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The present study examined how bilingual speakers produce L1 and L2

speech sounds when the L2 is more dominant than the L1. According to Flege

(1999), L1 and L2 speech sounds coexist in one phonetic space and bilinguals

strive to maintain phonetic contrast between them. In such phonetic space,

L1-L2 phonetic interference, the direction and strength of which is determined

by language dominance, is inevitable. The aim of this study was to identify

whether Spanish heritage speakers whose English (L2) is stronger than

Spanish (L1) have their Spanish stop consonants influenced by their English

stop consonants.

A production task was conducted in which Spanish heritage speakers

produced English and Spanish words beginning with voiced stops /b, d, g/ and

voiceless stops /p, t, k/. Spanish heritage speakers’ VOT was measured and

later compared to those of the native speakers of each language. Results show

that when compared with the native control groups, Spanish heritage speakers

did not differ from native English speakers when producing English stop

consonants, but, when producing Spanish stop consonants, they performed

differently from native Spanish speakers. This finding implies that Spanish

heritage speakers experienced phonetic interference from L2 to L1 when

producing Spanish and English stops.
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1. Introduction

 

In research on second language acquisition, it is widely accepted

that the earlier one learns a second language(L2)1), the better; children

are more likely to eventually reach native-like L2 levels than adults.

This is especially true in the area of L2 phonology (Boschetal., 2000;

Flege, 1995; Gildersleeve-Neumann et al., 2009; Sebastián-Gallés &

Soto-Faraco, 1999; Strange, 1995). When it comes to early bilingual

speakers, who have been exposed to two languages from very young

age, it appears that their pronunciation in both languages is completely

native-like (Guion, 2003). However, many studies have shown that L1

and L2 sound systems are not completely independent and, thus,

mutual influence of the two languages on one another is inevitable

(Flege, 1995; Fowler et al., 2008; Grosjean, 2010; Schnitzer &

Krasinski, 1994; Weinreich, 1953). Schnitzer and Krasinski(1994) argued

that even balanced bilingual speakers sometimes show traces of

phonetic interference in one or both of their native languages.

Phonetic interference has been observed in many studies but, in

most cases, the focus has been on the interference from L1 to L2

sound system (Flege et al., 1995; Flege et al., 1999; Kuhl et al., 2003);

the opposite direction, i.e., the interference from L2 to L1 sound

system, has rarely been investigated. When comparing language

dominance of L1 and L2, usually it is the L1 that is the stronger

language, but this is not always the case; there are bilingual speakers

who start with one language as the dominant language and then at a

later point in their lives find it replaced by a second language

(Grosjean, 2010).

1) In the present research, “L1” and “L2” refer to the order of language acquisition, not

language dominance. That is, the language that is acquired first is indicated as“L1”

and the language that is acquired after the first language is indicated as “L2”.
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In the present study, the production of Spanish and English voiced

and voiceless stop consonants by Spanish-English early bilingual

speakers who are more dominant in English(L2), i.e., Spanish heritage

speakers2), was investigated. The aim of this study was to examine

whether phonetic interference occurs from L2 to L1 when L2 is the

stronger language.

2. Literature review

2.1. Age constraint in the acquisition of L2 phonology

In the field of SLA, especially in L2 phonology, it is well

established that there is an opportunity window during which it is

optimal to learn a L2 (Long, 1990; Johnson & Newport, 1989; Werker

& Tees, 2005). We find evidence of an opportunity window in foreign

accents that adult L2 learners have even after living in a L2 speaking

country for decades (Flege et al., 1995; Flege et al., 1999; Johnson &

Newport, 1989; Mayberry & Fisher, 1989) and in difficulties that adult

learners experience when perceiving L2 contrasts that do not exist in

their L1 (Lively et al., 1993; Kuhl et al., 2003).

If age is such an important factor in acquiring L2 phonology, an

2) Valdés (2001) defines heritage speakers as “[An individual] who is raised in homes

where a non-English language is spoken, speak or merely understand the heritage

language, and is to some degree bilingual in English and the heritage language”.

Generally, heritage speakers are second or early 1.5 generation immigrants from a

non-English-speaking country and their parents are native speakers of the heritage

language. The heritage language is the minority language which is acquired at home

as an L1, and English is not exposed systematically until the heritage speakers enter

institutional settings such as kindergarten or elementary school. As heritage speakers

grow up, their use of English gradually increases, while their use of the heritage

language decreases, which results in a gradual shift of language dominance from

heritage language to English.
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important questions arises, i.e., when does this opportunity window

end? There is no consensus yet on the exact age of the offset of the

opportunity window, but it is claimed to occur very early in life for

phonology, sometime between 5 and 7 years of age (Birdsong, 1999;

Flege, 1991, 1995; Gildersleeve-Neumann et al., 2009; Long, 1993;

Pallier et al., 1997; Strange, 1995; Dupoux et al., 2010). In the case of

Spanish, previous studies on child research reported that Spanish

sound system becomes fairly complete by the age of 5 (Acevedo, 1993;

Jimenez, 1987; Gildersleeve-Neumann et al., 2009; Linares, 1981;

Nuñez-Cedeño, 2007). Moreover, Flege (1992) argued that foreign

accents first become evident at some time between the ages of 5 and

7 years. The temporal coincidence between the appearance of foreign

accents and the mastering of the production of native speech sounds

provides implications that native speech production establishes

sometime during this period.

2.2. Phonetic interference between L1 and L2 sounds

If there is an opportunity window in the acquisition of L2

phonology, would a bilingual speaker, who was exposed to both L1

and L2 during this period, be able to perform like two monolingual

speakers? Although it is widely accepted that early bilinguals are more

likely to discern phonetic differences between L1 and L2 speech

sounds than late bilinguals (Bosch et al., 2000; Flege, 1995;

Gildersleeve-Neumann et al., 2009; Sebastián-Gallés & Soto-Faraco,

1999; Strange, 1995), it is impossible to control two languages exactly

the same way as two monolinguals (Flege, 1999; Grosjean, 2010).

According to Flege’s Speech Learning Model (SLM) (Flege, 1995;

Flege et al., 2003), L1 and L2 sound systems are not independent, but

coexist in one phonetic space. This naturally creates competition
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between the speech sounds of L1 and L2. In a combined L1+L2

phonetic space, mutual interference between L1 and L2 sound

categories is inevitable, which suggests that phonetic interference

occurs “bidirectionally”; it does not only occur from L1 to L2 (Flege et

al., 1995; Flege et al., 1999; Kuhl et al., 2003), but also from L2 to L1

(Flege, 1995; Grosjean, 1989; Major, 1992). The direction and strength

of interference depends on language dominance; the stronger language

influences the weaker language, either in a permanent manner or in an

ephemeral way (Flege, 1999; Grosjean, 2010).

The present study examined the production of voicing contrast of

Spanish (L1) and English (L2) stop consonants (i.e., /b, d, g/ vs. /p, t,

k/) in word-initial position by Spanish-English early bilingual speakers

who are more dominant in English (L2), i.e., Spanish heritage speakers.

2.3. Creation of stop categories by bilingual speakers

2.3.1. Spanish and English stop consonants

Investigating stop consonants is a good measure to understand

Spanish-English bilinguals’ L1-L2 phonetic interference, because

phonologically both Spanish and English have voiced and voiceless

stop consonants (/b, d, g/ and /p, t, k/, respectively), but phonetically

they are realized differently. In the phonological level, Spanish and

English are similar in that both languages show voicing contrast for

stop consonants in word-initial position (Hualde, 2005). However, this

contrast is realized differently in the phonetic level. In Spanish, the

contrast is between prevoiced /b, d, g/ and voiceless unaspirated /p, t,

k/; in English, it is between voiceless unaspirated /b, d, g/3), on the

3) In some cases, English /b, d, g/ are also produced with prevoicing, but in
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one hand, and voiceless aspirated /p, t, k/, on the other (Lisker &

Abramson, 1964; Zampini & Green, 2001). For this reason, Jansen(2004)

called languages like Spanishas “voicing languages” and languages like

English as “aspirating languages”. According to Lisker and Abramson

(1964), this distinction can be quantified by the Voice Onset Time

(VOT), an articulatory property of stop consonants which is defined as

the time between the release of the stop consonant and the onset of

subsequent vocal fold vibration. If the vocal folds start vibrating before

the release of occlusion, it is considered as “voice lead” and the VOT

values are negative. If the vocal folds start vibrating at or soon after

release, it is considered as “short voice lag” and the VOT values are

between 0 milliseconds and 30 milliseconds. If the vocal folds start

vibrating long after release, it is considered as “long voice lag” and

the VOT values are larger than 30 milliseconds (Hualde, 2005). Thus,

in Spanish, voicing contrast occurs between voice-lead /b, d, g/ and

short-lag /p, t, k/ with the VOT boundary at 0 ms., while, in English,

it occurs between short-lag /b, d, g/ and long-lag /p, t, k/ with the

VOT boundary at +30 ms..

Figure 1. VOT of Spanish and English stop consonants

A. Voice-lead VOT (Spanish /b, d, g/)

word-initial position it is more common that they are produced as voiceless

unaspirated as in Spanish /p, t, k/ (Hoonhorst et al., 2009).
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B. Short-lag VOT (Spanish /p, t, k/, English /b, d, g/)

C. Long-lag VOT (English /p, t, k/)

2.3.2. Previous studies on bilinguals’ stop consonants

If a bilingual acquires two languages, one of which is a voicing

language and the other is an aspirating language (Jansen, 2004), what

would happen to the creation of stop consonants? Stop consonants of

early bilinguals is a popular topic that have been treated in numerous

studies. The majority of the studies on bilinguals’ voicing contrast

argued that bilinguals create a merged category for /b, d, g/ and

separate categories for /p, t, k/. In a case study of an early

French-English bilingual, Mack(1990) found that /b, d, g/ of French

which is a voicing language, were produced with short-lag VOTs,

instead of with voice-lead VOTs. However, English /b, d, g/ were

produced according to the phonetic norm (i.e., short-lag). Regarding /p,

t, k/, both French and English /p, t, k/ were produced with much

longer VOTs than the phonetic norm, but they were still different

from each other. Flege and Eefting(1988) found similar results with

early Spanish-English bilinguals. In an imitation task of VOT
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continuum ranging from prevoiced /da/ to long-lag /ta/, bilinguals

showed abrupt shifts with VOT values falling into three modal ranges,

i.e., voice-lead /d/, short-lag /t/, and long-lag /t/, whereas

monolinguals of Spanish and English showed only two modal ranges.

Simon(2010) investigated the production of prevoicing in Dutch, a

voicing language, by an L1 Dutch speaker who had moved to the US

and had been exposed mostly to English since then (i.e., heritage

speaker of Dutch). The results showed that the majority of Dutch /b,

d, g/ were produced with prevoicing in the first session (i.e., category

assimilation), but as the English acquisition process went on, the

prevoicing decreased, i.e., Dutch phonetics moved in the direction of

the English target realizations.

However, many of these studies did not successfully control for

language mode, which is an important factor in understanding

bilinguals’ stop categories. Grosjean(2010) proposed that bilinguals find

themselves at various points in their daily lives along a continuum of

different language modes: from monolingual mode in L1 at one end to

monolingual mode in L2 at the other, with bilingual mode of L1 and

L2 in between. Therefore, in order to fully understand whether

bilinguals are able to distinguish stop categories in L1 and L2, it is

important to place them in the proper language mode. However,

previous studies failed to control for this factor. For instance, in Flege

and Eefting(1988), the language of instruction was not determined

according to the language of the task, but randomly chosen.

Simon(2010) intended to put the subject in the proper language mode

by inserting a gap of 15 minutes during which the experimenters

played with the subject (a child) in the target language prior to the

commencement of the recording session. However, it is not certain

whether 15 minutes were sufficient to deactivate the language of the

previous session. Thus, it can be assumed that the data collection of

the previous studies was done is such a way that the bilinguals were
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put closer to the bilingual mode in which both bilinguals’ L1 and L2

were activated. Zampini and Green(2001) argued that this could have

been the reason that the bilinguals in some studies were not able to

distinguish the voiced stops in L1 and L2.

Unfortunately, there are few studies that have considered all these

factors. Magloire and Green(1999) and Sundara et al.(2006) are the

only studies that have been found so far that carefully controlled for

language mode. In Magloire and Green(1999), the subjects first

completed the English portion of the experiment and were asked if

they were interested in participating in a different study on the

production of Spanish at another lab, to which they all agreed. At a

later date, they were contacted in Spanish by a different experimenter

for participation and completed the Spanish portion of the experiment.

Results show that the bilinguals produced separate categories for /b/

and /p/ that were comparable to those of the native speakers.

However, this finding is contrary to what the SLM posits. Recall that

L1 and L2 sound systems coexist in one phonetic space, which

naturally creates competition between the speech sounds of L1 and L2

(Flege, 1995; Flege et al., 2003). Thus, according to this view, it is

impossible to control two languages exactly the same way as two

monolinguals (Flege, 1999; Grosjean, 2010). Sundara et al.(2006) argued

that even simultaneous bilinguals show phonetic interference in their

two languages. In a study on the production of /d/ and /t/ by

simultaneous bilinguals, Sundara et al.(2006) found that simultaneous

bilinguals were able to distinguish /d/ and /t/ in both French and

English. In French, the majority of the /d/ tokens (73.6%) were

produced with voice-lead VOTs and all the /t/ tokens were produced

with short-lag VOTs; in English, all the /d/ and /t/ tokens were

produced with short-lag and long-lag VOTs, respectively. However,

when compared to the native speakers of each language, the bilinguals

produced English and French /d/ tokens differing in VOT values; they
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produced English /d/ with more prevoicing than the native English

speakers and French /d/ with less prevoicing than the native French

speakers. Thus, the bilinguals performed similarly, but not identically

to the native speakers.

Based on previous research, the present study focused on Spanish

heritage speakers who are more dominant in English(L2). Their

production of Spanish and English stop consonants were investigated

in order to answer the following research questions: 1) When language

mode is controlled, are Spanish heritage speakers able to distinguish

Spanish stop consonants from English stop consonants?; and 2) Do

Spanish heritage speakers perform similarly with native speakers of

each language?

3. Research Method

3.1. Subjects

3.1.1. Spanish Heritage Speakers

Since the purpose of this study was to investigate the speech of

Spanish heritage speakers who are more dominant in English, specific

criteria were applied to determine heritage speakers’ language

dominance. Following previous studies (Guion, 2003; Grosjean, 2010),

language dominance was determined by the combination of three

factors: (1) age of acquisition of L2 (L2 AOA), (2) frequency of use,

and (3) language proficiency. L2 AOA was determined by whether

massive exposure to English began prior to age 7. Frequency of use

was determined by a five-point Likert scale from 1 meaning “I use

Spanish 100% of the time” to 5 meaning “I use English 100% of the
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time”. Lastly, language proficiency was determined using both

objective and subjective measures (Grosjean, 2010). Subjective

proficiency was reported by speakers’ self-rating of Spanish and

English skills with a five-point Likert scale from 1 meaning “I

understand but cannot speak Spanish / English” to 5 meaning “I

understand and speak fluently like a native speaker of Spanish /

English”; objective proficiency was evaluated by a cloze test. Thus, in

the present study, English-dominant Spanish heritage speakers were

defined as L1-Spanish speakers (1) who were exposed to both Spanish

and English prior to age 7, (2) use English more frequently than

Spanish, and (3) whose ratio of Spanish to English proficiency scores

was lower than 1 (i.e., Spanish < English) in both objective and

subjective measures. A thorough language background questionnaire

was conducted in order to evaluate these criteria.

In total, 7 heritage speakers (6 female and 1 male) with an average

age of 19.43 years met these criteria and were considered in the

present study. All the subjects in the present study were

undergraduate or graduate students of an American University in the

Midwest. The language background questionnaire revealed that all the

heritage speakers, except one, were born in the US in a Hispanic

family (i.e., second generation immigrants); either both parents were

born in a Spanish-speaking country (mostly from Mexico) and arrived

to the US as adults, or only one of them were born abroad and the

other was born in the US in a Hispanic family. One heritage speaker

that was not born in the US was born in Puerto Rico and arrived to

the US at age 6 (i.e., early 1.5 generation immigrant). The heritage

speakers reported that they were raised by a family member (i.e.,

mother, aunt, grandmother) or a baby-sitter who spoke to them either

in Spanish only or in both Spanish and English. Thus, the heritage

speakers either began to learn both Spanish and English at birth or

began to learn English after Spanish but no later than 7 years of age.
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The heritage speakers reported that they used Spanish with parents,

siblings, relatives, and other bilingual friends before entering

elementary school. Given that the main circle of communication during

this period is generally limited to family and friends, it is assumed

that even though the heritage speakers were exposed to both Spanish

and English from birth or from a very young age, Spanish was the

main language used. Indeed, the frequency of Spanish use before age 6

(i.e., when elementary school begins) showed that the heritage

speakers used Spanish with average 71.43% of the time. Once the

subjects entered elementary school, the use of Spanish became more

limited. The heritage speakers reported that from this period they used

mostly English even with siblings and other bilingual friends, with

whom they used to speak Spanish before; the only people they used

Spanish with consistently were their parents. Given that English was

the majority language outside of home and, at the same time, the

primary language at school, it can be assumed that from this point the

heritage speakers gradually switched the main language of

communication from Spanish to English. The percentage of language

use through the lifespan revealed that the use of Spanish has

decreased since elementary school; it was 42.86% in elementary school,

39.29% in middle school, 17.86% in high school, and 14.29 % from

college until now. With regard to language proficiency, the ratio of

Spanish to English cloze-tests was average 0.85 and the ratio of

Spanish to English self-rating was 0.74. This indicates that although

the heritage speakers were able to understand and speak Spanish, they

do so with more difficulty than in English.

3.1.2. Native Control Groups

Since L1 and L2 sound systems cannot be separated, but influence
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one another (Flege, 1999; Grosjean, 2010), it would be ideal if the

native speakers were monolinguals. However, finding participants that

are “pure” monolinguals is extremely difficult, due to globalization in

the modern world in which learning a second language is mandatory

for many speakers. Therefore, in the present study, late L2 learners

who were more dominant in L1 were selected as the native speakers.

The same factors were used as before, i.e., L2 AOA, frequency of use,

and language proficiency, but in the opposite way. That is, the

selection criteria for the native speakers were: L1-Spanish or

L1-English speakers who (1) first had immersed instructions in the L2

or prevalently used the L2 after age 74), (2) use their L1 more in

their daily lives, and (3) whose ratio of L1 to L2 proficiency scores

was higher than 1 (i.e., L1>L25)) . A separate language background

questionnaire was conducted for the native speakers.

In total, 5 native Spanish speakers (5 female), with an average age

of 29.2 years, and 5 native English speakers (4 female and 1 male),

with an average age of 24.33 years, met the criteria and were

considered in the present study. The questionnaire revealed that the

native Spanish speakers were first immersed in their L2 (English) at

age 25.17 in average, while the native English speakers were first

immersed in their L2 (Spanish) at age 19 in average. The native

speakers reported that they were using their L1 more than their L2;

the native English speakers were using English 87.5% of the time and

4) The present study did not consider L2 AOA as the time when first foreign language

class was taken, since the native speakers reported that the exposure to L2 were

limited to classroom only at the time, and in most cases the instructions were

conducted in the L1. Thus, L2 AOA was considered as the age when massive

exposure to the L2 first occurred, i.e., the age when immersed instructions in or

prevalent use of L2 first occurred (e.g., exchange program in an L2-speaking country,

summer camp in which only the L2 was used).

5) In order to use the same language set and tools as the heritage speakers (i.e.,

self-rating of English and Spanish proficiency, and English and Spanish cloze tests),

only native Spanish speakers who were L2 learners of English and native English

speakers who were L2 learners of Spanish were considered in the present study.
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the native Spanish speakers were using Spanish 69% of the time6).

With regard to language proficiency, the ratio of L1 to L2 cloze-tests

was average 1.17 for the native English speakers and 1.2 for the

native Spanish speakers; the ratio of L1 to L2 self-rating was average

1.5 for the native English speakers and average 1.33 for the native

Spanish speakers.

3.2. Research Materials

36 real words with word-initial stop consonants, i.e., 6 words for

each stop consonant, were recorded in each language. Equal numbers

of fillers that began with consonants other than stop consonants were

also used in order to keep the participants from knowing the purpose

of the study. Only words that are commonly used were chosen in

order to avoid frequency effect. The high frequency English words

were found in Corpus of Contemporary American English (COCA)7)

(Davies, 2011) and the high frequency Spanish words were found in

Davis(2006) and Corpus del Español8) (Davies, 2004).

3.3. Procedures

A production task was conducted in a sound-attenuating booth

using AKG C520 head-mounted microphone and the recordings were

digitized at a sampling rate of 44.1 kHz using Marantz PMD570 digital

recorder. The two native speaker groups were recorded in their native

6) Although this value seems to be relatively low, given that the native Spanish

speakers in the present study were recruited in the US and thus, English should be

used primarily, it was not considered as a critical confound in the present study.

7) Available at: http://www.americancorpus.org/

8) Available at: http://www.corpusdelespanol.org/
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language, i.e., in Spanish for the native Spanish speakers and in

English for the native English speakers. With regard to the heritage

speakers, the experiment was first done in Spanish and later in

English. In order to put the heritage speakers close to a monolingual

mode, the two sessions were conducted one week apart and the

instructions were given in the proper language. The target and filler

words were presented on a computer screen in a random order. The

participants verbally produced each word in a carrier phrase. Carrier

phrases were used in order to encourage naturalistic productions and

to minimize variability within subjects in stress patterns and pitch

contours, which are possible factors that affect the VOT values (Robb

et al., 2005).

In total, 1728 tokens were considered (heritage speakers = 36 target

words × 7 subjects × 2 languages × 2 repetitions; native control

groups = 36 target words × 5 subjects × 2 repetitions × 2 groups).

Heritage speakers’ VOT values of each word were measured using

Praat phonetics software (Boersma & Weenink, 2005) and compared

with those of the native speakers (i.e., with the native Spanish

speakers for the Spanish words and with the native English speakers

for the English words). VOT was calculated as the time in

milliseconds that elapsed between the consonant release (i.e., onset of

an aperiodic burst in the waveform) and voicing onset (i.e., onset of a

regular periodic signal in the waveform) (Lisker & Abramson, 1964).

All statistical analyses and plotting were carried out using R statistical

software (Ihaka & Gentleman, 1996).

4. Results and discussions

4.1. Creation of Stop Consonants
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/b, d, g/ /p, t, k/

Spanish voiced-lead or short-lag short-lag

English short-lag long-lag

When comparing Spanish heritage speakers’ Spanish and English

stop consonants, results show that heritage speakers produced Spanish

/b, d, g/ as prevoiced (i.e., voice-lead VOTs) 55.56% of the time9) and

as unaspirated10) (i.e., short-lag VOTs) 44.44% of the time (average

10.71ms.), whereas they produced English /b, d, g/ as unaspirated

100% of the time (average 18ms.). With regard to voiceless stop

consonants, heritage speakers produced all Spanish /p, t, k/ as

unaspirated (average 18.19ms.), whereas their English /p, t, k/ were all

produced as aspirated (i.e., long-lag VOTs) (average 87.99ms.) (Table

1).

Table 1. Spanish heritage speakers’ Spanish and English stop

categories

Thus, unlike previous studies that argued that bilinguals create a

merged L1-L2 category for voiced stop consonants, the results of the

present study show that Spanish heritage speakers were able

distinguish the two languages in both voiced and voiceless stop

9) Given that the carrier sentence in the Spanish session was Dicen _______ para mí
‘They say ______ to me’, measuring the VOTs for prevoicing was not possible,

because in the acoustic signals the nasality of /n/ in Dicen masked the prevoicing of

/b, d, g/ that came after. However, despite this limitation, it was possible to measure

the VOTs of target stop consonants that were not prevoiced (i.e., those that were

produced with short-lag or long-lag VOTs) due to a silence after /n/ that was

created from voiceless occlusion in forming these sounds.

10) With regard to the overlap that was created between Spanish /b, d, g/ with

short-lag VOTs and Spanish /p, t, k/ which was also produced with short-lag VOTs,

it is assumed that cues other than VOTs are in play to distinguish these two

categories (e.g., fundamental frequency of the following vowel).
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consonants. This finding supports that bilingual speakers are able to

distinguish stop categories in L1 and L2 when put into the proper

language mode (Magloire & Green, 1999; Sundara et al., 2006; Zampini

& Green, 2001).

4.2. Comparison with native speakers

In order to examine whether Spanish heritage speakers are able to

perform like two monolingual speakers, their production of Spanish and

English stop consonants was compared to that of the native control

groups, i.e., heritage speakers’ Spanish stop consonants were compared

with those of native Spanish speakers and heritage speakers’ English

stop consonants were compared with those of native English speakers.

4.2.1. Spanish stop consonants

When producing Spanish /b, d, g/, heritage speakers produced these

sounds with prevoicing 55.56% of the time, while native Spanish

speakers produced them with prevoicing 80% of the time (Figure 2). A

bivariate χ2 test between Group (heritage speakers / native speakers)

and Prevoicing (prevoiced / not prevoiced) was conducted and the

results show that the percentages of the two groups were significantly

different (χ2
= 12.86, df = 1, p < 0.001).
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Figure 2. Percentage of prevoicing of Spanish /b, d, g/ by heritage

speakers (HS) and native Spanish speakers (NS)

With regard to the production of Spanish /p, t, k/, both the native

Spanish speakers and the heritage speakers produced these sounds

with short-lag VOTs (25.86 ms. and 18.19 ms., respectively) (Figure

3). An independent-samples t-test revealed that the difference in

VOTs between the two groups was significantly different, t (129.23) =

-5.152, p < 0.001.

Figure 3. VOTs of Spanish /p, t, k/ by heritage speakers (HS) and

native Spanish speakers (NS)
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4.2.2. English stop consonants

With regard to the production of English stop consonants, heritage

speakers’ VOTs of English stop consonants were compared to those of

native English speakers. As seen in Figure 3, overall, both native

English speakers and heritage speakers produced the English /b, d, g/

with short-lag VOTs (average 17.67 ms. and 18 ms., respectively) and

the English /p, t, k/ with long-lag VOTs (average 89.94 ms. and 87.99

ms., respectively). Independent-samples t-tests revealed that the VOTs

produced by native English speakers and heritage speakers produced

were similar in both English /b, d, g/, t(178.96) = 0.1847, n.s. , and

English /p, t, k/, t (112.81) = -0.31,n.s..

Figure 3. VOTs of English stop consonants by heritage speakers (HS)

and native Spanish speakers (NS)

A. English /b, d, g/ B. English /p, t, k/

Results show that when compared to native Spanish speakers

Spanish heritage speakers produced Spanish stop consonants differently

from the native Spanish speakers. However, no significant difference
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was found between Spanish heritage speakers and the native English

speakers in the production of English stop consonants. The reason to

this discrepancy should be investigated in more detail in future study,

but it is suspected that language dominance had an effect. Flege(1999)

and Grosjean(2010) argued that the direction and strength of phonetic

interference depends on language dominance. Thus, if a bilingual

speaker is more dominant in the L2, there will be more phonetic

interference from L2 to L1 than from L1 to L2 (Gildersleeve-Neumann

et al., 2009; Simon, 2010). Since the heritage speakers in the present

study were L2-dominant bilinguals, it could have been that the

phonetic interference occurred to a larger degree from L2 to L1 than

from L1 to L2. Thus, it is assumed that, whereas the interference

from L2 to L1 was strong enough to demonstrate significant difference

in the performance between the heritage speakers and the native

Spanish speakers, the interference from L1 to L2 was not. This view

supports Flege et al.(2003) in that, when a bilingual speaker

approximates the phonetic norm of an L2 speech sound, the production

of the corresponding L1 speech sound diverges from the L1 phonetic

norms.

5. Conclusion and Implications

The purpose of this study was to examine whether phonetic

interference from L2 to L1 sound system occurs if the L2 is more

dominant than the L1. The present study focused on the production of

Spanish and English /b, d, g/ and /p, t, k/ of Spanish heritage

speakers who are more dominant in English. Previous studies

regarding VOT in early bilingual speech production showed two

possibilities in the creation of stop categories; some studies support

that bilinguals create a merged category for /b, d, g/ and separate
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categories for /p, t, k/ (Flege & Eefting, 1988; Mack, 1990), while

others posit that bilinguals are able to create separate categories for

both /b, d, g/ and /p, t, k/ (Magloire & Green, 1999; Sundara et

al.,(2006). Zampini and Green(2001) argued that the merging of /b, d,

g/ occurred in some studies because the language mode was not

carefully controlled and for this reason the bilinguals in those studies

were put closer to the bilingual mode in which both bilinguals’ L1 and

L2 were activated. In order to fully understand whether bilinguals are

able to distinguish stop categories in L1 and L2, the present study

intended to place the heritage speakers in the proper language mode

by conducting the Spanish and English sessions one week apart and

by giving instructions in the proper language. The results showed that

heritage speakers’ Spanish /b, d, g/ and /p, t, k/ were significantly

different from the English counterparts, which implies that they were

able to distinguish stop categories in L1 and L2 when put into the

proper language mode.

When heritage speakers’ production in Spanish and English was

compared to that of the native control groups, results showed that the

heritage speakers’ Spanish /b, d, g/ and /p, t, k/ were significantly

different from those of the native Spanish speakers, while their

English /b, d, g/ and /p, t, k/ were similar with those of the native

English speakers. This finding implies that there is a strong

relationship between language dominance and the direction of phonetic

interference in Spanish heritage speakers’ production of stop

consonants.

However, there are several limitations that should be addressed in

future research in order to confirm whether these findings can be

generalized to all heritage speakers who are more dominant in their

L2. To begin with, the present study only provided tendencies shown

in a small number of subjects that are heritage speakers of Spanish.

However, these subjects may not represent the general public. In order
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for these tendencies to be generalized, a larger number of subjects

should be considered to execute thorough statistical analyses.

Moreover, heritage speakers of different languages (e.g., heritage

speakers of Korean or Arabic) should also be taken into account to

verify whether the discrepancy only occur in a specific heritage group

or in all heritage speakers that are L2-dominant. Also, the factors

considered (language, group, voicing) or controlled for (language

dominance, word frequency, language mode) in the present study may

be sufficient to provide implications for the direction of phonetic

interference, but they do not provide the full picture. In fact, numerous

studies have shown that VOT varies strongly as a function of speech

rate for voiceless aspirated (i.e., long-lag) stops; it increases as one

speaks more slowly and, vice versa (Allen et al., 2003; Kessinger &

Blumstein, 1997; McCrea & Morris, 2005). Apart from speech rate, it

has been reported that gender also has an important role in the

variability in VOT; women tend to produce longer VOTs than men

regardless of age (Whiteside & Irving, 1997; Robb et al., 2005).
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