The International IJSLL (PRINT) ISSN 1748-8885

Journal Of IJSLL (ONLINE) ISSN 1748-8893
Speech .
P ! Article
Language

and the Law

How similar are the formants in the speech of
bilingual speakers?

Peggy P. K. Mok, Holly S. H. Fung, Grace W. L. Cao
and Chun Wai Leung

Abstract

This study investigated whether a stronger accent in the L2 of Cantonese-English
bilingual speakers with high levels of English proficiency correlates with greater
convergence of corresponding vowels (four monophthongs (/i a (a) o u/ and five
diphthongs /a1 av e o1 0 (20)/) between their two languages in identical phonetic
environments. No consistent effect of accent rating was found in either acoustic
or perceptual similarity measures. Much individual variation and vowel-specific
patterns were observed. The results demonstrate that the formant patterns in one
language or one vowel cannot predict those in another language or another vowel,
even with highly comparable materials and speakers with a relatively strong accent.
Possible reasons and implications for the lack of correlation between accentedness
and vowel convergence are discussed.
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Introduction

There have been many studies focusing on the speech patterns of bilingual speak-
ers in recent years for both adults (e.g. Kirkham and Nance 2017; Schertz, Kang
and Han 2019) and children (e.g. Mok 2011; Yang and Fox 2017) alike, but very
few studies have investigated bilingual speech patterns from a forensic phonetic
perspective (Lo 2021a; Mok, Xu and Zuo 2015). Forensically, can patterns in one
language predict those in another of the same speaker? A core research ques-
tion is whether the two languages of the bilingual speakers would converge, or
whether language-specific patterns are maintained for similar sounds in the two
languages. Both consonants (especially voice onset time, VOT) and vowels have
been investigated, but with mixed findings for both convergence and divergence.
Previous studies have mainly focused on static features, e.g. VOT duration and
midpoint formant measurements of monophthongs, while very few studies
have examined dynamic features which can better illustrate both linguistic and
individual differences. The current study continues such enquiry by exploring
both static (monophthongs) and dynamic (diphthongs) features of correspond-
ing sounds in identical phonetic environments in the two languages of Canton-
ese-English bilingual speakers with high levels of English proficiency. It examines
the similarities between the formant patterns of the two languages in the same
bilingual speakers. It is hoped that this study will shed some light on the validity
of using cross-linguistic formant data in forensic comparisons.

Bilingual speech patterns

Bilingualism (or even multilingualism) is common in many parts of the world.
Alongside this large bilingual population, there has been a wealth of research on
bilingual speech patterns, especially over the last three decades. Many studies
have shown the phonetic differences between monolingual and bilingual speak-
ers. Bilingual speakers can maintain the contrasts in their two languages in a sim-
ilar way to monolingual speakers of the respective languages, but their actual
realisations can still differ from those of monolingual speakers (Guion 2003;
Sundara, Polka and Baum 2006). However, not many studies have investigated
bilingual speech patterns from a forensic perspective. How alike are the pho-
netic realisations of similar sounds in the two languages of bilingual speakers?
Can patterns in one language predict those of corresponding sounds in another
language? Does someone speaking with a stronger accent produce more similar
vowels in both languages than someone speaking with a weaker accent? Such
questions have been largely unexplored before.

Previous studies have also clearly demonstrated that the two languages of
bilingual speakers can interact in different ways resulting in variegated patterns.
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Cross-linguistic influence in both directions, L1-L2 and L2-L1, is found. Unsur-
prisingly, the effects of L1 on L2 are ubiquitous in studies of both early and (espe-
cially) late learners (e.g. Antoniou, Best, Tyler and Kroos 2011; Guion 2005;
MacLeod, Stoel-Gammon and Wassink 2009). Reverse influence from L2 onto L1
is not as commonly reported, but it clearly exists (e.g. Chang 2012; Guion 2003;
Sundara et al., 2006). The general consensus among the many previous studies
is that the two languages of bilingual speakers are separate but non-autonomous
systems which can interact in different ways.

How might the two languages interact? Among the prominent speech acquisi-
tion models, only the Speech Learning Model (SLM) makes explicit predictions
about bilingual production patterns (Flege 1995). SLM focuses on sequential
bilinguals who already possess an established L1 phonetic system. It posits that
the processes and mechanisms for establishing new categorical representations
for speech sounds remain intact and accessible throughout the life span, although
the ability to create new categories decreases with age. SLM proposes that the
phonetic elements that make up the L1 and L2 phonetic subsystems coexist in
a common phonological space, and mutually influence each other. According
to SLM, the more different an L2 sound is perceived to be from the nearest L1
sound, the easier it is for the learners to perceive and produce the L2 sound accu-
rately, and the more likely it is that a new category will be formed. When a cate-
gory is not established for an L2 sound due to its perceptual similarity to an L1
counterpart, the L1 and L2 categories assimilate, leading to a merged L1-L2 cat-
egory, i.e. equivalence classification, even for experienced learners. In addition,
Flege (1995) stated that the L2 phones were perceptually related to the closest
positionally defined allophones in the L1.

Many of the above points are retained in the updated SLM-r (Flege and Bohn
2021), although the emphasis on age is replaced by the ‘category precision’
hypothesis which predicts that individuals who have more precise L1 phonetic
categories will be better able to discern the differences between L1 and L2 sounds.
Stronger emphasis is also placed on individual differences than on group dif-
ferences. Given SLM’s predictions, similar or corresponding sounds (e.g. vowels
with a similar quality, transcribed with the same IPA symbols, occurring in iden-
tical phonetic environments) in a bilingual’s two languages are very likely to be
produced in the same way.

Many factors can modulate the interaction between the two languages. Age of
acquisition and language dominance are two natural and important factors, as
they affect both the quantity and quality of L2 input. Many studies have investi-
gated the effects of these factors on bilingual speech. As mentioned above, SLM
hypothesised that separate phonetic categories are more likely to be established
by early than late bilinguals (Flege 1995, 1999). Guion (2003), Kang and Guion
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(2006), MacKay, Flege, Thorsten and Schirru (2001) and MacLeod et al. (2009) all
demonstrated that early bilinguals had an advantage over late bilinguals in devel-
oping monolingual-like categories for both stop consonants and vowels, even for
phonemes that are very similar in the acoustic space. Flege, Schirru and MacKay
(2003) compared the production of Canadian English /e1/ and Italian /e/ by Ital-
ian-English bilinguals differing in age of arrival and frequency of continued L1
use (as a measure of language dominance). They found that the early bilinguals
with low English usage, i.e. ones that were more dominant in Italian, produced
English /e1/ with exaggerated movement as dissimilation from Italian /e/, while
the late bilinguals produced /e1/ with little movement as a merged category with
Italian /e/. More recently, Amengual and Chamorro (2015) demonstrated that
language dominance was a strong predictor in both the production and percep-
tion of Galician mid vowel contrasts (/e/-/e/ and /o/-/o/) in Spanish-Galician
bilinguals. Only the Galician-dominant speakers maintained these contrasts in
both production and perception.

While the effects of age of acquisition and language dominance on bilingual
speech are well demonstrated, another relevant factor highly related to both age
and dominance, i.e. accentedness, has received much less research attention. To
be sure, foreign accent has been extensively studied for decades (e.g. Derwing
and Munro 1997; Flege 1981; Levis, Derwing, and Munro 2020; Moyer 2004), but
while many studies have investigated how various factors affect native listeners’
perception of accentedness, far fewer have assessed how degree of accentedness
correlates with bilinguals’ production of similar contrasts in their two languages.
In general, the earlier one starts to acquire a second language, the weaker the
perceived accent is (Flege, Munro and MacKay 1995; Moyer 2004; Piske, MacKay
and Flege 2001). Nevertheless, even very proficient bilinguals often retain a
discernible foreign accent, especially late bilinguals or even heritage speakers
(Kupisch, Barton, Hailer, Klaschik, Stangen, Lein and van de Weijer 2014). Thus,
it seems reasonable to hypothesise that corresponding sounds in the two lan-
guages of bilingual speakers will be more similar to each other, or even merged,
for speakers with a stronger accent in the L2.

Major (1987) demonstrated that global foreign accent significantly correlated
with VOT produced by 53 Brazilian Portuguese learners of English: the weaker
the perceived accent, the closer the VOT conformed to the American English
norm. However, Lein, Kupisch and Van de Weijer (2016) compared the VOT pro-
duced by 14 French-German bilinguals who grew up in France and Germany
with respect to the accent ratings for the minority languages of their childhood
environment (i.e. German for those growing up in France, and French for those
growing up in Germany). They failed to find any systematic relationship between
the perceived foreign accent and VOT. There were speakers with a native-like
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accent and a deviant VOT, and speakers with a non-native accent but distinct
VOT categories. Such findings highlight the importance of individual differ-
ences in bilingual speech patterns, which have important forensic implications.
The bilingual speakers in Lein et al. (2016) were simultaneous bilinguals living
in immersion or heritage language environments who may have behaved differ-
ently from L2 learners. Therefore, the relationship between accentedness and the
similarity of bilingual speech, although reasonably hypothesised, is still unclear.

Forensic investigation of bilingual speech patterns

Compared to the vast literature on phonetic studies of bilingual speech patterns,
there are far fewer studies investigating bilingual patterns from different forensic
perspectives, e.g. speaker comparison for cases where the suspect is a bilingual
speaker with samples in different languages. Forensic investigation of bilingual
patterns can be grouped under several themes. Although earlier studies all
showed that language familiarity affects speaker identification by monolingual
listeners, only two speaker identification studies have involved bilingual speakers
and bilingual listeners. Goggin et al. (1991) found that English-Spanish bilingual
listeners performed similarly in both languages and did better than monolingual
English listeners, but it was unclear if bilingual listeners could identify bilingual
speakers in one language based on a memory of their voices in another language,
as there was no cross-language condition in their study. Mok et al. (2015)
investigated bilingual listeners’ identification of voices of bilingual speakers in
voice line-ups in two language conditions: same-language and cross-language.
They found that Cantonese-English listeners perform significantly better in
the same-language than in the cross-language condition, suggesting that some
indexical information about speaker identity is language-specific. In addition,
studies on automatic speaker recognition involving bilingual or multilingual
data have consistently identified the ‘cross-language problemy, which causes a
reduction in performance in many speaker-recognition systems (e.g. Lu, Dong,
Zhao, Liu and Wang 2009). Nevertheless, Kiinzel (2013) demonstrated that, given
the right settings and normalisation, cross-language voice comparisons can be
equal to or even slightly better than same-language comparisons.

More relevant to the current study, there have been some studies comparing
vowel production by bilingual speakers. Filled pauses, e.g. uh and um, are shown
to be speaker-specific, and speakers are quite consistent in the vowels of filled
pauses. Language-specific patterns are also found in filled pauses (de Leeuw 2007;
Hughes, Wood and Foulkes 2016; McDougall and Duckworth 2017). Recently,
de Boer and Heeren (2020) and Lo (2020) compared the filled pauses of bilin-
gual speakers, with de Boer and Heeren investigating sequential English-Dutch
bilinguals and Lo investigating simultaneous German-French bilinguals. Both
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studies found that the vowel formant patterns of filled pauses produced by the
bilingual speakers were language-specific, and that the L1 or the dominant lan-
guage influenced the L2 or the weaker language. Moreover, speakers also differed
in the extent of cross-language influence, so there is a complex interplay between
language- and speaker-specificity. De Boer and Heeren (2020) concluded that
filled pauses may only be of limited use as a feature for forensic cross-language
speaker comparisons.

On a more global level of vowel production, Lo (2021b) compared the long-
term formant distribution (LTFD) of English-French bilinguals, as LTFD has
been proposed to be an acoustic-phonetic speaker discriminant (Nolan and Grig-
oras 2005). Lo found systematic differences in LTFDs between the two languages
in LTF2 to LTF4, together with a high degree of within-speaker consistency
across languages. His findings show that the discriminatory potential of LTFDs
is diminished across languages, similar to the findings for filled pauses above,
although Lo contended that LFTDs are still potentially useful for speaker dis-
crimination cross-linguistically, despite the deterioration in performance.

The above studies were not based on specific segmental features like vowel pho-
nemes. These types of features are very common in linguistic phonetic studies of
bilingual speakers, e.g. the phonetic realisations of the same or corresponding
vowels in the two languages. Although not directly a forensic investigation, Zuo
and Mok (2015) investigated speech similarity in the diphthong /ua/ within the
two languages of eight pairs of Shanghainese-Mandarin bilingual identical twins.
The results showed clear differences in formant dynamics between identical
twins. The twin speakers were more similar to their respective twin’s productions
in their dominant language than in their non-dominant language. As their focus
was on whether identical twin speakers could be distinguished by their diph-
thong production in the two languages, they only compared the diphthongs in
the same language between the identical twin speakers, but did not compare the
diphthongs between the two languages of the same speaker. Nevertheless, visual
inspection of their formant patterns does suggest language-specific differences in
formant dynamics of the comparable diphthong /ua/ in the two languages.

The outline of studies above demonstrates that bilingual data pose considerable
challenges to forensic investigations in various aspects, although the other fac-
tors contributing to such challenges are under-researched. The Code of Practice
of the International Association for Forensic Phonetics and Acoustics (IAFPA
2020) also highlights that ‘Members should exercise particular caution with
cross-language comparisons. Lo (2020) and Zuo and Mok (2015) show that lan-
guage dominance is an important factor influencing similarities between the two
languages of bilingual speakers. However, it is not clear how the highly related
concept of accentedness may affect bilingual forensic investigation. Thus, it is
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worth examining how accentedness may affect the similarities of bilingual speech
patterns in specific vowels across the two languages for a better understanding of
the effects of bilingualism in forensic investigation.

The present study

The present study investigated whether degree of accentedness is correlated with
the similarity (convergence) of corresponding monophthongs and diphthongs in
identical phonetic environments in the two languages produced by Cantonese-
English bilingual speakers. We hypothesised higher similarity for speakers with
a stronger accent in their L2 English, because a stronger accent means that the
L1 has a stronger influence on the L2, thus rendering the L2 more similar to the
L1. The relationship between accentedness and vowel realisations is a bit of a
chicken and egg situation. Non-native vowel realisation is an important factor
contributing to the impression of foreign accent (Chan and Hall 2019; Sidaras,
Alexander and Nygaard 2009). Nevertheless, foreign accent is a global impression
involving many other speech features, such as consonants and prosody (e.g.
Anderson-Hsieh, Johnson and Koehler 1992). Thus, most studies have obtained
accent ratings using sentences produced by speakers. It is not always clear which
feature is more prominent in such impressions, neither is the relative weighting
of different features. Moreover, the influence could be vowel-specific, as shown
by Chan and colleagues (Chan and Hall 2019; Chan, Hall and Assgari 2017). The
present study explores this relationship, hypothesising a generally higher vowel
similarity with a stronger accent, while acknowledging the possibility that the
effect may not be uniform.

While language proficiency, age of exposure and dominance are three factors
which are closely related to accentedness, in practice they are often highly cor-
related (Luk and Bialystok 2013). In order to focus on accentedness alone, we
controlled for the three factors by using Cantonese-English bilingual university
students in Hong Kong who were dominant in Cantonese with varying degree
of L1 accent in their English. They had all started learning English in a school
setting from an early age and had a high level of proficiency in English (see more
in the Method section). By doing so, we hoped that we could isolate accentedness
for our study.

Studies have shown that there is an identifiable form of English used in Hong
Kong with observable phonetic as well as other linguistic features (McArthur
2002; Setter, Wong and Chan, 2010). Setter et al. (2010) described the typical
Hong Kong English (HKE) accent as being spoken by educated individuals who
have not spent much time outside of Hong Kong, and it is clearly influenced by
features of Cantonese phonology. Bolton and Kwok (1990) provided a brief over-
view of some phonological features, while Hung (2000) and Deterding, Wong
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and Kirkpatrick (2008) gave a detailed and thorough account of the segmental
phonetics and phonology of HKE, in terms of it being an emergent new variety
of English. A detailed overview of HKE phonology and grammatical features can
be found in Setter et al. (2010).

Some common features of HKE vowels were identified by the studies above.
The HKE vowel inventory is simpler than those of British or American English
as there is no clear tense/lax contrast for vowel pairs like /i: 1/ and /u: v/. HKE
speakers find [e] difficult to distinguish and often use [€] instead, which is a
vowel phoneme in Cantonese. There is only a small difference between [p] and
[0:] which are likely merged. The [u:] vowel is fronted like in British English.
The onset of the GOAT diphthong [ou] in HKE is further back than that of Brit-
ish English [ov], while the FACE [e1] diphthong is similar in quality to the one
in British English. The centring diphthongs /19/, /ea/ and /v9/ in open syllables
are often produced as two distinct syllables. Finally, reduced vowels in British or
American English are often produced as full vowels in HKE. Readers can refer to
the above studies for more details of HKE phonology.

In terms of the development of new varieties of English, Schneider (2007) put
HKE at Phase 3 in his Dynamic Model of the Development of Postcolonial Eng-
lishes, i.e. at ‘Nativisation’ This indicates that HKE is in a state of ‘cultural and
linguistic transformation’ (Schneider 2007: 40) and that there is a move towards
independence from the distant country of origin politically, linguistically and
culturally. It should be pointed out that, as HKE is an emerging new variety of
English, its phonological features are not always stable, and there can be wide
variation among its speakers, even among educated (university or postgraduate
level) high-proficiency speakers. For example, Sewell and Chan (2010) examined
the consonantal features of 25 such HKE speakers, and found individual variation
in their consonantal realisations, although systematicity could also be found.

Individual variation can also be found in terms of how strong the accent is.
Some speakers have a typical HKE accent, while some speak with an accent more
akin to the traditional varieties of English (e.g. British, American or Australian).
Despite the long colonial history of Hong Kong before 1997, HKE speakers now-
adays exhibit a mix of English accents. The influence of non-British accents is
increasing, particularly American English, probably because of media exposure
and the Native-speaking English Teacher (NET) Scheme, which since 1998 has
brought in many native English teachers from different parts of the world to all
government-aided primary and secondary schools in Hong Kong. While Bol-
ton and Kwok (1990) reported that about 10% of their respondents preferred an
American accent, Deterding et al. (2008) found that 40% of their speakers exhib-
ited some clear American influences (e.g. using [e] instead of [a] for the word
last) in their speech, although the influences are not necessarily consistent (e.g. a
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varying degree of r-colouring). It is not uncommon to find some features of both
British and American accents in the speech of a single individual.

A recent study by Chen, Ng and Li (2012) is highly relevant to the present
work. They compared 11 English monophthongs /i, 1, e, €, &, a, u, U, 0, 0, @/
produced by Cantonese-English bilingual speakers, with college education or
above, with those produced by American English monolingual speakers, testing
whether familiar or new sounds were produced more accurately by either group.
Two native speakers of American English listened to the words produced by the
bilingual speakers and rated them on a seven-point scale for foreign accent. The
authors used F1 and F2 formant frequencies and the derived Euclidean distance
to compare the vowel production of the two groups of speakers, and found that
the bilingual speakers, especially female speakers, exhibited more compact vowel
spaces than the monolingual English speakers did, and there were significant dif-
ferences in terms of formant frequencies between the two groups. The authors
suggested that the higher accent rating (i.e. more accented) for the female bilin-
gual speakers may account for the vowel production difference compared with
native English speakers, although there was no statistical analysis to confirm this
observation. They concluded that the bilingual speakers produced familiar vow-
els more accurately than new vowels. The Chen et al. (2012) study only compared
the English vowels produced by Cantonese-English bilingual speakers with those
produced by native English speakers, so it is still unclear how similar the vowels
are in the two languages of bilingual speakers.

Few previous studies have examined bilingual diphthong realisation. Diph-
thongs involve formant dynamics which change during the time-course of a
vowel. These formant dynamics allow much freedom for speaker-specific behav-
iour in production, e.g. variability in the amount of spectral change and the rate
of change. Diphthongs are useful for forensic comparisons (McDougall 2004,
2006). Chanethom (2011) examined the phonetic interactions in the production
of English /a1/ and French /aj/ by four French-English bilingual children to see
whether they maintained separate categories. The results showed distinct pho-
netic patterns for each category with individual variation. Children with reduced
French input showed more overlapping acoustic properties. As mentioned above,
Zuo and Mok (2015) investigated speech similarity in the diphthong /ua/ in the
two languages of Shanghainese-Mandarin bilingual identical twins. Their results
showed clear differences in formant dynamics between identical twins. These two
studies demonstrate that it is valuable to include diphthongs in our investigation
of bilingual language convergence, and that language dominance is an important
factor that should be controlled.

In summary, the present study examines phonetic convergence in correspond-
ing monophthongs and diphthongs in identical phonetic environments between
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the two languages of Cantonese-English bilingual speakers who have high levels
of English proficiency but are dominant in Cantonese. The Chen et al. (2012)
study reviewed above, although highly relevant, differs from our study in sev-
eral important ways. First and foremost, the aims of our studies are different.
Chen et al. (2012) were concerned whether Cantonese-English bilingual speak-
ers could produce familiar or new vowels in English similarly to native English
speakers, while our focus is on whether bilingual speakers with a stronger accent
have more convergence between the two languages. Thus, they only compared
the English vowels produced by bilingual and monolingual speakers without col-
lecting any Cantonese vowels, while we compare the corresponding vowels in
the two languages of the Cantonese-English bilingual speakers and evaluate their
similarity, i.e. no comparison with native English speakers is made. In the same
vein, although their findings give some support to our hypothesis that a stronger
accent can affect how the vowels are realised, their main point was that a stronger
accent would result in more deviation from the native speakers’ targets, while our
aim is to evaluate whether a stronger accent is correlated with stronger mutual
convergence. Deviation from native targets does not necessarily entail more con-
vergence between the two languages, as deviation can be in different directions.
Chan and Hall (2019) also showed that deviation in all directions did not have
the same effect on accent perception. Finally, Chen et al. (2012) only included
monophthongs, while our study includes both monophthongs and diphthongs
for a more comprehensive investigation. It is hoped that our study can better
illustrate the interaction between the two languages of bilingual speakers.

In our study, emphasis will be placed on individual variation in the realisa-
tions of both types of corresponding vowels. Many previous studies on bilingual
vowel production have not controlled for the phonetic environments in the two
languages in which the target vowels/diphthongs occur, probably because of pho-
notactic and/or other practical constraints. In order to ensure high comparability
of the materials across the two languages, we use only real words with identical
phonetic environments in terms of segmental context and syllable structure, e.g.
Cantonese Fi‘depend’ [k"av] and English cow (see more in the Method section).
Thus, the materials are as similar as they could be in the two languages. In addi-
tion, both acoustic and perceptual similarities of the corresponding vowels are
assessed. It is of interest to see if formant similarity is higher across the two lan-
guages for the bilingual speakers with a stronger L1 accent than for those with a
weaker L1 accent.
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Method

Production
Speakers

Ten Cantonese-English bilingual speakers (five males; aged 18-25), who were
university students at Chinese University of Hong Kong, were recorded. All of
them were native Cantonese speakers who grew up in Hong Kong. They had
started learning English in early childhood in local school settings, and were
considered to have high proficiency in English based on their IELTS (or IELTS-
equivalent)' scores (range: 7-8; mean: 7.45). They were all Cantonese-dominant.
They were chosen because they exhibited varying degrees of Cantonese accent in
their English as judged auditorily by the authors. More information about their
accent ratings is given below.

Materials

The target items consisted of real monosyllabic words in Cantonese and English.
These words contained either a monophthong (/i a (a) o u/) or a diphthong
(/a1 au er o1 ov (ov)/) in open syllables (see the Appendix for the full list). The
target vowels were chosen based on several criteria. They are transcribed with the
same (or closely related) IPA symbols in the two languages; they are phonemes;
they can appear in identical phonetic environments (all open syllables to minimise
formant transitions) in the two languages; and they are in different positions of
the vowel quadrilateral. For easy reference, they are called the ‘corresponding
vowels” in this study. Altogether 19 monophthongal words in Cantonese, 21
monophthongal words in English and 31 diphthongal words in each language
were included. As mentioned above, there is a mixture of British and American
influences in HKE speakers. Therefore, two more English monophthongal words
for /a (a)/ with no 7’ in the spelling were included because of the uncertainty of
whether or not the bilingual speakers had a rhotic accent. All the words were
carefully chosen for identical phonetic environments in the two languages as far
as possible. Phonotactic constraints can explain the uneven number of words
selected for each monophthong and diphthong.

Given that Cantonese is a tone language, tone was also taken into consideration
while selecting the Cantonese words: only words with level-tones were included.
Tone 1 (the high-level tone 1) was chosen whenever possible. When a real word
was not available in Tone 1, another real word in either Tone 3 (the mid-level tone
1) or Tone 6 (the low-level tone 1) was chosen.

The target words were embedded in short carrier phrases: no tok __ tsi
(FYF# ___ 4" Tread ___ word) in Cantonese; Tread ___ to you now’ in English.

The Rainbow Passage (Fairbanks 1960: 127) was also included for evaluating
the degree of Cantonese accent in the speakers’ English.
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Procedure

All recording sessions were conducted individually in a sound-proofed recording
booth at the Chinese University of Hong Kong. The materials were recorded using
a portable solid-state recorder with a built-in microphone placed approximately
30 cm away from the speaker’s mouth with a sampling frequency of 44,100 Hz.
Breaks were given whenever needed.

The Cantonese and English sessions were conducted consecutively using a sim-
ilar procedure. Instructions were given by the experimenter in Cantonese for the
Cantonese session. The speaker was given a list of the Cantonese items arranged
in a randomised order divided into four blocks. They were asked to familiarise
themselves with the items before the recording. Three repetitions of the whole
list were recorded. Any problematic tokens were recorded again at the end of the
session.

A break was scheduled between the Cantonese and English sessions. The exper-
imenter switched to using English to communicate with the speakers for the Eng-
lish session. They were first given the Rainbow Passage printed on a piece of paper
and were allowed some time to read the passage. They were then recorded read-
ing the Rainbow Passage naturally once. Next, the speakers were given the list of
English items arranged in a randomised order, also divided into four blocks. They
were also recorded reading the list of English items three times. Any problematic
tokens were recorded again at the end of the session. After finishing the English
list, the speakers were recorded reading the Rainbow Passage again.

Data analysis

For each speaker, there were 306 tokens altogether ((19 Cantonese + 21 English
monophthongal words + 31 Cantonese diphthongal words + 31 English
diphthongal words) x 3 repetitions). All tokens were manually segmented in
Praat. For monophthongal words, the F1 and F2 frequencies at the midpoint
of each vowel token were measured using a Praat script and checked manually.
The measured F1 and F2 frequencies were averaged separately across the tokens
of the same monophthong irrespective of the onset consonants in each of the
two languages. These values were then used for constructing the speakers’ vowel
spaces in the two languages and for further statistical analyses. Euclidean distance
was calculated between the mean formant frequency in Bark of a Cantonese
vowel and its paired English vowel for each corresponding monophthongal pair.

For diphthongal words, the F1 and F2 frequencies were measured at ten equi-
distant points within the interval of each vowel token using FormantPro (Xu
and Gao 2018), excluding the start and end points. All automatically generated
formant values were checked manually for anomalies. The measured F1 and
F2 frequencies (in Bark) of all tokens of the same diphthong in each language,
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irrespective of onset consonants, were analysed using smoothing spline analy-
sis of variance (SS ANOVA) (Gu 2014) and generalised additive mixed models
(GAMMs).

Accent rating
Participants

To investigate the potential relationship between vowel patterns and the degree of
accentedness, 46 native Cantonese-speaking students (14 males; aged 17-27) at
the Chinese University of Hong Kong rated the ten bilingual speakers for the level
of Cantonese accent in their L2 English in an accent rating task. The participants
were also bilingual in Cantonese and English and had grown up in Hong Kong,
but their English proficiency varied more than that of the ten speakers.

Materials and procedure

As the study’s aim was to evaluate how strong the Cantonese accent was in the
speakers’ English, the participants were asked to rate how likely the speakers were
to be from Hong Kong based on two utterances (each 8 to 14 words long) from
their Rainbow Passage recordings, using a nine-point scale (a higher rating means
more likely). It would not have been appropriate to ask native English speakers to
do the accent rating because our aim was not to evaluate how similar the bilingual
speakers were to native English speakers, but how strong their Cantonese accent
was. The selected utterances produced by the ten speakers were all different.
To widen the spectrum of accents, the voices of two native Canadian English
speakers and two native Hong Kong Cantonese secondary school students with
a strong Hong Kong accent (reading the North Wind and the Sun passage) were
also included. There were altogether 28 test utterances (2 utterances x (10 + 4
speakers)).

The participants did the accent-rating task individually in a language labo-
ratory. Each participant was seated in front of a computer screen on which an
online response form was presented. To familiarise the participants with the task,
a practice trial was administered prior to the actual trials. In the practice trial,
utterances produced by one Canadian speaker and one Hong Kong secondary
school student were used as the stimuli to provide the participants with the entire
range of accentedness they may expect. Each speaker’s two utterances were played
back-to-back via headphones, once only for each utterance. The participants were
asked to write down what they had heard and rate their accent.

By-speaker means of the accent ratings were calculated. The means were taken
as indices of how local the non-native English accent of each speaker was to
native Cantonese listeners. A higher rating indicates a more prominent accent
typical of a native Cantonese speaker in Hong Kong.
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Similarity judgement
Participants

To investigate the perceptual similarity between the Cantonese and English vow-
els produced by the ten bilingual speakers, 35 native Cantonese listeners (12
males, aged 17-24; 34 of whom also did the accent-rating task) participated in
a similarity judgement task. They listened to pairs of corresponding Cantonese
and English words (e.g. [f [karl] ‘good’ vs. guy) produced by the ten speakers via
headphones in a language laboratory and gave a similarity rating for each pair on
a five-point scale. A higher number means the words were considered to be more
similar.

Materials

Given practical constraints, a number of compromises were made. First, only the
first repetitions of the Cantonese and English words by each of the ten speakers
were used in this judgement task. Secondly, there were two versions of this
experiment, each containing around half of the items produced by all the ten
speakers; there were 280 Cantonese-English word pairs in each version (including
60 word pairs appearing in both versions to check for consistency). This resulted
in 560 word pairs altogether ((17 diphthongal pairs + 11 monophthongal pairs) x
10 speakers x 2 versions). Seventeen participants (five males) did the first version
and 18 participants (seven males) the second version. Third, each word pair was
rated once only, i.e. there was no repetition.

Experimental design

The judgement task was run in Praat’s ExperimentMFC environment. For each
judgement, the participants heard a pair of corresponding words in Cantonese
and English produced by one of the ten speakers. They were reminded to focus
on the vowel quality and ignore any pitch differences. A pair of sounds with an ISI
of 500 ms was played in a randomised order via headphones. After the playing of
both words, a five-point scale appeared on the screen (1 = extremely dissimilar; 5
= extremely similar), and the participants were required to indicate how similar/
dissimilar the vowels of the two sounds were by using the number pad on the
keyboard or clicking on the scale with the mouse. The participants could replay
the pair of sounds as many times as they wished before making a judgement.
Twenty practice trials were given prior to the actual experiment. Breaks were
allowed after every 40 trials. Similarity ratings were averaged across word pairs
for the same vowel produced by the same speaker.
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Results

Formant frequency patterns

Figure 1 shows the Cantonese and English vowel spaces of the monophthongs
/ia (a) o u/ for each speaker plotted based on the mean midpoint FI and F2
frequencies in Bark.? The first letter in the speaker ID represents the sex of
the speaker, where F stands for female and M for male. These plots show that
the vowel /i/ was the most similar between the two languages across speakers
out of the four corresponding monophthong pairs. As noted in previous HKE
literature, the /u/ in HKE is generally fronted, but speakers differed in how
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Figure 1: Mean F1 and F2 formant frequencies (in Bark) in Cantonese and English for each bilingual speaker.
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fronted the English /u/ was in relation to their Cantonese /u/, with Speaker FA
having the opposite pattern. The Cantonese /a/ was fronter and lower than the
English /a/ for most speakers, while the two vowels were much more similar for
Speakers MA and ME. Likewise, speakers differed in the frontness and height
of these two vowels. The data show that there were some common patterns
among the corresponding monophthongs in the two languages across speakers,
but individual differences were also noticeable. Overall, none of the speakers
exhibited very similar Cantonese and English vowel spaces. Convergence/
divergence in one monophthong cannot predict that of another monophthong.
The patterns are vowel-specific.

Each column in Figure 2 shows the F1 and F2 formant trajectories in Bark
generated by SS ANOVA for each of the five diphthongs (/a1 av e1 o1 ou (au)/)
produced by the ten bilingual speakers (each row shows data from the same
speaker). The output of the SS ANOVA was individual graphs for each diphthong
produced by each speaker, showing an estimation of the diphthongs’ trajectories
based on ten value points. Significant difference is indicated by the absence of
overlap between two curves. Although both F1 and F2 frequencies of each diph-
thong in both languages produced by each speaker are given in the same graph
for ease of visual presentation, it should be noted that two separate analyses were
performed for each vowel, one for F1 and one for F2. F1 and F2 contours should
not be compared with each other.

The diphthong /e1/ exhibited the highest similarity between the two languages,
while the diphthong /ov (au)/ exhibits noticeable differences, especially in F2, for
most speakers, as noted by previous studies on HKE discussed above. This could
be explained by the different vowel qualities of the corresponding diphthongs in
the two languages, as they were also transcribed with different IPA symbols. The
speaker MB had very similar formant realisations in the two languages for /a1 av
e1 o1/ but a markedly lower F2 for Cantonese /ov/ than for its English counter-
part. Some speakers like MA and ME had quite similar formant dynamics in the
two languages (the two curves are nearly parallel) although the formant frequen-
cies were still significantly different (with the two curves not overlapping), while
other speakers like FA and FC had different formant dynamics (i.e., the shape of
the two curves were different) (see Figure 2).

Accent rating and perceptual similarity judgement

Recall that the ten bilingual speakers had been rated by 46 Cantonese listeners
for accentedness in their English, i.e. how likely it was that the speaker was from
Hong Kong, on a scale of 1 (extremely unlikely) to 9 (extremely likely). By-speaker
means and standard deviations of the accent ratings are given in Table 1. Figure
3 is a violin plot of the accent ratings for easy reference. The corresponding
Cantonese and English words have also been rated auditorily for their perceptual
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Table 1: The mean accent rating and perceptual similarity judgement of the nine vowels of the ten bilingual speakers
(with standard deviations)

Accent Monophthong (1-5) Diphthong (1-5)
rating
Speaker (1-9) a(a) i b} u ar av el 21 ou (au)
FA 5.39 2.9 385 348 321 336 375 405 36 3.8
(2.09) (1.42) (1.24) (1.3) (1.4)  (1.35) (1.31) (1.16) (1.31) (1.16)
FB 6.54 263 334 362 307 343 356 422 311 397
(1.85) (1.34) (1.4 (14 (1.5 (134 (149 (1.06) (1.41) (1.18)
FC 5.67 2.1 347 25 283 285 264 363 316 298
(2.2) (1.28) (1.39) (1.3) (142 (1.47) (1.44) (1.29) (1.29) (1.36)
FD 3.57 282 417 294 217 269 349 425 25 3.65
(2.3) (1.38) (1.06) (1.34) (1.43) (1.36) (1.46) (1.07) (1.39) (1.29)
FE 37 313 347 379 37 341 364 375 263 334
(1.99) (1.35) (1.37) (1.24) (1.3)  (1.41) (1.35) (1.28) (1.44) (1.41)
MA 3.57 359 354 324 246 3.1 375 4314 317 33
(2.12) (1.29) (1.39) (1.33) (1.3)  (1.34) (1.31) (1.13) (1.25) (1.23)
MB 53 397 411 414 3.2 416 438 411 42 3.52
(2.21)  (1.22) (1.16) (1.1)  (1.34) (1.1)  (0.94) (1.13) (1.16) (1.24)
MC 5.76 346 364 282 29 362 388 409 371 298
(2290  (143) (1.32) (1.47) (1.35) (1.34) (1.21) (1.13) (1.19) (1.37)
MD 3.46 299 361 249 187 349 321 379 38 2.31
(1.96) (1.33) (1.36) (1.52) (1.3) (1.32) (1.36) (1.26) (1.31) (1.24)
ME 5.98 362 398 4.2 2.11 374 393 423 369 3.21

(2.29) (1.37) (1.26) (1.09) (1.19) (1.27) (1.17) (1.06) (1.32) (1.35)

similarity by 35 Cantonese listeners on a scale of 1 (extremely dissimilar) to 5
(extremely similar). The by-speaker means and standard deviations of the
perceptual similarity judgements are also given in Table 1.

Table 1 and Figure 3 show that the speakers FB and ME had the strongest
accent, and the speakers FD and MD had the weakest accents for the two groups
of speakers. If we compare their patterns in Figures 1 and 2, it is not clear that
the strength of their accents had any consistent effect on their vowel spaces or
formant trajectories. For the speaker MB, who had similar formant trajectories
between the two languages for four diphthongs, his accent rating (5.30) was not
too high; while the speaker FA with a very similar accent rating (5.39) exhibited
quite different formant dynamics in the two languages.

In addition to the above descriptive reports, further analyses were conducted to
assess the relationship between accent rating, perceptual similarity and formant
patterns. For monophthongs, the Euclidean distance between a Cantonese vowel
and its corresponding English vowel was calculated for each participant. The
mean F1 and F2 values (in Bark) of Cantonese vowels were calculated for each
participant. The reason for averaging the formant values of Cantonese vowels
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Figure 3: Violin plot for accent ratings. The black circle represents the mean. A higher rating means higher likelihood
to be from Hong Kong.

instead of the English ones is that Cantonese was the L1/dominant language of
the participants, so less variance was expected in Cantonese compared to English.
Figure 4 shows the boxplot of the Euclidean distance by vowels.

The lmerTest package (Kuznetsova, Brockhoff and Christensen 2017) was
used to run the linear mixed-effect models in R. Using Euclidean distance as the
dependent variable, the model contained accent rating, perceptual similarity and

L]
<< 61 °
@©
Q
o ]
o
c
41
R
©
c
@©
(]
B 24
S 3
’ 4-
0_
a i o] u

Vowel

Figure 4: Boxplots of the speakers’ Euclidean distances between the corresponding vowel pairs in Cantonese and
English. The black line inside the bar represents the median, the white circle represents the mean.
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Table 2: Summary of the mixed effects model for monophthongs

Estimate SE Df P
(Intercept) 3.533 0.44 19.12 <.001*
Accent rating 0.043 0.07 9.93 .56
Perceptual similarity —-0.659 0.08 -8.06 <.001*
Vowel (i) -0.93 0.12 —-7.61 <.001*
Vowel (o) -0.56 0.11 -4.99 <.001*
Vowel (u) 0.26 0.14 1.87 37

The estimates represent comparisons against a reference value (vowel [a] for vowel). *indicates a significant effect at .05 level.

vowel as the fixed effects, and random intercepts by speaker and by word. Results
are shown in Table 2, which suggested that accent rating was not a significant
predictor for the model.

As perceptual similarity was found to be significant in the model, four Pear-
son correlation tests were run to further explore this variable. The dataset was
divided into four subsets by vowels. For each subset, the Pearson correlation
between perceptual similarity (x-axis) and Euclidean distance (y-axis) was calcu-
lated and plotted in Figure 5. A significant correlation was found for the vowels

a I
o cor=-0.53 cor=-0.03
. p <.001 p=.71
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G 2
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[0} [ ]
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Figure 5: Correlation between perceptual similarity and Euclidean distance for each of the vowels. A higher similarity
rating means that the words were considered to be more similar.
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[a] (r (189) =-0.53, p <.001), [0] (r (147) = -0.44, p <.001) and [u] (r (80) = -0.29,
p =.008), but not for [i] (r (143) = -0.03, p =.71). The results indicate that the
similarity judgements by the listeners were supported by acoustic differences.

As for diphthongs, the dataset was divided into ten subsets by diphthongs and
formants (5 diphthongs x 2 formants = 10 subsets). For each subset, a Gener-
alised Additive Mixed Model (GAMM) was run using the bam function in the
mgcv package in R (Wood 2011). The diphthongs were time-normalised. The
dependent variables were F1 (or F2) values in Bark. For each GAMM, the par-
ametric factor was language (Cantonese vs English), non-linear smooths (s)
included measurement points (10 points for each diphthong), the interaction
between point and language, the tensor interaction (ti) between point, accent rat-
ing and language. Following Wieling (2018) and Séskuthy (2021), the random
effects structure included a random slope over word by speaker, a random slope
over repetition by word, and a random smooth over point with a grouping varia-
ble of the combination of speaker and language. The variable language was trans-
ferred to an ordered factor for comparison. For each model,’ an autocorrelation
parameter was included, and the rho value was calculated separately using an
initial simpler model.

A summary of the parametric effects is shown in Table 3. A significant effect
was found for the F2 of [ou], indicating that the F2 contour of Cantonese [00]
was significantly higher than the contour of English [ou] (ou). As the present
study has a greater focus on the shape of the contours, Table 4 summarises the
results of the non-linear smooths.

As shown in the upper panel of Table 4, the shape of the Cantonese contour was
significantly different from the English contour (i.e. s (point) by language) for F1
of [a1] and [o1], F1 and F2 of [e1] and [ou]. Figure 6 shows the visualisation of the
F1 and F2 contours for Cantonese and English in each diphthong across speakers.
These results confirm the individual SS ANOVA observations above, i.e. that the
corresponding diphthongs were realised differently in the two languages.

Table 3: Parametric coefficients of the GAMMs for each diphthong

F1 F2
Language
(English vs Cantonese)  Est SE t P Est SE t p
[a1] -0.171  0.207 -0.82 41 -0.253 0.293 -0.87 .39
[au] -0.159 0.194 -0.82 41 0.316 0.322 098 .33
[e1] 0.203 0.217 094 .35 -0.133 0319 -042 .68
[o1] -0.354 0.205 -1.73 .08 -0.306 0.263 -1.16 .25
[ou] 0.141 0.188 0.75 45 1.223 0.382 3.20 .001*
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ugn;

Table 4: Smooth functions and tensor interaction for the non-linear smooths of the GAMMs. “*”indicates the

significance at 0.05 level or better

F1 F2
s (point):
language English vs Cantonese edf F p edf F p
[a1] 5834 2316 .023*  1.01 1.108 29
[au] 1 0.228 .63 1.5 0.562 .64
[e1] 5.884 8.040 <.001* 4745 8.269 <.001*
[>1] 2456 4.173 01* 1.432 0.187 .803
[ou] 5.77 13.474 <.001* 1.00 7.208 .007*

F1 F2

ti (point, accent rating):
language English vs Cantonese edf F p edf F p
[a1] 3157 2159 .057 3.42 4.679 01*
[au] 3514 3257 .008* 62.189  5.675 437
[e1] 2027 0933 A1 2337 1.283 278
[21] 2474 2427 .064 2.499 0.309 0.79
[ou] 3.583 1.054 49 6.454 1.518 0.14

When assessing the effect of accent rating on the contour difference between
Cantonese and English (i.e. ti (point, accent rating) by language, lower panel of
Table 4), a significant effect was found for F2 of [a1] and F1 of [av]. Although the
accent rating was significant for these two diphthongs, it is difficult to interpret
the results because the significance was only observed in either F1 or F2 of two
different diphthongs with no common pattern. It is unlikely that listeners would
correlate a general perceptual judgement (accent rating) with difference of a spe-
cific formant (e.g. F2 of [a1]). Moreover, since the same set of accent ratings were
used repeatedly in the ten GAMMs, if we adopt a more conservative approach by
adjusting the alpha for multiple comparisons (0.05/10 = 0.005), the two results
would not be significant.

Therefore, given that only two sporadic differences were found in diphthongs
and no difference was found for monophthongs, accent ratings do not seem to be
a reliable predictor for cross-language difference.

Discussion

Our study investigated the relationship between accentedness and the realisation
of corresponding vowels in the two languages of Cantonese-English bilingual
speakers. Specifically, we examined whether a stronger accent would be correlated
with higher similarity between the vowels in the two languages in both acoustic
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Figure 6: F1 and F2 contours of Cantonese (solid line) and English (dashed line) by diphthongs.

and perceptual dimensions. However, our results showed no correlation between
them. Individual variations were observed in monophthong and especially
in diphthong realisations. Furthermore, the convergence or divergence in one
corresponding vowel could not predict that of another vowel. The monophthong
/il was the most similar between the two languages while the other three
monophthongs exhibited more differences. Formant trajectories in the two
languages were quite similar for /e1/ (although still with significant differences in
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more sensitive and powerful GAMM:s) while they differed quite substantially for
/ou (ou)/ (especially in F2) across speakers regardless of how strong the accent
was. Vowel-specific patterns in convergence/divergence were observed in our
data.

Why did the degree of accentedness not have an effect as hypothesised? One
likely reason is that, as mentioned in the Introduction, the impression of global
foreign accent incorporates many speech features, e.g. segmental (consonants
and vowels) and suprasegmental (speech rate, stress, rhythm, intonation, etc.)
(Anderson-Hsieh et al. 1992; Sidaras et al. 2009). The relative weighting of the
contribution of each feature to foreign accent is unclear, although recently Ser-
eno, Lammers and Jongman (2016) suggested that deviations in segments con-
tribute to the perceived accentedness, comprehensibility and intelligibility of
Korean-accented English substantially more than intonation. However, other
studies like de Mareuil and Vieru-Dimulescu (2006) clearly demonstrated the
important role of prosodic factors in accent perception and intelligibility. A very
recent study (van Maastricht, Zee, Krahmer and Swerts, 2021) investigated the
relative contribution of intonation, rhythm and speech rate to foreign accent in
L2 Dutch speech produced by Spanish L1 learners and showed that intonation
and speech rate contributed more than speech rhythm to foreign accent. Thus,
prosody does have a strong effect on accent perception. It is possible to have a
dissociation between overall accentedness (clearly affected by prosodic patterns)
and vowel convergence, especially given that our data demonstrated vowel-spe-
cific patterns of convergence. Of course, logically, if the accent rating was based
on individual words or vowels rather than on sentences produced by the speakers
(e.g. Chan and Hall 2019; Franklin, Oksanen and Gilfert 2016; Munro, Flege and
MacKay 1996), a closer mapping between accentedness and vowel convergence
may emerge. Nevertheless, most previous studies of the effects of foreign accent
(e.g. Flege et al. 1995) collected accent ratings using sentences with good reason,
as accent is a global feature that is perceptually salient but difficult to pin down. It
would also be much easier for listeners (especially naive listeners) to give accent
ratings for longer stretches of speech than for single words/vowels.

Nevertheless, the dissociation between accentedness and vowel convergence
was not simply caused by a mismatch between what speech features listeners paid
attention to for the purposes of accent rating (such as prosody) and what we
focused on (vowels). Even if vowel realisations were the only important factor for
accentedness, vowel-specific patterns would also contribute to the dissociation.
Chan and colleagues (Chan and Hall 2019; Chan et al. 2017) demonstrated that
listeners responded differently to the vowels /o A e a @/ with the same type of
spectral manipulation. They concluded that neither the direction nor the magni-
tude of spectral deviations from native norms could account for their findings.
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Accent rating scores increased only when the deviations led to more overlap and
confusability with neighbouring vowel categories. They argued that deviations
away from the crowded regions of the vowel space may instead reduce confus-
ability, and thus reduce perceived accentedness and comprehensibility. Moreo-
ver, our results also illustrate that convergence/divergence of one corresponding
vowel cannot predict that of another, especially for diphthongs. Such vowel-spe-
cific variation is a likely reason for the dissociation. The relationship between
accentedness and vowel realisation is not uniform.

Vowel-specific convergence patterns were also reported in Mayr, Morris, Men-
nen and Wiliams (2017). They compared the monophthongs in the two languages
of Welsh-English bilinguals. Given the long-term language contact between the
two languages, they found large-scale convergence in most of the monophthongs
they investigated. Interestingly, language-specific vowel divergence patterns were
also reported: English NURSE (herd), FOOT (hood) and SQUARE (hared) were
distinct from all Welsh categories (words in bracket show the Welsh targets), and
Welsh hwd and héd were distinct from all English categories. They suggested
that the lack of corresponding vowels for assimilation may account for some of
the findings (e.g. English NURSE (herd)), but not all. English FOOT (hood) was
much more fronted than its Welsh counterpart hwd. The lack of corresponding
vowels for assimilation should not be a reason for our findings as the materials
were as similar as possible in the two languages in terms of IPA transcription,
vowel distribution, auditory vowel quality and phonetic environment. English /u/
was also fronter than Cantonese /u/ for most speakers (see Figure 1). Thus, both
vocalic convergence and divergence have been found in a single language contact
situation (Mayr et al. 2017) and individual speakers with a similar language back-
ground (our study).

Another possible reason for the lack of correlation between accentedness and
vowel convergence could be related to the small number of speakers (10) in our
study, which resulted in low statistical power. While this remains a possibility, the
findings in Lein et al. (2016), together with our findings, reveal a more fundamen-
tal issue. Lein et al. (2016) also had a similar number of German and French bilin-
gual participants (14), who demonstrated much individual variation in terms of
accentedness and VOT realisation. There were speakers with native-like accents
and a deviant VOT, and speakers with a strong accent but clear VOT categories.
They also found no systematic relationship between accentedness and segmen-
tal realisation. Their findings on a consonantal feature corroborate our findings
on vowels very well. The speakers with the strongest accent did not exhibit the
most acoustic difference among the corresponding vowels in our study. Thus,
besides the small sample size, individual variation is likely a more fundamental
reason for the lack of correlation. Further study with more speakers is warranted
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to evaluate the correlation between accentedness and vowel convergence more
comprehensively.

The findings in our studies echo the emphasis on individual differences over
group differences in the recent SLM-r (Flege and Bohn 2021). Flege and Bohn
measured the mean VOT values produced by native Spanish speakers who arrived
in the US at or after 16 years of age (see their figure 1.3). Wide variations in VOT
values were reported for the late learners, some with Spanish-like VOT, some
with English-like VOT, while others had values in between. They argued that just
giving labels to arbitrarily selected subgroups of these late learners cannot explain
the inter-speaker variability. Such variability highlights the need to understand
why individual L2 learners differ so much from one another. They said that it is
important to know if the participants have formed new phonetic categories for
the target L2 sounds, and whether the presence or absence of category formation
is influenced by individual differences in language processing abilities.

While it is impossible for us to know if our speakers differed in language pro-
cessing abilities because we did not collect such data, it is reasonable to ask if they
had formed new phonetic categories. According to SLM-r (Flege and Bohn 2021:
40), new L2 categories may shift away from neighbouring L1 categories to main-
tain phonetic contrast (i.e. divergence). If no new category is formed for an L2
sound, SLM-r predicts a merger of the phonetic properties of an L1 and L2 sound
(i.e. convergence). Our data, particularly the diphthong data, showed significant
differences in formant frequencies and formant dynamics for the corresponding
vowels in the two languages. The existence of these language-specific differences
can be taken as evidence for separate phonological systems within bilinguals.
While MacLeod et al. (2009) showed that early bilingual speakers maintained
separate categories for similar high vowels in Canadian English (/i 1 u v/), and
Canadian French (/i u/ [1v]), our results demonstrated that L2 learners could also
establish separate categories for similar corresponding vowels, both monoph-
thongs and diphthongs. Thus, we can conclude that new L2 phonetic categories
were formed for our bilingual speakers, even for those with a stronger accent.

The success in establishing new L2 phonetic categories does not mean that
the bilingual speakers were native-like in their production, however. Rather, as
maintained by Flege and Bohn (2021) for SLM-r, it is virtually impossible for L2
learners to produce and perceive an L2 sound exactly like mature monolingual
native speakers of the target L2. They argued that it is no longer of theoretical
interest to compare whether L2 leaners perform the same as native speakers.
This concurs well with the bi/multilingual turn (Ortega 2013) which empha-
sises understanding of the cognitive, linguistic and psycholinguistic mechanisms
and consequences of becoming bi/multilingual later in life over the question of
why bilinguals are not like monolingual speakers. Our study contributes to the

esuinoxonline



78 THE INTERNATIONAL JOURNAL OF SPEECH, LANGUAGE AND THE LAW

bi/multilingual turn by showing that degree of overall accentedness in the L2 can-
not predict vowel convergence between the two languages in a straight forward
manner. Both common cross-linguistic patterns and individual variations are
present among bilingual speakers with a similar language background. Further
study is needed to investigate what other factors can modulate the interaction
between the two languages.

Finally, our findings have some implications for forensic speaker comparison.
As reviewed in the Introduction, there have been very few forensically oriented
studies involving bilingual materials, and those few studies generally show that
having two languages reduces the reliability of various forensic comparisons by
both human and machine alike. An important forensic question asked in the pres-
ent study is whether speech patterns of highly similar materials in one language
can predict those in another language spoken by the same bilingual speaker. Our
results (see Figures 1 and 2) show that for English and Cantonese vowels the
answer is no. Some vowels (e.g. /i e1/) were more similar across the two languages
than others (e.g. /u 01/), although still with significant differences in formant fre-
quencies, and individual speakers varied in similarity. Moreover, no one single
bilingual speaker exhibited the same type of variation across monophthongs and
diphthongs. The cross-linguistic difference is not simply about a shift in formant
frequency ranges: the formant dynamics can also be different in the two lan-
guages. Thus, our findings clearly demonstrate that the formant patterns in one
language cannot predict those in another language even with highly comparable
materials and/or speakers with a relatively strong accent. Our findings add to
the small but crucial literature demonstrating the challenges and unreliability of
bilingual forensic comparisons between one language and another. Our data and
those in the previous bilingual literature have not included bilingual speakers
who sound very different in their two languages, but anecdotal experience does
suggest that it is not uncommon to encounter such bilingual speakers. They add
extra complexity to bilingual forensic investigation. Indeed, much caution needs
to be exercised when dealing with forensic materials in bilingual settings, echoing
the concern raised by the Code of Practice of the IAFPA (2020) that ‘Members
should exercise particular caution with cross-language comparisons. Nonethe-
less, it is still important to do further forensic investigation of bilingual speech
patterns because knowing what should not be done and what could possibly be
useful can guide proper comparison. Further research should explore whether
there are any features which may be stable across the two languages of bilingual
speakers who sound different in their two languages, particularly those that are
less linguistically dependent, and also whether speech styles (e.g. more spontane-
ous speech vs. reading sentences) can influence the convergence between corre-
sponding vowels. Much awaits further investigation.
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In conclusion, our study investigated whether there was any correlation
between degree of accentedness and convergence between corresponding vowels
in the two languages of Cantonese-English bilingual speakers with high levels
of English proficiency. Both monophthongs and diphthongs were included. The
results showed no such correlation. Both vowel-specific and individual varia-
tion was found with no uniform effect of accentedness. Further study with more
speakers and different language pairs is needed to corroborate these findings.
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Notes

1. https://www.hkeaa.edu.hk/en/recognition/benchmarking/hkdse/ielts/
2. All the patterns and results of the statistical analyses are very similar in Hz.
Therefore, we only report the results in Bark.

3. An example of the full model for the F1 of [a1] is shown below:
F1 ~language.ord + s (point, bs=‘cr’) + s (point, by=language.ord, bs=‘cr’) +
ti (point, accent rating, by=language.ord) +
s (speaker, word, bs="re’) + s(word, repetition, bs="re’) +
s (point, SpeakerLanguage.ord, bs= ‘fs, m=1, k=9),
data=ai, method="fREML’, discrete = T, AR.start = ai$AR.start,
rho=0.64)
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HOW SIMILAR ARE THE FORMANTS IN THE SPEECH OF BILINGUAL SPEAKERS?
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