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ABSTRACT
Bilinguals are susceptible to interaction between their two phonetic systems during speech processing.
Using a language-switching paradigm, this study investigated differences in phonetic transfer of
Cantonese–English bilingual adults with various language dominance profiles (Cantonese-dominant,
English-dominant, and balanced bilinguals). Measurements of voice onset time revealed that
unbalanced bilinguals and balanced bilinguals responded differently to language switching. Among
unbalanced bilinguals, production of the dominant language shifted toward the nondominant language,
with no effect in the opposite direction. However, balanced bilinguals’ speech production was
unaffected by language switching. These results are analogous to the inhibitory control model,
suggesting an asymmetrical switch cost of language switching at the phonetic level of speech
production in unbalanced bilinguals. In contrast, the absence of switch cost in balanced bilinguals
implies differences in the mechanism underlying balanced bilinguals’ and unbalanced bilinguals’
speech production.

Keywords: bilingual speech production; inhibitory control model; language dominance; phonetic
interaction

As bilingualism becomes an increasingly common reality in today’s world (Lai,
2001), bilingual speakers have to cope with the differences between their native
language (L1) and second language (L2) phonetic systems. A prominent phe-
nomenon observed in bilingual speakers is language switching, which involves
switching between two languages in daily conversation. During the occurrence of
language switching, phonetic interaction is expected between a bilingual speak-
er’s L1 and L2 (e.g., Antoniou, Best, Tyler, & Kroos, 2011; Flege, 1995;
Goldrick, Runnqvist, & Costa, 2014; Olson, 2013, 2016; Simonet, 2014).
Research has demonstrated that bilinguals can maintain a separation between
their two languages in terms of phonetic production (e.g., Antoniou, Best, Tyler,
& Kroos, 2010; Goldrick et al., 2014; Macleod & Stoel-Gammon, 2005; Olson,
2013, 2016). However, bilinguals differ in their patterns of language use and
proficiency, which contributes to the differences found in their speech production
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(Flege, Schirru, & MacKay, 2003; Guion, Flege, & Loftin, 2000; Hazan &
Boulakia, 1993). Relatively few studies have examined the cross-language pho-
netic interaction in language switching among bilinguals whose dominance and
proficiency of their L1 and L2 languages differ. Thus, the present study inves-
tigates the effect of language dominance profiles on transient phonetic interaction,
with a particular focus on voice onset time (VOT) for bilabial, alveolar, and velar
stops during speech production.

PHONETIC INTERACTION IN VOT

VOT, the time interval between the release of a plosive and the beginning of
voicing of a following vowel (Lisker & Abramson, 1964), has been the focus of
phonetic interaction studies because it embodies language-specific properties
(e.g., Antoniou et al., 2011; Balukas & Koops, 2015; Goldrick et al., 2014;
Olson, 2013, 2016; Piccinini & Arvaniti, 2015). Specifically, VOT is an
important acoustic correlate to the distinction of voiced-voiceless phonetic con-
trasts across the world’s languages (Lisker & Abramson, 1964; Maddieson,
1984). Three major classifications have been identified to characterize the rela-
tionship between voicing and the time interval until the onset of voicing. VOT
values less than 0ms are referred to as lead VOT; those between 0 and 30ms are
referred to as short-lag VOT; and those greater than 30ms are referred to as long-
lag VOT (Lisker & Abramson, 1964; Maddieson, 1984). The classification to
which a language belongs depends on the language-specific range of VOT var-
iations (Auzou et al., 2000; Cho & Ladefoged, 1999). For example, while English
has a two-way voicing distinction (voiced vs. voiceless) contrasting between
short-lag and long-lag VOTs, Cantonese maintains the voiceless unaspirated-
voiceless aspirated contrast between short-lag and long-lag VOTs (Lisker &
Abramson, 1964).
Because languages are different in terms of their VOT ranges, bilinguals

inevitably have to accommodate to the language-specific VOT settings in each of
their languages. Previous research has generally found that bilingual speakers can
establish separate language-specific phonetic systems for their two languages in
terms of VOT production. In that way, their production of VOTs in each of their
languages corresponds to the VOT values of that language (e.g., Antoniou et al.,
2010; Goldrick et al., 2014; Macleod & Stoel-Gammon, 2005; Olson, 2013;
Piccinini & Arvaniti, 2015; Sundara, Polka, & Baum, 2006). For example,
Antoniou et al. (2010) compared Greek–English bilinguals’ production of /p, t, b,
d/ stop-voicing distinctions with Greek monolinguals and English monolinguals.
They found that the Greek–English bilinguals’ VOT production was comparable
with their monolingual peers in the word-initial position (e.g., /pa, ta, ba, da/).
Specifically, when Greek–English bilinguals were situated in a Greek mono-
lingual mode, they produced Greek-specific VOT values, with the voiced /b, d/
stops produced with lead VOTs and the voiceless /p, t/ stops produced with short-
lag VOTs. Conversely, when they were situated in an English monolingual mode,
they produced English-specific VOT values (i.e., short-lag for voiced /b, d/ stops
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and long-lag for voiceless /p, t/ stops). Similar results have been reported in
several other studies with different groups of bilingual speakers, such as Canadian
English–Canadian French bilinguals and Spanish–English bilinguals (e.g., Bullock
& Toribio, 2009; Macleod & Stoel-Gammon, 2005; Piccinini & Arvaniti, 2015;
Sundara et al., 2006).

However, despite maintaining a language-specific distinction in the production
of VOTs, bilinguals’ production does not resemble entirely those produced by
their monolingual peers (e.g., Antoniou et al., 2010; Caramazza, Yeni-Komshian,
Zurif, & Carbone, 1973; Macleod & Stoel-Gammon, 2005; Sundara et al., 2006).
For instance, Antoniou et al. (2010) found that in the more complex medial
postnasal context (e.g., /aˈnpa, aˈnta, aˈnba, aˈnda/), Greek–English bilinguals’
VOTs deviated from their English monolingual peers: the bilinguals produced
English voiced stops with lead VOTs instead of short-lag VOTs. The authors
attributed this finding to the phonetic transfer from Greek to English in this more
complex phonotactic context, because voiced stops in Greek are produced with
lead VOTs. Thus, although separate phonological categories have been developed
within bilinguals, there still exists an L1-L2 interference effect underlying the
phonetic interaction between the two languages.

TWO TYPES OF PHONETIC INTERACTION

Based on previous studies showing the impact of phonetic interaction between
the two phonetic systems in speech production (e.g., Antoniou et al., 2011;
Caramazza et al., 1973; Flege, 1995; Goldrick et al., 2014; Olson, 2016; Piccinini
& Arvaniti, 2015; Simonet, 2014), it seems plausible that interaction leads to
deviations in the speech production of one language toward the phonetic prop-
erties of another language (Goldrick et al., 2014; Simonet, 2014). Such deviations
could result from two types of cross-linguistic interactions.

First, phonetic interaction occurs because of long-term traces of one language
influencing the other (Simonet, 2014). This is a rather static process that pre-
sumes the interference from the L1 underlies the mislearning of nonnative (L2)
sound categories. As postulated in Flege’s speech learning model (SLM; 1995),
the L1 and L2 phonological systems exist in a common phonetic space within a
bilingual speaker. As it is difficult to maintain a separation between them, the
two phonological systems inevitably influence one another. Thus, SLM predicts
that bilinguals tend to perceive sounds in L2 through the framework of L1
phonology. A lack of particular sound contrasts in the L1 may lead to difficulty
in the perception and learning of such sound contrasts in the L2. A typical
example is when native Cantonese speakers learning English have difficulty
differentiating the front midvowels in English (/ɛ/ and /æ/) because that contrast
does not exist in Cantonese (Chan & Li, 2000). This difficulty in establishing a
phonetic representation of L2 sounds may eventually lead to phonetic deviation in
the bilingual’s production of L2. This long-term phonetic interaction has been
established in an extensive body of research, including studies exploring whether
bilingual speakers maintain and produce monolingual-like phonetic contrasts of
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voicing distinction with language-specific VOT values (e.g., Antoniou et al., 2010;
Caramazza et al., 1973; Macleod & Stoel-Gammon, 2005; Sundara et al., 2006).
In contrast, the second type of phonetic contrast is more dynamic and occurs

during short-term operations. In this transient interface of phonetic interaction, the
phonetic representations of both languages are activated and manipulated during
online speech processing. It has been hypothesized that when speakers are using
two languages in communication, the representations of both languages are
activated simultaneously, creating competition between the two languages
(Antoniou et al., 2011; Olson, 2016; Simonet, 2014). Research shows that, during
online speech processing, the nontarget language imposes an impact on the target
language, leading to a deviation of the target phonetic implementation toward the
nontarget language (e.g., Antoniou et al., 2011; Goldrick et al., 2014; Olson,
2013, 2016; Simonet, 2014).
Transient phonetic interaction is of particular interest in the present study.

While the factors influencing long-term phonetic interaction have been investi-
gated (e.g., Antoniou et al., 2010; Caramazza et al., 1973; Flege, 1995; Macleod
& Stoel-Gammon, 2005; Piske, MacKay, & Flege, 2001; Sundara et al., 2006),
little evidence exists regarding the transient cross-linguistic interference of pho-
netic interaction (e.g., Antoniou et al., 2011; Balukas & Koops, 2015; Goldrick
et al., 2014; Olson, 2013, 2016; Piccinini & Arvaniti, 2015). Moreover, transient
phonetic interaction occurs more frequently when bilinguals switch between
languages (Gollan & Ferreira, 2009). Thus, exploring the process of transient
phonetic interaction is fundamentally important to understanding phonetic control
in bilinguals.
Code switching has been widely used to test the occurrence and direction of

transient phonetic interaction in bilinguals’ speech production (e.g., Antoniou
et al., 2011; Balukas & Koops, 2015; Olson, 2016; Piccinini & Arvaniti, 2015).
Code switching is a speech style where fluent bilinguals shift between two or
more languages during the same discourse (MacSwan, 2000). Most previous
studies examined code switching by asking bilinguals to read or produce natur-
alistic speech that included code switches. However, code switching is a less-
than-ideal way to examine phonetic control in bilingual speech production. One
reason is that code switching occurs within a discourse context, such as a con-
versation where speech production may be altered by the speakers’ pragmatic
intent or by contextual factors, such as intelligibility and the perceived commu-
nication needs of their partners (Bell, Brenier, Gregory, Girand, & Jurafsky,
2002; Griffin & Bock, 2000; Olson, 2013). Even though code switching produces
a seemingly natural speech environment that allows for simultaneous production
of the two languages, it is difficult to determine which language the speakers’
attention has been directed toward and the factors influencing their selection of
language. Code switching thus provides a less restricted environment to sys-
tematically study bilingual speech production.
To overcome limitations of code switching, language switching was introduced

as an alternative experimental paradigm where speakers, provided with specific
language cues, switch between languages in a highly controlled environment,
thereby restraining the influence of context and interlocutor effects (Olson, 2013).
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One example involves a cued picture-naming task where certain colors represent
specific languages. Participants are asked to name a series of pictures, with the
response language varying unexpectedly across trials. In each trial, the response
language is indicated by the color of the frame or background (Goldrick et al.,
2014; Olson, 2013); as the color changes, participants are expected to change
their response language. The language-switching paradigm prompts speakers
about the target language such that their selection of language is experimentally
manipulated and their attention is directed to execute speech production in a
specific language.

The language-switching paradigm was first employed to examine lexical
selection, in relation to the inhibitory mechanism in language control, during
bilingual speech production. The paradigm measured switch cost, defined as the
extent of disruption in the performance during unexpected language switching as
measured by naming latency (Green, 1998). An asymmetrical switch cost was
found to be modulated by language dominance. Specifically, greater naming
latency occurred when bilingual participants switched from their nondominant to
their dominant language rather than vice versa (Meuter & Allport, 1999). These
findings suggest that more effort is required to suppress the dominant language in
bilingual language control; therefore, during speech production, switching from
the nondominant to the dominant language takes longer.

Based on such findings of an asymmetrical switch cost, Green (1998) proposed
the inhibitory control model to account for language selection in bilinguals.
According to this model, language schemas compete with each other to control
output at the lexical level, with such control being reactive and inhibitory. Spe-
cifically, the more dominant the language, the higher the level of activation it
receives. In addition, the choice of output language depends on the relative
activation level of the language schemas, which is controlled by the level of
inhibition acting on the nontarget language(s). For example, when switching from
a nondominant to a dominant language, both language schemas are initially
activated to compete for output, but the language schema of the dominant lan-
guage is activated more because of reactivity. Thus, to produce the nondominant
language on the first trial of a language-switching task, more active suppression
on the dominant language schema is required.

Furthermore, the task set inertia hypothesis suggests that the language schema
from the previous trial persists to affect subsequent trials (Allport, Styles, &
Hsieh, 1994). Therefore, an active suppression of the dominant language schema
should still be present at the second trial where a switch to the dominant language
is required (Meuter & Allport, 1999). Performing the second trial requires a
greater degree of dominant language schema reactivation and thus takes longer
for speakers to switch to the dominant language. Considering language switching
in the reverse direction (i.e., from dominant to nondominant language), weaker
inhibition on the nondominant language during the first trial allows the speakers
to switch easily and quickly to their nondominant language on the second trial.
According to Meuter and Allport (1999), this discrepancy between the reaction
times measured in the switch to the dominant language and to the nondominant
language gives rise to an asymmetrical switch cost for unbalanced bilinguals.
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To date, most studies have focused on language switching at the level of lexical
selection, with little known about the mechanism used for phonetic control during
bilingual speech production at the phonetic level. In principle, language switching
should also be employed to address issues regarding phonetic control in bilingual
speech production. The language-switching task requires bilingual speakers to
make a lexical selection in speech production. Prior to their articulation of lexical
words, bilingual speakers must select between their two languages and pick the
one that correctly articulates the lexical choice they made (Kroll, Bobb, &
Wodniecka, 2006). As phonetic sounds underlie the articulation of a given lexical
word, the language-switching paradigm is expected to also provide a theoretical
account of how well bilinguals can control their two phonetic systems during
online speech production.
At the same time, as the inhibitory control model works as a mechanism

accounting for language selection in bilinguals, it is expected that the prediction
regarding bilinguals’ phonetic control should be analogous to the predictions on
lexical activation patterns made by the inhibitory control model. In theory,
inhibition should also be responsible for controlling the activation of the com-
peting phonemes between bilingual speakers’ two languages (e.g., Lev-Ari &
Peperkamp, 2013; Olson, 2013), indicating that bilingual speakers must also
implement a switch at the phonetic level when switching between their two
languages. In order to implement a phonetic realization in one language, the other
language must be suppressed to allow for the selection of the target language.
Evidence demonstrates that, in accounting for phonetic implementations in
bilingual speakers, inhibitory control modulates the degree of the coactivation
between the two phonetic systems (Lev-Ari & Peperkamp, 2013). Thus, the
greater the bilingual speakers’ inhibitory control, the better they are in main-
taining the VOT norms in their dominant language and rejecting the influence
from the nondominant language.

TRANSIENT PHONETIC INTERACTION IN LANGUAGE SWITCHING

A large body of literature has examined transient phonetic interaction in code
switching by comparing bilingual speakers’ phonetic implementations of their
two languages, each of which falls within a different category along the VOT
continuum (usually a short-lag vs. long-lag language contrast, such as Spanish vs.
English; e.g., Balukas & Koops, 2015; Olson, 2016; Piccinini & Arvaniti, 2015).
These studies demonstrated that switching between two languages at the point of
code switching has a transient impact on the production of VOT at the phonetic
level. In particular, a switch cost has been found at code-switching points where
the contrasts in VOT values between the two languages decrease. Specifically,
the VOT values of one language shift toward the norms of the VOT in the other
language. For example, studies of VOT in spontaneous code-switching speech
with Spanish–English bilinguals found a shortening effect of English long-lag
VOT that shifted toward the duration of Spanish-like short-lag VOT values (e.g.,
Balukas & Koops, 2015; Piccinini & Arvaniti 2015). Yet, previous studies on
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transient phonetic interaction in code switching have produced mixed results,
including the conclusion of zero phonetic interaction between the two languages
(Grosjean & Miller, 1994), a unidirectional transfer from short-lag to long-lag
VOT (i.e., from Greek to English as in Antoniou et al., 2011, and from Spanish to
English as in Bullock, Toribio, González, & Dalola, 2006), and a bidirectional
transfer where the phonetic implementations of VOT in both languages were
influenced by code switching (Bullock & Toribio, 2009; Olson, 2016; Piccinini &
Arvaniti, 2015). Critically, the mixed results could have arisen from the differ-
ences in the methodological designs of the code-switching tasks or the code-
switching corpus employed. As mentioned earlier, code switching is limited in
providing clear evidence as to which language the speakers’ attention has been
directed toward; instead, the language-switching paradigm provides a more direct
language environment for examining phonetic control in bilingual speech
production.

However, surprisingly few studies have used a language-switching paradigm to
examine the effect of transient phonetic interaction in bilinguals’ speech pro-
duction. Two available studies to date (i.e., Goldrick et al., 2014; Olson, 2013)
have focused on Spanish–English bilinguals and compared their productions of
stop sounds in both languages. While Spanish has a two-way voicing distinction
(voiced vs. voiceless), contrasting between lead and short-lag VOT, English
maintains the voiced-voiceless contrast between short-lag and long-lag VOT
(Lisker & Abramson, 1964). Although both studies reported that language
switching affected phonetic production, different directions of phonetic interac-
tion were found.

Olson’s (2013) study reported a unidirectional transfer that appeared to support
the inhibitory control model for bilingual phonetic production. Olson (2013)
tested both Spanish-dominant and English-dominant bilinguals in three experi-
mental contexts: two monolingual (English and Spanish; 95% of the tokens were
presented in the targeted language with the remaining 5% in the nontarget lan-
guage) and one bilingual (with half of the tokens in English and the other half in
Spanish). The results showed that the VOTs of Spanish trials increased during
language switching for Spanish-dominant bilinguals (i.e., toward the direction of
the VOT values of English, the nondominant language), while the VOTs of
English trials decreased during language switching for English-dominant parti-
cipants (i.e., toward the direction of the VOT values of Spanish, the nondominant
language). This indicated a unidirectional phonetic transfer for both bilingual
groups in which the dominant language was significantly influenced by the
nondominant language during language switching. However, the effect was
observed only in the monolingual context where the nondominant language was
heavily biased. According to Olson (2013), language context was essential to
“mitigate the effect of language switching” (p. 416). Furthermore, he took a
gradient approach to interpret the inhibitory control model. Specifically, he
argued that both languages in a bilingual context would be partially inhibited to
almost the same extent because of the global reactive nature of inhibition. This
balanced level of language inhibition explained why no asymmetrical phonetic
transfer was found in the bilingual condition of his study. However, in a
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monolingual context, the differences in global inhibition of the two phonetic
systems (due to language context) together with local inhibition (due to language
switching) led to asymmetrical phonetic transfer, as predicted by the inhibitory
control model.
Contrary to Olson’s (2013) study, where the dominant language was influ-

enced by the nondominant language, Goldrick et al. (2014) reported transient
phonetic interaction in the direction of the dominant to the nondominant lan-
guage. In their study, native Spanish speakers who learned English as an L2 were
exposed to a condition with balanced tokens of English and Spanish. They found
that the English VOTs produced by the participants decreased during language
switching (i.e., toward the VOT values of Spanish), but the opposite was not
observed. This indicated that the participants’ nondominant English production
deviated toward the dominant Spanish phonetic system. The authors discussed
the results in terms of an interactive theory of speech processing and reasoned
that the nontarget representation was more active in switch trials than in stay
trials. The partially activated nontarget representation would therefore influence
phonetic processing and make the production deviate toward the nontarget lan-
guage. However, it should be noted that these results contradicted the prediction
of the inhibitory control model, which suggested that the switch cost should be
higher when switching to a dominant language. That is, phonetic interference
should be more apparent during a switch to the dominant language rather than in
the opposite direction.
In contrast, the influence of the nontarget language on the production of the

target language at switching found in Goldrick et al.’s (2014) study indicates the
persistent activation of the L1 (Spanish) on the phonetic production of the L2
(English). Such a persistent influence could be partly explained by the use of
cognate stimuli in their study. Cognates are translation equivalents that are
phonologically similar between languages; for example, one of the English–
Spanish cognate pairs used in Goldrick et al.’s (2014) study was telephone and
teléfono. It has been widely hypothesized that the phonological overlap in cog-
nate pairs triggers cross-language activation during speech production (e.g.,
Amengual, 2012; Costa, Caramazza, & Sebastián-Gallés, 2000; Jacobs, Fricke, &
Kroll, 2016; Kroll, Michael, Tokowicz, & Dufour, 2002; Schwartz, Kroll, &
Diaz, 2007). In particular, during the articulation of target words, cognates exert
an effect on the activation of the nontarget language, so that increased phonetic
influence from the nontarget language is transferred to the production of the target
language (Amengual, 2012; Jacobs et al., 2016). Consistent with previous studies
using cognate words (Amengual, 2012; Jacobs et al., 2016), Goldrick et al.
(2014) demonstrated a stronger phonological influence of cognates when
switching from the nontarget (L1 Spanish) to the target (L2 English) language.
Considering the possible influence of cognates on bilingual speech production, it
is critically important to examine whether the nontarget language influences the
production of the target language at switching when no common cognates exist,
as in Cantonese and English, the focus of the present study.
In addition to the different experimental conditions used in the two existing

studies (Goldrick et al., 2014; Olson, 2013), the different language profiles of the
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bilinguals involved may also account for their discrepant findings. Olson’s (2013)
study investigated bilinguals who acquired their L2 in adolescence, whereas
Goldrick et al.’s (2014) study focused on those who acquired their L2 in early or
middle childhood. It has been argued that the age of L2 acquisition affects the
extent of the phonetic differences between production of L1 and L2 sounds
(Antoniou et al., 2011). Moreover, it has been shown that individuals who learned
an L2 in early childhood were more likely to establish L2 phonetic categories
compared to those who learned an L2 later in life (Flege, 1991). Thus, the native
Spanish speakers in Goldrick et al.’s (2014) study who acquired English as
children might show a greater phonetic difference in their English and Spanish
productions than those in Olson’s (2013) study who acquired English as
adolescents.

In line with the effect of age of L2 acquisition, it is important to note that
bilingual speakers rarely possess an equal command of their languages (Grosjean,
1998). When one of the two languages within a bilingual becomes more acces-
sible and activated in day-to-day life (Harris, Gleason, & Ayçiçegi, 2006), that
language is referred to as the dominant language. Several factors have been
identified as important in determining which language is the dominant one. For
instance, language dominance is often associated with language proficiency (e.g.,
Birdsong, 2006; Tokowicz, Michael, & Kroll, 2004) and the age of L1 and L2
acquisition (e.g., Goldrick et al., 2014; Olson, 2013; Piccinini & Arvaniti, 2015).
However, language abilities alone do not fully characterize language dominance.
The relative strength of the two languages is perhaps critically determined by
language preference and frequency of use. Consider the cases of immigrants who
have learned their L1 early at home, but have been living in another country
where their L2 is the dominant language used in society. As the L2 is more
dominant in daily social situations, the frequency ratio between the use of L1 and
L2 would skew toward the L2, such that the bilinguals would become L2
dominant (e.g., Antoniou et al., 2010, 2011; Antoniou, Tyler, & Best, 2012). In
other words, variations in language dominance are highly dependent on the
preferences made by individual bilinguals with regard to what language to use
when and with whom (Pavlenko, 2004). Moreover, bilingual speakers vary in
terms of language acquisition and language use. It has been reported that varia-
tions in bilinguals’ command contributes to the differences found in bilinguals’
speech production (Flege et al., 2003; Guion, Flege, & Loftin, 2000; Hazan &
Boulakia, 1993). Language dominance is a critical factor when comparing the
language performances of bilinguals and thus worthy of further investigation.

Critically, the mixed results in Olson’s (2013) and Goldrick et al.’s (2014)
studies leave unanswered the question as to whether bilinguals’ language dom-
inance profiles affect the direction of transient phonetic interactions. While Olson
(2013) employed participants who acquired their L2 late, Goldrick et al. (2014)
only investigated participants with Spanish-dominant backgrounds. This makes it
necessary to examine bilinguals with different language-dominance profiles to
verify the phonetic interaction effect in language switching. Thus, in the present
study, we investigate the interaction between language dominance and transient
phonetic interaction in Hong Kong Cantonese–English bilinguals who are either
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dominant in Cantonese, dominant in English, or dominant in both (i.e., balanced
bilinguals).
Hong Kong Cantonese–English bilinguals provide a fascinating case to further

examine the transient phonetic interaction in bilingual speech production. First,
most previous studies have largely focused on bilinguals who speak two typo-
logically similar languages within the Indo-European family, such as English and
Spanish (e.g., Balukas & Koops, 2015; Goldrick et al., 2014; Olson, 2013, 2016;
Piccinini & Arvaniti, 2015) and English and Greek (Antoniou et al., 2011), so
that they share linguistic similarities and have a large number of cognates in
common. In the present study, Cantonese, which belongs to the Sino-Tibetan
language family, shares very few linguistic commonalities with English in terms
of phonology, lexicogrammar, and orthography (Li, 2017). Moreover, except for
the set of loanwords borrowed from English, the number of common cognates is
trivial (Li, 2017), minimizing the cognate effect found in Goldrick et al.’s (2014)
study. Overall, a comparison of Cantonese–English bilinguals with varying
language-dominant profiles provides a more direct examination of the mechanism
underlying the transient phonetic interaction in bilingual speech production.
In addition, the differences in VOT between Cantonese and English phonetic

inventories provide a unique window into the bilingual phonetic interaction
between these two systems. English has a two-way voicing distinction (voiced vs.
voiceless) that contrasts between short-lag and long-lag VOTs. The voiced stops
have short-lag VOT values that are typically between 0 and 20ms, whereas the
voiceless stops have long-lag VOT values of approximately 65 to 120ms (Auzou
et al., 2000; Lisker & Abramson, 1964; Macken & Barton, 1980). Similarly,
Cantonese maintains a two-way voicing distinction defined as voiceless unaspi-
rated and voiceless aspirated (Bauer & Benedict, 1997; Lisker & Abramson,
1964). In terms of VOT, Cantonese contrast is similar to English contrast.
Cantonese voiceless unaspirated stops have short-lag VOT values of less than
30ms, while Cantonese voiceless aspirated stops have long-lag VOT values that
typically exceed 75ms (Clumeck, Barton, Macken, & Huntington, 1981; Lisker
& Abramson, 1964).
However, it is important to note that the same plosive consonants are clas-

sified differently in Cantonese and English. The stop consonants /p, t, k/ are
described as voiceless stops with long-lag VOT values in English, but as voi-
celess unaspirated stops with short-lag VOT values in Cantonese. Like the
voicing distinction in Spanish and English, Cantonese has short-lag VOT voi-
celess (unaspirated) stops similar to Spanish, while English has long-lag VOT
voiceless stops. Thus, these differences in VOT between English and Cantonese
provide a key comparison with which to investigate phonetic interaction
between the two languages.

THE PRESENT STUDY

The present study makes use of a clear phonetic difference between Cantonese
and English (i.e., different VOT values for voiceless/unaspirated stops) in a
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language-switching paradigm to investigate the phonetic control of early Can-
tonese–English bilingual adults. Based on SLM predictions (Flege, 1997), we
hypothesize that early bilinguals across different language-dominance groups
produce differentiated phonetic norms for L1 and L2 sounds. Under this
assumption, this study addresses two research questions: (a) how do language-
dominance profiles of unbalanced bilinguals influence the direction of phonetic
transfer during language switching? and (b) do balanced bilinguals demonstrate
phonetic transfer during language switching, and if so, in what way?

For the first question, we hypothesize an asymmetrical effect of language
switching on the participants’ dominant language, a prediction driven by the
claims of the inhibitory control model. Under language-switching conditions,
unbalanced participants would demonstrate a unidirectional phonetic transfer
from the nondominant to the dominant language. Such an effect would be evi-
denced by the VOT values in the dominant language drifting toward the non-
dominant language’s phonetic norm. For the second question, we hypothesize a
lack of transient phonetic interaction between the two phonetic systems for those
who are comparably dominant in both languages (i.e., balanced bilinguals).

METHOD

Participants

A total of 60 Cantonese–English bilingual adults were recruited from universities
in Hong Kong. All participants were native speakers of Cantonese who began
learning English before the age of 6. An additional 5 participants who were not
native speakers of Cantonese were excluded. None of the participants reported a
history of speech, language, hearing, or visual impairments.

Given that self-ratings have been reported to reliably reflect the linguistic
performance of bilingual speakers (e.g., Dunn & Fox-Tree, 2009; Flege, Mackay,
& Piske, 2002; Flege, Yeni-Komshian, & Liu, 1999), our participants were asked
prior to the experiment to complete the Language Experience and Proficiency
Questionnaire (LEAP-Q), which encompasses measures of language background
and self-perceived language proficiency (Marian, Blumenfeld, & Kaushanskaya,
2007).

Based on the self-report questionnaire regarding their knowledge of Cantonese
and English, participants were classified into three language background cate-
gories: 20 Cantonese dominant (mean age= 21.15 years, SD= 0.49), 20 English
dominant (mean age= 22.90 years, SD= 3.18), and 20 balanced bilinguals
(mean age= 22.20 years, SD= 4.14). Following previous research (e.g., Dunn &
Fox-Tree, 2009; Flege et al., 1999, 2002), the language dominance of each
participant in this study was determined by self-reported language proficiency in
four different aspects: spoken proficiency, listening comprehension, daily expo-
sure, and self-perceived accent. Each group’s self-rated language abilities and
language exposure in Cantonese and English, including spoken proficiency, lis-
tening comprehension, current daily exposure, and self-perceived accent, is
reported in Table 1.
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The participants were asked to evaluate, on a 9-point Likert scale, their per-
formance in spoken proficiency and listening comprehension (1= barely speak/
barely understand; 9= native speaker). To be classified as bilingual, each
participant must score greater than 2 (= low proficiency) on each item in
both languages. No participant was classified as being functionally Cantonese
or English monolingual as no items in either language were given a rating of 1
(= barely speak/ understand). The possible scores for each language ranged
from 4, the lowest (2 in spoken proficiency +2 in listening comprehension), to 18,
the highest (9 in spoken proficiency +9 in listening comprehension). All the
bilinguals were then grouped according to their ratio of Cantonese to English
proficiency, so the possible ratio range was from 0.22 (4 in Cantonese profi-
ciency/18 in English proficiency) to 4.50 (18 in Cantonese proficiency/4 in
English proficiency). Using a cutoff value of 7 (good) for both spoken profi-
ciency and listening comprehension, participants with a ratio of 1.29 (18 in
Cantonese proficiency/14 in English proficiency) to 4.50 (the highest) were
categorized as Cantonese-dominant bilinguals, and those with 0.22 (the lowest) to
0.78 (14 in Cantonese proficiency/18 in English proficiency) as English-dominant
bilinguals. Bilingual participants with a ratio between 0.78 and 1.29 were cate-
gorized as balanced bilinguals.

Table 1. Means and standard deviations of self-reported Cantonese and English
language backgrounds for Cantonese-dominant, English-dominant, and balanced
participants

Cantonese English

M SD M SD t

Cantonese-dominant group
Spoken proficiencya 9.00 0.00 6.15 0.88 14.57***
Listening comprehensionb 9.00 0.00 6.35 0.88 13.54***
Daily exposure (%) 71.50 15.57 19.35 11.94 8.94***
Self-perceived accent (%) 0.50 2.24 90.95 15.83 –24.27***

English-dominant group
Spoken proficiency 5.75 1.33 9.00 0.00 –10.91***
Listening comprehension 6.25 0.97 9.00 0.00 –12.72***
Daily exposure (%) 30.00 15.39 64.00 18.04 –4.65***
Self-perceived accent (%) 66.70 35.24 5.00 20.07 6.92***

Balanced group
Spoken proficiency 8.15 0.88 8.60 0.60 –1.69
Listening comprehension 8.30 0.66 8.60 0.60 –1.55
Daily exposure (%) 48.67 19.12 44.17 17.47 0.56
Self-perceived accent (%) 19.40 24.34 20.00 27.10 –0.08

Notes: aLikert scale (1= barely speak, 9= native speaker). bLikert scale (1= barely
understand, 9= native speaker). ***p< .001.
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As reported in Table 1, Cantonese-dominant participants perceived themselves
to be more proficient in Cantonese than in English in both spoken proficiency and
listening comprehension (spoken proficiency: t (19)= 14.57, p< .001; listening
comprehension: t (19)= 13.54, p< .001). Similarly, English-dominant partici-
pants perceived themselves to be more proficient in English than Cantonese in
both spoken proficiency and listening comprehension (spoken proficiency:
t (19)= –10.91, p< .001; listening comprehension: t (19)= –12.72, p< .001). It is
important to note that the English-dominant participants studied at international
schools in Hong Kong, and were therefore immersed in an English-speaking
environment from a very young age. They were surrounded by friends with
similar educational backgrounds and were more comfortable conversing in
English. Balanced participants rated their Cantonese and English as comparable
for both spoken proficiency and listening comprehension (spoken proficiency:
t (19)= –1.69, p= .107; listening comprehension: t (19)= –1.55, p= .137).

In addition to spoken proficiency and listening comprehension, the classifi-
cation of participants based on three language background categories was con-
firmed by two other factors, daily exposure and self-perceived accent, with (a)
Cantonese-dominant participants demonstrating greater use and less accent in
Cantonese compared to English, (b) English-dominant participants demonstrating
greater use and less accent in English compared to Cantonese, and (c) balanced
participants reporting comparable daily exposure and accent for both Cantonese
and English (for details see Table 1).

To control for age of language acquisition, all participants were exposed
to Cantonese from birth and acquired English before the age of 6. However,
Cantonese-dominant, English-dominant, and balanced bilingual language groups
significantly differed in their age of English acquisition, F (2, 57)= 5.13, p< .01,
η2p= .152, with Cantonese-dominant participants (M= 3.25 years, SD= 1.71)
acquiring English later than English-dominant participants (M= 1.55 years,
SD= 2.01), p< .05, while English-dominant participants and balanced partici-
pants (M= 1.80 years, SD= 1.70) acquired English at a comparable age,
p= 1.000.

Stimuli

The target stimuli consisted of 24 colored pictures of nonambiguous objects or
scenes, with half used to elicit Cantonese words and the other half English words.
All target words were noncognate to avoid the cognate facilitation effect on cross-
language activation during speech production (e.g., Amengual, 2012; Goldrick
et al., 2014; Jacobs et al., 2016). The target words, included in Appendix A, were
all monosyllabic with voiceless/unaspirated initial stops, evenly distributed across
three possible places of articulation. There were 6 bilabial (/p/), 6 alveolar (/t/),
and 6 velar (/k/) stops in each language. All Cantonese targets were in tone 1 to
avoid the effect of lexical tone on VOT (Chen, Peng, & Chao, 2009). A similar
number of phonemes occurred in both the Cantonese targets (M= 2.83, SD=
0.38) and the English targets (M= 2.94, SD= 0.42), t (17)= 0.81, p= .430. A set
of 36 additional pictures served as fillers.
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Procedure

Following the procedure by Goldrick et al. (2014), in the familiarization block,
participants were exposed to each picture’s English and Cantonese label for
4000ms to familiarize them with the names of the pictures. They were then
instructed to name the pictures as accurately and quickly as possible. Afterward,
they finished three practice sequences to become familiar with the testing pro-
cedures and the color–language pairings. These practice trials were not included
in the data analysis.
In the testing block, the stimuli were presented visually using E-Prime experi-

mental software 2.0 (Schneider, Eschman, & Zuccolotto, 2002), with each stimulus
appearing one-by-one in short sequences of 5 to 13 pictures. Each trial consisted of
a fixation mark (300ms) followed by the picture to be named, which remained on
the screen until the participants proceeded to the next trial by pressing the key-
board’s “Enter” button. The color of the picture frame indicated the language that
participants were to use on the current trial (red for Cantonese and blue for Eng-
lish). The response language was either the same as (stay trial) or different from
(switch trial) the immediately preceding trial. The first picture in each sequence was
always a filler item and was excluded from analyses. Only one target-initial stop
was elicited in each sequence. The participants were offered a short break after
every 6 sequences to avoid fatigue. In total, there were 216 tokens per participant
(36 stimuli× 2 response types [stay or switch]× 3 repetitions).
The experiment was carried out individually for each participant in a sound-

attenuated room (IAC single-wall booth) at the University of Hong Kong. All
speech production was recorded at a sampling rate of 44.1 kHz, with a Shure
SM58S microphone and an Edirol UA-25USB Audio Interface, which were
connected to a Lenovo ThinkPad 4173DC9 laptop. A 10-cm mouth-to-
microphone distance was maintained for each participant.

Acoustic analysis

Given that the focus of this study is the production of words with initial stops,
VOT was the target of our acoustic analysis. We measured the VOT of tokens
beginning with /p/, /t/, and /k/ using PRAAT 5.4.22 (Boersma & Weenink, 2015).
Measurements were taken from the onset of the release burst to the onset of the
following vowel, where voicing began. VOT was marked by hand and indicated
by the time interval between the release of the plosive and the presence of the first
periodic vibrations as seen in the waveform (Lisker & Abramson, 1964). The
release of a plosive was perceived as a sharp spike where the waveform changed
from quiescent to transient, while the periodic vocal fold vibrations were deter-
mined by repeating voicing cycles (Francis, Ciocca, & Yu, 2003). VOT mea-
surement was taken in milliseconds (ms) and measured to 1 decimal place (e.g.,
Antoniou et al., 2010; Macleod & Stoel-Gammon, 2005). All measurements were
conducted by the third author, and 10% of the tokens were selected randomly and
recoded blindly by an independent rater. The interrater reliability was very high,
r= .995, p< .001. Sample measurements are illustrated in Figures 1a and 1b.
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Trials with production errors (including use of the wrong language, false starts,
and naming errors) were eliminated from the analyses. Of the total trials, 3.86%
obtained were discarded due to production errors (Cantonese-dominant group:
3.56%; English-dominant group: 5.05%; balanced bilingual groups: 2.96%). A
one-way between-subjects analysis of variance demonstrated that the number of
eliminated tokens per participant was similar for the Cantonese-dominant
(M= 7.70, SD= 8.40), English-dominant (M= 10.90, SD= 14.38), and
balanced (M= 6.40, SD= 6.61) bilingual groups, F (2, 57)= 1.00, p= .373.

RESULTS

Figure 2 and Table 2 show means and standard deviations of Cantonese and
English VOTs for Cantonese-dominant, English-dominant, and balanced bilin-
gual groups. To examine whether early Cantonese–English bilinguals produce
differentiated phonetic norms for sounds in their two languages, a linear mixed-
effects model analysis was performed using R (R Core Team, 2017) and the lme4
package (Bates, Maechler, Bolker, & Walker, 2015). To compare the VOTs
across the three places of articulation (/p/, /t/, and /k/) produced for Cantonese and
English by all speakers, we entered language (Cantonese vs. English), bilingual
group (Cantonese-dominant, English-dominant, or balanced), and place of
articulation (/p/, /t/, and /k/) as fixed effects. In the random-effects structure, the
intercept for subjects was entered as the random effect. Significance of the fixed
effects in question was obtained by the analysis of variance function in the car
package (Fox & Weisberg, 2011).

The main effect of language, χ2 (1)= 846.20, p< .001, and consonant,
χ2 (2)= 48.60, p< .001, were found to be significant. There was also a significant
interaction between language and consonant, χ2 (2)= 22.32, p< .001. Post hoc
tests with Tukey-adjusted comparison were conducted using the lsmeans package
(Lenth, 2016). The post hoc analysis of the interaction between language and
consonant revealed that, in general, English VOTs (M= 79.11ms, SD= 19.58)
were produced with significantly greater VOT values than Cantonese VOTs
(M= 13.12ms, SD= 7.27) across all three places of articulation, t (660)= –89.95,

Figure 1. An example of measurement of (a) the Cantonese short-lag VOT for the alveolar stop
/t/ and (b) the English long-lag VOT for the alveolar stop /t/.
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d= 4.92, r 2= .92, p< .001. Across both languages, it was consistently found that,
overall, the velar stop /k/ (M= 51.79ms, SD= 32.88) was produced with the
greatest VOT values, while the bilabial stop /p/ (M= 39.60ms, SD= 33.68) was
produced with the least VOT values (/t/: M = 46.96ms, SD = 40.54; /p/ versus
/t/: t (660)= –8.20, d= –0.20, r 2= .09, p< .001; /p/ versus /k/: t (660)= –13.57,
d= –0.37, r 2= .22, p< .001; /t/ versus /k/: t (660)= –5.37, d= –0.13, r 2= .04,
p< .001). As shown in Figure 2, the same pattern was found for each bilingual
group, which indicated a clear categorical difference between Cantonese VOTs
and English VOTs produced by all bilingual speakers. There was also a mar-
ginally significant interaction between language and bilingual group, χ2
(2)= 5.59, p= .061. Given the inherent VOT differences in Cantonese and
English initial stops, Cantonese and English VOTs were compared separately in
the following analyses.
Two linear mixed-effects model analyses (one per language: Cantonese and

English) were conducted to investigate whether the bilingual groups’ production
of VOTs varied as a function of the different response types elicited on picture-
naming trials. In each model, the intercept for subjects was entered as the random
effect. Bilingual group (Cantonese dominant, English dominant, or balanced),
response type (stay trial vs. switch trial), and consonant (/p/, /t/, and /k/) were
entered as fixed effects.
For Cantonese trials, the main effect of consonant was found significant,

χ2 (2)= 407.61, p< .001. Post hoc tests with Tukey-adjusted comparisons
revealed that the VOT values of the Cantonese velar stop /k/ (M= 21.75ms,
SD= 5.66) were significantly greater than those of both the Cantonese bilabial
stop /p/ (M= 8.59ms, SD= 2.67), t (300)= 41.43, d= 3.16, r 2= .85, p< .001,

Figure 2. Means and standard deviations of Cantonese and English VOTs for the stop
consonants (/p/, /t/, and /k) by Cantonese-dominant, English-dominant, and balanced bilinguals.
The error bars indicate 1 SD above or below the mean VOT.
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Table 2. Range, mean, and standard deviation of Cantonese VOT and English VOT for the three language groups: Cantonese dominant,
English dominant, and balanced bilingual

Cantonese VOT (ms) English VOT (ms)

Stay trial Switch trial Stay trial Switch trial

Range M SD Range M SD Range M SD Range M SD

Cantonese dominant 3.7–25.5 11.74 6.53 5.1–30.2 13.61 7.05 43.7–133.1 75.10 18.10 40.7–127.2 75.68 19.27
English dominant 4.5–39.1 13.42 7.15 4.5–30.0 13.82 6.94 42.2–137.7 83.27 18.93 41.7–126.3 79.43 18.17
Balanced 5.0–46.2 13.05 8.04 4.3–43.8 13.06 7.92 44.5–137.4 80.31 21.14 45.4–134.7 80.87 21.16
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and the Cantonese alveolar stop /t/ (M= 9.02ms, SD= 2.76), t (300)= 40.06,
d= 3.02, r 2= .84, p< .001. No significant difference was found between the
Cantonese bilabial stop /p/ and the Cantonese alveolar stop /t/, t (300)= –1.37,
d= –0.16, r 2= .01, p= .357. However, the main effect of bilingual group was not
significant, χ2 (2)= 2.90, p= .235, nor was the main effect of response type,
χ2 (1)= 0.29, p= .589. No other significant interactions were found: Bilingual
Group ×Consonant, χ2 (4)= 2.11, p= .716; Response Type×Consonant,
χ2 (2)= 0.46, p= .796; Bilingual Group ×Response Type×Consonant,
χ2 (4)= 1.00, p= .910. Yet, the crucial result was a significant interaction
between bilingual group and response type, χ2 (2)= 6.58, p< .05, which suggests
that the differences in VOT between Cantonese stay and switch trials vary across
bilingual groups.
For English trials, the main effect of consonant was found to be significant,

χ2 (2)= 39.77, p< .001. Post hoc tests with Tukey-adjusted comparisons revealed
that the VOT value of the English bilabial stop /p/ (M= 70.61ms, SD= 18.23)
was the smallest (/p/ versus /t/: t (300)= –17.16, d= –0.75, r 2= .50, p< .001;
/p/ versus /k/: t (300)= 13.46, d= –0.62, r 2= .38, p< .001) and that of the
English alveolar stop /t/ (M= 84.90ms, SD= 19.75) was slightly longer than that
of the English velar stop /k/ (M= 81.82ms, SD= 17.88), t (300)= –3.70,
d= 0.16, r 2= .04, p< .001. No other significant effects were found, including
bilingual group, χ2 (2)= 1.22, p= .542, response type, χ2 (1)= 1.57, p= .211, and
interactions: Bilingual Group ×Consonant, χ2 (4)= 3.84, p= .428; Response
Type×Consonant, χ2 (2)= 1.47, p= .479; Bilingual Group×Response Type ×
Consonant, χ2 (4)= 1.09, p= .895. Nevertheless, the crucial result was a mar-
ginally significant interaction between bilingual group and response type,
χ2 (2)= 5.17, p= .075, indicating that the differences in VOTs between English
stay and switch trials vary among the three bilingual groups.
In both the Cantonese and English models, the interaction between bilingual

group and response type was found to be (marginally) significant. Because we
were interested in testing whether difference in language dominance influences
the direction of transient phonetic transfer in response to language switching
across the two languages within bilingual speakers, the planned contrasts with
Tukey-adjusted comparisons were conducted to test a priori comparisons for the
VOTs produced in stay trials versus switch trials within each language across the
three bilingual groups.
Cantonese-dominant speakers produced significantly greater VOTs in Canto-

nese switch trials (M= 13.61ms, SD= 7.05) than in stay trials (M= 11.74ms,
SD= 6.53), t (300)= –4.15, d= 0.28, r 2= .05, p< .001. These results suggest that
when Cantonese-dominant speakers switched from English to Cantonese, their
VOTs for Cantonese initial stop consonants increased compared to their VOTs
when staying in Cantonese from one trial to the next. However, no significant
difference was found in Cantonese-dominant speakers’ VOT production for
English stay trials (M= 75.10ms, SD= 18.10) and switch trials (M= 75.68ms,
SD= 19.27), t (300)= –0.49, d= –0.03, r 2= .00, p= .997. These results suggest
no obvious effect of language switching in English trials for Cantonese-dominant
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speakers, and imply that Cantonese-dominant speakers are susceptible to the
effect of language switching only in Cantonese trials.

For English-dominant speakers, no significant difference in VOTs was found
between Cantonese stay trials (M= 13.42ms, SD= 7.15) and switch trials
(M= 13.82ms, SD= 6.94), t (300)= –0.88, d= –0.06, r 2= .00, p= .950. This
indicates that English-dominant speakers were not susceptible to the effect of
language switching in Cantonese trials. In contrast, English-dominant speakers
produced significantly smaller VOTs in English switch trials (M= 79.43ms,
SD= 18.17) than in stay trials (M= 83.27ms, SD= 18.93), t (300)= 3.26,
d= 0.21, r 2= .03, p< .05. These results suggest that when English-dominant
speakers switched from Cantonese to English, their VOTs for English initial stops
decreased compared to their VOTs when staying in English. This implies that
English-dominant speakers are susceptible to the effect of language switching
only in English trials.

For the group of balanced speakers, no difference in VOTs was found between
Cantonese stay trials (M= 13.05ms, SD= 8.04) and switch trials (M= 13.06ms,
SD= 7.92), t (300)= –0.02, d= –0.00, r 2= .00, p= 1.000, nor between
English stay trials (M= 80.31ms, SD= 21.14) and switch trials (M= 80.87ms,
SD= 21.16), t (300)= –0.48, d= –0.03, r 2= .00, p= .997. These results suggest
that balanced bilingual speakers performed similarly in stay and switch trials in
both Cantonese and English, and that no obvious effect of language switching
occurred in either language.

In addition to the analyses of the amalgamated data, the data from each indi-
vidual speaker was examined by averaging the VOT across the three places of
articulation and separately for each response type (stay trial vs. switch trial)
within each language (Cantonese and English).1 Individual bilingual speakers’
mean VOT values (in milliseconds) are listed in Tables 3, 4, and 5 for the
Cantonese-dominant group, the English-dominant group, and the balanced-
bilingual group, respectively. As revealed by the linear mixed-effects model
analyses, the group of Cantonese-dominant bilingual speakers maintained longer
VOT values for Cantonese switch trials than stay trials when switching from their
nondominant English language to Cantonese. Individual analyses revealed that,
within the Cantonese-dominant group, 15 of the 20 participants implemented a
shift in Cantonese switch trials toward the direction of English-like VOT values
(M= 2.7ms, ranged from 0.3 to 5.3ms). The remaining 5 Cantonese-dominant
speakers did not produce longer VOT values for Cantonese switch trials when
switching from English (M= –0.5ms, ranged from –0.8 to –0.2ms). As for the
English-dominant group, the linear mixed-effects model analyses suggested a
trend where English-dominant speakers were found to produce shorter VOT
values in English switch trials, thus shifting toward Cantonese-like VOT values.
It was noticed that 17 of the 20 English-dominant bilingual speakers followed this
trend and produced shorter VOTs in English switch trials when switching to
Cantonese (M= –5.0ms, ranged from –13.5 to –0.8ms). The remaining three
English-dominant speakers did not produce shorter English VOTs in English
switch trials than stay trials (M= 2.9ms, ranged from 2.9 to 3.1ms).
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DISCUSSION

The present study set out to investigate the effect of language dominance on
transient phonetic interaction between the two phonetic systems of early Canto-
nese–English bilinguals in Hong Kong. We found that the early bilinguals had
established clearcut phonetic categories for their L1 and L2 sounds, as indicated
by the categorical difference in VOT observed when they produced the same
initial stops in Cantonese versus English trials. However, Cantonese-dominant,
English-dominant, and balanced bilingual participants performed differently in
response to language switching. Specifically, unbalanced (i.e., Cantonese-
dominant and English-dominant bilinguals) but not balanced bilinguals were
prone to an effect of language switching, manifested as a shift in VOT from their
dominant language toward their nondominant language. When switching from
English to Cantonese, the Cantonese-dominant speakers maintained longer VOT
values for Cantonese switch trials than stay trials, thus shifting toward English-
like VOTs. Moreover, when English-dominant speakers switched from Canto-
nese to English, shorter VOT values were produced with a shift toward
Cantonese-like VOTs. A short-term phonetic convergence occurred when unba-
lanced bilinguals switched between languages, such that the VOT values of the

Table 3. Mean VOT values for each Cantonese-dominant bilingual speaker

Cantonese VOT (ms) English VOT (ms)

Speaker Stay Switch Switch–Stay Stay Switch Switch–Stay

C01 12.5 14.5 2.0 117.9 122.2 4.3
C02 14.5 15.2 0.7 65.8 62.3 –3.5
C03 9.1 9.5 0.3 86.9 74.5 –12.4
C04 15.2 14.4 –0.8 90.9 88.9 –2.1
C05 11.5 11.3 –0.2 76.0 77.7 1.8
C06 11.3 10.4 –0.8 58.4 62.9 4.5
C07 11.2 10.8 –0.5 60.3 65.2 4.9
C08 10.1 11.8 1.7 71.9 75.9 4.0
C09 13.0 15.1 2.1 80.7 81.3 0.6
C10 8.7 9.2 0.4 66.1 72.0 5.9
C11 12.7 16.4 3.7 52.2 50.8 –1.3
C12 12.3 15.0 2.7 69.7 69.9 0.3
C13 9.7 13.0 3.3 70.9 71.2 0.4
C14 8.4 10.9 2.6 58.6 57.3 –1.3
C15 14.9 19.2 4.3 93.8 91.3 –2.5
C16 10.4 15.7 5.3 68.7 69.7 1.1
C17 9.3 14.1 4.8 65.9 62.1 –3.8
C18 14.3 16.6 2.3 97.9 108.7 10.8
C19 12.6 12.2 –0.4 85.2 84.9 –0.3
C20 13.2 16.9 3.7 64.4 64.8 0.3
Mean 11.74 13.61 1.9 75.10 75.68 0.6
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dominant language shifted toward those of the previously used nondominant
language. Yet, this short-term phonetic convergence was absent in balanced
bilinguals’ speech production.

Our study clearly showed an effect of place of articulation in both Cantonese
and English, with the stops produced by all three groups of speakers consistently
having significantly different VOT values at different places of articulation. This
finding is consistent with the general claim that VOT increases as place of
articulation changes from labial to alveolar to velar (Lisker & Abramson, 1964;
Volaitis & Miller, 1992). This increase in VOTs aligns with the physiological
basis of speech production at different places of articulation, that is, the timing
between the movement of the articulatory gesture (i.e., the tongue) and the release
of air held within the vocal tract (Cho & Ladefoged, 1999).

Language switching for unbalanced bilingual participants

The present study confirmed our first hypothesis that unbalanced early bilinguals
will show an asymmetrical switch cost of language switching at the phonetic

Table 4. Mean VOT values for each English-dominant bilingual speaker

Cantonese VOT (ms) English VOT (ms)

Speaker Stay Switch Switch–Stay Stay Switch Switch–Stay

E01 15.5 15.8 0.3 63.9 66.7 2.9
E02 14.8 15.6 0.8 106.5 99.7 –6.8
E03 11.7 11.9 0.3 69.0 64.3 –4.7
E04 10.0 10.4 0.4 87.9 85.7 –2.2
E05 10.7 9.8 –0.9 77.9 71.4 –6.5
E06 13.2 13.9 0.7 82.9 81.0 –1.9
E07 12.5 13.7 1.3 72.3 71.5 –0.8
E08 12.7 13.8 1.1 62.8 65.9 3.1
E09 15.0 15.8 0.8 82.6 85.5 2.9
E10 23.1 23.2 0.1 79.7 66.2 –13.5
E11 15.0 16.4 1.4 84.9 78.4 –6.5
E12 13.2 13.9 0.7 75.4 69.2 –6.3
E13 16.2 16.7 0.5 111.0 107.9 –3.2
E14 13.9 11.9 –2.0 78.1 74.6 –3.5
E15 17.1 16.1 –1.1 99.0 94.3 –4.7
E16 9.7 10.3 0.7 54.8 52.1 –2.7
E17 10.5 10.4 –0.1 112.7 107.0 –5.7
E18 8.7 10.4 1.7 82.0 74.9 –7.1
E19 11.5 11.1 –0.4 67.4 61.9 –5.5
E20 13.5 15.2 1.7 114.5 110.4 –4.0
Mean 13.42 13.82 0.4 83.27 79.43 –3.8
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level. Moreover, the switch cost arises in the direction where bilinguals switch
from the nondominant to the dominant language.
In relation to the two existing studies on phonetic transfer in language

switching, our results were consistent with those reported in Olson’s (2013) but
not with those in Goldrick et al.’s (2014) study. One possibility for the discrepant
findings between our study and Goldrick et al.’s (2014) is the differences in the
nature of target stimuli employed. In Goldrick et al.’s (2014) study, the use of
cognate stimuli might have induced a strong coactivation effect between the
target and the nontarget language in language switching. In our study, however,
the use of cognate stimuli was not optimal given the lack of phonological overlap
between Cantonese and English. This absence of cognate stimuli minimized the
cognate effect on cross-language activation during speech production, and
therefore prevented the occurrence of the same effect observed in Goldrick et al.
(2014). Another possibility is the mixed bilingual status of Goldrick et al.’s
(2014) participants, native Spanish speakers (all rated their Spanish proficiency as
4 on a 4-point scale) whose English proficiency covered a wide range (from 2.67
to 4 on a self-rated 4-point scale). Furthermore, half of those participants rated
their English proficiency as equal to or above 3.8, making them fairly balanced in
terms of language dominance. The mixed bilingual status in their sample makes it

Table 5. Mean VOT Values for each balanced bilingual speaker

Cantonese VOT (ms) English VOT (ms)

Speaker Stay Switch Switch–Stay Stay Switch Switch–Stay

B01 14.2 12.3 –1.8 77.5 83.1 5.6
B02 11.5 10.2 –1.3 94.4 95.0 0.6
B03 14.1 16.9 2.9 54.8 59.0 4.2
B04 24.1 26.5 2.4 98.9 104.4 5.5
B05 11.4 11.3 –0.1 88.5 92.9 4.4
B06 12.4 12.0 –0.4 70.6 69.1 –1.5
B07 11.1 10.9 –0.2 83.1 80.5 –2.6
B08 10.6 10.1 –0.5 77.9 76.9 –1.0
B09 10.5 9.5 –1.0 77.5 77.0 –0.5
B10 13.2 14.2 1.0 74.8 74.0 –0.8
B11 10.6 11.4 0.7 95.7 93.5 –2.1
B12 16.7 16.7 0.0 59.0 61.1 2.1
B13 15.5 14.7 –0.7 121.0 116.7 –4.3
B14 10.0 10.1 0.1 62.1 64.4 2.3
B15 11.3 11.6 0.3 78.9 72.6 –6.3
B16 13.2 12.8 –0.4 94.0 91.3 –2.7
B17 20.2 20.0 –0.2 121.3 126.8 5.5
B18 11.0 11.9 0.9 63.2 65.4 2.2
B19 11.2 9.9 –1.2 54.3 54.0 –0.3
B20 8.4 8.1 –0.3 58.9 59.8 0.9
Mean 13.05 13.06 0.0 80.31 80.87 0.6
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difficult to accurately compare this present study and Goldrick et al.’s (2014).
Conversely, our results are consistent with those of Olson’s (2013) study, which
demonstrated unidirectional phonetic transfer from nondominant to dominant
language. Together, the speech production of unbalanced bilinguals’ dominant
language is susceptible to the influence of their nondominant language during
language switching.

Our results are also analogous to the predictions of the inhibitory control
model, which claims that through inhibition of the nontarget representation(s), the
activated systems compete to control speech output. Therefore, the nontarget
system must be inhibited for the production of speech in the target language.
While previous studies have acknowledged unbalanced bilinguals’ asymmetrical
switch cost of language switching at the level of lexical selection (Meuter &
Allport, 1999; Schwieter & Sunderman, 2008), the present study provides
additional evidence for a similar mechanism at the phonetic level. Our study
reveals that, in switching between two phonetic systems existing in a common
phonological space (e.g., Flege, 1995), Cantonese–English bilingual speakers
make a selection at the phonetic level by suppressing the activation of nontarget
phonetic realization.

Specifically, our results suggest that the phonetic systems of both languages are
activated in bilinguals’ speech production, but the activation level is higher for the
dominant language. Because the dominant language is activated and utilized more in
daily life than the nondominant language, the dominant language usually needs to be
inhibited more when switching between the two languages (Meuter & Allport, 1999).
In other words, the higher activation level for the dominant language requires a
higher level of inhibition when it is not the target language in production. To
overcome this greater level of inhibition, bilingual speakers often take longer to
switch to their dominant language. In contrast, switching to the nondominant
language often takes less time as the level of inhibition is weaker. As a result, an
asymmetrical switch cost was found where the direction is modulated by the
relative dominance of the bilingual’s two languages.

The dominant language’s higher level of inhibition is evident in the finding of
a unidirectional phonetic transfer from nondominant to dominant language.
Moreover, the latent activation due to the dominant language’s greater inhibition
is demonstrated in the delay in resuming the implementation of the VOT norm
when switching from the nondominant to the dominant language. Consider a
Cantonese-dominant bilingual who switches from his/her nondominant English
language to his/her dominant Cantonese language. For the initial, nondominant
language trial, the Cantonese phonetic system is inhibited to allow for the pro-
duction of English. This inhibition is very strong, with the amount of inhibition
applied proportional to the extent to which the nontarget phonetic system is
activated (Linck, Schwieter, & Sunderman, 2012). According to the task set
inertial hypothesis (Allport et al., 1994), the inhibition of the Cantonese phonetic
system persists until the beginning of the next, dominant language trial, which
leads to phonetic transfer from the English phonetic system. Consequently, the
production of the second trial deviates toward the phonetic properties of English,
as seen in the increased VOT for Cantonese switch trials. However, when the
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participant switches from his/her dominant Cantonese language to his/her non-
dominant English language, little inhibition is initially required on the English
phonetic system. The participant can therefore access easily the phonetic repre-
sentation of English in the second trial, without the influence of the Cantonese
phonetic system.
It should be noted that the marginally significant interaction between bilingual

group and response type found in the linear mixed-effects model analysis for
English trials indicates that the interaction may be subtle. This could be attributed
to the individual differences in inhibitory control, which has been reported to
explain variations in speech processing among monolingual speakers, bilingual
speakers, and second language learners (e.g., Darcy, Mora, & Daidone, 2016;
Lev-Ari & Peperkamp, 2013, 2014; Linck et al., 2012). Particularly, variations in
individual inhibitory capacity modulate the degree of coactivation between
bilingual speakers’ two languages (e.g., Lev-Ari & Peperkamp, 2013, Linck
et al., 2012). It has been reported that bilinguals with greater inhibitory skill are
relatively more immune to the influence of the nondominant language on their
VOT perception and production in their dominant language; on the contrary,
bilinguals with lower inhibitory skill are more prone to nondominant language
influence on their dominant language production (Lev-Ari & Peperkamp, 2013).
Because the present study was set in Hong Kong where Cantonese is the
dominant language, all participating bilinguals were consistently and inevitably
exposed to Cantonese. Because inhibitory control is modulated by how much a
bilingual speaker switches between the two languages, the English-dominant
bilinguals in the present study may have developed greater inhibitory control than
the Cantonese-dominant bilinguals. In other words, English-dominant bilingual
speakers must exercise more inhibitory control in their daily lives to efficiently
activate the target language and deactivate the one not in use. In contrast,
Cantonese-dominant bilingual speakers switch to English only for specific
occasions, such as during lectures conducted in English, which results in fewer
opportunities to operate their inhibitory control. Thus, the present study has found
a more robust effect of language switching in the Cantonese-dominant bilinguals’
VOT production due to a relatively weaker inhibitory control. In brief, the subtle
interaction found in the English trials could be the result of the English-dominant
bilinguals’ greater inhibitory control capacity, which allowed them to better reject
the influence from the nondominant language and demonstrate fewer switch costs
when switching between languages.

Language switching for balanced bilingual participants

The results obtained in the present study also indicate that, contrary to unbalanced
bilinguals’ production, balanced bilinguals showed no transient phonetic transfer.
To the best of our knowledge, no previous research has investigated transient
phonetic interactions in balanced bilinguals using a language-switching para-
digm. In this study, no switch cost was found at the phonetic level in balanced
bilinguals’ production. The VOTs observed in stay and switch trials were similar,
regardless of whether trials involved Cantonese or English. Thus, our findings
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suggest that there was no effect of language switching on phonetic interaction
between the two phonetic systems for balanced bilinguals.

Two plausible explanations can account for the absence of transient phonetic
interaction in balanced bilinguals’ production. One is derived from the inhibitory
control model. According to this model, balanced bilinguals may have better
inhibitory control abilities, allowing them to switch efficiently between the two
languages without any apparent switch cost. Previous research has indicated that
general switching abilities are improved by language-switching experiences
(Prior & Gollan, 2011). Moreover, more frequent language switching has been
observed among balanced bilinguals compared to unbalanced bilinguals (e.g.,
Gollan & Ferreira, 2009). As suggested by Gollan and Ferreira (2009), balanced
bilinguals’ higher proficiency in both of their languages, together with habitual
language switching, may contribute to their superior inhibitory control. Balanced
bilinguals may therefore deploy inhibition more rapidly, allowing for faster
access to phonetic representations in another language. This may eventually
minimize balanced bilinguals’ switch cost, regardless of the switch direction. This
hypothesis is in line with Linck et al.’s (2012) study, which posits that better
inhibitory control abilities are associated with reduced switch costs in trilingual
speakers.

Another plausible explanation is that balanced bilinguals may adopt a
language-specific mechanism in phonetic processing, leading to the absence of
transient phonetic interaction. Previous research on language switching at the
level of lexical selection has shown that highly balanced bilinguals may not resort
to an inhibitory control mechanism in lexical selection during speech production
(Costa & Santesteban, 2004; Costa, Santesteban, & Ivanova, 2006). Instead, they
may employ a language-specific selection mechanism that considers lexical repre-
sentations only in the target language. Schwieter and Sunderman (2008) suggested
that bilinguals’ L2 lexical robustness predicted the use of different mechanisms for
bilingual language selection. In particular, they found that as L2 lexical robustness
increased, bilingual speakers shifted from using inhibitory control to language-
specific mechanisms during speech production (Schwieter & Sunderman, 2008).
Although the theoretical basis of language selection for highly balanced bilinguals is
still under debate, the present study includes the language-specific mechanism of
speech processing as a possible explanation for the lack of phonetic interaction seen
in balanced bilinguals. Under this interpretation, phonetic representations of the
nontarget phonetic system may not compete during speech processing, which is
similar to the speech processing for monolingual speech production. Thus, no tran-
sient phonetic interaction was observed in balanced bilinguals.

LIMITATIONS, FUTURE DIRECTIONS, AND CONCLUSIONS

Despite the significance of our results, it should be noted that the present study
employed a self-report questionnaire to evaluate participants’ language-dominance
profiles. Although previous research has demonstrated that self-ratings correlate
reliably with language proficiency (Dunn & Fox-Tree, 2009; Flege et al., 1999,
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2002), we could only obtain a relative comparison instead of an absolute quanti-
fication of language dominance across participants. Future research might consider
the use of objective or standardized measures (e.g., verbal fluency) that evaluate the
participants’ language proficiency quantitatively (Schwieter & Sunderman, 2008).
It should also be noted that, although other aspects of language experience and

frequency of use were taken into account, language dominance was based heavily
on self-ratings of language proficiency, and all language information data were
collected with the LEAP-Q questionnaire. Despite its popularity in evaluating
language dominance (e.g., Olson, 2013, 2016; Piccinini & Arvaniti, 2015), the
LEAP-Q fails to provide adequate measures that directly compare the relative
strengths of bilinguals’ two languages (Gertken, Amengual, & Birdsong, 2014).
Future studies should allow for investigations of transient phonetic interaction
along the continuum of language dominance, specifically to see whether a
threshold of discrepancy exists between the proficiency of the two languages
where transient phonetic interaction occurs.
In addition, language switching was the only experimental task employed in

the present study. While the presence of an asymmetrical switch cost could be
properly interpreted under the theoretical framework of the inhibitory control
model, questions regarding the underlying mechanism of language switching for
highly balanced participants remain unanswered. Thus, future studies may con-
sider incorporating cognitive measures, such as attentional control and general
inhibitory abilities, to determine whether a link between general cognitive skills
and phonetic control exists during language switching.
In conclusion, our results demonstrated the role of language dominance in

determining the presence and direction of transient phonetic transfer. We found
that balanced bilinguals and unbalanced bilinguals responded differently to lan-
guage switching in terms of phonetic control during speech production. Inhibitory
control in the speech production of unbalanced bilinguals was demonstrated by a
shift in VOT during trials that involved language switching from the non-
dominant to the dominant language. In contrast, no switch cost was observed in
balanced bilinguals, which may indicate differences in the mechanism underlying
balanced and unbalanced bilinguals’ speech production.
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APPENDIX A

Table A1. Target Words and Their Phonetic Transcriptions

Cantonese English

Target initial
stops

Target
words

Phonetic
transcriptions

Target
words

Phonetic
transcriptions

/p/ 錶 (watch) /piu1/ pig /pɪɡ/
冰 (ice) /pɪŋ1/ pin /pɪn/
煲 (pot) /pou1/ pet /pet/
波 (ball) /pɔ1/ pen /pen/
爸 (father) /pa1/ pot /pɒt/
包 (bread) /pau1/ park /pɑːk/

/t/ 冬 (winter) /tʊŋ1/ tea /ti:/
叮 (bell) /tɪŋ1/ tooth /tu:θ/
釘 (nail) /tɛŋ1/ ten /ten/
刀 (knife) /tou1/ toe /təʊ/
燈 (lamp) /tɐŋ1/ tie /taɪ/
單 (receipt) /tan1/ tag /tæɡ/

/k/ 菊 (chrysanthemum) /kʊk1/ key /ki:/
菇 (mushroom) /ku1/ cook /kʊk/

乾 (dry) /kɔn1/ cake /keɪk/
薑 (ginger) /kœŋ1/ cup /kʌp/
雞 (chicken) /kɐi1/ cat /kæt/
金 (gold) /kɐm1/ cow /kaʊ/

Note: English translations of Cantonese targets are shown in parentheses.
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