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Abstract: While the focus of bilingual research is frequently on simultaneous or early bilingualism,
the interactions between late bilinguals’ first language (L1) and second language (L2) have rarely
been studied previously. To fill this research gap, the aim of the current study was to investigate the
production of vowels in the L1 Mandarin and L2 Cantonese of Mandarin–Cantonese late bilinguals
in Hong Kong. A production experiment was conducted with 22 Mandarin–Cantonese bilinguals,
as well as with 20 native Mandarin speakers and 21 native Cantonese speakers. Acoustic analyses,
including formants of and Euclidean distances between the vowels, were performed. Both vowel
category assimilation and dissimilation were noted in the Mandarin–Cantonese bilinguals’ L1 and
L2 vowel systems, suggesting interactions between the bilinguals’ L1 and L2 vowel categories. In
general, the findings are in line with the hypotheses of the Speech Learning Model and its revised
version, which state that L1–L2 phonetic interactions are inevitable, as there is a common phonetic
space for storing the L1 and L2 phonetic categories, and that learners always have the ability to adapt
their phonetic space. Future studies should refine the data elicitation method, increase the sample
size and include more language pairs to better understand L1 and L2 phonetic interactions.
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1. Introduction
While most investigations on bilinguals’ speech have focused on the characteristics of

either their first language (L1) or their second language (L2), recent studies have suggested
potential interactions between bilingual speakers’ L1 and L2 phonetic systems [1,2]. Late
bilinguals are the ideal population for studying L1 and L2 speech interactions because
they start to learn their L2 after puberty and naturally avoid any maturational constraints
related to language acquisition. This study explored the interactions of Mandarin and
Cantonese monophthongs in Mandarin–Cantonese late bilinguals via acoustic analyses to
provide a better understanding of the issue of bidirectional influence.

1.1. Interactions between L1 and L2 Speech in Late Bilinguals
The term ‘late bilinguals’ refers to people who commence learning their L2 after hav‑

ing fully acquired their L1. Investigations of late bilinguals’ speech development have
mainly focused on their acquisition of L2 speech, based on the assumption that the L1 of
bilinguals does not alter. However, more recent studies have shown that the L2 of late
bilinguals interferes with the full‑fledged L1, which, in turn, causes the L1 of bilinguals to
differ from the L1 of monolinguals [3,4]. This study focuses on the speech development
of late bilinguals, who are usually immigrants who have relocated to a new environment
in which their L2 is the dominant language, and in which their L1 is no longer used or is
used less frequently [5,6]. Starting with the same level of L1 competence, late bilinguals
do not have the potential maturational constraints in child and adolescent language devel‑
opment [7], and are therefore an ideal population for investigating L1 and L2 interactions.
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Studies of the L1 and L2 in bilingual language development have developed in two
separate directions. Until very recently, only a few studies have touched upon the issue of
L1 and L2 interactions and confirmed the bidirectional influences of the L1 and L2 [8,9].
To the best of our knowledge, there are only three studies that have examined the L1
and L2 speech interactions [1,2,10]. Ref. [10] tested the production of voice‑onset‑time
(VOT) by late Dutch–German bilinguals while [1] investigated the perception of VOT by
English–Spanish bilinguals. Both studies suggest interactions between the bilinguals’ L1
and L2, but it is unclear whether similar findings can be observed when vowels are con‑
sidered, which is the gap the current study aimed to fill. Refs. [1,10] interpreted their
results as providing supporting evidence for Flege’s Speech Learning Model (SLM), as
introduced below.

1.2. Theoretical Framework
The L1 and L2 speech interactions can be accounted for by the SLM [11] and its re‑

vised version, the Revised Speech Learning Model (SLM‑r) [12], according to which there
is a common phonetic space in a bilingual speaker’s mind. This space stores the phonetic
categories of both the L1 and the L2; the L1 and L2 categories can thus mutually influence
each another, in the process of category assimilation or category dissimilation.

The category assimilation hypothesis (CAH) in the SLM claims that in the common
space, an L2 sound that is perceived as being similar to an L1 sound does not form a new
category and is understood as a variant of the L1 sound at an allophonic level; that is, the
cross‑linguistic equivalence between the two sounds has been established. In this case, the
phonemic variants for interdialectal contact are called diaphones [13], and the CAH advo‑
cates that only one single phonetic category is used to process the two linked diaphones.
This mapping of diaphones will eventually give rise to a new merged category in mental
representation of a bilingual, which will be realised differently from either the L1 sound or
the L2 sound in production, and this phenomenon has been documented in several stud‑
ies. For example, ref. [3] examined the post‑vocalic /r/ of German–English bilinguals and
discovered an influence from the L2, resulting in the assimilation of the consonant pair,
which lends support to the CAH.

SLM also postulates the category dissimilation hypothesis (CDH). A new category
will be established if an L2 sound is absent in the L1 system, which will make the com‑
bined phonetic space more crowded, and as a result, the phonemes will tend to disperse to
compensate so that the phonetic contrast can be maintained. When category dissimilation
operates, neither the newly established L2 category nor the closest L1 categorywill be iden‑
tical to the categories for monolinguals, and consequently, both categories may shift away
from their original phonetic space. One support for the CDH can be found in [14], which
reported that Spanish–Catalan bilinguals have developed two categories to accommodate
the mid‑back vowels in the two languages, respectively.

Moreover, the SLM and SLM‑r posit that the capacity for speech learning remains
intact over the lifespan. This claim is particularly relevant to and can be tested by the
current study. If it is the case, there must be L1 and L2 speech interactions even for late
learners. The current study also extends the SLM and SLM‑r to explore any L2‑induced
change(s) in the bilinguals’ L1.

1.3. The Current Study
Although Mandarin and Cantonese are two varieties (dialects) of Chinese, they have

different phonological systems and are mutually unintelligible [15]. While there is no con‑
sensus regarding the numbers or distribution of monophthongs in these
two varieties [16–20], it is acknowledged that Mandarin and Cantonese share three pe‑
ripheral vowel pairs, namely, /a/, /i/ and /u/ [21], which were chosen as the target vowels
to be examined in this study.

Thus far, the investigations on bilingual speakers’ vowel systems have largely con‑
cerned bilingual children (e.g., [22,23]). It remains to be explored as to whether there will
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be interactions between the late bilinguals’ L1 and L2 vowel systems, given that late bilin‑
guals are mature learners with a full‑fledged L1, which is very different from the case
of bilingual children. The current study aimed to investigate the production of monoph‑
thongs in the L1 Mandarin and the L2 Cantonese of Mandarin–Cantonese bilinguals in
Hong Kong (henceforth ‘bilinguals’) to answer the following research questions:

(1) Are the L1 Mandarin vowels of the bilinguals influenced by Cantonese after years
of immersion?

(a) Have the F1 and F2 in bilinguals’ Mandarin undergone assimilation, namely, become
more similar to their Cantonese counterparts and more deviant from those of the
monolingual Mandarin speakers?

(b) Have the F1 andF2 in bilinguals’Mandarin undergonedissimilation, namely, become
more deviant to their Cantonese counterparts and even shifted away from those of
the monolingual Mandarin speakers?

(2) Have the bilinguals reached native‑like competence in L2 Cantonese in terms of
vowel production?

(a) Have the F1 and F2 in bilinguals’ Cantonese undergone assimilation, namely, become
more similar to their Cantonese counterparts and more deviant from those of the
monolingual Mandarin speakers?

(b) Have the F1 and F2 in bilinguals’ Cantonese undergone dissimilation, namely, be‑
comemore deviant to their Cantonese counterparts and even shifted away from those
of the monolingual Mandarin speakers?

(3) Are there any interactions between the bilinguals’ L1 and L2 vowels?

2. Materials and Methods
2.1. Informants

Three groups of informantswere recruited to participate in this study via online adver‑
tisements. In the pre‑screening stage, all the potential informants were first invited to pro‑
vide their background information pertaining to their language use, based onwhich we in‑
vited eligible informants. The bilinguals group consisted of 22 new immigrants (19 females,
three males; aged 30.14 ± 4.30) who spoke Mandarin as their L1 and had been exposed
to Cantonese since their arrival in Hong Kong. The bilinguals had all arrived in Hong
Kong after puberty (average age: 22.73 ± 4.21) and their average length of residence was
7.41 ± 3.11 years. To assess their language profile of Cantonese and Mandarin, the bilin‑
guals completed a language background questionnaire prior to the recording session. The
questionnaire was an adapted version of the Bilingual Language Profile [24], which was
used to collect information about the participants’ language history, language use, lan‑
guage proficiency and language attitudes, and the results were converted into scores for
each subsection. The scores showed that, the participants were fluent Cantonese speakers,
although they were more dominant in Mandarin at the time of the experiment. The Man‑
darin baseline group consisted of 20 native speakers of Mandarin (11 females, nine males;
aged 24.75 ± 3.65), who were born and raised in Mandarin‑speaking regions and had lit‑
tle exposure to Cantonese. There were 21 native speakers of Cantonese in the Cantonese
baseline group (ten females, 11 males; aged 20.78± 2.56), and they were born and brought
up in Hong Kong, where Cantonese is the native and dominant language. No participants
had any history of speaking, hearing, or language difficulties.

2.2. Materials and Procedures
The vowels /a/, /i/ and /u/ were chosen as the target vowels for the following rea‑

sons. Firstly, as these three vowels are shared by and are commonly used in Mandarin
and Cantonese, it was possible to use them to conduct cross‑linguistic comparisons. More‑
over, these vowels are peripheral vowels, which are ideal for measuring the vowel space of
the informants. In addition, all three vowels are monophthongs, the subtle differences in
which are easier to capture compared to the differences in more complicated diphthongs
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or triphthongs. The vowels were embedded in either the first or second syllable of disyl‑
labic words. Because tones have been shown to influence the production of vowels [25],
we restricted our target stimuli to the first tone (T1) in Mandarin and Cantonese to min‑
imise the coarticulation effect [26]. The words appeared in the subject or object position
in different sentences. For the native speakers of Cantonese and Mandarin, each vowel
appeared 15 times. For the bilinguals, the vowels appeared ten times in each language. In
total, 3165 vowel tokens were collected: 3 vowels × 15 times × 20 Mandarin speakers +
3 vowels × 15 times × 21 Cantonese speakers + 3 vowels × 10 times × 22 bilinguals ×
2 languages.

To make the data collection setting more naturalistic, the speech data were collected
in dialogues between the experimenter and the participants, wherein the experimenter
always asked the precursor questions, and the participants were instructed to answer the
questions using the provided sentences naturally. An example of the Cantonese questions
and answers is presented in (1) below, with the target syllable in the answer underlined
(‘gaa1’):

(1) Question: 嗰個嘉賓拎乜嘢？
go2 go3 gaa1ban1 ling1 mat1je5
that CL guest carry what
‘What did the guest carry?’

Answer: 嗰個嘉賓拎膠樽。

go2 go3 gaa1ban1 ling1 gaau1zeon1
that CL guest carry plastic_bottle
‘The guest carried a plastic bottle.’

The Mandarin and Cantonese speakers attended the recording session for their re‑
spective language, while the bilinguals were recorded in both Mandarin and Cantonese.
Since exactly the same materials were used in each language, it was possible to compare
the vowel production by bilingual and native speakers directly.

This project was approved by the Human Research Ethics Committee of Hong Kong
Shue Yan University (Reference number: HREC 22‑05 (M12). All the participants gave
their written informed consent prior to the recording sessions.

2.3. Data Analysis
To process the data, the vowel portions of the target syllables were manually seg‑

mented by trained phoneticians and the values of the first and second formants (F1 and
F2) were extracted over the midpoint of each vowel with a script in Praat [27]. Individual
differences among speakers are huge, and to eliminate the potential effect of inter‑speaker
variation on our data analysis, we adopted the Lobanov’s approach [28] to normalise each
speakers’ F1 and F2 values individually, using Equation (1):

Fn[V]N =
(
Fn[V] −MEANn

)
/Sn (1)

where Fn[V]N is the normalised formant value of the Nth formant for the vowel V, Fn[V]
stands for the original formant values that are measured in Hz, andMEANn and Sn are the
mean and standard deviation (SD) of theNth formant of the target speaker, respectively. To
make the F1 and F2 values comparable to the findings in previous studies [23,29], the nor‑
malised formant values were then rescaled to Hz following [30] with Equations (2) and (3)
below:

F′1 = 250 + 500
(
FN1 − FN1MIN

)
/
(
FN1MAX − FN1MIN

)
(2)

F′2 = 850 + 1400
(
FN2 − FN2MIN

)
/
(
FN2MAX − FN2MIN

)
(3)

where F′
i is the rescaled formant, FN

i is the Lobanov normalised formant value, and FN
iMIN

and FN
iMAX are the minimum and maximum values of FN

i , respectively, across the dataset
of the target speaker.
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Next, the rescaled F1 and F2 valueswere then analysedwith linearmixed‑effectsmod‑
elling using the ‘lme4’ package [31] in R [32,33], with the formant values (F1 or F2) as the
dependent variables, vowel, speaker group (or language) as the fixed effects, and speaker
and repetition as the random effects.

In addition, to measure the relative difference within each proposed pair accurately,
we calculated the Euclidean distances of the Mandarin and Cantonese monophthongs
based on the rescaled F1 and F2 values with Equation (4) [34]:

s (m, c) =
√
(F1m− F1c)2 + (F2m− F2c)2 (4)

where s is the distance between two points in a two‑dimensional Euclidian vowel space
defined by F2 on the x axis and F1 on the y axis, and m and c each represent a specific
monophthong inMandarin and Cantonese. For the native speakers, the average F1 and F2
values for each vowel were used to calculate the Euclidean distances. For the bilinguals,
the distances between the vowel pairs were calculated for each speaker.

3. Results
In this section, we will first present an overview of the vowel production data and

then report on the statistical analyses of the F1 and F2 values of the vowels produced by
native speakers in Section 3.1.1. The comparisons of native speakers and bilinguals for each
language are presented separately in Sections 3.1.2 and 3.1.3 (Questions 1 and 2). Next,
we compare the F1 and F2 of the vowels in the bilinguals’ Mandarin and Cantonese in
Section 3.1.4 (Question 3), which is followed by an interim summary of the F1 and F2 values.
Finally, the Euclidean distances of the vowels are calculated and compared in Section 3.2.

3.1. F1 and F2 of the Vowels
An overview of the vowel production in Mandarin and Cantonese by the bilingual

and monolingual speakers is plotted in Figure 1, in which the vowel letters represent the
average F1 and F2 values of each vowel and the circles indicate approximately 67% of the
vowel ellipses for each vowel category.
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darin and Cantonese vowel production of native speakers, respectively, while (C,D) showMandarin
and Cantonese vowels produced by immigrants. The circles indicate 67% of the vowel ellipses for
each vowel category.
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3.1.1. Vowel Production by Native Speakers
We first fitted models for the F1 and F2 of the vowels produced by native speakers

of Mandarin and Cantonese. There was a main effect of vowel (χ2(2) = 2834, p < 0.001)
but no main effect of language (χ2(1) = 1.46, p = 0.226) on F1, suggesting that the three
vowels /a/, /i/ and /u/ were distinguishable in height, and that native speakers of Man‑
darin and Cantonese showed no height difference when producing these three pairs of
vowels. For the F2 values, there were main effects of vowel (χ2(2) = 2265.8, p < 0.001)
and language (χ2(1) = 48.316, p < 0.001), as well as an interaction of vowel and language
(χ2(2) = 36.023, p < 0.001). Specifically, the vowels within a pair differed in the degree of
backness: /i/ of both languages overlapped in backness (p = 0.115); /a/ was more back in
Mandarin (p < 0.001) and /u/ was more back in Cantonese (p < 0.001).

3.1.2. Mandarin Vowel Production by Native Speakers and Bilinguals
Next, we compared the F1 and F2 of the Mandarin vowels produced by native speak‑

ers and bilinguals. With regard to the F1 values of the vowels in Mandarin, there were
main effects of vowel (χ2(2) = 3348.2, p < 0.001) and speaker group (χ2(1) = 4.426, p = 0.035),
as well as a two‑way interaction of vowel and speaker group (χ2(2) = 54.933, p < 0.001).
A post hoc analysis of the group effect showed that the native speakers of Mandarin had
larger F1 values compared to the bilinguals, suggesting that the vowels produced by the
native speakers were generally lower than those produced by the bilinguals. For the spe‑
cific vowels, the F1 values of /a/ and /u/ were significantly lower for the native speakers
(ps < 0.001) while the bilinguals and the native speakers had comparable F1 values for /i/
(p = 0.092).

For the F2 values of the vowels in Mandarin, there were main effects of vowel
(χ2(2) = 2010.3, p < 0.001) and speaker group (χ2(1) = 6.853, p = 0.009), aswell as a two‑way in‑
teraction of vowel and speaker group (χ2(2) = 141.01, p < 0.001). Post hoc tests showed that
the vowels /a/ and /u/ produced by native speakers were more back than those produced
by the bilinguals (ps < 0.001). Conversely, the vowel /i/ was more back in the bilinguals’
Mandarin (p < 0.001).

3.1.3. Cantonese Vowel Production by Native Speakers and Bilinguals
This subsection presents the analyses of the F1 and F2 of the Cantonese vowels pro‑

duced by the native speakers and the bilinguals. For the F1 values of the vowels in Can‑
tonese, therewas amain effect of vowel (χ2(2) = 3677.5, p < 0.001) and a two‑way interaction
of vowel and speaker group (χ2(2) = 48.571, p < 0.001). A post hoc analysis showed that the
native speakers of Cantonese had larger F1 values for /a/ and /u/ but smaller F1 values for
/i/ compared to the bilinguals (ps < 0.001).

For the F2 values, there were main effects of vowel (χ2(2) = 2525.6, p < 0.001) and
speaker group (χ2(1) = 5.260, p = 0.022), as well as a two‑way interaction of vowel and
speaker group (χ2(2) = 178.93, p < 0.001). The results of the post hoc tests suggested no
difference between the two speaker groups in the F2 of the vowels /a/ (p = 0.120) or /u/
(p = 0.265). For the vowel /i/, the native speakers of Cantonese had smaller F2 values com‑
pared to the bilinguals (p < 0.001).

3.1.4. Vowel Production by Bilinguals
Lastly, we fittedmodels for the F1 and F2 of the Mandarin and Cantonese vowels pro‑

duced by the bilinguals. For the F1 values, there was a main effect of vowel (χ2(2) = 2955.2,
p < 0.001) but no effect of language (χ2(1) = 1.085, p = 0.298). The two‑way interactions be‑
tween vowel and language reached significance (χ2(2) = 21.619, p < 0.001). The vowels /a/
and /i/ shared similar F1 values in the bilinguals’ Mandarin and Cantonese, but the vowel
/u/ was produced higher in Mandarin than it was in Cantonese (p < 0.001).

For the F2 values, there were main effects of vowel (χ2(2) = 1330.8, p < 0.001) and
language (χ2(1) = 38.829, p < 0.001), as well as a two‑way interaction of vowel and language
(χ2(2) = 44.186, p < 0.001). The post hoc analyses revealed no differences in the F2 values
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of the vowel /a/ between the two languages. However, the vowels /i/ and /u/ had higher
F2 values in Mandarin than they did in Cantonese (ps < 0.001), suggesting that they were
more back in the bilinguals’ Cantonese.

3.1.5. Interim Summary
Table 1 provides a summary of the F1 and F2 statistics reported in this section. The

native speakers did not show any difference in the formants of the vowel /i/, but the vowel
/a/ was more back and the vowel /u/ was more front in Mandarin. The bilinguals differed
from the native speakers in all three vowels, suggesting cross‑linguistic influences from
both Mandarin and Cantonese.

Table 1. Summary of the F1 and F2 statistics.

/a/ /i/ /u/

Baseline groups More back in Mandarin No difference More front in Mandarin

Mandarin Lower and more back for
native speakers More front for native speakers Lower and more back for

native speakers

Cantonese Lower in native speakers More front and higher for
native speakers Lower for native speakers

Bilinguals No difference More front in Mandarin Higher and more front
in Mandarin

3.2. Euclidean Distances of the Vowels
As the native speakers of Mandarin and Cantonese only produced vowels in their

respective language, it was impossible to compare the Euclidean distances of the vowels
produced by each speaker directly. Instead, we calculated the Euclidean distances of the
vowels produced by the native speakers based on the average F1 and F2 values of each
speaker group. For the bilinguals, we calculated the distances of each vowel pair based on
the average F1 and F2 values of the informant’s Mandarin and Cantonese and listed the
average distances and SDs.

The Euclidean distances of the vowels are presented in Table 2. For the native speak‑
ers, the distance between the Cantonese /i/ andMandarin /i/ was the smallest, but the bilin‑
guals showed a much larger distance between their Cantonese /i/ and their Mandarin /i/.
Both native speakers and bilinguals exhibited the largest distance for the vowel /u/. With
regard to the vowel /a/, both groups showed a moderate distance.

Table 2. Euclidean distances of the vowels produced by native speakers and bilinguals.

/a/ /i/ /u/

Native speakers 121.52 33.29 219.74
Bilinguals (SDs) 103.45 (84.11) 172.59 (151.96) 284.98 (147.17)

4. Discussion
This study investigated the production of L1 and L2 vowels by Mandarin–Cantonese

bilinguals in Hong Kong and addressed three research questions: (1) Are the L1Mandarin
vowels of the bilinguals influenced by Cantonese after years of immersion? (2) Have the
bilinguals reached native‑like competence in L2 Cantonese in terms of vowel production?
(3) Are there any interactions between the bilinguals’ L1 and L2 vowels?

With regard to the first research question concerningMandarin vowel production, the
data suggested differences in the Mandarin vowels produced by the bilinguals compared
to those produced by the native speakers. Specifically, in the bilinguals’ production, the
front vowel /i/ became more back and the back vowel /u/ became more front, and the low
vowel /a/ became higher, suggesting a more crowded Mandarin vowel space for the bilin‑
guals. In addition, the vowel /a/ was also more front for bilinguals, making it further from
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the samevowel produced by the native speakers. According to our analysis of native speak‑
ers’ production, the vowel /a/ was more back in Mandarin than it was in Cantonese. It is
possible that, due to the extensive exposure to Cantonese, the bilinguals shifted their way
of producing the Mandarin vowel /a/ towards that of the Cantonese vowel /a/, although
there was a difference in the backness of the vowel /a/ in Cantonese and in Mandarin. In
this case, the Mandarin /a/ was assimilated to the Cantonese /a/ in the bilinguals’ phonetic
space, resulting in only one merged category to represent these two vowels.

Next, for the second research question on Cantonese vowel acquisition, we demon‑
strated that the bilinguals failed to successfully acquire the Cantonese vowels through im‑
mersion in the language. In the bilinguals’ production, the vowel /i/ was more back and
lower, and both vowel /a/ and vowel /u/ were higher compared to the vowels produced by
the native Cantonese speakers. Note that the bilinguals were advanced Cantonese learn‑
ers and their average length of residence in a Cantonese‑speaking region was 7.41 years
at the time of the recording. Despite their exposure to the target language, they had not
yet succeeded in producing native‑like vowel formants. This might be explained by the
maturational constraints [35] or age effects [36] involved in language learning. It has been
advocated that one should start to acquire an L2 as early as possible in order to attain native
competence in the L2. The target group in this study consisted of lateMandarin–Cantonese
bilinguals who had started to learn Cantonese after puberty (the average age of acquisition
was 22.73), which may have prevented them from becoming successful learners of L2 Can‑
tonese. However, as there is a lack of research on early Mandarin–Cantonese bilinguals’
acquisition of Cantonese vowels, more data should be obtained before we can provide sup‑
port for the claims regarding the maturational constraints or age effects. Another possible
direction for future research could be to investigate whether the L2 Cantonese speech was
accented, given the observed differences in the vowel formants, which would contribute
to our understanding of the source of foreign accent in L2 speech and the relationship be‑
tween accentedness and acoustic distances [37].

As shown above, the vowels in the bilinguals’ L1 Mandarin and L2 Cantonese were
generally deviant from the vowels in the corresponding native language. Our final re‑
search question concerned interactions between L1 and L2 vowel systems, the evidence
for which was abundant because both category assimilation and dissimilation could be
identified in the bilinguals’ vowel production. The bilinguals’ Cantonese /a/ showed no
difference in terms of backness compared to the vowel /a/ produced by the native Can‑
tonese speakers, suggesting that the bilinguals appeared to have successfully formed an
/a/ category in their L2 Cantonese. As suggested in [12], such L2 category formation is not
an easy task for L2 speakers because there is already a full‑fledged L1 category in place,
and the quality and quantity of L2 input usually vary. Moreover, in the bilinguals’ pro‑
duction, the Mandarin /a/ was more front than the same vowel produced by the native
Mandarin speakers; that is, the Mandarin /a/ produced by the bilinguals had shifted away
from the native norms. Furthermore, in the bilinguals’ own production of the vowel /a/,
no distinction betweenMandarin and Cantonese was made, indicating that the two vowel
categories had merged into one. The question that then arises concerns which factors may
have contributed to the bilinguals’ L2 category formation and L1–L2 category merging.
For the vowel /i/, the native speakers of Mandarin and Cantonese did not show any differ‑
ences in the F1 or F2, and the Euclidean distance between the Mandarin /i/ and Cantonese
/i/ was extremely small. With regard to the bilinguals, their production of /i/ differed from
the /i/ production of the two native groups, and their own Mandarin /i/ and Cantonese /i/
productions were also different from each other. As shown in Figure 1, the /i/ tokens pro‑
duced by the native speakers were consistent, but the /i/ tokens produced by the bilinguals
were variable in both languages. A similar phenomenon was observed for the /u/ tokens,
as the bilinguals also attempted to maintain a contrast between Mandarin and Cantonese.
While the reason that the bilinguals tended to merge some categories but simultaneously
preferred to split other categories remains to be explored, it is clear that there were in‑
teractions between the bilinguals’ L1 and L2 vowel categories, thus replicating previous
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findings regarding interactions between L1 and L2 consonants and extending the applica‑
bility of SLM and SLM‑r to vowel categories.

The findings of this studymust be seen in light of some limitations. Firstly, in terms of
the elicitation method, the vowels were produced in sentences as responses to precursor
questions asked by the experimenter. It has been demonstrated that different elicitation
methods will influence how vowels are produced, leading to varying degrees of individ‑
ual differences [38]. The issue of phonetic accommodation is also worth noting because
there is recent evidence that both the L1 and L2 undergo phonetic accommodation [39], so
that the L1 and L2 vowels produced in this study may have been affected by the exper‑
imenter’s vowels. Future studies could consider using the more traditional read speech
approach, which would reflect the participants’ actual production. Secondly, the collected
data were conversational in nature, and the phenomenon of vowel reduction is not un‑
common in naturalistic speech [40,41], which may have had some negative impacts on the
quality of the vowel production. It is, therefore, necessary for future studies to include
words in isolation [23,30] or to prepare the target words in the focused position [42,43] to
make it possible to elicit the vowels that are uttered more clearly. In addition, as a pilot
study exploring L1 and L2 vowel interactions, this study had a relatively small sample size,
with 3,165 tokens of three peripheral vowels in Cantonese andMandarin. To have a better
understanding of L1 and L2 vowel trajectories, it would be useful to consider more vowels
and to include other language pairs that are more typologically different.

5. Conclusions
In summary, this study investigated the vowel production of Mandarin–Cantonese

bilinguals and revealed vowel category assimilation and dissimilation in the participants’
L1 and L2 vowels, thus indicating interactions between their L1 and L2 vowel systems. In
general, the findings are in line with the hypotheses of SLM and SLM‑r in that L1–L2 pho‑
netic interactions are inevitable because there is a common phonetic space for storing the
L1 and L2 phonetic categories, and that learners always have the ability to adapt their pho‑
netic space. Future studies should refine the data elicitation method, increase the sample
size and includemore language pairs to better understand L1 and L2 phonetic interactions.
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