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Two different goals of pronunciation training 
Native-like vs. intelligible/comprehensible enough pronunciations 
Intelligibility and comprehensibility [Derwing+’09] 

 I: How many words are correctly identified in given L2 utterances?  
➙ Focuses on results of listeners’ process of understanding ➙ offline 
C: How easily or smoothly given L2 utterances are understood?  
➙ Focuses on how the understanding process is running while listening ➙ online 

How to calculate intelligibility/comprehensibility of L2 speech? 
Subjective assessment 

“How many words do you think you identified correctly?”  
100%, 80%, 60%, 50%,,,,, 
“How easily did you understand the message?”  
Very easily, easily, rather easily,,,,,  

Objective assessment 
L2 utterances were transcribed by native speakers after hearing them. 
Objective intelligibility = word-level correct transcription rate [Bernstein’03] 
Listeners’ behaviors are observed using physiological sensors.  
Listening effort observed using EEG (Electroencephalogram) [Song+’18]  
Cognitive load observed as the size of pupils using an eye-tracker [Govender+’18]  
Both methods are too expensive to be used in classrooms. 

Q: How to calculate comprehensibility in an inexpensive way? 
Objective assessment on intelligibility [Bernstein’03, Minematsu+’11]  

Transcription or oral repetition is done after hearing L2 utterances. 
Transcription or repetition allows waiting and guessing. ➙ offline 

Objective assessment on comprehensibility using modified repetition [Inoue+’18] 
Repetition with almost no waiting or guessing ➙ shadowing!!! 
Native listeners’ reverse shadowing of L2 utterances!!! ➙ online 

Learners’ SS is automatically predicted. [Luo+’10][Yue+’17][Kabashima+’18]
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Conventional form of shadowing Proposed form of shadowing

SS = Smoothness of Shadowing  ➙ GOP

Recording of L2 read sentences or phrases 
Vietnamese learners of Japanese (L1=    ,   , L2=        ) 

6 intermediate and 6 advanced learners 
Read sentences were also collected from natives as reference. 

Sentences were selected from an intermediate-level textbook. 
Using CD audios of the textbook, Karaoke-style recording  
was done with speaking rate controlled. 
All the learners and native speakers read aloud 164 phrases from the textbook. 

Native listeners’ reverse shadowing [Inoue+’18] 
27 native shadowers shadowed 96 VJ read phrases and 68 NJ read phrases. 
After each shadowing, subjective rating of comprehensibility was done. (➙ CS) 

Correlation analysis between CS and speech features 
WRR: Word Recognition Rate, calculated using a speech recognition system 
GOP: Goodness Of Pronunciation, obtained as posterior probabilities of the 
phonemes intended by learners calculated using a speech recognition module. 

Widely used in CALL as baseline speech feature for pron. assessment. 
Delay of shadowing: average phoneme boundary gap bet. VJ and RS 

Pros and cons of native listeners’ reverse shadowing 
Pros: inexpensive and directly focusing on listeners’ immediate impressions 
Cons: always requires native listeners as shadowers, 
which may need payment. 
➙ Can be solved by inter-learner shadowing? 
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表 1:各種音声特徴と可解性（CS）との相関
VJ-GOP VJ-WRR

0.58 0.47

RS-GOP RS-WRR VJ-RS-delay
0.74 0.53 -0.59

トである KALDIを，CSJコーパスに適用して構築された CSJ-KALDIを用いた精度を意味する。
従来学習者音声の評価に使われてきた音声特徴量は，VJ-GOP，VJ-WRR，MS-VJ-DTW である。
本研究では，母語話者発音との近接性ではなく，学習者音声の可解性（CS）を主眼に置いた評価を
検討している。この場合，VJ-GOP，VJ-WRRのように学習者音声から得られる特徴量と，RS-GOP
や RS-WRR，更には VJ-RS-delayやMS-RS-DTWなど母語話者シャドーイング（RS）があって初め
て計測可能となる特徴量のどちらがより可解性と相関が高いのか，が検討の中心的課題となる。
5.4 結果と考察

VJのフレーズ単位の 96発声の各々について，GOPスコア（VJ-GOIP），音声認識精度（VJ-WRR），
モデル音声との DTW距離（MS-VJ-DTW）が算出される。また，27名の被験者から CSスコアが
得られる。この CS スコアの被験者間平均を，当該 VJ 音声の CS スコアと定義する。一方，母語
話者シャドーイング音声の各々について，GOPスコア（RS-GOP）や，音声認識精度（RS-WRR），
更には VJ発声からの遅れ（VJ-RS-delay），VJ発声やモデル発声からの DTW距離（VJ-RS-DTW，
MS-RS-DTW）が計測される。即ち，母語話者シャドーイング音声の各々に対して，これら五種類の
音声特徴の被験者間平均が計算できる。各 VJ発声の CSスコアに対する相関値を表 1に示す。母語
話者シャドワーに提示した VJ音声よりも，彼らのシャドーイング音声からの音声特徴の方が，VJ音
声に対する主観的可解性と，高い相関を示していることが分かる。従来学習者音声を自動評定する場
合，学習者音声を分析対象としていたが，上記の結果は，学習者音声よりもそれを聴取及びシャドー
した，母語話者音声の方が分析対象としてより適切であることを意味している。評価基準を母語話
者音声との近接性とすれば，学習者音声を分析対象とすべきだが，評価基準を可解性とした場合は，
母語話者シャドーイング音声の方へ着眼すべきである。更に，単なる音声認識結果よりも，音素事後
確率化した方が，主観的な可解性との相関がより高くなっている。
これらの音声特徴を説明変数として用い，Lasso回帰2を用いて，CSスコアを予測する実験を行なっ
た。交差検定の結果，予測値と実測値（CS平均値）との相関は 0.81となった。これは，26名の被
験者の CS平均値と残り一人の被験者の CSスコアとの相関値の平均，0.66を大きく上回った。
5.5 Shadowabilityは online intelligibilityなのか，それ以上なのか？
学習者音声よりも，その音声を母語話者にシャドーさせ，そのシャドーイング音声の崩れ（調音的
崩れ，シャドーの遅れ）を測定した方が，聴取者の主観的可解性と高い相関を示すことが実験的に示
された。これら shadowabilityは，その測定方法を考えれば，comprehensibilityよりも，時間制約付き
intelligibility，即ち online intelligibilityと解釈すべき指標とも言える。intelligibilityと comprehensibility
は個々の単語の同定のみに着眼するのか，単語間の関係の把握（即ち意味の把握）までに着眼する
のかが異なる。shadowabilityが intelligibilityと comprehensibilityのどちらに近いのかを考える場合，
shadowabilityが（提示音声の）意味の把握の容易さによって左右されるのか否か，を検討すること
になる。以下，筆者らの検討 (?)を紹介する。
本節では外国語訛りが混入された提示音声を用い，それによって shadowabilityが変わる様子を示
した。一方?では，プロのナレータによる読上げ音声を用いており，読上げ文の内容を制御すること
で，意味理解の難易度が定性的に異なる文章音声に対する母語話者シャドーイングを検討している。

2過学習とならないよう，正則化による制限を導入した線形回帰モデル

RS-GOP >> VJ-GOP 
RS-WRR >   VJ-WRR 
Native listeners’ reverse shadowing is by far 
more informative than learners’ speech to 
predict its comprehensibility.

Corr. of the speech features to CS

Overview of experiments examining  
native listeners’ reverse shadowing

utterances shadowings

SS = 60 
SS = “B+”

ILS = A learner shadows others and is shadowed by others. 
Any learner is a native of a language and shadows others learning that language. 

Inter-supportive framework among learners of different languages. 
A shadowing version of Lang-8 (http://lang-8.com). 

ILS can feedback “honest” impressions on L2 utterances. 
Many teachers tend to be generous (and politically correct) to learners. 
Generous (politically correct) shadowing is difficult and probably impossible to do. 

Waiting and guessing is not allowed in shadowing. 

ILS may be able to solve the problem of “lack of exposure”. 
Many learners do not have good chances to be exposed to native listeners. 
Pronunciation of any learner is the most comprehensible pronunciation to him/her. 

Any learner is the most generous assessor of his/her own pronunciation. 
Difficult to guess how smoothly others can or cannot listen to him/her. 

ILS may be able to generate more “intuitive” feedback. 
Natives’ shadowability can be fed back logically using scores or statements. 
Foreign accented utterances with the same level of shadowability can be fed back 
to learners, which can work as much more intuitive feedback. 

Chinese-accented Japanese utterances are used to explain how his pronunciation 
is viewed from native speakers in terms of comprehensibility (shadowability). 
So intuitive that accented speech feedback might discourage learners. 

ILS requires collaboration and support from learners and teachers!! 
We may start soon a huge collection of L2 utterances and natives’ shadowings. 

Please give us your name card to keep you updated!!! 
Natives’ shadowings can be viewed as spoken annotation of comprehensibility. 

Any AI-based speech technology requires a huge corpus with annotation.

Logical feedback Intuitive feedback

Examples of natives’ transcription of AE and JE 
Speakers: natives and Japanese learners with low proficiency 
Transcribes: natives who have never talked with Japanese 
Each of read sentences was presented only once. 

More examples of transcription are found at         with        .

http://lang-8.com
http://lang-8.com

