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ABSTRACT

This research investigates the effect of the acquisition of
English voice onset time (VOT) by early Japanese English
bilinguals on their production of the Japanese counterparts
in L1. The data were collected from 6 monolingual
English speakers, 6 monolingual Japanese speakers, and 6
early Japanese English bilinguals. Results show that the
early bilinguals, who speak Japanese at home and English
elsewhere, make a distinction between Japanese and
English VOT regardless of the place of articulation. This
means that the bilinguals have successfully established
two different phonetic categories for Japanese and
English; however, their Japanese VOT values have ended
up being longer than those of the Japanese monolinguals,
while their English categories are not statistically different
from those of the English monolingual group. This may
imply that in order to maintain phonetic contrast in a
common phonological space not L2 sounds but L1 sounds
can be deviated from L1 phonetic categories.

1. INTRODUCTION

One of the challenging issues in second language
phonetics and phonology is how bilinguals produce an L2
sound. Recent studies show that even proficient bilinguals
may not produce an L2 sound exactly as monolinguals do
[e.g., 1]. This prediction corresponds to Grosjean’s view
that the “mixing” of the two languages occurs inevitably
because their two language systems are both engaged [2].
This view implies that interference is bi-directional [1, 3,
4].

The effect of an L1 sound on the production of an L2
sound has been well documented [e.g., 5, 6, 7, 8, 9].
However, it is still uncertain how the experience with L2
affects the production of sounds in L1. This research
investigates the effect of learning of English voice onset
time (VOT) by early Japanese English bilinguals on their
production of the Japanese counterparts in L1.

Both Japanese and English have voiced and voiceless
stops. Homma reports that the mean Japanese VOT values
of initial /p, t, k/ were 24 ms, 32 ms, and 45 ms,
respectively while those of medial /p, t, k/ were 7 ms, 16
ms, and 24 ms, respectively [10]. More recently, Han
reports word-medial VOT values, based on 12 tokens for
each of ten subjects: /p/ = 7.7 ms, /t/ = 12.0 ms, and /k/ =
17.9 ms [11]. As for English, Lisker and Abramson report
means of VOT values for initial voiceless stops both in
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on (/p/ = 58 ms, /t/ = 70 ms, /k/ = 80 ms) and in
ces (/p/ = 28 ms, /t/ = 39 ms, /k/ = 43 ms) [12].
g from these available English data, it is quite
table that the VOT values of Japanese /p, t, k/
ced by native English speakers (NE) are longer than
of native Japanese speakers (NJ). Although her data

ited to medial single stops, Han claims that NE’s
values for the Japanese voiceless stops were found to
ger than those of NJ (NE’s Japanese VOT /p/ = 15.6
/ = 19.6 ms, /k/ = 30.8 ms; NJ’s Japanese VOT /p/ =
s, /t/ = 12.0 ms, /k/ = 17.9 ms) [11]. But there are no
ble reports of Japanese English early bilinguals’
values for Japanese voiceless stops that are relevant
 research study.

uthenticity of VOT is related to the age of learning
13, 14]. Flege has developed the speech learning
 (SLM) to explain the age-related limit on the ability
duce authentic L2 sounds [1, 5]. This model assumes
 perceptual phonetic category for an L2 sound

es accurate production of the L2 sound and “many
oduction errors have a perceptual motivation” [1]. In
stages of L2 acquisition, learners may substitute an
und with the closest sound in L1, but as they get

exposed to L2, they may discern phonetic
nces between the L2 sound and the L1 sound. This
tual awareness may lead them to establish a new
tic category and to correctly produce the target
. The hypothesis in this model is that the likelihood
2 learners will discern the phonetic differences

ds on both the phonetic dissimilarity between the L1
e target L2 sounds as well as the age of learning a

d language. In other words, the greater the phonetic
nce between L1 and L2 sounds is and the earlier L2
rs are exposed to a second language, the more likely
re to notice the phonetic difference, which will lead

hentic production of L2 sounds.

ver, this model suggests that “even when categories
tablished for an L2 sound, the L2 sound might not be
ced exactly as it is produced by native speakers.”
ionally, the term “interference” has referred only to
fluence of the L1 on the production of an L2, but
claims that “cross-language phonetic interference is
ctional in nature” [1]. He found that bilinguals

ced stops in their L1 with VOT values resembling
of stops in L2. This example contradicts the

onal view that the dominant language may remain
nt to an influence by the non-dominant language, at
or certain phonetic dimensions [e.g., 15].

rimary goal of the present study is to test the



hypothesis in Flege’s SLM that cross-language phonetic
interference is bi-directional in nature, specifically, among
very proficient Japanese English bilinguals, who speak
Japanese at home and English elsewhere. The study
addresses the following research questions: a) is there any
bi-directional interference in the production of Japanese
and English VOT by early bilinguals; and b) is there any
variation of bi-directional interference in the bilinguals'
production of Japanese and English VOT across places of
articulation.

2. METHOD

2.1 Subjects

The data for the study were collected from 6 Japanese
monolinguals, 6 early Japanese English bilinguals, and 6
English monolinguals. The Japanese monolingual speakers
participating in this study had never lived in an English
speaking country and had never used English in their daily
life. They were not always purely monolingual speakers
because almost every student in Japan is required to study
English as a foreign language in junior and senior high
schools, but the subjects in this study did not have a
functional command of English. The English monolingual
speakers were undergraduate students at a university on
the West Coast of the United States. They had never lived
in a foreign country for more than six months and had
never spoken other languages than English. The Japanese
English bilinguals were from Japanese-speaking families
in the United States and spoke Japanese at home and
English elsewhere. Most of these subjects had been
exposed to Japanese at a heritage language school or at a
school in Japan for a certain period of time.

2.2 Procedures

First the English data for the early bilinguals were
collected and then the Japanese data from the same
bilinguals were elicited to compare their English and
Japanese VOT. Each session consisted of a 20-minute
face-to-face pronunciation elicitation test administered in a
quiet room. During each session the informant was shown
pictures of objects which had been designed to elicit
words beginning with the target voiceless stop consonants.
The data from the monolingual speakers were collected,
using the same method.

2.3 Materials

The words were selected taking into consideration the
following criteria: (1) the following vowel quality ([a] for
Japanese words or [ ] for English words), (2) disyllabic
words, and (3) the same accent or stress pattern (HL for
Japanese VOT data, and stress on the first syllable for
English VOT data).

Following a picture cue, the subjects were asked to say a
word, inserting it in the Japanese carrier phrase sore wa
_____ desu (= That is _____) or in the English carrier
phrase I see a _____ in the picture. The subjects were asked
to repeat each word in the VOT corpus three times. The
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papa) tako (octopus) kame  (turtle)
Paris) tane (seed) kata    (shoulder)

tate  (length) kasa    (umbrella)

h VOT Corpus
/t/ /k/
tablet carrot
tadpole camel

ge taxi candy

ta Measurement

of the experimental words occurred three times on
ist except for papa in the Japanese VOT corpus. This
 that the total number of tokens for the Japanese
corpus was 324 tokens (7 words x 3 repetitions x 12
ts + 1 word x 6 repetitions x 12 subjects). For the
h corpus there were 324 tokens (9 words x 3

tions x 12 subjects). Average VOT values for each
of articulation for each subject were based on 9
ations.

uirer, a speech analysis program, was used for data
rement. The VOT of initial stops was measured to
arest millisecond from the beginning of the release
to the onset of voicing energy in F2 formants. Also,
aveform was used as secondary information. VOT
entified in the waveforms from the beginning of the

e burst to the first positive peak in the periodic
n of the following vowel.

3. RESULTS
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As expected, the monolingual Japanese speakers’
voiceless stops had substantially shorter VOT values than
those of the early bilinguals’ Japanese (30 ms vs 47 ms).
Also, all the bilinguals produced Japanese voiceless stops
with shorter VOT values than their English voiceless stops
(47 ms vs 69 ms), while their English voiceless stops had
shorter VOT values than those of the English
monolinguals (69 ms vs 79 ms).

Figure 2 will demonstrate the differences in VOT values
across places of articulation for all of the subjects.
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Figure 2 The differences in VOT values across places of
articulation for all of the subjects. The error bars enclose
+/- one standard error.

The mean VOT values obtained for each of the subjects
were submitted to a (4) Group and (3) Place of
Articulation ANOVA, which yielded a significant group
main effect [Group, F (3, 60) = 40.702, p < .0001; Place, F
(2, 60) = 9.171, p = .0003]. The duration pattern of VOT
relative to the place of articulation is similar across the
four groups: VOT is longest for /k/ (p < .05) and there is
no significant difference between /p/ and /t/ (p = .2555). In
addition, since there was no interaction between Group
and Place [Group * Place, F (6, 60) = .252, p = .9566], the
mean Japanese VOT values produced by the bilingual
subjects were greater than those of the monolingual
Japanese subjects regardless of the place of articulation.
However, though statistically not significant, there is a
trend that the bilinguals’ mean VOT values for /t/ in both
Japanese and English are more deviant from those of the
monolinguals. Since there was no significant difference
across places of articulation, the mean VOT values
obtained for each of the subjects were submitted to a (4)
Group one-way ANOVA. The analysis yielded a
significant group main effect [F (3, 68) = 34.660, p
< .0001]. Scheffe post hoc tests revealed that the
bilinguals produced Japanese voiceless stops with
significantly longer VOT values than the monolingual
Japanese speakers, but they produced them with
significantly shorter VOT values than their English VOT
(p < .0018). This suggests that the bilinguals are making a
phonetic distinction in VOT values between Japanese and
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nt from those of the Japanese monolingual group,
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t significantly different from those of the English

lingual group (p = .2830).

4. DISUCSSION

tudy clearly suggests that the early bilinguals, who
 Japanese at home and English elsewhere, make a
tion between the Japanese and English VOT values
less of the place of articulation. This means that the
uals have successfully established two different
tic categories for Japanese and English VOT;
er, their Japanese VOT categories are not the same
se of the Japanese monolingual speakers. But their
h categories are not statistically different from those

 English monolingual group.

uccess in establishing a new category for English
shows that the bilinguals were able to notice the
phonetic difference in VOT between English and

ese. This finding supports Flege’s hypothesis that
uals can establish a new phonetic category for an L2
 only when they discern the phonetic difference
en the L2 sound and the closest L1 sound [1].
ver, it is worth pointing out that the bilinguals’
ese VOT values are affected by those of English,
second language, and have ended up being longer
hose of the Japanese monolinguals. Therefore, we
rgue that there is clearly L2 interference in the
ction of Japanese VOT. But the finding that the
uals’ English categories do not differ from those of
glish monolinguals can imply that there may be no

erference in the production of English VOT.

inding that the Japanese categories of the early
uals are deviated from those of L1 Japanese speakers
be accounted for by the maintenance of phonetic
st in a common phonological space [1, Susan Guion,
al communication]. VOT is represented as either
ve VOT values standing for “voicing lead (onset of
l vibration prior to articulatory release)” or positive

values meaning “voicing lag (onset of glottal
ion following release)” [14]. For example, in
nce-initial voiced stops in Japanese, the voicing
y begins -35-0 ms on average before the release of
op closure [16], while in utterance-initial voiced
in English, it more frequently begins shortly after the
e of the closure. Utterance-initial voiceless stops in
ese and English are identified in terms of VOT: in
ese voiceless stops, the voicing starts shortly after
lease of the closure, whereas in English it starts 60-
 after the release of the closure. In other words, the
h voiced stops fall roughly in the same acoustic
as the Japanese voiceless stops. This can be

ated in the following diagram:



English stops

/b/ /d/ /g/ /p/ /t/ /k/

___________________ 0 ______________________

Japanese stops

/b/ /d/ /g/ /p/ /t/ /k/

___________________ 0 ______________________

(lead voicing) (short lag) (long lag)

Figure 3 Voice onset time in English and Japanese

The conflict of English voiced stops with Japanese
voiceless stops in the acoustic space may have caused the
bilinguals’ Japanese voiceless stops to be longer than
those of the monolinguals so that they could maintain the
phonetic contrast between the two stops. This may imply
that in order to maintain phonetic contrast in a common
phonological space not L2 sounds but L1 sounds can be
deviated from L1 phonetic categories. Although this will
require additional studies because VOT data for voiced
stops were not collected in this study, due to the conflict of
an L2 phonetic category with an L1 phonetic category a
bilingual’s L1 sound may not be produced in the same
way it is produced by monolingual speakers.
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