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ABSTRACT

English and Japanese are quite different languages both phoneti-
cally and linguistically and it is often very difficult for Japanese
students to master English pronunciation. To help students im-
prove their pronunciation proficiency, a Japanese national project
of “Advanced Utilization of Multimedia for Education” has started
in 2000 and under this project, a large database of English words
and sentences read by 200 Japanese students was built mainly for
CALL system development. This paper describes a corpus-based
analysis and comparison of American English (AE) and Japanese
English (JE) by using WSJ database and the new JE database.
Here, Hidden Markov Models (HMMs), which are widely-used
acoustic modeling techniques of speech recognition, were firstly
made for individual phonemes in the two kinds of English, and
then, a tree diagram was drawn for the entire phonemes of each
HMM set. The analysis and comparison of the two trees showed
many interesting characteristics of JE, some of which are well-
known habits observed in JE pronunciation. The authors consider
that this study showed statistical differences between AE and JE
in view of the entire phonemic system of English for the first time.

1. INTRODUCTION

Development of CALL systems requires large databases of learn-
ers’ speaking/writing the target language because the current speech
and language technologies are mainly based upon statistical meth-
ods. However, when the national project began, databases of Japanese
students’ speaking English were quite rare except that a few spon-
taneous speech databases existed[2, 3]. But the current speech
recognition technologies are not mature enough to deal with even
native spontaneous speech adequately due to its large variations[4].
Considering that acoustic/linguistic variations in non-native speech
are much larger than in native speech, the databases of non-native
spontaneous speech may not have so good advantage for the CALL
system development and the databases of English read by Japanese
are required instead, which still have good advantage to help stu-
dents learning a new language. For these technical and educational
reasons, a database of English sentences/words read by Japanese
students was built in the national project. The first author of this
paper was in charge of the database design and development and a
brief description of the database will be found later.

In this paper, the new JE database was utilized not for CALL
system development but for analysis of JE pronunciation. An AE
read database can be easily found, a major one of which is WSJ.
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Table 1. Word and sentence sets prepared for the segmental aspect
of English pronunciation

set size
Phonetically-balanced words 300
Minimal pair words 600
MOCHA-TIMIT phonetically-balanced sentences 460
Sentences including phoneme sequences difficult for
Japanese to pronounce correctly 32

Sentences designed as test set 100

Table 2. Word and sentence sets prepared for the prosodic aspect
of English pronunciation

set size
Words with various accent patters 109
Sentences with various intonation patterns 94
Sentences with various rhythm patterns 121

with various intonation patterns, the following types of sentences
were included; 1) sentence pairs each of which are the same except
that one has a comma at a certain position and the other does not at
the position. This causes different intonation patterns, 2) sentence
pairs each of which are identical except that their focused words
differ, 3) sentences with different intonation patterns according to
their syntactic structure and/or their meaning, and so forth. In the
other sentence set, sentences with rhythm patterns of various diffi-
culties were prepared. Prosodic symbols for intonation and rhythm
were also assigned adequately to the material on a reading sheet.

2.2. Adopted strategy of the recording

Selection of speakers should be done carefully because the se-
lected speakers should cover as wide a range of English pronuncia-
tion proficiency as possible. If only voluntary speakers are adopted
for the recording, the database shall contain only speech samples
of good speakers of English. To realize the adequate selection, we
requested each of the recording sites to select randomly Japanese
students and have them participate in the recording as speakers.
Twenty organizations such as universities and colleges cooperated
in the recording and English speech samples spoken by 100 male
and 100 female students were collected. All the sentences in Ta-
bles 1 and 2 were divided into 8 groups and all the words were into
5 groups. The amount of the recording per speaker was a sentence
group (∼120 sentences) and a word group (∼220 words). There-
fore, each sentence was read by about 12 speakers and each word
was read by about 20 speakers for each gender.

Speakers were asked to have practice in pronouncing sentences
and words on the given sheets before the recording. During the re-
coding, they were requested to read the material repeatedly until
they could do what they thought was the correct pronunciation.
Even with this strategy of recording, many pronunciation errors
were easily expected because of Japanese students’ lack of knowl-
edge on the correct articulation of English pronunciation.

3. CORPUS-BASED ANALYSIS AND COMPARISON OF
AE AND JE PRONUNCIATION

3.1. Training of HMMs with the AE and JE databases

Monophones with diagonal matrices were adopted as HMMs be-
cause visualization of the results of the analysis required HMMs
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state separation

6V2 + 1L + 1G / 14

4V2 + 1G / 5

1V3 + 8V4 + 2N + 1L / 13

4V3 + 2V4 + 1L / 7

2V3 + 2V4 + 1N + 2G / 7

6N / 9

4V2 + 1G / 6

2V2 + 8V3 + 1L / 11

1V3 + 4V4 + 2L + 1G / 8

Vn : Vowel at state n
N : Nasal,  L : Liquid,  G : Glide
/M : Number of entries in the subtree

0V + 0N + 0L + 0G / 9

0V + 0N + 0L + 0G / 6

0V + 0N + 0L + 0G / 11

0V + 0N + 0L + 0G / 12

0V + 0N + 0L + 0G / 6
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1C4 / 10

0C4 / 9

14C4 / 14

1C4 / 12

0C4 / 7

3C4 / 10

0C4 / 7

2C4 / 12

0C4 / 10

1C4 / 11

0C4 / 8

3C4 / 8

0C4 / 6

0C4 / 6

Cn : Consonant at state n

state separation
2 3 4

HMM topology

Fig. 1. Two tree diagrams for the entire phonemes of American English and Japanese English
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Table 4. Ratios of Bhattacharyya distance in JE to that in AE
pair s2 s3 s4 pair s2 s3 s4
/r/&/l/ 0.43 0.43 0.32 /hh/&/f/ 0.56 0.52 0.76
/s/&/th/ 0.30 0.18 0.31 /b/&/v/ 0.97 0.89 0.63
/s/&/sh/ 0.53 0.58 0.74 /ih/&/iy/ 0.47 0.45 0.39
/th/&/sh/ 0.48 0.57 0.70 /ih/&/y/ 0.41 0.54 0.79
/z/&/zh/ 0.60 0.70 0.87 /uh/&/uw/ 0.51 0.48 0.55
/z/&/dh/ 0.45 0.49 0.59 /ae/&/aa/ 0.49 0.53 0.79
/z/&/jh/ 0.46 0.61 0.79 /ae/&/ah/ 0.51 0.41 0.35
/zh/&/jh/ 0.56 0.57 0.75 /aa/&/ah/ 0.51 0.36 0.68
/zh/&/dh/ 0.52 0.56 0.62 /er/&/ah/ 0.28 0.30 0.40
/dh/&/jh/ 0.44 0.45 0.66 /er/&/aa/ 0.41 0.34 0.51
/n/&/ng/ 0.86 0.77 0.71 /er/&/ae/ 0.39 0.30 0.47

quite close to each other in JE although they are located far away
in AE. The distance of the table is represented in the form of ratio
of the distance between the phoneme pair in JE to that in AE and
the ratios are always less than 1.0. It can be definitely said that
Japanese tend to confuse a phoneme of each pair with the other.
Especially, mid and low vowels such as /ah/, /ae/, /aa/ are much
confusing with each other. This is because the Japanese language
has only one mid and low vowel of /a/ and students tend to replace
all the English mid and low vowels with a Japanese vowel of /a/.

3.3.3. Vowel insertion between consecutive consonants

Figure. 1 also shows positions of state-4s of consonants and state-
2s of vowels. It is found that most of the states of the both types are
located under a single subtree in JE. This is because of the well-
known JE habit of vowel insertion. In Japanese, every consonant
is followed by a vowel. Therefore, Japanese tend to insert an addi-
tional vowel between two consecutive consonants when speaking
English. Since these pronunciation errors were not represented in
the transcription used to train HMMs, state-4s of consonants are
expected to have similar spectrums to those in state-2s of vowels.

3.3.4. Schwa and the other vowels in AE and JE pronunciation

Schwa is often considered as the most difficult vowel for Japanese
to pronounce correctly. Here, the five nearest phonemes to schwa
are investigated for each state in AE and JE, which is shown in
Table. 5. Phonemes near to schwa in AE are various vowels and
this accords with a fact that unstressed vowels of any kind ap-
proach schwa sounds. On the other hand, most of the phonemes
near to schwa in JE are mid and low vowels. This is because
Japanese perceive a schwa sound as a Japanese mid and low vowel
of /a/ and they produce a Japanese /a/ sound for a schwa sound.

Table
state
ax2/AE
ax3/AE
ax4/AE
ax2/JE
ax3/JE
ax4/JE
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5. The five nearest phonemes to schwa in AE and JE
1st 2nd 3rd 4th 5th

ih2(0.68) uh2(0.73) d4(0.75) ah2(0.76) eh2(0.86)
ih3(0.87) uh3(0.88) eh4(0.93) ae4(0.94) uw4(0.96)
uw4(0.69) ih4(0.72) uh4(0.76) ah4(0.80) eh4(0.84)
ae2(0.46) ah2(0.51) aa2(0.51) ay2(0.65) aw2(0.69)
ah3(0.57) ae3(0.61) aa3(0.72) aw3(0.80) uh3(0.87)
ah4(0.54) ae4(0.61) aa4(0.73) aw4(0.78) uh4(0.86)

ructural differences between the two trees

racteristics of subtrees are examined. In Figure. 1, con-
tates of some subtrees are indicated with respect to vow-
s, liquids, and glides. In AE, it is found that all the states
ur classes are under the left-hand side of the entire tree
6 % of the states in the left-hand side belong to the four
Nasals, liquids, and glides have common characteristics
is only a partial closure or an unimpeded oral or nasal
air. They are said to share many phonetic characteristics
els[8]. The AE tree clearly shows this property. On the
d, this property cannot be seen in the JE tree. While all
te-3 vowels and all of the state-4 vowels are under the
side of the tree, all of the state-2 vowels but /oy2/ are un-
ght-hand side. Only about 70 % of the states of the above
sonants are found under the left-hand side. As mentioned
3.3.3, more than half state-4s of consonants and state-2s
vowels are found under a single subtree, which clearly
s Japanese habit of inserting an additional vowel between
ve consonants. Further, it is very interesting that state-3
nd state-4 vowels of JE tend to be separately located in
nder the left-hand side of the entire tree.

4. CONCLUSIONS

ased comparison of AE and JE were carried out. Here,
ere firstly built with AE and JE databases and tree dia-
re drawn for the two kinds of English. Comparison be-
trees gave us some characteristics of AE and JE, which
d to 1) broadness of parameter distributions, 2) difficult
pairs for Japanese to discriminate, 3) vowel insertion be-
o consecutive consonants, 4) schwa and the other vowels,
ructural differences between the two trees. This paper
tatistical differences between AE and JE in view of the
nemic system of English for the first time.
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