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Abstract

It has been observed that Mandarin speakers tend to make errors in production and perception of the
Japanese voiceless stops with their voiced counterparts, especially in the word-medial position. In this
study, a perception experiment using the Japanese voiceless bilabial stop along a VOT continuum in the
word-initial and word-medial positions was conducted with three groups of Taiwan Mandarin (TM) lis-
teners at different Japanese proficiency levels (novice, beginning, and intermediate) and a group of na-
tive Japanese listeners. It was found that the TM listeners across Japanese proficiency levels were able
to perceive [p] even with a short-lag VOT in the initial position, but had difficulty in the medial position
when a VOT was short (0 to 25 ms). The results also revealed that the TM listeners’ perception varied
based on the phonetic contexts, and the interaction of VOT and the contexts might be a reason for the

variability.
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1. Introduction

This study was launched by a simple question when Mandarin speakers encounter Japanese stops,
why do they often confuse the voiceless stops with their voiced counterparts? Mandarin speakers tend to
make errors in production and perception by substituting a voiceless stop with a voiced one in the mid-
dle of a word, such as [seito] ‘student’ as [seido] ‘institution’ or [kaito:] ‘answer as [kaido:] ‘street’
(Nishigori, Komatsu, Ozaki, & Feng 2004). The primary reason for such errors may lie in the phono-
logical difference in stop contrasts between the two languages (Chiang 2010; Fukuoka 1995; Kitamura
1999; Liu 2005; Liu & Nishigori 2006; Nishigori, Komatsu, Ozaki, & Feng 2004). Japanese has voicing
contrasts (voiced stops /b, d, g/ and voiceless stops /p, t, k/) (Vance, 2008), while, Mandarin has no voiced
stops, and voiceless stops contrast in aspiration (aspirated /p", t", k"/ and unaspirated /p, t, k/) (Duanmu
2000; Lin 2007). Under the influence of L1 phonology, Mandarin speakers tend to link their native as-
pirated-unaspirated contrast to the Japanese voiceless-voiced contrast such that they produce aspirated
stops for voiceless stops and unaspirated stops for voiced stops (Chiang 2010; Fukuoka 1995; Kitamura
1999; Liu 2005; Liu & Nishigori 2006; Nishigori, Komatsu, Ozaki, & Feng 2004).

When L2 listeners hear non-native sounds, phonetic processing of the sounds takes place in order to
access phonological categories in the lexicon, and an assessment of phonetic similarities/dissimilarities
between non-native and native sounds may play an important role in processing. Many studies have
found evidence for such phonetic assessment corresponding to the learnability of non-native sounds
(Aoyama, Flege, Guion, Akahane-Yamada, & Yamada 2004; Best, Hallé, Bohn, & Faber 2003; Flege,
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Schirru, & MacKay 2003; Hallé, Best, & Levitt 1999; Kingston 2003; Sharma & Dorman 2000; Winkler,
Lehtoksoki, Alku, Vainio, Czugler, Csepe, Aaltonen, Raimo, Alho, Lang, Iivonen, & Nitdidnen 1999).
Frequently cited L2 sound learning models, such as the Speech Learning Model (SLM) proposed by
Flege (1995; 1999; 2003), the Perceptual Assimilation Model (PAM and PAM-L2) by Best (Best, Hallé,
Bohn, & Faber 2003; Hallé, Best, & Levitt 1999, Best & Tyler 2007), and the Native Language Magnet
Model (NLM) by Kuhl (Iverson & Kuhl 1995), consider the importance of both contrastive and non-con-
trastive phonetic similarities and discrepancies in L2 acquisition.

SLM hypothesizes that when a non-native sound is close enough to a native sound in a phonetic
space, and as long as it is identified as an exemplar of the native sound category, a new category for
the non-native sound will not be formed. Instead, the existing category will be modified over time by
merging the phonetic properties of the native and non-native sounds. The new sound is absorbed in the
merged category, which makes the sound difficult to produce and perceive like native speakers do. For
example, late bilinguals of English and French tended to produce /t/ with VOT length somewhere be-
tween the VOT length of French /t/ and English /t/ of monolinguals (Flege 1987).

On the other hand, the model predicts that when a non-native sound is phonetically distinct from
an L1 category, a new category will be formed for the non-native sound, and the existing native catego-
ries will shift away. Hence, the new sound is mastered relatively well. Aoyama, Flege, Guion, Akah-
ane-Yamada, and Yamada (2004) tested native Japanese speakers’ acquisition of the /1/ and /r/ contrast
in English which does not exist in Japanese. They found that Japanese children improved better in the
production of English /r/ than /I/, and the advantage of English /r/ in learning was attributed to its per-
ceptual dissimilarity from the Japanese rhotic.

NLM further considers phonetic distance within a category and predicts that phonetic variants
around a prototype in a native category are difficult to discriminate. This is called a perceptual magnet
effect. When non-native sounds are phonetically more similar to a native prototype, the discrimination
of the non-native sounds is more difficult (Iverson & Kuhl 1995; Iverson, Kuhl, Akahane-Yamada, Di-
esch, Tohkura, Kettermann, & Siebert 2003).

Another model, PAM and PAM-L2 proposed by Best (Best, Hall¢, Bohn, & Faber 2003; Hallé, Best,
& Levitt 1999) has a common ground with SLM; that is, both models agree that adults are capable of
perceptual learning of L1 speech sounds over time and of applying this ability to learning L2 sounds.
There is, however, a critical difference in PAM from SLM, which is that PAM focuses on articulatory
gestures. The model posits that when each sound of a non-native contrast is assimilated to a different
native category, discrimination between the non-native sounds is easiest; when both sounds of a con-
trast are assimilated to a single native category, and if one of them fits phonetically better to the native
category than the other does, then, discrimination is relatively easy; but if both sounds fit equally to the
native category, then, discrimination is the most difficult (Best, Halle, Bohn, & Faber, 2003; Hallé, Best,
& Levitt 1999).

No matter what listeners perceive is phonetic cues or invariant articulatory gestures, one prima-
ry phonetic property for Mandarin listeners to process Japanese stops may be voice onset time (VOT),
cross-linguistically a primary phonetic feature for stop categorization (Lisker & Abramson 1964; Shi-
mizu 1989). In a cross-linguistic study by Lisker and Abramson (1964), it was reported that VOT of
voiceless unaspirated stops was 0-25 ms (short-lag), VOT of voiceless aspirated stops was 60-100 ms
(long-lag), and some voiced stops exhibited negative VOT (prevoicing). For the Taiwan Mandarin (TM)
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stops, VOT of aspirated stops ranged from 75 to 92 ms, which belongs to a long-lag category, and VOT
of unaspirated stops ranged from 14 to 27 ms, which belongs to a short-lag category (Chao & Chen 2008;
Chen, Chao, & Peng 2007). Since the aspiration contrast is phonemic in their native language, Manda-
rin speakers must be sensitive to the amount of VOT and are likely to apply the two-way categorization
(short-lag or long-lag) in their native language to discriminate voicing in Japanese stops. Listeners may
tend to anchor short-lag stops with voiced stops and to anchor long-lag stops with voiceless stops. This
anchoring has been observed both in production (Fukuoka 1995; Kitamura 1999) and perception (Fukuo-
ka 1995; Liu 2005; Liu & Nishigori 2006; Nishigori, Komatsu, Ozaki, & Feng 2004).

However, this strategy might not always work well for the correct discrimination of non-native
stops. Rather, it may cause some confusion due to the complicated nature of VOT in Japanese stops.
First, VOT of Japanese voiceless stops, ranging from 25 ms to 57 ms reported in the previous studies,
does not fall exclusively into a short-lag or a long-lag category (Harada 2003; Homma 1980; 1981; Shi-
mizu 1996; Riney, Takagi, Ota, & Uchida 2007). Riney, et al. (2007) called this VOT range ‘interme-
diate.” Moreover, the VOT values of voiceless stops are inconsistent and influenced by position in a
word. Ogasawara (2011) reported that VOT became almost half as long in the middle of a word (ranging
from 13 ms to 23 ms) as at the beginning of a word (ranging from 22 ms to 42 ms). She also examined
TM stops and found that VOT of unaspirated stops ranging from 9 ms to 21 ms. Apparently, VOT of
word-medial Japanese voiceless stops is closer to that of TM unaspirated stops than aspirated stops with
VOT ranging from 50 ms to 78 ms. This would lead Mandarin speakers to categorize word-medial voice-
less stops as voiced.

In Fukuoka’s perception study (1995), Mandarin speakers and Shanghainese speakers had good
performance in discriminating word-initial Japanese stops, but they often confused word-medial voice-
less stops with voiced ones (e.g., mishearing [papa] as [paba]). Liu (2005) also reported a similar ob-
servation that the discrimination of Japanese voiceless stops by Mandarin speakers and Shanghainese
speakers was not as accurate in the medial position as in the initial position. She also found that among
the voiceless stops, [k] was the easiest, and [p] was the most difficult for Mandarin speakers because
cross-linguistically, as the place of articulation moves further back, VOT becomes longer and easier to
recognize as voiceless. The results from these previous studies suggest that VOT is a strong cue for
Mandarin (and Shanghainese) speakers when processing Japanese stops, and they apply the strategy of
linking relatively long VOT to voiceless stops and short VOT to voiced stops.

For word-medial stops, the ratio of the whole stop length including closure to the adjacent vowel
length may be another important cue for discriminating voicing of stops. Lisker (1957) pointed out that
the duration of closure and VOT can be a main cue for voicing distinction. He reported that the duration
of the intervocalic English [p] (130 ms) was longer than that of [b] (75 ms). Port (1979) reported that
the perceptual boundary between [b] and [p] in the words rabid and rapid was placed at around 75 ms of
closure duration in slow speech, and in fast speech the boundary shifted to about 8 ms shorter. For Jap-
anese stops, Muraki and Nakaoka (1990) measured the duration, including the closure of the intervocal-
ic [k] in jiken ‘incident’, at 85.6 ms and its ratios to the preceding and following vowels were 0.93 and
0.63, respectively. On the contrary, those ratios in the same word produced by Mandarin speakers were
2.3 ([k] to the preceding vowel) and 1.75 ([k] to the following vowel) due to their much longer closure
duration (186.2 ms) compared with native Japanese speakers’ (80.4 ms). In the current study, the clo-

sure duration for the word-medial [p] was set to 100 ms. [p] with 100 ms closure sounds natural, as the
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stop might be heard as a geminate [pp] with a longer closure; according to Homma (1981), the average
closure for Japanese /p/ was 77 ms and for /pp/ was 183 ms. Since the main purpose of the current study
is to discover the perception of a voiceless stop along with a VOT continuum by Japanese and Taiwan
Mandarin listeners, fixing the closure duration lets us focus on the VOT cue.

Although word-initial Japanese voiceless stops are not perfect exemplars of the category of voiceless
stops with long-lag VOT because of their ‘intermediate’ state in VOT (Riney, Takagi, Ota, & Uchida
2007), a relatively sufficient amount of aspiration seems to help Mandarin speakers hear stops as voice-
less. As previously mentioned, many studies have found word-medial voiceless stops are more difficult
to recognize as voiceless because of a short VOT, but little is known as yet regarding how much VOT is
necessary for perception of voiceless stops. In addition, the findings from the previous studies suggest
that the position in a word where a voiceless stop occurs might have some influence on the perception of
the stop. The interaction of VOT and this context effect, however, is not clear. One aim of the present
study is to address this issue. If TM speakers simply rely on the VOT cue, short-lag stimuli would be
consistently recognized as voiced no matter where a voiceless stop occurs in a word. Simple anchoring of
VOT with voicing contrast would suggest an effect of L1 transfer of phonological contrast. On the other
hand, if Mandarin listeners’ voicing identification of stimuli changes based on the position of the stop in
a word, this would suggest that a contextual effect modulates their VOT perception. Findings of the con-
textual effect on the degree of phonological contrast in a phonetic space have been reported previously
(Ingram & Park 1998; Lisker 1957); Lisker (1957), for example, pointed out that the intervocalic context
blurs the phonetic distinction between the English voiced and voiceless stops. Perhaps, a VCV context
would make the voiced-voiceless contrast less distinct in Japanese as well since phonetic characteristics
of voiceless stops would be minimized due to the influence from neighboring segments such as voicing
assimilation, coarticulation, or adjacent vowel duration. If so, in order to identify the intervocalic stop
as a voiceless stop, a greater amount of VOT might be necessary in the word-medial position than in the
initial position. Thus, this greater VOT would indicate the contextual effect on VOT perception and sug-

gest that TM listeners’ perception of Japanese voiceless stops might be modified by this effect.

2. Perception Experiment

This experiment examined TM listeners’ perception of a Japanese voiceless stop along a VOT
continuum (0 to 120 ms) presented in the word-initial and word-medial positions. Three groups of TM
listeners at different Japanese proficiency levels identified a voiceless bilabial stop [p] with a different
VOT and their results were compared with those of native Japanese listeners. As the previous studies
suggest, it was expected that TM listeners’ performance would be influenced by the contexts and the
identification of the voiceless stop would be more difficult in the word-medial position for the learners of

Japanese.

2.1. Materials

A female native Japanese speaker (the author) recorded two nonsense words [pago] and [gopa] in
a sound-attenuated booth, using a high quality microphone and a Protool digital recorder Version 7.1,
sampled at 44.1 KHz, 16 bit. Each nonsense word was produced with two different pitch patterns, ac-

cented (High-Low) and unaccented (Low-High). Japanese uses pitch accents, and it has been reported
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that pitch accent affects VOT, such that VOT in an accented syllable is longer than in unaccented syl-
lable (Homma 1981) although such VOT differences in the stimuli used for this experiment were small.
Table 1 shows the phonetic information of the original recordings. VOT of initial [p] was 55.9 ms and
51.7 ms in the accented syllable and unaccented syllable, respectively, and VOT of medial [p] was 18.6

ms and 15.2 ms in the accented syllable and unaccented syllable, respectively.

Table 1. Duration and pitch at three points (onset-middle-offset) in [pago] and [gopa] (HL/LH)

Stimulus [p] VOT [a] [g] [0] Whole

[pago]-HL 55.9ms 162.7ms 62.3ms 215.7ms 613.5ms
Pitch (Hz) 282-279-267 176-151-145

[pago]-LH 51.7ms 179.7 ms 47.0 s 226.8ms 6158 s

Pitch (Hz) 207-190-192 236-256-248

Stimulus [g] [0] Closure [p] VOT [a] Whole

[gopa]-HL 53.5ms 156.9ms 114.5ms 18.6ms 216.0ms 557.6 s
Pitch (Hz) 266—296-302 226-182-164

[gopa]-LH 20.2ms 166.4ms 95.4ms 15.2ms 179.3 ms 489.3 s
Pitch (Hz) 176-168-164 250-242-243

For the HL stimuli, the onset of the FO contour was manipulated to set at around 300 Hz in the
first syllable and it moved downwards from 200 Hz to 150 Hz in the second syllable. For the LH stimuli,
F0 moved downwards from around 200 Hz at the onset to around 180 Hz at the offset in the first syllable
and it remained at 250 Hz in the second syllable. These F( settings were chosen to try to be close to the
average of the originals in order to sound natural. The VOT of each nonsense word was manipulated
to create a VOT continuum varying in 5 ms steps from 5 ms to 100 ms along with stimuli with no burst
(O ms), with only burst (1 ms), VOT 110 ms, and 120 ms. Tokens with a VOT shorter than the original
length were prepared by cutting VOT out at a zero crossing from the original recording, and tokens
with a VOT longer than the original length were prepared by inserting frication noise at a zero crossing.
Tokens with VOT of 0 ms were created by eliminating burst and frication noises, and tokens with only
burst were created by eliminating only frication noises. The number of tokens for each continuum was
24, and the total number of tokens was 96 (2 nonsense words X 2 pitch patterns X 24 stimuli). In order
to eliminate any noise during closure, a 100 ms silence was added before the beginning of [p] in each
token as a closure. This duration was close to the average closure duration of the originals (114.5 ms
and 95.4 ms). All the manipulation was conducted using Praat (Boersma & Weenink 2005). Figures la
through 1d below illustrate the examples of the tokens.

e

”JM"WWMWW«M

silence 100ms [p] VOT120ms [} [ fol

Figure 1a. Token [pago] (LH) with a VOT 120 ms Figure 1b. Token [pago] (HL) with a VOT 0 ms
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e

Figure 1c. Token [gopa] (LH) with a VOT 50 ms Figure 1d. Token [gopa] (HL) with a VOT 10 ms

2.2. Participants

Four groups of listeners participated in the experiment. None of them reported speech or hearing
disorders. All participants were recruited in Taipei City, Taiwan. One group was native Japanese
adults (m=33) who were learners of Mandarin, and their average length of living in Taiwan was 5.7
months at the time of the experiment. Their proficiency of Mandarin was beginning or intermediate
level. Other groups were native speakers of Taiwan Mandarin, all of whom were university students.
Taiwanese participants were divided in three groups based on their proficiency of Japanese: novice (n
=37)—no prior training or knowledge of Japanese, beginning (n=31)-length of leaning Japanese was
less than one year, and intermediate (n=31)-length of learning Japanese was more than 2 years or
their Japanese proficiency was equivalent to two years study. Most of the Taiwanese participants were
English majors except four subjects from the beginning group and eight subjects from the intermediate

group. All participants received a small amount of money or credits for a course.

2.3. Procedure

The materials were pseudo-randomized, and two lists of materials with different orders of all the
stimuli were created. Participants were randomly assigned one of the lists. Each participant was test-
ed individually in a sound-attenuated booth. They were seated in front of a computer connected to a
response box. E-Prime software (Psychology Software Tools, Inc.) was used to run the experiment and
record responses. Participants wore high quality binaural headphones for listening to the stimuli. Oral
instructions in Japanese were given to the native Japanese participants and oral instructions in Taiwan
Mandarin were given to the Taiwanese participants by native speakers of TM.

Participants were asked to listen to each stimulus containing [p] and judge it in three ways: (1) the
target stop was a good exemplar of [p]; (2) it sounded like [p] but with too much aspiration (excessively
aspirated); or (3) it sounded like [b]. Participants were asked to press one button on the response box
when they judged the stimulus as (1) or to press another button when they judged the stimulus as (2).
They were asked not to press any button when their judgment was (3). This way of judgment created a
two-alternatives forced choice if the subjects perceived [p], and a Go/No-Go task if they did not hear [p],
both of which are commonly used in behavioral science (Shenoy & Yu 2012). This was a simpler task
than a three-alternatives forced choice task, such that this method could minimize confusion and errors
by the participants. The written criteria for sound identification were displayed on the computer mon-
itor during the experiment. The maximum response window was five seconds from the onset of each

stimulus, but when participants pressed a button, the next stimulus was played after one second. Prior
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to the test phase, participants listened to 20 of the experimental items’ in the practice phase to become
familiar with the stimuli and the task. Participants were asked to fill out a questionnaire about their

own and parents’ linguistic backgrounds at the completion of the experiment.

2.4. Results

The total number of data points was 12,672 (96 stimuli X 132 participants) and the number of [p]
responses was 10,968 (86.6%) including judged as 1 (a good exemplar of [p]) and judged as 2 ([p] with too
much aspiration) for the four VOT continua, [pago]-HL, [pago]-LH, [gopa]-HL, and [gopa]-LH. A gener-
alized estimating equations analysis was performed with the two-way categorical data (identified [p]/[b])
in order to examine effects of the context (word-initial and word-medial), pitch of the target mora (H and
L), subjects Japanese proficiency (novice, beginning, intermediate, and native), and VOT values as main
factors. A three-way interaction of proficiency, context, and VOT, and a two-way interaction of context
and VOT were also added as factors. The analysis revealed that context (Wald x*(1)=28.16; p<.001),
VOT (Wald x%(1)=131.23; p<.001), the three-way interaction (Wald x*(6)=22.74; p=.001), and the two-
way interaction (Wald #*(1)=28.15; p<<.001) were all significant except pitch (Wald x%(1) =1.44, p>.1)
and language proficiency (Wald x*(3)=4.39; p >.1). Table 2 summarizes the parameter information.

Figures 2a and 2b below illustrate the frequencies of [p] responses sorted by groups in the initial
and medial positions, respectively. The frequencies were calculated by collapsing the pitch factor, which

was found insignificant in the analysis.

Table 2. Parameter estimates

Parameter b SEb 95% C1 Wald x° df Sig.
Proficiency = 1 —.127 253  —.623 370 .250 1 617
Proficiency = 2 =272 293  —.846 .302 861 1 .353
Proficiency = 3 —.508 257 —1.011 —.006 3.927 1 .048
Context = 1 648 122 409 887  28.163 1 .000
Pitch =1 076 .0636 —.048 201 1.446 1 229
VOT 076 .003 .009 020 27.025 1 .000
[Proficiency = 1] * [Position = 1] * VOT —.004 004 —.011 .003 1.201 1 273
[Proficiency = 1] * [Position = 2] * VOT 006 .004  —.002 013 1.957 1 162
[Proficiency = 2] * [Position = 1] * VOT 001 .006  —.008 .010 .042 1 .838
[Proficiency = 2] * [Position = 2] * VOT 009 .005 .000 018 3.832 1 .050
[Proficiency = 3] * [Position = 1] * VOT 002 .004 —.006 .010 276 1 .600
[Proficiency = 3] * [Position = 2] * VOT 012 .004 .004 021 7.888 1 .005
[Proficiency = 4] * [Position = 1] * VOT —.013  .003 —.019 —.007 17.364 1 .000
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Figure 2b. [p] responses in [gopa]

Note that in Figure 2a, the TM listeners’ identification rate of [p] was always above 70% through
the VOT continuum, and it became slightly higher than the Japanese listeners’ rate after VOT longer

than 40 ms. Surprisingly, the TM listeners did not seem to have any difficulty in hearing [p] even with

a short-lag VOT (0 to 25 ms) in the initial position. On the other hand, in the medial position (see Fig-

ure 2b) hearing [p] seemed more difficult for TM listeners compared with their performance in the initial

context and also compared with native Japanese listeners’ performance when a VOT was short. For
the stimuli with a VOT less than 25 ms, TM listeners identified them as voiceless less than 70% of the

time regardless of their Japanese proficiency level, and interestingly, the intermediate group showed the

lowest frequency. On the other hand, native Japanese listeners maintained a high frequency through

the VOT continuum. These results indicate that the contexts influenced the TM listeners’ perception of

voicing contrast.

In order to confirm the contextual effect on
VOT perception, the frequencies of [p] respons-
es to the stimuli with a VOT ranging from 0 to
25 ms were further analyzed by collapsing the
pitch factor. Figure 3 shows the mean frequen-
cy of [p] responses sorted by the context and
clustered by Japanese proficiency.

A series of analysis of variances (ANOVA)
on the frequency of [p] responses was carried
out with context, Japanese proficiency, and
counterbalanced group as main factors. The
context factor was a within-subjects factor
and Japanese proficiency and counterbalanced
group were between-subjects factors. The main
effect of context (F(1, 124)=27.95;p<.001) and
the interaction between context and proficiency
(F(3, 124)=5.88; p=.001) were significant, but
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Figure 3. Mean frequencies of [p] responses to the

stimuli with a short-lag (0~25 ms). VOT
sorted by context (word-initial and word-me-
dial) and clustered by subjects’ Japanese
proficiency (novice, beginner, intermediate,
and native).
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the main effect of proficiency did not reach significance (F(3, 124)=1.26; p>.1). In order to examine a
simple effect of context for each proficiency group, the data were split across the proficiency factor. A
simple effect of context was significant for all Taiwanese subject groups: for the novice group (F(1, 35)=
8.82; p=.005); for the beginning group (F(1, 29)=18.94; p<.001); and for the intermediate group (1,
29)=13.12; p=.001); however, it was insignificant for the native Japanese group (¥(1, 31)=1.55; p>.1).
As Figure 3 and the statistical results revealed, the Taiwanese participants showed more difficulty in
hearing [p] in the medial position than in the initial position across their Japanese proficiency levels
when VOT was shorter than 25 ms; on the contrary, Japanese participants had no problem in hearing [p]
with a short VOT in both positions. Furthermore, pair-wise comparisons were carried out to compare
the performance of the Taiwanese groups with that of the Japanese group. The average frequencies of
all Taiwanese participants and of native Japanese participants were compared, and one-way ANOVAs
confirmed that Taiwanese participants’ performance was as good as Japanese participants’ in the ini-
tial position (F(3, 131)=.48; p>.5); nevertheless, Taiwanese participants’ performance became poorer
than Japanese participants’ (F(3, 131)=3.43; p<.05) in the medial position.

Next, the frequencies of excessively aspirated (EA) [p] responses were analyzed in order to inves-
tigate whether the listeners would be sensitive to the amount of aspiration within the same phoneme.
The number of data points obtained for EA [p] was 4,362 (39.826). A binary logistic regression analysis
was performed in order to examine the effect of the context (word-initial and word-medial), pitch of the
target mora (H and L), subjects Japanese proficiency (novice, beginner, intermediate, and native), and
VOT values as main factors. The analysis” revealed that proficiency (Wald x°=2363.94; p<.001), context
(Wald x°=11.43; p=.001), and VOT (Wald x*=1075.31; p<.001) were all significant, but pitch was in-
significant (Wald °=2.65; p >.5). Figures 4a and 4b illustrate correlation of the frequency on the VOT
continuum for each group in the initial and medial positions. Frequencies were calculated by collapsing
the pitch factor.
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In both figures, the correlation lines for Taiwanese groups are similar. In the word-initial context
(Figure 4a), the frequency passed 50% at around VOT 65~ 85 ms, and in the word-medial context (Fig-
ure 4b), it passed 50% at around VOT 50~70 ms. These VOT values in perception correspond to VOT
values of TM aspirated stops, 62 ms to 78 ms word-initially and 50 ms to 68 ms word-medially, reported
in Ogasawara (2011). Stimuli with a VOT longer than the VOT of TM aspirated stops were judged as
excessively aspirated exemplars by the TM listeners, which suggests that their perception of the Japa-
nese stop VOT was based on their native category without adjusting their perception for the non-native
sound when the task demanded they focus on the amount of aspiration. In addition, the Japanese lis-
teners showed a different performance on judging the EA stimuli from the non-native groups. Neither
word-initially nor -medially, the frequency of EA [p] crossed 509 throughout the continuum, which
indicates that the native listeners were not very sensitive to the amount of VOT. Since Japanese stop
categorization is based on voicing instead of aspiration, it is not surprising that they were not able to

hear VOT difference among the stimuli within the [p] category.

3. General Discussion

This study examined the perception of the Japanese voiceless stop [p] by TM listeners and Japanese
listeners. In the perception experiment, the Japanese [p] stimuli along the VOT continuum (0 to 120
ms) were tested with three TM groups at a different level of Japanese proficiency (novice, beginner, and
intermediate) and a native Japanese group. Some points were discovered. First, there appeared to be a
robust contextual effect on the perception of [p] for the TM listeners but not for the Japanese listeners.
The TM listeners across Japanese proficiency levels had difficulty in hearing [p] in the word-medial po-
sition when VOT was short, but they were able to hear [p] even with a short VOT in the initial position.
On the contrary, native listeners showed consistently good performance in hearing [p] regardless of the
contexts. Next, the TM listeners were sensitive to the length of VOT within a category, but the native
listeners were not. The TM listeners judged the stimuli with a VOT longer than that of their native as-
pirated stops as excessively aspirated [p]; whereas the native listeners failed to judge them as excessive-
ly aspirated even with a VOT over 100 ms.

It was unexpected that the TM listeners were able to successfully identify the initial [p] with a
short-lag VOT. One possible reason might be that they were already familiar with the voicing contrast
of stops in the word-initial position. Many of the participants are fluent in English and some of them
understand Taiwan Southern Min, both of which have a voicing contrast. In normal speech, stops oc-
curring in the word-initial position in English and Taiwan Southern Min have a shorter VOT than that
of the TM aspirated stops. As for the VOT in American English, Lisker and Abramson (1964) reported
a range from 20 to 120 ms (58 ms in average) for [p] in words in isolation. The average VOT of [p"] of
Taiwan Southern Min in adults’ speech was 39.37 ms and VOT of [p] was 10.24 ms in Tais study (2009).
Since the initial voiceless stops in those two languages are different from the TM aspirated stops in
terms of VOT, perhaps the TM listeners might have already learned the new category of voiceless stops
with a shorter VOT and established a strategy for correct perception as SLM (Flege 1995; 1999) predicts.
Whereas, medial Japanese stops usually have a very short VOT (e.g., 13-23 ms in Ogasawara (2011)),
which is analogous to the VOT of the TM unaspirated stops. Hence, it can be assumed that the Japa-

nese stops with such a short VOT occurring in the word-medial position are absorbed into the unaspi-
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rated stop category. The TM listeners thus have not acquired a good perception strategy to successfully
perceive the Japanese stops as voiceless.

Besides TM listeners’ familiarity with the voicing contrast in the initial position, there may be
some acoustic properties of stops other than VOT that might affect perception in different contexts.
Lisker stated, “From the accepted phonetic descriptions we have every right to expect that in post-
stressed intervocalic position the voiced-voiceless distinction is phonetically minimal.” (1957: 43). Lisker
(1986) listed 16 acoustic cues for distinguishing the English voiced and voiceless bilabial stops in the
intervocalic position, such as closure duration, the duration of the preceding vowel and F1 transition, re-
lease burst intensity, and so on (see Lisker 1986, pp.5—6 for the complete list), some of which were found
interacting with VOT. It is thus possible that if listeners do not make good use of those acoustic cues
for the perception of medial stops, a longer VOT might be required to perceive voiceless stops. Lisker,
Liberman, and Erickson (1977) and Summerfield and Haggard (1977) found that F1 transition interacts
with VOT in CV syllables in the way that a longer VOT is necessary for perception of voiceless stops
when voiced transition duration (VID) is longer or F1 transition is lower. If this holds in Japanese, the
F1 values in the onset of the following vowel [a] in the current study were in average 1000 Hz in the
initial position ([pago]) and 793.7 Hz in the medial position ([gopa]) which needed a longer VOT. This
might explain the reason why the TM listeners had more difficulty in recognizing the Japanese [p] with
a short-lag VOT in the medial position. Since the focus of this study was not to investigate the interac-
tions of different acoustic cues for stop perception, further study is needed to examine this issue.

In sum, it was found that the perception of non-native stops is influenced not only by phonetic simi-
larity between non-native and native sounds but also by the context effect. In the case of Japanese stop
perception by Mandarin listeners, the results of the current study were compatible with previous stud-
ies which found that Mandarin listeners are successful in perceiving voiceless stops in the word-initial
position but not in the medial position. This study further suggests that not because the listeners have
an ability to perceive a voiceless stop in the initial position, even when a VOT is short, but when a stop
occurs intervocalically, a longer VOT is necessary for the perception of voiceless stops, which indicates
a shift of perception by the phonetic contexts. Although the existing cross-linguistic speech learning
models such as SLM (Flege 1995; 1999), PAM/PAM-L2 (Best, Hall¢, Bohn, & Faber 2003; Hallé, Best,
& Levitt 1999), and NLM (Iverson & Kuhl 1995) do not exclude allophonic variations, subcategories for
allophones might need to be included in the models. In addition, how the learning of a non-native pho-
neme across allophonic categories is achieved should be taken into consideration. In other words, these
models need to consider the perceptibility of non-native allophones with a different degree in an acoustic
feature (e.g., the amount of VOT) and thus, which exhibit different acoustic similarity to a native sound

based on the contexts.

4. Conclusions

In conclusion, this study revealed some important points regarding the perception of the Japanese
voiceless bilabial stop by native and TM listeners. Firstly, the non-native listeners’ perception of the
stop varied in different contexts, but this was not the case for the native listeners. Second, it seems that
the non-native listeners’ perception of the stop is not based on simple anchoring of VOT and voicing;
instead, it is influenced by the interaction of VOT and the phonetic contexts.
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Endnotes

1 Their VOT was 0, 20, 50, 80, or 120 ms for each of the four continua: [pago] with HL pitch and LH pitch
and [gopa] with HL pitch and LH pitch.

2 R*=.011 (Hosmer & Lemeshow), .136 (Cox & Snell), .183 (Nagelkerke), Model x°(6)=1598.35, p<.001.
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