed, or efficiency (Case,
Kurland, & Goldberg, 1982; Dempster, 1981). Developmental progress in processing

speed, which could be affected by the familiarity or knowledge of the processed item,
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would release processing resources for the maintenance of the item and would thus lead
to a better performance in the memory task. This is supported by the finding of the
lexicality effect in our study. In addition, we found an interaction effect between the
length and the lexicality of nonwords in this study. Nonce word repetition, with the
mediation of lexical knowledge, showed smaller drop in score than gap word repetition
in the three-word lists, suggesting that lexical knowledge mediated the processing and
repetition performance in the memory processes.

Contrary to the proposal that phonological storage is the major constraint to
nonword repetition and word learning, the phonological analysis account proposes that
performances in NWR is constrained by the ability to efficiently process the novel
verbal forms into accurate phonological representation (Bowey, 1996, 2001; Metsala,
1999). This proposal has received support from the findings that young children’s
phonological analysis, as measured by phonological awareness (Metsala, 1999) or
output production (Li & Cheung, 2014), accounts for major proportion of variance
when the effect of short-term memory is controlled. The finding of our study was in
support of this account by demonstrating the role of productive phonology and its
pervasive influence on NWR from age 2.5 to age 5, though the assumption that
vocabulary increase is the driving force of phonological development (Fowler, 1991;
Metsala, 1999) was not fully supported in this study. However, different from this
account, our study demonstrated that vocabulary knowledge also plays a crucial role to

NWR.

8.2 The Predictability of NWR to Expressive Vocabulary Development

It seems to be a well-established fact that NWR performance is associated with
vocabulary knowledge (see reviews in Gathercole, 2006). Several studies have tried to
disentangle the causal relationship between vocabulary knowledge and NWR, and have
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found that NWR predicts children’s vocabulary knowledge in the earlier years. However,
this proposal is not without debate. For example, with data derived from a three-year
longitudinal study, Melby-Lervag et al. (2012) assert that phonological working
memory is not associated with vocabulary development.

Our study found that NWR, either nonce word repetition or gap word repetition,
could predict children’s subsequent expressive vocabulary knowledge, but not their
subsequent receptive vocabulary knowledge. This finding was replicated in all the three
age cohorts in our study.

The relationship between NWR and expressive vocabulary has been found in
several studies. For example, Hoff, Core and Bridge (2008) found that NWR
performances were significantly correlated with the expressive vocabulary percentile in
children at age 2 (r = .53 ~ .72, p < .05). Moreover, Stokes and Klee (2009) found that
NWR was the unique predictor to the expressive vocabulary knowledge of children
aged 24-30 months. While these studies demonstrated the relationship only in children
at around age 2, we extended the relationship to older ages.

Our findings also contradicted with other studies which have found a causal
relationship between NWR and receptive vocabulary. For example, Gathercole, Willis,
Emslie, and Baddeley (1992) showed that NWR performance at age 4 could predict
receptive vocabulary knowledge at age 5, while our study showed that NWR at age 4
did not account for significant variance in the subsequent receptive vocabulary
knowledge when the variables of age and nonverbal intelligence were controlled.

One possible reason to this incongruent finding is that different standardize tests
were used to assess children’s receptive vocabulary. For example, while Gathercole et al.
(1992) used the short form of the British Picture Vocabulary Scale (Dunn & Dunn,
1982), we used the Peabody Picture Vocabulary Test-Revised in our study. However, if

NWR is robustly associated with receptive vocabulary knowledge, the correlation
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should be observed even when a different assessment for the same construct is used.
While we found that NWR failed to predict children’s subsequent receptive
vocabulary development, we discovered that children’s receptive vocabulary could
predict the subsequent NWR performances. Therefore we saw the interactive
relationships among receptive vocabulary, expressive vocabulary, productive phonology
and NWR. That is, the growth in receptive vocabulary and productive phonology would
lead to better performance in the repetition of nonwords. Then, the performances in
NWR could further support the subsequent development of expressive vocabulary.
Compared with receptive vocabulary, expressive vocabulary requires the complete form
of a word, not only in the phonological aspect but also the lexical aspect. Receptive
vocabulary could serve as the foundation for the development of expressive vocabulary,
because it provides at least partial information of a lexicon. Productive phonology also
supports the development expressive vocabulary, because it allows the child to construct
a well-specified phonological representation of a word, and also allows the child to
produce the word accurately. While NWR taps children’s receptive vocabulary and

productive phonology, it can serve to predict the expressive vocabulary development.

8.3 Conclusion

NWR has been found to be a powerful indicator to not only children’s language
development, but also to children with language disorders. Looking into the nature of
this task would shed light on the mechanisms that support language development. The
cross-sequential study on the relationships among vocabulary knowledge, phonological
capacities and NWR allowed us not only to examine and compare children from
different age cohorts, but also to delineate the developmental trajectory of NWR from
age 2 to age 5. Though the number of children recruited in each cohort was relatively

small compared with other large-scale studies, the longitudinal observations on
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children’s developments in phonology, vocabulary and NWR have generated several
valuable data and findings. First of all, the study provided a profile of
Mandarin-speaking children’s phonological, vocabulary and NWR development from as
young as age 2 to age 5. The data demonstrate the average growth trend, and individual
variation in their onset abilities and growth rates. Secondly, with the HLM approach, we
were able to examine the strength of the participating factors, such as receptive
vocabulary and productive phonology to NWR, and the loci of their effects. Particularly,
we found that while the repetition of nonwords relies on the productive phonology, the
repetition of nonce words is additionally supported by receptive lexical knowledge.
Given the close relationship between NWR and language development reported in the
literature, the distinction of the nonce words and the gap words have the potential to
detect the locus of children’s problem when they showed deteriorating performance in
NWR and impairments in language. Particularly, we propose that the emergence of the
lexicality effect signal the formation of a network of lexical-phonological neighbors,
which is important for lexical and phonological processing. Our study also revealed that
children’s NWR performances could predict their subsequent development in expressive
vocabulary. Therefore, the association between NWR and vocabulary knowledge, which
has been well-established in the literature on Indo-European languages, could be
extended to Mandarin-speaking children.

This study examined how NWR was associated with vocabulary knowledge and
phonological capacities, which are the established long-term linguistic knowledge.
However, it is of interest whether NWR could predict children’s learning of novel words.
Moreover, NWR is also found to be related to children’s syntactic development and
reading development in studies of Indo-European languages. Yet, whether this
association could be replicated in Mandarin, a typologically different language, remains

unexplored. It is worth exploring how NWR is related to other language aspects in
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Mandarin-speaking children.

This study presented typically-developing children’s profile of NWR development,
which could serve as the baseline for the identification of children who perform far
below the average NWR performance and show a risk for language impairment.
Regarding the utility of NWR for clinical purpose, several questions should be explored.
For example, how do children with different types of language impairments or language
difficulties perform in the NWR task? Recently, some studies have been undertaken to
examine the NWR performances of Mandarin-speaking children with language
impairments, such as children with articulation disorders (Hsieh, 2007), children with
stuttering (Chen, 2011), and children with specific language impairment (Chen, 2012;
Zhang, 2011). These studies provide profiles of the NWR performances in different
clinical groups, and revealed that children in these clinical groups (except for the
children with articulation disorders) had poorer NWR performance than their
typically-developing peers. However, it is very likely that these clinical groups showed
similarly poor NWR performance for different underlying factors (Riches et al., 2011).
Therefore, more analyses could be done to examine children’s error patterns in the
NWR task, which might provide insights to the underlying deficits of these language
impairments. Also, all these studies used nonce words as the stimuli in the NWR task.
Based on the findings of our study, the repetition of nonce words could be mediated by
lexical knowledge in addition to phonological capacities. In other words, the failure in
repeating nonce words could be attributed to either processing problems at the lexical
level, or processing problems at the phonological level. However, if we could also
examine these children’s performance in dealing with gap words, we might be able to
identify the specific locus of impairments by comparing their performance in the nonce
word repetition and gap word repetition. Last but not the least, we should also examine

whether NWR can serve as a reliable indicator to language impairment in
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Mandarin-speaking children. It has been well-established that NWR could serve the
diagnostic purpose to identify children with language impairments in Italian, Spanish,
and English (D’odorico et al., 2007; Girbau & Schwartz, 2007; Stokes & Klee, 2009).
However, the NWR study on language-impaired children speaking Cantonese, a
language that is structurally more similar to Mandarin, demonstrated contradicting
results (Stokes et al., 2006). With regards to the study on Mandarin-speaking children
with specific language impairment, it is now known that they had poor performance in
NWR. Nevertheless, the data on the diagnostic accuracy of NWR to Mandarin-speaking
SLI is still lacking. Further exploration into this issue could specify the clinical value of
NWR in Mandarin. To sum up, future studies on NWR and language impairment groups
could add to our understanding of the language learning mechanism. More importantly,
they could help to pinpoint the processing problems that these children may suffer,
which further enable the therapists to construct more efficient and effective intervention

strategies for these clinical groups.
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Appendix A
A Sample of the Preschool Child Developmental Checklist
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Appendix B

Items in the Productive Phonology Task

Phoneme Stimuli Phoneme Stimuli

1 b-zshb wr, F8& 12 j-d, 577], HR$E
2 pg-p FER, MR 13 g gq i, EiE
3 m-z, X-m &+, /NS 14 x-g,d-x PR, KRB
4 f-j, -f Tt <A 15  zh-z, sh-zh £, R
5  d-h h-d TEah, W 16 ch-sh,h-ch  Efffi, K&#H
6  t-, sh-t Kb, F& 17  sh-z, l-sh i, B
7  n-p,x-n i, /N 18 r-g, shr 2oy, £H
8  l-zh, x-1 &, /NEE 19 zb, x-z B, b
9 g, x-g £, /N 20 c-m, g-c RE, B
10 k-z, d-k Tt 5t 21  sb,-s =, PRZk
11 hzlh BT, EIR
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Appendix C

Stimuli in the Discrimination Task

Contrast Target Distractor Feature difference
One feature gou3 (dog) dou3 (dipper-like bin)  place
(I-f difference)  niao3 (bird) liao3 (knotweed) manner

Two features

hu3 (tiger)

pu3 (music score)

place + manner

(2-f difference)  xi3 (wash) Jji3 (crowded) manner + aspiration
Three features maol (cat) taol (big waves) aspiration + place + manner
(3-f difference)  biao3 (watch)  giao3 (skillful) aspiration + place + manner
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Appendix D

(1) Nonce Word Repetition

Practice

1 gul-lai4
2 kang1-bi3
3 fan4-tul

pan4-daol

mal-gai4

bao3-xil

One-word List

xia4-nei4
biaol-luo3
jiaol-feil
fang1-li4
fal-qiil
biao3-jial
bing1-da4

xinl-bai3

O 00 9 O W B W N —

huo4-jin3

—_
(e}

mo4-danl

[S—
—

xie4-lang3

—_
[\

bin4-geng3

Two-word List

bao4-1i3
guo4-xinl
dui4-ding3
huanl-lu3
fei3-bo4

xing3-duan4

AN L NN —

gaol-dan4
tal-liud
gongl-bal
xtil-kun3
nan4-gu3

gual-jiangl

Three-word List

1 ben3-guanl
2 qil-dangl

3 qie4-xiang1
4 giaol-hao4

deng3-mu4
mal-ding4
niu3-xil
hui3-ta4

tianl-gail
danl-bu4
huang3-lei4
hunl-paol

Note: Children below age 3 only had to perform the shaded stimuli items.
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(2) Gap Word Repetition

Practice

1 mie3-bou4

2 lang1-te3 die4-hail

3 ninl-lanl pen3-mianl diu4-qunl
One-word List

1 le3-gunl

2 nen3-die4

3 pei3-mul

4 ga3-mang4

5 miul-fo4

6 nanl-haol

7 fai4-pual

8 tiul-kei4

9 biangl-tua4

10  giangl-biul

11 finl-duad

12 lial-pe3

Two-word List

1 pa3-gei4 lan1-kaol

2 diu3-houl qiu4-nuanl

3 nil-xia3 ten4-kuail

4 kiang1-boul fil-duai4

5 hiang1-dual fao4-bunl

6 hi4-luangl mia3-gin4

Three-word List

1 men3-xiong4 pen3-manl kaol-tai3
2 foud-que3 kuol-te3 lul-biao4
3 dei4-muai3 hinl-tuang4 piud-lual
4 nua4-kil gia3-miang4 luail-nial

Note: Children below age 3 only had to perform the shaded stimuli items.
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Appendix E

(1) The Descriptive Statistics of the Age 2 Cohort

Time 1 Time 2 Time 3
Average age (month) 24.92 31.10 37.00
Age range 23.83-26.63 29.93-32.93 35.57-39.53
N 24 22 21
Measure N*  Mean SD N*  Mean SD N Mean SD
MCDI-gxpressive 24 304.87 109.89 22 567.59 85.47 22 66591 28.83
MCDI-geceprve 24 47195  99.77 22 63832 60.23 22 686.05 10.99
PPVT-R == 22 18.82 6.55 22 29.86 8.94
REVT == == 21 3457 9.77
Production_onset (42) 24 23.03 7.32 22 29.59 7.22 21 3285 4.50
Production_rhyme (6) 24 424 1.15 22 4.73 1.00 21 5.26 72
Discrimination (%) 20 56.25 14.53 22 70.45 14.02 22 75.57 9.56
Nonword Repetition
Half Nonce (to 2w)° 23 7.43 4.92 21 13.76 4.82 21 17.10 4.18
Nonce (to 3w)° == 21 16.95 5.89 21 22.38 5.76
Gap (to 2w)" 23 6.57 4.90 21 1281 3.64 21 1471 3.12
Gap (to 3w) ¢ == 21 1457 4.81 21 17.86 4.41
All  Nonce == == 21 43.57 10.58
Gap == == 21 30.76 7.06
Leiter-R == 22 53.59 7.06 ==

Note: * The number of participants that completed the task. ® Children’s score in half of the nonword
repetition task up to the two-word lists. © Children’s score in half of the nonword repetition task up to

the three-word lists.
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(2) The Descriptive Statistics of the Age 3 Cohort

Time 1 Time 2 Time 3
Average age (month) 36.80 42.77 48.70
Age range 35.47-38.93 41.47-44.63 47.37-50.73
N 24 23 20
Measure N Mean SD N Mean SD N Mean SD
PPVT-R 24 2492 9.25 23 3235 7.96 20 40.55 9.60
REVT 24 32.54 13.02 23 46.65 12.16 20 60.95 12.59
Production_onset (42) 24 3221 4.57 23 34.66 4.53 20 36.38 3.20
Production_rhyme (6) 24 537 0.75 23 5.39 0.77 20 5.53 0.76
Discrimination (%) 24 63.72 12.07 23 7446 11.81 20 81.25 10.25
Nonword Repetition
All Nonce 24 34.88 13.68 23 42.04 9.67 20 49.00 9.15
Gap 24 25.25 10.41 23 29.70 10.84 20 34.05 9.48
Leiter-R == 23 51.30 7.00 ==

Note: * The number of participants that completed the task.
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(3) The Descriptive Statistics of the Age 4 Cohort

Time 1 Time 2 Time 3
Average age (month) 48.83 54.97 60.89
Age range 47.36-50.80 53.67-56.90 59.57-62.57
N 24 24 23
Measure N Mean SD N Mean SD N Mean SD
PPVT-R 24 34.63 11.48 24 48.58 11.32 23 58.52 15.13
REVT 24 53.50 12.52 24 65.88 11.60 23 8191 8.76
Production_onset (42) 24 34.99 3.39 24 3740 2.54 23 38.96 1.70
Production _rhyme (6) 24 572 0.41 24 581 0.40 23 581 0.46
Discrimination (%) 24 76.56 12.64 24 80.56 11.44 23 83.88 10.68
Nonword Repetition
All Nonce 24 49.25 8.68 24 5417 6.46 23 57.57 5.82
Gap 24 36.17 6.90 24 39.50 7.84 22 44.86 7.55
Leiter-R = 24 56.21 10.72 ==

Note: * The number of participants that completed the task.
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Appendix F

(1) The Correlation Matrix of All Measures in the Age 2 Cohort

MCDI

Discri.

Nonce

Onset  Rhym Gap_ MCDI MCDI  PPVT Onset  Rhym Discri.  Nonce  Gap Leiter MCDI MCDI  REVT  PPVT Onset_  Rhym Discri.-~ Nonce  Gap_
+_Tl1 Tl e Tl _T1 _T1 Tl -5 T2 -+ T2 _T2 T2 e T2 _T2 _T2 T2 _T2 £ T3 -+ T3 _T3 _T3 T3 e T3 T3 _T3 T3

MCDI-¢_T1 JTEE . 43% A8* 25 31 32 S9** 35 42 .35 38 -.19 43 .50* -.08 .26 .29 40 .20 23 .03 15 S1* 50%

MCDI-¢_T1 .33 A46* .39 33 A2% TR 59%% 19 19 Se*k -41 O1%% 75¥x ] 37 A49% A4* .10 19 .09 15 J1RE 46%
Onset_T1 5% 24 64%*  63¥* 23 11 37 J8Fx 55%% 15 48* .20 .36 .38 .19 45% A46* S56%* 36 -.09 .64** 40
Rhyme T1 .20 J6**F76%k 49% 27 32 A3* 85%% .07 A4* 29 -.04 A6* 27 A4* 23 A49% 62%*% .07 60%*% 26
Discri._T1 .04 -.01 45 40 .07 12 35 .10 12 27 .30 .19 .04 43 -.09 15 .05 15 43 .33
Nonce_T1 8% 29 25 .36 25 61%% 16 A49% A43%* -.08 .34 18 60%* 33 31 A6* -.03 ST 19
Gap_T1 SI* 37 38 17 69%* - 14 S8*x  55%% 05 15 .14 A47* .19 31 40 -.14 67** 38
MCDI-¢_T2 81*%% 35 A1 52% =27 ST* A4* -.10 .36 41 40 .04 37 A1 -.20 66%*% 38
MCDI-z_T2 .39 .05 .39 =32 A47* 42 -.08 .34 38 49* 17 .38 15 -.06 A48* 29
PPVT _T2 31 .16 .04 40 .00 .06 23 25 AT* 62%*% 17 .05 -.04 31 .19
Onset_T2 34 .10 31 -.02 12 31 22 25 O67FF 67*% 29 -.01 .39 23
Rhyme T2 -.15 54% AT* -.07 A49%* .30 41 .14 .36 80*%* .04 67FF 24
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MCDI Onset_  Rhym Gap_ MCDI MCDI PPVT Onset_  Rhym Discri. ~ Nonce Gap_ Leiter MCDI MCDI REVT PPVT Onset_  Rhym Discri.  Nonce Gap_

+ Tl Tl e Tl Tl + T2 T2 T2 T2 eT2 T2 T2 T2 T2 £ T3 T3 T3 T3 T3 el I3 3 T3 T3
Discri._T2 -.44% -47* -.01 .05 -11 -.14 .06 -.04 -.01 =12 -39 -.53%
Nonce_T2 62%* 05 .39 32 65%* 37 33 31 .09 2% 33
Gap_T2 .03 .08 17 53% .01 17 13 -.02 SoFEk 5%
Leiter_T2 -.10 =22 -.01 -.14 -.03 =21 -.24 .10 AT*
MCDI-¢_T3 86**F  54% A6* .39 43 -.06 S8 01
MCDI-¢_T3 42 49* 32 11 -12 52% .06
REVT T3 STRE S 51F 25 .16 64%*% 42
PPVT_T3 53%* .19 .09 .30 .03
Onset_T3 29 -.15 .39 27
Rhyme T3 11 .30 -.11
Discri._T3 -.04 =21
Nonce T3 S55%

Note: MCDI-g = MCDI-gxpressive; MCDI-g = MCDI-ggceprive; Onset = Onset production; Rhyme = Rhyme production; Discri. = Discrimination; Nonce = Children’s performance in half of the

nonce word repetition task up to the 2-word list; Gap = Children’s performance in half of the gap word repetition task up to the 2-word list.
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(2) The Correlation Matrix of All Measures in the Age 3 Cohort

PPVT Onset  Rhyme Discri.  Nonce Gap_ REVT PPVT Onset  Rhyme Discri.  Nonce Gap_ Leiter REVT PPVT Onset  Rhyme Discri.  Nonce Gap_

_T1 Tl _T1 _T1 _T1 T1 _T2 _T2 T2 _T2 _T2 _T2 T2 T2 _T3 _T3 T3 _T3 _T3 P8 T3
REVT_T1 I5%* AS5* S22k 60%*  56%*  66%* .80** 29 A4% 41 52% 69%*  47* 68%*  63*¥*  63*¥* 35 AT* 43 65%* .66**
PPVT_T1 A1 29 34 .36 A49%* J6*E 54%% 1 24 SI* S9%% 36 62%*%  50% 50% .35 21 .39 SI* 54%
Onset_T1 J2¥kx - 43% 68**  66** 49%* -.09 91%* 62%* 27 S9Fx - 52% 17 63** 42 69%*  66**  -.03 52% 42
Rhyme T1 A42% 62%%  61Fk  STFE - 03 61%* .94%%* .02 S6**F 42% .16 63%%  49% S9*k - 90%*% .09 .39 AS5*
Discri._T1 S2xx 5T7k* 54%* .10 41 .33 S56%* Sexx 52% 46* 32 41 18 32 .50* 31 54%
Nonce_T1 85%F 67FF 05 65%* 37 28 86%*  84¥* 34 6740 A8%* 40 41 .83%* .84%*
Gap_T1 68** 17 A49% A43% AT* L7FF TR 46% 65%*  50% 46* .35 .36 82%* .84%*
REVT_T2 40 A49% A8* S8** B4FF O 3FE - 66%*F  83F*F  65%*F 43 A6* 43 72%* 72%*
PPVT _T2 .01 .02 40 .20 .20 S6** 26 .64%* 40 -.01 .07 15 .23
Onset_T2 A8* 22 .50% A5* .20 56% 42 2%k 56% -.05 SI* 37
Rhyme_T2 .07 39 25 11 .50* 48* S8xx 95*x .01 .16 25
Discri._T2 SI* 50% S4x% 37 40 24 -.03 .39 37 42
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PPVT Onset  Rhyme  Discri. Nonce Gap_ REVT PPVT Onset_  Rhyme  Discri. Nonce Gap_ Leiter REVT PPVT Onset_  Rhyme  Discri. Nonce Gap_

Tl T1 Tl Tl Tl Tl T2 T2 T2 T2 T2 T2 T2 T2 T3 T3 T3 T3 T3 T3 T3
Nonce_T2 R AN X TR I W .36 43 50% .84%%* 87%*
Gap_T2 49* .63** 38 .30 .20 60**  T9** 90**
Leiter_T2 60%F  62%*F 16 23 .39 .54% 61%*
REVT T3 ST 44 52% .07 61%* 56%
PPVT_T3 STRE 49% 21 AS* 42
Onset_T3 48* -.16 .34 24
Rhyme T3 .00 .19 25
Discri._T3 AT* 65%*
Nonce T3 85%*

Note: Onset = Onset production; Rhyme = Rhyme production; Discri. = Discrimination; Nonce = Children’s performance of the complete form of nonce word repetition task; Gap = Children’s

performance of the complete form of the gap word repetition task.
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(3) The Correlation Matrix of All Measures in the Age 4 Cohort

PPVT Onset  Rhyme Discri.  Nonce Gap_ REVT PPVT Onset_  Rhyme Discri.  Nonce Gap Leiter REVT PPVT Onset  Rhyme Discri.  Nonce Gap_

_T1 T1 _T1 _T1 _T1 T1 _T2 _T2 T2 _T2 _T2 _T2 T2 T2 _T3 _T3 T3 _T3 _T3 y 18! T3
REVT_T1 SI* -.08 -.08 39 27 15 62%* S4%x - -00 15 40 33 13 A49% S5xx 57¥ .06 29 A46%* .30 .16
PPVT_T1 .03 .07 15 .08 .30 .38 S9%% - -03 -11 A4* .36 23 25 .35 A8* 14 -.04 29 .26 28
Onset_T1 .08 .16 A46* 44* -.15 -.07 69** 08 .00 A8* 48* -.13 -.18 11 S1* -.14 .19 53%* 29
Rhyme T1 27 .05 29 -.19 -.04 .01 52% 25 .09 29 15 17 -.08 15 S3*Fk 11 22 .08
Discri._T1 22 .16 18 32 15 -.07 64%* 14 .14 .35 43%* .36 .02 .14 A2% .26 -.14
Nonce_T1 JTRE S 43% -.00 AT* .16 13 J4%% 81*¥* 07 A8* .35 A4* 1 A6* JI8FE66%*
Gap_TI 28 .03 A45* 27 .16 O7F*7TRF 09 .26 17 S5 21 32 T1EE .68%*
REVT_T2 S2%* 15 .14 19 SI* 29 .30 O67FF66%F 19 .14 A46* A4* 37
PPVT _T2 -12 =22 42% 29 13 33 38 .68**  -03 -.10 .39 23 .02
Onset_T2 .09 -.03 S2%* S1* -.05 =12 18 8%k .06 24 ST .26
Rhyme_T2 -.20 12 .16 .14 .19 -.01 22 94*x - 14 25 28
Discri._T2 A8 18 17 A42% 35 .03 -.01 AT* 15 -.03
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PPVT Onset  Rhyme  Discri. Nonce Gap_ REVT PPVT Onset_  Rhyme  Discri. Nonce Gap_ Leiter REVT PPVT Onset_  Rhyme  Discri. ~ Nonce Gap_

Tl Tl Tl Tl Tl Tl v T2 T2 T2 T2 T2 T2 T2 T3 T3 T3 T3 T3 T3 T3
Nonce_T2 87 24 .39 A6* S5k .07 28 82%% - 8e*F
Gap_T2 .10 43%* .34 52% .10 23 .80** Wil
Leiter_T2 .35 32 .07 23 16 .03 17
REVT T3 .68**  -.00 22 33 A44* .30
PPVT_T3 17 .08 29 A43%* .19
Onset_T3 13 39 .39 32
Rhyme_ T3 -11 17 15
Discri._T3 25 -.01
Nonce T3 J10%**

Note: Onset = Onset production; Rhyme = Rhyme production; Discri. = Discrimination; Nonce = Children’s performance of the complete form of nonce word repetition task; Gap = Children’s

performance of the complete form of the gap word repetition task.
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Appendix G
Convergence analysis
Full model

Level 1:

Nonword repetition = my + m; (age — cohort age) +ey;
Level 2:

Toi = Poo + Po1(age 3 cohort) + By, (age 4 cohort) + u,
my; = P10 + P11(age 3 cohort) + By,(age 4 cohort) + uy

Reduced model

Level 1:

Nonword repetition
_— _ 2
= my + nl(age — grand age) +m, (age — grand age)

+ 13 (age — cohort age) +ey;

Level 2:
o = Poo + Uo
Ty = Pio
Ty = PBao

T3 = U3
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