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Abstract
Due to various difficulties in pronunciation, utterances by non-
native speakers may be lacking in fluency. The Japanese pro-
nunciation is said to have mora-synchronism, and, therefore,
we assume that the disfluency may cause larger variations in
vowel durations. Analyses of vowel (and CV) durations were
conducted for Japanese sentence utterances by 2 non-Japanese
speakers and one Japanese speaker (all female speakers). Larger
variations were clearly observed in non-Japanese utterances.
Then, 10 Japanese speakers were asked to rate the non-Japanese
utterances. Strong negative correlations were observed between
durational variations and pronunciation ratings. Based on the
result, a method was developed for automatic evaluation of non-
Japanese utterances. The ratings by the method were shown
to be close to those by native speakers. Also, in order to of-
fer a corrective feedback in learner’s voice, non-Japanese ut-
terances were modified in their vowel durations by referring to
native Japanese utterances. The modification was done using
TD–PSOLA scheme. The result of listening test indicated some
improvements in nativeness.

1. Introduction
Due to recent internationalization, a number of foreigners come
to and reside in Japan. They need an extensive training of
Japanese language. In the meantime, there is an increasing re-
quest of learning Japanese in learners’ own countries. These sit-
uations require a large number of Japanese teachers, which will
be hard to realize. The recent advancement of speech technolo-
gies and high performance of personal computers made auto-
matic language training devices possible, and, therefore, many
researchers are trying to develop such Computer Assisted Lan-
guage Learning (CALL) systems.

In most CALL systems, the training of speaking skill is
done in the following three steps: to evaluate learner’s pro-
nunciation using speech recognition technology, to show the
difference in acoustic features of learner’s voice from those of
teacher’s voice, and to repeat teacher’s utterance as a corrective
feedback. However, this training strategy includes two major
problems. One problem is that the speech recognizer can only
tell the distance of learner’s utterance from a reference utterance
(this can be an average of native utterances, teacher’s utterance,
and so forth), and cannot tell if the learner’s utterance is accept-
able by native speakers. The other problem is that most learners
cannot get a good idea on how to correct their pronunciation
only from the difference in acoustic features and the teacher’s
utterance. If learners could, they need not do language training
from the first point.

We have been developing several CALL systems to solve
these problems. For instance, in the system for tokushuhaku
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me (long vowels, double consonants, nasal stops) pro-
ation training [1], the learner’s utterance was scored by
rcentage of native speakers possible to recognize learner’s
h. This scoring criterion was obtained through a listening
f synthetic speech by native speakers. We also developed
em for Japanese lexical accents, where, after recognizing
r’s word accent types, his/her utterance was corrected in
dic features and was served as a corrective audio feedback
his corrective feedback was shown to be beneficial for the
r to correct his/her lexical accent pronunciation.
the current paper, we try to develop an index to evaluate

r’s pronunciation skill as a whole. It is widely said that
synchronism is observable in Japanese utterance rhythm,
h arguments are still going on. Here, mora is a basic unit
anese utterance coinciding with a syllable, except when
udes a tokushuhaku phoneme. This mora-synchronism is
hard to be realized for non-Japanese learners. It could
torted by the rhythm in learner’s mother tongue and by
factors. In general, acquisition of the correct rhythm
eign language usually requires a long period of training.

on these considerations, we have attempted to evalu-
arner’s pronunciation level with the variations of sylla-
ora durations. As the starting point, we investigated on
he durational variation of each vowel is different between
apanese speakers and Japanese speakers. We also copied
er’s vowel durations during the analysis-synthesis process
rner’s speech, and checked if this process could have some
ve effect on the learner’s speech sounding as a native’s ut-
e. in nativeness. The modified speech thus obtained can
ved as a corrective feedback to the learner.
he rest of the paper is constructed as follows: In section
analysis is conducted on the vowel durations for non-

ese and Japanese utterances. In section 3, pronunciation
s by Japanese teachers are checked if they have any cor-
ns with the variations in vowel durations. Then, speech
cation experiment is conducted in section 4. Section 5,

a brief discussion on the results, and in section 6, con-
s the paper with the future work plan.

2. Analysis of vowel duration
f “Japanese Learner’s Database [3],” recently constructed
a national project on “Advanced utilization of multime-
promote Higher Educational Reform,” two non-Japanese

e speakers’ (F1 and F2, see section 3.1 for the detail) utter-
were selected for analysis. For comparison, one Japanese
e speaker’s (N) utterances were selected from the ATR
tinuous Speech Database for Research [4].” Speech sam-
sed for the analysis have the same (linguistic) content for
speakers. First the speech samples were segmented in



phonemes by the forced alignment using speaker independent
mono-phone models (HMMs) included in the Japanese speech
recognizer Julius [5]. The models were trained without separat-
ing male and female utterances, and their mixture number was
16. We used the segmentation results without any manual cor-
rections. Then, the vowel durations were analyzed separately
for normal vowels and long vowels. Here, the long vowel is
the vowel uttered in two morae, such as “oo” and “ii” in “ookii
(big).” This is because the mora boundary in the long vowel
cannot be detected by the forced alignment and the long vowels
may have different durational feature from normal vowels.

Table 1 shows mean µ, standard deviation σ and normalized
standard deviation σ/µ of the vowel duration for each speaker.
n is sample numbers. It is clear from the table that the (nor-
malized) standard deviation is larger for non-Japanese speakers.
This result inspired us to use the standard deviation of vowel
length as an index of unnaturalness of non-Japanese speech.

Table 1: Comparison of vowel duration between Japanese and
non-Japanese speakers.

speaker vowel n µ[ms] σ[ms]
σ

µ
N 61.9 29.9 0.483
F0 normal 1307 97.2 58.3 0.600
F4 115 64.5 0.561
N 118 36.3 0.308
F0 long 111 170 56.5 0.332
F4 155 60.6 0.391

3. Correlation between variation of vowel
duration and pronunciation rating

3.1. Pronunciation ratings by Japanese speakers

Utterances of 5 sentences from 49 sentence-set (Set C [7])
were first selected for 10 non-Japanese female speakers from
“Japanese Learner’s Database [3].” Then, 10 Japanese speakers
were asked to rate each speaker’s pronunciation skill by listen-
ing these 5 utterances. The ratings could be only on the mora
rhythm, but we asked the raters to evaluate the pronunciation
skill as a whole. This is because of two reasons; one is the rat-
ings focusing on one feature and neglecting others are usually
difficult. Sometimes this kind of request to raters causes large
distortions in the results. The other is that our goal is to find a
ruler for rating non-Japanese pronunciation skill and to change
the training content by referring to the ratings.

The raters were asked to choose one from 11 ranks, from
very poor to excellent. Since rather large variations were ob-
served in the ratings among raters, we first normalized them so
that ratings of each rater had the mean value of 0 and the stan-
dard deviation of 1. Then we took the average of the ratings
of the raters for each non-Japanese speaker. The results were
summarized in Table 2.

3.2. Vowel duration and ratings

Vowel variation can be viewed in various ways: only vowel part
or including consonants, to calculate all the vowels together or
each vowel, to calculate separately for preceding consonants or
not, etc. Although a lot of analysis is necessary before deciding
the best vowel duration definition for the purpose, here we sim-
ply decided to view the duration for each vowel separately. In
the current paper, we only compared two choices: to view CV
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Table 2: Ratings for non-Japanese speakers.
speaker mother tongue rate

F0(IWA F01) Chinese 0.208
F1(KYO F03) Russian -0.433
F2(KYO F09) Chinese -0.207
F3(OSA F03) Korean 1.99
F4(TKT F05) Chinese -1.18
F5(TOH F01) Thai 1.01
F6(TOH F07) Korean 0.143
F7(TOH F11) Korean -0.266
F8(TSU F01) Chinese -1.34
F9(TUT F05) Tagalog(not confirmed) 0.0818

onant+vowel) syllable duration, or to view duration of V
l) part. The result is shown in Table 3 as the correlation of
onal variations and pronunciation ratings. Figure 1 shows
heses two features relate with CV duration of vowel /e/.
duration of a syllable differs a lot with and without pre-

g consonant, syllables without consonant were excluded
the calculation of variation of CV duration. From a similar
n, long vowels are not counted. Also, to avoid the phrase
lengthening affecting the result, vowels immediately be-
hort pauses or the utterance end were excluded. In the
correlation was also calculated for variations normalized
segment duration. The better (negative) correlations were
ed for V for vowels /i/, /u/, and for CV for other vowels.

nteresting that the normalization degrades the correlation.
may imply that the absolute value of duration has some
n with the ratings, though further research is required to
to the conclusion.

3: Correlational coefficients between vowel durational
tions and ratings by Japanese speakers.

label V(σ) CV(σ) V

�
σ

µ

�
CV

�
σ

µ

�

/a/ -0.631 -0.730 -0.0970 -0.537
/i/ -0.687 -0.443 -0.404 -0.176
/u/ -0.778 -0.662 -0.749 -0.565
/e/ -0.646 -0.814 -0.259 -0.612
/o/ -0.545 -0.596 -0.462 -0.466

Pronunciation ratings from variations in vowel dura-

the result in the previous section, we constructed a method
omatic rating of non-Japanese pronunciation. The method
ormalizes standard deviation of CV or V duration of each
l using the distribution of all the non-native speakers’ de-
ns. Here, selection of CV or V is done following the result
tion 3.2: CV for /a/, /e/, /o/, V for /i/, /u/. The normalized
ard deviation for /a/ is given as follows:

s/a/CV(m) =
σ/a/CV(m) − µ(σ/a/CV)

σ(σ/a/CV)
(1)

, µ(σ/a/CV) and σ(σ/a/CV) respectively mean the average and
ard deviation of the standard deviations σ/a/CV of the vowel
ration (CV duration, for /a/) among the 10 non-Japanese
ers. m is the speaker number. Then the weighted average
normalized standard deviations for 5 vowels is calculated
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Figure 1: An example of correlation between raters’ ratings and
vowel durations.

and denoted as the estimated rating:

restimated(m) ≡ −{s/a/CV(m)n/a/ + s/i/V only(m)n/i/

+s/u/V only(m)n/u/ + s/e/CV(m)n/e/

+s/o/CV(m)n/o/} (2)

/(n/a/ + n/i/ + n/u/ + n/e/ + n/o/)

where n/a/ means number of samples of vowel /a/ in the 5 utter-
ances, and so on. The sign is changed so that the correlations
between the estimated ratings and the raters’ ratings take posi-
tive values.

Table 4 shows the correlations among the raters’ ratings.
It also shows the correlations between the estimated rating and
the raters’ ratings. In the table, the ratings by the Japanese raters
are represented as r1, r2, and so on. Rather high correlations,
similar to those among Japanese raters, are observable between
the estimated ratings and the raters’ ratings. This indicates that
the automatic rating can be used as an alternative to Japanese
speaker’s rating.

4. Speech modification by vowel length
manipulation

The results in the preceding sections indicated the importance of
vowel duration control in Japanese, though the role of phoneme
duration for conveying prosodic features is said to be minor as
compared to other languages, like English. So we investigated
how the non-Japanese utterances would be improved by copy-
ing vowel durations of native utterances.

4.1. Method of modification

The vowel durations of non-Japanese utterances were modified
to those of Japanese (N) utterances by the TD–PSOLA algo-
rithm [6]. The Hanning window was applied to the speech
waveform centered to the pitch marks to obtain speech seg-
ments, which were used for the overlap-add process:

w(i) = 0.5 + 0.5 cos

�
2πi

N

��
−N

2
≤ i <

N

2

�
(3)
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N is sample numbers in a pitch period. The entire modi-
n process is shown in Figure 2.

ince deletion and duplication of the segments deform the
r and F0 contours of original waveform, their timings were
ed sparsely for the entire period of the vowel; for instance,
third of the pitch periods should be deleted, every third

ent was deleted. For the current modification, the process
ostly deletion. To avoid the excessive deletion or duplica-
egrading the speech quality, the duration modification for
owel was limited between half and double of the original
.

igure 2: Algorithm for vowel duration modification.

Ratings after modification

sentences (different from those selected in the experiment
tion 3 ) were selected from the 49 sentences of set C (see
n 3.3), and their utterances by the 10 non-Japanese speak-
ere modified through the procedure in section 4.1. The
panese raters were again asked to evaluate the pronunci-
of the utterances before and after the modification in the
11 ranks as mentioned in section 3.3. So, each Japanese
er rated 20 sets (10 non-Japanese before and after modi-
n, each set with 3 sentence utterances) of utterances. To
the order of speech stimuli affecting the result, these sets
randomized before presenting to the raters. The resulting
s were also normalized in the same way. Figure 3 shows
sults: solid line for the original speech and dotted line for
odified speech. Each vertical bar indicates the one σ re-
The average rating for the original speech was −0.065,
that for the modified speech was 0.065. The largest im-

ment was obtained for F6, whose utterances were modi-
ost among 10 non-Japanese speakers. The standard de-

n of (normal) vowel duration decreased from 57.8 ms to
s by the modification in her case.

5. Discussion
we should note that to simply decrease the standard devi-
in vowel durations would not lead to the improvement
pronunciation skill. As widely known, duration of a

me changes by various factors, such as preceding and suc-
ng phonemes, number of phonemes of the word to which
oneme in question belongs, location of accent nuclei with

ct to the phoneme, and so on. The good correspondence
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Figure 3: Ratings by native Japanese before and after vowel
duration modification.

between standard deviations of vowel durations and pronun-
ciation ratings by Japanese may be true only when the non-
Japanese speakers are beginners of Japanese learning. When
their skill increases, a more sophisticated rating scheme is nec-
essary.

6. Conclusion

From the analysis of vowel durations in non-Japanese utter-
ances, a method was developed to rate the pronunciation skill
from their standard deviations. The obtained ratings were found
to have a good correspondence with those by Japanese speak-
ers. We also conducted a speech modification of vowel dura-
tions for non-Japanese utterances by copying those of Japanese
utterances. The result of listening experiment showed the posi-
tive effect of the modification on the ratings.

For the future work, we are planning to combine the de-
veloped method with others developed by the authors, such as
lexical accent pronunciation training method, to construct a uni-
fied CALL system teaching Japanese prosody to non-Japanese
learners.
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