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Intelligibility of Different Synthesized Mandarin Speech by Cochlear Implant Listeners
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[Abstract] Objective To investigate the intelligibility of synthesized Mandarin speech by cochlear implant patients and
analyze the influencing factors. Methods 17 Mandarin-speaking cochlear implant users participated in the test. All the sentences
were naturally produced by a single female talker in slow clear speaking style (F-Nat) or were synthesized using the iFlyTek TTS
engine. Five synthesized voices (F-Slow, F-Normal, M-Normal, F-Emotion and B-Accent)were selected to represent different talker
genders, speaking rates, and speaking styles, speech recognition scores were analyzed. Results For CI users, the worst speech
recognition scores were with the B-accent sentence. There was a significant effect of speech type [F(5,80)=53.8,P<0.001]. Post-hoc
Bonferroni pair-wise comparisons showed that performance was significantly better with F-Nat than with any of the synthesized
voices, significantly better with F-Norm than with F-Emot, or B-Acc, significantly better with F-Norm than with F-Emot or B-Acc,
significantly better with M-Norm than with B-Acc or F-Emot, and significantly better with F-Emot than with B-Acc (£<0.05). There
was no significant difference between F-Slow and F-Normal(P=0.97), so was F-Normal and M-Normal. There were no significant
correlations among any of the demographic variables and speech types (P>0.05). Conclusions CI users were susceptible to
dynamic changes in speech, the more complex the variation is, the more difficult it is to identify.
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P1 5 <1 2.1 15 12.9 B N CI24C & 0
P2 e <1 3.6 15 114 /2 LVAS  CI24RCS & 0
P3 Ul <1 6.5 15 8.5 4 LVAS HRI90K & 3(3)
P4 i) 2 1.7 16 14.3 k AW CI512 & 0
P5 e 12 1.0 17 4.0 +H AW HRI90K & 0
P6 i <1 119 17 5.1 /= LVAS HR90K & 3(3)
P7 Ll <1 12.0 18 6.0 /= LVAS CI24R 2 11(R)
P8 Ll <1 10.9 18 7.1 /= LVAS C40+ & 1.5(3)
P9 5 0.9 19 16.1 =T N CI24C & 0
P10 %@ 1.1 19 15.9 o N CI512 & 0
P11 i <1 18.6 20 1.4 #  LVAS Sonata & 15(4)
P12 Ll <1 17.0 21 4.0 /= LVAS HRI0OK & 17(M)
P13 4 4 1.4 22 16.6 y= ANBH Sonata & 0
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AL RRAIR TR, KL 0° A S I ¥4
FEEE, S rE A ARRE 1K, MR P A AR IE =2 IR W =
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L4 i T
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SIBEHL T AL , 420 47) 2 v i A7) O B RO G  B ATL A , 7
AR O — B, M #2 sk b A& I, 28 5 1 TR P
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B, T E D RANE SR, MR AYTE 2 A2
KEE, BEM LI F S BE A, #K rTBEr 2
etk B AN RIEZ I BB 2 k. BTA TR
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FlIB-Accent B, %A BB B AU W s 7 4 SR
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B-Accent 53 ) (IR BIRE I W RET 2

2 hy g A A A TR 324 1B, BT UL CT 38 % T
F-Natural #5532 1H B 22 £ 15, H 7k 24 F-Normal | F-Slow /1
M-Normal #£ 3\, , %} F-Emotion £ 3, iy iR Il §E 4% 2=,
B-Accent £ 72, R FH B F 275 2547 M4 LEAS TR AR ZS T 1Y
SEIHBIER, %I M S 15 # 2 (F-Natural , F-Slow
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HE L EZM[F(5,80)=53.8,P<0.001],

2.3 WA PP A TR TTR BIRE ) bR

Gt 2 HELES B kI, WK H 415 (F-Natural )
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F-Nat F-Slow F-Norm M-Norm F-Emot B-Acc
F,(Hz) 223.00+14.80 265.00+17.00 267.00+16.40 127.00+9.80 333.00+13.80 284.00+5.90
VEH (F/F) 3.56+0.24 3.41+0.31 4.51+0.30 4.79+0.38 4.07+0.23 3.04+0.16
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3 kA T BT (dB HL)

. i (kiz)

0.25 0.5 1 2 4
SO1 35 35 30 30 30
S02 35 30 30 35 35
S03 50 45 45 55 40
S04 55 50 45 50 40
S05 30 35 35 30 30
S06 35 35 35 30 35
S07 35 30 30 30 35
S08 25 30 20 20 30
S09 30 30 35 30 35
S10 40 35 35 35 30
S11 40 45 40 35 35
S12 45 45 50 50 45
S13 20 30 25 25 50
S14 30 30 25 30 30
S15 25 35 25 25 30
S16 55 50 50 45 40
S17 50 45 40 40 45

B-Accent #5 (P<0.05) , & B & BCHE & VTG <. 510
4k [H 2% (vocal emotion) X} CIfifi Fi 2 (iR BIRE A B &5
Wi 5 A1, M-Normal 4528 15 11 1] 2R i 2 15+ F-Emotion A1
B-Accent i3, (P<0.05) ; %t F-Emotion f5 3 1Y 1H H1| 2 ip 2
2T B-Accent f55(P<0.05) ,

2.4 BHR N P28 8 5 A R E A TR B A 5
Moy
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A 2R AT -2 1] CLAE I i | A RSB T (]
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B E SR RS AR 5 S, HAR B W
B TRV, IE A A S T sy
SBRBAAE (— 7)) JPHAE (58 B (=) LA (U 7H)
TR S AP, AR TR (S T 3 R K 598
P, R S A VR AR R B A T AR £ B
PRI, 2415405 e el E LR 5 A5 A8 TH I, 2 (i A3
T BB Bk, PRI, DU 3 1 CT % 5 Hofb R
AR VHIE S CIZ AR EL , % & B IE 7 HO IR BIRE ) T g
SHIE,

3.1 A BRI R CT 35 T TR B 2

B KT8 5 1 7 2 PR 3 T2 (T 28 b, e
T I, FEAT 3 T S0 TE I ), DL He 472
b, BEIESHIERABE LS ARIESFAEX . A

M - —He L BELE Wanshang yikuai qu tidowt (Let's go dancing tonight)
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in  Bbta Aluuk | daia o b e 16
" 1 ot diBaal i i A Bl a.ha
(L} « hata LAY YT L ISy Y
l-nl |I= "l:'““..l:  emengnda
L tah e ) B v v 5

F-Slow F-Norm M-Norm F-Emot B-Acc

1 B b — e k3T 0) ik Ao iE ik
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RARZE L1/, CLE X P R A B L AR & T
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5% B AT {E SO AR , H 1 R 5 H U ]
[l , AT PRy A 1) 2 B ] T F-Emot 455X F11 B-Acc
P TR R , X 5 A S 0e 25 R — 3k, CIE3E
B ARIE SR B o0 A RTE T IR AIR L LT
2RI M ST N 7 R A B R A SR IE I
CI% 5y 52 H AU B 5000

3.3 A F VIR MBI CTE F1E IR B 20

(BT 2 55 o BEURIE E IR BN, R oA 55 P N 42 7R i 4
A G, & 4E 50~250 Hz, 5 /& 77 100~500 Hz, A~ Jq]
R R A R E R E N R EAERE R AT B
S PHEZ FEAREAE %8 5 UG & Rk 4
WEFN TG & S E A RIS B w2k 515 & (indexical
information) , FZZARBL A AR UL IE# B #2555
i CL{E % 1 = 1 R BIRE 01 24 CLg ISR Rl 1%
HWEIER, AR FE (5EFA ) HERKE  CIbH
BRI 5 (Al 5, #1240 46 ) FB 2 B & R 22 (i
HL R P28 2 AT DG i P BE e -6 ] ) 45 , #4452l CL
e AN T T 5 AR R R

F Al B NI £33 CIE 2R 5 {5 B IR BIRIFA,
E SRR % . 24 B AR 40 25 7 2 100 Hz B,
CIL % MG F M BITR Bl 205K 94% , 5 24 5 40 FH (19 S 00 25 S
4 10 Hz i}, CT 2% By i35 IR BIZR [ 68%, [A] I 4 B H Hif
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Vongphoe %3 i 4 T N 5 CL# k471 £ A B 63 iR 5]
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F o5 B E T B A i B BE 9T, A A5 ARACL I J4n
HLEE, 2R 515 B AR th 2552 CTE I S TE TR, wT M
HRMES KT HRE S . (ECIEXE BB F IR
KW KB, i TEE MBI 2B 4 R2 0 CTE (P=0.021)

IE B H S UAERFEAR], 00 v UL iEE A 3 B 25

BARUE W 5 IR B B 252, R 2 A K
(2.71%)® AFFgeH, CT1# it %t F-Normal 15 M-Normal f
NI FIE IR BRI % 22 57 (P=0.27) , KW & B iE
FHYHEE M2 SR CIAM RIS IEIR AR, &
WFZEAE IR & B & v, F-Normal 55 M-Normal 55 H) &
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