
Research Article

Chloé Diskin-Holdaway*, Debbie Loakes and Josh Clothier

Variability in cross-language and cross-
dialect perception. How Irish and Chinese
migrants process Australian English vowels
https://doi.org/10.1515/phon-2022-0007
Received February 10, 2022; accepted November 7, 2023; published online January 15, 2024

Abstract: We investigate how three adult groups – experienced L2 English listeners;
experienced D2 (second dialect) listeners; and native L1/D1 listeners – categorise
Australian English (AusE) lax front vowels /ɪ e æ/ in /hVt/, /hVl/ and /mVl/ environ-
ments in a forced-choice categorisation task of synthesised continua. In study 1, AusE
listeners showpredictable categorisations, with an effect of coarticulation raising the
vowel in perception for nasal onset stimuli, and a following lateral lowering the
vowel in perception. In study 2, Irish (D2) and Chinese listeners (L2) have different
categorisations than AusE listeners, likely guided by their D1/L1. Coarticulation
influences the D1/D2 groups in similar ways, but results in more difficulty and less
agreement for the Chinese. We also investigate the role of extralinguistic factors. For
the Chinese listeners, higher proficiency in English does not correlate with more
Australian-like categorisation behaviour. However, having fewer Chinese in their
social network results in more Australian-like categorisation for some stimuli. These
findings lend partial support to the role of experience and exposure in L2/D2
contexts, whereby categorisation is likely still driven by native categories, with
increased exposure leading to better mapping, but not to a restructuring of under-
lying phonetic categories.
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1 Introduction

In both L1 and L2 phonological acquisition, perception precedes production chro-
nologically, with the L1 essentially acting as a phonological filter in L2 contexts
(Escudero 2007). Research reports a widely observed difficulty for adults in producing
L2 sounds which are not in the phonological inventory of their native language, and
perceptual categorisation of L2 sounds likely underlies this. Phoneme categorisation
can also be guided by listeners’ native dialects (for English, see Clopper 2014; Diskin
et al. 2018; Evans and Iverson 2004; Loakes et al. 2014a, 2023; Loakes 2019; Sumner and
Samuel 2009). Some speakers have been shown to process the speech of another
dialect by mapping it onto similar stored exemplars (Evans and Iverson 2004: 352),
although this has not been found to be consistent, and depends on exposure and
experience (Shaw et al. 2018; see also Nycz 2013, 2019).

This paper examines the categorisation behaviour of 12 native Australian
English (AusE) listeners, along with 14 second language (Chinese L1) and 10 second
dialect (Irish English D1) listeners, as they listen to mainstream AusE vowels in a
forced choice vowel categorisation task. Our aims are to study how these three
groups of listeners categorise the vowel stimuli /ɪ e æ/, which are currently in flux in
AusE (Cox and Palethorpe 2008). We investigate whether L2 and D2 listeners will
have different categorisation behaviour as compared to the AusE listeners, as guided
by the L2/D2. We also investigate the role of extralinguistic factors (proficiency in
English, length of residence in Australia – LOR, social network and gender) in this
process.

2 Literature review

2.1 Perception in cross-language contact

Generally, listening is considered language-specific, with phoneme categorisation
guided by listeners’ native language(s) (Cutler 2012; see also e.g., Best 1995 on the
Perceptual Assimilation Model; Best and Strange 1992; Escudero 2007; Ingram and
Park 1997). Phoneme categorisation is also guided by phonetic experience with the
contrast (e.g., Ingram and Park 1997; Polka 1995), and the distinctiveness (or saliency)
of phoneme cues (Lively et al. 1993). Furthermore, ability and accuracy in dis-
tinguishing contrasts can largely be predicted by the phonological inventories of a
listener’s L1 (e.g., Flege et al. 1997). For example, as reported in Iverson and Evans
(2009), Spanish L1 speakers have a native inventory of five vowels, as compared to
German L1 speakers with an inventory of 18 vowels. When given five sessions of
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high-variability auditory training for English vowels, the results showed that the
Germans improved more than the Spanish speakers, despite their more crowded
vowel space. However, after an additional ten sessions of training, the Spanish
listeners improved as much as the German group, and both groups retained their
learning. The findings show that “a larger vowel category inventory may facilitate
new learning and support a hypothesis that auditory training improves identifica-
tion bymaking the application of existing categories to L2 phonemesmore automatic
and efficient” (Iverson and Evans 2009: 866).

Conversational experience in the target language has also been found to aid L2
listeners in more native-like category boundary identification, and in discrimination
of speech sounds (e.g., Best and Strange 1992 for approximant consonants). Exposure
to multiple tokens from a variety of speakers has also been found to assist in non-
native/L2 category learning (Clopper 2014; Lively et al. 1993). Studies show that adult
listeners may be able to ‘sharpen’ their perception of category boundaries in an L2
and use strategies similar to native speakers, but not gain native-like perceptual
abilities (Flege et al. 1997; Weber and Cutler 2006). Vocabulary size in an L2 has also
been found to be a strong predictor in discrimination performance in unfamiliar
phonotactic contexts in the L2 (Wang et al. 2023).

In a forced-choice vowel identification task, Ingram and Park (1997) looked at
vowel production and perception of AusE by L1 Korean and Japanese listeners. Both
groups of listeners showed differences in AusE vowel category perception that were
linked to their L1 phonology. As an example, compared with Korean listeners,
Japanese listeners were able to use duration as a cue to help accurately distinguish
long and short AusE vowels, likely because Korean does not have a vowel length
contrast. It was argued that Korean listeners had thus not gained experience in using
length as a cue to phonetic contrast, unlike Japanese listeners who had learnt this
from contrasting the long and short vowels in their L1. The study illustrated how
specific ‘attunement mechanisms’ (gained from L1 experience) were employed by
the groups. The authors state that, in doing this, “L2 learners confronted with
identification of foreign vowels seek to apply or modify perceptual strategies for
phonological feature identification that were acquired in the course of first language
learning” (Ingram and Park 1997: 365).

Within-group differences also emerged in Ingramand Park (1997)with respect to
both age and experience. They discovered that older Korean listeners were better
able to categorise the AusE /e-æ/ contrast than were younger Korean listeners. The
authors attribute this to the experience that the older listeners have in distinguishing
between /e-ɛ/ in Korean, whereas younger listeners were unable to do this, due to the
recent merger in /e-ɛ/ in Korean. This study shows that listeners’ categorisation of
vowels in an L2 is largely determined by their L1. However, it also shows that
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listeners who have the same L1, but different experiences of that L1, have different
abilities in their L2. This highlights the importance of listener experience with
phonetic detail relevant for perceiving cues to phoneme contrasts in an L2 (as shown
by Cutler 2012).

2.2 Perception in cross-dialect contact

While it is well-established that L2 listening is language-specific and experience-
based, as per the discussion above, perception in cross-dialect contact constitutes a
relatively under-researched area. Studies on English show that regional variation
means that some listeners of the same language are exposed to different contrasts
than others, and thus react differently, in perception (e.g., Loakes et al. 2023, for
AusE). There is an ongoing question within the literature concerning the role of
experience in speakers recognizing the speech of another dialect by “mapping it onto
similar stored exemplars” (Evans and Iverson 2004: 352; see also Pierrehumbert
2002). The mapping of exemplars was investigated by Evans and Iverson (2004) for
northern and southern British English vowel perception and Sumner and Samuel
(2009) for General American compared with NYC speakers. Clopper (2014) also gives
various examples fromAmerican dialects in her discussion of the effects of exposure
on cross-dialect speech processing. In Shaw et al. (2018), AusE listeners had
perceptual tolerance for vowel variation in dialects from London, Yorkshire, New-
castle (UK) and New Zealand, in all but a few contexts. In other words, the AusE
listeners were able to perceptually assimilate phonetic details into abstract vowel
categories, despite the differences in accent they were hearing. However, being
exposed to a short passage read by a native speaker of those dialects before
completing the same task did not result in any significant differences, meaning there
was little sign of rapid adaptation (Shaw et al. 2018: 1).

Nycz (2013) studied speakers of Canadian English who had moved to New York
City and their perception and production of (oh)/(o) pairs (represented as such in the
paper), which are typically merged in Canadian English and split in New York City
English. She found that the speakers neither produced nor perceived any differences
in the pairs in a minimal pair task, but in wordlists and conversational data, they
showed signs of a low back vowel contrast. In a further study, Nycz (2019) found that
the same speakers of Canadian English were more likely to have this non-native low
back vowel contrast if they were married to a New Yorker. This variable was more
significant than that of LOR in New York City, or identification as New Yorker. While
not a perception study, Nycz (2019) shows the importance of examining social
networks as sources of input in studies of D2/L2 acquisition. The present study builds
on this by incorporating a social network metric (see Section 4.2.2).
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A study investigating effects of experience on intelligibility, but in a second
language context (Pinet et al. 2015), found that Mandarin listeners with intermediate
English proficiency had similar levels of speech-in-noise recognition of standard
British accents as native British English speakers, leading the authors to conclude
(perhaps rather controversially) that, rather than experience, it could be that
“standard accents […] have acoustic-phonetic features that make them inherently
more intelligible” (Pinet et al. 2015). Thesefindings suggest that the role of experience
and exposure in L2/D2 perception can also be inconsistent, and this is an aspect we
explore in the present study.

2.3 The front lax vowels /ɪ e æ/ in perception and production

2.3.1 Australian English

We focus on the front lax vowels /ɪ e æ/, which are highly variable in AusE speech
production and have been undergoing recent changes, including lowering and
retraction (Cox and Palethorpe 2008). These changes have been shown to impact
perception in AusE, with a shift up for the perceptual boundary between /ɪ e/ and a
shift down between /e æ/ (Mannell 2004: 226). These changes mean that there is
predictable age-related variability because of vowel space expansion, with younger
listeners responding differently to older listeners when completing vowel catego-
risation tasks (Loakes et al. 2014a, 2023; also summarised in Loakes 2019). Region
(southern versus northern Victoria), phonetic context and coarticulation have also
been found to have an effect on how AusE listeners categorise AusE vowels, with a
nasal onset raising these vowels in perception (perceiving the sound as a higher
vowel) and a lateral coda having a lowering effect (perceiving the sound as a lower
vowel) (Diskin et al. 2018; Loakes et al. 2023). Gender has to date not emerged as
significant factor in perception of the merger (see Loakes et al. 2023).

Furthermore, there is regional variability in a pre-lateral merger of /e æ/ in AusE
production (the so-called celery-salary merger – see Bradley 1989; Cox and Pale-
thorpe 2003; Loakes et al. 2017) and perception (Loakes et al. 2014a, 2014b, 2023;
Loakes 2019). In the south-east of Australia, listeners in the southernmost part
(including Melbourne) have been shown to have a merger in perception for /el/-/æl/,
often answering at random,whereas listeners in northern areas of the south-east can
accurately discriminate this contrast (Loakes et al. 2014a, 2023). Similar to the L2
perception studies described in Section 2.1, this comes down to experience in
perception.

These front lax Australian English vowels are of interest because of their highly
variable production and perception by native speakers, motivated by sound change.
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In study 1, we investigate how our AusE listeners categorise these vowels and
whether they have a merger in perception, particularly in prelateral and nasal onset
contexts. In study 2, we explore how these same vowels are categorised by L2/D2
listeners.

2.3.2 Irish English

In terms of the front lax vowels /ɪ e æ/ in Irish English, there is no published work
comparing Irish English and AusE explicitly. However, Irish English /ɪ/ is reported to
be similar to British English (Hickey 2005: 227), with the Northern Irish realisation of
/ɪ/ being more lowered and centralized, and lowering of short front vowels consid-
ered to be an import from Scotland to Ulster (Hickey 2008: 81). In Southern Irish
English (i.e., the English spoken in the Republic of Ireland), /e/, or the DRESS vowel, is
“essentially the same as in present-day British English, perhaps slightly lower” and
/æ/ is quite open, similar to “more recent forms of Southern British English” (Hickey
2005: 227). Shaw et al. (2018: 8) show that, while not exactly the same, /e/ and /æ/ are
acoustically very similar between AusE and British (London) English and point out
that similarities between the varieties are unsurprising due to British English being
the source variety of AusE. Hickey’s (2005) parallels between Irish and Southern
British English could thus be extended to AusE, although there are likely small
phonetic differences in realisation such as slightly lower /æ/ in British English (see
Shaw et al. 2018).

Recent work on Southern Irish English reports a process of short front vowel
lowering, in line with what has been reported in other varieties worldwide (Hickey
2018), including AusE (Cox and Palethorpe 2008). However, the phenomenon appears
to be restricted to the DRESS and TRAP lexical sets, and among young female speakers of
a new, supraregional variety of English, where the /l/ is also likely to be phar-
yngealized, thus promoting lowering (Hickey 2018: 13).

Thus, in a sample of young speakers such as ours, with themajority coming from
the south of Ireland, we hypothesise that, as speakers of a supraregional variety,
their production of the vowels in question would be relatively uniform. These de-
scriptions are also supported in a previous study of vowel production in a subset of
the participants in the present study, where they had a similar /ɪ/, a slightly lower /e/,
and a more open /æ/ as compared to five of the Australian participants (Diskin et al.
2019b; see also relative distances between monophthongs in Irish English in Fer-
ragne and Pellegrino 2010: 23). We note that we have three (male) participants from
the North of Ireland, who auditorily have more lowered front vowels than the other
seven participants. This may have affected their perception of these vowels,
although there has been no previous work into categorisation or perception of Irish
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vowel contrasts where this production-perception link could be confirmed. We
have not incorporated the factor of region of origin in this study due to the small
sample size.

2.3.3 Mandarin Chinese

Duanmu (2007) reports that there arefive basicmonophthongs inMandarin Chinese:
/i y ə a u/. This means that none of the vowels we investigate in our study are
represented in the Mandarin Chinese inventory, which may present perceptual
difficulties for the L1 Chinese listeners.While there are no explicit studies comparing
the vowels in Mandarin Chinese and AusE (but seeWang et al. 2023 for a comparison
of phonotactics), Chen et al. (2001: 427) found that Mandarin Chinese speakers had
smaller overall vowel quadrilaterals as compared to corresponding American
English speakers’ quadrilaterals. They reported that there are six American English
vowel phonemes, /ɪ, ɛ, æ, ʌ, ʊ, ɔ/, that do not occur in the Mandarin vowel system
(Chen et al. 2001: 429). It should be noted that the phonemic system in American
English is the same as AusE with respect to these contrasts, with the differences
between AusE and American English being phonetic in this respect (see for example
the AusE phoneme list in Cox and Fletcher 2017: 55).

There have been several studies examiningMandarin Chinese listeners’ abilities
to discriminate vowels in different varieties of English. In a combined perception-
production study, Jia et al. (2006) tested the discrimination of six American English
vowel pairs among L1 Mandarin speaker-listeners and found that exposure to
American English, plus a younger-learner advantage, resulted in increased mastery
in discrimination of L2 phonology (Jia et al. 2006: 1118). Wang et al. (2022: 161)
examined the discrimination of six AusE vowel contrasts, /æ/-/ɐ/, /ɐː/-/ɐ/, /iː/-/ɪ/, /æ/-/e/,
/eː/-/æ/, and /ɜː/-/e/, by Chinese L1 listeners, finding that strong accuracy-latency
associations existed in cross-boundary contrasts, but no clear correlations were
found for within-category pairs. Importantly for the present study, Wang et al. (2022:
161) note thatMandarin has a low vowel /a/, of which [æ] (after /j/ and before /n/) is an
allophone. However, /iː/-/ɪ/ can be challenging for Chinese L1 listeners, as Mandarin
does not have duration contrasts (Duanmu 2007). Furthermore, Mandarin does not
have themid frontmonophthongs /e/ or /eː/, so thesemonophthongs in AusE could be
deemed “unfamiliar” for Chinese listeners. This leads us to predict that the task we
present here will be a challenging one for Chinese listeners but could be affected by
factors such as length of residence (LOR), social network, proficiency in English (see
also Wang et al. 2023 for the effect of L2 vocabulary size), or gender, which provides
an impetus for the present study.
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3 Aims

The aims of the present investigation are presented broadly across two studies.
Study 1
1. Investigate hownative AusE listeners categorise the (in flux) AusE vowel stimuli /ɪ

e æ/ in a forced choice vowel categorisation task;
2. Determine the effect of coarticulation in the categorisation of these vowels (pre-

lateral /hVl/ and nasal onset pre-lateral /mVl/).

Study 2
1. Determine how Chinese L1 and Irish D1 categorise these same stimuli

(i.e., investigate cross-language and cross-dialect perception);
2. Examine whether extralinguistic factors (LOR, social network, proficiency in

English, or gender) contribute to an ‘Australian-like’ categorisation behaviour
among D2/L2 listeners.

The studies provide valuable insights into how listeners from different language and
dialect backgrounds respond to vowel stimuli that are known to be variable within
the community. They focus onwhether ‘experience’ can lead speakers of one dialect/
language to map features of another onto stored exemplars (see Pierrehumbert
2002). Furthermore, by examining participants who have lived in Australia for
varying lengths of time (1–14 years), we track the perception of features of a second
language/dialect in apparent time.

We predict that AusE listeners will categorise the /hVt/ continua at the acoustic
midpoint, but that in the /hVl/ and /mVl/ continua, the effect of the lateral and nasal
will respectively lower and raise those vowels in perception. For the L2/D2 listeners,
we predict that exposure to and experience with AusEwill result inmore Australian-
like categorisation behaviour. We will incorporate listener gender into our analyses,
but do not predict it to display any differences, in line with Loakes et al. (2023).

4 Methodology

4.1 Participants

The present study stems from a larger project on second language and second dialect
acquisition by recently-arrived migrants in Melbourne (see Diskin et al. 2018, 2019a,
2019b, 2019c). All data collection took place in 2017 on The University of Melbourne
campus. The participants (see Table 1) completed a variety of tasks, including a
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studio-recorded wordlist and sociolinguistic interview, a recorded wordlist with
simultaneous ultrasound tongue imaging, and a comprehensive socio-demographic
background questionnaire (based on Horvath 1985; Llamas 1999; Lonergan 2013).1

The final task was a forced-choice vowel categorisation task presented on a custom-
made app for the iPad (see Loakes et al. 2014a, 2023), which is the taskwe report on in
this paper, and completed by the three listener groups. The totality of the tasks took
approximately 2 h. The vowel categorisation task took approximately 20 min to
complete and was administered in a sound-proof perception laboratory under the
supervision of a researcher and/or a research assistant.

All but two of the Australian participants were born and raised in Melbourne
and had never spent longer than one year living outside of the greater Melbourne
area.2 This residence requirement for the Australians was one of the criteria for
participation in the study. Criteria for the Irish and Chinese participants were that
they should have moved to Australia as adults (aged 18+, although one Chinese
participant was 17 when he moved). The Chinese participants came from a variety of
regions across Mainland China and Hong Kong. The Irish participants came from
towns and villages across the island of Ireland, encompassing both the Republic of

Table : Summary of participants by language/dialect group, gender (self-reported), average age and
LOR in Australia.

Language/dialect
group

Female (n) Male (n) Average age Average LOR in
Australia

Australian English (AusE)    years  months
(SD =  years  months)

Born and raised in
greater Melbourne area

Irish English (IrE)    years (SD =  years
 months)

 years  months (SD = 
years  months)

Chinese (Mandarin)    years  months
(SD =  years  months)

 years  months (SD = 
year  months)

Total participants   – –

1 Participants were asked to self-report the following as part of the background questionnaire: “the
first language you learned as a child (i.e., your first/native language). If you learned two or more
languages as a child, please list these also”. Here, the Irish and Australians all listed “English”. Among
the 14 Chinese participants, all of them listed “Chinese”, “standard Chinese” or “Mandarin”; two
participants added to their answers that they were speakers of Wu and Henan dialects; and one self-
reported as bilingual inMandarin and Cantonese. For the purposes of the present paper, ‘Chinese’ or
‘Mandarin’ will be the terms used to refer to the Chinese participants’ L1.
2 One participant had spent some years of his adolescence living on the Mornington Peninsula,
approximately 90 km fromMelbourne; another had spent two four-year periods living in Japan (with
Australian parents) before the age of ten.
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Ireland and Northern Ireland (which include a diversity of dialect regions – see
Corrigan 2010; Kallen 2013), so there is some dialectal difference amongst these
participants (Diskin et al. 2019b – see also Section 2.3.2 above). The years of birth of
the participants ranged from 1976 to 1995 (Table 1), so they are relatively homogenous
in terms of age and mostly younger than the participants in Loakes et al. (2023) or
Schmidt et al. (2021).

4.2 Method and materials

4.2.1 Phonetic categorisation task

The task we report on is a phonetic categorisation task with forced-choice identifi-
cation. The experimental procedure, including stimulus manipulation and presen-
tation, is the same as Loakes et al. (2023) and is also similar to the design of
Harrington et al. (2008), Kleber et al. (2011) and Kendall and Fridland (2012). Focusing
on the AusE lax front vowels /ɪ e æ/, seven-step continua were created using the
Akustyk vowel synthesis module (Plichta and Preston 2004) in Praat (Boersma and
Weenink 2018) using the default settings. The end points of the continua were pro-
duced by one female native AusE speaker, who was not from Melbourne and
cruciallymaintained the /e æ/ contrast in pre-lateral conditions. The recordings were
made in the Horwood Language Centre recording studio at The University of
Melbourne.

Between the end-points of the stimuli, the intervening five steps were equidis-
tant in F1, F2 and F3. The whole word was synthesised to account for vowel transi-
tions; amplitude, vowel duration and F0 were not altered. The resulting continua
were (stressed) front lax vowels in various contexts (Table 2), broadly /hVt/, /hVl/ and
/mVl/ and included a mix of relatively high frequency (e.g., hit) and low frequency
(e.g., het) monosyllabic words, as well as some proper names (e.g., Mel, Mal, Hal),
which are typical first name abbreviations in AusE. The focus is the pairs hill-hell, hit-
het, mill-Mel; hell-Hal, het-hat andMel-Mal. The stimuli were pilotedwithmembers of
the Phonetics Laboratory at The University of Melbourne at the time they were
created; they were not trialled with participants. The stimuli have now been used
multiple times with various listener groups (e.g., Loakes et al. 2014a, 2023), with native
listeners correctly identifying the endpoints, albeit with some small differences ac-
cording to age and region. Listeners have also been found to respond consistently
when carrying out the same task three or six years later (Loakes et al. 2019).

The participants identified each synthesized stimulus four times and they were
presented orthographically on the iPad screen. For each stimulus, over the course of
the task, the target word appeared on the left of the screen twice, and the right of the
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screen twice. Options appeared side by side. The stimuli were blocked into four
“sections” (with an option for participants to take a break at each section), and items
were randomised within each block. We report on 168 trials per listener, but there
were more in the full study, including e.g., foils and back vowel stimuli, which we do
not report on here – the current study focuses on a subset of short vowels. The
experiment was conducted under laboratory conditions, and listeners used Shure
SRH840 Reference Studio headphones, with experimental volume kept constant
across all participants. Hearing difficulties were not reported, but this was not
independently tested. Listeners would hear a token, and options were visible on the
screen immediately. Options could be selected once the audio had finished playing.
Participants would hear each option only once, and would make their choice by
pressing buttons on the screen to indicate which of two items they had heard, before
moving on to the next item. The listeners were likely aware that they were listening
to AusE, as the overall study was presented to them as being about the adoption of
AusE by migrants. We note that the original task was not designed to take lexical
frequency into account, and a previous study using the same materials (Loakes et al.
2023) has shown that lexical frequency has some effect on participant responses, but
mainly with respect to age (older speakers had more merger of DRESS and TRAP in
prelateral contexts for frequent words than younger speakers), and to exposure to
proper names (younger listeners preferred Mel and older listeners preferred Mal).
The age issue is not as relevant here, as all of our participants are similar in age and
younger than the participants in Loakes et al. (2023) – see Table 1. We could predict
that different levels of exposure to proper names could affect the Irish and Chinese
groups in this study, but the names aremore popular in Australia than in Ireland and
China, and this is not information that we solicited from the participants. Lexical
frequency is also not a factor we examined in isolation.

4.2.2 Social network task

The social network task (based on Lonergan 2013, who drew on Labov 2001; Milroy
1987) was completed at the end of the questionnaire (see Section 4.1). Participants

Table : The six continuaa analysed in this study.

Phonetic context /i-e/ /e-æ/

/hVt/ hit-het het-hat
/hVl/ hill-hell hell-hal
/mVl/ mill-Mel Mel-Mal
aPredicted merger conditions are bolded (see Cox and Palethorpe ; Loakes et al. ).
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were instructed to put the initials of the six people they spend themost timewith on a
daily basis in no particular order. They were also instructed to describe their rela-
tionship with this person (e.g., ‘cousin’, ‘husband’, etc.) and to specify where this
person came from (e.g., Australia).

Each L2/D2 participant was assigned two Social Network Scores (SNSs), with a
total possible range of 0.0–1.0 (Table 3). Irish and Chinese participants were assigned
a score of the degree to which their social network was ‘Australian’, which ranged
from 0.16 to 1.0 for the Irish and from 0.0 to 0.5 for the Chinese. Thiswas calculated by
dividing the number of identified people who were Australian by the total possible
number of people in the network (6). For example, a participant who listed one
Australian in their social network received an Australian Social Network Score of
0.16, which is 1/6. A participant who listed their entire social network as Australian
received a score of 1.0. Participants were also assigned a score of the degree to which
their social network was their own nationality group, i.e., ‘Irish’ or ‘Chinese’. This
score was calculated in the same way as the Australian network score and ranged
from 0.0 to 0.66 for the Irish and from 0.16 to 1.0 for the Chinese. Overall, the Irish
social networks were more Australian and less Irish; whereas for the Chinese, it was
the opposite: their social networks were more Chinese and less Australian. This is
likely also related to their lengths of residence, with the average LOR for the Irish
being over twice that of the Chinese (Table 1). Furthermore, thereweremore Chinese
that were university students than among the Irish: nine out of the fourteen Chinese
participants were students at the time of recording, whereas all ten of the Irish
participants were in full-time employment. This may have resulted in increased
exposure to AusE among the Irish group as compared to the Chinese group, as
universities in Australia typically have a very diverse student body, and Irish people
may have had more opportunities to meet local Australians in the workplace.

Table : Social network and self-reported standardised test scores for the Irish and Chinese participants.

Native lan-
guage/
variety

Average social
network score
(Australian)

Average social network
score (own nationality
i.e., Chinese/Irish)

Average proficiency in English
(self-reported standardised test
scores – IELTS or equivalent
calculation)

Irish English
(IrE)

. (SD = .;
Range = .–.)

. (SD = .;
Range = –.)

n/a

Chinese
(Mandarin)

. (SD = .;
Range = –.)

. (SD = .;
Range = .–.)

. (SD = .)
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People in the social networks who were from somewhere other than Australia,
Ireland and China were accounted for, but not assigned a metric here. The native
Australians also completed this task, but their results are not reported on here.

4.2.3 Proficiency in English

The International English Language Testing System (IELTS) is the most commonly-
used metric for proficiency in English in Australia, particularly for those seeking
entry on a student visa. As a consequence, all of the Chinese participants, with the
exception of two, were in a position to report on theirmost recent IELTS score via the
demographic questionnaire, and this is themetric used in the present study. The two
participants who did not have an IELTS score provided a Pearson Test of English
(PTE) score instead. Both of their scores, which were in the 90s, were equated to an
equivalent IELTS 8.5. The average IELTS score of the Chinese participants was 7.4. A
score of 7 is described as “good”, where the “test taker has operational command of
the language, though with occasional inaccuracies, inappropriate usage and mis-
understandings in some situations. They generally handle complex language well
and understand detailed reasoning”.3

4.3 Analysis

We first present descriptive comparisons between language/variety groups using
proportions (or observed probabilities) of responses across the continua, with the
mean per continuum step plotted, along with 95 % (bootstrapped) confidence
intervals. These comparisons are then examined using mixed effects binomial lo-
gistic regression models, which were fit using the glmer function in lme4 (Bates et al.
2015) using the RStudio IDE (RStudio Team 2020) for R (R Core Team 2020). We began
with an intercept-only model and proceeded with testing explanatory fixed factors
(continuum STEP, GENDER, LANGUAGE/VARIETY), as well as interactions between these fac-
tors, in a stepwise step up fashion following procedures in Schweinberger (2021). The
final model in each case is theminimal adequate model to account for the variability
in the data using these factors. Results of likelihood ratio tests comparing these final
models with the baseline intercept-only model are reported. In all cases, LISTENER was
used as the random effect. Treatment coding was used for all categorical predictors
and polynomial coding was used for the ordinal predictor STEP. We chose to examine
continuum step as a factor rather than phonetic context, as it was more fine-grained
than looking at phonetic context alone (six levels rather than three – see Table 2).

3 https://ielts.com.au/australia/results/band-score-calculation.
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Adding both phonetic context and continuum step as factors would have reduced the
stability and power of the model.

Model evaluation summaries are presented in Table 4, including results of
likelihood ratio tests (“LRT”: comparison of final model with baseline), and model fit
parameters, the C-value (which indicate a good model fit above 0.8 [Baayen 2008:
204]) and Somer’s Dxy, which ranges from 0-1 with higher values, indicating greater
predictive power.

In order to assess the effect of LOR, social network, gender, and proficiency (as
relevant), we chose a non-parametric modelling method, as adding these factors to
the logistic regressions either violated the assumptions of the models or resulted in
convergence failures. We acknowledge that, at 36 participants, the sample size is
small as compared to comparable studies in speech perception, and that we are
incorporating many variables. In order to offset issues of reliability, we adopt the
non-parametric method of conditional inference trees (Barth and Schnell 2022;
Levshina 2020; Schweinberger 2021; Tagliamonte and Baayen 2012). Conditional
inference trees are a method for regression and classification based on binary
recursive partitioning (Levshina 2015: 291) and are particularly suitable for situa-
tions of small n and large p, where n is the number of observations and p is the
number of predictors (Tagliamonte and Baayen 2012). A non-parametric method
such as conditional inference trees has fewer assumptions around sample size
compared to e.g., a generalised linear mixed effects model. It helps to describe the
data, rather than make inferences based on the data.

STEP always emerged as the predominant predictor in our conditional inference
trees. It was responsible for the first binary split, being highly significant, and often
responsible for multiple splits. However, the analysis including other social factors
allows us to understand some of the individual-specific factors that condition listener
responses in the Irish and Chinese cohorts. Results of this modelling are discussed in
Sections 5.4 and 5.5. Note that for Irish listeners, for the /hill-hell/, /mill-Mel/, and /Mel-

Table : Model fit parameters for generalised linear mixed effects models.

Continuum LRT C-value Somer’s Dxy

hit-het χ () = , p < . . .
het-hat χ () = , p < . . .
hill-hell χ () = , p < . . .
mill-Mel χ () = , p < . . .
hell-Hal χ () = , p < . . .
Mel-Mal χ () = , p < . . .
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Mal/ continua, only STEP significantly predicted responses using this method. For
Chinese listeners, for the /hell-hal/ and /Mel-Mal/ continua, STEP was the only signif-
icant factor.

5 Results

5.1 /hVt/ condition

The results in Figure 1 for the /hVt/ condition show that in the case of /hit-het/ for the
native AusE listeners the crossover point is at the acoustic midpoint (Step 4). This
response was predicted. However, there were differences between the listener
groups for this stimulus. At Step 1, complete agreement was only attained by the Irish
listeners, although the AusE listeners attained almost 100 % agreement by Step 6. The
Irish and AusE listeners had significantly different crossover points for /i-e/, with the
Irish listeners crossing over to hearing /het/ at Step 6 – a full two steps later than for
the AusE listeners. The Chinese listeners did not have a crossover point for this
continuum and had very low levels of agreement with only 42 % of responses being
het at Step 7. Therefore, in 58 % of cases, at Step 7, some Chinese listeners were still
hearing hit. The Irish also had low levels of agreement at Step 7, with just 59 % of
responses being het. Overall, these differences are confirmed by our statistical
modelling: the final minimal adequate model performed significantly better than an
intercept-only baseline model. The model returns a significant interaction between
STEP and LANGUAGE/VARIETY, emphasising the differences between the AusE and Chinese
responses across the /hit-het/ continuum (z = 3.32, p = 0.001).

AusE responses to /het-hat/ were less consistent with predictions for this con-
dition than for /hit-het/: they had an early crossover point at Step 2 and a bias for hat.
This bias was also visible for the Irish, whose crossover points were before the
acoustic midpoint. However, the Chinese had a crossover at approximately the
acoustic midpoint (Step 4). There was significant difference in crossovers from /e/ to
/æ/ between the AusE and the Chinese listeners. There was also a lack of certainty for
this stimulus, with approximately 80 % agreement at Step 1 for all three groups,
where 100 % would be predicted. By Step 6, the Irish listeners, and most of the AusE
listeners, had reached 100 % agreement and switched to hearing hat. However, the
Chinese listeners were not all in agreement. Logistic regressionmodelling returned a
significant two-way interaction between STEP and LANGUAGE/VARIETY, confirming the
Chinese listeners’ performance as most distinct from the other two groups of lis-
teners, exhibited by their preference for het across the continuum (z = 3.07, p = 0.002).
The results for the /hVt/ condition are summarised in Table 5.
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Figure 1: Observed probabilities/proportions by continuum step /hit-het/ (left panel) and /het-hat/
(right panel) in blue (Australian), red (Chinese) and green (Irish).

Table : Summary of results for the /hVt/ condition.

AusE (D/L) Irish (D) Chinese (L) Significant differences and
interactions

/hit-
het/

– Crossover Step 4
(acoustic
midpoint)

– No complete
agreement

– Crossover Step
6 (late)

– Complete
agreement
Step 1

– Low agree-
ment Step 7

– No crossover
point

– Low
agreement

– Irish & AusE signif.
different crossovers

– Signif. interaction (STEP &
LANGUAGE/VARIETY): Chinese
signif. different from
AusE

/het-
hat/

– Crossover Step 2
(early)

– ≈ 80 % agree-
ment Step 1

– ≈ 100 % agree-
ment Steps 6–7

– Crossover Step
3 (early)

– ≈ 80 % agree-
ment Step 1

– 100 % agree-
ment Steps 6 &
7

– Crossover
Step 3.5

– ≈ 80 % agree-
ment Step 1

– AusE and Chinese signif.
different crossovers

– Signif. interaction (STEP &
LANGUAGE/VARIETY): Chinese
signif. different from
AusE & Irish

– Chinese preference for
het over hat compared to
AusE & Irish
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5.2 /hVl/ and /mVl/ condition: coarticulatory effects on
categorisation

Figure 2 shows the responses for /hVl/ and /mVl/ condition. These stimuli test the
effects of coarticulation on processing: the effect of a pre-lateral context as well as a
nasal onset. In the case of /hill-hell/, there were significant differences between the
responses across all three groups. The three groups have high rates of agreement for
hill responses at Step 1, but for the Irish and, to a lesser extent, the AusE and Chinese
listeners, the hill response is consistently sustained until after Step 6, followed by a
steep decline in hill when the category crossover occurs. However, there is still only
62 % agreement at Step 7 for the Irish listeners. For the AusE listeners, there is amore
gradual decline inhill responses until the category crossover at approximately Step 5.
While the majority of AusE listeners had switched to hearing hell by Step 7, large
proportions of the Irish (38 %) and Chinese (31 %) responses remained hill. For this
option, the Irish and the Chinese exhibited similar categorisation behaviour. In our
modelling, where the Chinese and Irish were compared with the AusE listeners,
significant main effects of LANGUAGE/VARIETY were found for the Chinese (z = −2.80,
p = 0.005) and the Irish (z = 2.14, p = 0.032), who were both overall more likely to
respond with hill as compared to the AusE listeners. The significant interaction
between STEP and LANGUAGE/VARIETY shows Chinese listeners had significantly more hill
responses towards the end of the continuum, i.e., Steps 6 and 7 (z = 4.15, p < 0.001).

For /mill-Mel/, the responses across the three listener groupswere very similar to
/hill-hell/, with the Irish sustainingmill responses for longer than the AusE listeners.

Figure 2: Observed probabilities/proportions by continuum step for /hill-hell/ (left panel) and /mill-Mel/
(right panel) in blue (Australian), red (Chinese) and green (Irish).
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The AusE listeners switched from hearing mill to Mel at Step 5, after the acoustic
midpoint, whereas the Irish crossed over at Step 6 and the Chinese at Step 7. As with
/hill-hell/, there were significant differences between the responses across all three
groups. However, the crossovers for the AusE and Irish groups were earlier in this
pre-lateral, nasal onset condition (at Steps 5 and 6 respectively) as compared to the
pre-lateral condition without the nasal onset (at Steps 6 and 6–7 respectively). In this
nasal onset condition, the AusE and Irish listeners had high levels of agreement by
Step 7 (between 89 and 100 %), but the Chinese listeners had agreement of only 54 %
by Step 7. Regression modelling shows similar patterns to those for the /hill-hell/
continuum, with significant main effects of LANGUAGE/VARIETY, whereby both the Chi-
nese (z = −2.56, p = 0.011) and the Irish listeners (z = 2.37, p < 0.001) had significantlymore
mill responses than the AusE listeners. There was also an interaction between STEP and
LANGUAGE/VARIETY, showing that the Chinese listeners had more mill responses than the
Irish or the AusE listeners towards the end of the continuum (z = 4.72, p < 0.001).

5.3 /el-æl/ condition: predicted merger context

Figure 3 shows that for /hell-hal/, the crossover for the AusE listeners is at the acoustic
midpoint, whereas the Irish and Chinese listeners have similarly late crossovers at
Steps 6 and 7 respectively. This mirrors the categorisation behaviour of the Irish and
Chinese listeners for other continua, with a pattern of late crossovers (and less
overall agreement, particularly towards the end of the continuum.). For this con-
tinuum, the AusE responses were significantly different from the Irish and Chinese
responses, but the Irish and Chinese responses were not significantly different from
each other. Modelling showed significant main effect of LANGUAGE/VARIETY, whereby
Irish listeners havemore hell responses overall (z = 3.28, p = 0.001), and an interaction
between STEP and LANGUAGE/VARIETY, whereby Chinese listeners retained more hell re-
sponses towards the end of the continuum (z = 2.60, p = 0.009).

For the /Mel-Mal/ stimulus, all three sets of responseswere significantly different
from one another. In this nasal onset condition, the crossovers are somewhat earlier
for the AusE listeners as compared to the /hell-hal/ stimulus:, there is an abrupt
downwards trend from Mel towards Mal around Step 3. For the Irish and Chinese
listeners, the trend is not as abrupt. The crossover for the Chinese listeners is later in
the nasal onset condition, at Step 7. Furthermore, while the AusE and Irish listeners
have fairly high levels of agreement, the level of agreement among the Chinese is
only 65 % at Step 7, mirroring their levels of agreement in the other nasal onset
condition: /mill-Mel/.

Both /el-æl/ contexts were predicted to be ‘merger’ conditions, with AusE lis-
teners answering at random and/or having crossovers that were not at the acoustic
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midpoint. However, both with and without a nasal onset, there is no strong evidence
of a merger in perception by any of the three listener groups, although low agree-
ment rates at endpoints of some of the continua (e.g., Step 1 for AusE listeners for
/Mel-Mal/) suggest potential merger among some listeners.

The results of modelling show a significant main effect of LANGUAGE/VARIETY,
whereby the Chinese had significantly more Mel responses than the AusE and Irish
listeners (z = 4.16, p < 0.001). There is also an interaction between STEP and LANGUAGE/
VARIETY, showing that Chinese listeners have moreMel responses towards the end of
the continuum (z = 3.94, p < 0.001), whereas Irish listeners have significantly more
Mal responses towards the end of the continuum (z = −3.32, p = 0.001). A summary of
results for the /hVl/ and /mVl/ conditions is provided in Table 6.

5.4 Second dialect perception: Irish listeners

As discussed in the previous sections, Irish listeners were found to have different
categorisation behaviour depending on the stimulus (Figure 4). Some of the re-
sponses to continua such as /het-hat/ indicated early crossovers, but high levels of
agreement. Other responses, such as those for /hit-het/, indicated late crossovers and
low levels of agreement. With the aim of investigating the effect of experience and
exposure on perception, in sub-Sections 5.4.1 and 5.4.2, we analyse effects of LOR and

Figure 3: Observed probabilities/proportions by continuum step for /hell-hal/ (left panel) and /Mel-Mal/
(right panel) in blue (Australian), red (Chinese) and green (Irish).
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social network among the Irish listeners, using conditional inference trees (see
Section 4.3). In all cases, only the conditional inference trees for continua that yielded
significant differences are reported.

5.4.1 Effect of LOR among Irish listeners

The Irish listeners had been living in Australia for an average of 5 years 8months (see
Table 1). To test for the effect of LOR, we use conditional inference trees based on
binary recursive partitioning.4 They are to be read as follows: the ‘tree’ shows “all

Figure 4: Group-level responses for Irish listeners to the six stimuli in the present study: /hit-het/ (red);
/hill-hell/ (mustard); /mill-Mel/ (green); /het-hat/ (aqua); /hell-hal/ (blue); /Mel-Mal/ (pink).

4 Binary recursive partitioning involves the following steps (from Levshina 2015: 291):

(1) The algorithm tests if any independent variables are associated with the given response
variable, and chooses the variable that has the strongest association with the response;

(2) The algorithmmakes a binary split in this variable, dividing the dataset into two subsets […]
If a variable hasmore levels, one groupmay have values A and B, and the othermay contain
observations with C […]

(3) The first two steps are repeated for each subset until there are no variables that are
associatedwith the outcome at the pre-defined level of statistical significance […] The result
of this process can be visualized as a tree structurewith binary splits forming ‘branches’ and
‘leaves’.
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possible splits that are significant at the level of p < 0.05. The ovals contain the names
of the variables selected for the best split, as well as the corresponding p-values. The
levels of the variables are specified on the ‘branches’” (Levshina 2015: 294) so that in
the case of Figure 5, the levels on the branches on the far left are the steps from the
task, i.e., ≤Step 4, or >Step 4. The bar plots at the bottom (‘leaves’) show the proportion
of, in the case of Figure 5, hell being selected over Hal in each end node (‘bin’),
which “contains all observations with a given combination of features. The number
of observations in each bin is shown in parentheses above the boxes” (Levshina
2015: 294).

Figure 5 shows that STEP, which is the first split in the tree, plays the most
important role in conditioning responses to the /hell-Hal/ continuum by the Irish
listeners. This accords with the results discussed in previous sections. However, the
analysis shows that LOR also plays some role in conditioning responses. Specifically,
after step 4, those with LOR of ≤3.5 years had more Hal responses than hell (Node 4),
which resembles the behaviour of the AusE listeners, who crossed over at Step 4 (the
acoustic midpoint). Those with LOR of >3.5 years hadmore hell responses at steps ≤5.
Above Step 5 in the longer LOR group, however, there is a roughly equal split between

Figure 5: Conditional inference tree for /hell-Hal/ continuum by Irish listeners, showing significant
effect of LOR.
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hell andHal responses (Node 7), which differs from the AusE listeners, who by Step 5
had approximately 75 % Hal responses. The tree shows that longer LOR does not
predict more Australian-like categorisation behaviour (more Hal responses by Step
4), in fact, quite the opposite. Those with shorter LORs are themost likely to haveHal
responses around Step 4 (resembling the AusE crossovers – see Node 4), which goes
against predictions that increased LOR would result in more Australian-like
crossovers.

LOR also had an effect on responses to the /hit-het/ continuum among Irish
listeners (Figure 6). In this case, the effect was evident above Step 4 (to the right of the
tree), and among those with LORs below and above 6 years. Within this, the effect is
mediated by gender, such that for thosewith longer LORs (>6 years; to the right of leaf
5), men had more hit responses (Node 13), while women had more het responses
(Node 12), representing a more Australian-like crossover, as the AusE listeners had
crossed over at the acoustic midpoint (Step 4). For those with LORs at six years and
under (to the left of leaf 5), themen above step 5 show the opposite pattern to themen
with longer LORs – they are more likely to respond with het. However, women in
Node 9 show similar Australian crossovers, with a preference for het after Step 5. This
suggests an interaction between female gender and increased LOR in predicting
more Australian-like categorisation behaviour.

Figure 6: Conditional inference tree for /hit-het/ continuumby Irish listeners, showing significant effect
of LOR and gender.
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5.4.2 Effect of Irish social network among Irish listeners

Figure 7 shows that Irish social network score (ranging from 0.0, i.e., no-one out of
the network is Irish, to 0.6, i.e., four out of the six in the network is Irish) plays a role
in conditioning responses to /het-hat/ for the Irish listeners. Specifically, between
steps 2 and 4, women who had an Irish SNS of ≤0.16 (leaf 7) had more het responses
(Node 8) than hat. This does not mirror AusE responses, which crossed from het to
hat early, just after Step 2. Conversely, the women with an Irish SNS of >0.16 had
80 % hat responses below Step 4, which resembles the AusE crossovers, but
counters predictions that a lower Irish SNS would result in more Australian-like
behaviour. Node 10, showing an effect of male gender below Step 4, also shows a
more Australian-like behaviour. In this sense, no one gender can be said to be
clearly predicting Australian-like crossovers, but it is also of note that the Irish in
general were fairly close to the AusE group for categorisation of this stimulus (see
Table 5). A summary of results of extralinguistic factors for the Irish listeners is
provided in Table 7.

Figure 7: Conditional inference tree for /het-hat/ continuum by Irish listeners, showing significant
effect of Irish Social Network Score (SNS_IE) and gender.
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5.5 Second language perception: findings from Chinese
speaker-listeners

As discussed in previous sections, the Chinese listeners had low levels of agreement,
at 40–50 % in many cases, indicating uncertainty and that listeners were answering
at random for most of the stimuli with the exception of /het-hat/ (Figure 8). They also
hadmore within-group inconsistencies than the Irish or AusE listeners and had later
crossovers for all stimuli, even by Step 7, which is the point at which the contrast
should be the most obvious. Furthermore, the Chinese listeners appear to be
generally hearing closer vowels in all cases except /het-hat/. This is not a task effect,

Table : Summary of significant effects of extralinguistic factors for the Irish listeners.

Stimulus Irish

/hell-hal/ – Shorter LOR predicts more Hal responses
– LOR does not correlate with Australian-like behaviour

/hit-het/ – Women with LOR of 6+ years: more het responses
– Men with LOR of <6 years: more het responses after Step 5

/het-hat/ – Women with Irish SNS ≤0.16: more het responses than hat
– Lower Irish SNS does not correlate with Australian-like behaviour

Figure 8: Group-level responses for Chinese listeners to the six stimuli in the present study: /hit-het/
(red); /hill-hell/ (mustard); /mill-Mel/ (green); /het-hat/ (aqua); /hell-hal/ (blue); /Mel-Mal/ (pink).
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since the trials were randomized, indicating that in many cases the listeners are
selecting the phonetically closer option out of the two in a contrast. Overall, the
findings indicate that, despite exposure through living and working in Australia,
these Chinese participants still experience differences in making phonemic judge-
ments about AusE stimuli as compared to L1 listeners. In the sub-sections that follow,
we will analyse potential extralinguistic effects of proficiency in English and social
network on the categorisation behaviour of the Chinese listeners.

5.5.1 Effect of proficiency in English

Figure 9 shows significant effects of English proficiency, as measured by IELTS score,
but not in the predicted direction. Of note is that it shows that above step 5 (to the
right of the tree), those with lower IELTS (≤6), which consisted of two participants
(CH_018_F and CH_026_F), have crossed over almost categorically to answering with
hell (Node 12), which resembles the AusE behaviour for this stimulus. Meanwhile,
those with higher IELTS scores (>6) show more variation and less agreement, with
almost 40 % hill responses even after Step 6. These results do not indicate that a
higher IELTS score predicts more Australian-like categorisation behaviour, where
crossover was at approximately step 5. Below step five (to the left of the tree), there
are also differences based on IELTS score, and these are moderated by social
networks, which are discussed further in Section 5.5.2.

Figure 9: Conditional inference tree for /hill-hell/ continuum by Chinese listeners, showing significant
effect of English proficiency (IELTS).
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Figure 10 shows significant effects of English proficiency, again moderated to
some extent by social networks (leaf 4). There is a similar pattern to what was found
for the /hill-hell/ continuum, whereby those with IELTS of ≤6 had more Australian-
like crossovers. That is, above Step 5, for those with IELTS above 6.5, there are
significantly more mill responses (Node 13), while for those with scores ≤6.5, there
are significantly more Mel responses (Node 12), which mirrors the Australian
crossovers which occurred just after the acoustic midpoint at Step 5 for this con-
tinuum. The left of the tree confirms this trend, in that it shows us that IELTS
scores ≤6 have more Mel responses after Step 4 (leaf 3; Node 7).

5.5.2 Effect of Chinese social network

As seen above with the Irish group, for the Chinese group, there was a significant
effect of having more Chinese in one’s social network, as measured by the Chinese
Social Network Score (SNS_CH; Figure 11). Specifically, at and below step four of the
continuum, listeners with Chinese SNS of 0.16 or lower (leaf 3) had about 60 % hit
versus het responses (Node 4), which is more in the direction of an Australian-like
categorisation behaviour as compared to those with higher Chinese SNS (above 0.16)
who responded almost categorically with hit (Node 5).

Figure 10: Conditional inference tree for /mill-Mel/ continuumby Chinese listeners, showing significant
effect of English proficiency (IELTS).

Variability in cross-language and cross-dialect perception 27



Examining the effect of social networks for Chinese listeners’ responses to the
/het-hat/ continuum, a significant effect of Australian social network was found
(Figure 12). This showed that, between steps 1 and 5, those with low SNS_AU scores

Figure 11: Conditional inference tree for /hit-het/ continuum by Chinese listeners, showing significant
effect of Chinese Social Network Score (SNS_CH).

Figure 12: Conditional inference tree for /het-hat/ continuum by Chinese listeners, showing significant
effect of Australian Social Network Score (SNS_AU).
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(≤0.167; leaf 4) had slightly more hat responses than het responses (Node 5), which is
more in the direction of the Australian listeners, who had very early crossovers in
this condition. For those with higher scores (>0.167), responses were primarily
conditioned by continuum step (with hat responses gradually increasing across the
continuum – Nodes 7, 8 and 9). This shows that a higher Australian social network
score does not correlate with more Australian-like categorisation.

Social network score also affected how Chinese listeners responsed to the /hill-
hell/ continuum. This pattern was complex, however, as it was also conditioned by
IELTS score. Returning to Figure 9, we see that at or below Step 5, for those with
IELTS ≤6.5 (leaf 2), those with lower Chinese SNSs (≤0.667), had about 50 % hell
responses (Node 4), while those with high Chinese SNSs (>0.667) responded almost
categorically with hill (Node 5). Since Australians had a crossover at about Step 5 in
this condition, there is an indication here that at least some of those with fewer
Chinese people in their social network were approximating the Australian behav-
iour. The other split in the data for SNS (leaf 7) is less relevant, as it occurs at or below
Step 4, whereas the Australian crossover was closer to Step 5.

A similar effect – whereby IELTS score dominated the effect of social network
score – was seen in the analysis of the /mill-Mel/ continuum responses (Figure 13).
Here, for those with IELTS scores ≤6, when responding at or below Step 4 (leaf 3),

Figure 13: Conditional inference tree for /mill-Mel/ continuumby Chinese listeners, showing significant
effects of Chinese Social Network Score (SNS_CH) and IELTS score.
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those with lower Chinese SNSs tended to respond equally with mill orMel (Node 5).
Since the Australian crossover was just after Step 5 in this condition, we can see that,
again, a lower Chinese SNS score is approximating an Australian-like behaviour – at
the very least in comparison to thosewith higher SNS (>0.667), who respondwithmill
categorically. A summary of results of extralinguistic factors for the Chinese listeners
is provided in Table 8.

6 Discussion

6.1 Study 1: categorisation of /hVt/, /hVl/ and /mVl/ for the
AusE listeners

Our first study aimed to investigate how native Australian (D1) listeners categorised
the AusE vowel stimuli /ɪ e æ/, and whether these categorisation decisions would be
affected by coarticulation. First, we had predicted that they would categorise /hVt/ at
the acoustic midpoint (Step 4). This prediction was confirmed for /hit-het/. However,
categorisation for D1 listeners was not at the acoustic midpoint for /het-hat/, with an
earlier crossover point than for /hit-het/, at Step 2. Indeed, the /het-hat/ contrast posed
some difficulty for D1 listeners, with only approximately 80 % agreement even at
Step 1, and an overall bias towards hat. The responses suggest that D1 listeners may
have required a phonetically lower vowel for het. A similar bias for hat was
observed for the younger speakers in Loakes et al. (2023), which uses the same
experiment on different cohorts of listeners. Lexical frequency may have also
played a role in responses, since het is a relatively infrequent word in English,
particularly as compared to the frequency of hat, as also observed in Loakes et al.

Table : Summary of significant effects of extralinguistic factors for Chinese listeners.

Stimulus Chinese

/hill-hell/ – IELTS ≤6: more Australian-like categorisation (crossover around Step 5)
– Higher IELTS does not correlate with Australian-like behaviour
– Some with lower Chinese SNS approximate AusE crossovers

/hit-het/ – Lower Chinese SNS: more Australian-like crossovers
/het-hat/ – Low Australian SNS results in slightly more Australian-like crossovers
/mill-Mel/ – IELTS scores ≤6–6.5 have more Australian-like crossovers

– Higher IELTS does not correlate with Australian-like behaviour
– Lower Chinese SNS score: approximate Australian-like behaviour
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(2023), and so listeners were likely more motivated to choose hat. This supports
an exemplar-based theory of speech perception, whereby “a phonological
category is defined by a distribution in a perceptual space that depends on its
remembered exemplars” (Harrington et al. 2008: 2832; see also Pierrehumbert
2002).

We predicted that the effect of a following lateral would lower the vowel in
perception and result in later crossovers than for the /hVt/ condition. This prediction
was also confirmed. The D1 listeners had crossovers at Step 5 for /hill-hell/ and at Step
4 for /hell-Hal/, representing a later crossover of one step for /hill-hell/ as compared to
/hit-het/, and a later crossover of two steps for /hell-Hal/ as compared to /het-hat/. For
the /mVl/ condition, it was predicted that the effect of the nasal onset would raise the
vowel in perception, resulting in earlier crossovers. The D1 listeners had cross-
over points at Step 4.5 for /mill-Mel/ and at Step 3.5 for /Mel-Mal/. Thus, this
prediction was also confirmed, as this constituted an earlier crossover point of 0.5
steps both for /mill-Mel/ as compared to /hill-hell/ and for /Mel-Mal/ as compared to
/hell-Hal/.

Despite the effects of the nasal onset and following lateral, overall, we found no
strong evidence of a celery-salary merger in perception among the D1 listeners,
contrary to findings by Loakes et al. (2023) for AusE speakers in southern Victoria
(including Melbourne), although we did find low agreement at the /mel/ end of the
/mel-Mal/ continuum, suggesting uncertainty. This is despite the fact that our lis-
teners are born and raised in Melbourne, where the merger in production has been
found among some (although not all) speaker-listeners (Loakes et al. 2017). Reasons
for these differences could include the fact that the listeners in Loakes et al. (2023)
are mostly (though not exclusively) older than the listeners in the current study,
with some participants born as late as 1996, but many middle-aged and elderly
speakers born as early as 1936. Loakes et al. (2023) found clear age differences,
with more merger behaviour in perception observed among older listeners.
Similar findings among older listeners were found in Ocean Grove, Victoria in
Schmidt et al. (2021).

Further work into the production of the merger has shown that variability is
fine-grained, with many individual differences (Diskin et al. 2019a, c; Schmidt et al.
2021). It must also be noted that the contrast in the present study is particularly
complex for listeners, as it includes both a nasal onset and a following lateral. It was
also found to be complex for the L2 listeners in the present study (see Section 5.3).
Furthermore, as the /Mel-Mal/ contrast only has proper names as options, this likely
poses no lexical competition for the AusE listeners, resulting in bothMel orMal being
plausible, although in Loakes et al. (2023), it was shown that younger listeners
preferred Mel and older listeners preferred Mal, which was explained as
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generational differences in popularity of these names. Nonetheless, it is possible
these are both equally unusual names for the Irish and Chinese listeners, so lexical
frequency may be uneven amongst the various cohorts.

6.2 Study 2 Part 1: categorisation of /hVt/, /hVl/ and /mVl/ for
the L2/D2 listeners

Taking all three contexts (/hVt/, /hVl/ and /mVl/) as benchmarks for comparison
between the D1 as compared to the D2 and L2 groups, an ‘Australian-like catego-
risation behaviour’ could, for these listener groups, be described as consisting of: (1)
no perceptual difficulty between the vowels /eæ/ generally (i.e., they are contrastive),
(2) a midpoint crossover for /hit-het/ and an early crossover for /het-hat/; (3) a
crossover for /hVl/ that is later than the crossover for /mVl/, with no perceptual
difficulty for the pre-lateral contrast (i.e., no merger in perception).

While the D1 listeners categorised the /hit-het/ contrast predictably at the
acoustic midpoint, D2 and L2 listeners had significantly later crossovers for /hit-het/:
at Step 6 for D2 listeners and with no discernible crossover point for L2 listeners (no
agreement even by Step 7). This shows that, compared to the D1 listeners, the Irish
listeners had different, but internally consistent, crossovers, whereas the Chinese
listeners had overall difficultywith this contrast. This supportsfindings by Chen et al.
(2001) that English vowels not found in theMandarin inventory (in this case, /ɪ/) could
present perceptual difficulties for Mandarin listeners, as well as the findings of
Iverson and Evans (2009), who found that listeners with a larger vowel inventory in
their L1 may be at an advantage in learning an L2 vowel system than those with a
small inventory, such as e.g., Mandarin. It does not support the findings of Jia et al.
(2006) that simply being exposed to the L1 results in increased mastery of discrim-
ination of phonology, as the Chinese participants were all immersed in an AusE
setting, and there was no correlation between LOR and more Australian-like
categorisations.

All listener groups behaved similarly in their categorisation of /het-hat/, with
uniformly early crossovers (between Steps 2 and 3.5) and no significant differences
between the responses. This suggests that the D2 and L2 groups mirrored the AusE
categorisation behaviour for the /het-hat/ contrast. It is known that AusE vowels have
lowered and retracted over time in production (Cox and Palethorpe 2008) and
perception (Mannell 2004; also shown by Loakes et al. 2023) and this is also
corroborated by our findings for /het-hat/. Since this is likely a contrast that L2/D2
listeners are exposed to in the community, this lends some weight to the proposal
that experience with different contrasts can allow L2/D2 listeners to map onto
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similarly stored exemplars (Evans and Iverson 2004: 352). However, whatwe observe
for the D2 listeners is that they mirror in perception what has been found for their
production,with even lower andmore retracted vowels as compared to the D1 cohort
(Diskin et al. 2019b). Furthermore, since we found that for the /het-hat/ stimulus,
Chinese with a lower Australian SNS had a more Australian-like crossover, it is
possible that this contrast was simply more straightforward for the L2/D2 listeners
due to mapping from their L1/D1. This is supported by their high rates of agreement
for this stimulus, despite the fact that Mandarin does not have the mid front mon-
ophthongs /e/ or /eː/ (Duanmu 2007), although it does have a low vowel /a/, of which
[æ] is an allophone (Wang et al. 2022: 161). This suggests that the L2 listeners were
able to map somewhat unfamiliar sounds onto (either new or existing) phonological
categories. The overall preference for hatmay also have been due to the effect of hat
being a more frequent word than het, as discussed in Section 6.1. This may partic-
ularly be the case for the L2 group, who may have had no previous exposure to the
infrequent word het.

The effect of the lateral coda resulted in a downshifting in perception for all
listener groups, to differing degrees. Both the D2 and L2 groups had later crossover
points for /hill-hell/ and /hell-Hal/ than the D1 group, in this way behaving similarly to
each other. However, for /hill-hell/, while the majority of the D1 listeners had
switched to hearing hell by Step 7, still many of the D2 and L2 listeners had a
preference for hill (i.e., there was low agreement at Step 7). This shows similar
categorisation behaviour among both the D2 and L2 listeners for this continuum,
mirroring their behaviour for the /hit-het/ contrast. This result suggests the vowel
contrast in AusE may be particularly complex, regardless of the presence or absence
of a following lateral. However, we do find support for the role of experience and
exposure for this stimulus, as some listeners with a lower Chinese SNS (i.e., fewer
Chinese in their social network) had more Australian-like crossovers. For /hell-Hal/,
most, but not all, D2 and L2 listeners had switched to hearing Hal by Step 6, whereas
this crossover occurred at the acoustic midpoint for the D1 listeners. This again
mirrors the patterns for /hit-het/. No significant extralinguistic factors emerged for
the /hell-Hal/ stimulus, other than the fact that Irish listeners with a shorter LOR had
more Australian-like categorisations, meaning that the role of experience/exposure
to the D2 is likely minimal for this contrast.

The crossovers between /e æ/ in the nasal onset condition were not perceptually
difficult for the D1 or the D2 listeners. In the case of /mill-Mel/, the D2 listeners
sustained mill responses longer than the D1 listeners, but also had high levels of
agreement at the beginning and end of the continuum. Since no extralinguistic
factors emerged as significant for this stimulus, it is more likely that the Irish lis-
teners were mapping onto stored exemplars from their L1, rather than exhibiting
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any changes in categorisation behaviour over time. For the L2 listeners, however, the
/mVl/ context appeared to present difficulty, with listeners responding below chance
level at the /Mal/ end of the continuum.

Our prediction that the D2 and L2 listeners would display different catego-
risation behaviour to the D1 listeners, due to a ‘perceptual filter’ from their native
dialect/language (Best 1995; Best and Strange 1992; Escudero 2007), was supported
somewhat, particularly for the D2 listeners in the /hit-het/ and /hVl/ and /mVl/ con-
texts. However, the D2 listeners also aligned somewhat with the D1 listeners when it
came to their categorisation behaviour for the /het-hat/ contrast and their upshifting
and downshifting behaviour in the /hVl/ and /mVl/ contexts respectively. This shows
that D1 and D2 listeners patterned more closely together in their categorisation
behaviour, which is understandable since both groups share the same native
language. The L2 listeners generally behaved differently to the D1 and D2 listeners,
except for the /het-hat/ contrast, where there were no significant inter-group
differences. Since the L2 listeners showed evidence of perceptual difficulty and lack
of agreement in all contexts but one, it can be deduced that they were still verymuch
guided by their L1 in distinguishing between contrasts in the L2. The difficulty
appeared to bemore acute in the /mVl/ conditions (with very late crossovers) than in
the /hVl/ conditions, as well as for /hit-het/. This could be explained by the fact that
Mandarin speakers have been found to have less carryover of nasality into the
following vowel than speakers of English (Li et al. 2020).

6.3 Study 2 Part 2: the effect of LOR, social networks,
proficiency and gender

We predicted that, due to listening experience gained while living and working or
studying in Australia, D2 and L2 listeners would have more Australian-like vowel
categorisations (as established via the D1 benchmark group) if they had lived in
Australia for longer; had more Australians in their social network; and in the case of
the L2 listeners, a higher proficiency in English. We also predicted that listeners
would have less Australian-like categorisations if they had a high proportion of
people of their own nationality (Irish or Chinese) in their social network. We
predicted no gender effects in line with Loakes et al. (2023).

Our prediction regarding LOR was not supported. For /hell-hal/, after step 4, D2
listeners with LOR of less than 3.5 years had more Hal responses than hell responses
(more Australian-like), while those with LORs of longer than 3.5 years had more hell
responses at step 4 or 5 (less Australian-like). This suggests little effect of LOR on the
potential for an Australian-like categorisation behaviour among the D2 listeners. The
finding supports similar (but not identical) work by e.g., Shaw et al. (2018), showing
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that vowel assimilations can be unaffected by exposure to other talkers’ accent-
specific variation (in the Irish case, exposure is via living andworking in Australia). It
also supportswork byNycz (2019), showing that LOR in a D2 community has less of an
effect on acquisition of a contrast than the effect of being married to a speaker of the
D2 – in other words, exposure needs to be both frequent and sustained for D2-like
contrasts to be acquired. Our findings and those of Nycz (2019) provide impetus for
further studies to incorporate social network analyses and work focusing on the
quality as well as quantity of input.

For the /hit-het/ stimulus, both LOR and gender had an effect on the D2 listeners’
categorisations, where above step 4 and among those with longer LORs, women had
more het responses. The D1 listeners crossed over to het responses at step 4 in this
condition, suggesting that, among the female listeners at least, LOR may have had
some effect on attaining an Australian-like categorisation. However, an effect was
also found for men with an LOR of 6 years or less having more het responses after
Step 5. This suggests that neither LOR nor gender were positively correlated with
Australian-like categorisations. Regarding the differences in gender, previous
studies on AusE using these stimuli have shown no gender effects for listeners (e.g.,
Loakes et al. 2014a, 2023), leading us to predict that this result is likely based on
differences in social networks and increased resultant exposure to AusE voices in our
study. The overall weak effect of LOR suggests that simply residing in another
country is less important than the type and quality of exposure that a D2 listener
receives during this time, which supports work by Ingram and Park (1997) and Polka
(1995) on the role of listener experience in perception.

Similarly, for the L2 listeners with the /hit-het/ stimulus, at and below step four of
the continuum, listeners with a low degree of Chinese people in their social network
provided more hit than het responses (somewhat more Australian-like), but those
with more Chinese people in their social network responded almost categorically
with hit at or below step 4 of the continuum (not at all Australian-like). This suggests
that having more Chinese in one’s social network may be an inhibiting factor in
acquiring an Australian-like categorisation, which would see the crossover from hit
to het occurring at the acousticmidpoint. This finding supports the role of experience
(i.e., exposure) in perception of vowel contrasts (Cutler 2012; Pierrehumbert 2002).
For the /het-hat/ stimulus, between steps 1 and 5, the L2 listeners with fewer Aus-
tralians in their social network had slightly more hat responses than het responses
(more Australian-like), while for those with higher scores, responses were primarily
conditioned by continuum step (with hat responses gradually increasing across the
continuum). This shows little support for the effect of a higher Australian SNS for this
stimulus.

Furthermore, any effect of proficiency in English (for the L2 listeners only) was
only found in interaction with social network. For /hill-hell/ below Step 5, for those
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with IELTS ≤6.5, some of those with fewer Chinese people in their network displayed
a tendency to respond slightly more with hell (more Australian-like), while those
with more Chinese in their network responded almost categorically with hill (less
Australian-like). For those with higher IELTS scores (>6.5), there was a small differ-
ence between those with fewer Chinese in their network, who provided a few hell
responses at or below step 4 (more Australian-like), while thosewithmore Chinese in
their network all responded entirely with hill (less Australian-like). Overall, these
nuances suggest that the perception of vowel contrasts is a complex task, most likely
supported by experience and exposure with the L1, rather than proficiency.
Perception can also be affected specifically by L2 vocabulary size, as found by Wang
et al. (2023). As with L2 production, there are myriad factors that predict success in
native-like acquisition (see Ellis 2008: Ch. 13 for an overview) that go beyond profi-
ciency as measured in standardised tests. It should be noted, however, that the
Chinese participants did have a high overall average proficiency in English,making it
more difficult to measure the effect of e.g., low versus high proficiency in this study.

7 Conclusions

Our findings from study 1 show that our categorisation task works well for AusE D1
listeners, who in all conditions except one, had crossovers at the acoustic midpoint.
We found little evidence of the /el/-/æl/ merger in our cohort, despite the AusE D1
listeners being born and raised in Victoria. An overall effect of coarticulation across
the three groups of speakers was found, with the lateral coda lowering the vowel in
perception, resulting in ‘downshifting’ and later category crossovers.

Study 2 shows that L2 listeners’ exposure and experience with the L2 (AusE) can
promote more native-like perceptual behaviour, in line with Best and Strange (1992:
328). This experience is crucially not reflected in the length of time spent in the L1
community per se, nor in their overall proficiency in English, but specifically in time
spent with people other than their own nationality (Chinese). Our social network
analysis showed that by spending less time with other Chinese speakers, listeners
may begin to gradually adopt more Australian-like categorisation behaviour.
Conversely, spending extended or exclusive time with other L1 speakers results in
the L1 continuing to be reinforced. The social network analysis emerged as a
meaningful aspect of listener’s experience and one that could be given more atten-
tion in future research (see also Nycz 2019).

Regarding experience, a different trend emerged for D2 listeners, whereby only
a weak effect of LOR in interaction with gender emerged as significant for one of the
stimuli. Indeed, themajority of our analyses showed that D2 listeners continue to rely
on categorisations from their D1 to guide their perception, reflecting their behaviour
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in production (see Diskin et al. 2019b; Evans and Iverson 2007). Our findings suggest
that categorisation is likely still driven by native categories, with increased exposure
leading to better mapping, but not to a restructuring of underlying phonetic cate-
gories (see e.g., Iverson and Evans 2009).5

Naturally, the question remains as to whether the listeners in the present study
were consciously adapting their perception since they knew they were listening to
AusE, and whether their perceptual behaviour shifts categorically to AusE, or simply
becomes more flexible over time. Future work incorporating different kinds of
perception and processing tasks, further inclusion of extralinguistic factors, and
different contrasts, both among D2 and L2 listeners, could further elucidate this.
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