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Abstract

A sociophonetic study of coda /t/ in Australian Englishes spoken in Warrnambool and Mil-
dura, Victoria, Australia, is described. A total of 2112 coda /t/ tokens produced by 61 adult L1
speakers was analyzed using auditory and acoustic profiling, focusing on four social factors
(location, dialect, age and gender). The corpus included 33 Aboriginal English and 28 Main-
stream Australian English speakers (24 male, 37 female) who fell into roughly equal age groups
of <40 and >40 years. Overall, the “canonical” (aspirated) variant [th] was most frequently
observed, followed by affricate [ts] and pre-glottalized [ĳt]; these variants accounted for 79% of
all tokens. As for sociophonetic patterning, the best-fitting model included all four predictors
(location, dialect, age and gender), with random intercepts for speaker and word. Dialect
(Aboriginal or Mainstream Australian English) and age showed the strongest sociophonetic
patterning, followed by limited effects for location. Variants were subsequently grouped
into three superordinate categories—“breathy”, “canonical” (aspirated) and “glottal”—and a
model was created including all four predictors and all two-way interactions between them,
with random intercepts for speaker and word. This model showed that linking variants
with broad voice qualities highlights even stronger sociophonetic patterning in some cases
and is a promising direction for future research. The study contributes findings to three
under-explored areas: consonant variability in Australian Englishes, fine-grained phonetic
variation in Australian Aboriginal English, and analysis of speech from non-urban locations.

Keywords: consonants; plosives; acoustics; sociophonetics; Australian English; Australian
Aboriginal English; /t/ variation

1. Introduction
Until recently, research on the phonetic characteristics of Australian English has mostly

concerned the “mainstream” variety (Mainstream Australian English, MAE) spoken by the
majority of non-Indigenous people born in Australia.1 Australian Aboriginal English(es)
(AAE) is a separate variety which has developed among Australian Indigenous communi-
ties and can be spoken as a first or second language. It exhibits differences from MAE in
its grammar, lexicon and pragmatic systems (Dickson, 2020; Butcher, 2008; Malcolm, 2008;
Rodríguez Louro & Collard, 2024). AAE has also been reported to differ from MAE in its
sound system, with respect to vowels (Butcher & Anderson, 2008; Loakes & Gregory, 2024),
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prosody (Jespersen, 2016), and voice quality (Loakes & Gregory, 2022), and in the way that
disfluencies are used in interaction (McDougall et al., 2024; Blackwell & McDougall, 2024).

English is used widely among Indigenous people in Australia, reportedly spoken by
84.1% of Aboriginal people at home, either as a first or second language, and alongside
other traditional languages or as a sole language (Australian Bureau of Statistics, 2021).
In the 2021 Australian census, of the 76,978 Aboriginal and Torres Strait Islander people
who reported speaking an Indigenous language, 1371 specifically identified as speaking
“Aboriginal English” (Australian Bureau of Statistics, 2021). This number is relatively low,
but it only reflects the number of people who overtly categorize their accent variety as AAE.
The difficulty in categorizing Aboriginal English is a known issue and one recognized by
Butcher (2008, p. 627), who stated that “. . .it is nearly impossible to estimate the total of
speakers of AAE. The majority of AAE speakers will speak a relatively acrolectal variety of
Aboriginal English as their first and only language. These speakers will not be differentiated
from habitual [MAE] speakers in censuses and surveys”.

The present work describes a sociophonetic study of MAE and AAE spoken in War-
rnambool and Mildura, Victoria, investigating coda /t/.2

1.1. /t/ Variation in Mainstream Australian English

While earlier work on the sociophonetics of MAE was mostly concerned with vowel
variation, variation in consonant production has increasingly become a focus of research.
Prior to outlining some of the key findings regarding /t/ realization in MAE, some notes on
terminology are needed. A term that requires clear definition (and justification) is canonical,
which is used here to mean “unmarked”. This term is explicitly used to describe /t/ in
the literature on Australian English (e.g., Penney et al., 2018; Docherty et al., 2018) and is
effectively the category used for broad transcription in this variety (i.e., Cox & Fletcher,
2017). Using canonical for the aspirated term is also common in other phonetic literature
on /t/, for example, in American English. Fritche et al. (2021, p. 2) describe aspirated
/t/ as “canonical” and as the phonemic category, while other variants, such as glottalized
and unreleased realizations, are considered allophones. Further, for consistency, the term
tap is used in the present review of the literature to describe the type of consonantal
sound involving a single, short articulatory movement in which the tongue tip makes
contact with the alveolar ridge, in line with the term used in the current phonetic literature
relating to Australian English (see, e.g., the description in Powell-Davies & Billington, 2024,
p. 212). This is in contrast with Horvath (1985) and Ingram (1989), who use flap to describe
such an allophone of /t/, and Tollfree (1996), who use voiced. In Australian English, the
tapped variant is often observed in intervocalic position (which is not the focus of the
present study).

Variation in the production of /t/ in MAE has been studied across a range of locations
in Australia at different time points, from a variety of perspectives. The earliest work used
auditory analysis and started with speakers from Sydney, New South Wales (Horvath, 1985;
Haslerud, 1995) and Brisbane, Queensland (Ingram, 1989) and included Tollfree’s (1996)
primarily phonological study that used a combined sample from several major cities. These
were followed by auditory-acoustic studies based in Melbourne, Victoria (Tollfree, 2001,
[Melbourne and surrounding rural areas]; Jones & McDougall, 2009; Loakes & McDougall,
2010) and Yarrawonga, Victoria (Tait & Tabain, 2016; Ford, 2018), then Perth, Western
Australia (Docherty et al., 2018) and Hobart, Tasmania (Powell-Davies & Billington, 2024).
More recent auditory-acoustic work has been conducted in Sydney (Penney et al., 2018,
2020, 2021; White et al., 2025; Diskin-Holdaway et al., 2024), while further Sydney-based
research by Ratko et al. (2023) and Penney et al. (2025) includes articulatory investigation.
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There are some complex observations on the realization of /t/ in MAE across the
literature depending on regional location, gender, socioeconomic status, phonetic and
prosodic context, speaking style, potential change in allophonic use over time, and even
analysis style (auditory versus acoustic). Certain variants of /t/, specifically canonical,
tapped and fricated, are consistently identified in the MAE literature, while other variants,
such as affricated, glottalized, unreleased and preaspirated, also feature in a number of
studies, particularly in recent years.

Some sociolinguistic usage patterns are evident for MAE /t/, such as glottal(ized)
variants appearing to be associated more with male and younger speakers (Penney et al.,
2018, 2020). Taps have tended to be favoured by younger speakers historically (Horvath,
1985; Tollfree, 1996), lower socioeconomic groups (Haslerud, 1995; Tollfree, 2001) and
males (Horvath, 1985; Loakes & McDougall, 2010; Powell-Davies & Billington, 2024).
Socioeconomic status seems to play some role in whether speakers use aspirated or fricated
variants, with higher socioeconomic status appearing to equate with greater use of these
tokens (Horvath, 1985; Haslerud, 1995; Tollfree, 2001; Jones & McDougall, 2009; Docherty
et al., 2018; Powell-Davies & Billington, 2024).

The fricated variant was first noted by Haslerud (1995) in speakers from Sydney and
by Tollfree (1996) within a mixed group of speakers from Sydney, Melbourne, Adelaide
and Canberra. The lack of mention of this variant in the studies from the 1980s (Horvath,
1985; Ingram, 1989) has prompted speculation over the extent to which it is an innovation,
whether perhaps it has been below the awareness of local Australian phoneticians (cf.
Tollfree, 1996, p. 201), or whether it is regionally based and simply not present in the
Sydney and Brisbane data of the 1980s studies. Fricated variants do exist in Mitchell &
Delbridge’s 1959–1960 Australian English corpus (Mitchell & Delbridge, 1965), at least for
speakers from Hobart (cf. Powell-Davies & Billington, 2024) and Melbourne (cf. Jones &
McDougall, 2009; Loakes & McDougall, 2010). As well as being associated with speakers
with higher socioeconomic status, there is some evidence that fricated /t/ is favoured by
older speakers (Tollfree, 1996, 2001; Penney et al., 2021) and female speakers (Haslerud,
1995; Jones & McDougall, 2009; Penney et al., 2021), although some studies have not
observed gender differences (Ford, 2018; White et al., 2025). There is also some evidence for
/t/ frication being linked to education, as shown by the perceptual investigation carried
out by Shea et al. (2023). Overall, the sociophonetic picture for fricated /t/ in MAE is not
clear due to each study focusing on different locations and demographic groups and on
different speech styles and linguistic contexts.

A study of Sydney-based speakers by White et al. (2025) has explored the impact of
community diversity on /t/ production, i.e., whether speakers lived in a “superdiverse”,
“diverse”, or non-diverse area, with respect to speakers’ multilingual backgrounds. Speak-
ers in the (super)diverse areas had the most exposure to ethnic and linguistic diversity,
while speakers in non-diverse areas had the least. While tapped /t/ was the most common
variant across the corpus, speakers from monolingual and monocultural (non-diverse)
backgrounds were significantly less likely to use it, producing more allophonic variants,
such as fricatives and glottalized variants, than speakers from more diverse areas.

In sum, sex, socioeconomic status and educational background have all been shown
to play a part in the patterns of variation in /t/ exhibited in MAE, tempered by phonetic
context and speaking style. Regional differences in /t/, meanwhile, remain an open
question, and variation in /t/ between MAE and AAE has received limited research
attention, as is outlined in Section 1.2.
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1.2. /t/ Variation in Australian Aboriginal Englishes

Research on the phonetic characteristics of AAE is much less extensive than for MAE,
both generally and regarding /t/ variation in particular. Starting first with some broad
overviews of AAE phonology which are based on impressionistic descriptions, Butcher
(2008) and Malcolm (2008, 2018) give an overview of AAE phonetic patterns specifically.
These studies appear to be focused on L2 varieties (cf. Dickson, 2020), and important
aspects of stop production noted by both authors are a lack of voiced/voiceless distinction
for stops, while Butcher (2008) elaborates that initial stops in AAE are typically voiced
and unaspirated but also exhibit considerable intra-speaker variability. Harkins’ (2000)
description of linguistic features of AAE includes a small discussion of the nature of stop
production. Harkins indicates that some earlier studies oversimplify the reasons for AAE
variability, sometimes referring to differences as errors, mispronunciations, or interference
from L1 Aboriginal languages. Harkins (2000, pp. 62–23) instead makes the point that this
inter-speaker variability is the result of “phonological and social influences in a complex
and systematic interaction that is too often oversimplified and hence misunderstood by
speakers of other English varieties.”

Some more recent studies have begun to address this potential systematicity to under-
stand more comprehensively what AAE speakers do. Mailhammer et al. (2020) analyzed
stops acoustically in three varieties of AAE compared with MAE. The varieties of AAE
were spoken on Croker Island, Northern Australia, and termed Iwaidja English, Kunwinjku
English and (L1) Aboriginal English based on the language backgrounds of the speakers.
The MAE data were provided by speakers based in Sydney. Voice onset time (VOT), voice
termination time (VTT)3 and closure duration (CD) were measured in read speech elicita-
tions of /p t k b d g/. Based on these measures, the three AAE varieties exhibited a voicing
distinction. There were no significant differences between the AAE varieties and MAE in
VOT or CD across voicing categories, but VTT presented differences between AAE and
MAE, with voiceless categories (including in L1 AAE) showing passive phonetic voicing.
The authors thus conjectured that this difference in the realization of voice categories may
contribute to AAE being perceived as sounding different from MAE. Mailhammer et al.
(2020) also observed extensive intra- and inter-speaker variability in the realization of stops
for each of the three measures in both L1 and L2 AAE varieties, larger than that seen
in MAE.

In his work on English on Croker Island, Mailhammer (2021) makes some additional
points about stops in the three Aboriginal English varieties. He points out that all of the
variants observed in AAE also occur in MAE but with differing distributional patterns,
something it was predicted would occur in the present research given the authors’ earlier
(but less comprehensive) work on this topic (Loakes et al., 2022, discussed below).

Another study using acoustic analysis is by Wang et al. (2024), who focused on stop
voicing in /p t k b d g/, this time for Central Australian Aboriginal English (CAAE) spoken
in Alice Springs. Participants were adult females and children aged 2–11 years. Adult par-
ticipants undertook conversational interviews; children participated in a linguistic “game”
designed to elicit target words via visual prompts. These datasets were used to establish
patterns of stop voicing contrasts for word-initial and word-final stops. The authors found
that adult speakers used longer VOT for voiceless compared with voiced stops. Word-
medial tokens showed this pattern, as well as longer constriction durations for voiced stops.
Children’s productions were consistent with the adult data. Allophonic variation in the
data is not discussed, with the authors specifically pointing out they were interested in
phonemic variation rather than “how . . . stops were articulatorily implemented or realized”
(Wang et al., 2024, p. 91).
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While these studies begin to give a picture of the kind of detail used by AAE speakers,
many do not examine allophonic or fine-grained phonetic variation or its social patterning.
Variation in phonetic detail is a major focus of the present study, especially given that AAE
has been shown to have more variability than MAE, both within and between speakers
(Harkins, 2000; Butcher, 2008; Mailhammer et al., 2020), and given Harkins’ point that
variable pronunciations in AAE are “regular allophonic processes and stable features of the
dialect” (Harkins, 2000, p. 63).

Some of the earlier work of the present authors has begun to address the lack of fine-
grained phonetic studies on AAE, with a study on /t/ production in both L1 AAE and MAE
varieties spoken in Warrnambool, Victoria (Loakes et al., 2018) and with a comparative
sample from Mildura (Loakes et al., 2022). The current paper builds on these studies, with
more data and a more statistically comprehensive analysis. To review briefly the research
reported in Loakes et al. (2018), this study undertook acoustic profiling of /t/ in /hVt/
and /hVtV/ in read speech, finding sociophonetic variation according to dialect (MAE
compared with AAE), gender, and age (an older and younger speaker group), as well as
within-group variability. Loakes et al. (2022) added a different regional location (Mildura)
and found region was also significant, but not for all variants. Greater detail about this
work is not provided in the present section because the current paper is a more detailed
and comprehensive investigation of the same corpus.

In Loakes et al. (2018) it was speculated as to whether the sociophonetic patterning
observed could relate to a link between voice quality and glottal timing (cf. Keating &
Esposito, 2007, p. 85). In Loakes et al. (2022), this idea was explored by grouping tokens
into different superordinate classes based on whether they were “breathy” or “glottal”, an
approach which is also taken in the current paper. This was a promising line of enquiry,
showing that broadly classifying /t/ tokens according to both their specific variant and a
broader voice quality category was useful for understanding sociophonetic patterns in the
data. This aligns with recent acoustic work on word-final stops (Penney et al., 2021), which
also suggests a possible voice quality alignment with vowels and consonants, as well as
articulatory work (Penney et al., 2025), which links the quality of preceding vowels to the
overall quality of /t/.

1.3. The Present Study

In their description of Australian English consonants, Cox and Fletcher (2017, p. 54)
highlight the need for a better understanding of social and stylistic patterning of consonants,
stating that “[i]t is clear that there are some unresolved questions about the incidence of the
various forms of /t/ in the community and further research will be required to tease out the
social and stylistic significance of the variants”. Given the variation in /t/ observed in the
literature described in Sections 1.1 and 1.2 above, further work is clearly needed to develop
a more comprehensive picture of sociophonetic variation in /t/ in Australia, especially in
non-urban locations. In particular, a domain remaining largely unexplored is that of /t/
realization in AAE and the extent to which it varies from mainstream varieties. The present
study thus aims to investigate the sociophonetic variation in coda /t/ spoken in two rural
locations in Victoria, Australia. The four factors under analysis are location, variety or
“dialect” (whether AAE or MAE), age and gender. The study predicts that AAE will have
more variability within the variety based on previous work on /t/ in these locations (Loakes
et al., 2022) and based on other research that has highlighted greater variability within AAE
compared to MAE more generally (e.g., Butcher, 2008).
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2. Materials and Methods
2.1. Participants

Two groups of adult L1 speakers of Australian English from Warrnambool and Mildura
were recorded. Approximately 250 km from Melbourne, Warrnambool is a coastal city
in south-west Victoria. Mildura is located on the NSW border of north-west Victoria,
approximately 550 km from the Victorian capital Melbourne and approximately 400 km
from another state capital, Adelaide. Warrnambool and Mildura are 534 km apart by road.
Warrnambool has a population of approximately 35,000 and Mildura has a population of
approximately 57,000 (Australian Bureau of Statistics, 2022a, 2022b). Approximately 1.9%
(Warrnambool) and 4.6% (Mildura) of the regions’ residents identify as Indigenous. This
compares with 1% of Victoria’s population as a whole identifying as Indigenous, so within
Victoria, these two locations have a relatively high proportion of Indigenous people.

The speech of 61 speakers was analyzed: 33 AAE speakers and 28 MAE speakers. In the
Warrnambool region, the Aboriginal participants included both Gunditjmara (from the city
of Warrnambool and the nearby town of Framlingham) and Gunditj Miring people (from
Heywood, about 90 km from the city of Warrnambool). Framlingham is an Aboriginal-
owned reserve where all residents are Aboriginal. In Mildura, most of the Aboriginal
participants were Barkindji people; some participants were Latji Latji people.

The speakers were all adults (18–72 years) and identified either as male or female. They
fell into two roughly equal age groups of <40 (18–39 years) and >40 (40–72 years). AAE
speakers identified themselves as “Koori” or “Aboriginal”. The breakdown of speakers by
variety, location and gender is given in Table 1.

Table 1. Demographic characteristics of the corpus, including dialect (AAE/MAE), location (War-
rnambool/Mildura) and gender (M/F) are shown, and the number of speakers per age group
(<40 years/>40 years) is also listed in parentheses to the right of the value in each cell.

AAE MAE Total by Location

M F M F

Warrnambool 8 (6/2) 12 (9/3) 8 (6/2) 7 (2/5) 35
Mildura 4 (4/0) 9 (5/4) 4 (3/1) 9 (2/7) 26

Total by gender and
dialect 12 21 12 16 61

A table providing more detailed information about the participants and the /t/ data
they provided is given in the Appendix A in Table A1. This includes the speakers’ gender,
age, dialect, and location (region) and the total number of /t/ observations analyzed
per speaker.

2.2. Data Collection

The data analyzed are from the COEDL Aboriginal and Mainstream Australian En-
glish (COEDL-AMAE) corpus, with MAE data collected in 2012–2015 and AAE data in
2015–2016.4 The data were collected by the first author as part of a larger elicitation process
which included word-list read speech, sociolinguistic interviews, a perception task and a
language background questionnaire. In the present study, the focus is on the read speech.

Recordings were made on a Zoom H4N Handy Recorder at a sampling rate of
44,000 Hz. Recordings of Warrnambool AAE speakers were made in public spaces in
the Aboriginal cooperatives in Warrnambool and Heywood and in the health centre at
Framlingham. Warrnambool MAE speakers were mostly recorded in their own homes.
In Mildura, most recordings of AAE participants were made at a health service, while
recordings of MAE speakers were made in a public library space.
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2.3. Speech Data

Read speech tokens of word final /t/ in /hVt/ contexts were analyzed. Using Wells’
(1982) lexical sets, the vowel contexts were all of the short vowels: KIT, DRESS, TRAP,
LOT, STRUT, FOOT. In Australian English, the corresponding phonetic quality of these
vowels is [I e æ 5 O ʊ] (e.g., Cox & Fletcher, 2017, also see Cox et al., 2024). In total, 2112
tokens were analyzed (1226 AAE, 890 MAE), with an average of 35 tokens per speaker.

2.4. Phonetic Analysis

MAUS (Schiel et al., 2011) was used to segment the phonemes automatically, then
segment boundaries were hand-corrected. /t/ tokens were hand-labelled in Praat (Boersma
& Weenink, 2025) using auditory and acoustic profiling (see e.g., Foulkes et al., 2010) and
implementing the taxonomy of variants established in Loakes et al. (2022).

/t/ tokens were segmented on a “phonetic” tier in Praat using a combination of
auditory analysis and visual information from the waveform and spectrogram, which
helped to determine both the onset and offset of each /t/. A “/t/-category” tier was
used to record classification decisions, that is, the type of variant observed. Names of the
/t/-categories and details of the characteristics exhibited by each category are given in
Table 2.5

Table 2. /t/-categories and their characteristics.

/t/-Category Description

Canonical [th]
A variant which exhibits a period of full /t/ closure followed by a
burst of aspiration. While Mailhammer et al. (2020) observed passive
phonetic voicing in AAE, this was not seen in the current data.

Affricate [ts] A variant which exhibits a closure followed by an /s/-like release (not
aspirated). It has no burst-like characteristics.

Fricative [tfl]
A fully fricative variant, not the same as [s], better described as a
“lowered /t/”.

Intermediate

A variant which is intermediate between canonical [th] and fricative [tfl].
It has the auditory percept of a fricated stop and evidence of frication,
but there can also be burst characteristics evident acoustically (e.g.,
Jones & McDougall, 2009). This category would be “fricative” if the
analysis was auditory only and is used as a precaution so that the
“fricative” label pertains only to a purely fricative /t/.

Pre-glottalized [ĳt] and pre-glottalized
unreleased [ˀt̚ ] 

A stop which has glottal activity and unreleased supralaryngeal
closure and is primarily unreleased in nature, or it can have a brief
release (which is not aspirated). Similar to the description of a
glottalized unreleased stop by Penney et al. (2021, p. 249).

Glottal stop [P]
A full glottal stop with no apparent supralaryngeal closure
characteristics. This variant can be either plosive-like or creaky in
appearance; both were observed in the present data.

Ejective [t’]

A variant fitting either of two main acoustic characterizations: (1) a
period of closure followed by release of the supralaryngeal gesture, a
period of “silence”, and a second release which coincides with glottal
opening, or (2) a case without the silence, where glottal opening occurs
immediately after oral release. In the present data, ejectives often show
sharp “spikes” on the waveform correlated with burst intensity.

Spectrographic examples of all /t/-categories except “intermediate” are provided in
Appendix A (Figures A1–A6). “Intermediate” is not included in the Appendix A because
the spectral characteristics of these examples are by default unclear, and as mentioned, the
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category is cautionary only so that pure fricatives are not mis-categorized. The spectro-
graphic examples given are all drawn from the word het across different varieties (MAE and
AAE) and are also drawn from different speaker ages and genders. Note that recordings
were made under fieldwork conditions, so background noise/echo is evident in some ex-
amples. Comments are also made in the figure captions on any voice quality characteristics.

Labelling of the /t/ tokens was conducted manually by the first and second authors,
who worked through the data of several of the speakers together to establish the categories
and the process for making decisions where borderline or difficult cases arose. Following
this, analysis proceeded with the two analysts labelling approximately half of the data each
but flagging any tokens for which the labelling decision was not immediately straightfor-
ward (whereupon this was discussed and labels were subsequently agreed upon).

In addition to carrying out statistical analysis on each /t/-category (discussed in
Section 2.5), tokens were grouped into superordinate categories as shown in Table 3.
The superordinate categories were used because they effectively correspond with (a) the
“phonemic” canonical (aspirated) category, and (b) allophonic variants, which are divided
into categories connected to voice quality (breathy, glottal). Using three broad categories is
also a more efficient way of understanding the general patterns of sociophonetic behaviour
amongst participants.

Table 3. Broader superordinate categories used in sociophonetic description.

Superordinate
Category /t/-Categories Included

Breathy affricate, fricative, intermediate

Canonical [th]

Glottal glottal stop, pre-glottalized (released and
unreleased), ejective

2.5. Statistical Analysis

Data were analyzed using both descriptive and inferential statistics. Statistical analysis
was carried out by the third author using R and the rstatix package. A mixed-effect
multinomial logistic regression was fitted; this included the factors dialect, location, gender,
and age (social factors). Person (speaker) was included as a random effect, as was word (i.e.,
hat vs. hit vs. het and so on), to account for the fact that some items are inherently more/less
likely to produce certain outcomes (induced by vowel type). A number of different models
were created, and diagnostics were run in order to identify the most appropriate model.

For the superordinate variants (breathy, canonical, glottal), the model that was the most
appropriate was:

variants ∼ dialect ∗ location + dialect ∗ gender + dialect ∗ age + location ∗ age +

location ∗ gender + gender ∗ age + (1|person) + (1|word)

This model captures key two-way interactions while avoiding overfitting. For the
finer-grained analysis of /t/-categories, the final model was:

tcat ~ dialect + location + gender + age + (1|word) + (1|person)

Note that tcat is the dependent variable, referring to the specific linguistic variants
observed (i.e., glottal stop, fricative, canonical and so on). Unlike the superordinate analysis,
interaction terms could not be included due to insufficient data in several cells (see Table 1).
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Model convergence and sampling quality were evaluated using standard Bayesian
diagnostics. All parameters had Rˆ ≤ 1.1, indicating adequate convergence across chains,
and effective sample sizes (ESS) ≥ 100, suggesting sufficient posterior exploration. No
divergent transitions or maximum treedepth warnings were observed, indicating stable
Hamiltonian Monte Carlo sampling. Model summaries are listed in Tables A2 and A3.

Posterior pairwise comparisons of fixed effects were conducted using predicted cat-
egory probabilities derived from the fitted Bayesian categorical models (posterior_epred;
Bürkner, 2017). This approach estimates the probability that one group exceeds another
for a given outcome, while incorporating uncertainty from both fixed and random effects.
By relying on the full posterior distribution, it avoids dependence on asymptotic p-values
and provides a more intuitive interpretation of group differences, while appropriately
accounting for hierarchical structure (Gelman et al., 2014; McElreath, 2020).

Differences in predicted probabilities across dialect, location, gender, and age were sum-
marised using median posterior differences, 95% credible intervals, and posterior probabilities of
direction. Full pairwise comparison results are presented in Tables A4 and A5, with significant
findings discussed in the results and summarised in the discussion.

3. Results
3.1. Overall Corpus

Before analyzing sociophonetic variation, this section describes the distribution of the
/t/-categories observed across the corpus as a whole. Figure 1 below shows the proportion
of /t/-categories observed for all speakers, in both locations.

 

Figure 1. Proportion of /t/-categories across the entire corpus (all speakers, both locations).

Figure 1 shows that the canonical (aspirated) [th] was the most prevalent category,
with over a third of all tokens (751 instances) produced in this way. The affricate [ts] was
the second most common /t/ realization, amounting to 28% of observations (596 tokens).
The pre-glottalized variant occurred in 15% (n = 322) of cases. These three variants made
up 79% of all observations, while the other /t/-categories occurred far less frequently. The
glottal stop, fricative and ejective tokens each amounted to between 5 and 10% of tokens
(158, 116 and 136 tokens, respectively). The intermediate category, /t/ tokens that sounded
fricated but had burst-like characteristics in the spectrum (Jones & McDougall, 2009), made
up only a very small percentage of the data, 34 tokens in total (2%), with 32 of these being
produced by speakers from Warrnambool.
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While this breakdown is important for showing how tokens were distributed across
the whole dataset, the remaining sections of the results are dedicated to the analysis of
sociophonetic variability to determine which factors are associated with the realization
of /t/ by different groups. In both models used (i.e., Section 2.5) there was substantial
between-speaker variability, while between-word variability was smaller across categories
or variants. It is important to note that this between-speaker variabilty means that ap-
parently large differences in figures do not always translate to significant differences,
and similarly, differences in the subordinate modelling do not always translate to the
superordinate model, as will be observed throughout the following sections.

3.2. Location-Based Variation

This section examines how /t/ variants were distributed across the two regional
communities. Figure 2 displays the percentage of /t/-categories observed within the
realizations produced by speakers from Mildura and Warrnambool.

Figure 2. Back-to-back plot showing proportions of /t/-categories in Mildura and Warrnambool.
Superordinate categories also shown for transparency, B = breathy, G = glottal.

As can be seen in Figure 2, there are some differences in the distributions of /t/-
categories between Mildura and Warrnambool. In Mildura, almost half of the /t/ tokens
(49%) were canonical realizations, with the remainder of the observations being mostly
affricate (23%) and pre-glottalized tokens (14%), with smaller numbers of glottal stops (6%),
ejectives (4%) and fricatives (4%). In Warrnambool, the greatest number of observations
were the affricates (over 30%), followed by canonical /t/ (almost a quarter of the data),
while the remaining observations were pre-glottalized (16%), glottal stop (9%), ejective
(8%), and fricative (7%). Even though canonical tokens comprised half of the coda /t/
observations for Mildura and a quarter of observations in Warrnambool, the statistical
analysis confirmed that differences in all categories aside from affricates were either small
or uncertain. Specifically, the only significant finding to come out of the location analysis
was that Mildura speakers were less likely than Warrnambool speakers to produce /t/ as
an affricate (median difference = −0.115, 95% CI = [−0.325, −0.012], p_gt0 = 0.0087). Still
focusing on location, the /t/ variants grouped into superordinate categories are shown in
back-to-back plots in Figure 3.
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Figure 3. Back-to-back plot showing proportions of /t/-categories in Mildura and Warrnambool
grouped into superordinate categories.

When considering Figure 3, some patterns are evident, with the breathy category being
especially dominant for speakers from Warrnambool (42%), compared with a far smaller
proportion of tokens in Mildura (27%). Warrnambool speakers also had slightly more
glottal tokens (33%) than Mildura speakers (25%). However, pairwise posterior contrasts
of predicted probabilities indicated limited evidence for location. No contrasts reached
conventional credibility thresholds. Although Mildura speakers showed a numerically
higher probability of the canonical variant relative to Warrnambool (median = 0.316), the
95% CrI overlapped zero, and the posterior probability (p_gt0 = 0.777) did not indicate
strong evidence of a difference.

3.3. Dialect Variation

In Figure 4, the percentage of /t/-categories observed for each dialect background is
presented, showing some relatively clear sociophonetic patterning.

Figure 4. Back-to-back plot showing proportions of /t/ variants in MAE and AAE. B = breathy,
G = glottal.

Recall that Figure 1 showed that the most common /t/-category across the entire
corpus was canonical /t/. In Figure 4, it can be seen that both dialect groups used this
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variant to a relatively similar degree (but slightly more for MAE); however, there are starkly
evident patterns of sociophonetic distribution for the other variants. Figure 4 demonstrates
that MAE speakers used two main variants overall, affricated and canonical /t/, which
occurred at rates of 43% and 38%, respectively. Fricatives were the next most common
variants for MAE speakers, but they occurred at far lower rates (just under 10%). AAE
speakers, by contrast, used a wider spread of variants; in order of frequency of obser-
vation there are high rates of canonical /t/ for this group (34% of tokens), followed by
pre-glottalized tokens (24%) and affricated /t/ (17%). Compared with the MAE speakers
who used very few glottal stops and ejectives (3% and 1%, respectively; 28 tokens in total),
AAE speakers used glottal stop variants at a rate of 11% and ejectives at a rate of 10%,
with few fricatives (2%) and intermediate tokens (1%). Statistically, AAE speakers had
a lower probability than MAE speakers of producing /t/ as an affricate (median differ-
ence = −0.233, 95% CI = [−0.598, −0.042], p_gt0 = 0.0007). By contrast, AAE speakers were
slightly more likely than MAE speakers to produce /t/ as an ejective (median difference
= 0.0001, 95% CI = [0.008, 0.197], p_gt0 = 0.993) or glottal stop (median difference = 0.061,
95% CI = [0, 0.889], p_gt0 = 0.975). Back-to-back plots of the /t/ variants grouped into
superordinate categories per dialect are shown in Figure 5.

 

Figure 5. Back-to-back plot showing proportions of /t/ variants by dialect group, according to
superordinate categories.

Using the superordinate categories described in Table 3, and not counting canonical
[th], which is kept as a separate category, the MAE speakers used tokens which are largely
breathy (mainly affricates, then fricatives), while the AAE speakers used a wider range of
variants, which can primarily be classified as “glottal” (pre-glottalized, glottal stop, ejective).
The breathy tokens were used at a rate of 55% for MAE speakers, compared with 21%
breathy tokens for the AAE speakers. By contrast, the AAE speakers used glottal tokens
at a rate of 46%, while MAE speakers used them at a rate of 6%. AAE speakers showed a
higher probability of glottal variants relative to MAE speakers (median difference = 0.347,
95% CrI [0.001, 0.975], p_gt0 = 0.982), indicating strong evidence that glottal realisations
were more frequent among AAE speakers. No credible dialect differences were observed
for the breathy or canonical variants, as their credible intervals overlapped zero.

3.4. Age Variation

Figure 6 shows the distribution of /t/-categories by percentage, according to the broad
age groups, under and over 40 years.
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Figure 6. Back-to-back plot showing proportions of /t/ variants within each age group, <40 and >40.
B = breathy, G = glottal.

Marked age differences are present in Figure 6 for affricated variants (younger: 19%,
older: 45%) and pre-glottalized variants (younger: 22%, older: 2%). However, these
differences were not statistically significant. Figure 6 also shows that while both age groups
used relatively high amounts of canonical /t/, at 32% for younger speakers and 41% for
older speakers, the other /t/-categories occurred at markedly different rates across the age
groups. For example, there are very few ejective, glottal stop or pre-glottalized variants
used by the over 40s in this dataset, with these occurring at rates of between 1 and 2.5%
(amounting to only 24 tokens in total). This is in stark contrast to the younger speakers,
who used pre-glottalized variants at a rate of 22%, the glottal stop [P] at a rate of 11%,
and ejective variants at a rate of 9%. Fricated /t/, on the other hand, is observed more
frequently for older speakers in these data, at a rate of 9%, as opposed to 4% for younger
speakers. While these trends are evident, only glottal stops reached statistical significance,
occurring more for younger speakers (median difference = 0.067, 95% CI = [0.0007, 0.852],
p_gt0 = 0.994).

Back-to-back plots showing the distribution of variants by age are shown in Figure 7.

 

Figure 7. Back-to-back plot showing proportions of /t/ variants by age group, according to superor-
dinate categories.
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Similar to the division between AAE and MAE speakers, when the age groups are
compared using the superordinate categories, younger speakers used more glottal variants
at a rate of 43%, while older speakers used them at a rate of less than 1%. Conversely, older
speakers used more breathy variants (55%), while breathy variants occurred only 25% of
the time in the younger speakers’ data. A clear age effect emerged for the breathy variant.
Speakers under 40 showed a lower probability of producing the breathy variant relative to
speakers over 40 (median difference = −0.300, 95% CrI [−0.773, −0.032], Pr > 0 = 0.003),
indicating strong evidence of age stratification for this variant. No credible age differences
were observed for the canonical or glottal categories.

3.5. Gender Variation

Turning now to the final social factor under analysis, Figure 8 shows the patterning of
variants observed in the data according to gender.

 

Figure 8. Back-to-back plot showing proportion /t/ variants according to gender. B = breathy,
G = glottal.

The analysis presented here shows that gender was important for the distribution of
/t/-categories in the data, but also that gender differences were smaller and more uncertain
than seen for location, dialect and age. Neither male nor female speakers had a higher
probability of producing any type of /t/-category. Figure 8 nevertheless shows the way
the /t/-categories were distributed by gender, with some clear visual differences between
females and males indicating why gender was important to some degree in the statistical
model. The figure also shows that almost three-quarters of the female speakers’ tokens
were from two main /t/-categories, canonical /t/ (42% of tokens) and affricated /t/ (30%
of tokens). Male speakers, on the other hand, favoured three main variants, canonical /t/
(25%), affricated /t/ (24%) and pre-glottalized /t/ (19%), and males also used the ejective,
glottal stop, fricative and intermediate categories in higher proportions than the female
speakers. Back-to-back plots showing the superordinate categories for gender are shown in
Figure 9.
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Figure 9. Back-to-back plot showing proportions of /t/ variants by gender, according to superordi-
nate categories.

Applying the superordinate categories is useful for the gender analysis, showing that
male speakers used far more glottal tokens (40% of their /t/ productions) than female
speakers did (21%). As already mentioned, canonical /t/ was used far more often by
women at 42% compared to 25%. Breathy variants, by contrast, were distributed more
evenly across the genders, with 35% for female speakers and 34% for male speakers.
Pairwise posterior contrasts of predicted probabilities indicated limited evidence for gender
differences, with no credible gender differences observed. While female speakers showed a
numerically higher probability of the canonical variant relative to males (median = 0.328),
uncertainty remained substantial, and the credible interval included zero.

3.6. Variant Interactions

Although the main effects from the variant model indicate that dialect conditions
glottal production and age conditions breathy production, these effects do not necessarily
operate uniformly across the speech community. The full model included interactions
among social predictors in order to assess whether the magnitude or direction of these
differences varies across groups. A credible dialect × age interaction (β = 8.77, 95% CrI
[1.00, 17.95]) indicated that an age effect differed across dialect groups and that there is a
gender effect that varies by location, with a positive location × gender interaction (β = 4.36,
95% CrI [1.18, 7.81]). To examine this, further post hoc pairwise contrasts were computed
from the posterior predicted probabilities.

Overall, interaction effects were generally weak, with most contrasts showing credible
intervals overlapping zero, indicating limited evidence that social factors substantially mod-
ified dialect differences. The dialect × age contrasts showed no reliable interaction effects.
Differences between AAE and MAE speakers were broadly similar across age groups for
breathy, canonical, and glottal variants (all credible intervals spanning zero), suggesting
that dialect-related differences were relatively stable across generations. In contrast, the
dialect × location interaction showed evidence of differentiation for the breathy category. The
AAE–MAE contrast was substantially larger in Mildura than in Warrnambool (median differ-
ence = 0.757, 95% CI = [0.308, 0.949], p_gt0 = 0.998), indicating that regional location modulates
dialect differences for breathy realisations. Canonical and glottal contrasts, however, showed
wide credible intervals overlapping zero, suggesting weaker or uncertain location-based
modulation. Interactions involving gender (dialect × gender and age × gender) showed little
evidence of systematic differences. Across breathy, canonical, and glottal categories, posterior
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contrasts remained centred near zero with wide credible intervals, indicating that gender
did not strongly condition dialect or age effects in the present data. Similarly, age × location
contrasts showed no reliable interaction effects, with all categories exhibiting credible intervals
overlapping zero. This suggests that age-related differences in variant use were broadly
consistent across locations. In all, the interaction contrasts indicate that most social effects
operate largely additively, with limited evidence for strong interaction structure. The primary
exception is the dialect × location effect observed for breathy realisations, where regional
location appears to amplify dialect differentiation.

4. Discussion
The aim of this study was to contribute to a more comprehensive picture of sociopho-

netic variation in /t/ in Australian Englishes, especially in non-urban locations and in AAE.
General patterning of the allophonic variants of /t/, as well as sociophonetic variation,
were evaluated. Specifically, coda /t/ was examined in two rural locations in Victoria, with
four factors under analysis: location, dialect, age and gender.

Across the dataset, the variant [th] was the most frequently observed /t/-category,
both for MAE and AAE dialects. [th] has previously been described as common in MAE,
and its high frequency in the current dataset, which also includes the non-mainstream
variety, further justifies the name “canonical” being used for the aspirated variant as it is
indeed the most typical variant for both dialects. It could therefore be argued to be the
“phonemic” category, while other variants are underlying forms (see, e.g., Fritche et al.,
2021, who argue this relating to child-directed speech). Other frequently observed variants
were the affricate [ts] and the pre-glottalized [ĳt]. Together, these three /t/-categories
amounted to 79% of all tokens analyzed, while other variants occurred far less frequently.

As for sociophonetic patterning, it was seen that the best-fitting model included all four
predictors (location, dialect, age and gender), with random intercepts for person (speaker)
and word. When the distribution of variants was examined more closely, however, it was
found that dialect and age showed the strongest sociophonetic patterning, with limited
patterning for location. Gender was important in the model, but sociophonetic patterning
was inconsistent and uncertain. As mentioned earlier, this study expanded the dataset and
analysis presented in (Loakes et al., 2022) as far as coda /t/ is concerned. Similar to the
current study, Loakes et al. (2022) showed that age and dialect were strongly associated
with /t/ patterning; however, the regional and gender patterning in this study is not as
evident here, as will be discussed in this section.

Focusing firstly on the strongest patterns in the present dataset, for dialect it was seen
that while both MAE and AAE speakers used canonical /t/ in large proportions, there
were sociophonetic differences in the likelihood of producing affricates (significantly more
for MAE speakers). The AAE speakers also presented a wider distribution of variants
overall. Implementation of the superordinate categorization was useful for confirming that
canonical variants were used by both groups, but aside from this, MAE speakers had a
preference for breathy variants generally, while AAE speakers had a statistically significant
preference for glottal variants.

The sociophonetic patterns in /t/ realization observed for dialect are consistent with
previous research showing greater variability for AAE speakers (seen here in the wider
distribution of variants), i.e., Butcher (2008), Harkins (2000), Mailhammer et al. (2020) and
Mailhammer (2021). Mailhammer (2021) discussed the fact that phonetic variants in his
studies were observed in both AAE and MAE, but the variants were deployed in different
ways and with more variability in the AAE samples, and this is exactly what has been
observed in the present data.
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This greater variability in AAE is likely linked to the speakers’ exposure to and
experience with multiple varieties, i.e., they hear, and in some cases use, both AAE and
MAE in their speech communities (see Loakes et al., 2024, for more information about
the bidialectalism of the AAE group). This finding is consistent with research on dialect
exposure more generally (Clopper & Walker, 2017), which shows that one outcome of
exposure to multiple varieties is that language users have more variable distributions, as
is seen here. Thus, it is not surprising that AAE speakers use the categories which are
favoured by MAE speakers, but they also use other categories and effectively draw from a
wider pool of variants.

As for age, while both the older and younger groups used canonical stops, there were
differing distributions for many of the other /t/-categories. However, the only significant
difference was that younger speakers were more likely to use glottal stops. In the superor-
dinate category analysis, there was a clear age division, with younger speakers producing
the majority of the glottal tokens in the corpus, while older speakers were responsible for
more breathy and canonical tokens. However, the only statistically significant result was
for greater numbers of breathy tokens for older speakers. These findings for age are also
broadly consistent with previous research on consonant production in MAE. For example,
Penney et al. (2018, 2025) have demonstrated that glottalization is increasingly being used
by younger speakers to signal voicelessness in coda /t/ (in combination with reduced
vocalic cues). Penney et al. (2020) have also shown that listeners can use glottalization
as a cue to /t/ voicelessness, across both older and younger age groups, despite the age
difference existing in production (i.e., Penney et al., 2018). These authors note that misalign-
ment in production and perception between older and younger participants is likely due to
a sound change led by perception, with both groups using glottalization in categorizing
voicelessness when listening, but younger speakers being at an advanced stage of using
it in production (Penney et al., 2021, p. 53). The present study additionally contributes to
knowledge on what older speakers are doing in production in two non-urban locations. The
speakers in the present study used far more breathy variants than described in the Penney
et al. (2018, 2021) studies, and rather than being regionally relevant, this could be due to
slower rates of sound change in areas with smaller populations. Similar findings have been
observed for perception of vowels in Warrnambool and Mildura (Loakes et al., 2024) and
production of vowels in Hobart (the capital of an island state in Australia) compared to
cities on the mainland continent (Stanley & Loakes, 2025).

While patterns in the present data were less strongly associated with location and
gender, these factors nevertheless played some role in how /t/ was produced by speakers.
Location-based patterning was limited, and it was only the affricate [ts] which showed
a significant difference due to location, with speakers from Warrnambool more likely to
produce this variant. The superordinate category analysis showed apparent differences
in the distribution of variants, with speakers in Mildura using more glottal tokens and
speakers in Warrnambool using more breathy variants, but this pattern was not statistically
significant. While there are no other studies focusing on regional variation in Australian
English /t/ production which offer a direct comparison, the present findings can be
compared with the earlier Warrnambool/Mildura study (Loakes et al., 2022), as the earlier
study did indeed highlight a difference in regional and gender distribution which has
become less pronounced with the expanded dataset (and removal of the intervocalic
context). As noted, the earlier study is largely a preliminary version of the current work, and
while the sociophonetic patterns found here were overall very similar, both location-based
and gender variation seemed to play a bigger role in the patterns for most /t/-categories in
the earlier dataset. This means that adding more data has effectively levelled out some of
that apparent variability.
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Gender deserves some additional comment, as it has been observed in various studies
as highly relevant for patterning in /t/ realization (i.e., Horvath, 1985; Haslerud, 1995;
Tollfree, 1996; Tait & Tabain, 2016; Docherty et al., 2018; Ford, 2018; Powell-Davies &
Billington, 2024). Contrary to expectations from the literature which has shown some
gendered patterning for /t/, in the present study male and female speakers did not have a
higher probability of producing any type of /t/-category than any other. There were some
clear gender groupings evident, indicating why gender was important in the statistical
model, but this was not significant. In the present data, female speakers tended to use two
main variants (canonical and affricated /t/), while male speakers used three main variants
(canonical and affricated /t/ like the female speakers, but also the pre-glottalized /t/). Male
speakers also used more ejective, glottal stop and fricative variants. This is an interesting
finding because fricatives have been associated with women in some earlier (but less
comprehensive) research, i.e., Haslerud (1995), Tollfree (1996), Jones and McDougall (2009),
and Loakes and McDougall (2010), although later research by Shea et al. (2023) shows that
this is more complex than just an association with women (with a broad indexical field
where “educatedness” is somewhat relevant). Given the large number of breathy tokens in
the superordinate analysis in Warrnambool, this present finding relating to fricatives and
gender may also show some interplay with location (albeit not statistically).

Weaker associations with gender for the /t/ variants align with recent acoustic-
phonetic work on consonants in Australian English. In the 2018 study by Penney et al.
analysing the link between glottalization and coda voicing, gender was not a factor in
glottalization associated with /t/ closure (although age was). In the White et al. (2025)
study on intervocalic /t/ in different Sydney communities, gender was also not a factor in
variant distribution at all, with community diversity instead showing strong sociophonetic
patterning. This suggests a potential levelling of gender differences in Australian English,
perhaps amongst younger people. Certainly, studies with child participants support this
hypothesis. For example, while Tait and Tabain (2016) and Ford (2018) found gendered
patterning of /t/ in their data, Ford (2018) reported that gender patterning of /t/ reduced
with age. She noted that male and female 11–12-year-olds used more similar variants to
one another across the cohort compared to the younger speakers in the study (i.e., the
5–6-year-olds and 7–9-year-olds exhibited gender differences). While this particular finding
aligns with the suggestion that gender patterns may be levelling somewhat in Australian
English, more explicit research would be needed to confirm this hypothesis. Evidently, the
fact that the younger speakers in Tait and Tabain (2016) and Ford (2018) had some gendered
patterning in their /t/ realisations speaks to the existence of its importance at some level.
As shown in other research on /t/, e.g., by Foulkes et al. (2005) in Tyneside English, very
young speakers exhibit more gender variation in their speech than older children, which
is associated with the gendered patterning they in turn hear from adults. In other words,
caregivers actually produce gendered variation with younger children, with girls tending to
be exposed to standard variants, and boys to more non-standard variation. However, some
research (Fritche et al., 2021) has also shown that mothers use more canonical (aspirated)
/t/ variants when talking to children, and fewer allophonic variants. In Australian English,
gender was also observed as important in the recent Shea et al. (2023) study on attitudes
toward fricated /t/ in Australian English. That study found that listener gender was indeed
significant in how judgements were made toward attributes associated with fricated /t/.
However, Shea et al. did not explicitly analyse speaker gender because the stimuli had
been produced by only six speakers who were treated individually (rather than as two
small gender groups) in the model.

With respect to sociophonetic patterning of individual /t/-categories in the present
analysis, the apparently low level of importance placed on gender (as opposed to age
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and dialect) may also point to a broader issue. This issue relates to a less broad view of
gender, and is quite apart from potential levelling, but still underscores the need for further
research. In their recent work on the production and perception of voice quality in German
dialects, Penney et al. (2024) explain that micro-level aspects of gender can be at play in
how speakers produce variants and in how listeners interpret them, such as aspects of
“gender performance” and various other kinds of social attributes (also touched on by Shea
et al., 2023). Penney et al. (2024, p. 2) point out that “speakers are social actors” and that it
may be the communicative functions of social meaning driving their articulations. While
they are referencing German, these matters highlighted by Penney et al. (2024) are always
embedded in sociophonetic research of any kind (also see, e.g., Podevsa & Kajino, 2014;
Foulkes & Docherty, 2006) but not always able to be analyzed because of the nature of the
study design.

In the present work on Australian English /t/, it was seen that when gender is
considered only as an isolated variable with respect to /t/, it is indeed more weakly
associated with speaker behaviour than dialect, location and age. It is also acknowledged
that the present study used read speech samples, which decontextualize speech from its
social context to some extent, likely dampening the ability of speakers to perform important
social indexing such as gender. Future work which incorporates an analysis of more
naturalistic speech produced by the same speakers is needed to begin understanding how
/t/ is used across different styles and the extent to which speakers “perform” their social
categories. Future work should also include a more integrated voice quality analysis using
dynamic acoustic measurements rather than simply using broad categories.

Some more general observations which are worth highlighting relate to the overall
distribution of variants, here inferred to be closely related to voice quality, as made evident
in the superordinate category analysis and as discussed throughout this paper. While
the investigation here is still a very controlled study, this addition of voice quality, along
with /t/ articulation, points to the interconnectedness of variation (see especially Garellek,
2022). Recent research on Australian English by Penney et al. (2025) also links together
consonant quality and voice quality, focusing on strategies for achieving voicelessness in
coda consonants. Penney et al. (2025) highlight that glottal constriction (which equates
with creakiness) and glottal spreading (equating to breathiness) are two different strategies
for implementing the same thing, but with differing acoustic consequences. These authors
show that young urban speakers of Australian English from Sydney tend to use glottal
constriction for /t/ and glottal spreading for /k/, with /p/ being intermediate between the
two. The work in the current paper makes similar contentions but shows a wider spread of
strategies linked to achieving voicelessness within Australian English (and in this study,
the focus was /t/ only). For example, the present data show that in producing /t/, AAE
speakers and younger speakers tend to have more glottal constriction, while speakers from
Warrnambool and older speakers tend to have more glottal spreading.

5. Conclusions
This study aimed to investigate sociophonetic variation in coda /t/ spoken in two rural

locations (Warrnambool and Mildura) in Australia. The four factors under analysis were
location, dialect (AAE or MAE), age and gender, and it was shown that age and dialect
were strong indicators of how speakers produced /t/ variants. It was also seen that speaker
groups tended to use the same overall types of variants when /t/ was classified as either
breathy, glottal or simply canonical (aspirated). In other words, speakers within a variety
may not all use exactly the same /t/ as one another, but they often share overlapping
features which broadly equate with voice quality characteristics.
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This study contributes to the growing body of work on consonant variation in Aus-
tralian English, which is relatively understudied compared with vowel variation. It also
adds to knowledge of non-urban varieties of Australian English and has uncovered some
patterns of variation that were previously unknown due to a focus on speech in urban vari-
eties. In particular, it showed that full glottal stops and ejectives are a relatively common
feature of AAE and that, likely due to slower rates of change combined with sociophonetic
factors, not all Australian English speakers link glottalization and voicelessness in their
production of /t/. Finally, this work sheds new light on how and why AAE sounds differ-
ent from the Mainstream variety, further highlighting that L1 AAE speakers draw from a
wider pool of phonetic variants than MAE speakers.
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AAE Australian Aboriginal English
CD Closure duration
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MAE Mainstream Australian English
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VOT Voice onset time
VTT Voice termination time
WN Warrnambool

Appendix A

Table A1. /t/ observations per speaker, showing other relevant sociophonetic information.

Speaker Gender Age Dialect Location No. of /t/

MI01 M <40 MAE MI 42
MI04 F >40 MAE MI 38
MI05 F >40 MAE MI 42
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Table A1. Cont.

Speaker Gender Age Dialect Location No. of /t/

MI06 F <40 MAE MI 43
MI09 F >40 MAE MI 41
MI10 F >40 MAE MI 42
MI11 F >40 MAE MI 42
MI12 M <40 MAE MI 42
MI13 F <40 MAE MI 42
MI14 M <40 MAE MI 36
MI16 F >40 MAE MI 39
MI19 M >40 MAE MI 42
MI20 F >40 MAE MI 42
MI30 F <40 AAE MI 49
MI31 F <40 AAE MI 36
MI32 F >40 AAE MI 37
MI34 F >40 AAE MI 8
MI38 F >40 AAE MI 5
MI41 F <40 AAE MI 41
MI46 F <40 AAE MI 16
MI47 F <40 AAE MI 48
MI48 F >40 AAE MI 6
MI49 M <40 AAE MI 35
MI50 M <40 AAE MI 41
MI51 M <40 AAE MI 41
MI52 M <40 AAE MI 42

WN01 F <40 MAE WN 27
WN02 F >40 MAE WN 23
WN03 M <40 MAE WN 24
WN04 M <40 MAE WN 24
WN07 M <40 MAE WN 24
WN08 F <40 MAE WN 24
WN09 M <40 MAE WN 24
WN10 M <40 MAE WN 24
WN11 F >40 MAE WN 21
WN12 M >40 MAE WN 24
WN13 F >40 MAE WN 24
WN14 M <40 MAE WN 24
WN15 M >40 MAE WN 24
WN16 F >40 MAE WN 24
WN17 F >40 MAE WN 19
WN20 M >40 AAE WN 20
WN21 M <40 AAE WN 46
WN23 F <40 AAE WN 43
WN24 F >40 AAE WN 42
WN25 F <40 AAE WN 54
WN26 M <40 AAE WN 46
WN27 F <40 AAE WN 49
WN28 M <40 AAE WN 47
WN29 M <40 AAE WN 39
WN30 M <40 AAE WN 48
WN31 F <40 AAE WN 46
WN32 F <40 AAE WN 35
WN33 F <40 AAE WN 27
WN35 M <40 AAE WN 17
WN37 F <40 AAE WN 40
WN38 F >40 AAE WN 62
WN39 F >40 AAE WN 55
WN41 F <40 AAE WN 45
WN42 F <40 AAE WN 47
WN43 M >40 AAE WN 13
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Table A2. Summary of model output: variants ~ dialect * location + dialect * gender + dialect * age + location * age + location * gender + gender * age + (1|person) +
(1|word).

Multilevel Hyperparameters:
l-95% u-95%

~person (Number of levels: 61) Estimate Est.Error CI CI Rhat Bulk_ESS Tail_ESS

sd(mucanonical_Intercept) 2.22 0.33 1.6 2.94 1 2745 4253
sd(muglottal_Intercept) 4.58 0.88 3.16 6.6 1 2624 3467

l-95% u-95%
~word (Number of levels: 6) Estimate Est.Error CI CI Rhat Bulk_ESS Tail_ESS

sd(mucanonical_Intercept) 0.59 0.29 0.23 1.35 1 2701 3453
sd(muglottal_Intercept) 0.99 0.44 0.45 2.11 1 3081 4362

l-95% u-95%
Parameter Estimate Est.Error CI CI Rhat Bulk_ESS Tail_ESS

mucanonical_Intercept 4.109709 1.294408 1.609916 6.750466 1.000324 3170.254 3976.852
muglottal_Intercept 3.551946 2.324253 −1.11815 8.179632 1.001617 2961.338 3472.668
mucanonical_dialectMAE −1.27232 1.577658 −4.33643 1.842364 1.001168 3553.51 3573.459
mucanonical_locationWN −3.42055 1.385692 −6.27698 −0.78982 1.000293 3145.137 3434.555
mucanonical_genderM −3.11251 1.534139 −6.22699 −0.24411 1.002006 2885.109 3483.481
mucanonical_age >40 −3.46646 1.560196 −6.61075 −0.4707 1.000429 3171.621 3723.602
mucanonical_dialectMAE:locationWN −3.20172 1.500277 −6.33613 −0.36828 1.000206 3484.402 3833.135
mucanonical_dialectMAE:genderM 0.272458 1.656486 −2.86975 3.713085 1.001478 3241.961 3374.8
mucanonical_dialectMAE:age >40 1.4772 1.647378 −1.79328 4.69444 1.001738 3342.861 3613.26
mucanonical_locationWN:age >40 2.432463 1.678351 −0.72966 5.824707 1.00028 3278.077 3808.386
mucanonical_locationWN:genderM 4.360503 1.674904 1.182557 7.812998 1.00109 2833.652 3110.248
mucanonical_genderM:age >40 −0.35832 1.734045 −3.95307 3.016379 1.000276 4296.301 4116.85
muglottal_dialectMAE −9.67794 4.293042 −18.906 −2.11989 1.000785 3094.607 3315.769
muglottal_locationWN −1.74055 2.642719 −6.93848 3.540611 1.003271 2814.636 3471.775
muglottal_genderM −0.8533 3.054522 −6.90595 5.231248 1.001233 2698.983 2921.454
muglottal_age > 40 −6.80646 3.145955 −13.077 −0.79918 1.001016 2769.345 3108.434
muglottal_dialectMAE:locationWN −5.0234 3.554225 −12.6287 1.572844 1.000675 2906.752 3460.484
muglottal_dialectMAE:genderM 2.957652 4.405333 −5.25095 12.01916 1.000439 2733.362 3233.743
muglottal_dialectMAE:age >40 8.769023 4.336783 1.002483 17.95181 1.001089 2960.917 3358.171
muglottal_locationWN:age >40 1.56258 3.900241 −6.13253 9.373245 1.000458 2736.44 3147.883
muglottal_locationWN:genderM 3.886939 3.426194 −2.82018 10.60367 1.000231 2871.436 3412.028
muglottal_genderM:age >40 −2.14655 4.131641 −10.7955 5.680741 1.000892 3725.647 3808.24
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Table A3. Summary of model output: t cat ~ dialect + location + gender + age + (1|word) + (1|person).

Multilevel Hyperparameters:
l-95% u-95%

~person (Number of levels: 61) Estimate Est.Error CI CI Rhat Bulk_ESS Tail_ESS

sd(mucanonical_Intercept) 2.34 0.33 1.8 3.09 1 2074 3444
sd(muejective_Intercept) 4.22 0.93 2.76 6.38 1 2514 3188
sd(mufricative_Intercept) 3.87 0.81 2.57 5.79 1 2506 3285
sd(muglottal_Intercept) 5.56 1.2 3.69 8.35 1 2084 2620
sd(muintermediate_Intercept) 2.56 0.66 1.52 4.1 1 2212 2618
sd(mupreglottalised_Intercept) 4.62 0.93 3.28 6.49 1 1741 3292
~word (Number of levels: 6)
sd(mucanonical_Intercept) 0.53 0.27 0.2 1.19 1 2670 3582
sd(muejective_Intercept) 0.88 0.43 0.32 1.98 1 2538 3111
sd(mufricative_Intercept) 0.89 0.43 0.36 2.02 1 2520 4078
sd(muglottal_Intercept) 1.16 0.51 0.52 2.47 1 3096 3731
sd(muintermediate_Intercept) 0.5 0.41 0.02 1.53 1 2454 2910
sd(mupreglottalised_Intercept) 1.11 0.48 0.52 2.34 1 2869 3616

l-95% u-95%
Parameter Estimate Est.Error CI CI Rhat Bulk_ESS Tail_ESS

mucanonical_Intercept 3.031178 0.792705 1.495206 4.633316 1.001185 1843.438 3177.626
muejective_Intercept −1.07785 1.715743 −4.72375 2.20149 1.000642 2558.563 3004.494
mufricative_Intercept −4.85765 1.793656 −8.67985 −1.69691 1.000713 2243.597 3047.878
muglottal_Intercept 0.928138 2.171627 −3.31577 5.221916 1.001399 1938.859 2989.24
muintermediate_Intercept −8.65967 2.253011 −13.7355 −5.10094 1.001966 2361.018 2419.834
mupreglottalised_Intercept 1.604776 1.57675 −1.50678 4.712443 1.002877 1693.444 2545.731
mucanonical_dialectMAE −2.08524 0.732559 −3.59819 −0.68564 1.002345 1558.964 2524.645
mucanonical_locationWN −1.9911 0.703693 −3.37882 −0.65588 1.001838 1304.319 1989.708
mucanonical_genderM −0.38524 0.748684 −1.86415 1.06559 1.000314 1631.278 2853.642
mucanonical_age >40 −0.93769 0.770981 −2.51576 0.584369 1.001833 1407.406 2210.199
muejective_dialectMAE −7.39776 2.139039 −12.1257 −3.72156 1.001196 2600.795 2922.276
muejective_locationWN −1.95983 1.645664 −5.31918 1.152489 1.000741 2163.035 3202.763
muejective_genderM 1.523531 1.686891 −1.78273 4.887045 1.001325 1735.435 2261.012
muejective_age >40 −1.01917 1.820647 −4.54495 2.66324 1.000117 2297.229 3120.444
mufricative_dialectMAE 0.071597 1.478058 −2.81869 3.058128 1.001382 2515.901 3296.373
mufricative_locationWN 0.205507 1.425154 −2.54652 3.062703 1.000251 2173.563 3350.483
mufricative_genderM 0.903332 1.517839 −2.00444 3.941712 1.001067 2173.529 2775.056
mufricative_age >40 0.331476 1.580423 −2.79454 3.490723 1.001366 2099.212 2833.486
muglottal_dialectMAE −6.78024 2.572542 −12.3338 −2.31527 1.002328 2533.986 3630.33
muglottal_locationWN −2.20949 2.14931 −6.58771 1.823585 1.000563 2019.763 2865.475
muglottal_genderM −0.58977 2.263155 −5.27126 3.610123 1.002311 1665.095 2936.76
muglottal_age >40 −8.4816 3.24078 −15.6455 −3.08455 1.000711 2089.957 2620.658
muintermediate_dialectMAE 0.098786 1.232864 −2.18198 2.790361 1.000632 2961.505 3811.895
muintermediate_locationWN 3.686483 1.578529 1.006122 7.158362 1.001855 3042.522 2902.549
muintermediate_genderM 2.442615 1.227314 0.18849 5.080599 1.001723 2823.561 2852.982
muintermediate_age >40 0.308956 1.216965 −1.9717 2.82873 1.000758 3161.462 3278.93
mupreglottalised_dialectMAE −5.6965 1.678586 −9.22619 −2.66198 1.000453 2014.279 3371.382
mupreglottalised_locationWN −1.40994 1.504816 −4.42654 1.525181 1.00399 1696.224 2898.175
mupreglottalised_genderM 0.72756 1.552238 −2.3571 3.868475 1.000643 1756.346 3136.092
mupreglottalised_age >40 −3.85735 1.768983 −7.47577 −0.51735 1.001056 2117.017 3355.094
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Table A4. (a) Posterior Pairwise Comparisons for dialect (subordinate category); (b) Posterior
Pairwise Comparisons for location (subordinate category); (c) Posterior Pairwise Comparisons for
gender (subordinate category); (d) Posterior Pairwise Comparisons for age (subordinate category).

(a)

Group 1 Group 2 Category Lower Median Upper p_gt0

AAE MAE affricate −0.5984 −0.2331 −0.0422 0.0007
AAE MAE canonical −0.649 −0.0837 0.3423 0.361
AAE MAE ejective 0.0001 0.0078 0.1968 0.9933
AAE MAE fricative −0.0772 −0.0018 0.0002 0.0598
AAE MAE glottal 0 0.0606 0.8087 0.9752
AAE MAE intermediate −0.0018 0 0 0.0332
AAE MAE pre-glottalized 0.0008 0.1197 0.738 0.9798

(b)

Group 1 Group 2 Category Lower Median Upper p_gt0

MI WN affricate −0.3248 −0.1148 −0.0116 0.0087
MI WN canonical −0.4171 0.1159 0.5698 0.6858
MI WN ejective −0.0724 0.0004 0.15 0.5325
MI WN fricative −0.023 −0.001 0.001 0.103
MI WN glottal −0.3759 0.0108 0.678 0.5917
MI WN intermediate −0.0118 −0.0011 0 0.0002
MI WN pre-glottalized −0.5496 −0.0329 0.4626 0.3938

(c)

Group 1 Group 2 Category Lower Median Upper p_gt0

F M affricate −0.057 0.0014 0.0547 0.5412
F M canonical −0.3964 0.1567 0.6618 0.7492
F M ejective −0.5125 −0.0212 0.0682 0.2032
F M fricative −0.0119 −0.0001 0.0026 0.3185
F M glottal −0.4917 0.0096 0.6511 0.6193
F M intermediate −0.0013 0 0 0.0552
F M pre-glottalized −0.7111 −0.0879 0.3841 0.2955

(d)

Group 1 Group 2 Category Lower Median Upper p_gt0

<40 >40 affricate −0.2692 −0.0722 0.0052 0.037
<40 >40 canonical −0.7523 −0.2113 0.1909 0.1593
<40 >40 ejective −0.2421 −0.0018 0.1271 0.4087
<40 >40 fricative −0.0291 −0.0007 0.0017 0.1548
<40 >40 glottal 0.0007 0.067 0.8522 0.9948
<40 >40 intermediate −0.0008 0 0 0.1125
<40 >40 pre-glottalized −0.0608 0.1045 0.715 0.9192

Table A5. (a) Posterior Pairwise Comparisons for dialect (superordinate category); (b) Posterior
Pairwise Comparisons for location (superordinate category); (c) Posterior Pairwise Comparisons for
gender (superordinate category); (d) Posterior Pairwise Comparisons for age (superordinate category).

(a)

Group 1 Group 2 Category Lower Median Upper p_gt0

AAE MAE breathy −0.4475 −0.0436 0.0209 0.1002

AAE MAE canonical −0.9239 −0.2658 0.2577 0.1732

AAE MAE glottal 0.0013 0.3466 0.9752 0.9815

(b)

Group 1 Group 2 Category Lower Median Upper p_gt0

MI WN breathy −0.3812 −0.0856 0.0161 0.0577
MI WN canonical −0.4473 0.3155 0.8992 0.7767
MI WN glottal −0.8775 −0.1886 0.659 0.3218

(c)

Group 1 Group 2 Category Lower Median Upper p_gt0

F M breathy −0.3829 −0.034 0.0377 0.1897
F M canonical −0.5059 0.3276 0.9397 0.8072
F M glottal −0.9443 −0.2491 0.667 0.2653

(d)

Group 1 Group 2 Category Lower Median Upper p_gt0

<40 >40 breathy −0.7734 −0.2995 −0.0323 0.0032
<40 >40 canonical −0.7519 0.0086 0.6812 0.507
<40 >40 glottal −0.2276 0.2973 0.9573 0.89
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Figure A1. Aspirated “canonical” /t/ example produced in het by a younger female AAE speaker
from Warrnambool. Closure burst (spike) and subsequent aspiration evident, some echo present
during /t/ closure period.

Figure A2. Affricate /t/ example in het produced by a younger male MAE speaker from Warrnambool.
Closure period and long offset evident. Pre-aspiration/devoicing evident in preceding vowel.
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Figure A3. Fricative /t/ example in het produced by an older male MAE speaker from Mildura.
Pre-aspiration/devoicing evident in preceding vowel. No evidence of stricture or closure, fricative
energy throughout.

Figure A4. Pre-glottalized (unreleased) /t/ in het produced by a younger female AAE speaker from
Mildura. Glottalization present in vowel (vertical striations more widely spaced) prior to consonant
closure. Some echo evident during closure (no burst evident).
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Figure A5. Glottal /t/ example in het produced by a younger female AAE speaker from Mildura. The
boundary marker is placed at the offset of modal voice activity in the vowel for illustration purposes
only (label placement not relevant for the current paper). At the /e/-/t/ boundary, a spectrogram
shows laryngeal activity (creak) then complete glottal closure characterized by a lack of spectral
activity. No evidence of formant transition movement coming out of the preceding vowel, as would
be evident before an alveolar stop.

Figure A6. Ejective /t/ example in het produced by a younger male AAE speaker from Mildura.
Strong laryngealization present in the vowel before (long) /t/ closure, evident via more widely spaced
striations. Double burst evident at release, and echo evident from background noise during closure.
Double bursts are a classic acoustic characteristic of ejectives indicating release of supralaryngeal
stricture (burst 1) and release of glottal closure (burst two) (Ladefoged & Johnson, 2015, p. 147).
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Notes
1 Note that where terms such as “Anglo” (Horvath, 1985) and “Anglo-Australian” (Haslerud, 1995) as well as “Standard” (Mitchell

& Delbridge, 1965) and “General” (Cox & Palethorpe, 2007) are used in earlier work, the term “Mainstream” is adopted throughout
the present work, in line with other recent literature (e.g., Cox et al., 2024; Penney et al., 2025). This label is not intended to invoke
ideas of correctness, but rather to distinguish the dominant variety from Aboriginal and ethnocultural varieties. Early uses of the
term in this way include work by Harkins (2000) when comparing the Aboriginal and mainstream varieties and by Leitner (2004),
who appears to be the first to capitalize Mainstream.

2 Note: An earlier version of this study in which results from a smaller version of the dataset are analyzed in less detail is presented
in Loakes et al. (2022).

3 VTT refers to the point within the stop closure at which voicing terminates and often refers to partial voicing regardless of the
stop’s phonological voicing category.

4 COEDL refers to the Australian Research Council (ARC) Centre of Excellence for the Dynamics of Language, which is the funding
body for this research, as reported in the “funding” section at the end of the paper.

5 These categories are used in Loakes et al. (2022), but in that paper, intervocalic /t/ was also analyzed, and so extra categories
relevant to the CVC context (tap, voiced, approximant) are listed there.
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