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A Study on Pitch Patterns in Japanese Speakers of English with
Verification by Speech Re-Synthesis

Tomoko NARIAI†a), Nonmember and Kazuyo TANAKA†, Fellow

SUMMARY Certain irregularities in the utterances of words or phrases
often occur in English spoken by Japanese native subject, referred to in
this article as Japanese English. Japanese English is linguistically pre-
sumed to reflect the phonetic characteristics of Japanese. We consider the
prosodic feature patterns as one of the most common causes of irregularities
in Japanese English, and that Japanese English would have better prosodic
patterns if its particular characteristics were modified. This study investi-
gates prosodic differences between Japanese English and English speakers’
English, and shows the quantitative results of a statistical analysis of pitch.
The analysis leads to rules that show how to modify Japanese English to
have pitch patterns closer to those of English speakers. On the basis of
these rules, the pitch patterns of test speech samples of Japanese English
are modified, and then re-synthesized. The modified speech is evaluated in
a listening experiment by native English subjects. The result of the experi-
ment shows that on average, over three-fold of the English subjects support
the proposed modification against original speech. Therefore, the results of
the experiments indicate practical verification of validity of the rules. Addi-
tionally, the results suggest that irregularities of prominence lie in Japanese
English sentences. This can be explained by the prosodic transfer of first
language prosodic characteristics on second language prosodic patterns.
key words: second language learning, Japanese learners of English,
prominence, analysis by synthesis, prosody

1. Introduction

English is studied as a second language in junior high school
or high school in Japan. However, we, Japanese, often have
difficulty in making ourselves understood in English when
we actually talk to a native English speaker. There are cer-
tain differences in utterances between English speakers and
Japanese speakers. Thus, we have the phenomenon known
as Japanese English.

This has been a matter of some concern to people
involved in studying ways to improve Japanese English.
The number of computer-based studies of Japanese English
has increased markedly over the last decade, where analy-
ses of the production of English phonemes have been con-
ducted [1]. The obtained knowledge deploys speech tech-
nology into computer-based educational systems that can be
used to teach foreign language skills [2], [3].

Although a large body of research on second language
production has been conducted in the phonemic domain,
correct usage of prosodic patterns has been shown to im-
prove the syntactic and semantic intelligibility of spoken

Manuscript received April 14, 2011.
Manuscript revised July 19, 2011.
†The authors are with the Graduate School of Library, Infor-

mation and Media Studies, University of Tsukuba, Tsukuba-shi,
305–0085 Japan.

a) E-mail: nariai@slis.tsukuba.ac.jp
DOI: 10.1587/transinf.E94.D.2495

language [4]. Therefore, there has been a strong research in-
terest in identifying the prosodic characteristics of Japanese
English [5], [6]. However, few studies on Japanese English
have examined the production of the prosodic patterns in the
acoustic-phonetic level. In addition, most past studies have
following problems.

First, few studies come up with concrete proposals
for improving the characteristics in Japanese English; none
of these characteristics have yet been confirmed in terms
of actual speech modification. For example, previous
study [7] analyzed the range of maximal and minimal pitch
in Japanese English sentences. It was revealed that the dy-
namic range of pitch in Japanese English sentences was
smaller than in English speakers sentences. On the basis
of this finding, we tried to improve the characteristics of
Japanese English by means of a speech synthesizer. This
type of modification, however, cannot cover the gap in pitch
between Japanese English sentences and English speakers
sentences.

It suggests that the statistical difference found by a
bottom-up approach will not suggest how Japanese English
should be modified to have pitch patterns closer to those of
English speakers. As a method of research, knowledge ex-
traction by analysis with verification by re-synthesis is both
informative and reliable in investigating second language
prosody.

Second, our previous study revealed that defects of
focus or prominence occurred in lengthening in Japanese
English [8]. Prominence in English emerges primarily as
a change in pitch (i.e., acoustically in fundamental fre-
quency), and secondarily as a longer duration of a word [9].
Therefore, irregularities of prominence in Japanese English
are presumed to occur in the pitch pattern associated with
prominence.

Finally, the result of a previous study [7] suggests that
focusing on only a whole sentence in Japanese English sen-
tences may lead to oversimplification. A detailed investiga-
tion should be made of what sentence units should be cru-
cial. In this study, Japanese English sentences are investi-
gated by using sentence structure to classify words depend-
ing on their roles or functions.

In this study, the prosodic features in Japanese English
are analyzed on the basis of a prediction from two language
systems, and examined by speech re-synthesis.

The first half of the paper describes the pitch patterns
of Japanese English sentences by comparative analysis be-
tween English speakers and Japanese English. We ana-
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lyze pitch of Japanese English on the assumption that the
prosodic difference between the English and Japanese lan-
guages appears in prominence. In the latter half, modifi-
cation rules are derived from the analytical results, which
prove the peculiarities of the pitch patterns of Japanese En-
glish. The rules are acoustically realized by speech re-
synthesis, and then evaluated by a listening experiments.

Section 2 describes speech samples and analysis
method. Sentences of speech samples are divided into words
for the analysis with regard to the word class. In Sect. 3,
the analysis of words in Japanese English sentences is con-
ducted in comparison with in English speakers sentences.
In Sect. 4, the way of modifying pitch patterns of Japanese
English is described as rules. On the basis of the rules,
Japanese English is acoustically modified. The modified
speech is evaluated in a listening experiment taken by En-
glish speakers. A discussion of the analytical results is pre-
sented in Sect. 5, and the conclusion is given in Sect. 6.

2. Speech Samples and Analysis Method

2.1 Sample Sentences

The sentence text set of this speech dataset is the same as
that of MOCHA-TIMIT dataset [10]. In the analyses, 100
sentences are chosen; the sentence numbers are timit001-
030, 211-260 and 441-460. There are 707 words in total.

2.2 Subjects

The group of English speakers consisted of 10 subjects, five
males and five females, aged between 20 and 40. Most of
the subjects were English teachers living in Japan, and were
from the United Kingdom, Canada, New Zealand, Australia,
and the United States.

The group of Japanese English consisted of 17 sub-
jects, 9 males and 8 females, aged between 20 and 30.
Most of the subjects were undergraduate students. A na-
tive speaker of English, who is an English teacher in Japan,
listened to the utterances of all subjects. They were judged
not to be so proficient in English.

2.3 Recording Condition

The subjects were given sufficient time to practice reading
the speech materials before recording. Subjects were asked
to enunciate clearly and to utter a sentence repeatedly until
the speech sample was recorded properly. No other specific
instruction for utterances of English was given to subjects.

The 10 English subjects uttered 100 sentences each. A
group of 9 Japanese subjects uttered 50 sentences each, sen-
tence numbers of which are timit001-030 and 211-230. A
second group of 8 Japanese subjects uttered the remaining
50 sentences, i.e., timit231-260, and 441-460.

2.4 Outline of Analysis Method

Each sentence utterance is sampled at the rate of 16 kHz

and quantized into 16 bits. The acoustic feature extraction is
conducted by WaveSurfer. Extracted pitch patterns of indi-
vidual sentences are segmented into word sequences, where
word boundaries are determined by observing the waveform
and the spectrogram pattern. Words with articulation er-
rors are not deleted as long as they do not interfere in word
boundary detection.

The values of peak(i) and range(i) of individual words
i are estimated as characterizing its prosodic patterns. The
values are defined as:

peak(i) of pitch = maximal fundamental frequency of
word i
range(i) of pitch =maximal minus minimal
fundamental frequency of word i
In this paper, the fundamental frequency is treated in a

linear scale domain.

2.5 Statistical Measure Used in the Analysis

Statistical significance of the difference in sample distribu-
tions between the two groups can be evaluated by crite-
rion used in statistical pattern recognition, that is, a ratio
of the between-group variance to the within-group variance,
known as Fisher’s ratio in linear discriminant analysis. This
ratio is denoted by R. If R is large, it indicates that consid-
erable difference exists in sample distributions of the two
groups. A procedure to calculate R is as follows:

(1) Prosodic features of each word are normalized by
the average of those values of the words contained in the
corresponding utterance of a sentence. That is, average fea-
ture values of word i for each sentence are represented by
the following equations:

x j =

L∑
i=1

x j(i)

/
L (1)

y j =

L∑
i=1

y j(i)

/
L (2)

x j(i): prosodic feature value of word i uttered by
an English speaker j
y j(i): prosodic feature value of word i uttered by a
Japanese speaker j
L: number of words contained in the corresponding
sentence
Then, relative feature values of word i are written as

follows:

x j(i)
′ = x j(i)

/
x j (3)

y j(i)
′ = y j(i)

/
y j (4)

(2) Calculate mean values and variances of x j(i)′ and
y j(i)′ for English subjects and Japanese subjects, as follows:

x(i) =
1
N

N∑
j=1

x j(i)
′ (5)
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y(i) =
1
M

M∑
j=1

y j(i)
′ (6)

σx(i) =
1
N

N∑
j=1

(x j(i)
′ − x(i))2 (7)

σy(i) =
1
M

M∑
j=1

(y j(i)
′ − y(i))2 (8)

N: number of English speakers
M: number of Japanese speakers
(3) Thus R of word i is obtained as follows:

R(i) =
(x(i) − y(i))2(
σx(i) + σy(i)

) (9)

R values are calculated for individual words. Param-
eters peak(i) and range(i) are redefined using normalized
prosodic patterns, x j(i)′ and y j(i)′, as

peak(i)′ : maximal value of x j(i)′ (or y j(i)′)
range(i)′: maximum minus minimum of x j(i)′ (or
y j(i)′)
In the analysis in Sect. 3, R>0.1 is used for an index to

detect the difference between Japanese subjects and English
subjects. In the analysis, “ntv>jpe” indicates that peak(i)′
or range(i)′ of pitch for English subjects “ntv” is higher or
larger than that for Japanese subjects “jpe,” and “ntv<jpe”
indicates the reverse.

2.6 Word Class

Individual words are classified into content words or func-
tion words. Content words are further classified into nouns
(core of noun phrases), verbs (core of verb phrases, includ-
ing the present progressive forms and passive verbs), adjec-
tives (play the role of adjective in sentences), and adverbs
(play the role of adverb in sentences).

Function words are also further classified into conjunc-
tion/preposition, be/auxiliary verb/do, article, pronoun (in-
cluding it’s) and interrogatives/negatives (including don’t).

3. Analysis of Pitch Patterns of Japanese English

3.1 Pitch Peak

This subsection investigates peak(i)′ of pitch depending on
the word class. Number of words both of male and female
amounts to 1414 in total, which are divided into content
words and function words.

Table 1 shows the results of peak(i)′ for content words.
From the table, we can see that noun of males and fe-
males amounts to 380, represented by ‘noun’, adjectives to
270, ‘adj’, verbs to 210, ‘verb’, and adverbs to 44, ‘adv’.
For each word class, the words satisfying “ntv>jpe” and
“ntv<jpe” are counted.

Out of 380 nouns, 244 satisfy R > 0.1, 61% of which
satisfy “ntv>jpe”. Out of 270 adjectives, 160 satisfy R >

Table 1 Results of peak(i) of pitch for content words.

noun adj verb adv
number of words 380 270 210 44

R > 0.1 244 160 144 26
150 84

ntv>jpe (61%) (53%) 67 11
77 15

ntv<jpe 94 77 (53%) (58%)

Fig. 1 Pitch peak of peak(i)′ distribution of words in timit011 for En-
glish subjects (left-side thin bar) and Japanese subjects (right-side bold
bar). Each bar indicates the range from (mean - SD) to (mean + SD).

Fig. 2 peak(i)′ of pitch in timit259 for English and Japanese speakers.

0.1, 53% of which satisfy “ntv>jpe”. In contrast, out of 210
verbs, 144 satisfy R > 0.1, 53% of which satisfy “ntv<jpe”.
Out of 44 adverbs, 26 satisfy R > 0.1, 58% of which satisfy
“ntv<jpe”.

These suggest that peak(i)′ of nouns and adjectives for
Japanese English is lower than that for English speakers.

In Fig. 1, the mean and standard deviation of peak(i)′
of words in timit011, “He will allow a rare lie”, are plotted
for English and Japanese speakers. The words that satisfy
“ntv>jpe” are rare(R=0.65)(ad jective) and lie(0.18)(ad jective), where
the R value for each word is given in first parenthesis and
the word class is given in the second parenthesis. The word
for “ntv<jpe” is allow(0.33)(verb).

Figure 2 shows the result for timit259, “Do they
allow atheists in church”, where atheists(5.12)(noun) and
church(0.84)(noun) satisfy “ntv>jpe”, however, allow(0.18)(verb)
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Table 2 Results of peak(i) of pitch for function words.

int, ng cnj, prp be art prn
number of words 22 168 74 148 98

R > 0.1 15 118 49 108 71
14

ntv>jpe (93%) 15 7 11 12
103 42 97 59

ntv<jpe 1 (87%) (86%) (90%) (83%)

Fig. 3 peak(i)′ of pitch in timit021 for English and Japanese speakers.

satisfies “ntv<jpe”.
Table 2 shows the results for function words.

Function words of males and females amount to 512
words: 22 interrogatives/negatives, ‘int, ng’; 168 conjunc-
tions/prepositions, ‘cnj, prp’; 74 be/auxiliary verb/do, ‘be’;
148 articles, ‘art’; and 98 pronouns, ‘prn’.

Out of 22 interrogatives/negatives, 15 satisfy R >
0.1. Of these 15, 93% of which satisfy “ntv>jpe”. On
the contrary, over 80% of the conjunctions/prepositions,
be/auxiliary verb/do, article, and pronoun satisfy “ntv<jpe”.

These suggest that most function words for Japanese
English have higher pitch than those for English speakers.
Also, interrogative/negative for Japanese English has lower
pitch than that for English speakers.

Figure 3 shows the result of words in timit021, “Alfalfa
is healthy for you,” where is(0.90)(be), for(1.51)(preposition) and
you(0.19)(pronoun) satisfy “ntv<jpe.”

Figure 4 shows the result of words in timit229, “Keep
the thermometer under your tongue,” where the(0.37)(article),
under(0.26)(preposition) and your(0.30)(pronoun) satisfy “ntv<jpe.”

3.2 Pitch Range

This subsection investigates the range(i)′ of pitch depending
on the word class.

Table 3 shows the results of range(i)′ of pitch for con-
tent words. The results suggest that more than half of nouns
and adjectives satisfy “ntv>jpe.” In contrast, for verbs and
adverbs, more than half of which satisfy “ntv<jpe.”

These suggest that nouns and adjectives for Japanese
English have smaller pitch range than those for English
speakers.

Fig. 4 peak(i)′ of pitch in timit229 for English and Japanese speakers.

Table 3 Results of range(i) of pitch for content words.

noun adj verb adv
number of words 380 270 210 44

R > 0.1 237 193 138 31
129 107

ntv>jpe (54%) (55%) 61 15
77 16

ntv<jpe 108 86 (56%) (52%)

Fig. 5 range(i)′ of pitch in timit004 for English and Japanese speakers.

Figure 5 shows the result of words in timit004,
“Jane may earn more money by working hard,” where
Jane(0.96)(noun), more (3.29)(ad jective) and money(0.75)(noun) satisfy
“ntv>jpe,” however, earn(1.69)(verb), working(2.44)(verb) and
hard(0.31)(verb) satisfy “ntv<jpe.”

Figure 6 shows the result of words in timit241, “Clear
pronunciation is appreciated,” where Clear(1.10)(ad jective) and
pronunciation(0.36)(noun) satisfy “ntv>jpe,” however, appreci-
ated(0.56)(verb) satisfies “ntv<jpe.”

Table 4 shows the results of range(i)′ for function
words. The results suggest that the majority of function
words satisfy “ntv<jpe.” However, only for interroga-
tives/negatives, the majority satisfies “ntv>jpe.”

These suggest that most function words for Japanese
English are larger pitch range than those for English speak-
ers. Also, interrogative/negative for Japanese English is
smaller pitch range that than that for English speakers.

Figure 7 shows the result of words in timit221, “How
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Fig. 6 range(i)′ of pitch in timit241 for English and Japanese speakers.

Table 4 Results of range(i)′ for Function Words.

int, ng cnj, prp be art prn
number of words 22 168 74 148 98

R > 0.1 18 125 53 96 56
18

ntv>jpe (100%) 17 22 35 14
108 31 61 42

ntv<jpe (86%) (58%) (64%) (75%)

Fig. 7 range(i)′ of pitch in timit221 for English and Japanese speakers.

Fig. 8 range(i)′ of pitch in timit242 for English and Japanese speakers.

permanent are their records,” where How(0.29)(interrogative)

satisfies “ntv>jpe,” however, are(1.23)(be) and their(1.54)(pronoun)

satisfy “ntv<jpe.”
Figure 8 shows the result of words in timit242, “The

courier was a dwarf,” where The(1.92)(article), was(0.50)(be) and
a(1.18)(article) satisfy “ntv<jpe.”

4. Verification of Sentence Pitch Pattern Features in
Japanese English by Speech Re-synthesis

The analytical results in the previous section point to new
ways, in which the irregularities of the pitch patterns in
Japanese English are improved. In this section, the rules are
derived based on the analytical results. Then, the modifica-
tion method of Japanese English samples and the analytical
result are described.

4.1 Method

We create two rules to improve irregularities of pitch pat-
terns in Japanese English: One is for each word; the Second
is for each sentence.

For the former, a rule is derived by the results of pitch
peak and pitch range for words in Japanese English sen-
tences with regard to the word class.

For the latter, it is known that when English sentences
are spoken aloud, they are broken into smaller phrases, that
correspond to lexical or phonetic units [11], [12]. Each end
of phrase is indicated by a decline in pitch, as is stated in
many as a phenomenon in English utterance. It is, how-
ever, reported that less proficient second language speakers
tend to divide utterances into smaller phrases [5], so it is ex-
pected that phrase size will influence prosodic grouping of
speech in second language speech. Therefore, the irregular-
ities of phrasing in Japanese English are considered to affect
the result of pitch at end words in Japanese English sen-
tences. Therefore, phrasing is checked whether at the ends
of declarative sentences are lower.

The check points are whether pitch patterns for words
in Japanese English sentences are arranged properly, and
whether an accent phrasing in Japanese English forms prop-
erly at the end of the sentence. Two rules to modifying way
of pitch patterns of Japanese English can be stated as fol-
lows.

Japanese English will have improved pitch patterns if:

1. peak(i) and range(i) of each word in a sentence are or-
dered as follows:
[rule1] function word < (verb, adverb) < (noun, adjec-
tive, interrogative, negative)

2. peak(i) of the word at the end of sentence has the low-
est pitch, as follows:
[rule2] the end word < the word within a sentence

Japanese English samples are modified to adjust to the
rules, if there includes an erroneous order. Japanese English
samples are analyzed to list what needs to be modified. The
analysis process has the following five steps:
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Table 5 List of irregularities of Japanese English.

sample number detected rule number
sample-1 rule-1
sample-2 rule-2
sample-3 rule-1
sample-4 rule-1
sample-5 rule-1 and -2
sample-6 rule-1 and -2

(i) A speech sample of Japanese English is analyzed by
STRAIGHT [13] to extract the pitch patterns. The
pitch patterns are manually aligned with the word
boundaries.

(ii) peak(i) and range(i) for words in a sentence are mea-
sured.

(iii) peak(i) and range(i) of words in the sentence are
ranked according to its values. The ranking is com-
pared with rule 1. Then, the irregularities are detected.

(v) The pitch height is checked by rule 2, and then, the
irregularities are detected.

4.2 Sample Speech

Six Japanese subjects (four males, two females), aged be-
tween 20 and 30, were chosen. Most were Japanese univer-
sity students. A native speaker of English judged that they
were not so proficient in English.

Six sample sentences were chosen at random from the
MOCHA-TIMIT data set, the sentence numbers of which
are timit 009, 021, 022, 216, 246 and 452.

Each subject was allocated a different sentence, which
they uttered once. Subjects were assigned number sample-1
to sample-6.

4.3 Analysis Result

Speech samples are analyzed to list which rules need to be
fixed. The list of irregularities of sample-1 to sample-6 is
indicated in Table 5.

4.4 Modification Method

The pitch patterns are modified as accurate as possible to
adapt the rules given in subsection 4.1. Speech signals with
those pitch patterns are re-synthesized by STRAIGHT.

The pitch patterns of a word were modified according
to the following equation.

f̃0(t) = fmean + ( f0(t) − fmean) × a + b (10)

f0(t): pitch frequency pattern
a: dynamic range modification factor
b: peak adjustment factor

where fmean denotes the mean value of the pitch patterns of
a corresponding word. a is a parameter for amplification of
the selected pitch pattern. If a > 1, then the pitch range
is amplified. b is a parameter that boost (plus) or depress

Table 6 Modification parameters a and b used for the experiment.

defect word class a, b
function word 0 < a < 1, −30 < b < 20

pitch range and pitch peak adverb,verb 0.5 < a < 1.5, −10 < b < 30
noun,adjective 1 ≤ a < 1.5, −50 < b < 40

pitch fall word within sentence 0.5 < a < 1.5, −10 < b < 30
end word 1 ≤ a < 1.5, −50 < b < 40

Fig. 9 Pitch patterns of sample-4 of (i) the original speech and
(ii) modified speech.

(minus) the selected pitch pattern. If a word does not need
modification, (a, b) = (1, 0) is used.

The irregularities of pitch patterns are improved by a
and b as in Table 6. For modification of rule 1 and rule 2,
a is mainly used, and additionally b is used to produce a
proper balance.

The irregularities are improved in pitch range (rule1)
and pitch fall (rule2) by a and b shown in Table 6.

Figure 9 shows the contrasting pitch patterns of
sample-4: “I gave them several choices and let them set the
priorities,” where (i) and (ii) illustrate the pitch pattern of
the original and modified speech, respectively.

The pitch patterns of all six speech samples listed in
Table 5 are modified in the same manner as the above.

4.5 Listening Experiment

4.5.1 Subjects

The subjects for evaluating speech samples were 18 native
English speakers (3 males, 15 females), aged between 19
and 40. Most were undergraduate or graduate students in
Michigan.
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Table 7 Results of listening experiment.
S:support, N: not support I: Indefinite

S N ( I )
sample-1 10 2 (6)
sample-2 11 2 (5)
sample-3 11 5 (2)
sample-4 10 4 (4)
sample-5 14 2 (2)
sample-6 9 6 (3)

4.5.2 Procedure

The modified speech is examined using an evaluation test,
in which a pair of contrasting speech samples, the original
one and its modification, i.e., those shown in Fig. 9 (i) and
(ii), are presented randomly to subjects.

The test was carried out in a quiet room. The sub-
jects were requested to listen to a pair of original and modi-
fied speech samples, then to answer the following question:
“Which sample of the two had more natural pitch patterns
in English.” The subjects were instructed to answer I if he
or she could not catch the difference in pitch patterns of the
two contrastive speech samples, or could not decide which
should be chosen.

4.5.3 Result

The results of the listening experiment are shown in Ta-
ble 7, where S indicates an answer that supports the modified
speech, N indicates one that does not support the modified
speech, and I indicates that the subject could not distinguish
between the contrasting speech samples.

Table 7 shows that the modified speech sounds more
natural to the native English speakers than the original ver-
sions. This is true for all six samples, and averagely, over
threefold subjects support the proposed modification against
the original speech. Therefore, our approach is considered
to be practically verified.

5. Discussion

Our previous study [8] for the durations of Japanese English
and those of English speakers indicated that the duration of
nouns for Japanese English was much shorter than for En-
glish speakers. For the analysis of pitch, however, there was
little difference among content words. This shows that irreg-
ularities of prominence in Japanese English occur frequently
in the lengthening, rather than pitch. In this study, however,
the pitch patterns in Japanese English were analyzed, and
then examined by speech re-synthesis. Therefore, we can
confirm irregularities of pitch prominence in Japanese En-
glish.

The result of this study supported the following three
generalizations:

First, it confirms the knowledge indicated in previous
studies that Japanese English tends not to emphasize impor-
tant words (i.e., content word) [6]. In addition, our results

add the knowledge that important words are nouns, adjec-
tives, interrogative and negative.

Second, the result contributes to the advancement in
constructing extensible language learning systems [2], [14],
by establishing that English speakers put prominence on the
stressed syllable in important words, whereas Japanese do
not.

Finally, the irregularities indicated in this study can be
explained by the prosodic transfer of first language prosodic
characteristics on second language prosodic patterns [15],
[16]. In English, prominence is assigned to words that bear
the primary meaning [17], [18]. On the other hand, promi-
nence in Japanese is influenced by the tonal pattern and the
particle following the word to be emphasized [6]. Therefore,
in Japanese English, prominence in the Japanese language is
negatively transferred to the English patterns, and the words
for prominence are often inappropriately selected.

Some issues toward practical use of this approach need
further investigations. One of them is to develop an auto-
matic procedure for determining optimal values of a and b
in equation in subsection 4.4.

We can address future issues concerning the irregular-
ities of prominence from an individual syllable, specifically
characteristics that involve the alignment of rising or falling
pitch movements in Japanese English. Also, further research
should verify the entire set of relevant correlates, that is,
the pitch, duration and intensity should be included. Also,
the effect of vowel realization, i.e., vowel quality, vowel
epenthesis or vowel reduction, of Japanese English should
be clarified. Extending the investigation to other cases, such
as Japanese speakers of French or Chinese, will be helpful
for exploring general pitch patterns of Japanese speaking a
second language.

6. Concluding Remarks

This study has described the difference between Japanese
English sentences and English speakers sentences. First,
Japanese English and English speakers were comparatively
analyzed. Then, irregularities of pitch patterns in sample
Japanese English were acoustically modified. Finally, the
modified speech was evaluated in a listening experiment
taken by English speakers. The results of the experiments
indicated practical verification of validity of the rules.

As mentioned in the Introduction, previous general
studies on related themes adopted a bottom-up approach
for extracting the difference. However, the results found in
those studies were often found to be inaccurate when con-
firmed by re-synthesis of speech.

Irregularities in second language speech stems from a
combination of several causes. It is generally difficult to ex-
tract definite cues as to what those features are by applying a
general extraction method. Therefore, we employed an anal-
ysis framework where the characteristics that differentiated
two language systems were predicted in advance. In addi-
tion, the effect of extracted prosodic features was verified by
a listening test using speech re-synthesis. We consider that
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this framework will make it possible to find the meaningful
prosodic features of Japanese English.
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