Non-native productions of Japanese single stops that are too long for one mora unit
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Abstract 2. Methods

The difficulty for non-native speakers in producing JapaneseProduction test Three mora words containing a voiceless stop
geminate stops with a long enough closure has been pointed oubnsonant in the second mora were used for the materials. They
and extensively studied. However, the reverse problem exists fowere natural words and non-words of which the first vowg) (V
particular language speakers such as Chinese. For these speakédssia/ and the pitch accent pattern is LHH. The syllable structures
production of Japanese intervocalic single stops sound likewere of 2 types, (C)VCVCV and CVCVV. The words used for
geminate stops. This study aimed to show acoustic evidence ahe materials were apapa, sapota (honsense words), atama (head),
this problem in the production of Japanese voiceless stops bjakano (a place name), satoo (the left party), katee (process),
learners of Japanese, and to compare speakers from differeyiakee (night view). 20 subjects, 5 Americans, 5 Chinese
language groups, English, Chinese and French speakers. TH®eijing), 5 French, and 5 Japanese participated in the experiment.
results of the experiment indicated that since some of the stop\ll the subjects, apart from the Japanese, were beginning learners
productions by Americans and Chinese were too long for oneof Japanese and their experience of learning Japanese was almost
mora unit, the Japanese heard a geminate (2 mora) instead ofthe same. The subjects were asked to read each word on the list
single. Because French subjects had a small difference in the stdpree times at normal speed. The speech material was recorded
durations from the Japanese value, only a few of their production®n a cassette recorder using a microphone in a quiet room. The
of single stops were perceived as geminates. The languageecorded material was digitized onto a computer with a sampling
differences in timing pattern for Japanese stops were interpretedate of 22 kHz. This was then analyzed via wideband
to reflect differences in timing implementation of native spectrograms (8 ms/125 Hz) and waveforms to measure the
languages that is stress-timed and syllable-timed, at leassegmental duration.
concerning the difference between English and French speakers.
Gemination perception test To judge whether the utterances
1. Introduction by non-native speakers were heard as geminated stop or a single
stop by native Japanese speakers, a gemination perception test
Rhythmic patterning, such as stress and syllable timing, variedVas carried out by 5 native Japanese speakers. 420 randomized
according to language. In general, it is difficult to acquire a Stimuli were presented to the subjects in a soundproof room. The
second language which is rhythmically distinct from the native SUPects were asked to judge whether the intervocalic single stop
language. Accordingly, for many learners of Japanese, masterinlj €ach stimulus was geminated or not at 3 levels.
mora timing in Japanese often turns out to be a problem and many
studies have examined this topic both acoustically and 3. Results
perceptually. What these production studies mainly captured was
the difficulty in producing Japanese special mora (geminate stopThe results of the acoustic measurement are shown in Figure 1.
long vowel, and moraic nasal) with a long enough duration toln the figure, the average durations of each segment in 4 words
distinguish them from their short counterparts. However, (atama, sapota, satoo, katee) are indicated according to the
particularly for geminate stop the reverse problem exists forlanguage group. First of all, closure duration (CD) and duration
particular language speakers such as English and Chinesef closure plus voice onset time (CVD) produced by the
speakers. For these speakers, production of Japanese single stofserican and Chinese speakers demonstrated longer values in
is not well controlled to adjust the mora timing and they soundevery word than for Japanese speakers. On the other hand,
like geminate stops, as isaQkana(CVCCVCV) for sakana French productions of CD and CVD were only a little longer than
(fish) (CVCVCV). On the other hand, speakers of some otherthe Japanese productions. For segments other than CD and CVD,
languages such as French, Spanish and Finnish appear to be alfe V, duration of Americans was found to be always shorter than
to realize smooth mora timing in CV sequences containing stopsJapanese M(p<.0001.) in spite of the longer duration of the total
This problem seems to be related to timing control in the nativeword length for Americans. These observed tendencies for the 4
language. This study aims to show acoustic evidence of thisvords in the Figure 1 are common for all the words.
problem in the production of Japanese voiceless stops by learners
of Japanese, and to compare different language groups, Englisfhe value to normalize the difference of total word length for CD
Chinese and French speakers. and CVD (N value) was calculated by dividing CD and CVD by
the total word length and multiplying by 100. Figure 2 indicates



the N value of CD and CVD. As was observed in Figure 1, th{
American and Chinese data show higher values for both CD ar
CVD than the Japanese values. These differences are even m A relreee o
prominent in Figure 2 than Figure 1. As for French speakers, i
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most of the words the N values of CD as well as CVD are longe 80 b
than those for Japanese speakers, but the differences are sm A e e .
The number of words that have statistical differences (p<.05 60 Ahe ne

from native productions in N value of CD and CVD are 6 (CVD)
and 5 (CD) for Americans, 7 and 5 for Chinese and 4 and 2 fg
French. From Figure 2 again, one notices a tendency for both G
and CVD to be longer before a long vowel such as in “yakee”
Although this characteristic is common to every language, ¢
language difference in the extent of CD and CVD lengthening is
observed. Figure 3 shows the results of the geminate percepti oo LMNERONIA o
test. The vertical axis indicates the percentage rate at whig
native Japanese speakers perceived a gemination (geming
; . . . 0 10 20 30 40 50
perception rate). The geminate perception rates vary according
the language types. Corresponding to the measurement resu N value of CVD

American and Chinese rates are outstanding for their higher ratEI‘—Tigure 4. Scatter plot of the geminate perception rate against N

French has a relatively small rate. Apart from the languageygiue of CVD for each utterance by American and Chinese
differences, differences in word types are also observEde ubjects

geminate perception rates tend to be higher in the words that
include a long vowel (CVCVV) than in the words consisted of a
single vowel (CVCVCV). every word. This indicated that since some of the stop
productions by English and Chinese speakers were too long for
Since duration of voiceless stops plays a crucial role in theone mora unit, Japanese heard a geminate (2 mora) instead of a
perception of Japanese geminate stops (Fujisaki et al., 1973), theingle (lmora). Timing implementation of Japanese stops by the
relation between N values of stop duration (CVD) and the French speakers was rather similar to that of Japanese speakers
geminate perception rate of the utterances was investigated. Iwhen compared to the Americans and Chinese, most of the
Figure 4, stop duration in every utterance by Americans andproductions of one mora by French speakers being heard as one
Chinese, and the geminate perception rate are plotted. In thenora by the native Japanese speakers.
figure where all the tokens of 7 words are included, both the
American and Chinese data exhibit a strong correlation betweenDifferent timing pattern based on the rhythmic structure of the
N value of stop duration and the geminate perception rate. Thepeakers’ native language seems to have emerged in Japanese
longer the stop duration of each token, the higher geminateproduction and caused the durational difference among language
perception rate. To take a word variation in the perception ofgroups, at least between English and French speakers. There is a
geminate stops, Pearson correlation between N values of stogifference in the rhythmic structures of English and French,
duration and geminate perception rate for every word in thenamely English is a stress-timed language while French is a
American and Chinese productions were analyzed. It was foundyllable-timed. In stress-timed English, syllables are lengthened
that N values of stop duration were highly correlated (p<.01) withor shortened depending on the stress position, namely syllables
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the geminate perception rate for every word. are prolonged when stress is assigned and shortened when they
precede or are followed by a stressed syllable. Regarding
4. Discussion consonants, some studies have noted the effects of stress on the

duration of stop consonants. Crystal & House (1987) reported

The phenomenon which motivated the present study is the nont_hat when CV in the context of —\VCV- is stressed, the consonant,

native productions of Japanese single stops that are perceived Karticularly a stop is extended about 1.4 times (for closure), 1.75
geminated stops by native speakers of Japanese. It is known thifnes (for closure plus VOT) compared to an unstressed CV.
this problem is seen in particular language speakers such askéwise, according to Stathopolous & Weismer (1983), the stop
Chinese. Comparing the speakers of 3 languages, the results gpration (closure) in stressed CV is 1.35 times longer than that in
the present study confirmed such general impressions acousticallynStressed. English stress seems to prolong consonants as well as
and revealed that the English and Chinese speakers showefpwels. It is considered that American productions of Japanese
longer stop durations than those of Japanese speakers. Abo@itoPS were lengthened due to the interference of this stress factor
35% of their single stops in 3 mora words were perceived adrom English. “In the typical foreign accented 3-mora Japanese
geminate stops. However the French speakers exhibited only’0rd by English speakers, stress-like accent is assigned to the
slightly longer durations for stops than the Japanese, resulting i§€¢0Nd mora and this did happen in this experiment too. This
an 8% geminate perception rate. The correlation betweeri€Ndency may derive from English stress. It seems that the
duration of the stops produced by Americans and Chinese and theécond mora was erroneously stress-accented and this stress-like
geminate perception rate was examined and found to be strong fGtccent might lead to the consonant lengthening. For English



speakers, we concluded that some of the stop productions imtterances derive from the length of VOT. Since Japanese has a
Japanese were lengthened as a consequence of the assignmenwvefy small VOT length, acoustic role of VOT in the geminate
stress-like accent, and lengthened stops resulted in nativperception has not been researched. However, from our results
Japanese perceiving a geminate stop. Apart from the stoghowing that the threshold values were only agreeable in terms of
duration, V| durations for Americans were notable for their CVD, it seems that Japanese speakers use VOT in the perception
shorter duration than those of any group including Japanese. Thigf a geminate. The acoustic role of VOT in the perception of
may be interpreted as a compensatory shortening for the streslkapanese geminate stops should be further examined through
lengthening. A V that precedes a stress-accented syllable isperception experiment using synthetic stimuli.

assumed to be shortened in the same pattern as has been observed

in the native language (Hoequist, 1983) even in the production of 5. Conclusions

a second language. Besideg dhother adjacent vowel,Valso

seems to be slightly shortened compensating the long StORhe present study provided acoustic evidence that the durations
durations for Americans. of some Japanese stops at the second mora produced by
o ) . Americans and Chinese were longer than those of Japanese
Syllable timing rhythm has been defined as a syllable recurring apeakers and French speakers produced slightly longer stops than
a regular timing interval. Although perfect isochrony has beenyp, Japanese speakers. Consequently, the proportion of
questioned f_or syllable timing, compared to stress-timed Eng”Shvproductions perceived as geminate was rather high for stops by
in syllable-timed French, syllable duration seems to be lessymerican and Chinese, while it was small for French productions.
affected by word contexts such as stress. In fact many studiehs janguage difference in timing pattern in Japanese stops was
have verified that the degree of stress-induced segmentgiyerpreted to reflect a difference in timing implementation of

lengthening is lower in French than in English (Fant, haiive language, at least concerning the American and French
Kruckenberg & Nord, 1991). Accordingly French consonants areiferences.

also expected not to be extended much by a stress factor and this
can be confirmed by some studies that show consonantal data
(O'sShaughnessy, 1984). According to these studies, consonants
in the word final syllable were the almost the same length as in_ .
word non-final unstressed position. Because of French syllable! NS work was supported by JSPS grant no.7849.
timing that is basically free from stress-induced duration increase,

the French speakers were successful in adjusting the duration of a 7. References

single stop within a one mora unit.
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Figure 1. Mean segmental duration in 4 words for each of the 4 language groups.

Figure 2.
Averaged N value
of closure duration
and VOT in 7 words
for each of the
4 language groups.

Figure 3.
Geminate
perception rate in
7 words for each of
the 4 language
groups
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