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Automatic pronunciation assessment of English produced

by Korean learners using articulatory features
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Abstract

This paper aims to propose articulatory features as novel predictors for automatic pronunciation assessment of English
produced by Korean learners. Based on the distinctive feature theory, where phonemes are represented as a set of
articulatory/phonetic properties, we propose articulatory Goodness-Of-Pronunciation(aGOP) features in terms of the
corresponding articulatory attributes, such as nasal, sonorant, anterior, etc. An English speech corpus spoken by Korean
learners is used in the assessment modeling. In our system, learners’ speech is forced aligned and recognized by using the
acoustic and pronunciation models derived from the WSJ corpus (native North American speech) and the CMU
pronouncing dictionary, respectively. In order to compute aGOP features, articulatory models are trained for the
corresponding articulatory attributes. In addition to the proposed features, various features which are divided into four
categories such as RATE, SEGMENT, SILENCE, and GOP are applied as a baseline. In order to enhance the assessment
modeling performance and investigate the weights of the salient features, relevant features are extracted by using Best
Subset Selection(BSS). The results show that the proposed model using aGOP features outperform the baseline. In
addition, analysis of relevant features extracted by BSS reveals that the selected aGOP features represent the salient
variations of Korean learners of English. The results are expected to be effective for automatic pronunciation error
detection, as well.

Keywords: articulatory features, automatic pronunciation assessment, computer-assisted pronunciation training, Korean
learners of English
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Figure 1. Pronunciation assessment modeling framework
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TVoPausf A 7HT p/mne"1 H]E }'l] (4)31' Z:J_'O] 7:"):1’@’
% A TKCucchiarini ef al., 2000b).

N, h
AR = —Brone )
TNoPause

Cucciarini ef al.(2002)2] 1o w2,
T F7F A58 0.839] IS Bl 2
o= 0.072 23 o] ¢ Holrlg BRIl vk Qlrk <3% 2>
9] Wpsee GA| o S5 2 1|SHA 1L, ROS 2} Wpsecutto] ¥
Al vEAA R, S22 AMFrt obd slE Tl s
(Zechner et al., 2009)5 AF&-3}= oA ARZ} 20| & Zh=t,

PTR (Phone-Time Ratio)< =78 W 5741 & A &) gt 12-&}2] Zo]
T puuse S A 23LE] do] 7, , 2] HIZ 2] (5) 9} 7o <]
H TH(Cucchiarini et al., 2000b).

TVoPausc
PTR=—2"C
R=—7 ®)

total

Cucchiarini er a/.(2002)2] -]l Th=w, PTR A2
9 s B7E Aste] AR 0.86. 0.2 A Addel 9l
& Bl vt Qlrk
SEGMENT W= vt 4l u3/4d] Axks 299 298
R sl o) oh ghd e A 55 A gshal Qv wH, SILENCE
M fAe
SEGMENT ¢} SILENCE W5 ollA tholA|= B AP 5
Zechner et al(2009)2] Aol Al AA|E v} Qlth Zechner et
al.2009)= 17&ell A A58 ukel 2ko] ETS 9] TOEFL %ét7] =
& H7bel B3 A7A, Bldoinl go g5At wE AE B
7Fe Slel ekt AR S-S AlbEith S 39
AHERA, FA W EsE dol o ol gl Rlkef A
*é S 9Ju] st} Zechner er al.(2009)8] 7= S& vlslo]

=
= H7bell S T, H]%%“é(disﬂuency)ol‘/‘r HHE QI
Ao] 22l Hgeh 22 A5 mskik v, 2 AelA
£ ol £48 13lsle GEA 37042 @ Frlel 2
e FalomE v, W Rl dojrd Ha 59
108 Ryu, Hyuksu -

=3 dste) HAE AA 2 ol A Allskalth

ol S Frke d8 ARgshe AEE S4 w99
GOP(Goodness-Of-Pronunciation) 7} $1TF -2 GOP+= 9bA 2%
oA A3t nfe} o) AE W e FE B8] S8l Ak
A2 o] LH(Witt & Young, 2000), A A F-7kol] thall 219 9] of| A
A Ate 49 Gors s H7HE Ssh A= AR S
5% tH(Neumeyer et al., 2000; Shi ef al., 2016). GOP AF&-2 2%+
9] 2] (1)¥} 72o] AXFETE Neumeyer ef al.(2000)2] Aol A=
A EgelA 9] GOP7F 475 B 7heh & S THE B
Ql v} 0™, Shi et al(2016)= ITHAMAY we} sl
(shadowing) A= GOP7} Abs B7HE 213k A= AHS-
5] _/': [} X 0 S E]_o:l{jr

TESh SFA] 2780l A At vhkel o), 54 el el A4 2] GoP
Qo = AAtellA] AgHeE 23 AHd 7]HEe] aGOPE S 33
7F RS 9% A ® E3ksto] Abw s BUHE et
Sk s SlEiA e A ©91e] A W 9lell A aGoPE Al
Akstojof Stk o] = 98l A (2)ollA LS wgjol A Ak
aGOPE th2] 2] (6)7 7ol % w9l 2] A9 Ap = npto]
=t}

2

m=1

aGOP* =

3.3. J:f_jﬂ/\ o] _0_/\% o]}d

A ol shgpare] A% FohE 2shA, AT Jof 3
HolHZ = K—SEC(Korean-Spoken English Corpus) T3 7~(°]&}k
K-SEC A1) 8 g0 AFE A AT AETRYIA A2 dh=
ol oioﬁ z‘s]—é_;q_ L]—Ezﬂ HLQ]_ :7,4 A(o] o} ETRI :y_q A)E /\]__g_
3kath K-SEC I A= 31320] 9Jo] s} 336 9] ksl
Eghstar glom, ko] 7] wte], ghro] o]oby], ofo] AR
&, Gol 013, ol =&, Fol olob] 5 67 AER ¥ o
ATHETAA 9], 2003). 71 5 & A79] F7F RHEHS fIEiA
2tﬂg] t‘fl_/:x].ﬂ. H]—jj_{s]— 4317H3] Oﬂo] E,Lxl—_@ /\%Euﬂ.o:h;].
ETRI T3 A% 3=l oJo sk&a} 151 o] W3}3t 21, 11023
o FAEo] Yo, 1 F B AT-S a4 1400] Bt
800 & AFGSISIEE sH7F Ble] ARSSE WA 123157
(K-SEC FH A 43153 + ETRI 7.3~ 8007) 71=>¢l, 37}
mele] 8y gl (| AES ffel, b2 11998 0] 233t 1,001 7
(3hr A3 3370] ke 230 EREIAE THo 7 TR
Atk 8hs whatel A E W sho] il M ® H A A e 8t
Ak

ShaAb st 54 1A W Al A ES 98, PLU Ao ®

+ CMU pronouncing dictionary v0.7b(Weide, 2014)2] CMU39
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¥
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PLU A&-S 7IHES 2 WSJ(Wall Street Journal) 53 ~(Garofolo
et al., 2007)9] Fv] Gof o] 5pke] 037,000 O % S5y
oo doul 3F ARgsliYy SR
Kaldi(Povey ef al., 2011)2] HMM-DNN-&- ©]£-3}o], PLU @92
S 8IS aGOP 71AkS 184, PLU &h91 9] & BLil 4 of
Yl 25 $4 HEr g S 85390t

(=R =]
. =2 =

34. 5% 37}

SHl Qo] Shpate] WAl g Wl disiA 7 HrHE
Aepakgiet. sl 9oy wg AR} 2o] 7 kg )
i s)gl o m, glo] A E 2] L (Likert scale) & ©]-8-3kof o] Fof %]

o el A HEdk U A D& e S T ke
FUE vEEE S §AS usith 2 oo 5 HE
(1=very poor, 5=excellent) S AH2-3}3A T,

inter-rater correlation coefﬁc1ents) %ZJ SHRITE AdgAIS ALk

A3, A dolE] tisiA 076601911, Z+ dlolE] WHE
K-SEC F 3| 2ol 0.862, ETRI T3 Ao 4+ 0.701 & YEF:

t}. o]gl 3t A Alg A= e AP S zh= A o7 Hy)
3 4= QI THEvans, 1996). H 712150 7} Ax}r) 93] Eolst

7% \ehek 1 olei ek AS ek u, 919 Brh Al
S B0 ok 2 4 9k

3.5. %7} ndy

Gl Gol A wate] whg Abg HFE QlEiA, <" 1>
oA 7153k ntel o] Tk 8] H EAS Algstelth v
A8 3] 7o) <3 2>9) 320014 7)%3 FrF ARES Ay W
TR, 283 FE F7E Aes e R AAsele
1, olF 3l wg Bt A5 ASsck BA @714 R

il

3.24 HZ(R Core Team, 2016)F ©|-&-3to] thzd & 3|7 4-&
Fyakqlek

A 3] FREA oA A3 H7 A F 7R, B A o
Zol GaFe ol = AL FREYEE 6}1 SRS

5 % o % 5 FAgo] o] ol XA 2 Sobuiy] S,
= B 3 M B(Best Subset Selection; BSS)S 28313t}
BSST= = 7hs et AT W] 29l dial] #H A AlHs
A3, wo|= AH7 ]—Zr(Bayesian
Information Criterion; BIC)= & A 3}shi= AHE 59 24 F23]

<3 2>o|A &} o], g7} RS 93] aGOP, GOP, RATE,
SEGMENT, SILENCE?] tHAl F5-2] 2 W55 A3t

¥ QA7) %xo] aGOP7} AHE W B7he] v A Jae o
of Wi Z10| 2.2, aGOPE AT LhA] AHEL ol gat 1
WS VolAR 08 Hn, a00p A Y RaE
Aok 2EZ Ao 4%5S wlwsgich. o] u), Bk mel) A}

48t & AA S 23k 71 3Kz-score normalization)é‘}%‘ﬂ- H

ol 2kl o} ek mele] A7) ZTHE Theo] <3 353} 2k,

¥3. 97 2 AR 4
Table 3. Details of assessment modeling

No. Baseline Proposed

€)) SILENCE aGOP + SILENCE

?2) SEGMENT aGOP + SEGMENT

3) RATE aGOP + RATE

@ SILENCE + SEGMENT + | aGOP + SILENCE + SEGMENT +

RATE RATE

) GOP + SILENCE + aGOP + GOP + SILENCE +

SEGMENT + RATE SEGMENT + RATE (FULL)

<3t 35014 B s} o), WAl o] Azilel A 2el (1) -
B EPH WA TR S s UHPJ 7}
1:4_‘__'3 /H L:_O_ olo]_il:]- i=RF)] (4)01]}\11: 7] o:]

she Ao whel AL ES BF LG W %7}

5, 28]al Bd (5)0l| A= GOP7FA] 383
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>
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919 <3 3>oll A ks A 2950l 8 v 3] 24
& A ska, M e e Bolt Bele] tial] BSSE A4
b l

FEFOEA, F7F A A5

& 4.55 WS Y5ol BE, FEUA, Aok TG AN
Table 4. Mean, standard deviation, and minimum, median and maximum
value for manual pronunciation score

SO Zh= WO ks J 5
# S _EE ?’l‘:]'(lames et al, 2013). BSS 2] # AE}U] Mean Std. dev. Min Median Max
HE 27] g8, 1 A&l sl 1038] wx} 3 5(10-fold cross 208 105 1.00 3.00 500
validation)= A3kt A ZZ13 RO ‘leaps’ F7|A
(Lumley & Miller, 2009)& ©] &8t BSSE FF 831t
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Figure 2. Bar plot of probability densities of manual pronunciation score

oF a9 AAakn S1om, 27 5T A7

-~
9

,
A
N

|

oy
o
oX,
olr
=
=l

5. G7F A WS Aol whE Hjo] el AIQE 2Ele] e vl a

] zto 7k A vehdA] btk 2l (4)9} 2 (5)¥) vl st
S wl, AHE3H= A o] F 22, 23F el vl 8, B (3)2
s} Sl A E A 5EVE AREStaL ok IR elE B
3laz, 2 (3)9] A5(0.691) 3 L (4), (5)2] 4%5(0.692, 0.697)
zto] 7} 242} 0.001 7} 0,006 0.7, A 2] xpo] 7} LhA] gki=t}, o]
Sk oA s} Lo} AR A Eo] W AbE bl A &
HHow JlEstal Udss & & otk olys Ae
Cucchiarini ef al.(2000a, 2000b, 2002) 2] A7+ A¥}e} = k3] 3k},
Sh, A|QE 2T} wjo] el o] A5 u|wEk, aGOP W
O A EFTEO ZH (1) - (5)9] BE BEolA] Adsol &F
AE AL IEE BT 5 vk 59, Rl AFgshE A Y
TH7F 5olEd S wolaElF ARE 2] HojFQl ds
5 FobA B ofa, wloj gl thn] AlRE RElS] A Tt
HAEE AAIL Y55 & 5 Atk 2 ATolA xﬂoh‘& 5
ASE A8 2 (5)9 B9, 5 F7H 24 T
7} 0.7152ZM 5 F7EAE A A5 0.76600 7H 7}77}%
e HolFar Qv mEgh wlo|Aeiele] Bl ()9} vl S
o], ATAZE7E0.6970014 0.715% F71sto], At el A% 3
ol oF 6% 7H7ko] UebeS o 7 Stk ol & B3, &
A A_Eet 25 Aol 719kel 3 71 2Hd (aGOP)o| - 57
s 55

=
agoll frolvl @ 8L b ek B

43. 579 24 A

42004 A& vk} o] A|Qk B dl Fel| A FULL X9o| 7}
=2 A5S Hola Qo E R FULL Bl ths) 3.5004 714
SkBSSE 283l = AN S FE3Ilrh 1 Ay AeE

Q 2 1 FQ 2FHo| &3 HFE 78|31 F FQ 242 7
Table 5. Performance by comparison between the baseline and the proposed _ = xo s el 8 a5, el g u) ]; e 7F
] 1= - ST 1 _
model in terms of combination of feature categories A=t el < 6> Rtk <i 6>l e F A S
P — = WF R ERFskL ol & 7R 9] Aol e Wi AkE o
aseline opose:
No. =z o
° Model Corr. Model Corr. = sl
1) SILENCE 0.608 aGOP + SILENCE 0.610
) SEGMENT 0.651 | aGOP+SEGMENT | 0.653 R 6 329 F8 Ado 27 AF L a2 o] 71X
(€) RATE 0.691 aGOP + RATE 0.702 Table 6. Selected salient features, the corresponding categories
@) SILENCE + 0.692 aGOP + SILENCE + 0.705 and the corresponding weights
SEGMENT + RATE SEGMENT + RATE
GOP + SILENCE + Category Feature Weight
©) SEGMENT + RATE 0697 FULL 0.715 Delayed Release 0.491
Corr. b/w human raters 0.766 Lateral 0.360
Nasal 0.254
- — _ Stop 0.143
A o] et A, shite] Abd R ARE-EE B (1) - aGOP Front 0.123
(3)= H] s, RATE W59] Ak A8 el (3)2] A 50] Tense 0.105
0.691% 71 =7 Uehbs 218 & 5 9tk 2H (3) RATE D‘S\t/“'_’“ted ggiz
oice .
N8 A 555 o] 8-k Wi, 29 (1) SILENCE H5-9] 11 Labial 0,034
Z AL, 8o 22 (2)= SEGMENT W2 #2H4 655 A} Wopsecutt 0.647
S0 29 (3)°] U A2 ) ALE AR A ElE B RATE e o
ek, o W o) A ARESRAL 9l BE (el B1sf 0.1 Silpsec 0.154
a8 x 24 )0l vl8l] 0.05 71 U B2 Aes HojFa Q) SILENCE Silpwd 0.039
T}, TE38), SILENCE, SEGMENT, RATE W5 5.5 AR5kl 9 Silmean 0.025
= N ~ _ Segdur 0.104
= E’—riil (4) E’l GOP 7]]';(] ig—s}f EE‘E] (5)2]’ H]E—SH/H.L oo SEGMENT Wdpchk 0.034
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