B2-3

Production variation of English schwa and Japanese listeners’ perceptual
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1. Introduction

Schwa in a word-final ﬁosition is.said to show more variation in F1 than in F2, whereas that in a
word-medial position has more variation in ¥2 than in F1 (Flemming and Johnson, 2007). Although
more recent study suggests that schwa in a word-final position is relatively consistent in yowel
quality compared schwa in a word-medial position (Flemming, 2009), schwa is kind of a vowsl
which is considered to show formant variations depending on contexts, The first part of the present
report attemﬁts to examine variation of schwa depending on word position (Experiment 1).

Secondly, the present research attempts fo show how Japanese listeners perceive English schwa,
especially, how their perception reflects schwa’s formant variation, based on Perceptual Assimilation
Model (PAM) suggested by Best (1994) (Experiment 2), The examination of Japanese listeners’
“perceptual assimilation” (Best, 1994; Best and Tyler, 2007) patterns bf English vowels has already
been reported by Strange ef al. (1998, 2001); however, which of the five Japanese vowels native
speakers of Japanese hear English schwa is not yet clarified. It is intriguing o investigate Japanese
listeners’ perceintion of schwa vowels not only because we can follow up the previous research, but
also because we can examine how perceptual pattern of schwa reflect its formant variation

depending on contexts.

2. Experiment 1: Variation of English Schwa
2.1. Background

English schwa vowels, which are generally considered as weak vowels or reduced vowels that
ocour in non-stressed positions, are said to have variation depending on word positions (Flemming
and Johnson, 2007; Flemming, 2009). In word-final position, schwa is said to have more variation in
¥ than in F2 (Flemming and Johnson, 2007), although more resent study suggests word-final schwa
vowels are much stable in formant qualities (Flemming,.2009). Word-medial schwa vowels, on the
other hand, show preater variation in F2 than in F1 (Flemming and Johnson, 2007). Flemming and
Johnson (2007) first made this point clear through examination of schwa in word-medial and
word-final positions, using real English words. The first section presents examination of English
schwa spoken by native speakers of English to see if we could obtain formant variation of schwa as
reported in the previous studies. Unlike Flemming and Johnson (2007), the present research
employed nonsense words for examination, where schwa appeared In the {ollowing positions: 1)
word-initial, 2) word-medial, 3) word-final without coda, and 4) word-final with coda.
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2.2. Recording
2.2.1. Speakers

One female Canadjan speakér and one male American speaker participated in recording.
2.2.2. Materials

Test materfals were nonsense words that contained schwa in various positions. Schwa was
surrounded by five different vowels, i.e. [®/ai], [i], ul, [e], and [ou], and four different consonants,
i.e. [bl, [d], [g], and [2] (see Table 1). The test nonsense words were presented to speakers by using
English alphabets, e.g. tagagite for ['tega,gait]. In addition to the test materials, real English words
and other nonsense words were also recorded as non-test words. The nonsense test words looked
unfamiliar in spellings, so written instructions as well as oral instructions for pronunciation were
given. The written instruction gave the speakers examples of words which had the same vowel as in
the nonsense test words, e.g. fagagifte: fa as in “tabby”, ga as in “soda”, gite as “bite”™.
2.2.3. Recording condition

Recording of each speaker took place on different days in a guiet room. Test nonsense words and
non-test words were recorded on SONY DAT walkman recorder at 48 kHz. The recorded speech was
re-digitized using Adobe Audition 1.5 with sampling rate of 44.1 kHz and 16-bit resolution.
2,3. Formant analysis )
2.3.1.

Formant values at the midpoint of schwa were measured using the Praat software. Standard

Schwa in different positions

Deviations (SD) of formants showed that variation was greater in F2 than in F1 in all word positions

Table1: List of test materials, * x " indicates where the test nonsense words are missing.

Surrounding Vowel Context

Position [2e / ai] 51| [u] [e] Joul
Initial [o'baivije'daiz], [o'biplle'dit], [o'buf],lo'dusl, hd X
[o'gail, [o'zaid] [o'gik],[0'zi]  [o'guk},]e'_zut]
['teeba bait], ['tiba,bit], [kube,buk], ['tebabet], [kouba,bouk],
Medial ['teedo,dait], ['tida dit], ['kuda,duk], ltedadet], [koudadouk],
['tego,gait], ['tigo,git], ['kugs, guk] [tego,get],  ['’kouga,gouk],
['teezo zait] ['tiz,zit] ['kuzo zuk] ['teza, zet] ['kouza,zouk]
Final without coda  ['sesba],['seeds],  ['kibal['kids] ['pubel.['pnda] X x
['seega), 'smzo]  [’kigsll'kize]  [‘pugs], ['puzs]
Final with coda [easbab], ['pibabl, ['bubob],
[keedad], ['pidadi, ['budad], X x
[keegag], ['pigag], ['bugagl,
[kezez] ['pizez] ["buzoz]
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Table 2: Standard Deviation (SD) of schwa produced by the Canadian speaker (left) and
American speaker (right) in ERB (Equivalent Rectangular Bandwidth).

Canadian speaker American speaker

‘Word Position F1 F2 F1 F2
Initial .50 .80 g1 .86
Medial .89 88 .61 76
Final 32 .50 73 99 L
Final with coda 35 60 105 - .78

Table 3. Correlation ceefficients between formant frequencies (ERB) of schwa and those of

preceding and following vowels,

Canadian speaker  American speaker

F1 schwa & preceding vowel 769 (p <.001) 532 (p=.016)
schwa & following vowel 903 (p <.001) =059 (»=.803)
F2 schwa & preceding vowel 935 (p <.001) 842 (p<.001)
schwa & following vowel 944 (p <.001)" 918 (p<.001)

for both speakefs (Teble 2). To assess fhe significance, the {fahie of F-distribution for obtained data
was calculated, and compared to the value with the significance level of 5%. When the former is
greater than the latter, distribution patterns of the two different groups are significantly different
from each other. Results showed that the distributional variation of F1 was sigtﬁﬁcantly greater than
that of F2 for the Canadian speaker (F= 8D of F1 /SD of K2 = 1.71, ¥ (0.05) =1.56). On the other
hand, the value of F-distribution for the American speaker showed that the distributional variation of
* F1 and that of ¥2 are not signiﬁcéntly different (#=1.28, F (0.05) =1.56). Figure 1 shows formant
distribution in different positions in a scale of Equivalent Rectangular Bandwidth (ERB): (a)
word-initial, (b) word-medial, (c) word-final without coda, and (d) word-final with coda.
2.3.2. \ariafion conditioned by surrounding vowels

Only word-medial schwa vowels wete subject to the analysis. Formant values of the surrounding
vowels as well as those of schwas were measured at the midpoint of the vowels® steady state. For
both speakers, positive correlation was obtained between F2 values of schwa and those of
surrounding vowels (Table 3); correlation between F1 of schwa and that of preceding vowels were
also |obtained for both speakers. However, correlation between Fi of schwa and that of following

vowels were obtained only for the Canadian speaker.
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Figure 1: Formant frequencies of schwa produced in different positions: (a) word-initial, (b)
word-medial, (c) word-final without coda, and {d) word-final with coda. Formant frequencies are
converted from Hz to ERB by using the following formula: ERB = 21.41og10(0.00437f+1).

24, Summary

In this section, we demonstrated formant variation of schwa vowels. In the present research, F2
vatiation was greater than F1 variation in all positions. The results are slightly different from those
of the previous study, which suggests F1 variation is greater than F2 variation in word-final position
(Flemming and Johnson, 2007). In Flemming (2009), however, word-final schwa is said to be stable
in quality; as Fig. 1-c and Fig. 1-d tell you, it can be said that schwa vowels in final positions are
more stable than those in the other positions in the pres;ant research as well, at least for the Canadian
speaker, This finding is paraliel to the suggestion of Flemming (2009). In addition, effects” of
surrounding vowels were observed for both speakers; but correlation between F1 of schwa and that
of following vowels were obtained only for the Canadian speaker. _

The reason why our results differed from previous findings may be because our test materials
were nonsense words, while test materials of the previous study were real words (Flemming and
Johnson, 2007). We need further experiuents to examine the effects of meaningfulness on schwa
variation. Another possibility is that the results reflect dialectal difference of speakers, The effects of

dalects on schwa variation are also an open guestion.




25

29 O . & schwa
i & Po
19 ;E - O api
o
= 4 Alpe
{33y
13 5 .. X 3Pa
10 L . I L L N L L ' -
§ 7 2 8 @ 11 12 13 14 156 1§

F1
Figure 2: Formant frequencies of schwa and Japanese vowels in ERB. Error bars show 8D,

3. Experiment 2: Perception of Engllsh Schwa by Japanese listeners
3.1. Background

This part of the report attempts to show perceptual patterns of English schwa by Japanese listeners
based on PAM (Best, 1994; Best and Tyler, 2007). PAM predicte that listeners perceptually
assimilate foreign speech sound to native speech sound. The word “perceptual assimilation™ refers to
the process of perceiving an auditory presented non-native speech sound as a native speech sound.
For example, if the English vowel /t/ is perceived as equivalent to the Japanese vowel /i/ by a
Japanese-speaking listener, the English /1/ is assimilated to the Japanese /i/ by the speaker. Strange ef
'al. (1998, 2001) concerned with Japanese listeners’ perceptual assimilation of English vowels; but
they did not deal with schwa vowels. The present report examines perceptual assimilation patterns of
English schwa, especially, how they reflect formant variation of schwa cbtained in Expermlent 1.
3.2. Listeners ' _

Twenty native speakers of Japanese (3 males, 17 females) ranged in age from 20 to 24 years
participated in a perceptual experiment, ' ’
3.3. Procedure
' Nonsense test words recorded for Experiment 1 were used as stimuli. Fora per;:eptual experiment,
participants were divided into four groups, and each group was presented with the same stimuli in
different order. The participants wore headphones (SONY Dynamic Stereo Headphones MDR-Z500)
connected to EPSON laptops, and they transcribed the stimull in katakana, as if they were adapting
new lomwords to Japanese. They had a practice session before an experimental session.
3.4, Results i

Assimilation responses were dominantly Japanese /a/, i.e. 96%. Other responses such as Japanese
A/ and /o/ were obtained, but they were rare, i.e. less than 4%. /u/ and /0/ responses were mainly
obtained for the contexts ['keegeg] and [‘keezoz]. Japanese fef and /if response were not reported at all.
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3.5. Summary and Discussion
The experiment revealed that English schwa vowels were most likely heard as the Japanese vowel
/a/ by native speakers of Japanese. That is, listeners assimilated English schwa to Japanese /a/
regardless of formant variation of schwa vowels. The reason why Japanese listeners assimilated
English schwa to Japanese /a/ may be the formant similarity between English schwa and Japanese /a/.
So, we tested the hypothesis by recording Japanese vowels produced by a male Japanese speaker and
compared the formant values of Japanese vowels to those of schwa (Figure 2). Figure 2 shows that
“schwa does not seem to be any closer to Japanese /a/ than the other Japanese vowels. Thus it réquires

further examination io reveal why English schwa Is perceptually assimilated to Japanese /a/.

4. Conclusion

We first examined formant frequencies of English schwa vowels in various poéitions, and showed
formant variation of schwa. Secondly, we examined Japanese listeners’ perception of schwa based on
PAM to see if the perception pattern reflects schwa’s formant vatfation. The results showed that

schwa vowels were perceptually assimilated to Japanese /a/ predominantly.
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