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研究成果の概要（和文）：世界諸英語の発音多様性に着眼し，1)話者を単位とした世界諸英語の発音分類を行う
べく，任意の二話者の発音距離推定技術を構築し，2)特定の学習者を中心に据えて，諸英語を俯瞰できる諸英語
発音ブラウザを開発した。しかし，発音の相違が常にコミュニケーション上問題となる訳ではない。そこで，外
国語訛りとコミュニケーションエラーに着眼し，3)日本人英語を米国人がどこで聞き誤るのかを予測する技術を
構築し，4)聞き取りを誤る他の要因として環境要因にも着眼し，日本人の英語聴取能力の頑健性向上を検討し
た。5)日本語学習者に対しても，了解性の高い発音を効率的に習得できるよう，韻律読み上げチュータを開発し
た。

研究成果の概要（英文）：This project primarily focused on pronunciation variation in World Englishes
 and built 1) a technique of predicting the pronunciation distance between any two English speakers 
for the purpose of drawing a pronunciation map, and 2) a bird's-eye browser of WE pronunciations 
with a specific speaker located at the origin of the map.  However, it is a fact that two speakers 
with different pronunciations can not rarely communicate smoothly with each other. Then, we proposed
 3) a technique of predicting when native American listeners misunderstand English spoken with 
Japanese accents. Misunderstanding can happen not only due to accents but to other environmental 
factors. So, we analyzed 4) what kind of environmental factors easily reduce listening performance 
of Japanese listeners, and we proposed a method to improve  robustness of their listening. Finally, 
we developed 5) prosodic reading tutor for Japanese learners to improve naturalness and 
intelligibility of their spoken Japanese.

研究分野：音声工学・科学

キーワード： 世界諸英語　発音自動分類　音声の構造的表象　機械学習　発音の了解性　聴取の頑健性　分節的・韻
律的特徴　韻律読み上げチュータ

  ２版

令和

研究成果の学術的意義や社会的意義
本プロジェクトは，英語発音の多様性に着眼し，学習者自らを世界諸英語の中心に据えて，世界諸英語を俯瞰す
るブラウザを構築し，発音の多様性への意識を向上させる機会を提供した。このような試みはこれまでに例がな
く，国内外の関連する学会にて，7回の招待講演，基調講演を行い，学術的に大きく貢献した。また，発音の崩
れによる了解性の低下を避けるべく，日本語学習者向けに構築した韻律読み上げチュータは，既に14ヶ国語に翻
訳され，世界中の教育機関で使われるに至っている。このシステムは，本プロジェクト開始前から開発を進めて
いたが，2019年4月時点で，40カ国，140回の講習会を重ねており，社会的意義は極めて高い。



様 式 Ｃ－１９、Ｆ－１９－１、Ｚ－１９、ＣＫ－１９（共通） 
１．研究開始当初の背景 
国際社会において英語が使われる場合，その多くは非母語話者による英語であり，当然，母語
訛りを伴う。発音以外にも統語，語彙選択，綴り，談話戦略など様々な面で多様化している(世
界諸英語)が，本研究では発音の多様性（母語訛り，地方訛り）に着眼する。一般的な英語教材
において，世界諸英語を聞く教材は存在するが，世界諸英語の全体像を提示するには至ってお
らず，学習者自身を世界諸英語の中に位置付け，諸英語を俯瞰する教材はない。本研究では世
界中の英語発音を対象としてそれらを分類し，学習者自身の英語を中心に世界諸英語発音を俯
瞰できるブラウザを構築し，それを効果的に教育応用することを目的として計画された。 
 
２．研究の目的 
本研究では当初，世界中の話者から英語音声を収集している海外の研究者と協力を図りつつ，
1)話者を単位とした世界諸英語の発音分類技術の構築，2)インターネット上の英語コンテンツ
を利用した，世界諸英語ブラウザー(発音地図化)の構築，3)構築したシステムの教育利用，4)
構築したシステムのビジネス利用，を研究目的とした。下記に示すように，まず，1), 2)につ
いて技術的実装を行なった。諸英語分類や，諸英語ブラウザは，ある話者の英語発音と，別の
話者の英語発音の「発音距離」を推定することが基本的な技術的課題となる。これらの研究成
果の発表を通して，発音距離を推定すること以上に，ある話者の発音は，ある聴取者にどの程
度聞き取り易いのか，難いのか，intelligibility に基づくに話者間距離を求めることのほう
が，より本質的な問題であることに気づいた。つまり音響的に観測される発音に基づく二話者
距離ではなく，相手の発音が聞き取り易いのか難いのか，という認知的距離の推定の方がより
本質的な課題である。後者の方が対象としての難度が上がるため，a)日本人英語を（日本人と
会話したことがない）米国人にどの程度聞き取ってもらえるのか，発音了解性の推定を検討す
ることした。更には，b)外国語訛り以外の要因（例えば外部雑音や無線音声などの音響歪み）
によってどの程度聞き取り難くなるのか，について検討し，聴取の頑健性の向上を試みた。昨
今，移民問題に伴う日本語教育支援の必要性が叫ばれているが，c)我々母語話者が聞き取り易
い日本語発音を学ぶための韻律教材についても検討・開発した。 
 
３．研究の方法 
1)話者を単位とした世界諸英語の発音分類技術の構築 
N 個の要素からなる集合を分類（クラスタリング）する場合，任意の二要素間の距離を求める
必要がある（距離行列）。二話者間の発音距離を定義する場合，声と声の距離を求めてしまうと，
男女差，年齢差の影響を直接的に受ける。そこで，同一文を多数の英語利用者によって読み上
げさせた音声コーパス（Speech Accent Archive，全音声サンプルは IPA 音声記号による書き起
こし付き）を用い，二話者間の IPA 書き起こし間距離を発音距離と定義し，この発音距離を二
話者の音声信号のみから推定するタスクを設定した。 性別，年齢などに起因する音響変動の抑
制には音声の構造的表象を用い，これら音声特徴量から発音距離を推定する予測器としては，
各種の回帰モデルを実験的に検討した。 
 
2)世界諸英語ブラウザー(発音地図化)の構築 
多数の英語話者から，話者を単位とした発音距離行列を取得できれば，彼らを発音クラスタリ
ングできるが，その結果を教育的に，かつ，効果的に可視化する必要がある。ここでは，ある
特定の学習者を中心として（原点に配置し），その学習者の周辺に，その他の母語話者，非母語
話者の英語話者を配置することを考える。この場合，原点に配置された話者の性別と同性，異
性，更には，学習者の年齢なども考慮し，効果的な可視化を検討した。 
 
a)日本人の英語は（日本人と会ったことがない）米国人にどのように聞こえているのか 
二話者（あるいは，話者と聴取者）の距離を，両者の発音ではなく，一方の発音が他方にとっ
てどのくらい聞き取り易いのか，を検討するため，日本人の英語は米語話者にどのように聞こ
えて入りうのかを推定する技術開発を行なった。ここでは先行研究で収集した，日本人の文読
み上げ音声に対する米国人の聴取＆復唱コーパス（聴取後即座に聞こえた通りに復唱させ，復
唱音声を書き起こしたコーパス）を利用する。このコーパスを用いて，日本人英語音声の各単
語に対して正しく復唱された率を計算し，それを各単語音声に対する了解性として定義した。
さらに，その単語音声の分節的特徴，韻律的特徴，更には意図された単語の音素並びの特徴，
語としての特徴（N-gram スコアなど），統語解析結果から得られる特徴を用い，機械学習（回
帰モデル）を用いて，了解性を推定するタスクを設定し，実験的に検討した。 
 
b)聴取能力の向上を目的とした音響歪みが付与された音声資料の積極的利用とその効果 
聞き取りは，話者の外国語訛りだけではなく，会話環境に起因する音響要因も，聞き取りを妨
げる。母語話者が母語話者に語る場合に，聞き取りを妨げない音響歪みでも，学習者にとって
は聞き取りが極めて難しい場合がある。ここでは，無線歪みがそれに該当することを示し，無
線歪みに基づく聴取教材によって聞き取りの頑健性が効果的に改善するか否かを検討した。 
 
c)日本語学習者が（母語話者が聞き取り易い）日本語発音を学ぶための韻律教材の開発・普及 



学習対象言語を日本語とした場合，韻律（特にフレージング）の制御を適切に導入すれば，初
級者であっても聞き取り易い日本語となることが知られている。日本語音声合成の韻律予測モ
ジュールを活用し，任意文の読み上げを想定し，それを聞き取り易く読み上げるための韻律制
御を可視化し，その通りに読み上げた合成音声も提供する，韻律読み上げチュータを開発した。
任意のテキストの読み上げに対して，必要となる韻律制御を個々の文に自動付与するインフラ
提供は日本語教育史上初であり，本インフラの普及活動も尽力した。 
 
４．研究成果 
1)話者を単位とした世界諸英語の発音分類(発音地図構築)技術の構築 
同一テキストを読み上げた二話者間の発音距離を，二話者のスペクトログラムの距離として計
算すれば，年齢や性別の違いに大きく依存する形で距離が計測される。年齢や性別による音響
変動を抑えるために，音声の構造的表象に基づいて特徴抽出し，それに基づく多次元特徴を回
帰モデル（SVR）へ入力し，IPA 書き起こし間距離を予測した。比較対象として，二話者の音声
を連続音素認識し，認識結果の音素列間の距離でもって予測する手法と比較した。その結果，
提案手法では IPA 書き起こし予測が相関 0.903 で実現できたのに対し，連続音素認識では，
0.458 と提案手法が非常に高い精度で予測できることを実験的に示した。 
 
 
 
 
 
 
 
 
 

連続音素認識結果による予測精度と，提案手法による予測精度 
 
2)世界諸英語ブラウザーの構築 
距離行列化された話者群を，その中の特定の一人を中心に他の話者の発音を俯瞰する可視化手
法を検討した。提案した可視化を下記に示す。原点に特定話者を置き，それ以外の話者を半径
R の円の中に配置する。原点話者とそれ以外の話者の距離が発音距離を意味し，上半円は同性
話者，下半円は異性話者を配置し，各話者の年齢を使って，配置場所の角度を調整した。評価
実験の結果，自らを中心に配置しない従来の可視化手法に比べて高い教育的妥当性を得た。 
 
 
 
 
 
 
 
 
 
 
 
 

提案した特定話者から世界諸英語を俯瞰するための可視化手法 
 
a)日本人の英語は（日本人と会ったことがない）米国人にどのように聞こえているのか 
日本人英語音声を米国人に聴取＆復唱させ，その復唱音声を書き取らせたコーパスを用い，日
本人英語音声の各単語がどの程度聞き取ってもらえるのか，その率を，各種音声特徴，言語特
徴を用いて回帰モデルを通して予測した。ここでは，10%未満を very unintelligible，10-30%
を rather unintelligible として定義し，前者の単語，後者の単語を同定するタスクとした。
結果を下記に示す。適切なモデルを採択することで，7割から 8割を正解することができた。 
 

rather unintelligible, very unintelligible な単語の同定率 
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Fig. 6. Conventional and proposed visualization of various kinds of English pronunciation
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Fig. 7. Correlation reduction by increasing #speakers

It is easily expected that the minimum correlation will be fur-
ther reduced when we increase the number of speakers (N ) used
for visualization. Figure 7 shows reduction of the minimum cor-
relation caused by increasing N and it also displays the maxi-
mum correlation. Here, N speakers are selected randomly and the
minimum correlation and the maximum correlation are calculated
as average through repeating random selection of N speakers 30
times. Although the maximum is always high enough, the minimum
monotonously decreases. When N is 100, it is approximately 0.3,
which means that not a few learners have to face largely distorted
results. We can claim that the MDS-based visualization of many
learners is very dangerous in classes. In our proposed method, how-
ever, since {dnj} are used as they are (See Figure 5), our method is
guaranteed to cause no distortion at all for any n.

5.2. Subjective comparison

In Section 5.1, it is objectively shown that the MDS-based chart has a
severe problem about accuracy of visualizing the pronunciation dis-
tance between speakers. Following this finding, two subjective com-
parison tests were done, in which 30 adults participated as subjects.
In the first test, a subject was asked to judge how intuitive or easy-
to-understand each visualization method was to know the pronunci-
ation distance between him and others. The 20 speakers selected in
Section 4 were used for both methods and it was supposed that the
subject was one of them. Rating was done using an 11-degree scale.
It should be noted that the MDS’s low accuracy of visualizing the
pronunciation distance was not explained beforehand. So, accuracy
of visualization was ignored and only intuitiveness or easiness-to-
understand of visualization was focused on by the subjects. They

Table 2. Results of subjective comparison
MDS chart proposed p-value

6.0 6.3 15.7%

real age predicted age p-value
5.9 5.0 4.8%

could listen to the SAA paragraph spoken by the speakers in the
visualized results by clicking their faces. The subjects could also
change the center-positioned speaker by clicking.

In the second test, the 20 speakers were plotted by the proposed
method with real age and by that with predicted age. The two kinds
of charts were presented to a subject and he was asked to judge
the degree of validity of visualizing age diversity, independently for
each method. It was explained intentionally that the two methods
predicted the age of a speaker automatically by using different al-
gorithms. So, we consider that the subjects did unbiased judgment.
They could listen to the spoken paragraphs by clicking and rating
was done with an 11-degree scale.

Table 2 shows the results of the two subjective comparison tests.
Intuitiveness of the proposed method was judged a little bit higher
than that of the original method but, according to ANOVA, differ-
ence was only observed at the significance level of 15.7%. This
means that a significant difference of intuitiveness does not exist be-
tween the two and that our proposal is at least as intuitive as the
original MDS. In the first test, we allowed subjects to write down
comments on both methods. While several subjects admitted that
the proposed method can show pronunciation distribution in a more
organized way, some others pointed out that if a teacher wants to
know pronunciation distribution of his students, the original method
will fit the aim better. Both methods seem to have their own pros and
cons. As we explained, the first test was done without explaining the
inevitable and critical problem of the original method. We can say
that the two facts that our proposed method cannot have distortion
at all and it is as intuitive as the original method show high effec-
tiveness of our proposed method. As for visualizing pronunciation
diversity among students in a class, it will be good to put a teacher
in the center in the proposed method. It is expected that his students
want to share the result of visualization from the teacher’s viewpoint.

Results of the second test showed that the prediction perfor-
mance of perceptual age was not good enough for this task. The pre-
dictor was trained by Japanese corpuses [14, 15, 16] but was tested
by the SAA spoken paragraphs [9]. This language gap might have
influenced the performance. If automatic prediction of perceptual
age is really needed in real application, we have to tune and opti-
mize the prediction method for this task. Otherwise, we have to ask
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Table 2: F1-scores of CART, AdaBoost, RF and ERT-based predictions[%]
very rather

unintelligible word unintelligible word
CART AdaB RF ERT CART AdaB RF ERT

SET 1 65.44 66.80 67.38 67.54 70.45 73.50 72.90 73.13
SET 1+3 68.01 68.13 69.22 68.91 77.59 77.41 78.63 78.94
SET 1+2 71.48 71.21 71.97 72.10 83.21 83.97 84.06 83.89
SET 1+2+3 71.66 71.68 72.59 72.74 84.11 84.66 84.78 84.70

tations more intelligible, even actual utterances are not used.
Although, from the results of this study, prosodic features

(SET-3) are shown to be not as effective as pronunciation dis-
tance and word confusability features (SET-2), the exploitation
of both feature sets gave the best prediction performance. To
investigate which features are effective in a real application,
we are planning to collect feedback from Japanese learners of
English by letting them use two kinds of predictors, separately
trained with SET 1+2 and SET 1+3, then check which predictor
can improve the intelligibility of their utterances more effec-
tively. We’re also interested in analyzing the prosodic pattern of
JE utterances to get more meaningful and effective features, and
replacing manual IPA-based features with features obtained au-
tomatically by ASR to realize to automatic prediction for prac-
tical application.

5. Conclusions
This study examines the intelligibility prediction of English
words spoken by Japanese. Following our prior works using
lexico-linguistic features, phonetic pronunciation distance and
word confusability, we further exploit prosodic features and in-
vestigate their effectiveness by conducting comparative exper-
iments. Defining the words that are very unintelligible and
rather unintelligible to native American English listeners, the
proposed method can effectively predict unintelligible words
even using only the information extracted from text.

From comparative results, prosodic features did improve
the prediction performance but not as effectively as phonetic
pronunciation distance and word confusability features did.
In the case of intelligibility prediction or word identification,
the phonetic differences between AE and JE utterances are
more critical and important than prosodic changes in JE utter-
ances. Moreover, comparing the three new ensemble prediction
models (Adaboost, Random Forest and Extremely Randomized
Trees) to the old CART model, all of the ensemble methods did
give better performance than the CART method. In the future,
acoustic and phonetic information extracted automatically from
ASR will be used for performance improvement and realizing
practical application to support learners.
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b)聴取能力の向上を目的とした音響歪みが付与された音声資料の積極的利用とその効果 
音声変形技術を用いることで，単一音源を巨人や小人の（ような）声，ホールでこだました声，
背景雑音が重畳した声，携帯電話を通した声，航空無線のような歪んだ声，更には各歪みを定
量的に操作した上で組み合わせることも容易である。航空無線音声は学習者の聞き取りを大き
く妨げるが，母語話者は高い精度で聞き取れることが実験的に示された。航空無線音声を使っ
た「Robust Listening Drill」を構成し，その効果を検証した。下記は誤り削減率である。上
級者は無線音声のみならず，巨人・小人声や，無雑音音声での正解率も大きく改善した。 

Pre test → Post test の誤り削減率 
 
 
 
 
 
 
 
 
 
c)日本語学習者が（母語話者が聞き取り易い）日本語発音を学ぶための韻律教材の開発・普及 
任意の日本語文に対して，聞き取り易い音声で読み上げるための韻律読み上げチュータを開発
し，その効果を実験的に検討した。入力文は下記に示すような形で，その韻律は可視化され，
また，その通りに読み上げた合成音声が提示される。実験の結果，合成音声提示よりも，可視
化提示の方が（中国人日本語学習者には）効果的であることが示された。本システムは，日本
語教育史上初の，任意のテキストに対して共通語で読み上げるための韻律制御を可視化するシ
ステムとして教育現場に導入され，世界中で利用されるに至っている。2019 年 4 月現在，40
カ国で 140 回以上の講習会を実施しており，日本語音声教育へ大きく貢献した。本システムの
開発に対して，2016 年に電子情報通信学会より，ISS 論文賞を受賞することができた。 
 
 
 
 
 
 
 
 

入力文の読み上げに必要な韻律制御の可視化 
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Table 3: Results of the first test of the 55 learners
Part TOEIC N Orig. GF ATC GF+ATC
A 400–600 15 66.7 48.3 25.0 41.7

600–800 32 77.3 65.6 38.3 25.8
800–990 8 84.4 84.4 43.8 21.9

B 400–600 15 50.0 43.3 28.3 23.3
600–800 32 65.6 48.4 39.1 30.5
800–990 8 78.1 62.5 37.5 28.1

Table 4: Results of the second test of the 55 learners
Part TOEIC N Orig. GF ATC GF+ATC
A 400–600 15 70.0 66.7 26.7 35.0

600–800 32 73.4 73.4 40.6 32.8
800–990 8 96.9 96.9 75.0 40.6

B 400–600 15 66.7 48.3 38.3 23.3
600–800 32 61.7 51.6 42.2 35.2
800–990 8 87.5 84.4 62.5 31.3

Table 5: Error reduction rate (ERR)
Larger ERR values than 40 are shown in bold.

Part TOEIC N Orig. GF ATC GF+ATC
A 400–600 15 9.9 35.6 2.3 -11.5

600–800 32 -17.2 22.7 3.7 9.4
800–990 8 80.1 80.1 55.5 23.9

B 400–600 15 33.4 8.8 13.9 0.0
600–800 32 -11.3 6.2 5.1 6.8
800–990 8 42.9 58.4 40.0 4.5

and Table 4, which indicate directly effectiveness of
ATC-based HVPT, are quantified relatively as error
reduction rate (ERR) in Table 5. It is defined as

ERR =
ER of the pre-test−ER of the post-test

ER of the pre-test
,

where ER is error rate (=100−accuracy rate). In
[15], /a/-/ae/ identification test was adopted with
HVPT and ERR was reported to be about 40%. In
Table 5, larger ERRs than 40 are shown in bold.

Since all the materials used in the 18-day listen-
ing drill were ATC-based distorted materials, we
firstly focus on ERR in the case of ATC. Irrespective
of proficiency level, ERR is always positive, which
means ER (error rate) is reduced after the listening
drill. However, effectiveness is much larger for ad-
vanced learners. With them, about half of errors
were corrected by the listening drill.

Next, we focus on the results of GF. Also in this
case, ERR is always positive and it is surprising that
the values of ERR in GF are higher than those in
ATC. We can say that robust listening skills acquired
through the listening drill with ATC-based distortion
are transferred and exploited when listening to dif-
ferently distorted speech. However, transfer of ro-
bustness is not always effectively made. The ERRs
are very small in Part B of beginning learners and
intermediate learners. We have to admit that stable
and good transfer of robust listening is found only in
the case of advanced learners.

It seems to be the case with Original questions.
Large ERRs are only found again in the case of ad-
vanced learners. Even for intermediate learners, the
ERRs are negative for unknown reasons. From these
results, it can be said the ATC-based listening drill
is generally effective but highly effective only for
advanced learners, and effective transfer of robust
listening is also found only for them. This is prob-
ably because listening to speech materials in ATC
may require well-integrated knowledge of English
(phonology, syntax, semantics, pragmatics, etc). Or
only advanced learners could keep motivated dur-
ing the listening drill. The authors wonder whether
similar effects can be observed in the case of non-
advanced learners when we introduce much milder
ATC distortions or untested types of distortion.

Although promising results are obtained in the ex-
periment, to guarantee this effectiveness, the authors
have to answer several questions in the future: 1)
whether learners with the same amount of listening
drills composed only of original EIKEN G2 tests
will not show large robustness improvement and 2)
whether advanced learners can keep high robustness,
once they acquired, with no more difficult drills.

7. CONCLUSIONS

With advanced speech modification technology, a
difficult listening test was designed and conducted
with three types of novel acoustic distortions. Re-
sults showed learners’ weakness and natives’ robust-
ness with respect to ATC-based distortions. Four
and a half months afterwards, a listening drill for
ATC-distorted materials was made and the drill was
found to be very effective to improve the robustness
of listening in the case of advanced learners. How-
ever, the authors do not claim that the ATC-distorted
speech is the best speech to enhance listening ro-
bustness. It is also true that the distorted speech
samples used in this paper seemed too difficult for
non-advanced learners. Further, we can say that al-
though the performance of advanced learners was
improved, their performance in Original is just com-
parable to that of native speakers in GF+ATC. This
means that a huge gap of listening performance still
exists between learners and native speakers. As well
as the future work listed in the previous section, we
are interested in measuring native speakers’ listen-
ing comprehension in a classroom environment and
in investigating strategic differences of listening be-
tween native speakers and learners.

This work was supported by MEXT KAKENHI
JP26118002 and JSPS KAKENHI JP26240022.

Table 2: The experimental design by using the six groups of learners

session 1

condition-0
text only

practice for text-1

condition-0
text only

practice for text-2

condition-0
text only

practice for text-1

condition-0
text only

practice for text-2

condition-0
text only

practice for text-1

condition-0
text only

practice for text-2

A (11) B (10) C (16) D (18) E (13) F (12)

recording recording recording recording recording recording

session 2

session 3

session 4

condition-1
text + auditory

practice for text-1
recording

condition-1
text + auditory

practice for text-2
recording

condition-2
text + visual

practice for text-1
recording

condition-2
text + visual

practice for text-2
recording

condition-3
text + both

practice for text-1
recording

condition-3
text + both

practice for text-2
recording

condition-3
text + both

practice for text-1
recording

condition-3
text + both

practice for text-2
recording

condition-3
text + both

practice for text-1
recording

condition-3
text + both

practice for text-2
recording

condition-3
text + both

practice for text-1
recording

condition-3
text + both

practice for text-2
recording

condition-3
text + both

practice for text-2
recording

condition-3
text + both

practice for text-1
recording

condition-3
text + both

practice for text-2
recording

condition-3
text + both

practice for text-1
recording

condition-3
text + both

practice for text-2
recording

condition-3
text + both

practice for text-1
recording

Table 1: The number of learners in each group
group A B C D E F
#learners 11 10 16 18 13 12

3.3. The experimental design for the assessment

The experimental design using the six groups of learners is illus-
trated in Tab. 2. In session 1, all the learners started practicing
text-1 or text-2 for five minutes (condition-0), and then record-
ing was done. Groups A, C, and E used text-1 and B, D, and
F used text-2. In session 2, all the learners practiced the same
text but under different conditions. Here, the six groups were
merged into three clusters, AB, CD, and EF. Learners of cluster
AB and those of cluster CD used auditory prosody (condition-1)
and visualized prosody (condition-2), respectively. Cluster EF
used both kinds of prosody (condition-3). After a five-minute
practice, recording was carried out. In session 3, all the learners
practiced the same text again but they did with both kinds of
prosody training stimuli. In sessions 2 and 3, cluster EF read
the same text under the same condition repeatedly. In the final
session, all the learners practiced a new text with both kinds of
prosody (condition-3), and then recording was done. In Fig. 2,
the visualized prosody of the second sentence in text-1 is shown.

For efficiency, all the utterances were recorded with the
learners’ mobile phones and sent wirelessly to the experi-
menters’ PC after all the sessions were completed. Each of
these utterances (80×4=320) was rated in terms of the natu-
ralness in accent and intonation realization for the utterances.
Four experienced native teachers of Japanese, two of whom are
the second and the third authors, participated in this rating. A
seven-degree scale was used, where 1 and 7 indicate very poor
and native-like, respectively. For each session, the averaged
score over the four teachers was assigned to each learner.

3.4. Subjective assessment after the experiments

After all the recording sessions, two questions were posed to
the learners. One was on their preference among the four condi-
tions, 0) text only, 1) +auditory prosody, 2) +visualized prosody,
and 3) +both. The other was on which order of presentation is
preferred, visualized→auditory or auditory→visualized, if they
are presented sequentially. For both questions, reasons were
also asked but answering was voluntary.

Figure 2: An example of visualized prosody of text-1

Table 3: The reading performance of each group
session 1 A B C D E F

mean 4.93 4.05 4.56 3.82 5.08 4.29
s.d. 1.04 0.87 0.91 1.01 0.97 0.77

session 4 A B C D E F
mean 5.52 4.83 5.11 4.13 5.23 4.73
s.d. 0.75 1.06 0.95 1.43 0.86 1.12

Table 4: The reading performances after re-selection
A(11) B(7) C(15) D(10) E(11) F(10)

mean 4.93 4.54 4.67 4.50 4.84 4.53
s.d. 1.04 0.37 0.84 0.44 0.81 0.58

4. Results and discussion
As told in Sect. 3.2, the eighty learners had been divided into
six groups based on the duration of their learning Japanese and
their native dialect. The reading performance of a group, how-
ever, may show an unignorable difference from that of another
group. To compare the original reading performance among
the groups, for each of sessions 1 and 4, we calculated mean
and standard deviation of the scores that were assigned by na-
tive teachers. In session 1, the learners read a new text with
no prosodic instructions and in session 4, they read another
new text with two kinds of prosodic instructions. Tab. 3 shows
their performances. It was found clearly that relatively poorer
learners had been assigned to groups B, D, and F. To realize an
even distribution of the performance among the groups, we re-
selected the learners whose averaged performance over the four
sessions varied from 4.0 to 6.5. The performances of session 1
after re-selection are shown in Tab. 4. T-tests showed no sig-
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