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1. Introduction

Phonetic drift refers to a gradual shift in phonetic categories that happens 
naturally over time.1）The drift occurs along various acoustic parameters, 
substantively changing the acoustic realization of category prototypes and 
moving the boundaries that separate phonetic categories from one another. 
Originally, the term referred to diachronic change that occurs as languages 
are imperfectly transmitted successively from generation to generation 
（Garrett and Johnson, 2013; Sapir, 1921）. More recently, however, the term 
has come to apply also to synchronic shifts in phonetic categories observed 
among individuals （Houde and Jordan, 1998）. With the sudden and 
dramatic change that occurs to one’s linguistic environment in immersion 
education, language learners abroad have demonstrated this kind of drift 
in native language phonetic categories under pressure to accommodate 
new segmental categories within their representational space for phonetic 
categories （Chang, 2011; Guion, 2003）.

Some of the most heavily studied phonetic categories both in speech 
production and speech perception research are the voiced and voiceless 
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obstruent stops. Differences in Voice Onset Time （VOT） consistently 
and reliably distinguish two, and sometimes three, categories along the 
continuum. Notably, speakers of different languages have been shown to 
place the acoustic boundary between categories at different absolute values 
along the scale. French speakers, for example, perceive a categorical change 
between voiced and voiceless segments at VOTs around zero （from -5 msec 
to +5 msec） （Caramazza & Yeni-Komshian, 1973） and produce segments 
from either category on opposite sides of the same boundary （Kessingerf & 
Blumstein, 1997）. English speakers place the boundary in the area of 30-
40 msec VOT （Winitz, LaRiviere & Herriman, 1975）. These boundaries 
are the classic example of categorical perception, in which listeners exhibit 
rather weak perceptual sensitivity to contrasts within the categories on either 
side of the boundary but heightened sensitivity to contrasts of equal acoustic 
distance that straddle the boundary.

Immersion in a second language environment can lead to phonetic drift in 
native language categories, a gradual ebb of the perceptual boundary between 
categories under influence from new phonetic surroundings. English native 
speakers immersed in French, for example, show measurable changes in 
the VOT boundary between voiced and voiceless stops （Tice & Woodley, 
2012）. In addition, boundaries between vowel categories along F1 and F2 
formant frequency dimensions have also been shown to exhibit phonetic 
drift under similar conditions. （Chang, 2013; Guion, 2003）. These effects 
can sometimes arise very rapidly during the initial period of immersion and 
then subside as the learner tunes into two distinct sets of acoustic realizations 
for phonetic categories.

In the present research we extend the study of phonetic drift to contrasts 
in place of articulation among voiceless fricatives. In particular, we are 
interested in the interaction between two similar, but distinct, post-alveolar 
sibilant fricatives in Japanese ［ɕ］ and English ［ʃ］, and their effects on 
the nearby voiceless alveolar fricative ［s］, which occurs in both languages. 
Following previous research we investigate whether studying abroad, 
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immersed in an English-language environment, leads Japanese learners 
of English to modify a native language phonetic category alongside the 
establishment of a new, distinct L2 post-alveolar fricative.

In a perception experiment reported elsewhere （Kawasaki, Tanaka, 
Takeuchi & Matthews, 2019）, we presented an identification task to two 
groups of late Japanese-English bilinguals: one with experience studying 
abroad in an English-speaking country （SA） and one with no study-abroad 
experience （NoSA）. With an array of real words displayed on a computer 
monitor, participants heard a nonsense CV-syllable masked in noise and then 
clicked on the word whose initial segment matched the consonant they heard 
at the start of the syllable. Figure 1 presents the resulting Confusion Matrices 
with audio stimulus items listed down the left side of each matrix and the 
corresponding identification judgments across the top.

Poorest performance was observed by members of both groups in the 
perception of the English labiodental fricative ［f］, with greater difficulty 
before the vowel ［i］ than ［ɑ］. While it may be tempting to attribute this 
difficulty to the absence of this articulation from spoken Japanese, the 
superior performance on the equally unfamiliar interdental ［θ］ shows 
that something more must be at play. While it lies beyond the scope of the 
present study, it seems likely that the acoustic similarity between voiceless 
non-sibilant fricatives ［f］ and ［θ］ could lead to single-category （SC） 
assimilation in the sense of the Perceptual Assimilation Model （Best, 1994, 
1995） or to equivalence classification in the sense of the Speech Learning 
Model （Flege, 1987）.

The more relevant observations for our purposes here are the disparities in 
identification accuracy for the alveolar sibilant fricative ［s］ between NoSA 
and SA groups and between the two vowel contexts ［i］ and ［ɑ］. The NoSA 
group accurately identified ［si］ at a rate of only 45.98%. This is precisely 
the phonetic context where ［s］ fails to surface in Japanese, undergoing 
alternation with ［ʃ］ when the sequence is created through morphological 
concatenation. There is no corresponding disparity in identification accuracy 
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before the vowel ［ɑ］, where accuracy rates are similar for both groups 
（87.36% and 92.31%） and no one misheard ［s］ as ［ʃ］. It appears that 
the source of interference with accurate perception is the phonological 
neutralization of the contrast that occurs in Japanese. Notably, however, 
the SA group demonstrates substantially greater accuracy （71.79%） 
and only one-third the rate of misidentifying ［si］ as ［ʃi］ （10.26% vs. 
36.78%）, showing that the extensive exposure to spoken English afforded by 
immersion may lead to overcoming the interference effect of a learner’s L1 
phonology.

2. Experiment

The mapping of phonetic categories applies both to perception and to 
production. Phonetic drift in speech production leads to measurable changes 
in the pronunciation of native language categories under pressure from 
developing categorical representations for segments in an individual’s L2. 
We therefore conducted the following experiment to measure phonetic drift 
in the pronunciation of voiceless sibilant fricatives among Japanese-English 
bilinguals with different amounts of experience surrounded by natural 
spoken language input.

2.1. Method
To determine whether fricatives exhibit the same kind of phonetic drift 

that has been observed for obstruent stops and vowel categories, we elicited 
English and Japanese voiceless sibilant fricatives from a diverse group of 
Japanese-English bilinguals. In case there might be an interaction between 
any observed phonetic drift and spoken language exposure, we divided 
participants into three groups based on their amount of experience immersed 
in an English-speaking environment. The elicited forms were then submitted 
to careful acoustic analysis to measure the effects of L2 exposure on L1 
phonetic categories.
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2.1.1. Participants
Thirteen participants in three groups performed an elicitation task, 

producing target forms both in isolation and within a carrier phrase. They 
included 7 participants who had studied abroad in an English-speaking 
country for a range of durations from approximately one month to more 
than 10 years （the SA group）. We recruited another 4 participants with no 
experience abroad （the NoSA group）, although they did have some degree 
of experience with English in Japan as they all major in English linguistics. 
Finally, a small group of two simultaneous bilinguals （the SB group） was 
included to compare the effects of late age immersion with life-long exposure 
to both phonetic inventories. Both individuals were born and raised in Japan 
in a family where both parents are English native speakers and the language 
spoken in the home is exclusively English. Also, both individuals have 
attended all of their schooling since kindergarten exclusively in Japanese.
2.1.2. Materials

The distinct places of articulation for the sibilant fricatives under 
investigation are measured through an acoustic correlate known as Center of 
Gravity （Hanulíková and Weber, 2010）. Both English and Japanese contain 
an alveolar fricative ［s］ with CoG near 7000 Hz, but the two languages 
differ in their realization of post-alveolar fricatives, broadly transcribed as /ʃ/. 
Japanese contains an alveopalatal fricative ［ɕ］ with CoG between 5000 and 
6000 Hz, whereas English contains the palatoalveolar fricative ［ʃ］ with CoG 
near 4000 Hz （Figure 2）.

Elicitation materials contained real English and Japanese words with initial 
voiceless sibilant and non-sibilant fricatives as well as stops before a high or a 

Table 1. Participants Groups

Group SA NoSA SB

n 7 4 2

ages 19‒23, 33, 47
m ＝ 25.3

19‒21
m ＝ 20

14‒17
m ＝ 16.5
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low vowel （Table 2）. Only items containing voiceless sibilant fricatives were 
submitted to acoustic analysis.

The two vowel environments are important because Japanese phonology 
neutralizes the contrast between alveolar and post-alveolar obstruents before 
the high front vowel （i.e., ［i］） while maintaining the contrast, including 
minimal pairs, before low vowels （i.e., ［a］）.
2.1.3. Procedure

Participants produced items in four blocks: two in English and two in 
Japanese. All items were pronounced both in isolation and embedded within 
the carrier phrase “I say ____, again” or “Kore-kara ____ to iimasu.” Each 
list was repeated 3 times.

Audio recordings were digitized at 44.1 kHz, 16-bps, and subsequently 
passed through an 11 kHz low-pass filter. Center of Gravity was measured 
with Praat （Boersma & Weenink, 2019） at the center 40 msec span within 
each fricative, following Jongman, Wayland & Wong （2000）, as illustrated 
in Figure 3.

Table 2. Items elicited for analysis

Language Words

English sand, shine, sink, shield, tank, hide, fan, thank, kind, tint, hill, fill, 
thief, keen

Japanese san （酸）, shain （社員）, shin （芯）, ten （点）, han （班）, kan （缶）, 
tiin （ティーン）, hin （品）, kin （金）

Figure 2. Sibilants along Center of Gravity (CoG) scale （Hertz）

[ ]              [ ]              [s]

3000

4000

5000

6000

7000

8000
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2.2. Results
In the graphs that follow, Center of Gravity （CoG） is plotted from 0 to 

10K Hertz on both axes in order to compare the degree of deviation between 
two phonetic categories. Data points that fall along the line from the origin 
with a slope of 1 exhibit no diff erence between the categories. Th e further 
data points lie from the line, the greater the deviation between categories 
under comparison.

We begin by reporting cross-language comparisons in Figure 4. 
Measurements for Japanese categories appear on the y-axes and English 
categories on the x-axes. Panel A compares pronunciations of Japanese 
and English alveolar ［s］ before a low vowel and shows that the SA group 
produces these segments in a nearly identical fashion in the two languages, 
with some individual variation. Cumulative differences for the group 
appear in the Mini-Panel A at the bottom of the fi gure. Th e simultaneous 
bilinguals produce distinct articulations in the two languages with a CoG 
approximately 700 Hz higher for English ［s］ than for Japanese ［s］, though 
the distinction appears to be greater in the pronunciations of one member 

Figure 3. Portion of fricative in CoG measurement
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of the group than the other. One member of the SA group makes this same 
distinction, too, but the others exhibited the opposite pattern with lower 
CoG for English ［s］ than for Japanese.

Panels B and D show pronunciations of the post-aveolar fricatives 
before low and high vowels, respectively. The simultaneous bilinguals （SB） 
demonstrate use of the same articulation in both languages. Both groups of 
late bilinguals produce substantially lower CoG for these segments in English 
than in Japanese as seen in the Mini-Panels B and D at the bottom of Figure 
4, though individuals from each group do approach similar articulations 
in both languages. While both late bilingual groups differ markedly from 
the SB pair, there is no measurable difference between them, despite the 
differences in the their experience, or lack of experience, in an English 
immersion environment.

Panel C presents the analysis of sibilant fricatives before the high front 
vowel ［i］, an environment of phonological neutralization in Japanese. As a 
group, the SA participants resemble the simultaneous bilinguals in producing 
a clear distinction between ［s］ in English and ［ʃ］ in Japanese, unaffected 
by potential effects of Japanese neutralization when pronouncing English. 
However, here again, there is some variation, with two individuals producing 
nearly identical CoG in the two languages or even slightly lower CoG in 
English than in Japanese. The NoSA group produces roughly the same 
articulation in both cases, exhibiting a neutralization of the contrast in both 
languages in this phonetic environment （see Mini-Panel C at the bottom of 
Figure 4）.

The next set of results, presented in Figure 5, compares pronunciations of 
［s］ and ［ʃ］ in English to one another. It this case, measurements of CoG 

for the alveolar fricative ［s］ are plotted along the x-axes and post-alveolar 
［ʃ］ along the y-axes. For the most part, all participants clearly distinguish 
between these segments, both before the low vowel （A Panels） and before the 
high front vowel （B Panels）, with the exception of individual members of the 
NoSA group who produce segments with near identical CoG. Interestingly, 
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this behavior is not limited to the phonetic environment in which Japanese 
neutralizes the contrast （i.e., before ［i］）. Two members of the group produce 
very little difference between ［s］ and ［ʃ］ before ［a］ as well, whereas the 
other two members differentiate the segments with substantial differences in 
CoG. As a group, the NoSA participants exhibit a bimodal distribution in 
their pronunciation of the sibilant fricatives, indicating that they do not, in 
fact, form a homogeneous group （see especially Panel A in Figure 5）.

Figure 4. Cross-language comparisons of ［s］ and ［ʃ］ in Japanese and English
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The final set of data from the elicitation task appears in Figure 6. Here we 
compare CoG measurements for the ［s］~［ɕ］ contrast in Japanese, with the 
first along the x-axis and the second along the y-axis. As Japanese neutralizes 
the contrast before ［i］, these data are from pronunciations before the low 
vowel ［a］ only.

In general, all groups produced the alveolar ［s］ with measurably higher 
CoG than the alveopalatal ［ɕ］ as expected, with exceptions in both late 
bilingual groups. It may be that other acoustic characteristics distinguish 
these segments in the speech of those individuals, but we have no data 
to speak to that possibility. The range of acoustic cues available for 
distinguishing among sibilant fricatives is not widely understood and remains 
an area in need of additional research.

In summary, the simultaneous bilinguals （SB） appear to produce 
near identical segmental articulations for segments shared between their 
two languages （Figure 4, panels A, B, & D） but clearly differentiate the 
contrasts within each language （Figures 5 and 6）, including in the phonetic 

Figure 5. Comparison of English［s］ ~ ［ʃ］ fricative contrast
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environment where Japanese phonology neutralizes the contrast （Figure 4, 
panel C）. The SA group exhibit variable performance: sometimes resembling 
the SB group （Figure 4, panel C; Figure 5, panel B）, sometimes resembling 
the NoSA group （Figure 4, panels B & D）, and sometimes falling between 
the two other groups （Figure 4, panel A; Figure 5, panel A）.

3. Discussion

The primary issue to be addressed by these findings is whether the 
experience of studying abroad, and the corresponding greater experience 
with spoken English input that immersion affords, leads to phonetic drift 
in the pronunciation of late Japanese-English bilinguals. In comparison 
to the NoSA group, participants in the SA group did indeed produce the 
alveolar fricative ［s］, a segment in both Japanese and English, with a CoG 
more similar to simultaneous bilinguals who have been speaking English 
their whole lives. In addition, we have seen that those with study abroad 
experience resemble the simultaneous bilinguals in producing distinct 
articulations before the vowel ［i］ for English ［s］ and Japanese ［ɕ］, escaping 

Figure 6. Comparison of Japanese［s］ ~ ［ɕ］ fricative contrast

sh
ai

N（
J）

10000

8000

6000

4000

2000

0
0 2000

SA

SB
NoSA

4000 6000 8000 10000
saN（J）



─ ─135

the neutralization effects of L1 interference that members of the NoSA group 
show. Moreover, they more clearly differentiate the English contrast between 
［s］ and ［ʃ］ than the NoSA group does.

While the simultaneous bilinguals appear to have developed a single post-
alveolar fricative that they employ in both languages （contrary to bilinguals 
reported in Fowler et al., 2008）, both groups of late bilinguals show distinct 
articulations for Japanese ［ɕ］ and English ［ʃ］. Looking at individual 
data, however, we see that most members of the SA group appear to be 
drifting toward a common articulation for these two segments, as their ［ɕ］ 
approaches CoG values nearly equal to their articulations of ［ʃ］. While we 
are unable to conclude that such merging of phonetic realizations arises as a 
direct consequence of the greater exposure to spoken English that this group 
has experienced, it is nevertheless consistent with that analysis.

Without intensive immersion experience, participants in the NoSA group 
were not expected to have established separate post-alveolar fricatives for 
Japanese and English. Based on the PAM （Best, 1995） and SLM （Flege, 
1995） frameworks, we predicted the similarity between L1 and L2 segments 
would precipitate equivalence classification （or equivalently, single-category 
assimilation）. Recall, however, that the pool from which these participants 
were recruited was comprised of Japanese university students majoring 
in linguistics with coursework in English phonetics. Taking this into 
consideration, we now speculate that phonetic drift may not arise solely from 
intensive exposure as experienced in an immersion environment but may 
also emerge from the heightened perceptual awareness that is brought about 
through acquired metalinguistic knowledge as well.

Finally, it should be pointed out that phonetic drift could be instantiated 
in two different ways. The first can be thought of as a kind of attraction, 
where phonetic categories in a learner’s native language acquire acoustic 
characteristics that resemble elements in the second language input that 
surrounds them. Another type of phonetic drift can be envisioned whereby 
native language categories exhibit a kind of dispersion from one another 
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under pressure from the insertion of a new category between existing 
categories. This would be the condition that English native speakers face 
when acquiring Japanese. Their native language fricatives ［s］ and ［ʃ］ 
represent distinct categories along the CoG scale （as presented in Figure 2 
above）. The introduction of Japanese ［ɕ］ amid those categories could drive 
each of the native categories to drift in opposite directions to accommodate 
the new category. We consider this to be an interesting new direction for 
research on phonetic drift which we hope to pursue in future experimental 
work.
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