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Automatic Pronunciation Error Detection of English Consonants Spoken by
Korean Learners Using Phone-level Articulatory Posterior Probability
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Abstract gate] ¢EA es e w $4 99l GoPs

This paper proposes novel features for automatic AREEke]l e e FE AFstaAt stk sA R, (1]

pronunciation error detection of English consonants 9 AFoME g QLFUE HEH & ¥, HAE

produced by Korean learners by using articulatory Abgete AAERZRTE St HE Wy Iows

Goodness-Of-Pronunciation(aGOP).  For  calculating A AEE AT Olaﬂ\ﬂ Ejz% DJ;@"L Atk A
aL

aGOP, articulatory acoustic models are trained for

. . . dcalogo =
the corresponding articulatory attributes, such as veozel 4 i e
Aol Zgol 7 AFS EE(articulatory

nasal, sonorant, anterior, etc. For error detection

o o

Goodness—Of-Pronunciation; ©]&} aGOP)& M= =t
A AQkstaal g,

modeling, we utilize 2,500 English sentences spoken

by Korean learners. By comparing canonical and

.. . Al S
actual pronunciations, we select six consonant 2- éfé H(J— ]g
phonemes(/z, 8, ©, t, v, d/) which show high 21 & 7u A} 3§
pronunciation error rate from 9.3% to 27.2%. Error B G 2 EA 7]¥ke ALE3E (aGOP)

detection modeling is performed in terms of each

=y

phoneme. As a baseline, the traditional GOP is = 9, [2]9 4 S|
applied for the modeling. In order to enhance the = 231 #HE 1371A9 %S £AS o] fdle ¢
baseline performance, we append the proposed F A% A& 2agS Adstaxt stk [2]o A AA
aGOPs as novel features. The results show that the St WA ge SA3/S 2 Al oA sy
proposed model outperforms the baseline for all Z} S0 thE] AHe $RE o|Xgtoew wWIEg &
consonant  phonemes. It is noteworthy that Atk dE =9, voice B F& EAo ] [m]e
integrating linguistic/phonetic knowledge is useful [+voicelZ, [pl¥ [-voicel?] #< 33t 4 9t}
for automatic pronunciation error detection. 28 7)dt AlE B85S the3 o] AAsit

1L A& . llog p(d10,)]

B oaTE @we golsadst waa wwg vy OO ST N

of t# Ao B SFHE Ao AEI 84 o p(Olq]) log max;_ 1p(01|q?)|
A oF dE A% F4e 99 A A=A = = N, 7, (1)
o AA 7Iee] ALE FES Atae s HAHoR o] W, ki ® Ao AlREE 28 £ FH
o ;ffji:f Zf%""d T ;;ﬁi’;i 2 Uea, gt idA BEg fAeAe kA 2

- _ . - £49 #E dvEy, + e -9 ojXgs %
(Goodness—-Of-Pronunciation; ©]3} GOP)& ©]-&3% < ’
F7b 91ek [0, [0 AFoldE 2sRle], olgelefel, =T Nish plOlg) = A% 25U 0F e
dio], d=o] 5o g EmolE AEdheE gl sz el At g7k FoRe W B3z 07F vE
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RES (6]

25 #® 34  WF(Classification  And
Regression Tree; CART)E A &3ttt CART =4
oA EFA WL ofF oAFE WS WEE, GOP
92 B Ao A¢kstE aGOP AHEES AW WE=

1S OF ol St wste] EE %
ed 4R AAE W A Bede vamshel, A
2 08 4% 9RE aFagn Sad Wt B

= TN,
AALAZE A7) 083824 HAF AE 27T 5
rtl HAF Aol HuE £, OF H&o] =4
YEIUYE 24 65 /2,8, 6, t, v, d/ (BA 9.3%, AUl
27.2%)°] W&, o7 AES APs
Tl Fol StEA F4E Hu do] dowl 5%
g o] g3kl FA AE 2 S At ol
E3l &4 @99 GOPE AXtath of uwf, &4 o}
g}, 2g AAd dad= 2 A 2S £AE59
AR 2 Axgeh 54 @919 GOPE ©]

Zelo 2 4ba, aGOP AE S F7}
.]

]

shEzke] sl 2500% gl diEl, 102 wa AF
(10-fold cross—validation)2 ©]-&3le] AsS A4l
A 2F HAE AT FUE(Precision), AAE
(Recall) & F1 A& o] &3ste] 43}t

3. 44 23

2 AFo = (114 Algte GOPE wlo] 2kl o
2 43, 54 1374 25 719 AS &E (aGOP) S
F7he AE 2dg Adsta, o digk HE AT
< Hristoh A% B 29 v % 19 2o
I 1A BE wvpel o] AgoA A& BE S4

=°l i, aGOP A& 2ggh At =E

©
()
@)
!

RhE ARE S wloj sl F1 A7t =7 vehd s
wEE 5 gl olE el & Aol AlREEE aGOP
Aol o5 AE A FEol TAgE & 5 ATk
L eF AE Bd™ A4S v
A% o] =2}l Atz
AU 0.522 0.572
z A& 0.556 0.637
F1 A 0.538 0.602
AU 0.551 0.534
o Ads 0.591 0.703
F1 A< 0.570 0.607
AU 0.638 0.614
6 AR 0.638 0.691
F1 3 0.602 0.650
AU 0.575 0.548
t A& 0.179 0.681
F1 A5 0.273 0.608
AU 0.545 0.519
v A& 0.685 0.929
F1 d4 0.607 0.666
U= 0.520 0.583
d Ad & 0.284 0.565
F1 3 0.368 0.574
4. &
[e]

garQl spape] o] st A o] A&
o & oF HAE A TS A =& 7w A}
H [e) =)

=]
azk kSl
=

AW ool s v A %
2 Agstel 4% 4% PHS ERY 5 Aok
—L
Aol 2

FunEA
[1] Witt, S. M., & Young, S. J, Phone-level
pronunciation  scoring and assessment for
interactive language learning. Speech
Communication, 30(2-3), pp. 95-108, 2000.
(21 Hayes, B. Introductory phonology, Oxford:

Wiley-Blackwell, 2011.





