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Abstract In the rapid internationalization and informatization, many research efforts have been made to build
computer-aided language learning (CALL) systems. Good pronunciation assessment systems should be built using
the technologies which can deal with acoustic variabilities found in learners’ utterances caused by non-linguistic
factors such as age and gender. However, the widely-used acoustic modeling technique of HMM often shows un-
stable performances with speakers of different ages and genders. Recently, a new method of representing learners’
pronunciations with their non-linguistic features effectively removed, called pronunciation structure. In this method,
only the contrastive features of speech are extracted. However, the excessively high dimensionality of the structure
comes to degrade its performance and, to solve this problem, multilayer regression analysis with structural features
is proposed in this paper. The results show much higher correlation between human and machine performances
of assessing learners’ pronunciations compared to the previously proposed structure-based method. Further, the
proposed method shows much higher robustness compared to the widely-used HMM-based method. In this paper,
we also propose a good combination of the structure and the HMM.
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L, o<1 THH, a=0D L EIEMLEL, o= 4040
DRFIT, FHERED 1/2- 2510252 I8 X ZRMIEL TV 5,
JeDFERE MU %A, REFIETH 2 _BREENRY
Br, ZBREEERESN, ZBEERRIIT+GOP A2 7 % H
W FEERE, FEEE LT GOP X a 7§l v 72 FE,
Z 5IZBED DI MLLR )G % 21 CTw/eve HMM % v
THEHL%Z GOP 2 a7k RFE2To R %X 7 1078
TEY FPREFEEHOLEAICE, FEREE LT
HIZEAEHBIRZBILL TR, T4bb, IRy FIcdE
W@ R BT 2 T B 2 E 235, —JF, MLLR @G
ZHOVTWZARW GOP R a7, FEROZ{IC X hHBI»K
ETFLTLE->Tw3, MLLR#EGZH V3 L, & 5HEH
@I TL 328, ZNTHLRELSFHEELZLIEGAIC
BHBDBETET LT3, 2o s, RETFEIZ MLLR
WIS X D FEEEAICN L CRWBEREE RO I LB bD 5.
TAUE, WEENESRE 2 TR, Rl MLLR J#EG % N
BT BHMRER->TLB I EITGL Tw 3,

4.3 BHRSEODRAIAT7 OHTERER

BRIC, ZERBERRIMOBHEBE CRONIERITLD
Aa7ORBEEBGET 2 K% 7). HET—F LT, HA
ANH2PAE 36 44 & b A DOFGEBEMTFERE L 7, KBHAE % fa5E
% 10 i v b (pot[ai], bat[z], but[a], bought[s:], bet][e],
bird[], bit[1], beatli:], put[v], boot[u:]) DFEAH LIFEH % UL
FRL7z, COFEFRT—ICHL, BEEHE AL, FREZN
ZNDORA7ELIVRAR 2T 2, 4 BEFHEIL T35, 20
HEEE A T — 8006, HMM Ol 7 7 4 X v bz & D R
FOHREYIVHL, ZOFENBEFET 2 L CKkRIE%E
AL, WESIRS R L2 (5. Shz v TS EBBEER
SROMTIC X B IR 2 47V, FEIFHMmAL & OMHBIME 2 72,
FiREE 2187, BiER, HLOREICE W THaICE W
o Tw 2 I Ebr s, EIC, ERYEOTFHEE
ifEDOMHEI DMt 2 2% 3123, 2% 3 DB E L 2 EHYE
FDNRT =2V REN) ZTENTELD, RETFEIIAFIC
IO TREREE LAREOKE TCHREIMEZITA TS, &
B, £2, #£ 3 CHIHEBEBECEE (o, & whkl) X, H
HOREBIZEZOEERATELRETHD, Z2HZH R
A7 DFEIMEL o T3 I ENFHATH 3.

5. 8 DI

AT, MHENER 2 v S EFEFR STl VT,

(1) : STRAIGHT D HAKZ»IT T30, a =0 THERZEHEZ
P TORVEAETY, JEDFERESERICHURHRICIZ R > T,

WY 7 H L & PR E & & BRI DT\ 4 W R ITHEA
WELT, ZRBEMFZIREL 2. FBROKE, kot
HIZRGE O 7 A EIREFS S Rl 5 & i L ¢, KIS DI
hIEgons I bt £7%, GOP Ra7zHML 7%
T LTY, RETFERIVEVEERISON, X5
IZ GOP LIREFHEEMALGLEZ LT, X hEOEEIG
5Nz,
X [

[1] M. Russell and S. D’Arcy. Challenges for computer recog-
nition of children’s speech. In Proc. ISCA Tutorial and
Research Workshop on Speech and Language Technology in
Education (SLaTE’2007), 2007.

[2] Y. Ohkawa, M. Suzuki, H. Ogasawara, A. Ito, and
S. Makino. A speaker adaptation method for non-native
speech using learners’ native utterances for computer-
assisted language learning system. Speech Communication,
Vol. 51, No. 10, pp. 875-882, 2009

[3] D. Luo, Y. Qiao, N. Minematsu, Y. Yamauchi, and K. Hi-
rose. Analysis and utilization of mllr speaker adaptation
technique for learners’ pronunciation evaluation. In Proc.
INTERSPEECH’2009, pp. 608-611, 2009.

[4] N. Minematsu. Yet another acoustic representation of
speech sounds. In Proc. Int. Conf. Acoustics, Speech, and
Signal Processing (ICASSP’2004), pp. 585-588, 2004.

(5] AN, AN, IAMUE . S5 OREINRRICED  JEEEY
BEERG OTENNT. EFERRELRHIGE, Vol. J90-D,
No. 5, pp. 1249-1262, 2007

[6] Y. Qiao, S. Asakawa, N. Minematsu, and K. Hirose. On
invariant structural representation for speech recognition:
theoretical validation and experimental improvement. In
Proc. INTERSPEECH, pp. 3055-3058, 2009.

(7] FHREE, BEerk, BEre, IR, ARGz v isige
IER A& 7 VI D  FREAHE. B RIS A2 GE,
Vol. J84-D-II, No. 10, pp. 2181-2189, 2001.

[8] Y. Qiao and N. Minematsu. A study on invariance of f-
divergence and its application to speech recognition. IFEE
Trans. on Signal Processing, Vol. 58, No. 7, pp. 3884-3890,
2010.

[9] M. Suzuki, N. Minematsu, D. Luo, and K. Hirose. Sub-
structure-based estimation of pronunciation proficiency

In Proc. Int. Work-

shop on Automatic Speech Recognition and Understanding
(ASRU’2009), pp. 574-579, 2009.

[10] T. Kitamura, K. Honda, and H. Takemoto. Individual vari-

ation of the hypopharyngeal cavities and its acoustic effects.

and classification of learners.

Acoustical Science and Technology, Vol. 26, No. 1, pp. 16—
26, 2005

[11] S.M. Witt and S. Young. Phone-level pronunciation scor-
ing and assessment for interactive language learning. Speech
Communication, Vol. 30, pp. 95-108, 2000.

[12] Z=nMEW, EILFE5A, HARK, WKL, H)IEE—, M ER,
PPIE=. 335 call 52 HIN E L HRARKREANIC X 23
B EFRE G T — 7 R— 2 OWE. HAREET L EawmGE,
Vol. 27, No. 3, pp. 259-272, 2004.

[13] VLARIE, BHNE—. B RO 72 Ol ) it 2 v 728
ERIE#L. B EREG A& a8, Vol. J83-D-1II, No. 11,
pp. 2108-2117, 2000.

[14] H. Kawahara. Straight, exploitation of the other aspect of
vocoder: Perceptually isomorphic decomposition of speech
sounds. Acoust. Sci. & Tech., Vol. 27, No. 6, pp. 349-353,
2006.



