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influenced their L2 (Spanish) speech. These bilinguals,
however, lived in a Spanish-dominant environment for at least
two-thirds of their lives and were strongly dominant in Spanish.
Therefore, it is unclear if a similar effect would hold under the
conditions of non-dominant L2.
Similar to the documented L1-L2 interactions at the
segmental level, L1 speech rhythm’s influence on L2 is
believed to be mediated by L2 experience, often operationalized
as proficiency in and amount of use of L2 [7], [10], [13]. For
instance, L1 Korean speakers of L2 English with the greatest
amount of L2 experience produced English speech with nativelike stress-timing (measured as ratios of the duration of stressed
to unstressed syllables) while speakers with moderate L2
experience or less produced English speech as syllable-timed
[13]. Investigating L2 English speech produced by L1 French
and German speakers, [7] found that L2 speech progresses from
syllable-timed toward stress-timed patterns with increased L2
proficiency whether the L1 is rhythmically similar to English
(German) or different (French). These findings suggest that if a
reverse effect of L2 speech rhythm on L1 is observed, it will
also be guided by the amount of L2 use and experience. The
speakers of the present study, Cantonese-English bilinguals,
present an ideal test case because Cantonese is a typical
syllable-timed language [14] while English a typical stresstimed language [6], [15], [16], [17].
Speech rhythm refers to the timing of recurrence of
relatively strong and weak elements (isochrony). Researchers
have traditionally classified languages into two distinct classes
of syllable-timed and stress-timed languages. Stress-timed
languages have roughly equal time intervals between stress
beats, while syllable-timed languages display more nearly equal
temporal intervals between successive syllables [15], [17].
However, subsequent empirical studies did not find support for
a strict categorical distinction between syllable-timed and
stress-timed languages. Instead, languages can be more or less
stress-timed/syllable-timed [16]. In addition, [18] observed that
stress-timed languages show greater variation in syllable length
and complexity of syllable structure, more variation in phonetic
realization of stress, and have more reduced unstressed
syllables that are shorter or even absent than syllable-timed
languages. Accordingly, some syllables are much more salient
than others in stress-timed languages while syllables are
roughly equally salient in syllable-timed languages. Based on
these observations, rhythm metrics such as pairwise variability
index (PVI) [16], which captures durational variability between
vocalic intervals have been developed. Stress-timed languages
demonstrate greater durational variability than syllable-timed
languages [5], [16]. Therefore, the higher the PVI value, the
more stress-timed the rhythmic pattern is. The present study
used PVI to examine the presence of bidirectional influence of
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1. Introduction
Empirical studies have provided ample evidence that the
phonetic systems of bilingual speakers’ first language (L1) and
second language (L2) exhibit bidirectional influences as they
reside in a common phonetic space at the segmental level [1],
[2]. Extensive L2 experience may lead to restructuring of L1
phonetic categories such that increasing similarity between
similar L1 and L2 phones (crosslinguistic convergence) may
result [2], [3].
In contrast, at the suprasegmental level, the ways in which
L1 and L2 interact with each other are much less clear. Among
various suprasegmental properties, speech rhythm is one of the
better studied. Previous studies primarily focused on the effects
of L1 speech rhythm on L2 (e.g. [4], [5], [6]): Such influence
has been documented for both L1 speakers of a syllable-timed
language (e.g. Cantonese) learning a stress-timed language (e.g.
English) [7], [8], [9], [10] and native speakers of a stress-timed
language (e.g. English) learning a syllable-timed language (e.g.
French) [10], [11]. In comparison, less is known about the
effects of L2 speech rhythm on L1. [12] found that the L1
(Afrikaans) speech rhythm of Afrikaans-Spanish bilinguals
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L1 and L2 speech rhythm in Cantonese-English bilingual
speakers.

2.3. Acoustic analysis
Vowels were manually segmented and their durations were
measured using Praat [26]. Vowels were labeled as the portion
from the onset of voicing with higher formants visible in the
spectrogram to the offset of higher frequency components in the
spectrogram, or from the onset to the offset of periodicity in the
vocalic portion of the waveform when the boundaries of higher
formants were not clear in the spectrogram. We used pairwise
variability index (PVI) [5] to quantify rhythmic patterns based
on the two vowels in each bisyllabic word. PVI quantifies
variability in speech rhythm by calculating the absolute vowel
duration difference between successive pairs of vowels, with
speaking rate normalized, as shown in formula (1) below:

2. Methods
2.1. Participants
The participants were 20 Cantonese-English bilingual speakers
living in Hong Kong (14 women, 6 men) with a mean age of 22
years (range = 18 – 38 years). All of them learned Cantonese
from birth and English from age 2 or 3 in school. None of them
had lived in a primarily English-speaking country. Only one
had travelled to a primarily English-speaking country for a stay
of about 2 months. None of them reported knowledge of any
additional languages other than elementary proficiency in
Mandarin.
Hong Kong is a pervasively bilingual society in which
Cantonese is the dominant first language of the community and
is used as the primary language at home and for everyday life
purposes. English is, in turn, the dominant language used in the
governmental, legal, educational and business sectors [19].
Thus, this Cantonese-English bilingual population has a highly
uniform bilingual experience and is relatively homogenous in
terms of speaker-related factors which are typically identified
as important in segmental phonetic interactions such as age of
acquisition [20], the quantity and quality of L2 input [21], and
language dominance [22].
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where m = number of vowels in utterance and d = duration of
the kth vowel.
We chose PVI because it is widely used in current L2
speech studies [4], [5], [27], [28] and has been shown to
significantly correlate with expert native speaker ratings of
rhythm of L2 speech [29] and to distinguish between beginning
and advanced L2 learners [30], [31]. [6] also found that PVI is
highly correlated with VarcoV [32], another commonly used
rate-normalized metric of vocalic interval duration, and is
useful in quantifying the influence of L1 speech rhythm on L2
speech rhythm.

2.2. Materials and Procedures
2.4. Statistical analysis

All participants completed a questionnaire adapted from the
Bilingual Language Profile [23] and the Language Experience
and Proficiency Questionnaire [24] to assess the participants’
language use and experience in Cantonese and English.
Examples of questions related to proficiency are “how well do
you speak English?” and “how well do you understand
Cantonese?” Participants rated their proficiency on a scale from
0 (not well at all) to 6 (very well). Questions related to language
use included evaluation of the percentage of time they use each
language in different domains such as with friends and in
school/at work. Total use of all languages in any given question
had to equal 100% so the percentage of time using each
language ranged from 0% (not used at all) to 100% (used all the
time).
All speakers then participated in a sentence-reading task in
each language on separate days. Participants read 22 bisyllabic
near homophones in Cantonese and English embedded in
carrier phrases (Cantonese: 我會讀 ___ 俾你聽 “I will read ___
for you to hear” /ŋɔ23 wui23 tok22 ___ pɛi35 lɛi23 thɛŋ55/
[25]; English: I will write ____ to you now). Near homophones
were used to control for factors that were not under
investigation but could have an effect on the parameters of
interest, such as number of syllables and syllable structure of
the stimuli. A “near homophone” pair consists of two words of
the respective languages that are phonetically nearly-identical
in terms of their segmental composition. An example is 碩士
“Master’s” /sɛk6si6/ and sexy /ˈsɛksi/. All words had a CV(C)CV(C) structure. The English list consisted of 16 trochaic and
6 iambic words. An online questionnaire confirmed the
familiarity of the words in the context of Hong Kong (a mean
rating of 4.68/5). The stimuli were randomized and presented
in three blocks separated with breaks. All the spoken responses
were digitally recorded in a double-walled sound-attenuated
booth with a 44.1 kHz sampling rate and a 16-bit quantization.

Each participant was assigned to a high or low proficiency
group by median split for English proficiency and use. A
repeated measures ANOVA was conducted for the dependent
variable, PVI with two independent factors: English proficiency
and use (high vs. low) and the language factor (Cantonese vs.
English). Four planned pairwise comparisons were then
conducted to identify the effects of participant grouping factor
and language factor which contributed to the significant
interactions.

3. Results
3.1. Results of questionnaire
Correlation analysis revealed that English proficiency and
English use were significantly correlated with each other, r =
.512; p = .021; df = 18. Therefore, a composite score was
calculated by multiplying English proficiency by English use
for each participant. Since the possible range of their English
proficiency was from 0 (not well at all) to 6 (very well) and that
of their English use was from 0% (not used at all) to 100% (used
all the time), the possible range of the English proficiency and
use composite score was from 0 to 600.
Participants’ English proficiency scores ranged from 2 to 5
on a scale of 0 (not well at all) to 6 (very well). Their English
use ranged from 0.77% to 35.38%. Therefore, their English
proficiency and use composite scores ranged from 2.62 to
176.92. Among the 20 participants, 10 speakers were classified
as low English proficiency and use (composite scores 2.62 –
36.92) and 10 as high English proficiency and use (composite
scores 46.15 – 176.92). A t-test confirmed that, as intended, the
two groups of speakers had significantly different English
proficiency and use composite scores, with the lower group
averaging 22.38 and the higher group averaging 93.29, t(18) =
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5.58; p < .001.

PVIs, as a measure of speech rhythm, with an increased English
proficiency and use. As English proficiency and use increased,
participants produced higher (toward more stress-timed)
English PVI values and lower Cantonese PVI (toward more
syllable-timed). This constitutes convergence because the
higher English proficiency and use group produced PVI values
for Cantonese and English that were more like each other, in
comparison to the lower proficiency and use group.
It is possible that the L1 and L2 speech rhythm of these
bilingual speakers shows convergence because they produce
both their L1 (Cantonese) and L2 (English) with the same
rhythmic pattern - syllable-timing. This speculation gains
support from the results of the current investigation and
previous studies. The mean Cantonese PVI scores of the high
(49.40) and low English proficiency and use (51.93) groups as
well as the mean English PVI scores of the high (49.37) and low
English proficiency and use (43.53) groups all fall within the
range that previous research has identified for syllable-timed
languages [5]. Previous studies have also suggested that Hong
Kong English, the English variety spoken in Hong Kong, is
syllable-timed [33], [34], similar to other new varieties such as
Singapore English [5]. With increased L2 experience, the
participants’ English speech is still quite syllable-timed,
confirming the influence of L1 speech rhythm on L2 speech
rhythm evidenced in previous studies (e.g. [5], [6]). Meanwhile,
it is important to note that the mean PVI values for Cantonese
and English were significantly different for the low English
proficiency and use group but not for the high English
proficiency and use group. In other words, both the high and
low English proficiency and use groups produce the same
rhythmic patterns of syllable-timing in Cantonese and English,
but the higher group produces crosslinguistic rhythmic patterns
that are even more like each other due to a decrease in
Cantonese PVI and an increase in English PVI. With higher
English proficiency and use, speakers’ English production
becomes less syllable-timed (toward stress-timing) (cf. see [35]
for Canadian English data that indicates the variety as less
stress-timed than British English and supports a rhythmic
continuum for English).
These findings suggest that with increased L2 experience,
L1 and L2 speech rhythmical properties may become more
similar, although the direction of phonetic influence remains
unclear. This convergence pattern between L1 and L2 speech
rhythm is also observed between similar L1 and L2 segments
[36]. This indicates influence of L1 and L2 on each other at all
levels of linguistic structure: it exists not only at the segmental
level, but also at the suprasegmental level. This demands further
investigations of other suprasegmental properties in bilingual
speech.

3.2. Interaction between L1 and L2 speech rhythm
Analysis of the effects of English proficiency and use on PVI
showed no significant main effects of proficiency group, F(1,
18) = .462, p = .505, but there were significant main effects of
language, F(1, 18) = 4.974, p = .039 and a significant
interaction between language and proficiency group, F(1, 18) =
4.903, p = .040. Planned comparisons revealed that for the high
English proficiency and use group the mean PVI scores for
Cantonese (mean = 49.40, standard error = 6.18) and English
(mean = 49.37, standard error = 7.07) were not significantly
different, t(9) = .012, p = .991, but they were significantly
different for the low English proficiency and use group
(Cantonese: mean = 51.93, standard error = 5.52 vs. English:
mean = 43.53, standard error = 8.43), t(9) = 2.987; p = .015. As
shown in Figure 1, the low proficiency and use group
maintained a difference between Cantonese and English PVIs,
unlike the high proficiency and use group. This suggests a
pattern of convergence in PVI as speakers’ English proficiency
and use increase resulting from a decrease in Cantonese PVI
and an increase in English PVI. When the effects of language
were tested in planned comparisons, the mean Cantonese PVI
scores of the high (49.40) and low English proficiency and use
(51.93) groups were not significantly different, t(18) = .965, p
= .347. The mean English PVI scores of the high (49.37) and
low English proficiency and use (43.53) groups were also not
significantly different, t(18) = 1.677, p = .111.

Figure 1. The effect of English proficiency and use on
Cantonese and English speech rhythm. The figure shows the
pairwise variability index (related to speech rhythm) for
Cantonese (solid line and squares) and English (dotted line and
rhombi) as produced by speakers with lower English
proficiency and use (left) and those with higher English
proficiency and use (right). Error bars indicate standard error
of the mean. The asterisk indicates that the difference was
statistically significant.

5. Conclusions
The present study has investigated the interaction between L1
and L2 speech rhythm in Cantonese-English bilingual speakers
and the role that L2 experience plays in such interaction. Our
data show that L1 and L2 speech rhythm interact with each
other in a fashion that is similar to segmental properties.
Participants with higher English proficiency and use
demonstrated convergence in their Cantonese and English PVIs
such that the speech rhythm patterns of their two languages are
more similar to each other in comparison to those with lower
English proficiency and use. With higher proficiency and
increased amount of use of the L2, restructuring of speech

4. Discussion
The purpose of the study was to determine whether L1 and L2
speech rhythm exhibit bidirectional influence and whether such
influence is modulated by L2 experience. It was predicted that
the mechanism of convergence between the segments of L1 and
L2 with increased L2 experience reported previously [2], [3]
should also be observed between the rhythmic patterns of L1
and L2. This was confirmed in the present study. We
demonstrate the convergence between Cantonese and English
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rhythm in both languages may take place so that they become
more similar to each other.
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