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Abstract
This thesis explores the role of kindergarteners in sound change in New Zealand English (NZE)
monophthongal vowels. Through examining the vowel productions of kindergarteners over time, this
study tests two widely held assumptions; the first being that vernacular reorganisation begins around
4 to 5 years old and the second being that NZE is dialectally homogenous across Christchurch city.
Measurements of eleven monophthongal vowels were taken from recordings of 36 children from
two kindergarten Centres from two socio-economically different suburbs of Christchurch city. The
children were recorded at two timepoints six months apart which allows us to see change in their
vowel productions over time.
Labov (2001) proposed a model for how children accelerate the ongoing sound changes in
their community. His model predicts that young children first acquire the accent of their parents,
before the onset of ‘vernacular reorganisation’, in which children around 4 to 5 years of age begin to
incrementally shift away from the parent model and reorganise their linguistic system until it
stabilises around age 17. Much of the literature has tested the predicted endpoint of 17 years old,
but there is very little research testing whether the putative age at which vernacular reorganisation
begins is correct. This thesis seeks to determine whether the onset of this process is evident in the
speech of 4- to 5-year-old children by comparing the vowel productions of kindergarteners to those
of their community. Results showed that over the six-month period, the children of Centre A became
more advanced than the adult community in the sound change of NURSE raising, while Centre B
children appeared to be advancing a reversal of a canonical sound change of KIT in NZE through
fronting. This thesis discusses the implications that these results have on our understanding of the
onset of vernacular reorganisation.
The second purpose of this study was to test the long-held assumption that NZE has very little
regional variation, and thus that NZE in Christchurch city is dialectally homogenous. This thesis
explores whether changes detected in the children’s vowels are in line with previous findings on
sound change in NZE or are at odds with them. As such, this contributes to our understanding of
variation in NZE across Christchurch city. Results showed that several vowels changed over the sixmonth period, and that there were Centre based opposite directions of change for the KIT and NURSE
vowels. Coupled with the finding that these children are advancing some sound changes in NZE, the
difference in directions of change for KIT and NURSE between the two Centres over time indicate
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that Centre B may be in an area of Christchurch where new sound changes in NZE are developing.
This thesis discusses future pathways for research on both the emergence of vernacular
reorganisation and variation in NZE across Christchurch and the rest of New Zealand.
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CHAPTER 1

Introduction

Children play a pivotal role in ongoing sound changes. Labov (2001) proposed a model of
sound change in which children first acquire the accents of their parents before incrementally shifting
away from this model from around age 5. The momentum of sound change is then accelerated by
these children in a process known as vernacular reorganisation. While many studies have focused on
the endpoint of this process, our understanding of the onset of vernacular reorganisation is still
developing. The present study aims to determine whether the onset of vernacular reorganisation is
evident in New Zealand English (NZE) vowel changes of 4- to 5-year-old children. Through this, the
study also aims to shed light on NZE variation in Christchurch, New Zealand. It has long been believed
that New Zealand does not have dialectal variation. However, recent studies have brought to light a
developing Auckland-specific variety of NZE (Ross et al., 2021; Watson et al., 2019; Watson et al.,
2018). This finding highlights the possibility of other variations of NZE developing elsewhere in the
country including Christchurch city.
Therefore, the overall aim of the present study is to explore both the onset of vernacular
reorganisation and NZE variation in Christchurch through changes in kindergarteners’ vowel
productions over the course of six months. The use of the QuakeBox Corpus as a community baseline
will also allow for comparisons between the children’s vowel productions and those of the adult
community. Speech data collected by the University of Canterbury’s Child Wellbeing Research
Institute will be used to analyse eleven monophthongal vowels of kindergarteners from two Kidsfirst
Centres in socio-economically different suburbs of Christchurch city. These children were recorded
taking part in a story retell activity at two timepoints six months apart by the Better Start team at the
University of Canterbury. Focusing on two groups of children from different parts of the city, as well
as employing longitudinal data and a community baseline corpus, will help us determine whether
vernacular reorganisation is evident in the vowel productions of kindergarteners, and whether these
sound changes may reflect two areas of Christchurch that are advancing NZE sound changes
differently.
Chapter 2 provides a discussion of the key literature related to child vowel space
development, sex and gender differences in vowel productions, evidence of children's role in the
advancement of sound change, and ongoing vowel changes in NZE. Following this, Chapter 3 will
provide the research questions that frame the study. Chapter 4 will then outline the participants of
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the study as well as methodology used for preparing and extracting speech data for analysis.
Qualitative and quantitative analyses of the data will be discussed in the results in Chapter 5. Next,
Chapter 6 will provide an in-depth discussion of the results, along with an overview of study
limitations and future research. Finally, Chapter 7 will conclude this thesis with an overview of
findings and final comments.
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CHAPTER 2

Background

This chapter will provide the reader with a discussion of the key literature relevant to this
thesis. First is an overview of kindergarteners’ ongoing stabilisation of vowel production, as well as
sex and gender differences in vowel productions between 4 and 5 years old. These areas are
important for our understanding of developmental variability in children’s vowel productions and
provide a basis for which to prepare the speech data in the present study. Next is a discussion of
Labov’s (2001) model of vernacular reorganisation and evidence for the shift from the parent model
to the community model in early incrementation. Finally, the chapter will provide an overview of
what researchers know about sound change in the New Zealand English vowel system over the past
120 years, which will provide a basis for comparisons between the kindergarteners’ vowel changes
and what we know about standard NZE.

2.1 Development of Vowel Production
Kindergarten is a time where children develop an ability to use language for a variety of
purposes including talking with new adults and children, developing friendships, and in dealing with
the complexities of the social playground. Lightbown and Spada (2013, p. 13) estimate that by the
time children start primary school, they may have experienced around 20,000 hours of language
contact through the diverse range of language sources they are exposed to, including listening to
adult conversations, being read to by their caregivers, playing with peers, and watching television.
This highlights the extensive amount of language exposure that kindergarteners have before they
reach school age. At this age, children’s speech is highly variable within and between children, due
to a considerable number of developmental influences including linguistically, physiologically,
socially, and cognitively (Vick et al., 2012). Variation between typically developing children in speech
development will be an important aspect to consider in the present study; in particular, the
development of vowel production from age 3 to 5 years.
Before discussing children’s vowel development, this section will first provide an overview of
vowel measurement as this will frequently be referred to throughout this thesis. Formant frequencies
are used by researchers as a tool to understand vowel productions and where each vowel sits in the
vowel space. F1 correlates inversely with the highest point of the tongue body in the vocal tract, with
a higher F1 indicating a lower vowel. F2 correlates with tongue frontness, with a lower F2 indicating
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a more retracted vowel (Watt & Fabricius, 2002). Formants arise from “the interaction of vocal tract
resonances with a source of sound” creating a visual representation of the vocal tract shape at a
given point in time (Story & Bunton, 2015, p. 94). Discussions of vowel spaces and formant
frequencies are a significant component of this thesis. In addition, this thesis will refer to vowels in
terms of the lexical sets developed by Wells (1982). These lexical sets are keywords standing in place
of phonetic symbols. For example, FLEECE vowels correspond to vowels transcribed phonetically as
/i:/.
At the core of the present study is children’s vowel productions, so it is important to
understand the developmental processes that kindergarteners go through in terms of vowel
development. Understanding when and how children’s vowel spaces become stable is also crucial in
separating developmental and social influences on vowel productions. Vorperian and Kent (2007)
note that vowels are crucial to our understanding of child speech development because of how early
they develop in comparison to consonants. Hodge (2012) found that mid and low front vowels are
the first vowels to develop, before the whole vowel space expands first vertically (F1) and then frontback (F2). A number of studies have claimed that children produce highly accurate vowels by 3 years
old (Donegan, 2002; Hodge, 2012; Vorperian & Kent, 2007). However, Hodge (2012) highlights that
at this age there are still ongoing developmental processes involving sensorimotor remapping as the
vocal tract matures and that there is a multifaceted array of factors contributing to vowel space
development including the cognitive and auditory capabilities of the children during such an unstable
period of maturation. Therefore, it is important to consider this ongoing development and variability
when drawing conclusions about young children’s vowel productions.
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Vorperian and Kent’s review paper provides a clear analysis of children’s average vowel space
development from infancy to adulthood through a collation of data from 14 studies on children’s
formant frequencies. These studies were chosen based on the following criteria: “a) studies reported
quantitative data on developing (child) or mature (adult) speakers of English; b) developmental data
were reported for more than one single age group; c) data were reported for at least three, but
preferably four, of the corner vowels; d) group studies were preferred over single-subject re- ports;
e) quantitative data were reported for at least the first two formant frequencies (F1 and F2),” (2007,
p. 1514). It is important to note that these data came from studies on children from various dialectal
backgrounds, therefore age and gender information is confounded with dialectal variation. In
addition, the 14 studies were published over a time span of nearly five decades. Across this time, the
various dialects have likely shifted and therefore dialectal sound changes were not controlled for in
the review. Nevertheless, visualisations of vowel spaces created in Vorperian and Kent’s (2007)
review allow us to understand the typical development of English speaking children’s vowel spaces
without specification of one dialect at one point in time.

Figure 1: F1-F2 values from 11 studies
(Vorperian & Kent, 2007).
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From the 14 chosen studies, formant frequencies were taken for all four corner vowels of the
vowel quadrilateral (/i/, /u/, (/æ/, and /ɑ/). These data were then averaged per vowel per age group
for both sexes. Figure 1 shows the average vowel space framed by the four corner vowels for children
aged 8 months to 11 years from eleven of the chosen studies. The data from these studies support
the claim made by Hodge (2012) that infants have developed a vowel space framed by the four corner
vowels by 18 months old. Vorperian and Kent (2007) highlight the fact that growth of children’s vocal
tracts has the greatest impact on formant frequencies, which decrease as a result of vocal tract
lengthening. This is evident in the vowel plots, as there is a clear decrease in formant frequencies as
children age, reducing the size of the vowel space. These more targeted and controlled vowel
productions reflect the progression of multiple developmental factors including speech motor
control and “the establishment of internal representations for the vocal tract configurations for the
vowels of English,” (2007, p. 1528). Of relevance to the present study are the vowel spaces of children
aged 4 to 5 years old. It is clear from Figure 1 that the average vowel space is continuing to reduce
between ages 4 and 5 years, indicating that there are still ongoing developmental changes influencing
the vowel space when children are in kindergarten. Although these vowel spaces are based off
means, and only focus on corner vowels, these results indicate that variation in the realisation of
vowels is also still stabilising for 4- to 5-year-old children. This suggests that the children in the
present study will likely have vowel spaces that are still in flux. Taking this variability into
consideration will be important when drawing conclusions about the children’s changes in vowel
productions over time and when comparing their vowel spaces to those of the adult community.
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2.2 Sexual Dimorphism in Children’s Vowel Productions
One well known and highly researched cause of variation in adult speech is the effect of sex
and gender1. The emergence of sex differences in F1 and F2 values is known as sexual dimorphism
and is an area of children’s speech that is still being investigated. Perry et al. (2001) provide
comprehensive findings on the emergence of sexual dimorphism in children’s vowel productions
which help identify whether sexual dimorphism may be evident in the vowels of the children in the
present study. Perry et al. (2001) examined the vowels of children aged 4, 8, 12, and 16 years who
spoke Standard American dialect. Each age group had a sample of 20 children, half being male and
half being female. The vowels of focus were monophthongs (/æ/ ‘‘had,’’ /ɛ/ ‘‘head,’’ /i/ ‘‘heed,’’ /I/
‘‘hid,’’ /ɑ/ ‘‘hod,’’ /ʌ/ ‘‘hud,’’ and /u/ ‘‘who’d’’) held in the phrase “Say hVd again.” The procedure
involved each child listening to a recording of an adult female saying each phrase. The children then

Figure 2: Mean F1-F2 vowel spaces for females (red) and
males (blue) across four age groups (data from Perry et
al. (2001)) plotted by Vorperian and Kent (2007).

1

Note that this thesis acknowledges the difference between ‘sex’ and ‘gender’, wherein sex refers to biological aspects
and gender refers to sociocultural aspects (Kent & Vorperian, 2018). Both sex and gender have been found to influence
adult’s and children’s speech.
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repeated the previously heard phrase, before listening
to the next. Midpoints for F1, F2, and F3 were taken
for each vowel token. Perry et al. (2001) plotted the
mean F1, F2, and F3 values collapsed across all seven
recorded vowels, shown in Figure 3. Vorperian and
Kent (2007) also created a plot, shown in Figure 2, of
the average formant values of the four corner vowels
for each age group in this study, which provides a
clearer visual guide of the vowel space differences
between the two genders. Both of these plots (Figure
2 and Figure 3) show the gradual increase in sexual
dimorphism of vowel spaces as children grow older.
On average, males had lower F1 values than females
for low vowels across all four age groups. Of key
interest to the present study is that there appear to be
differences in the vowel space for 4-year-olds in both
Vorperian and Kent’s (2007) plot and Perry et al.’s
Figure 3: Mean F1, F2, and F3 values (2001) plot. The vowel spaces for female 4-year-olds
collapsed across vowels by age (Perry et al.,
show slightly higher F2 values and much higher F1
2001).
values than those of the male 4-year-olds. However,
upon separate statistical analyses per formant collapsed across the vowels, Perry et al. (2001) did not
find statistically significant differences in F1 and F2 values between male and female 4-year-olds; on
the other hand, differences in F3 formant frequencies were found to be statistically significant. Perry
et al. (2001) suggest that this indicates that F3 values may be enough for auditory gender
identification. This hypothesis was reinforced in Perry et al.’s (2001) Experiment 2, in which 20 adults
listened to the children’s recordings from Experiment 1 and indicated on a six-point scale which
gender they believed each child was. For the 4-year-olds (of whom the adults did not know their age),
the adults made correct gender identifications for 67% of the males and 62% of the females (2001,
p. 2994). As there were no significant differences in fo values between the males and females, the
adults’ accuracy in gender identification indicates that they made use of other acoustic information.
The authors suggest the possibility that the adults used F3 differences to determine the 4-year-old
children’s genders. In summary, Perry et al.’s (2001) results suggest that any significant sexual
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dimorphism in 4-year-olds’ formant frequencies are likely to be isolated to F3 values, but that it may
still be present for other formants.
As there is such a large jump between age groups in Perry et al.’s (2001) study (all age groups
are four years apart), we cannot draw conclusions on the development of sexual dimorphism
between age groups, such as for children aged between 4 and 8 years old. So, while there appears to
be limited sexual dimorphism in formant frequencies for 4-year-olds in this study, it is unclear
whether or how much this changes between 4 and 5 years old. Vorperian and Kent (2007), however,
collated data from across the age range from infancy to age 20 years. The average F1, F2, and F3
values for these children, plotted by Vorperian and Kent and presented in Figure 4, do not provide
any evidence for any significant emergence of sexual dimorphism in formant values between 4 and

Figure 4: Average F1, F2, and F3 values for the children included in Vorperian and Kent’s
(2007) review, grouped by all children (green), males (blue), and females (red).
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5 years of age. Overall, these results and the literature indicate that sexual dimorphism is unlikely to
have occurred by 4 to 5 years of age for F1 and F2 values, but we still cannot rule out the possibility
of differences in formant frequencies between the male and female children in the present study.
This will be factored in through normalisation (see section 4.6).

2.3 Development of Accent Perception
Understanding the development of accent perception is important when considering
children’s influence on ongoing sound change. This helps us understand how children interpret and
process the phonetic variation around them and how this may affect their own accent development.
Weatherhead and White (2016) showed that children develop the ability to distinguish systematic
phonetic differences between speakers as young infants. Their study tested 10 to 12-month-olds’
abilities to track differing front vowel productions from two talkers. Experiment 1 involved the
children being presented pre-recorded videos of the Training Speaker and the Extension Speaker
(whose front vowels were higher than those of the Training Speaker). The children watched the
exposure video from both speakers, which involved three exposure nonsense words said three times
(m[I]to/m[i]to, d[E]lu/d[I]lu, b[I]mo/b[i]mo). The children then watched the object presentation
event for each of the two speakers. For this event, the Training Speaker held and waved the object
and repeated the label tEpu three times, whereas the Extension Speaker held and waved the object
without labelling it. Following this was the test phase. This involved one test trial for each of the two
speakers. One of the speakers would appear on screen, before both the trained object and untrained
object appeared on screen. This was then followed by a recording of the speaker saying the test word
tIpu. If the children had matched the Training Speakers tEpu with the trained object, then looking
times should be longer at the untrained object when listening to tIpu. In contrast, if the children had
picked up the fact that the Extension Speaker had higher front vowels, then looking times should be
longer at the trained object when listening to the speaker saying tIpu. These patterns were in fact
reflected in results, however only for the children who were first tested on the Training Speaker. This
presented a problem being the uncertainty of whether the children learnt that there were systematic
differences between the speakers’ accents, or whether they had simply noticed two different
pronunciations. To test this, the study repeated Experiment 1 with the addition of the test word topu,
which did not match the front vowel difference learned by the children in exposure, being a back
vowel. Results showed that looking times increased for the untrained object for topu regardless of
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speaker. This confirms that the children did in fact learn the systematic differences in accent between
the two speakers rather than the speakers just pronouncing words differently. Weatherhead and
White (2016) argue that these results show that infants can not only learn systematic phonetic
differences between two speakers but can do so without drawing on comparisons to their own
accent. In addition, these results suggest that young infants are able to link specific individuals to
subtle phonetic differences and use this knowledge to understand the referent. This tells us that by
the time children reach kindergarten, they already have well-developed accent perception.

2.4 Vernacular Reorganisation
One of the core focuses of this thesis is on the onset of vernacular reorganisation, a theory of
sound change put forward by Labov (2001). Labov predicts that children first acquire the vernacular
of their primary caregivers, before breaking away towards the community model in a process called
vernacular reorganisation. Through this process, young people advance sound change in their
communities. Vernacular reorganisation was predicted by Labov to occur between approximately the
ages of 5-17 as individuals reorganise their linguistic systems, as shown in Figure 5. This figure is an
adaptation from Denis et al. (2019, p. 47) of Labov’s (2001, p. 448) idealisation of the vernacular
reorganisation model. In this figure is the ‘Caregivers’ Level’ of a particular instance of sound change,
which the child follows until the beginning of incrementation. According to Labov’s theory,
incrementation involves the child gradually advancing a particular sound change until their linguistic
system stabilises around age 17 (Labov, 2001; 2013). If this sound goes on to have a child of their
own, this stabilisation level would be the new ‘Caregivers’ Level’ for their child to first acquire and
then further advance; thus, the particular language change is advanced further by each generation
(Labov, 2001). Much of the literature has focused on the ‘adolescent peak’, occurring around 17 years

Figure 5: Vernacular reorganisation, adapted from Labov (2001) and reprinted in Denis et al. (2019).
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old as individual phonologies stabilise (see Denis et al., 2019; Tagliamonte & D'Arcy, 2009). Following
this model, 17-year-old individuals at this peak are more advanced in a given sound change than
those younger than them as they have been undergoing vernacular reorganisation for longer. In
addition, the 17-year-olds would be more advanced in the sound change than, say, the 19-year-olds
as these older individuals would have peaked in the sound change at a less advanced level two years
prior. In this way, each new generation advances a sound change in the same direction, but at a more
advanced degree, and this results in ever-advancing sound change (Denis et al., 2019).
While there has been substantial study of this peak, little research has investigated the
starting point of vernacular reorganisation. When do children’s linguistic systems break away from
the parent model and towards the community model? And what causes them to do so? To
understand the onset of vernacular reorganisation, we must first explore the influence of the parents
and primary caregivers on young children’s speech. Child-directed speech (CDS) can tell us about the
nature of parental input that children receive at a young age. Foulkes et al. (2005) recorded forty
children and their mothers in their homes in Tyneside, England to investigate the mothers’ variant
usage in their child-directed speech (CDS). One key feature that they investigated was the realisations
of word-medial intersonorant (t). Overall, they found there were differences in variant choice for
both of these variables in CDS compared to speech addressed to adults. While the nonstandard
glottal form made up 90% of the uses of word-medial (t) in interadult speech, the mothers used a
higher proportion of the standard variant of (t) than the glottal form in CDS. In addition, variant
choice in the mothers’ CDS differed depending on the age and gender of the children. Specifically,
the girls’ mothers use of the standard variant decreased as the children got older, and the boys’
mothers used more of the nonstandard glottal variant than the girls’ mothers. The authors note that
the differences in CDS directed at male and female children is explained well by typical findings in
sociolinguistic research, being that women generally use fewer non-standard variants. Therefore,
they suggest, mothers have a higher frequency of the non-standard variant when their CDS is directed
at their sons as they expect their sons will use these variants just as the men in the community do. In
contrast, mothers use more standard variants in the CDS directed at their daughters to match the
speech of the women in the community. In summary, the results from Foulkes et al. (2005) show that
CDS becomes more adult-like as the children get older, with higher frequencies of nonstandard
variants replacing the standard. Furthermore, these frequencies are tailored by the caregiver to
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match the child’s gender, and in turn, the gendered expectations of sociolinguistic variant usage
specific to the community.
Labov (2001) predicts that children first acquire the accents of their parents. Young children’s
likeness to the parental model has been shown by Docherty et al. (2009), who investigated Newcastle
children’s acquisition of five variants of (t) at age 2;0 to 4;0. This variable in Newcastle can be realised
differently depending on its positioning, and there are also gender differences in variant choice. The
study aimed to investigate the complex task that Newcastle children are faced with when acquiring
these (t) variants. They carried out two studies on children aged 2 to 4 years old: the first was a crosssectional study involving 40 children; and the second was a bi-monthly longitudinal study following
8 children. All the children in the two studies were recorded playing with their mother, which involved
a picture-based word elicitation task. From the cross-sectional study, they found that the children
tended towards adult-like patterns of variant choice dependent on phonological context. In addition,
acoustic patterns produced by the children were very similar to those of Newcastle adults. They also
found that the children used a high amount of pre-aspiration in pre-pausal position, which is
associated with young working-class females. The authors argue that the children in this study had
readily acquired the features present in their mother’s speech, including sound changes taking place
in the community as well. Docherty et al. (2009) argue that this supports the claim made by Labov
(1990) that the primary caregiver of a child has the greatest impact on the child’s sociolinguistic
acquisition, also seen in the acquisition phase of Labov’s vernacular reorganisation model (refer to
Figure 5). The results from this study suggest that the parent model is highly influential between 2
and 4 years of age, which supports Labov’s (2001) model of vernacular reorganisation.
While there is evidence for an early parental influence on children’s phonetic productions, it
remains unclear when and why exactly children move away from the parental model and begin the
process of vernacular reorganisation. Johnson and White (2019) propose three possibilities for why
children move away from the parent influence towards the community model. Firstly, children may
be imitating the variety that they receive the most input from. Johnson and White suggest that this
would be evident if children began to sound less like their primary caregivers and more like their
peers after entering schooling. Secondly, children may take into account the actual number of people
around them speaking a particular variety. The authors suggest that this would be evident if
children’s likeness to the parent model was reflected in the number of speakers that they receive
input from who speak a different variety than their parents. Lastly, children may be evolutionarily
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wired to imitate the most dominant variety in the input. Of particular relevance to the present study
is the first proposal in which children may be most influenced by those who they receive the most
input from. As children move from infancy to toddlerhood, they are exposed to a greater variety and
density of people from their community, including their peers. The next section of this chapter will
discuss the evidence of the influence that community and peers may have on language change and
the onset of vernacular reorganisation.

2.5 Community and Peer Influence
One study by Floccia et al. (2012) has shown a shift away from the parent model and towards
the community model for children at a very young age. Their study looked at 20-month-old children
being raised in a rhotic community by non-rhotic parents to determine which input would be most
influential for these children. The children were presented 19 images with recordings of the
corresponding words. These included twelve test pairs of target and distractor images along with
seven control pairs. Half of the target words were presented with rhoticity and half without rhoticity.
Their results showed that the 20-month-olds were able to recognise only the rhotic words presented
to them, regardless of whether their parents spoke with rhotic accents or not. This shows clear accent
preference towards the rhotic community model. Floccia et al. (2012, p. 98) suggest that input
outside of the community model “are treated like mispronunciations,” and thus aren’t regarded as
the correct model.
Johnson and White’s (2019) suggestion that entering schooling may play a role in the onset
of vernacular reorganisation is supported by much of the literature. Other children are a significant
part of a child’s community, resulting in peers being a substantial source of language input (Bernier
& White, 2019). Of importance is Bloomfield’s (1933) Principle of Density which was also taken up by
Labov (2001). The Principle of Density presupposes that individuals’ sociolinguistic usage of a
sociolinguistic variant results from the density of the interactions they have with a community or
group of people who use the variant. As Labov (2001, p. 228) summarises the principle, “the more
often people talk to each other, the more similar their speech will be.” While this has been shown in
depth for adult members of the community, it is less clear how much this statement rings true for
children. Strömbergsson et al. (2014) have shown that by age 4-6, children have developed sensitivity
to even slight differences in pronunciation produced by their peers and suggest that when children
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acquire their language(s), they draw comparisons between their own speech and the speech of those
around them, before adjusting their own productions to match that of others.
Cheshire et al. (2011) provide an important insight into the shift towards the community
model in pre-schoolers. They investigated what they call a ‘Multicultural London English’ to
determine its characteristics and their emergence, and the age at which these are acquired. This
involved two projects, the second of which included 4- to 5-year-old children from a London preschool whose parents were immigrants to London from a range of ethnic and linguistic groups. They
found that most of the 4- to 5-year-olds whose caregivers had backed GOOSE vowels were not
influenced by their parents’ pronunciation of this vowel, aligning instead with the existing and
evolving fronter community variant. The authors argue that the children reject their parents’ variants
within the ‘feature pool’ of GOOSE variants available to the children. This was further highlighted
when the authors looked specifically at the children whose caregivers were not born in the UK. The
majority of these caregivers had a very backed GOOSE vowel, but their children had not adopted this
form. The authors argue that the caregiver’s highly backed variants were too different from the local
fronted variant, and therefore disregarded by the children. On the other hand, many of the parents
likely did not use English in the home, resulting in a non-existent parent model of English in the home,
so some of these children may have learnt English from older siblings. The results from this study led
the authors to conclude that by age 4-5, children are well into moving away from the parent model.
The ‘linguistic tie’ between child and parent lessens, and children begin to carry forward the ongoing
sound changes in their community through incrementation. However, this is a case where the
community model is very different from the parent model, so these differences are salient to the
children. Therefore, the question that remains is whether children are as ready to adopt the
community model by the age of 4 to 5 when the community model is less saliently different to the
parent model, such is the case in the present study.
A highly cited study by Kerswill and Williams (2000) also uncovered children’s shift away from
the parent model. This study focused on koineization occurring in the English New Town of Milton
Keynes, not far from London. Koineization occurs when dialect contact results in a new variety
(Kerswill & Williams, 2000). Recordings were taken of 48 children aged 4, 8, and 12 who were born
in Milton Keynes, or had moved there before age 2. Recordings were also made of their primary
caregiver, with all except 2 being the mother, and all recordings were taken in 1991. The children
carried out a number of activities in friendship pairs, all of which were recorded at their school. As in
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Cheshire et al. (2011), the children of Milton Keynes had a much fronter GOOSE vowel than that of
their caregivers. However, there was a significant correlation between the Milton Keynes children
and their primary caregiver for GOAT fronting, as the caregivers were also taking part in this sound
change. Also contrary to the findings from Cheshire et al. (2011), the children in the town of Milton
Keynes attended to the speech of their peers at an older age than the children in London. This is
evident in the fact that the 4-year-old female children in Milton Keynes were more similar to the
parental model with backer GOOSE vowels, compared with the older 8- and 12-year-old female
children who had much fronter realisations. Therefore, the shift away from the parent model was
more advanced in the older children, reflecting the more advanced stage of incrementation that
older children are in. Kerswill and Williams (2000) also put this difference between the older and
younger children down to exposure to the peer group, as summarised by their Principle 5: ‘The
adoption of features by a speaker depends on his or her network characteristics,’ (Kerswill &
Williams, 2000, p. 92). To investigate this principle, the study gave the 8- and 12-year-old speakers a
score based on the frequency of use of differing degrees of GOAT fronting. The authors then
compared these scores with information they had gathered through the participant interviews
regarding their friendships and peer groups. They found that the children with more fronted GOAT
vowels were more highly integrated into their peer group, while children with less GOAT fronting
were more socially distanced from their group. This suggests that the children who interacted more
with their peer group were leading this particular sound change. Furthermore, comparisons of the 8and 12-year-old children’s GOAT fronting to that of their parents showed no significant correlation.
This further supports the indication that the peer group is significantly influencing the children’s
productions of the GOAT vowel in this case.
Another important study was carried out by Nardy et al. (2014), who showed that peer
influence on sociolinguistic variation can occur as young as kindergarten. Their study investigated
peer influence within one kindergarten in France, to determine how children influence their peers
when acquiring a social dialect. Nardy et al. (2014) note that findings on sociolinguistic variable
acquisition in children have not yet determined whether sociolinguistic variant usage by children is
due to implicit exposure or whether the children actually have an explicit awareness of the social
implications of different linguistic variants and thus align themselves accordingly. To explore this,
they hypothesised that it is in fact implicit exposure to sociolinguistic variation that guides children’s
variant usage, as opposed to explicit evaluation and production. The authors argue that, following
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the Principle of Density (Bloomfield, 1933; Labov, 2001) the density of interactions within an
individual kindergarten would result in sociolinguistic convergence. The authors recorded peer
interactions within a class of 11 French-speaking children aged 4-5 years old at two biannual
timepoints (mean age 4;7 at the first timepoint P1, and 5;7 at the second timepoint P2). These
children were recorded during their free-play time, where they were able to choose which of their
peers they interacted with and what they did together. Three sociolinguistic variables in the French
language, of which each has 2 alternate variants, were investigated. These were optional liaison,
optional deletion of /R/ in word postconsonantal final position and in parce que, and optional
deletion of /l/ in clitic pronouns. As occurrences of these three variables was low in the recordings,
the authors grouped them together for analysis and looked at overall percentages of standard versus
nonstandard variant usage for each child. To compare these rates to the children’s relationships with
each other, the researchers also directly observed both physical proximity and verbal interactions
between the children. From these observations, a measure of how integrated each child was into the
group was created based on how many children approached and spoke to them. Overall, results
indicated that convergence on these variables did occur between the children over the course of the
year. While the mean percentage of standard variants only slightly decreased, the variability between
the children did significantly decrease. This suggests that overall, the group of children had more
similar variant selections at the end of the year than they did at the start. In addition, the study found
that children who spoke most frequently to one another used more similar sociolinguistic variants
than the children who were less integrated, and notably, this only occurred for P1. The percentage
of pairs of children who did not interact with each other substantially decreased between the two
timepoints (36% at P1 and 5% at P2), suggesting that as the children’s social interactions became
more mixed over the course of the year, variants circulated around the kindergarten and led to
convergence towards the non-standard, shown in the second timepoint. Interestingly, the children
who were most socially integrated in the group used more non-standard variants than those who
were less integrated. This suggests that as the kindergarten converged towards this non-standard,
the more socially integrated the children were, the more they influenced their peers’ variant choices.
In addition, the group of children did not converge with their teacher, who used standard variants,
which indicates that the children were influencing each other’s variant usage towards the nonstandard rather than all acquiring the teacher’s vernacular over the course of the year. The authors
suggest that young children implicitly take statistics of the sociolinguistic variants that their peers use
during their interactions, and subsequently go on to reproduce these with other peers.
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Studies that investigate children’s acquisition of a second dialect also provide insight into the
shift from the parent model to the community model. One such study was on children acquiring New
Zealand English as a second dialect. Starks and Bayard (2002) illustrate the role of day care in the shift
towards the community model of vowel productions. A series of case studies were carried out on
four children who were born and raised in New Zealand but have North American parents. The first
case study focuses on the use of postvocalic /r/ by Starks’ two children, Avin (6;1 years old) and Nikkie
(3;6 years old). Both of these children’s parents are predominantly rhotic, and as the children had no
other rhoticity input from other people, any uses of postvocalic /r/ would indicate a parental
influence. The children were recorded by their mother in their home on three different occasions.
Analysis of these recordings found no clear evidence of rhoticity from either child, indicating little
parental influence in this variable. When looking at rhoticity in the next two children, Jazmine and
Ian, the authors noted the variability between all four children. As mentioned, siblings Avin and Nikkie
showed no evidence of rhoticity, while Jazmine had a postvocalic /r/ rate of 24% and Ian, at the age
of eight, had 66% rhoticity levels talking with parents and 32% talking with friends. As all children
were born and raised in New Zealand and had rhoticity input from people other than their parents,
the authors explored the possibility that exposure to day-care influenced rhoticity levels in these
children. The two siblings entered day-care at the age of six weeks, Jazmine entered at age eleven
months, and Ian entered at around age 2. Therefore, the later these children entered day-care, the
more rhotic they were.
This pattern was also found when the authors looked into the children’s vowel productions,
and these results are of particular relevance to the present study. Ian entered kindergarten at age
2;1, and although he had North American English (NaME) vowel features up until this age, within two
weeks of entering kindergarten Bayard, his father, noticed that Ian had started to shift his vowels to
resemble NZE. His LOT vowel shifted from the NAmE /ɑ/ to the NZE /ɒ/, and his GOAT vowel became
unrounded. Two months after entering kindergarten, Ian’s GOOSE vowel had shifted forward to be
more centralised. In addition, the three other children alongside Ian in this series of case studies also
acquired NZE short front vowels; KIT centralised, and DRESS and TRAP both raised. The youngest
child, Nikkie, acquired the most NZE vowel features of all the children. These results suggest that
early exposure to the community model can influence vowel feature acquisition, and therefore
entering day-care may drive the shift from the parent model towards the community model. Starks
and Bayard (2002) suggest that these results also indicate a peer influence on accent development,
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though it is difficult to disentangle peer influence from community influence. For instance, their study
does not determine the influence that the day care workers, neighbours, family friends, and other
members of the community may have had on the lack of rhoticity and shift to NZE vowels shown by
these children. In addition, it is important to note that these children are acquiring a second dialect,
which may be the case only for a select number of the children in the present study. Nevertheless,
these results show a clear shift away from the parent model towards the community model in daycare for these children, which in turn may have included an influence from peers.

2.6 New Zealand English Vowels
The present study explores potential vowel changes
in young children who speak New Zealand English. NZE is
one of the most recently developed native-speaker varieties
of English (Trudgill et al., 2000). Therefore, study of the
development of NZE has been made possible by early
recordings that have been compiled in the Origins of New
Zealand English (ONZE) corpus (Maclagan & Hay, 2007). This
corpus has provided invaluable insight into the progression
of NZE since the arrival of the British into New Zealand in
the early-mid 1800s. Figure 6 shows how the NZE
monophthongs have changed over the past 120 years
(Brand, Hay, Watson, et al., 2020). The NZE short front Figure 6: NZE vowel space change over
the past 120 years (Brand et al., 2020).
vowels have changed substantially over the course of the
dialect’s existence in the form of a short front vowel chain-shift. This shift has seen TRAP raise,
causing the heightening of DRESS. As DRESS encroached on the space of KIT, the latter began to
centralise (Maclagan & Hay, 2007). Notably, all of these sound changes are still ongoing in NZE (Allan
& Starks, 2000). While studies on this chain-shift have focused on the impact it has had on the short
front vowels, it has become increasingly clear that the SFV shift has influenced changes in other
vowels in the NZE vowel system as well (Langstrof, 2009). Important evidence of this was found by
Maclagan and Hay (2007), who analysed speech from 80 of 400 individuals from the Canterbury
Corpus held in the ONZE project. Recordings for the Canterbury Corpus began in 1994 and were
carried out by students at the University of Canterbury. Equal numbers of each gender, age group,
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and social class were included in the 80 selected speakers. These speakers, when recorded by the
university students, produced each line from the NZE Word List (Maclagan et al., 1999). Maclagan
and Hay (2007) analysed eleven tokens of DRESS and five tokens of FLEECE per speaker. Their results
showed that DRESS and FLEECE has become very close to each other in the NZE vowel space, and this
proximity was closer for the women. The two vowels were overlapping in the vowel spaces of the
youngest female speakers in the subset Canterbury Corpus. For two of these young female speakers,
DRESS was in fact higher than FLEECE. The authors predict that these speakers may be demonstrating
the start of DRESS becoming the highest front vowel in NZE. To investigate what is keeping DRESS
and FLEECE distinct from each other for speakers who have overlap of these two vowels, the authors
looked at the formant trajectories across the length of each vowel token. They found that those
speakers with overlap of the two vowels had more substantial on-glides for FLEECE than older
speakers. The authors conclude that DRESS encroaching on the space of FLEECE has caused it to
become diphthongal to retain its distinction.
This finding was supported by Warren (2018), who investigated vowel contrasts between four
sets of NZE vowels: DRESS-FLEECE, STRUT-START, KIT-NURSE, and FOOT-GOOSE-THOUGHT. This
study looked into changes over time in the overlap of these vowels in the vowel space, as well as
duration and diphthongisation as other characteristics keeping these vowels distinct from each other.
Warren (2018) carried out apparent-time analyses on data collected between 1999-2002 and
collated in the New Zealand Spoken English Database (NZSED, Warren, 2002). A total of 73 speakers
from the Wellington and Hamilton regions of the North Island of New Zealand between the ages of
18-60 were used for analyses. Speakers carried out two tasks: first, a wordlist set with one of each of
the nine vowels of interest set between the single CVC word /hVd/, and second, a sentence set
containing eight sentences per vowel. Results for the DRESS-FLEECE contrast found increasing
overlap between the two vowels in the younger speakers, as well as support for findings in Maclagan
et al. (2007), in the fact that the women in each age group showed more advanced overlap in the
two vowels than the men. Results also showed that DRESS was higher than FLEECE for 7 female and
2 male speakers in the word list set, and 16 female and one male speakers in the sentence set. This
supports Maclagan et al. (2007), who found that two young female speakers in their study also had
higher DRESS vowels than FLEECE. In addition, Warren (2018) found additional support for the
increasing diphthongisation of FLEECE.
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The KIT and NURSE vowels are particularly relevant to the present study, as will become
apparent in the results. Both vowels have shifted and are continuing to move in the vowel space of
standard NZE. Creating the “fush and chups” stereotype of NZE, KIT has famously centralised into the
typical space of SCHWA, while NURSE has raised, fronted and lip-rounded (Allan & Starks, 2000;
Gordon et al., 2004; Hay et al., 2006). As KIT is retracting and lowering while NURSE is fronting and
raising, these sound changes are causing the two vowels to become further from each other in the
vowel space. Results for the KIT-NURSE contrast in Warren (2018) showed that KIT centralisation was
more advanced in women and younger speakers, meaning that they had the least overlap of KIT and
NURSE. This is expected as women and young people tend to be more advanced in sound changes
(Labov, 2001). Importantly, the author highlights that F2 values for NURSE may underestimate
fronting due to rounding of this vowel, found in F3 values. Therefore, the speakers in this study may
have had fronter NURSE vowels than results indicated. Looking further into rounding differences
between NURSE and KIT, Warren (2018) found significantly greater rounding in NURSE than KIT, and
this was consistent across all age and gender groups. In addition, results showed that as the two
vowels become more distinct from each other, reliance on durational differences decrease. The
ongoing raising of NURSE and the centalisation of GOOSE has resulted in these two vowels
encroaching on each other in the vowel space (Maclagan et al., 2017). Other vowel changes in NZE
including START fronting, STRUT centralising, LOT raising, and FOOT lowering (Allan & Starks, 2000;
Warren, 2018).
Understanding the sound changes that are occurring in the NZE vowel space is important
when exploring children’s vowel changes over time. These ongoing sound changes provide a basis for
which to determine if the children in the present study are advancing these changes in vernacular
reorganisation. In addition, understanding vowel changes in standard NZE will be important when
determining whether the children are diverging away from these changes as a reflection of NZE
variation in Christchurch.

2.6.1 New Zealand English Regional Variation
Until recently, it was widely believed that New Zealand has no regional variations of NZE aside
from a Southland NZE dialect (Bauer, 1994; Ross et al., 2021). Notably, Warren (2018) did not
consider regional differences in NZE when investigating vowel contrasts, relying on the conclusion
made by Gordon and Maclagan (2004) that there are no marked differences in NZE across the
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country. As Bauer (1994) summarised this dialectal homogeny, travelling from Wellington to
Auckland would not result in any auditorily observable differences in dialect. Though this claim was
made around 25 years ago, little evidence has since countered it (Ross et al., 2021). One recent study
has brought to light a potential Auckland variety separate to what has become known as standard
New Zealand English. Researchers from the University of Auckland have been investigating sound
change in Auckland since 2018 and have published results in Watson et al. (2018), Watson et al.
(2019), and Ross et al. (2021) as part of the Auckland Voices Project. Auckland city has seen extensive
diversification over the past 30 years, yet only these recent studies have investigated the impact of
this on NZE sound change in the city. Ross et al. (2021) compared the vowel spaces of individuals
from a predominantly Pasifika suburb in Auckland to those of a diverse suburb of mixed ethnicities
and another suburb that is predominantly Pākehā. Despite a lack of significant differences in vowel
spaces between the three suburbs, all groups showed evident divergence from the typical NZE vowel
space, being more aligned with what is known of Pasifika English. In particular, TRAP and DRESS were
lower than what is typical for NZE. The authors discuss the implications that the assumption of a
homogenous NZE dialect around the country has had on our understanding of accent change in
Auckland. Previous work has compared the speech of Auckland Pasifika individuals to the speech of
Pākehā individuals from elsewhere in the country, under the assumption that these people would be
representative of Auckland Pākehā speech. This has led to accent change in Auckland going relatively
unnoticed. Findings from Ross et al. (2021) therefore highlight the possibility of different NZE
varieties emerging around the country.
The findings from the Auckland Voices Project bring about the possibility of a separate
Christchurch variety of NZE emerging, and perhaps even several variations of NZE across the city
itself. Few studies have looked specifically at speech data from Christchurch2; Gordon and Maclagan
(2001) recorded a new group of high school students every 5 years to track the NEAR-SQUARE merger
in what they called the ‘Canterbury NEAR/SQUARE study’ but this was not specific to a diverging
Christchurch variety of NZE. The present study therefore aims to contribute to our understanding of
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While the NZILBB at UC curates several major spoken corpora including the ONZE Corpus and QuakeBox Corpus, these
corpora contain speakers from different regions of New Zealand, not just Christchurch.
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NZE variation in Christchurch by determining if this variation is evident in the speech of the city’s
kindergarteners.

2.7 Summary
The literature discussed in this chapter allows us to understand what we know so far about
children’s development of vowel production, what we know so far about their role in sound
change, and the ongoing sound changes taking place in the NZE vowel system. Research on
children’s vowel development has found that 4- to 5-year-olds’ vowel spaces are still stabilising and
that we cannot yet rule out the emergence of sexual dimorphism for this age group. These findings
are important to consider in preparation and interpretation of children’s speech data.
As discussed, Labov (2001) predicted that vernacular reorganisation begins around 4 to 5 years
of age. However, our understanding of the onset of vernacular reorganisation still needs much
attention. Studies by Cheshire et al. (2011) and Kerswill and Williams (2000) provide evidence that 4year-olds are in the process of moving away from the parent model for some vowels but not others,
which means there is still uncertainty around exactly when and how vernacular reorganisation
begins. In addition, these studies used an apparent-time approach, wherein they compared different
age groups at a static point in time, as opposed to a panel study which follows one group of children
longitudinally. The use of a panel study to investigate the emergence of incrementation is a particular
strength of the present study.
Another crucial element of the literature is evidence against the widely held assumption that
New Zealand English is dialectally homogenous. As Ross et al. (2021) highlight, this assumption has
led to a potential Auckland variety of NZE developing unnoticed. It remains unclear whether a
Christchurch-specific variety may be developing as well, or perhaps more than one across the city,
and whether this could be witnessed emerging in the speech of different groups of children. Studies
using historical data have provided insight into vowel changes in New Zealand English over the past
120 years, which provide a base understanding of how this dialect has changed, as well as how it is
still changing. These findings allow us to predict the direction of sound change that we may see in
the children’s vowels, and thus determine if any variation in NZE is emerging in Christchurch.
This thesis aims to provide evidence for two key gaps in the literature: the first being when and
how vernacular reorganisation becomes evident in the vowel productions of young children, and
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the second being whether variation in NZE is emerging in Christchurch city. The following chapter
will outline the research questions that have been posed to explore these two areas.
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CHAPTER 3

Research Questions

Drawing on the themes presented in the literature review, this study will explore changes in
eleven monophthongal vowels of 15 children aged 4 to 5 from two socio-economically different
kindergarten Centres in Christchurch city. Recordings of these children retelling a story were taken
by the University of Canterbury’s Child Wellbeing Research Institute at two timepoints six months
apart (T1 and T2). In addition, the QuakeBox Corpus will be used as a community baseline for which
to compare the kindergarteners’ vowels. The following research questions have been posed to help
determine whether the onset of vernacular reorganisation is evident in the vowels of these young
children, as well as whether any changes in their vowel productions may reflect variation in NZE
across Christchurch city.

Question 1:
1a) Do we see change in children’s vowel productions from T1 to T2?
1b) Are the directions of change over time different between Centre A and Centre B?
Overall, these two questions seek to uncover any changes in the children’s vowel productions
over time and determine if these changes are Centre based. Linear mixed effect regression modelling
will be used with one model per vowel formant for eleven vowels. The predictor of interest for Q1a
will be Timepoint, as significance would indicate that the given vowel formant had changed over the
six-month period on average across the two Centres. Of interest for Q1b will be the interaction
between Centre and Timepoint. If an interaction effect between these variables is significant for any
vowel formants, this would indicate that the way the children’s vowels changed over time was related
to which kindergarten Centre they were attending. In addition, the directions of vowel change for
the two Centres could also provide insight into the children’s parent models and potential NZE accent
differences across Christchurch city.

Question 2: Are there significant differences in children’s vowel productions between
kindergartens at T2?
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This question serves to add to our understanding of how variable the NZE accent is across
Christchurch by exploring potential vowel norms between the city’s kindergartens. Linear mixed
effect regression models will be run on tokens from the 15 children’s T2 recordings. The predictor of
interest will be Centre, as significance would indicate that the given vowel formant was, on average,
different between the two Centres at T2. If Question 1 reveals that there are differences in vowel
productions between the two Centres over time, significant differences between Centres at T2 may
suggest that the children are participating in different NZE sound changes. On the other hand, a lack
of differences in vowel productions between Centres at T2 may suggest that the children have come
from different parent inputs but are converging towards a common vowel space despite this.

Question 3: How do the children’s vowel productions compare to those of the community baseline
QuakeBox Corpus?
Comparing the children’s vowels with those of an adult community baseline will allow us to
situate the children in the sound changes of their community. This study will make use of the
University of Canterbury’s QuakeBox Corpus as the community baseline, which holds recordings of
people retelling their ‘earthquake stories’ after the Christchurch earthquakes in 2010/2011. Previous
research on changes in the NZE vowel system also provide a sound basis for which to compare the
children’s directions of vowel change (Allan & Starks, 2000; Gordon et al., 2004; Hay et al., 2006;
Warren, 2018). Linear mixed effect regression models will be run with Dataset as the predictor of
interest, comparing the children’s T1 and T2 vowel productions to those of the QuakeBox speakers.
These models will be run for each Centre individually to allow for direct Centre comparisons to the
community baseline. This modelling will allow us to determine whether any directions of change in
the children’s vowel productions are in line with the expected sound changes of NZE or are diverging
away from these changes. This may provide additional insight into potential variation in NZE in
Christchurch city. Furthermore, these results may reveal whether the children are more advanced in
any of the expected sound changes of NZE through early incrementation as part of vernacular
reorganisation.
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CHAPTER 4

Methodology

This section will outline the methodology used by the Better Start team who sourced the data,
and by myself for the present study. First is an overview of the data before a discussion of the story
retell task and procedure carried out with the children. Following this is a breakdown of the
participant demographics from the Kindergarten Corpus and the community baseline QuakeBox
Corpus. This chapter will then provide an in-depth overview of the data preparation process for each
of the corpora, as well as final token count tables.

4.1 Better Start Literacy Approach
The data used for this research is sourced from the Child Wellbeing Research Institute at the
University of Canterbury. The University of Canterbury’s Better Start Literacy Approach have recently
started collecting a suite of language measures from around 200 children who are currently attending
30 kindergartens across Canterbury and Central Otago (McNeill & Gillon, 2021). The team will
continue to record these children every 6 months for 2 years in a panel study following the children’s
transition from kindergarten into primary school. All children in the 30 Kidsfirst Centres were invited
to be participants. A story retell task was one of the tools used to collect oral language samples from
the children, and demographic information for the children was collected through a questionnaire
filled out by the parents. These recordings were then shared with NZILBB at UC to create a timealigned corpus of speech (more on this in Section 4.4 below).

4.2 Story Retell Task
4.2.1 Background
Children are well on the way to developing strong story telling skills as they move through
kindergarten. Children begin developing narrative skills around 2 years old, and by age 4, children
have developed the key basic structures of their language and are therefore able to form questions,
tell stories about real and imaginary events, and use more or less standard word order and
grammatical markers as they do so (Lightbown & Spada, 2013; Pinto et al., 2018). Key skills required
for literacy also begin to develop through oral language in kindergarten, prior to formal literacy
teaching once children enter primary school (Skarakis-Doyle & Dempsey, 2008). Berman et al. (1994,
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p. 23) highlight the fact that very young children “have a shorter attention span, they are more
attuned to interactive settings situations than to formal settings of language use, and they require
more scaffolding that adult children in producing an extended speech text.” On the other hand, they
note that 5-year-old children are likely to be much more comfortable with a story retell task as they
have developed familiarity with this type of activity through kindergarten. Following this, we may
find that the older kindergarteners in this study produce longer and more confident story retellings
than their younger peers.
Stories are universal across the cultures of the world and are a significant part of young
children’s lives, through book-reading and interactions with adults, siblings, and friends. In addition,
they are a “major vehicle for cultural transmission,” (Strömqvist & Verhoeven, 2004, p. 3). Story retell
tasks are a useful tool in collecting verbal language measures for children. One widely used story
retell task is the wordless storybook by Mercer Mayer (1969) called “Frog, where are you?”. This
story follows a young boy and his dog in a search for his missing pet frog; after numerous brief
encounters with the wildlife around them, the boy and his dog discover that the frog has its own
family by a pond. Berman et al. (1994) provide a substantial review and discussion of the studies that
had used this particular story before the early nineties, including studies on pre-schoolers, schoolage children, and adults across five languages. Their aim was to track the development of narrative
abilities as they move from infancy through to school, and further on to adulthood. Furthermore, the
authors followed up this research in a second volume by Strömqvist and Verhoeven (2004), which
extended the study to a much larger range of languages as the first volume had influenced numerous
researchers to use the Frog Story. Because of its wide usage for numerous developmental studies,
the Frog Story provides a great basis with which to compare the story retell task that the
kindergarteners in the present study undertook.
The story retell task for the present study involved each child being presented with a short
story visually through pictures and auditorily through a pre-recorded reading. The same story was
used for both T1 and T2, resulting in many of the children producing two retellings of the same story
six months apart. Therefore, comparisons can be drawn across time for individual children, across
time between children, and between children at each timepoint. The next sections will discuss the
specific story used as well as the story retell procedure carried out by the Better Start team.
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4.2.2 The Story
The story used by the Better Start team is called Hana and the Tūī. The story follows Hana, a
young New Zealander who is spending the day with her aunty. Together, they decide to explore the
bush near Aunty’s house, and along the way, find a tūī which has fallen from its nest above. Aunty
helps the tūī back into its nest, and Hana and Aunty return to the house where Hana’s mother is
waiting to pick her up. Figure 7 is an excerpt from the story. The story has clear ties to New Zealand
as a country through an integration of the Māori language and the inclusion of a native bird and
images of native flora. As with the Frog Story, Hana and the Tūī is strongly framed by an activity
involving a child going into nature and interacting with small animals. The story also follows a typical
children’s storybook, with a happy ending and strong family themes projected onto the animals in
the story (i.e., a frog family in the Frog Story, and a mother-child tūī duo in Hana and the Tūī). These
qualities are tightly linked with the life experiences of pre-schoolers, through either personal
experience or other storybooks, movies, and the like (Berman et al., 1994).

Figure 7: Excerpt from the story presented to the children titled Hana and the Tūī.

4.2.3 Procedure
A male adult who speaks New Zealand English had previously been recorded telling this story.
Māori words in the story were pronounced using Māori pronunciation. These words were the child’s
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name, Hana, and the bird species, tūī. Research assistants (henceforth RAs) were qualified Speech
and Language Therapists. Two different female RAs per Centre were used for the recordings across
the two timepoints, totalling four RAs. For Centre A, one RA carried out all recordings for T1, and
another carried out all recordings for T2. For Centre B, one RA carried out all recordings for T1, and
another carried out almost all recordings for T2 (four children were recorded at T2 by the original RA,
two of whom had previously been recorded by her at T1 as well). The RAs presented the story one
picture at a time using a Powerpoint slideshow on a computer while the audio recording was played
through. Instructions given to the RAs prior to data collection were as follows:
Tell the child:
“I brought a book to show you. I have it on my computer. We can’t read this book as it has
no words, but I have recorded the story. Let’s look at the book and listen to the story. I will
ask you to retell the story afterwards, so that other children can listen to YOUR story next
time”.
Start the story by clicking on the ‘play’ button at the bottom left of the screen. You will need
to click to the next page once the bell has sounded.
Once the story played through, the children were then asked to retell the story in their own words
with minimal prompting from the RA. The slideshow was run through again by the RA, who followed
each child at their own pace by moving to the next slide when the child was finished. Instructions
provided to the RAs were as follows:
START YOUR VOICE RECORDER
First, state the name of your school, the child’s name, the date, and the task (Oral Language
Assessment).
Then, begin the activity.
Tell the child:
“OK, now it’s your turn to tell the story. You can look at the pictures when you’re telling the
story. Let’s start at the beginning”.
Manually progress through the pictures as the child tells the story.
If the child does not start telling the story spontaneously, one or two of the following
prompts can be used:
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“What was the story about?”
“What happened in the beginning?”
“Just use your own words”.
“Just tell me what you remember”.
These instructions are similar to those given to researchers for the Frog Story, who were told
to use avoid phrases that could influence the children’s story retell choices (Berman et al., 1994).

4.3 Participants
The Better Start team had collected data from the children for two timepoints by the beginning
of this study; the first being when most of the children were around 4 years old (T1), and the second
being six months later (T2). Though the full corpus is made up of recordings of around 200 children
from 30 kindergartens across Canterbury and Central Otago, only two kindergartens from
Christchurch city were selected for this analysis. These kindergartens are henceforth referred to as
Centre A and Centre B to ensure anonymity of the children and the Centres. Centre A and Centre B
are situated on opposite sides of Christchurch city and are therefore socio-economically different
from each other. Centre B is in an area that was largely affected by the Christchurch earthquakes in
2010/2011, while Centre A is in one of the better resourced areas of Christchurch. There are also
differences in ethnic make-ups, with Centre A being in an area with high NZ European and Asian
populations and Centre B being in an area with a higher Māori and Pasifika population than elsewhere
in the city. Comparing the vowel productions of children from such different areas of Christchurch
will provide the greatest insight into potential differences in NZE within Christchurch city. Table 1
provides a breakdown of the number of children of each gender from both Centres, which is further
detailed below. The following sections will provide first an overview of the demographics for all
children from the two Centres, before specific breakdowns of the children included in analysis who
had both timepoint recordings.
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Table 1: Number of children by Centre and gender.
Centre

Male

Female

Total

Centre A

10

11

21

Centre B

9

6

15

19

17

36

Total

4.3.1 Centre A
Recordings were taken of 21 children aged between 4;0 and 4;9 at T1, and between 3;6 and
5;1 at T2. Of these 21, five were recorded only at T1, eight were recorded only at T2, and the
remaining eight were recorded at both timepoints. The 21 children were made up of eleven girls and
ten boys. Fifteen of the children from this Centre were identified by their parents as being NZ
European, and the remaining six children were from a diverse range of primary and secondary
ethnicities including one each of Māori, Indian, Middle Eastern, Brazilian, Canadian, and Latin
American. All of the children’s home language was noted as English except for one child who had
Hindi in the home.
This study will use speech data from the 8 Centre A children who were recorded at both
timepoints so that we can see change in vowel productions over time. These 8 children were made
up of six boys and two girls. The primary ethnicity for these children was NZ European, and two
children had secondary ethnicities of Brazilian and Latin American.

4.3.2 Centre B
Recordings were taken of 17 children aged between 4;0 and 4;9 at T1, and between 4;1 and
5;0 at T2. Of these 17, four were recorded only at T1, five were recorded only at T2, and seven were
recorded at both timepoints. The 17 children were made up of six girls and eleven boys. Eleven of
the children from this Centre were identified by their parents as being NZ European, and the
remaining five children were made up of four Māori and Pasifika, and one second-ethnicity
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Australian. All of the children’s home language was noted as English except for one child who also
had Māori in the home.
This study will also use speech data from the 7 Centre B children who were recorded at both
timepoints. These 7 children were made up of five boys and two girls. Three children were NZ
European, one was NZ European and Australian, two were Māori, and one was Pasifika.

4.3.3 QuakeBox Corpus: Community Model
The QuakeBox Project was used as a community baseline reference to draw comparisons
between the community and the kindergarteners, as it holds the most recent speech data available
for adults from the kindergarteners’ communities. The QuakeBox Project was launched by UC
CEISMIC and the NZILBB in early 2012 (Walsh et al., 2013). Following the Christchurch earthquakes
in 2010 and 2011, a team from the University of Canterbury took a shipping container around the
city and recorded over 700 people telling their earthquake stories (Clark et al., 2016; Millar, 2016).
The shipping container was stationed at eight different locations in Christchurch which were
predominantly chosen because of the significant damage the earthquake had caused in these areas
(Walsh et al., 2013). The QuakeBox Project provides a sample of the adult population engaging in a
monologue recording. We therefore have a record of adult speech in Christchurch in the recent past,
which allows us to draw comparisons between the speech of the kindergarteners and the adult
community of Christchurch. Of note is the fact that both the QuakeBox Project and the Kindergarten
Corpus contain speech data obtained through a story retell style task. The total group of speakers
from the QuakeBox Project were subset to create what will henceforth be referred to in this thesis
as the QuakeBox Corpus. Speakers included in the QuakeBox Corpus were taken from the age group
26-45, resulting in a total of 98 speakers. This age range was selected in order to have a sample of
speech representative of the community in (likely) the same age range of the kindergarteners’
parents. Table 2 provides a breakdown of these speakers by age group and gender.
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Table 2: Number of participants from the subset QuakeBox Corpus by age group and gender.
Age Group

Male

Female

Total

26-35

18

18

36

36-45

17

45

62

Total

35

63

98

4.4 Kindergarten Corpus Data Preparation and Filtering
4.4.1 Transcription
Otter.ai (https://otter.ai/) was used by the Better Start team as an AI tool to automatically
transcribe the children’s recordings. These were then hand checked by research assistants who were
given a ‘Checking Otter Transcripts’ pdf guide. This process involved loading the computer-generated
transcripts in the Otter.ai program and switching to Edit mode, shown Figure 8. From here, RAs could
speed up or slow down the recording and access a range of keyboard shortcuts to help with usability
and speed. The guide makes it very clear that RAs need to ensure that they have tagged the speakers
correctly, with E for examiner and C for child. Editing the text in Otter.ai is as simple as word

Figure 8: Example of the manual re-segmenting and anonymisation processes achieved
using Transcriber.
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processing, wherein you can delete/add/replace text with a click. RAs were instructed to transcribe
every piece of speech including false starts and hesitations. Once one transcript check was
completed, the transcript was sent to the Ready for SALT folder in Otter.ai and subsequently
uploaded to SALT (Systematic Analysis of Language Transcripts) (Miller & Iglesias, 2012). SALT was
designed for Speech Language Therapists to be able to upload transcripts and extract summary
statistics for a number of language measures including syntax/morphology, semantics, verbal facility,
errors, and grammatical categories. These summaries are able to be compared to results from
databases of age and grade-matched children. While the Better Start team required the transcripts
in SALT format, the present study needed the transcripts to be processed further in order to timealign the transcript and audio files at the word and phoneme level for acoustic analysis (more
information in section 4.4.2). To aid in this process, a post-doctoral researcher in the NZILBB used the
SALT

files

to

carry

out

an

audio

processing

procedure

using

Transcriber

(http://trans.sourceforge.net/en/presentation.php), a tool that allows for manual annotations of
speech recordings including segmenting and labelling speech turns. The main use of transcriber was
to time-align the transcript and wav files at the utterance level. In addition, the children’s names

Otter.ai
• AI-generated transcripts from recordings
• Manual correction of these transripts

Upload to SALT

Transcriber
• Resegmenting and anonymisation

Upload to LaBB-CAT
• In batches by centre

Figure 9: Summary of the transcription process.
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were redacted to ensure anonymity from researchers who were not granted consent to know the
children’s names. This redaction was required for every recording, as data collection process involved
stating the child’s name at the beginning of each recording. From here, the transcripts, along with
the corresponding wav files, were uploaded to LaBB-CAT (see below). A summary of the full process
from recording to LaBB-CAT upload is shown in Figure 9.

4.4.2 LaBB-CAT
The New Zealand Institute of Language, Brain and Behaviour (NZILBB) have created a browserbased annotation storage tool called LaBB-CAT (Language, Brain and Behaviour – Corpus Analysis
Tool) to allow for the development of large linguistic corpora (Fromont & Hay, 2012). LaBB-CAT was
originally developed for the Origins of New Zealand English (ONZE) project (Gordon et al., 2007) but
has been used for numerous corpora since, including the QuakeBox Project. It has been used
numerous times by the NZILBB as well as around the world including Centres in Berlin, South Carolina,
and Glasgow (Fromont & Watson, 2016). Each corpus can be held in a new version of LaBB-CAT.
Figure 10 shows the process from upload to extraction using LaBB-CAT and various plugins. Each step
of this process is discussed in detail below.

Upload to LaBBCAT

HTK alignment

Manual
alignment

Re-upload of
alignments

Extraction of
tokens

Processing with
Praat using
FastTrack

Figure 10: LaBB-CAT process.
4.4.2.1

Upload to LaBB-CAT

The cleaned SALT transcripts and the corresponding wav files were uploaded into a new
version of LaBB-CAT called “Kids Corpus”. Figure 11 shows the home page for this corpus in LaBBCAT. Upload was achieved in batches by-Centre once SALT transcripts from a whole Centre had been

46
edited in Transcriber. The study identifier for each child participant was set as the ‘Main Participant’
in LaBB-CAT for their recording. This is important to exclude the adult speech from data extraction.
Meta data for each child was also loaded into LaBB-CAT including age, ethnicity, gender, and date of
birth.

Figure 11: Kids Corpus LaBB-CAT home page.
4.4.2.2

HTK alignment

Automatic time-alignment of speech at the segmental level provides a first pass for acoustic
analysis of speech. This is because researchers can save time on manual alignments, acoustic
measurements, and extraction of these measurements for large amounts of speech data (Fromont &
Watson, 2016). LaBB-CAT originally integrated with the Hidden Markov Model Toolkit (HTK) for
automatic time-alignment of the ONZE corpora in 2006 (Fromont & Watson, 2016). HTK has since
been used by the NZILBB for numerous corpora, including the QuakeBox Project which is being used
in the present study as a community baseline. HTK force-aligns speech to both the word and segment
level, allowing for phonological transcripts to be generated as well as for specific pronunciation
searches across individuals and groups of speakers. HTK alignment learns by-speaker; it trains one
speaker at a time so that the acoustic models that HTK develop are specific to that speaker. The HTK
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recogniser tool then uses the speaker’s acoustic models to force-align the rest of the speech for that
speaker (Fromont & Watson, 2016). LaBB-CAT uses the pronunciation dictionary CELEX, which holds
phoneme markers encoded using DISC. The CELEX dictionary holds various phonemic transcription
options for each word, and HTK selects the best phonemic transcription that matches how an
individual has said the word. HTK selects the best option and uses this information to learn more
about the speaker; hence, it is able to use these patterns to align the rest of the speaker’s speech.
HTK alignment was run on the Kindergarten Corpus and QuakeBox Corpus within LaBB-CAT. This
process was successful for the QuakeBox Corpus, however, upon inspection in Praat, it was clear that
HTK had struggled to process the children’s voices, resulting in incorrect alignments. Fromont and
Watson (2016) discussed factors that can hinder HTK’s performance, several of which apply to the
children’s recordings. Firstly, and most notably, is that there is not enough speech data in the
Kindergarten Corpus for HTK to effectively learn by-speaker. Preliminary findings in Fromont and
Watson (2016) were that HTK needs around 20 minutes of speech per speaker to produce decent
alignments, however most children spoke for only a few minutes. Another hindrance on HTK’s
accuracy is background noise. As the children’s story retellings took place within their Centre, other
children playing can be heard in some of the recordings. This likely made alignments difficult for HTK
because it would be unclear which sound was the actual child speaking. Overlapping speech has the
same effect, wherein HTK struggles to determine which sound has come from which speaker. HTK
will not align utterances which have overlap of speech between speakers or words missing from the
transcript. Collectively, these qualities of the children’s recordings likely resulted in the inaccuracy of
HTK alignment. The alignments therefore needed to be manually corrected for all utterances.

4.4.2.3

Manual Alignment

While manual checking of all alignments is time-consuming, it results in reliable alignment for
every utterance. The manual alignment process involves first extracting the TextGrids and audio files
of individual utterances from LaBB-CAT by-child. These utterances were then opened one-at-a-time
in Praat, manually aligned, and saved back to desktop. Once all utterances for all children were
aligned, they were re-uploaded to LaBB-CAT.
Figure 12 shows one utterance with the HTK alignment (top) and the same utterance after
manual realignment (bottom). The yellow top tier with the child’s ID on the right is the utterance tier,
which holds the plain text from the transcript. The word tier, which holds the individual spoken
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words, must first be adjusted to line up with the correct portion of the wav file. Each phoneme within
these words is found on the segments tier. These segments need to be matched to the correct portion
of the wav file as well, which is assisted by the spectrogram. The blue lines bordering the individual
words on the word tier must remain lined up with the outside blue lines in the segment tier. Individual
blue lines for phonemes within each word boundary are free to be placed wherever they need within
the word tier boundary. For example, in the bottom screenshot in Figure 12, the word “bird” in the
word tier is held between two lines, which continue down to border the /b/ and /d/ segments in the
segment tier. The two blue lines separating the segments within the word on the segment tier can be

Figure 12: Manual alignment process before (top) and after (bottom).
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moved to match where the sounds fit in the spectrogram and auditorily. For utterances that were
not aligned by HTK at all (due to missing transcribed words or overlapping speech), each segment
needed to be manually inputted and aligned. Future work should endeavour to find an alternative
time-alignment tool that is suitable for children’s speech. This will improve efficiency and increase
opportunity for researchers to carry out acoustic analysis of children’s speech, particularly for larger
corpora where manual alignment is not feasible.

4.4.3 Extraction and ‘Process with Praat’
Extraction of the data first involved a layered search in LaBB-CAT. The search included all 21
children from Centre A and all 15 children from Centre B. All monophthongs from aligned segments
in any environment were extracted to a CSV file. Other information extracted included gender, word,
previous and following words, and start and end times of both the word and the vowel token. This
CSV file was then rerun through LaBB-CAT’s Insert Data tool to extract following segment
information. Formant measurements can be measured manually in Praat, but this is a long process

Figure 13: All tokens measured with formant ceiling 8000Hz using standard Process with Praat
(without FastTrack).
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when there are numerous tokens. Instead, LaBB-CAT integrates with Praat, allowing for formant
measurements to be automatically extracted for acoustic analysis. To do this, the CSV file created
from the search process was uploaded to the ‘Process with Praat’ function in LaBB-CAT. Praat
processing takes place within the LaBB-CAT server where the transcript and audio files are stored, so
Praat must first be installed and integrated with the LaBB-CAT server. This integration uses
information from the following columns in the CSV search results file: transcript name, participant id,
and the start and end times of each vowel token. This information tells LaBB-CAT where to find each
token in the corpus to then send through the corresponding audio to Praat for automatic formant
measurement. Mid-point F1 and F2 values for all monophthongs were initially extracted with the
formant ceiling set at 8000hz. The decision on this formant ceiling level is explained below in section
4.4.3.1. The CSV file was then reproduced by LaBB-CAT with the final F1 and F2 measurements.
To explore the accuracy of the Praat measurements, all tokens were plotted on an F1-F2 plane
(a vowel space) shown in Figure 13. Many tokens have been incorrectly measured as they have very
high F1 values which were likely the F2 formant measured as F1. These tokens also had very high F2
values. In attempt to improve the accuracy of these formant measurements, the Process with Praat
function was run again, but with the use of FastTrack.
The FastTrack plugin, developed by Barreda (2021), can be used to optimise formant
measurement accuracy. Instead of taking just one measurement of each formant per token,

Figure 14: FastTrack taking multiple measurements of each formant. From Barreda (2021).
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Figure 15: Final formant measurements chosen by FastTrack through regression
analysis comparisons of measurement candidates. From Barreda (2021).
FastTrack takes multiple measurements and chooses the best fit based on the smoothness of the
formant trajectories following regression analysis comparisons. Figure 14 shows an example provided
by Barreda (2021) of the numerous measurements taken for each formant from one token, while
Figure 15 shows an example of the final best fit measurements. Only these best fit values are
included in the results CSV file produced at the end of processing. Running FastTrack on the
Kindergarten Corpus dataset took around 25 minutes, compared with around 30 seconds using the
standard Process with Praat. However, FastTrack greatly improved accuracy of formant
measurements, as discussed in the next section below.

4.4.3.1

Formant Ceiling

In order to take formant measurements, we must first set the formant ceiling for Praat.
Formant ceiling settings tell Praat the highest frequency that formants are likely to reach (Ericsson,
2020). It is typical in sociophonetic research to set formant ceilings at 5000Hz for men and 5500Hz
for women, however, Ericsson (2020) argues that the generic formant ceilings set for men and
women do not account for between-speaker variability, as well as variability found between vowels,
which differ due to the range of vocal tract shapes influencing the vocal tract size. Determining the
formant ceiling for children’s speech is complex. Children have much smaller vocal tracts than adults
and smaller vocal tracts affect the speech signal (discussed further in the discussion chapter of this
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thesis). Children also have higher fundamental frequencies (fo) than adult females, and adult females
have higher fo than adult males (Ericsson, 2020). Praat’s inbuilt manual advises that, “For a young
child, use a formant value much higher than 5500 Hz, for instance 8000 Hz,” (Boersma & Weenink,
1992-2022). Previous studies measuring child formant frequencies have followed this advice (e.g.
Cartei et al., 2019). A sample of the automatic formant measurements were hand checked to ensure
that the correct formant ceiling had been chosen and that Praat had taken accurate formant
measurements. This sample involved checking the Praat formant lines of 3 utterances for 2 male and
2 female children from each Centre (a total of 8 children and 24 utterances). While a few of the
utterances suited a lower formant ceiling around 6600 Hz, most had the smoothest formant lines at
a ceiling of 8000 Hz.
Unlike the standard Process with Praat within LaBB-CAT, which requires only the highest
formant ceiling, FastTrack also requires the lowest formant ceiling. To determine the best range of
formant limits, the data was run through using FastTrack numerous times with different ranges, and
the tokens were then plotted in R using the ggplot2 package (Wickham, 2016). Ranges tested were
5500-8000Hz, 5000-8000Hz, 5500-7000Hz, and 5000-7000Hz. All of these ranges produced very

Figure 16: Tokens measured with formant ceiling range 5500-8000Hz using FastTrack.
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similar plots which all took substantially better measurements than the standard Process with Praat.
This is evident in the substantially fewer tokens with very large F1 and F2 values, as shown in the
initial plot in Figure 13. The final formant ceiling range chosen was 5500-8000Hz; the low ceiling of
5500Hz was chosen based on this being the highest ceiling for adult women, and the high ceiling of
8000Hz was chosen based on Praat’s recommendations. The raw token measurements taken through
FastTrack with this ceiling range are presented in Figure 16. While there are still some potential
outliers with high formant values, there are substantially less than when measurements were taken
without the use of FastTrack. Outliers 2 standard deviations from the mean were calculated for the
data With FastTrack and Without FastTrack. Without FastTrack outliers numbered 378, compared to
40 for With FastTrack. This means that FastTrack has preserved 338 tokens, allowing for more reliable
statistical analyses.
Two children had all token formant values missing after FastTrack was run. This is because
when FastTrack encounters a problematic token, it skips to the next recording, ignoring all other
tokens in the recording where the problematic token was located. This meant that for two children,
one or more tokens was unable to be processed by the FastTrack plugin, and so all tokens from that
recording had NA entered in the F1 and F2 columns in the CSV file output. To determine where
processing may have encountered problems, tokens from these two children’s recordings were run
through the standard Process with Praat (without FastTrack) and plotted, as shown in Figure 17. From

Figure 17: Tokens from two participants excluded by FastTrack, measured using standard Process
with Praat (without FastTrack).

54
this plot, we can see that there are numerous tokens with very high F1 and F2 values. As it is likely
that the problematic token(s) can be found in these higher ends, all tokens with F1 greater than
1200Hz were removed from the dataset of these two children’s tokens. This cut the token count for
these two children down from 240 to 204. This dataset was then run through FastTrack, which yielded
successful measurements for all 204 remaining tokens. This dataset was then re-joined onto the
original FastTrack dataset.

4.4.4 Data Preparation and Filtering
While the full dataset of 36 children has been required for accurate preparation of the
children’s vowels, only the 15 children who were recorded at both timepoints will be included in
analysis, as this will allow us to see change in vowel productions over time. Therefore, the data were
subset to include only these 15 children. This dataset then required further tidying and filtering,
which is detailed below.
First, Microsoft Excel was used to create the following additional variables: Centre (Centre A
or Centre B), Timepoint (T1 or T2), Age (in months), and Duration (vowel token duration). RStudio
Desktop (downloaded from https://www.rstudio.com/) was used for filtering, plotting, and analysis
of the data (R Core Team, 2020). The dataset was loaded into R and an initial tidying process was
carried out. This involved changing some of the children’s codes in the Speaker variable as these had
been incorrectly inputted into LaBB-CAT. One child had also been loaded into LaBB-CAT twice, once
for each transcript, so the corresponding tokens were merged into one speaker. A Well’s lexical set
variable was created from the Target Segment variable that had the CELEX coding and named Vowel.
Finally, the LaBB-CAT variable names were changed for participant_gender (Gender) and
Target.orthography (Word) for ease of analysis.
Filtering the Kindergarten Corpus required a lot more care than the QuakeBox Corpus due to
the low initial token count as well as an expectation of high variability between and within speakers.
While outliers in the QuakeBox data are likely due to errors made in the automated HTK alignment,
the Kindergarten Corpus was entirely manually aligned, meaning that errors in alignment were much
less likely. In addition, removing tokens with following environments /l/ or /r/, as is common when
filtering adult speech data due to their likeness to vowels in a spectrogram, would remove numerous
vowel tokens that are within key words from the story including ‘bird’, ‘girl’, and ‘her’ (Brand, Hay,
Clark, et al., 2020). It is also common to remove unstressed tokens in studies on adult speech,
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however, as the Kindergarten Corpus has a small number of tokens to start with, removal of
unstressed vowels would reduce this number substantially. Therefore, a Duration control variable
will be included as a reflection of stress, allowing us to determine whether stress may be influencing
formant values for any of the vowels (Fry, 1955).
For these reasons, data filtering of the Kindergarten Corpus was kept to a minimum in order
to preserve tokens of interest. As child speech is different to adult speech, data filtering for the
Kindergarten Corpus followed findings from Kent and Vorperian (2018). Their study reviewed vowel
formant frequencies and bandwidths from American men, women, and children, providing a
summary table of F1-F3 frequency ranges for children aged 2-18 using collated information from
Vorperian and Kent (2007) and Lee et al. (1999). They found that 2-year-old children of both genders
had an F1 range of 400-1000hz and an F2 range of 1500-3500hz, while 4-year-old children of both
genders had an F1 range of 480-1200hz and an F2 range of 1700-3600hz (Kent & Vorperian, 2018, p.
81). Following these values, the Kindergarten Corpus dataset was filtered to remove tokens with F1
greater than 1500Hz, following the above findings with added confidence for children older than 4
years. The final token count was 1385, which has been presented by Centre and gender in Table 3.

Table 3: Kindergarten Corpus (subset for 15 children included in analysis) final token count by gender
and Centre.
Centre

Male

Female

Total

Centre A

611

318

929

Centre B

315

141

456

Total

926

459

1358

4.5 QuakeBox Corpus Data Preparation and Filtering
4.5.1 Transcription and LaBB-CAT Preparation
All recordings taken in the QuakeBox Project were transcribed using ELAN by a team from the
University of Canterbury from 2012-2013. These transcripts, along with the audio and video files,
were uploaded to the QuakeBox version of LaBB-CAT. The transcription and upload phases were
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completed by the end of 2013 (Walsh et al., 2013). Extraction of the QuakeBox Project took all
FLEECE, DRESS, FOOT, GOOSE, KIT, LOT, NURSE, SCHWA, START, STRUT, THOUGHT, and TRAP tokens
from all participants from the full QuakeBox Project, which was then subset by speaker age at the
filtering stage. Other extracted variables included gender, age group, and vowel lexical set name
(Wells, 1982).

4.5.2 Data Filtering
The full set of speakers from the QuakeBox Project was subset in R (R Core Team, 2020) to create
the QuakeBox Corpus specific to the present study, holding only those participants from the age
groups 26-35 and 36-45. Data filtering of the QuakeBox Corpus was much more vigorous than that
of the Kindergarten Corpus as alignment was done automatically with HTK, meaning that outliers
were more likely to be errors than those that had been hand-aligned for the Kindergarten Corpus.
Filtering was achieved following Brand, Hay, Clark, et al. (2020). This study looked at co-variation of
NZE monophthongs using data from the ONZE corpus, which is also stored in LaBB-CAT and therefore
saw the same process of upload, HTK alignment, extraction, and processing with Praat. Their filtering
process and the R code that they used to carry it out is therefore well matched in terms of variable
names and type of data. It is also a recent and up-to-date methodology.
Before filtering, some initial tidying was carried out in Excel. This involved renaming the standard
LaBB-CAT variable names as variations that are easier to use (for example ‘Target orthography’ was
changed to ‘word’ and ‘F1-time_0.5’ to ‘F1’). Next was the filtering process in R. The following
information was filtered out: speakers with missing gender, tokens with missing F1 or F2 values, and
tokens that were likely errors i.e., tokens with F1 greater than 1000hz, with hesitations, and when
the word was not transcribed. In addition, tokens from words that were included in the stopwords
list (high-frequency grammatical words such as ‘it’s’, ‘as’, ‘should’, and ‘the’) by Brand, Hay, Clark, et
al. (2020) were removed as these are likely to be unstressed in a sentence. Unstressed tokens, as
labelled by LaBB-CAT, were then removed including all tokens of SCHWA. The final token count for
the QuakeBox Corpus was 55,535.
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Table 4: QuakeBox Corpus final token count by age group and gender.
Age Group

Male

Female

Total

26-35

11961

6897

18858

36-45

7037

29640

36677

Total

18998

36537

55535

4.6 Normalisation of Both Corpora
Normalisation of vowel formants is a common method used in sociophonetic research to
control for variation caused by differences in vocal tract size and length. This allows for direct
comparisons of speech from people of different sexes and ages who have different physical attributes
(Kohn & Farrington, 2012). Normalisation therefore achieves what listeners do every time they hear
someone speak; “factoring out certain aspects of the acoustic signal, such as they can, for example,
understand natural speech produced by men, women and children with more or less equal
proficiency,” (Watt & Fabricius, 2002, p. 160). As discussed in Perry et al. (2001) and the review paper
by Vorperian and Kent (2007), we cannot entirely rule out the possibility of the influence of gender
on formant frequencies for kindergarteners. In addition, the children in this study were a range of
ages between 3;6 and 5;1 years old, meaning that physiological differences due to age may also
influence formant frequencies as the vocal tract matures (Vorperian & Kent, 2007). Kohn and
Farrington (2012, p. 2240), in their comparison of normalisation methods on child speech data, noted
that “chronological changes are not uniform across the formants,” and that physical maturation of
the vocal tract affects vowels differently. Based on these results, Kent and Vorperian (2018, p. 86)
note that analysis should account for female and male differences in F1 and F2 for 4-year-old
children. Therefore, it is best to normalize the children’s vowel formants to ensure that comparisons
between the children are not influenced by physiological differences.
The data was normalised using the Watt and Fabricius method. Many studies on acoustic
analysis of children’s speech have used this normalisation method (see Oxbury & McCarthy, 2019;
Whitworth & Bray, 2015). The Watt and Fabricius method was first outlined in Watt and Fabricius
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(2002) and was subsequently discussed and compared to other normalisation methods in Fabricius
et al. (2009). Watt and Fabricius refer to the method as the ‘S-centroid normalisation method’; it will
henceforth be referred to in this thesis as WF. The algorithm determines F1 and F2 maximum and
minimum values for each speaker based on three “point-vowels” that outline the front, back, and
low points of the vowel space (Fabricius et al., 2009, p. 420). The algorithm determines each
formant’s centroid point, S, from these three point-vowels. All tokens are then divided by the S value
for each formant, resulting in the final normalised values. WF is considered speaker-intrinsic and
formant-intrinsic (referencing information speaker-internal and formant-internal), and vowelextrinsic (referencing information external to the vowel i.e., nearby vowels in the vowel space) (Kohn
& Farrington, 2012). Kohn and Farrington (2012, p. 2247) reviewed various methods of normalisation
used on child speech data and concluded that WF was among the most effective normalisation
techniques.
Normalisation of the QuakeBox Corpus was also achieved using the Watt and Fabricius method
to ensure consistency in methodology between the QuakeBox Corpus analysis and Kindergarten
Corpus analysis. WF has been used on adult speech data of various English dialects in previous
research (e.g., Haddican et al., 2013; Mesthrie, 2010). WF was also used on NZE vowels in Warren
(2018), who investigated vowel contrasts in adult NZE (as discussed in the background chapter of this
thesis). Both corpora were normalised using the vowels package in R (Kendall & Thomas, 2010).

4.7 Statistical Modelling
Only the 15 children with recordings at both timepoints were included in analysis due to the
focus on change over time. Mixed-effects linear regression models were fit in R using packages lme4
and lmerTest (Bates et al., 2015), and visualised using the effects package (Fox & Weisberg, 2018).
For all three research questions, F1 and F2 were dependent variables, and the control variables were
Age (in months), Gender (M or F), Duration (token duration), and Speech Rate (syllables per second,
including all inter-word pauses up to 5 seconds long). Random effects were included in the models
for Speaker and Word.
Modelling for Question 1 included all dependent and independent variables above, with the
addition of Centre (Centre A or Centre B) and Timepoint (T1 or T2) in an interaction effect. One model
per vowel formant was run for eleven vowels, resulting in a total of 22 models. The Timepoint variable
was the predictor of interest for Q1a, as significance for this predictor would indicate that the given
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vowel formant had changed over the six-month period on average across the two Centres. The
interaction effect was the predictor of interest for Question 1b, as this will give us an indication of
whether there are differences between Centres in vowel change over time.
Modelling for Question 2 included all dependent and independent variables above, with the
addition of Centre (Centre A or Centre B). One model per vowel formant was run for eleven vowels,
resulting in a total of 22 models. The predictor of interest for Question 2 is Centre, as significance in
this variable would indicate any differences in formant values between the two Centres at T2.
For Question 3, the QuakeBox Corpus was joined onto the Kindergarten Corpus and a Dataset
variable was created, holding levels T1, T2, and QuakeBox. Models were run for each Centre
separately to draw Centre-specific comparisons to the QuakeBox Corpus. One model per vowel
formant was run for eleven vowels, resulting in a total of 44 models for the two Centres. As QuakeBox
was the intercept, significance for either of the two timepoints would indicate that the vowel formant
was different to the QuakeBox speakers at the given timepoint. Age, Gender, Duration, and Speech
Rate remained as predictor variables.
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CHAPTER 5

Results

This chapter provides the results of qualitative and quantitative analyses of the vowels from the
Kindergarten Corpus and QuakeBox Corpus in order to answer the three key research questions.
Question 1 will explore whether the children’s vowels changed over the six-month period and
determine whether there were differences in the direction of change between the two Centres for
any vowel formants. Following this, Question 2 will determine whether there are significant
differences in vowel formant frequencies at T2. Finally, Question 3 will compare the vowel
productions of the Kindergarten Corpus speakers to those of the community baseline QuakeBox
Corpus in order to situate the children in the ongoing sound changes of NZE. As change over time is
crucial for all three questions, only children who had recordings at both timepoints were included in
modelling, resulting in a total of 15 children. Therefore, all plots in this chapter were created using
the vowel measurements from only those 15 children.

5.1 Question 1
Question 1 is made up of two sub-questions:
1a) Do we see change in children’s vowel productions from T1 to T2?
1b) Are the directions of change over time different between Centre A and Centre B?
Overall, these two questions seek to uncover any differences in vowel productions between
the two Centres over time. Exploratory vowel plots can provide an overview of the children’s average
vowel spaces over time within each Centre. Figure 18 shows the mean vowel spaces for the children
by Centre and Timepoint. From this plot, we can see that the average vowel spaces for each Centre
at T1 appear to have substantial differences, with Centre A having a wider average vowel space than
Centre B. While NURSE is much higher for Centre B than Centre A at T1, it appears that NURSE lowers
for Centre B and raises for Centre A over time, and as such, NURSE sits in a similar location in the
vowel space for both Centres at T2. We can also see that the vowel space changes over time most
substantially for Centre B, which sees widening of the vowel space. There is also an increase in
variation between tokens for Centre B, reflected in the distributional ellipses.
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Figure 18: Vowel means by Centre and Timepoint (only from children who had both T1 and T2
recordings).

These initial exploratory results were investigated further through linear mixed effect
regression modelling in R. The same models were used to answer both Q1a and Q1b, with F1 and F2
as dependent variables, and Centre, Timepoint, Gender, Duration, Age, and Speech Rate as predictor
variables. A total of 22 models were run (one model per formant, per vowel for 11 vowels). The
predictors of interest are Centre and Timepoint; Q1a will focus on the fixed effects while Q1b will
focus on the interaction between these two variables. Outputs for models which returned statistical
significance for at least one predictor are summarised in Table 5.
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Table 5: Output for Question 1 statistical models that returned significance for one or more predictors.
Significance levels: '***' (0.001), '**' (0.01), '*' (0.05), '.' (0.1).
DEPENDENT
VARIABLE

CENTRE

TIMEPOINT

GENDER

FLEECE F1

AGE

*

DRESS F1
DRESS F2

DURATION

SPEECH

CENTRE *

RATE

TIMEPOINT

.

*
.

KIT F1

.
*

.

.

KIT F2

**

NURSE F1

*

**

THOUGHT F2

**
*

TRAP F1

.

STRUT F1

*

*

LOT F2

*

START F1
FOOT F1

*
**

.

5.1.1 Question 1a: Do we see change in children’s vowel productions from T1 to T2?
Timepoint was a significant predictor of F1 for NURSE and FOOT (p < 0.01) and DRESS, KIT,
and STRUT (p < 0.05). Model effect plots for these vowels can be found in Appendix 1. Note that all
vowels with Timepoint significance were for the first formant, which correlates with vowel height.
This means that, on average, none of the vowels changed horizontally (F2) over the six-month period.
The model results show that all five of the vowels with Timepoint significance (NURSE, FOOT, DRESS,
KIT, and STRUT) raised over the six-month period.

5.1.2 Question 1b: Are the directions of change over time different between Centre A and Centre
B?
Results for Q1a revealed that five of the eleven vowels changed over time in general across the
two Centres, and that these changes were isolated only to vowel height (F1). Q1b seeks to determine
whether the direction of change for any vowel formants is dependent on which Centre a child goes
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to. For instance, though a particular vowel formant may not have changed over time overall for the
two Centres, one Centre may have changed this vowel more significantly or in a different direction
than the other. Therefore, focus for Q1b analysis is on the interaction effect between Centre and
Timepoint. Statistical significance for this interaction was found for both KIT F2 and NURSE F1 at a
significance level of p < 0.01. If this small subset of speakers is representative of the whole group of
36 children in the two Centres, then this significance indicates that the formant values of KIT F2 and
NURSE F1 changed over time differently for the two Centres. Below is a discussion of the Centrebased changes over time for these two vowels.

5.1.2.1

KIT

As mentioned, there was a significant interaction between Centre and Timepoint for KIT F2
(vowel frontness), meaning that KIT F2 changed over the six-month period differently in each Centre.
The interaction plot in Figure 19 shows that the two Centres had opposite directions of change for
KIT F2 over time. In Centre A, KIT backed over the course of the two timepoints, while in Centre B,
KIT fronted. These differences between Centres over time are also evident in Figure 20, which shows
the mean KIT F2 values per Speaker by Timepoint, split by Centre and coloured by Gender. There is
greater variation in the direction of change in Centre A than in Centre B. Most of the Centre B children
show clear fronting of KIT over time apart from one child who has clear KIT retraction. Comparatively,
most of the Centre A children show clear backing of KIT apart from 3 children who, like most of the
children in Centre B, show fronting of KIT across the two timepoints. Of note is the difference in
between-speaker variation for the two Centres, particularly at T2. While the variation within each
Centre decreases between the two timepoints, the children appear to converge more in Centre B
over the six-month period. Figure 20 also confirms that there are no obvious gender-based directions
of change.
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Figure 19: KIT F2 Centre by Timepoint interaction. Centre A sees KIT back over time, while Centre B
sees KIT front over time.

Figure 20: KIT F2 speaker means by Timepoint, split by Centre, and coloured by Gender
In summary, the significant interaction between Centre and Timepoint indicates that the
direction of change for KIT frontness over the six-month period differed between the two Centres:
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backing in Centre A and fronting in Centre B. As studies on KIT in NZE have shown that this vowel is
retracting, Centre A appears to be in line with KIT sound change in NZE. The implications of the
differences in KIT between Centres are discussed in Chapter 6.

5.1.2.2

NURSE

Similarly, there was a significant interaction between Centre and Timepoint for NURSE F1
(vowel height), indicating that this vowel formant changed over the six-month period in different
directions for the two Centres. Figure 21 shows this interaction and visualises the opposite directions
of change. In Centre A, NURSE raised over time, while in Centre B, NURSE lowered. What is clear in
Figure 21 is the proximity of the points for the two Centres at each timepoint; they are much closer
together by T2, indicating that although there are two different directions of change, they may be
heading towards the same endpoint. This will be investigated further in Question 2. Figure 22 shows
the speaker means by Timepoint, split by Centre, and coloured by Gender. Note that due to token
counts being too low for the calculation of means, 4 speakers are missing T1 means, and 3 speakers
are missing both Timepoint means and so do not appear in the plot. While the variation between

Figure 21: NURSE F1 Centre by Timepoint interaction. Centre A sees NURSE raise over time, while
Centre B sees NURSE lower over time.
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Figure 22: NURSE F1 speaker means by Timepoint, split by Centre, and coloured by Gender. Singletons
have occurred where there were not enough NURSE tokens produced by a speaker at the given
timepoint to calculate a mean.
speakers is much less pronounced for NURSE F1 than we saw for KIT F2 (see Figure 20), the degree
of between-speaker variation in NURSE F1 for both Centres decreases between timepoints, as was
found for KIT F2.
In summary, the significant interaction between Centre and Timepoint indicates that the
direction of change for NURSE height over the six-month period differed between the two Centres:
raising in Centre A, and lowering in Centre B. The literature has shown that NURSE is raising and
fronting in NZE. Therefore, as was found for KIT F2, Centre A is in line with this expected direction of
change for NURSE. The implications of these differences, including comparisons to what we know
about NURSE in NZE, are discussed in Chapter 6.

5.1.3 Other Predictors
This section will provide a summary of the additional predictor variables that were found to be
significant (see Table 5 for the Q1 model output). Gender was only a significant predictor of THOUGHT
F2 and START F1 (p < 0.05). This lack of gender differences in vowel productions supports the
conclusion made by Perry et al. (2001) that sexual dimorphism in F1 and F2 values have not yet
emerged by 4-5 years old. Duration was a significant predictor of FLEECE F1, STRUT F1, and LOT F2 (p
< 0.05). Notably, models for KIT F2 and NURSE F1, which both returned significance for the interaction
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effect, did not return significance for Duration, indicating that the inclusion of unstressed tokens did
not influence formant values. Age was not found to be significant in any of the models, indicating
that normalisation of the data was successful. These results will be discussed further in Chapter 6.

5.2 Question 2: Are there significant differences in children’s vowel productions
between kindergartens at T2?
This question sought to determine whether there may be variations of NZE emerging in
Christchurch. Results from Q1a and Q1b showed that the direction of change over the course of six
months for KIT frontness (F2) and NURSE height (F1) was different between the two Centres. The
question that Q2 poses is whether these directions of change are due to separate sound change paths
over time for the Centres, or whether the children of both Centres are typically moving towards a
shared accent norm. The former would be evident through differences in vowel formants between
the Centres at T2, while the latter would be reflected in an overall lack of differences between the
Centres.
Modelling for Q2 included all T2 recordings from the same 15 children who had recordings at
both timepoints. F1 and F2 were dependent variables, and Centre, Gender, Age, Duration, and Speech
Rate were predictor variables. Outputs for models which returned statistical significance for at least
one predictor are summarised in Appendix 2. The predictor of interest for this question was Centre.
None of these models returned significant differences for the Centre variable, indicating that, if these
15 children are representative of the other children in the Centres, all eleven monophthongs were
typically the same across the two Centres at T2.
As found in Q1, there was a general lack of significance in the additional predictor variables.
Gender was found to be a significant predictor of THOUGHT F2 and STRUT F1 (p < 0.05), while
Duration was a significant predictor of STRUT F1 (p < 0.05). Age and Speech Rate were not found to
be significant predictors for any formants at a significance level greater than p < 0.1. The lack of
significance for these predictors will be discussed in Chapter 6.

5.3 Interim Summary
Results from Question 1 showed that the kindergarteners from both Centres had opposite
directions of change over time for KIT frontness (F2) and NURSE height (F1); KIT backed for Centre A
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but fronted for Centre B, while NURSE raised for Centre A and lowered for Centre B. Despite these
opposite directions of change over time, no significant differences between the Centres were found
for any monophthong at T2, including KIT and NURSE. This suggests that while KIT and NURSE were
produced differently by the two Centres at T1, the children from both Centres were producing all
eleven monophthongs similarly by T2. In addition, though formants for DRESS, STRUT, and FOOT also
changed over time on average across two Centres, these vowels were not significantly different
between the Centres by T2. This suggests that these vowels were changing over time in a similar
direction for the two Centres.
The question that remains then, is how these changes in the children’s vowel formants
compare to the vowels of the community baseline QuakeBox Corpus. Exploring this will provide
insight into differences between the two Centres in relation to the community model, which may
reveal more information about NZE in Christchurch and the onset of vernacular reorganisation. If the
children are more advanced in sound change than the QuakeBox speakers, this may indicate that the
children are in the beginning stages of incrementation as part of vernacular reorganisation. Following
this, the directions of change either towards or away from the community baseline may tell us
whether the children are advancing different sound changes as part of new NZE varieties emerging
in Christchurch.

5.4 Question 3: How do the children’s vowel productions compare to those of the
community baseline QuakeBox Corpus?
This question helps us situate the kindergarteners in their community and test Labov’s (2001)
prediction that vernacular reorganisation begins around 4-5 years old. Figure 23 shows the overall
vowel means and distributional ellipses for the QuakeBox Corpus, while Figure 24 shows the vowel
means by Gender. The means of FLEECE and DRESS are very close, and their ellipses overlap. As
discussed in the literature review of this thesis, Maclagan and Hay (2007) found that the youngest of
the Canterbury Corpus, and particularly the youngest females, had DRESS vowels that were
encroaching on the space of FLEECE. The speakers of the subset QuakeBox Corpus are advanced in
this sound change, as both genders have completely overlapped ellipses of the two vowels. The
females in this corpus have much higher DRESS vowels than the males, with the ellipsis of DRESS
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Figure 23: QuakeBox Corpus vowel means (where labelled) and ellipses.

Figure 24: QuakeBox vowel means by gender.
extending wider than the ellipsis of FLEECE. This shows that some individual speakers may have a
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higher DRESS vowel than FLEECE. This advancement in the sound change of DRESS was only found in
the speech of two female speakers in Maclagan and Hay (2007).
KIT is reasonably centralised in the overall mean vowel space and sits in the same F1-F2 space
for both genders. For the males, the average NURSE vowel sits in the same place in the vowel space
as KIT, while the females have a much higher average NURSE vowel than KIT. This supports findings
from Warren (2018), wherein females had a greater distinction between NURSE and KIT than the
males. As we know that NURSE is raising over time, the female QuakeBox speakers appear to be more
advanced in NURSE raising than the males.
For comparison to the QuakeBox community model, Figure 25 shows the mean vowel space
for the subset Kindergarten Corpus. The distributional ellipses have large ranges with considerable
overlap, and the vowel means are closer together than those of the QuakeBox Corpus. This variability

Figure 25: Kindergarten Corpus (subset for the 15 children with both timepoints) vowel means (where
labelled) and distributional ellipses.
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in the children’s speech is possibly a reflection of ongoing developmental processes and the fact that
the vowel space is still in flux (Vorperian & Kent, 2007). The variability may also be due to the
Timepoint datasets being grouped together for mean calculation. This means that Age has also been
collapsed, with the youngest at T1 being 4 years old and the oldest at T2 being 5 years old.
As found in the average vowel space for the QuakeBox speakers, the kindergarteners’ average
DRESS vowel is close to FLEECE, and GOOSE is high and fronted towards FLEECE. KIT is very high and
fronted, sitting near DRESS, which is most comparable to the vowel space of the males in the
QuakeBox Corpus. NURSE is lower and backer than KIT for the kindergarteners, which is the opposite
pattern seen for the QuakeBox speakers, where NURSE was higher than KIT for the females, and the
two vowels were overlapping for the males.
While this qualitative analysis provides a snapshot of differences in the average vowel spaces
between the two corpora, statistical analysis is required to understand underlying patterns in the
data and to factor in changes over time in the kindergarteners’ vowels. Modelling for Q3 used the
same subset Kindergarten Corpus which includes the 15 children who had recordings at both
timepoints. This dataset was split by Centre, so that vowel comparisons between the children and
QuakeBox speakers could be done for each Centre separately. The predictor of interest for these
models is Dataset, which holds levels T1, T2, and QuakeBox. As QuakeBox was the intercept,
statistical significance for one or more of the timepoints would indicate that the children produced
this vowel formant differently to the QuakeBox speakers at that given timepoint. In addition,
Gender, Duration, and Speech Rate were also included as predictor variables. Outputs for models
which returned statistical significance for at least one predictor are summarised in Table 6 (Centre
A) and Table 7 (Centre B).

72
Table 6: Output for Centre A statistical models that returned significance for one or more predictors.
Significance levels: '***' (0.001), '**' (0.01), '*' (0.05), '.' (0.1).
DEPENDENT

T1

VARIABLE

T2

GENDER

FLEECE F2
DRESS F1

***

*
***

KIT F2

*

GOOSE F2

*

NURSE F1

**

NURSE F2

**

***

**

***

*

*

**

**

*

**

*

**

THOUGHT F1

***

***

THOUGHT F2
TRAP F1

***
*

*

TRAP F2

*

.

STRUT F1

*

*

*

LOT F1

.

***

*

LOT F2
START F1

*
**

**

START F2
FOOT F1

SPEECH RATE

*

DRESS F2
KIT F1

DURATION

*
*

*

*
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Table 7: Output for Centre B statistical models that returned significance for one or more predictors.
Significance levels: '***' (0.001), '**' (0.01), '*' (0.05), '.' (0.1).
DEPENDENT

T1

VARIABLE

T2

FLEECE F1

.

FLEECE F2

***

***

DRESS F1

***

*

DRESS F2

**

KIT F1

***

KIT F2
GOOSE F1

*

GOOSE F2

.

NURSE F1

***

***

*
*

***
*

*

**

*

**

***

**
*

*

***
.

TRAP F1

**

TRAP F2

***

STRUT F1

.

**

LOT F1
***

START F1

.
.

*

***

**

***
***

START F2
FOOT F1

SPEECH RATE

*

THOUGHT F2

LOT F2

DURATION
.

NURSE F2
THOUGHT F1

GENDER

*
*

***
**

***

Many of the models for both Centres returned significance for at least one timepoint, which
indicates that the kindergarteners’ average vowel formant productions were different from those of
the QuakeBox speakers at the given timepoint. The question that follows is whether these differences
are due to the children advancing, participating in, or moving away from a particular sound change
in NZE. The following sections will discuss the results found in modelling results for each Centre.
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While both Centres had several models that returned significance for at least one timepoint, these
models can be grouped by the directions of change within the Centres over time. Some vowels moved
towards the QuakeBox level but had not yet reached it by T2, while other vowels moved away from
the QuakeBox level over the six-month period. Of note from all model effect plots is that the error
bars for the Kindergarten Corpus timepoints are very large, indicating that there was substantial
variation between children’s productions of these vowels and thus between their likeness to the
QuakeBox speakers. The results by Centre are summarised below.

5.4.1 Centre A
The most notable result from the Centre A models is for NURSE F1, which had opposite
directions of change for the two Centres. Figure 26 presents the model effect plot for this vowel.
Both timepoints returned statistically significant differences to QuakeBox. At T1, the children had a
significantly lower NURSE vowel on average than the QuakeBox speakers. However, the children’s
NURSE vowel had raised to end up significantly higher than the QuakeBox vowel by T2. This suggests
that not only have the children matched the community level of NURSE raising over the six-month
period, but they have also advanced past it. However, it is also important to note the large error bars
at T1 and T2, which indicate that there is a lot of variability in the children’s productions of this

Figure 26: Model effect plot for Centre A NURSE F1 comparing both
T1 and T2 to QuakeBox.
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formant. Therefore, the advancement of NURSE raising past the QuakeBox level may not be occurring
for all of the children.
Models for DRESS F1, STRUT F1, TRAP F1, GOOSE F2, KIT F1, and KIT F2 both changed from T1
to T2 towards the QuakeBox level. Of these, the two KIT formants were significantly different from
QuakeBox at both timepoints, indicating that while these children were moving this vowel towards
the community baseline level, they had not yet reached it. Notably, KIT F2 had the opposite direction
of change from Centre B in Q1b. The model effect plot for KIT F2 is in Figure 27. This comparison to
the QuakeBox speakers tells us that the retraction of KIT over time seen in Q1b was due to the
children of Centre A changing this vowel to move towards the community baseline level. DRESS F1,
GOOSE F2, TRAP F1, and STRUT F1 were significantly different from QuakeBox at T1, but moved
towards the community baseline over time, losing this significant difference by T2. This suggests that
these vowels changed over time to be more like the community model. Data from a third timepoint
would be needed to determine if the children of Centre B advanced these vowels past the QuakeBox
levels after an additional six months.

Figure 27: Model effect plot for Centre A KIT F2 comparing both T1 and
T2 to QuakeBox.
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Interestingly, some vowels moved away from the QuakeBox speakers’ formant levels
between the two timepoints. These were F1 for START and FOOT, and F2 for NURSE and TRAP. For
START F1 and FOOT F1, the children’s formant frequencies were not significantly different from
QuakeBox at T1 but became different by T2. In other words, the children began with an average F1
similar to that of the QuakeBox speakers before raising the two vowels higher than QuakeBox over
the six-month period. We have seen that START has lowered over time in NZE, so the children’s
raising of this vowel is not in line with the expected sound change. However, both START and FOOT
had low token counts in the subset Kindergarten Corpus, which means that analysis is unlikely to be
reliable for these two vowels. For NURSE F2 and TRAP F2, which were both in the higher range of
token counts of the eleven vowels, the kindergarteners began with an average F2 value like that of
the QuakeBox speakers but retracted these vowels away from the QuakeBox level over time, ending
up significantly different by T2. As NURSE is fronting in NZE, this retraction is not in line with the
expected sound change. However, looking at the model effect plot for NURSE F2 in Figure 28 (which
is comparable to that of TRAP F2 as well), we can see that the retraction is not very substantial and
so may not be a genuine direction of sound change for these children, particularly given the small
dataset and very large error bars reflecting the variability in the children’s NURSE F2 productions.
Additional timepoint data would be needed to see whether the children continue to retract these
vowels.

Figure 28: Model effect plot for Centre A NURSE F2 comparing
T1 and T2 to QuakeBox.
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5.4.2 Centre B
The most notable result from the Centre B models is for KIT F2, which had opposite directions
of change for the two Centres. In the model effect plot (see Figure 29), the children’s T1 level for this
vowel formant is parallel to that of the QuakeBox speakers, reflecting the lack of significant
differences. However, the children’s average KIT vowel had fronted away from the QuakeBox level,
ending up significantly different by T2. This result suggests that these children were not fronting KIT
over time to reach the community baseline but were instead advancing KIT away from the baseline.
Again, the error bars indicate that there is a large amount of variability, so this conclusion may not
be the case for all children in the analysis.

Figure 29: Model effect plot for Centre B KIT F2 comparing both T1 and
T2 to QuakeBox.
Vowel formants that changed over time towards the QuakeBox level were F1 for DRESS,
GOOSE, KIT, TRAP, THOUGHT, STRUT, and FOOT, as well as F2 for DRESS, GOOSE, and LOT. Of these,
DRESS F1, KIT F1, THOUGHT F1, TRAP F2, and LOT F2 were significantly different from QuakeBox at
both timepoints, which suggests that although these formants are moving towards the community
baseline, they are still significantly behind. Figure 30 provides DRESS F1 as an example of a model
effect plot for these vowels, the rest of which can be found in Appendix 3.
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Figure 30: Model effect plot for DRESS F1, showing change
over time towards the QuakeBox level but remaining
behind.

The rest of the vowels that moved towards QuakeBox, being DRESS F2, GOOSE F1, GOOSE F2,
TRAP F1, STRUT F1, and FOOT F1, were all significantly different from QuakeBox at T1 but had moved
towards the QuakeBox level over the six-month period and were no longer significantly different by
T2. This indicates that, on average, these children have reached the community baseline level for

Figure 31: Model effect plot for TRAP F1, showing change
over time and reaching the QuakeBox level.
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these vowel formants. Figure 31 provides TRAP F1 as an example of a model effect plot for these
vowels, the rest of which can be found in Appendix 3.
As with Centre A, children from Centre B also changed some vowel formants away from the
QuakeBox level. These were F1 for NURSE and START. We saw in Q1a that NURSE F1 lowered over
time for the Centre A children, which can be seen in the model effect plot in Figure 32 as the F1 value
increases between T1 and T2. The children’s average NURSE F1 was not significantly different to that
of the QuakeBox speakers at T1 but lowered away from the QuakeBox level over the six-month
period, becoming significantly lower by T2. Note that there is a high degree of variability in the
production of this vowel formant, so conclusions should be drawn with hesitancy. START F1 saw the
opposite effect; this vowel formant was not significantly different from QuakeBox at T1 but raised to
be significantly different to QuakeBox by T2. This raising of START past the community baseline level
was also found for Centre A. However, caution is needed in drawing conclusions from results for
START as the token count of this vowel in the Kindergarten Corpus is low.

Figure 32: Model effect plot for Centre B NURSE F1 comparing T1 and
T2 to QuakeBox.
5.4.3 Centre Comparisons
Notably, Centre B had a much higher number of formants that were significantly different
from QuakeBox for at least one timepoint than Centre A. Only 4 vowel formants did not return
significant differences to QuakeBox for Centre B at either timepoint, compared to 10 for Centre A.
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This suggests that Centre A children had, on average, more similar vowels to the QuakeBox speakers
than Centre B children had.
The two most notable results were for NURSE F1 in Centre A and KIT F2 in Centre B. We saw
in Q1b that the two Centres had opposite directions of change for these two vowels, and the
comparisons to QuakeBox have allowed us to see how these directions relate to the community
model. Turning first to KIT F2, Centre A began at T1 with KIT more fronted than the QuakeBox
speakers, and subsequently retracted the vowel over the six-month period to end up closer to that
of the QuakeBox speakers. This suggests that the direction of change that we saw in Q1b for Centre
A was due to the children moving towards the community baseline. On the other hand, Centre B
began at T1 with KIT F2 similar to that of the QuakeBox speakers, before fronting the vowel away
from this level. This confirms that the opposite directions of change of KIT F2 for the two Centres
found in Q1b were due to Centre A moving towards the community baseline and Centre B moving
away from it. Similarly, Centre A advanced NURSE F1 raising past the community baseline level, while
Centre B lowered the vowel away from the community baseline. Therefore, the opposite directions
of change of NURSE F1 for the two Centres found in Q1b were due to Centre A advancing an existing
sound change in NZE and Centre B diverging away from the community baseline. Chapter 6 will
discuss what these differences reveal about NZE variation in Christchurch and the onset of vernacular
reorganisation.
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CHAPTER 6

Discussion

6.1 Key Findings
There were two overarching goals of this thesis; the first being to test the prediction made by
Labov (2001) that the onset of vernacular reorganisation occurs around 4-5 years old, and the second
being to determine if variation and change in NZE within Christchurch is evident in the accents of the
city’s kindergarteners. The following research questions were set to achieve these goals:
Question 1:
1a) Do we see change in children’s vowel productions from T1 to T2?
1b) Are the directions of change over time different between Centre A and Centre B?
Question 2: Are there significant differences in children’s vowel productions between
kindergartens at T2?
Question 3: How do the children’s vowel productions compare to those of the community
baseline QuakeBox Corpus?
Chapter 5 investigated whether the kindergarteners’ vowels had changed over time, and
determined that the NURSE, KIT, DRESS, FOOT, and STRUT vowels had all raised over the six-month
period on average across Centre A and Centre B. Furthermore, it was found that the two Centres had
different directions of change over the two timepoints for KIT frontness (F2) and NURSE height (F1).
Centre A was in line with expected directions of change for NZE, with KIT retracting and NURSE raising
over time, while Centre B showed the opposite directions of change, with KIT fronting and NURSE
lowering over time. Interestingly, results also showed that while the two Centres had opposite
directions of change for KIT F2 and NURSE F1, the children from Centre A typically had these vowels
in the same approximate locations of the vowel space as the children from Centre B. Combined, these
results suggest that despite starting out with different vowel productions, the two Centres have
ended up with similar vowel spaces by T2. Finally, Chapter 5 compared the vowel formants of the
Kindergarten Corpus to those of the community baseline QuakeBox Corpus in order to situate the
children in the sound changes of their community. Results showed that for both KIT F2 and NURSE
F1, the opposite directions of change for the two Centres were due to Centre A being in line with the
expected sound changes of NZE and Centre B diverging away from these changes. These differences
may reflect emerging NZE varieties in Christchurch city. In addition, both Centres showed signs of
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early incrementation, with Centre A advancing an existing sound change of NURSE, and Centre B
reversing an existing sound change of KIT.
This chapter will discuss what the results from these questions indicate about both the onset
of vernacular reorganisation and variation in NZE across Christchurch city. Following this will be a
consideration of other findings, study limitations and directions for future research.

6.2 NZE Variation and Vernacular Reorganisation
The different directions of change for KIT F2 and NURSE F1 between the two Centres may
provide insight into variation in NZE across the adult population of Christchurch city. In standard NZE,
KIT is lowering and retracting, and NURSE is raising and fronting. Therefore, Centre A followed
advancement patterns found in the adult community of KIT retracting and NURSE raising, while
Centre B showed the opposite patterns, with KIT fronting and NURSE lowering. Together, these
differences suggest that Centre B is in an area of Christchurch that is diverging away from standard
NZE.
Returning, for the moment, to the results from Question 2, wherein there were no significant
differences between the Centres for any of the vowel formants at T2, we may be tempted to conclude
that all children from the two Centres have converged towards a production ‘norm’. This may well
be the case; the two Centres may have converged towards similar KIT and NURSE vowels despite
producing these differently six months prior. If so, this convergence may be a reflection on ongoing
vowel space stabilisation, a conclusion that would be supported by the reduction in between-speaker
variability between the two timepoints, as the children were younger at T1 (Vorperian & Kent, 2007).
It may also indicate that the children have come from different parent models but have converged
together towards an accent norm. On the other hand, the lack of differences in vowel productions
between the Centres at T2 may be a result of a crossover point for the two opposite directions of
change. In other words, these opposite directions of change would need to ‘meet in the middle’ at
some point; perhaps T2 just happens to be that point of crossover. Below is a discussion of these two
possibilities.

83
6.2.1 Accent ‘Norm’
If we assume, for the moment, that the directions of change have led the children to a shared
production ‘norm’ as an endpoint, the opposite directions of change for KIT F2 and NURSE F1 for the
two Centres may indicate that the children have come from different parent models. In other words,
perhaps the children have come from areas of Christchurch that have different NZE accents and the
children are converging towards one shared norm over time. Taking KIT for instance, children from
Centre A may have come from parent models in which KIT is more fronted; on the other hand,
children from Centre B may have come from parental models in which KIT is more retracted. If we
assume that the children were still following the parental model at T1, then Centre A children would
have a more fronted KIT, and Centre B children would have a more retracted KIT at T1. Centre A
children would have then retracted KIT and Centre B would have fronted KIT, resulting in KIT being
in the same approximate location in the average vowel spaces for both Centres. If this is the case,
then the different directions of change may suggest that the children in the two kindergartens have
come from two different parent models but have moved towards a common accent norm. This would
indicate that there may be undetected variations of NZE across the adult population of Christchurch
city, but that the children of both Centres were converging towards a shared accent norm.

6.2.2 Crossover Point
On the other hand, if we assume that T2 is the crossover point for the two opposing directions
of change for KIT F2 and NURSE F1, then this would indicate that the children are advancing two
separate sound changes in NZE, which may reflect emerging NZE varieties in Christchurch. The
following discussion will reveal that this is likely the case. Results from Question 3, where the
children’s vowel productions at each timepoint were compared to those of the QuakeBox speakers,
provide evidence that the lack of differences between Centres at T2 is likely a reflection of a crossover
point of directions of change. Subsequently, an exploration of NZE variation in Christchurch and the
onset of vernacular reorganisation can be tightly woven together.
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Looking first at KIT F2, Figure 33 provides a side-by-side view of each Centre’s model plot from
Q3. Significant differences from QuakeBox were found for both timepoints for Centre A, but only T2
for Centre B. The opposite directions of change are also evident in these plots; Centre A sees KIT
retract, while Centre B sees KIT front. What is evident is that Centre B began at the same F2 level as
QuakeBox at T1, while Centre A did not. Recall Labov’s (2001) model of vernacular reorganisation,
which has been reprinted in Figure 34 for ease of access for the reader. His model involved children
first acquiring the level of sound change that their parents reached in young adulthood (the
Acquisition Level), before advancing this sound change to a new level through incrementation. While
Centre B had a similar KIT frontness to the QuakeBox speakers at T1, this vowel had fronted away
from the QuakeBox level over the six-month period. In other words, Centre B appears to have shifted
from the Acquisition Level, where they are at the same level as the QuakeBox speakers at T1, before
entering the beginning stages of incrementation, as seen in the fronting of KIT over time. As we know

Figure 33: KIT F2 model effect plots for both Centres, comparing both T1 and T2 to QuakeBox.
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Figure 34: Vernacular reorganisation, adapted from Labov (2001) and reprinted in Denis et al. (2019).
that KIT is retracting in standard NZE, this divergence away from the community KIT production
indicates that Centre B may be either joining or leading a new fronting change in this part of the city.
If this is the case, then Centre B may be in an area of Christchurch that is reversing KIT retraction. It
also suggests that the onset of vernacular reorganisation may have already occurred for these
children for at least this individual sound change. Centre A had not yet reached the Acquisition Level
for KIT F2 at T1, so may be retracting this vowel to be more like the community baseline by T2.
Results from NURSE F1 comparisons to QuakeBox tell a similar story. Figure 35 provides a
comparison of the model effect plots for both Centres. The opposite directions of change are evident
in these plots, with Centre A raising NURSE past the QuakeBox height, and Centre B lowering NURSE
away from the QuakeBox height. Centre A appears to have begun vernacular reorganisation for
NURSE F1, by advancing an already established sound change. Centre A had a lower NURSE than the

Figure 35: NURSE F1 model effect plots for both Centres, comparing both T1 and T2 to QuakeBox.
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QuakeBox speakers at T1 but raised the vowel to end up higher than the QuakeBox speakers by T2.
As we have seen that NURSE is raising in NZE, the children of Centre A appear to be advancing this
sound change. The children of Centre A were not at the same level of QuakeBox at T1, indicating that
they may have still been undergoing developmental accuracy for this vowel. Over the six-month
period, these children may have reached the Acquisition Level but continued to advance past this
level in early incrementation. As with KIT, Centre B has moved NURSE away from the community
model, so is not in line with this expected sound change either, but the substantial variability shown
in the model effect plot means that hesitancy is required around this conclusion.
These results indicate that Centre B is either leading or joining separate sound changes for KIT
and NURSE to the ones that Centre A is participating in. If this is the case, then we can tentatively
propose that Centre B is in an area of Christchurch which has a series of ongoing sound changes that
are different to the standard NZE sound changes in the community of Centre A. In addition, both
Centre A’s advancement of NURSE raising past the QuakeBox height, as well as Centre B’s
advancement of KIT fronting, indicate that early incrementation as part of vernacular reorganisation
may have already begun for these young children. In turn, these results provide evidence that the
onset of vernacular reorganisation is evident in the accents of 4- to 5-year-old children, thus Labov’s
(2001) model holds true. Specifically, this study provides evidence that incrementation of vowel
sound change can begin for children as young as 4 years old. The fact that the onset of vernacular
reorganisation has only occurred for two vowel formants in this study is similar to previous studies
on incrementation of vowel sound change such as Cheshire et al. (2011) who found evidence of
incrementation in vowel productions only for GOOSE. These results reflect the fact that the onset of
vernacular reorganisation does not affect all sound changes at once but is instead an ongoing
influence in children’s accent development.
Additional evidence for the two separate NZE varieties can be found in results for the other
vowels in Question 3. To start with, Centre B had far more vowel formants that were significantly
different from those of the QuakeBox speakers at one or more timepoints than Centre A had. Of the
vowels that were significantly different, many of those for Centre B were far ‘behind’ the QuakeBox
speakers in terms of the expected sound change for standard NZE, while those for Centre A were
closer. Coupled together, these two facts suggest that for many vowels, Centre B is behind on many
of the expected sound changes in NZE.
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6.2.3 Ethnic Backgrounds
Following this, we can return to results found as part of the Auckland Voices Project (Ross et
al., 2021; Watson et al., 2019; Watson et al., 2018). Ross et al. (2021) highlight the substantial ethnic
and linguistic diversification across Auckland city over the last 30 years. Their study sought to
determine whether speakers from a predominantly Pasifika suburb in Auckland had different vowel
spaces to those of other NZE speakers in Auckland city, but instead uncovered an emerging Aucklandspecific variety of NZE across all of their speakers regardless of ethnicity. Recall that all three suburbs
shared a similar vowel space, but this vowel space had significant differences to standard NZE;
specifically, the vowel space shared qualities previously described as part of Pasifika English. In other
words, features of Pasifika English are collectively being used in Auckland NZE regardless of ethnicity.
Some of the canonical sound changes of NZE had reversed, including TRAP and DRESS which had
lowered across the three Auckland suburbs (Ross et al., 2021). Centre B may be participating in a
similar reversal of NZE vowel features within their area of Christchurch city; most evidently, the
reversal of KIT retraction and NURSE raising.
Following these findings, we may benefit from considering the influence of the ethnic
backgrounds that the children have come from. Centre B is situated in a suburb (Suburb B) with a
higher percentage of Māori than where Centre A is situated (Suburb A). At the time of the 2018
Census, Suburb A was made up of around 63% NZ European, 5% Māori, 3% Pasifika, and 25% Asian,
while Suburb B was made up of around 81% NZ European, 11% Māori, 3% Pasifika, and 2% Asian.
There is clearly a substantial difference in the ethnic ratios of these two suburbs; Suburb A has a large
Asian population, and Suburb B has a higher proportion of Māori than Suburb A. Looking at the ethnic
diversity of neighbouring suburbs, Centre B is just 3.5km away from a suburb made up of 25% Māori,
meaning that some of the children in Centre B may live in an area with a much higher proportion of
Māori individuals. Suburbs surrounding Suburb A share a very similar ethnic make-up. As previously
mentioned, Suburb A and Suburb B are on opposite sides of Christchurch city, so the difference in
their ethnic make-ups is not unexpected.
Of note is the higher proportion of children in Centre B who are Māori and/or Pasifika
compared to Centre A, which is expected given the higher proportion of Māori individuals in Suburb
B (and surrounding areas). Centre A has one Māori child, compared to three Māori children and one
Pasifika child from Centre B. Of the 15 children included in analysis, Centre B had two Māori children
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and one Māori and Samoan child, while Centre A did not have any Māori or Pasifika children with
both timepoint recordings.
Centre B may be participating in a reversal of the canonical sound change of KIT in their
community, and Bell (2000) provides some insight on this in terms of the potential influence of the
higher proportion of Māori individuals in Suburb B. He explored differences between the speech of
one individual, Duncan, who spoke what the authors refer to as Māori Vernacular English, and a
second demographically matched individual, Lee, who spoke Pākehā English. In their comparison of
these two men’s KIT vowels, the authors explain that close front KIT vowels are used by the
grandparent generation of Māori speakers, who are typically fluent in te reo Māori, but not by the
parental generation whose vowels were more centralised. In addition, Watson et al. (2016) highlight
the differences in KIT realisations between NZE and te reo Māori itself. While this vowel in NZE has
retracted and centralised over time, KIT in Māori has remained high and front near the equivalent of
FLEECE /i:/. The authors found that Duncan, the speaker of Māori English, produced close front KIT
vowels at double the rate of his Pākehā counterpart, Lee. Additionally, this rate was close to the
lowest rate of the older fluent te reo Māori speakers. The authors note the possibility that this
individual “may be maintaining and enhancing a pronunciation which most of his peers, as well as
the previous generation, have all but lost,” (Bell, 2000, p. 242). In other words, this individual may be
revitalising a lost ethnically marked feature of Māori English. This finding highlights the possibility
that a highly Māori populated area may be changing NZE differently to other areas. Perhaps this is
what we are seeing reflected in the young kindergarteners of Centre B: the revitalisation of a more
fronted KIT vowel in the NZE of an area of Christchurch with a higher Māori and Pasifika population.
This conclusion is supported by the 2018 New Zealand Census3 which provides the most recent
demographic information about Christchurch city and the wider Canterbury region. The census found
clear differences in age distribution between ethnic groups; young people aged 0-24 years old made
up over half of the Māori (50.7%) and Pasifika (53.6%) populations, compared with 31.1% of the
European population4. Following the predictions made by Labov (2001), vernacular reorganisation is

3

https://www.stats.govt.nz/2018-census/
The young Māori and Pasifika population has arisen from increasing birth rates and lower life expectancy for these
groups. Ministry of Health. (2016). Health and independence report 2016: The Director-General of Health’s annual report
on the state of public health.
4
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believed to occur between 5-17 years of age. Over half of the Māori and Pasifika populations of
Christchurch in 2018 being around this age may have led to sound change advancing more rapidly
within this community. Notably, Bell (2000) uncovered Duncan’s revitalisation of KIT fronting over
twenty years ago, meaning that this sound change may well have evolved substantially in this time
undetected, particularly in such a young Māori and Pasifika population. It is important here to return
to the findings on the emerging Auckland NZE variety by Ross et al. (2021), in which all speakers in
their study used the features of Pasifika English regardless of their ethnicities. Following this, KIT
fronting may not be restricted to Māori and Pasifika individuals in the area of Christchurch that Centre
B is in, but may be a more general trend amongst the members of this community. Ross et al. (2021,
p. 78) emphasise that “it is important that researchers do not flatten or ignore the influence of the
diverse cultures and make up this [Auckland] community by assuming that any variance in their
speech is attributed to Pasifikaness,” which should be applied in this instance as well. The highly
diverse area may be the driving force behind the emergence of the NZE variety being reflected in the
vowel changes of Centre B children. Future studies could address this directly by tracking the vowel
productions of different ethnic groups over real time and apparent time, and through the use of both
adult and child speech data.

6.3 Other Findings
Notably, Speech Rate was not as significant a predictor of formant frequencies for the children
as it typically is for adults. Speech rate is typically included in acoustic analyses of vowels as faster
speech influences vowel production by making vowels more centralised (Fourakis, 1991). The lack of
speech rate effects indicates that how quickly the children spoke did not influence formant
frequencies. This may reflect children’s slower rate of speech due to the nature of the story retell
task or because they are developing speech motor control (Hodge, 2012). This slower speech rate
likely also influenced Duration, with the slower speech rate resulting in less substantial differences in
duration between stressed and unstressed vowels. Duration was only a significant predictor of three
vowel formants in Q1 modelling, and notably, these did not include KIT F2 or NURSE F1. Significance
for Duration would indicate that the length of the vowel tokens predicted formant frequency values.
Duration is a correlate of stress, with unstressed vowels being shorter in length than stressed vowels
(Fry, 1955). In addition, shorter vowels tend to be more centralised in the vowel space (Fourakis,
1991). Therefore, the lack of significance of Duration for these KIT F2 and NURSE F1 suggest that the
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unstressed vowels have not significantly influenced formant frequencies and thus have not
significantly influenced the directions of change that were found in Q1b results for these two vowel
formants. Regardless, if unstressed vowels had influenced KIT fronting for Centre B, then we would
expect the fronting of this vowel to have been more marked if the unstressed tokens were removed
due to unstressed vowels being more centralised. Future studies that have access to a greater
number of vowel tokens will have more flexibility to explore the influence of unstressed vowels in
children’s formant frequencies.
Age was not a significant predictor of any vowel formants across the modelling rounds.
Vorperian and Kent (2007), in their review of 14 studies on children’s formant frequencies, found
that children’s vowel spaces are continuing to stabilise between 4 and 5 years of age. The lack of Age
significance therefore indicates that the normalisation procedure was effective in accounting for
anatomical differences between children across the age ranges (4-5 years old), as well as differences
for each child as they aged over the six-month period.
As normalisation also accounts for anatomical differences between sexes, the lack of
statistically significant differences in Gender for almost all vowels (Gender was only a significant
predictor of THOUGHT F2 and START F1 in Q1 modelling) suggests that sociolinguistically driven
gender differences in formant frequencies have not yet emerged for these children for most vowels.
This finding is interesting given that Foulkes et al. (2005) claim that children begin to express gender
identity through sociolinguistic variable choice at around 3 years of age. This expression of gender
identity, whether through children’s own choices or inadvertently through societal gender norms,
does not appear to have influenced these children’s vowel productions yet.

6.4 Study Limitations
The findings from this thesis provide new insight into possible NZE varieties emerging in
Christchurch city, as well as evidence that vernacular reorganisation for vowel sound change can
begin as young as 4 years old. However, there are some limitations to the study.

6.4.1 Limited Data and Variability
The most obvious limitation to the Kindergarten Corpus is the limited data. Only 15 children
across the two Centres were recorded at both timepoints, and most spoke for only a short amount
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of time, resulting in a small number of vowel tokens. In addition, the error bars shown in the Q3
model effect plots indicate that there is substantial variability between the children’s vowel
productions. Therefore, the conclusions in this study have been drawn based on the average vowel
productions of these children and thus may not reflect the variability in the sound changes that these
children are participating in. Future research using the full Better Start project will be able to carry
out analyses on more tokens from more children with both timepoints, which will increase reliability
of results.

6.4.2 Medium-term Sound Change
While results from this study indicate that the children from each Centre are advancing sound
changes in their community, we cannot rule out medium-term convergence as a factor. Nardy et al.
(2014, p. 290) explain the difference between short-term, medium-term, and long-term
convergence. The key difference, however, is between medium- and long-term convergence. While
long-term convergence occurs across a community, social network, or in new-dialect formation,
medium-term convergence occurs when speakers converge on sociolinguistic usage “at the level of
a collective group with daily contact.” So, while it may be tempting to conclude that the results from
the present study indicate long-term sound changes, it may in fact be the case that these changes
are only medium-term and occurring because of the heightened contact the children have with each
other. Future research could answer this question by exploring what happens when these children
enter school and thus a new peer group, or in instances where children are removed from the peer
group for significant periods of time. The additional timepoint data collected by the Better Start team
from the full cohort of 200 children will allow us to explore this question in future studies.

6.4.3 Short-term Sound Change
Another factor to consider is the potential short-term influence on vowel productions from the
RAs. Short-term convergence sees people using the same linguistic forms as their interlocutor
temporarily by-interaction (Nardy et al., 2014). Nardy et al. (2014) compared their results to those of
Nardy (2008), a Ph.D. dissertation in which Nardy recorded the same 11 children telling her a story
from a storybook across the two timepoints, as opposed to recording them interacting with their
peers as in the 2014 study. This comparison showed the convergence found in the 2014 study did
not occur when the children spoke to someone outside of the group, as the children’s convergence
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on sociolinguistic variables was specific to their interactions with each other. Following these results,
it raises the question of whether the present study may have found more Centre-based differences
in vowel productions if the children had been recorded interacting with their peers as opposed to an
adult.
Nardy’s finding highlights the influence that interlocutors can have on children’s speech. As
the kindergarteners in the present study were recorded talking to adults, it is important to consider
the influence that this may have had on the children’s vowel productions. Recall that each Centre
had a different RA per timepoint, four RAs across the two Centres. This means that we cannot rule
out that the differences in the children’s vowel productions between T1 and T2 were influenced by
the accents of the RAs.
Research assistants may have also influenced what the children said and possibly how they
said it as they often diverged from the instructions that they were asked to give the children. There
were numerous instances of the examiner repeating what the child had just said, such as in the
interaction between Centre B child QACKW1N6 (T1, age 4;0) and the RA:
QACKW1N6: Going through the forest.
EXAMINER: Going through the forest mmm.
QACKW1N6: And they saw a tui.
EXAMINER: And they saw a tui. Mmm?
In addition, this RA provided the child with key information from the story, along with potentially a
pronunciation template for which the child may have copied:
QACKW1N6: And then. What’s her name again?
EXAMINER: Her name is Hana.
QACKW1N6: And then Hana stopped running cos there was a baby tui on the ground.
Another factor that may have influenced the children’s story retelling is the ‘assessment’ design
of the procedure, which may have made the children less comfortable than they would be in typical
day-to-day conversation. We do not know the relationship between the RA and child, but it is likely
there was a strong assessor-child relationship if the children had only just met the RA on the day of
recording. Though, as different RAs were used for each timepoint, there would not have been a sense
of familiarity potentially influencing results at T2.
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Another key aspect to consider is the potential influence from the teachers of the Centres. While
the French children in the study by Nardy et al. (2014) converged towards the nonstandard despite
their teacher using standard variants, the present study does not have information on the teachers
of either Christchurch kindergarten. Therefore, we cannot determine if or how the children were
influenced by the vowel productions of their teacher(s), either short-term, medium-term, or even
long-term.

6.4.4 Measurement Error
Many researchers in the field of child language acquisition have noted the difficulties that arise
in acoustic analysis of children’s speech. Solutions to these issues are still being thoroughly
investigated by researchers, so combating them was beyond the scope of the present study. It is,
however, important to acknowledge these issues as they may have affected the vowel formant
measurements. Vorperian and Kent (2007, p. 1511) note the influence of developmental processes,
including the development of a speech motor control and the growing and lengthening of the vocal
tract in infancy. They also highlight the importance of distinguishing measurement error from
developmental variability in analysis (2007, p. 1514).
Acoustic analysis of child speech data, including children’s vowel formant frequencies, brings
about numerous challenges that have been thoroughly discussed in the literature. Children’s speech
creates challenges in formant analysis for a number of reasons; a significant one being their high
fundamental frequencies which impact the harmonics (Story & Bunton, 2015). Numerous studies
involving child speech analysis have noted the difficulty that children’s high fundamental frequencies
present (Ericsson, 2020; Kent & Read, 2002; Perry et al., 2001; Story & Bunton, 2015).
Another influence on formant frequency measurements is that children may be more likely
than adults to produce a breathy voice, which affects the harmonics as well (Story & Bunton, 2015).
Nasalisation of vowels, particularly as it often turns up unexpectedly in child speech as they develop
speech, can also impact acoustic analysis (Kent & Vorperian, 2018).
Using the vowel space as a concrete measurement tool can also bring about issues. As noted
by Kent and Vorperian (2018, p. 90), using the vowel space as a measurement of the absolute limits
of an individual’s vowel space through the use of means may result in an incomplete view of the
speaker’s vowel space which may have substantial variability. This is especially true for analysis of
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children’s vowels as the vowel space is still in flux and the children are continuing to develop speech
motor control (Vorperian & Kent, 2007). Kent and Vorperian (2018) note that while F1 and F2 plots
are the standard method for looking at vowel spaces, viewing the vowel space in terms of the first
three formants in a 3-dimensional visual representation may provide more in-depth information on
children’s developing vowel spaces (see Vorperian & Kent, 2015).
Despite vowel formant frequency analysis being one of the most researched area of acoustic
speech, there is significant room for re-evaluation of methodology (Kent & Vorperian, 2018). Maurer
(2016, p. 84) argue that, “On the one hand, the existing documentation of vowel sounds hitherto
published is no more than fragmentary and on the other, the methods for describing their acoustic
characteristics have substantial shortcomings and limitations.” Kent and Vorperian (2018) highlight
the problems that come with taking static measurements of vowels, such as the mid-point, and using
these as representations of the vowel production when in fact, even monophthongal vowels change
over their durations. While the use of FastTrack in the present study substantially improved
measurements of the mid-points of the vowel tokens, we still only ended up with just that, the
midpoint. Additional measurements across the duration of the vowel tokens may have revealed more
about the children’s production of these vowels. For instance, any potential diphthongisation of
vowels. We have seen that FLEECE has started to diphthongise in NZE due to DRESS raising. The
present study may therefore be missing any diphthongisation of FLEECE or other vowels such as
GOOSE, NURSE, or THOUGHT, by analysing only static measurements of vowels. Future research
could endeavour to determine whether kindergarteners in New Zealand are participating in
diphthongisation of any monophthongs.

6.4.5 QuakeBox Corpus Limitations
One limitation specific to the QuakeBox Corpus is the substantial variation in origins that
participants came from. Walsh et al. (2013) explain that from the full QuakeBox Project holding over
700 speakers, only around 44% had grown up in either Christchurch or North Canterbury, and 25%
had grown up outside of New Zealand. The wide range of origins in the corpus is due to the fact that
anyone in Christchurch at the time of the earthquakes were encouraged to tell their stories, meaning
that people who did not live there are part of the corpus. This was discovered after analysis had been
carried out, so with hindsight, the data would have been more representative of adult speakers who
had grown up in Christchurch if the data had been filtered to only include these individuals. On the
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one hand, the diversity of the corpus may be representative of the diversity seen in Christchurch city,
while on the other hand, the vowel measurements used in the present study may potentially be
influenced by individuals who had grown up outside of Christchurch or North Canterbury; for
instance, individuals from elsewhere in the country who had been in Christchurch at the time of the
earthquakes.
Another limitation of the QuakeBox Corpus is the imbalance of gender and age groups of the
subset speaker group. The females aged 36-45 had 45 individuals, while the other gender and age
group combinations had either 17 or 18 individuals. Because of this, the average vowel space for the
whole speaker set may be substantially influenced by the females aged 36-45. Following strong
patterns found in sociolinguistic literature, we may expect that the older age of the larger group may
make their speech more conservative, while the fact that they are female may make them less so
(Labov, 2001).

6.5 Future Research
The child speech data used in this study has come from a large corpus of recordings from
around 200 children across Canterbury and Central Otago, who were recorded participating in the
same story retell task every six months by the Better Start team (McNeill & Gillon, 2021). Because
of this, future research could make considerable use of this data in numerous ways. Additional
timepoint data for the 15 children in the present study would allow us to determine how strong the
directions of change for KIT and NURSE are and how these changes evolve over a greater timeperiod. For instance, do the children in Centre B continue to front KIT, or do they join a different
direction of sound change once they have entered primary school and are exposed to a new peer
group? Future access to the full set of 200 children, or even a large proportion of this group, could
allow us to explore any other varieties of NZE across Christchurch city, as well as in the wider
Canterbury and Central Otago regions. We may see pockets of varieties developing, such as if
changes in Centre A and Centre B not only reflect suburb-based NZE varieties, but more widespread
East and West Christchurch varieties. Additional timepoint data will also allow us to confirm
whether the vowel production similarities between the two Centres at T2 were due to either
convergence on a production ‘norm’ or a point of crossover, as we would see whether the
directions of change continue on or have in fact come to a stop at T2.
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Additionally, the University of Canterbury have reconnected with the individuals who told their
earthquake story for the QuakeBox Project in 2012 to create ‘QuakeBox: Take 2’ in which the
participants retell their stories almost ten years on. The recordings are still being transcribed and
uploaded to LaBB-CAT by the NZILBB, so were unable to be accessed for the present study.
However, future studies will be able to make use of recordings from both timepoints to uncover
any sound changes in NZE that may have occurred for these individuals over the ten-year period.
This would provide valuable insight into ongoing sound changes in NZE, as much of what we
currently know is based off speech data from the past century and may not be a true reflection of
sound changes that are currently taking place. In addition, we would see these changes through a
panel study rather than the apparent-time approach that has been needed for historical NZE
speech data. This would subsequently allow us to compare the directions of sound change that the
kindergarteners are participating in to more recent longitudinal adult speech data.
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CHAPTER 7

Conclusion

Through kindergarteners’ vowel changes over a six-month period, this thesis has tested the
widely held assumptions that vernacular reorganisation emerges around 4-5 years old, and that NZE
is dialectally homogenous across Christchurch city. This study has used story retell data taken at two
timepoints from 15 children from two in socio-economically different suburbs of Christchurch city. In
addition, speech data from the QuakeBox Project was used to draw comparisons between the vowels
of the kindergarteners’ and those of the adult community. Tokens for eleven monophthongal vowels
were explored through both qualitative and quantitative analyses. Results showed that over the sixmonth period, the two Centres had opposite directions of change for KIT F2 and NURSE F1; Centre A
had changed these vowels in line with expected sound changes seen in NZE, while Centre B diverged
away from these expected changes. In comparing these directions of sound change to the vowels of
the QuakeBox speakers, results showed that children of Centre A had become more advanced than
the adult community in the sound change of NURSE raising, while Centre B children appeared to be
advancing a reversal of a canonical sound change of KIT in NZE through fronting. These advancements
of sound change in NZE, along with the opposite directions of change seen for the two Centres,
provide evidence towards two things; the first being that vernacular reorganisation is evident for
vowel sound change in children as young as 4 years old, and the second being that Centre B appears
to be in an area of Christchurch city that is undergoing different sound changes than has typically
been seen in standard NZE. In addition, previous studies have indicated that a higher proportion of
Māori and Pasifika individuals in a community, such as where Centre B is situated in Christchurch,
may be an influencing factor in the community’s reversal of NZE vowel changes. In particular, these
results reflect the findings made by Ross et al. (2021) in which an Auckland variety of NZE has
emerged with reversals of vowel sound change typically attributed to Pasifika English.
This thesis discusses future pathways for research on both the emergence of vernacular
reorganisation and variation in NZE across Christchurch and the rest of New Zealand. Notably, the
ongoing expansion of the Kindergarten Corpus with additional timepoints and a total of around 200
children will allow for extensive opportunities for research on variation in NZE across Christchurch
city. The additional timepoint data will also allow researchers to track the emergence and
continuation of vernacular reorganisation via a panel study rather than through an apparent-time
approach. The collation of the QuakeBox: Take 2 corpus, holding recordings of the original
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participants in the QuakeBox Project ten years on, will also allow for deeper understanding of NZE in
the adult community of Christchurch, enriching the comparisons between adults’ and children’s NZE
accents. This thesis provides insight into the potential these corpora have for developing our
understanding of the onset of vernacular reorganisation and emerging NZE dialectal variation.
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Appendix 1: Q1a Timepoint Model Effect Plots
The model effect plots presented below show the change over time between T1 and T2 for vowel
formants which returned significance for the Timepoint predictor in Q1 modelling. These plots
show that all these vowels raised over time.
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Appendix 2: Q2 Modelling Results
DEPENDENT
VARIABLE

CENTRE

GENDER

DURATION

SPEECH

AGE

FLEECE F1

RATE
.

FLEECE F2
DRESS F1
DRESS F2

.

KIT F1
KIT F2
GOOSE F1
GOOSE F2

.

NURSE F1
NURSE F2
THOUGHT F1
THOUGHT F2

*

.

TRAP F1
TRAP F2
STRUT F1

*

*

STRUT F2

.

LOT F1
LOT F2
START F1

.

.

START F2
FOOT F1
FOOT F2

.
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Appendix 3: Q3 Dataset Model Effect Plots
CENTRE A
Centre A vowel formants that moved towards the QuakeBox level but did not reach it (T1 and T2
significant):

Centre A vowel formants that moved towards the QuakeBox level and did reach it (only T1
significant):
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Centre A vowel formants that moved away from the QuakeBox level (only T2 significant):

Centre A vowel formants that were different from QuakeBox at T1, and continued to move away
from this level (T1 and T2 significant):
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CENTRE B
Centre B vowel formants that moved towards the QuakeBox level but did not reach it (T1 and T2
significant):
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Centre B vowel formants that moved towards the QuakeBox level and did reach it (only T1
significant):
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Centre B vowel formants that moved away from the QuakeBox level (only T2 significant):

