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発話のしにくさの⾃覚に関する調査
• 対象︓全国の⼤学⽣・院⽣約

2,000名
• 緊張でうまく話せないケース，医

学的な問題があるケースは除外
• 約3割がある程度以上の発話のしに

くさを⾃覚
• ⼥性より男性，⽂系より理系の学

⽣が⾃覚しやすい
• 発話のしにくさを⾃覚する⼈の9割

が発話の改善を希望
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31 %

発⾳がうまくいかないことがありますか︖

どちらとも
⾔えない

どちらかと
⾔えばそう
思わない

そう思う

どちらか
と⾔えば
そう思う

そう思わ
ない



発話のしにくさの要因の調査
• 発話のしにくさには発話過程のいずれかの段階における時間的
な滞りが関与しているのでは︖
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• ⾳読潜時を調査
(1) ⽂字列を⾒て，⼀定時間経過後に発話
(2) ⽂字列を⾒た直後に発話

• 発話のしにくさの⾃覚の程度と⾳読潜時
には有意な相関なし
• 発話のしにくさの要因は様々なのでは︖

本研究では調⾳器官の構造や運動に着⽬
古⽥, 北村, 林, 能⽥, 鵜⽊, 健常発話者の発話のしにくさの⾃覚に関係する発話過程の検討, 聴覚研究会 (2021.11).



Relative tongue size
• RTS: ⺟⾳/i/発話時の正中⾯
上の⾆と声道の⾯積の⽐

• tagged-MRIを利⽤して⾆の
運動速度を計測
• RTSと速度に負の相関あり
(N=5)
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Feng, Lu, Zhang, Chi, Honda, Relative tongue size as an index to predict individual articulatory difference, APCSLH2017 (2017).

Relative Tongue Size as an Index to Predict Individual 
Articulatory Difference 

Xiaoyan Feng1, Wenhuan Lu1, Ju Zhang2, Yujie Chi2,  Kiyoshi Honda2 
1School of Computer Software, 2School of Computer Science and Technology, Tianjin University, Tianjin, China 

Background: 
   Speech clarity varies individually, but we don`t know its causal mechanisms. 
 
Purpose of study: 

The relative tongue size gives an index about how far the tongue can move 
within the oropharynx. This study examines the relationship between the index 
and tongue movement velocity on MRI obtained from five Chinese speakers. 

 
Methods: 

(1) Measurement of the relative tongue size on midsagittal MRI for /i/ 
(2) Combined cine- and tagged-MRI to observe tongue motions. 
(3) Measurement of velocity of tongue surface markers. 

 Method (1) Measuring relative tongue size 

 Method (2) Analyzing combined cine- and tagged-MRI 

Velocity of tongue movement 

(b) tongue area            (c) oropharynx area 

 Subjects and data 
Five Chinese speakers  
of the north dialect    
z  Three females 
z  Two males 

Test words 
z  /mune/ (ߋ峗) 
z  /midu/  (چإ) 
z  /mudi/  (ऩङ) 

 Result (1) Relative tongue size 

Subjects Gender Relative tongue size 
S.C. F 54.17% 
Z.Y. F 60.76% 
Z.C. F 65.57% 
W.J. M 55.56% 
W.S. M 62.68% 

 Result (2) Box plot of mean velocity  

 Result (2) Example /mudi/: pharyngeal surface 

 Method (3) Mean velocity of markers 

Conclusion 
� The relative tongue size predicts the mobility of the tongue within the cavity.  
� This index infers a causal factor of individual articulatory difference and clarity 

of speech, also providing a hint to explore the nature of certain articulation 
disorders involving abnormal tongue size (e.g., Down syndrome).  

(a) ௜ܲǡ௝, point ݅ in frame ݆      (b)  ௜ܲǡ௝ାଵ, point ݅ in frame ݆ ൅ ͳ  

Velocity of each marker point between two frames is: 

௜ǡ௝՜௝ାଵݒ ൌ � ௜ܲǡ௝ ௜ܲǡ௝ାଵ �Ȁݐ 
where ௜ܲǡ௝ is point ݅ in frame ݆, and ݐ is the frame interval.  
Mean velocity of all the selected points is: 
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where numbers of points and frames are ௣ܰ�and ௙ܰ, respectively. 

(b) Tagged-MRI with 
surface markers 

(c) Cine-MRI data (d) Cine-MRI with markers        (a) Tagged-MRI data 

(a) Lower boundary   

 Introduction 

                                                   Subjects                                                         
Words/ Velocity (mm/s)    

S.C. 
(F) 

Z.Y.   
(F) 

Z.C. 
(F) 

W.J. 
(M) 

W.S. 
(M) 

/mune/  Velocity of oral surface  26.38 22.42 26.06 31.55 23.61 
 Velocity of pharyngeal surface 18.58 22.29 12.04 24.68 19.56 

/midu/  Velocity of oral surface  22.57 14.09 20.56 30.23 22.38 
 Velocity of pharyngeal surface 26.45 14.84 20.24 34.31 21.07 

/mudi/  Velocity of oral surface  32.73 17.34 16.27 23.07 20.11 
 Velocity of pharyngeal surface 29.46 15.90 14.17 19.35 18.79 

Relative tongue size 
(RTS) indicates tongue 
size relative to tongue 
+ oropharynx size 
(above the boundary). 
 
The smaller the RTS, 
the greater the tongue 
mobility in the oral and 
pharyngeal cavities. 

Superior genial  
tubercle line 

A tongue A oropharynx 

ሻࡿࢀࡾ�ሺ݁ݖ݅ݏ�݁ݑ݃݊݋ݐ�݁ݒ݅ݐ݈ܴܽ݁ �ൌ �
௧௢௡௚௨௘ܣ

௧௢௡௚௨௘ܣ ൅ ௢௥௢௣௛௔௥௬௡௫ܣ
 

MRI motion imaging was conducted with cine-MRI and tagged-MRI techniques 
in a single session. 
Surface marker points were detected from tagged-MRI and mapped on cine-MRI 
data frame-by-frame. 

MRI experiments were 
conducted at ATR BAIC, 
Kyoto, Japan. 

 Result (2) Mean velocity: all the points 

Subjects 
Velocity (mm/s) 

/mune/ 
Velocity (mm/s) 

/midu/ 
Velocity (mm/s) 

/mudi/ 

S.C. (F) 22.48 24.51 31.10 
Z.Y. (F) 22.36 14.46 16.62 
Z.C. (F) 20.45 20.43 15.43 
W.J. (M) 28.11 32.27 21.21 
W.S. (M) 21.58 21.72 19.45 

Velocity profiles (selected points) among three female speakers 

References 
1. Ardran, G. M. & Kemp, F. H. (1972) A functional assessment of relative tongue 

size. American Journal of Roentgenology, 114: 282-288.  
2. Bao, H., Lu, W., Honda, K., et al. (2015) Combined cine- and tagged-MRI for 

tracking landmarks on the tongue surface. Interspeech 2015.  
3. Honda, K., Bao, H., & Lu, W. (2016) Articulatory idiosyncrasy inferred from 

relative size and mobility of the tongue. 171st ASA Meeting, Salt Lake City. 

Supplement 1: Classic scoring of relative tongue size 
Mallampati score has been 
used to estimate the difficulty 
of intubation. This score is also 
a way to visually evaluate the 
relative tongue size. The 
accuracy is in question because 
of individual variation of the 
velum in length. 

Supplement 2: Data for the oral and pharyngeal surfaces 

Three females Two males Three females Two males Three females Two males 

[We thank to Prof. Tatsuya Kitamura at Konan Univ. for his assistance. This work was supported in part by the 
National Basic Research Program of China (No. 2013CB329305), and in part by the National Natural Science 
Foundation of China (General Program No. 61175016, and Key Program No. 61233009). ] 

Result 
� Among all the subjects, the relative tongue size ranged 

from 54.2% to 65.6%.  
� Overall tongue surface velocities ranged from 14.5 

mm/s to 32.3 mm/s. (The oral surface velocities ranged 
from 14.1 mm/s to 32.7 mm/s, and the pharyngeal   
surface velocities from 12.0 mm/s to 34.3 mm/s.) 

� Comparison between the index and velocity for the 
male and female groups showed evidence that the 
smaller the tongue, the faster the tongue movement.  

 Result: Summary 

Mallampati score 
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� Among all the subjects, the relative tongue size ranged 

from 54.2% to 65.6%.  
� Overall tongue surface velocities ranged from 14.5 

mm/s to 32.3 mm/s. (The oral surface velocities ranged 
from 14.1 mm/s to 32.7 mm/s, and the pharyngeal   
surface velocities from 12.0 mm/s to 34.3 mm/s.) 

� Comparison between the index and velocity for the 
male and female groups showed evidence that the 
smaller the tongue, the faster the tongue movement.  

 Result: Summary 

Mallampati score 

RTSの定義 (Feng+, 2017) 各フレームの⾆運動速度 (Feng+, 2017)

RTS: 54.2 % RTS: 60.8 % RTS: 65.6 %



Mallampati score
• 気管内挿管のしやすさの⽬安
• RTSの視覚的評価に利⽤可では (Feng+, 2017)

5

Samsoon & Young (1987)

Samsoon, Young, Difficult tracheal intubation: A retrospective study, Anaesthesia (1987).

388 G. L. T. Samsoon and J.R.B. Young 

Class I Class ll Class IE Class TZ 

Fig. 1. Pictorial classification of the pharyngeal structures as seen when conducting the tests. modified from 
Mallampati et al.4.S Note: Class 111. soft palate visible; class IV. soft palate not visible. 

Grade I Grade I Grade IU Grade= 

Fig. 2. Laryngoscopic views obtained by modifying the drawings used by Cormack and Lehane in their original 
classification. 

Thc  patient is then allowed t o  relax for one 
minutc and  thc test repeated to  confirm the 
classification. In o u r  patients, photographs werc 
also taken. and  were shown to a n  independent 
ear. nose and  throat surgeon who  made the 
classification . 

The view obtained a t  laryngoscopy was 
graded according t o  the description of Cormack 
and Lehane: grade I. full view of glottis; grade 
11. only posterior commissure visible; grade 111, 
only tip o f  epiglottis visible; grade IV, no glottis 
structure visible (Fig. 2). 

Results 

During tlic period investigated, namely 1982-85. 
seven obstetric patients from a total o f  1980 
could not be intubated, giving a n  incidence of 
I : 280. All those patients wcrc shown retro- 

spectively to h a w  class IV airways, wilh the 
exception of one  mother (class 11) who proved 
to  have tracheal stenosis (Table 1). 

Within the same period of time, six surgical 
patients from a total of 13 380 could not be 
intubated, giving an  incidence of 1 :2230. All 
these were unexpected, and  all were shown to 
have class IV airways (Table 2). 

Discussion 

Mallampati reported the association o f  difficult 
intubation and  concealment of the soft palate 
by the base o f t h e  tongue. However. crcdit must 
be given t o  Skolimowski eta/.’ who, in a case o f  
failed intubation in a micrognathic patient, 
described the following: ‘thc anteropostcrior 
dimension of the pharynx was markedly reduced 

Table 1. Failed obstetric intubations. 
Preclinical 

Intubation assessment Laryngoscopy 
Patient risk (Class) (Grade) 

Primipara. 25 years. emergency LSCS Not expected IV 1 v 
Primipara for ELSC. footling breech Not expected I I  I 
Primipara with compound presentation. Not expected 1V I l l  

Primipara with foetal distress Not expected I v 111 
Prirnipara for LSCS, failure to progress Not expected IV 111 
Priniipara. 46 years, electivz section Not expected IV Ill- 1v 
Primipara. 28 ytars, elective section Not expected IV 111 

emergency LSCS 

LSCS. lower segment Caesarean section: ELSC. elective lower segment Caesarean section. 

Samsoon & Young (1987)



調⾳運動の周期性
• 対象︓発話のしにくさを⾃覚する成⼈4名(NS)，⾃覚しない成
⼈3名(S)
• EMAにて⾳節反復課題(/ra/)などの⾆運動を計測
• NS群は反復回数が少ない傾向
• NS群は⾆尖の速さが⼩さい傾向
• NS群は⾆尖の速さの経時変化パターンが安定しない(不安定な)傾向

6

⽴川+ (2015)

⽴川, ⼩澤, 吐師, 北村, 能⽥, 話しにくさを⾃覚する若年成⼈の調⾳動態: ⻭茎はじき⾳について, ⾳声研究 (2015).



実験参加者
• 男⼦⼤学⽣計3名
• 健常者 (⾳声や聞こえに関して医師に指摘されたことはない)
• 3名とも課外活動を通して第1著者と数年間に渡る付き合いあり

• 発話のしにくさの⾃覚がない︓1名 (S)
• 発話のしにくさの⾃覚がある︓2名 (NS1, NS2)
• NS1はかなり⾳声が聞き取りにくい
• NS1は⼝蓋帆が⻑い
• NS2は⾳声はやや聞き取りにくい
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実験条件



参考︓NS1の正中⾯のMRIデータ

8⽴川, 北村, 能⽥, 吐師, 話しにくさを⾃覚する健常発話者の調⾳動態と発話器官形状: MRIおよびNDI Waveを⽤いて, ⾳講論 (2017.9).

⼝蓋帆が⻑い

⽴川+ (2017)



MRI撮像, ⾳声収録条件
• リアルタイムMRI撮像条件
• ATR BAICのSiemens製MAGNETOM Prisma fit 3T
• フレームレート︓14 fps
• 撮像領域︓256 mm x 256 mm
• 画像分解能︓1 pixel/mm

• ⾳声収録条件
• MRI撮像と同時
• 光マイクロフォン
• レコーダ︓Marantz PMD-671
• 標本化周波数44.1 kHz，量⼦化16 bit
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実験条件



タスク
• 通常の話速を指⽰
• VCVの繰り返し発話 (⼀息で続くだけ)
• あがあが…，あかあか…
• あだあだ…，あたあた…
• その他 (本発表では未使⽤)

• ⽂⾳声
• 「ぼくの体を⽀えられるもの」
• 「パパとママとぼくとで⾖まきをします」
• 「⾻粗しょう症の座席調査票を複写します」

10

実験条件



分析項⽬
1. 話速
• 1秒あたりのVCVの回数

2. Relative tongue size
• 「パパとママとぼくとで⾖まきをします」の「し」の/i/区間を利⽤

(無声化しているが)
3. ⾆の変位
• 運動の周期性を⾒るため
• 発話区間の⾆の輪郭をトレースし，その上の10点を機械学習ライブラ
リdlib (King, 2009)で学習し，⾆の輪郭を抽出
• (/aga.../, /aka.../) ⾆背の最⾼点の変化を観察
• (/ada.../, /ata.../) ⻭茎から⾆までの最短距離の変化を観察
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⾆の変位の計測(1)

12

MRI画像

40枚

トレース

① 横⽅向に9分割
② トレースとの交点

(10点)を取得

10点の
x, y座標

30枚︓学習⽤
10枚︓評価⽤

機械学習
(dlib)

Takemoto, Goto, Hagihara, Hamanaka, Kitamura, Nota, Maekawa, Speech organ contour extraction using real-time MRI and 
machine learning method, Interspeech 2019 (2019).



⾆の変位の計測(2)
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機械学習
(dlib)

10点推定

spline
補間

/aga.../
/aka.../

/ada.../
/ata.../

⾆背の最⾼点の⾼さを計測

⻭茎までの最短距離を計測

評価⽤フレーム10枚
の点とのRMSE

【精度評価】

Tachibana, Kitamura, Fujimoto, Differences in articulatory movement between voiced and voiceless stop consonants, AST (2012).



話速
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結果(1)

S NS1 NS2
あが 3.13 5.51 2.57
あか 3.57 4.59 2.86
あだ 5.00 5.03 3.48
あた 4.40 4.74 3.35

表︓1 s あたりのVCVの回数 (回/s)

⾳声に撮像ノイズが重畳しています



Relative tongue size
「パパとママとぼくとで⾖まきをします」の/i/区間を利⽤
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結果(2)

RTS
S 60.7 %
NS1 73.8 %
NS2 70.1 %

表︓Relative tongue size

S NS1 NS2

Feng+ (2017) では54.17 %〜67.57 %



dlibによる輪郭抽出精度
• 30フレームのデータで学習，別の10フレームのデータで評価
• ⾆上⾯輪郭上の10点のRMSE (10フレーム分を平均)
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結果(3)

S NS1 NS2
あが・あか 1.63 1.48 1.57
あだ・あた 1.40 2.88 1.57

表︓RMSE (mm)



⾆背の最⾼点の⾼さの変化(/aga.../)
⾚い線は各フレームの計測値をspline補間したもの
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結果(4)

話者S 話者NS1 話者NS2

⼝蓋



⾆背の最⾼点の⾼さの変化(/aka.../)
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結果(5)

話者NS1 話者NS2話者S

⼝蓋



⾆尖と⻭茎の距離(/ada.../)
0 mmは接触に対応
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結果(6)

話者NS1 話者NS2話者S



⾆尖と⻭茎の距離(/ata.../)
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結果(7)

話者NS1 話者NS2話者S



考察
• Relative tongue sizeがS/NSの違いに関連する可能性がある．

• Feng+ (2017)はRTSと⾆の運動速度との相関を指摘している．
• MRIを使わない⽅法として，Mallampati scoreも使える可能性がある．

• SとNSでは⾆の運動の周期性に違いがある．
• ⽴川+ (2015)の結果を⽀持
• 調⾳器官の(リズミックな)制御のスキルの差が現れているのでは︖
• ⾳声の明瞭性にも関連しそう
• 発話のしにくさを⾃覚する⼈ほど聞き返されることが多いと感じている(北村+, 

2019)ことと対応か
• ⾃⼰相関関数やCepstral peak prominence (CPP)などで定量的に評価できそう

• 同様な情報を得る低コストな⽅法があるといい．
• ⾳声︖超⾳波︖
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まとめ
• 発話のしにくさを⾃覚する話者2名(NS1, NS2)，⾃覚しない話
者1名(S)を対象に，MRI動画を⽤いて発話器官の静的，動的な
特徴を分析した．
• 話者数が少ないが，RTSや発話運動の周期性，安定性が発話の
しにくさの⾃覚に関連する可能性を指摘した．
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