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<Abstract>

The Text—-to-Speech System Assessment Based on Word
Frequency and Word Regularity Effects

Kichun Nam, Wonil Choi, Choong-Myung Kim, Yang-Gyu Choi, Jongjin Kim

In the present study, the intelligibility of the synthesized speech sounds was evaluated
by using the psycholinguistic and fMRI techniques. In order to see the difference in
recognizing words between the natural and synthesized speech sounds, word regularity
and word frequency were varied. The results of Experimentl and Experiment2 showed
that the intelligibility difference of the synthesized speech comes from word regularity.
In the case of the synthesized speech, the regular words were recognized slower than
the irregular words, and there was smaller activation of the auditory areas in brain for
the regular words than for the irregular words.

* Keywords: Text-to-speech system, Word frequency effect, Word regularity effect
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FESE o83 & A~ ool M ALEHI Ut} & B
Ast7] AFSEALH, %%’Qiﬁlﬁﬂ 4 hllA 2",  TTS(text-to-speech
system), AHE2F &8 FA Jlﬂ A|2Hl e-mail G5 A|2F] Fo FokoA ALgE
th A4 F4 AN2EE 53 S8A2H HHEA A8y HEiMe &8 B
ofe] EA BN o]y 8% Fobel AFIEE A4 T4 Aadg MEste A
of FFHo|th & Fopd wet ST Alxdoe] ZFojof & g 7o) 7|&A
A FHAM AT HFHOZ I A2Ho] HAHGAE AHEAY] HTe] 9
sl 2R Ect old FHAX FS S AHEA BHAA Hriste AL e FQ
g Aot @Al Aol e 4 FAHVIe Ay FHAM EFs A&
S0, Ay Al2"E o] AAY W Ay olFEr] A FESE
A WA 25, ZAEemotionyo]t} AdtEn st 3183 2 v (pragmatic
meaning)ol] WE & ZZH(prosody control)o] o3& JHAH, I EA 32}
Zets 28dHd 49 F2 55 AFLHA 2AGE HAME oS A
o B AFs 84 MEH A' S48 FE7IE oXE A8 dAFE AYn
Aol AgrH o)A gk daje] FAAY] 72 AAE FAHSol FAFHLE AT A
Z ¥ 2] 2] (human language information processing)ol A= AF& 3 oW ZHolAM §
ALgEA] & Aoldt A& ZALety] Y AAEH A

71&9 S Bl e FE P "Hite g 22 offline #AE o]
43 AHAHIATH10). Off-line FHAFHAME FRXUAA Fo FAH ol
#4& gFriRds EE FEAZ FEE T JEd ZAdE Frigd
[10][8][13]. ©]& off-ine HFHAPAAE drHo g A183t7] 7HHsI 7|00 7
2 o7 HE(scale)E 0] €T F ke FHAAM FHE AUk 181t off-line
4L 7 S FAEEE v S dojue AR EFE =
RS Wk ofe, WEze FAE WA Foed oet ¥ A @
JqcheE dHE AYa doh B Ao olgt Z& 7]&9] offline §
A B2 B AHE FES] As) A ol4d 2] dpsycholinguistics)oll Al &3]
A28l ol3) Tt A (lexical decision task)E Al 23l FAAL o=z AAE thol
o 3 R 54L& #s|nA sk AHBIHAAE AHESE o wHe
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Ag= ol e o3 H(mental lexicon)| A E2)F AT FHE AHE F
o} 1 =& olsiste AMAR AR HA oIt D3] AAS oFe} FAHS 0¥
Bl OHE Bds x4 5SS ZAEE AToEE A4S DoAY

3& T8l wHde vEE FHol 9\101 Toldl = (word frequency)$}t

o7t & A(word regularity) AHE FAHOZ ATE FYIFIUY Gl EH=
o7t AE W AF AMEEHEe dodsSE o “—.‘1_}31 A= s #8448 9ngd.
71E9 dojdels Ayto] ey, T adE 3 (brain)o] AR A= A
o] 3 F(mental lexicon)d| A siFE = 3o A F(lexical access)dt= Hl FIFE
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2] (extreme value)ol| o] WL AufatA wed visA FIHL
S AA BowME BRE Z}E«l 54& st A7l oo
a9 14 Jvehd =3 J AIZbg 7EAS A S E8A Jl W22 (ANOVA)
A8kt AA Fol g FaI(main effec)E AHEYE F FHo
& B 4 QUHF(220)=311, p=734). 1Y 1M %
AFA LS, AFFE FEI0 Aozt gtk ol A
addte olF #FQ dAdA e, AdeH FASAAM Aol YA @
¢ Utk Nz g FaAYG FHA] e FaYgeE BF F
-/]U]?S]- A3E Yehd QA oHF(1,20)=216.445, p<.05; F(1,20)=8.721,
T7t 28 DdoYFE gl W, & W} Sle 3 do
A& % 1Zko] W2 A Jetyd. a8ly & FHG FEA0Y dsRgay
(interaction effect) ¥A] EAIZH o2 FoluldtA elwtthF(2,40)=6.121, p<.05]. ©]
BaAEaRg AN A A4 & FHA BE FARNEAE testE T3l
AFAT 1 A JAE Z2AdAME AN & Wb A7k Holrt {9
u]3tA] ek A RH(41)=.680, p>.05], FH 9 FASH AFH FA4S A5l
= T W& ¥kgAIte Apolrt BAIH R §9lu] 8 tHu41)=-3.257, p<.05,
t(41)=-3.172, p<.05]. 2 & 14X E & F ARl A7 AAdS 2ddXe #FAHE
H7b GeEGA ¢ e, @S 2ddAMe FEAERS Jeyd. & 88
7h e BEREHZRAAA o #E ¥ AIZHS vEiWY aln §A4719 F3d
e Zole Holx| gsith viAgo g & FH, To] HIx, To] FHR A o
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49 28 FAES oJdstein =E5E W JAdSE olEH L =YY o
gAstH e did 998 A Aded FASY 2olE ¢ 1) 93 A
AlH Rt e dde] 8431 zAS7] 98] fMRI(functional magnetic resonance
imaging technique)7|\{AH-&-3ted HYP-E At wdel A7 FAYS7
A o7t YT oF RAEAEE tdFe H F99 Az Ao|7} Q)
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MRI Al2®& 3=238t7)4d fMRIAE o) ¢l ISOL 3.0T forteE A3}t
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Hq@gaArt f=EE T3 AT GAES Ev= F2 EPI-BOLD(Echo Planner
Imaging-Blood Oxygen Level Dependent)”| & Al-&38to 942 559t I4&
o} 3zvulc} A H(anterior commissure; AC)¥} ¥ 3l W(posterior commissure; PC)&
A3 AC - PC lineg 7|£0.2 ¥ 9 ool RE 2 AdH 204 H(slice)o]
ASHAYG B 489 T A F(volume)FF-E 2447 E BAoH, A 4749 IS
AT RALE A% 2% ¥ (dummy image)o] At}

Hoje] E 4.2 SPM 99(Statistical Parametric Mapping 99)5 o]-&3}Hrt. o o]E
Azlel AL, F 94 F A WA d4e Azoz AN Sy 1 F, Wy
TLoE AT FAYE EASY, 7 AP HE HFEHSEY) 9JEf SPM 99¢
g7 A& =< template image2] *7}01]*1 oy gG2E olgstRen, oF &F
A 2 Gaussian fieldE TWHE7] ¢8] FF GE7IE FPsA dojg B4
A Al AF5E FAdD HEE gdez g9t U8 JAEHE FYPIAL, 79
FE pOOIE IE0E CHAE FANALL. A I8 AUA dye Ao

o

1

¥, $%E B4 dd9s ) A & JJWH de BAACR R
o AFEAE 43 AEE HFFE 3D T Gl TS 75F AT
Fde dAH

AASH 4SS oldisis B¢ E4slEe Uiy Fd Apzle]l 19 29 A
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<E 1> §48 A3 A 7 2d0 BE 43 99 % AR @

@ 24899 RERCOD) |
score

L Middle Temporal Gyrus -58, -6, -10 9.15
L Middle Temporal Gyrus -52, 2, -18 897
L Middle Temporal Gyrus -60, -12, -4 847
HAS R Middle Temporal Gyrus 62, -16, -10 8.08
R Middle Temporal Gyrus 60, -2, -12 7.65
R Superior Temporal Gyrus 62, -22, 4 7.64
L Precentral Gyrus -50, 0, 38 4.61
L Middle Temporal Gyrus -60, -6, -12 8.35
L Superior Temporal Gyrus -46, -20, -6 6.7
L Superior Temporal Gyrus -48, -26, 0 6.51
R Middle Temporal Gyrus 58, -20, -6 6.8
R Superior Temporal Gyrus 62, -24, 0 6.28
R Middle Temporal Gyrus 68, -30, -4 5.89
R Middle Temporal Gyrus 60, -2, -14 5.61
R Middle Temporal Gyrus 56, -14, -10 5.23
e R Middle Temporal Gyrus 56, 6, -20 4.65
L Middle Temporal Gyrus -60, -8, -6 5.6
L Middle Temporal Gyrus -54, -2, -14 5.52
L Middle Temporal Gyrus -58, -6, -8 6.95
L Middle Temporal Gyrus -54, -18, -4 6.86
L Superior Temporal Gyrus -64, -26, 0 5.76
R Middle Temporal Gyrus 60, -8, -6 6.06
R Middie Temporal Gyrus 60, 2, -16 5.85
R Middle Temporal Gyrus 68, -18, -4 5
R Superior Temporal Gyrus 64, -26, 6 5.34
R Superior Frontal Gyrus 6, 46, 44 4.96
R Precentral Gyrus 42, -10, 30 4.69
L Left Cerebellum -16, -64, -34 4.59
R Middle Temporal Gyrus 66, -32, 0 4.42
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<E 2> A9 A3 A 4 2 & 843 99 ¥ AF #
Z
=1 Ll g43t99 23 %(x.y,2)

score
L Middle Temporal Gyrus -60, -8, -6 8.34
L Superior Temporal Gyrus -54, -20, -2 7.46
L Middle Temporal Gyrus -52, 0, -18 7.12
R Middle Temporal Gyrus 60, -10, -6 8.03

29 L HR R Middle Temporal Gyrus 58, -2, -14 7.41
R Superior Temporal Gyrus 64, -24, 4 6.41

L Superior Frontal Gyrus -10, 40, 46 5

L Middle Frontal Gyrus -32, 38, -12 4.5
L Medial Frontal Gyrus -4, 50, 34 4.33

L Middle Temporal Gyrus -60, -6, -8 6.21
L Superior Temporal Gyrus -50, -26, O 5.04
AL L Sub-Gyral 44, -32, 4 4.79
HNR R Middle Temporal Gyrus 58, -10, -6 4,78
R Middle Temporal Gyrus 60, -2, -14 4.68

R Middle Temporal Gyrus 68, -18, -10 4.41
R Middle Temporal Gyrus 56, -12, -6 7.77
R Superior Temporal Gyrus 60, -26, O 7.23
L Middle Temporal Gyrus -56, -8, -10 7.63
L Middle Temporal Gyrus -52, -18, -6 6.99
L Sub-Gyral -48, -36, -4 6.98
L Superior Temporal Gyrus -64, 42, 6 4.83
L Left Cerebellum -12, -40, 42 4.67
Ade LR L Left Cerebellum -18, -52, -36 4.55
L Left Cerebellum -4, -60, -34 4.53
L Inferior Temporal Gyrus -54, -54, -6 4.57
R Right Cerebellum 22, -64, -34 4.54
R Right Cerebellum 16, -58, -32 4.48
L Left Cerebellum -4, -64, -20 4.49
L Superior Frontal Gyrus -8, 14, 56 4.46
R Inferior Temporal Gyrus 42, -12, -32 4.44
L Putamen -14, 6, -8 4.36
L Middle Temporal Gyrus -60, -6, -8 6.21
L Superior Temporal Gyrus -50, -26, 0 5.04
L Sub-Gyral -44, -32, 4 4.79

2H 2 LNR -

R Middle Temporal Gyrus 58, -10, -6 4.78
R Middle Temporal Gyrus 60, -2, -14 4.68
R Middle Temporal Gyrus 68, -18, -10 441
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HNR

HR: High frequency Regular word (ex: SE
HNR: High frequency Non Regular word ( X!
LR: Low frequency Regular word (ex: = &,
LNR: Low frequency Non Regular word {ex: 25/23/, Z g/, AE/3E)
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MRIE o] §¢ 49 Aoe ol @E WA AR YA BTh WA A
Y ATHNE ANE golel Fol 53, AAeH GYLe Rol7t AATh
MRI ZalAE ANEQ A% 37 23 999 A=P B4H2 Ushaoh
538 F4eNA ANEeldA Sust g FHANY Al 37 FAolA
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AE olisly] Y& AUt Bk B AR FH £ 371 A€ Ao
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go] a1l FAHAL HoE dFH oA fuirIFo] & AN 4R
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