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Abstract The paper addresses a new evaluation measure of automatic speech recognition (ASR) and a decoding
strategy oriented for speech-based information retrieval (IR). Although word error rate (WER), which treats all
words in a uniform manner, has been widely used as an evaluation measure of ASR, significance of words are differ-
ent in speech understanding or IR. In this paper, we define a new ASR evaluation measure, namely, weighted word
error rate (WWER) that gives a weight on errors from a viewpoint of IR. Then, we formulate a decoding method to
minimize WWER based on Minimum Bayes-Risk (MBR) framework, and show that the decoding method improves
WWER and IR accuracy.
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Fig.1 Example of software support article
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Table 1 Software support nowledge base

Text collection # documents size
glossary 4,707 | 1.4M byte

FAQ 11,306 | 12M byte

DB of support articles 23,323 | 44M byte
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Table 2 Success rate of retrieval using ASR result

IR success rate (%) | ASR rate
set-1 | set-2 | total | (WER (%))
Manual transcript | 69.91 | 63.89 | 67.74 0
ASR result 62.07 | 57.78 | 60.52 19.27
ETN (GERY A XK 18K BiE) 2HN5.
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ASR result ca b c de f
Correct transcript : a c d f g
DP result . Cc1 C § CD

C: correct word. I: inserted word,
D: deleted word, S: substituted segment

WWER = (V] + Vp + Vg)/Vn * 100

VN =va +ve +vg +v5 + g
V1=Ub
Vp =,

Vs = max(vq + ve.vgr)

v;: weight of word 1.

K2 EADEHBAEHDVE (WWER) OFEH
Fig. 2 Example of weighted word error rate (WWER) calculation
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FiEL, bbb tlidf RENRL TVWS [HEBEORED
NETOHBRER] WS HEHEITEHELTLES. Jabs,
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7 B3 N-gram EF)IC K B BEN—T L F 57 1 [14] Z2RA
T35, HBIBAON—TLVFOTANKRENIER, £DFE
DHAFBR—ANTOHBEFEENEN L E2RL, RBICEKE
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(TL &) B (</5>) 3044.04

<S>, </S>RENTNHIMICS. KiRiLs

B3 N=FLF571DHEH
Fig.3 Example of word perplexity
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BE) 3L ERERHO>TNS.
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BB, tf idf REICEDSBEERIEN-TLFIF 41
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6. M R

6.1 B2DHEBAZ AV EETRERERDE

5 ETHRARAE 3BEOELEANT, EHDEHERE
B/MEBEFRBETY, ZOKREZAVTHERREETo-
HEHEBIIBIT D N-best URAT ) DV RRET LICTFo .
728, N-best JARD NOHALZI3100 L7, R (12) @
DA77V 2TNT A= (A, X)) BLUR (15) OHBE
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I, set-1 % set-2 D/NT A—FEZHTET B-DDF 4 XOT A
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3, TAROT AL bty hOBEHDEXHEBEBRDEER/INET
ZEDITHmEL 2.

% 3 BFERBOFMORERIMLT I—T 4 > 7 ERFERINEB
Table 3 Comparison of ASR evaluation measure minimization

decoding for IR

IR Success Rate (%)
baseline 60.52
MBR (WWERg.i4f) 60.32
MBR (WWERpp) 61.12
MBR (WWER) 61.72

4 BEREHERE (WER 8L WWER) O%ER
Table 4 Improvement of WER and WWER

WER (%) | WWER (%)
baseline 19.27 25.88
MBR (WWER) 20.31 25.35

£ 5 RERHBEOLLEL

Table 5 Comparison of decoding strategies

ASR method IR Success Rate (%)
(loss function) set-1 | set-2 | total
baseline (0/1) | 62.07 | 57.78 | 60.52
MBR (WER) 60.56 | 59.44 | 60.12
MBR (WWER) | 62.38 | 60.56 | 61.72
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(61.72%) %@k, RETZEHDE HHERD RR/MEHR
B, WERRCANTHDZ L EHRL

6.2 BEHOZHERUERMLEEIHONDR

#4113, HEREBCEADOEHERVREEHL, X112
AU BRMEBER#BET O BEO THERDE (WWER) |
& TEBDEHEROVE (WWER) ) 2RKEOZHRH (0/1
HEREB+RA ) 27 B/MEFERB) SH&LTRLED
DTHB. EXDEHUERVEROR/MEZEMEL=BER
HICKD, BERODEMETLEDOD, y—45 v hET3E
FRBHMERETH S (BEADEHERVRE] 13 25.88%0 5
25.35%ICHBESI N/, TORRIT, REFEOZYMERL T
3.

®513, REFRE (EHOZHERVRB/MEEFRE) 1T
LOEHRRBERINEE, RO XY AV B/MEEHRS
(HBERDEBR/NMEEFRR) 2AVWEELEBLEDOTH
3. REFETR, EHOTHEBHORNKEIN D LR
ICREBERIED 61.72%ICKESNLIENDMND. i, B
BROBRE/MEEERM (ERFRE) 2708813, BER
DROHREIH SN (19.27% — 18.68%) , RBERINED



wEIHASNLM o (0.40%DHEERT) .
NS0T e, EAOEHERIERMERERRONE
#RLTWS.

7. 8bUYIC

FHRRAZENELLHFL WEFRROFERETH S [E
HOEHERODE (WWER) | 2REL . HEREOBRN
SHBICEHZREL, EADEHERVREZERALLL. £
DOLT, ZOHLVWHEREZR/NMLT DT I—T 1V Fik
EEEL, FHEEToL. BRELLEADEHERVER/ME
TA=T 4 T OEBRBIC BT 2EMEERL .

M ARRO—MIL, EAKRFEIFENARDRESIC
LHHDTHB.

X ik

[1] S.Furui, K.Maekawa, and H.Isahara. Toward the realiza-
tion of spontaneous speech recognition - introduction of a
Japanese priority program and preliminary results —. In
Proc. ICSLP, Vol. 3, pp. 518-521, 2000.

[2] S.Furui. Recent advances in spontaneous speech recognition
and understanding. In Proc. ISCA & IEEE Workshop on
Spontaneous Speech Processing and Recognition, pp. 1-6,
2003.

[3] E. Levin, S. Narayanan, R. Pieraccini, K. Biatov, E. Boc-

B chieri, G. Di Fabbrizio, W. Eckert, S. Lee, A. Pokrovsky,
M. Rahim, P. Ruscitti, and M. Walker. The AT&T-DARPA
communicator mixed-initiative spoken dialogue system. In

E Proc. ICSLP, 2000.

4] PERST, BAE, FFED. BBRMET a7 OHBE HiE

i ERIALEEEMBEANT 2 AT L. HIL%¥ER, Vol. 43, No. 7,

3 pp. 2147-2154, 2002.

[5] S. Harabagiu, D. Moldovan, and J. Picone. Open-domain
voice-activated question answering. In Proc. COLING, pp.
u 502-508, 2002.

[6] C. Hori, T. Hori, H. Isozaki, E. Maeda, S. Katagiri, and
S. Furui. Deriving disambiguous queries in a spoken inter-
active ODQA system. In Proc. IEEE-ICASSP, 2003.

[7] ®etodg, WEED, FEBE, BEMX, Pascale Fung. E#H7

o BEETNERYF UV ERVWEERICIEBV AN U REY
AT L. HEHLFBHER, 2001-SLP-39-30, 2001.

[8] V.Goel, W.Byrne, and S.Khudanpur. LVCSR rescoring with

" modified loss functions: A decision theoretic perspective. In
R Proc. IEEE-ICASSP, Vol. 1, pp. 425-428, 1998.

,}[9..] S, FFED. SHEEROLDOETFRMMEREDRE.

' BEFEEPMRRRISMBIGAIER, 2-1-5, F 2004.

{10] mMEEE FEEN. THEROLOOTHERBIMREL

o RARYRATBMET I—F 4 2. (EFHR, SP2004-122,
NLC2004-82 (SLP-54-42), 2004.

{11] Y. Kiyota, S. Kurohashi, and F. Kido. Dialog Navigator:
A question answering system based on large text knowledge

. base. In Proc. COLING, pp. 460-466, 2002.

(12] #EBTE, BEAX AFLF KRBTFAMAR-RICE

¥ SHBEMES Y1707 FE - BREELE, Vol. 10,

4. No. 4, pp. 145-175, 2003.

[13] T.Misu, K.Komatani, and T.Kawahara. Confirmation strat-

’ egy for document retrieval systems with spoken dialog in-
- terface. In Proc. ICSLP. pp. 45-48. 2004.

114) BEA, BEWE, HEBT WEEh FEMECLLY T
T 7RI RT O DRI HEREIE. BT ERBE
%23, Vol. J88-DII, No. 3, pp. 499-508, 2005.

[15] A.Lee, T.Kawahara, and K.Shikano. Julius — an open source

(16]

(17]

(18]

real-time large vocabulary recognition engine. In Proc. EU-
ROSPEECH, pp. 1691-1694, 2001.

M MEEH, RA—R, BFHEE. Phonetic Tied-Mixture
EFNVERAVEREREGRETFLMR {5%#K, Vol J83-DII,
No. 12, pp. 2517-2525, 2000.

mA#®, LN, \LITFER, FHER RWEE RFEEE A%
BRI 25 A RE version 2.0, Dec. 1999.
A.Stolcke, Y.Konig. and M.Weintraub. Explicit word er-
ror minimization in N-best list rescoreing. In Proc. EU-
ROSPEECH, pp. 163-165, 1997.





