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Abstract  In this study, speech reception thresholds (SRT) and the degree of spatial release from masking (SRM) under
anechoic and reverberant environments were measured under three hearing conditions namely, unilateral hearing loss (UHL),
monaural normal hearing (MNH), and binaural normal hearing (BNH). Reverberation was estimated as a factor of impairing
speech intelligibility for MNH and UHL, whereas SRT in BNH was not significantly affected. MNH and UHL showed poorer
degree of SRM than BNH and the degree of SRM was negative when the target sound was located on the side of the impaired
ear. However, participants with UHL were released from energetic masking under reverberation and the degree of SRM was
improved. Results suggest that the hearing of people with UHL could be improved by the adaptive contribution to monaural cues.
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LizC®ic masking* overlap-masking @ 2 /AN 54 S 4L TV 5 [5],
trEImMEBEEZAL, MEBOMRICLIVEET 2L AP — bR —=AO X SITR < FREBRFHE AR VAT T
DEFMHFCEBINERBECOLEFHABER RN D EREORMBENFANL, BIT T 55 FOKREICL - T

(1], BE T CTORBICONT, TBF L~ A NH 41T BROEREN~Y AR 7E3ND5, MAT, HREIZLY
NETH L, SFRARERSRET S, i Frkt B O BT ORI Y [6], SRM OB RN BAT 5
~ A% 7 f# B (spatial release from masking; LA F EBHMEIN TN DT

SRM) &V 9, ZOWEL, VI TNAN=T L HR WREEOH L PTRHMEROMHRNIH2bh,
(cocktail-party effect) [2]X° A &7 /v F %1 F  (binaural BRE T COMBUIREEZR b DIC5[8,9], £z, B
squelch) [3,4]EE R ENDZ b b D, Tz W T, M HIE Tl overlap-masking @ fi#BR[10]°
MAT, EATEFRZREBRT S & &, xOHIZ FATEDRNNC Lo T, EFHAKE - FREMITH D
BER»OEHEFRTD2EL T TRL, *BEU)EEEOD REHRIND, Li))b RICEEREDO L 24546,
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WEHBER D25 ERH D, O XD RBEREEEF I — M
@%Eﬁ (unilateral hearing loss; UHL) & FEIEL 5, EEHE
HOBEIK FIX®ENO EE & SHEREMZ 2RI [13],
WS N BT A 235 & X, F{l#E (single-sided
deafness; SSD) L XBlahDZ &b dH b,

SRM % 15 % 7= @ F 2 /e BRI, W B [H O R 2 &
MEZATHDI[14], HEBETE, BE T TEFE~YAD
DRNCLET D52 L2k > THIZ SRM DL RENES
No, —IEEEE b~ 2B ITxh LCF 7 A% HE
WZhd e &, EExtMEL (SN ) o%#EIZL-T
SRM O ENH B2 28, Wi FEIE S0 R IE/ 6N
RW15], — 5, S AAICH LEFNEBEMICH B L X,
AKIEIHEMBEZEZDOTRANY 2572 531X O
RN ERICIERALSRMITAOMEZ B S[15, 16],
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HBH[1T], BEOHRBTICB T ML THRIRO BT
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Table 1 Demographics of the participants with unilateral hearing loss
SEHIBES) L LE
PO FEfy O HIEOBIR  HEE HEE O UK
(BHEE, #HEHE)
01 25 25.0 H 3.75, 7750 /NESE
02 38 38.0 H 5.00, SO A
03 27 20.0 H 12.50, SO LT
04 28 28.0 *H 18.75, SO 7T BRI
05 22 22.0 y o 10.00, 97.50 DT A
06 33 33.0 Vi 6.25, SO A
07 50 1.5 Vst 5.00, 76.25 ZERE BT
08 62 0.5 Vst 21.25, 100.00 G PEEEE
09 51 51.0 H 13.75, SO N
10 58 25.0 Vst 2375, SO TR AR A
11 27 15.0 H 10.00, 91.30 ZEFE M
12 47 47.0 +H 22.50, SO ANHA
13 48 48.0 I 11.25, SO A
R (S 379 . fo 1250, 9500 AW __
) 40.93 27.93 12.59, 101.25
(SD)  (13.88) (15.79) (6.71) (12.26) SO: A7 —/L 7k

* HEREH OEBE ) L1, SO=110dBHL & L CTHH

20



W4, HEMSEN 24, A7 —AT 7541,

— M4 #EBE 12 > T, American Speech-Language-
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THDHHN, *FHMIZ 26 dB HL LL EOHFEN H 5 IR 7E |
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BEWEEEINTZA XAV RIEED S BIERR (0°) £4
(£35°) O, 3 EOWMEA RSV RAEEE RV, TR
EEZWEORSIIEN B 1.35 m, HEHEIEWN 3.00 m,
FRERFHEIZIN 16 P TH -T2,

A O fIl P 1T Kayser 5 [20]1
B A2 I —~y FICH LA 0, HALMAIERE (0°) -
A (£35°), HHE 3.00 m (T TG S v S
DM EA )V A REZEH L,
2.3. FIWHF

SCEE T i (speech reception threshold; LA SRT)
TAMTIE, =7y FEHFLLTNIT-AT EF N7
A 1000 X [21]20 6 1) EEEBNBHET U o —, 2)
FEIH Y 7.5-9.0 F— T /B, 3) 4-5 XHioD, 30@%#
Bl 9 250 LA RN LI, TNENOLTXH I
2% — U~k%ﬂib,mi@)xb%1ﬂﬁloy
DY A NEEERL T,

~AHE LT, BIRLE 250 LD RREHPEE A~
Pt ABME A Praat[22]il X VW~ v F & H =
speech-shaped noise (UL T, SSN) &= MW\ 7z,

Matlab 2 X »> T, WMEA RNV RINEE B BHIAH,
=0y NERETADICERELEZE LT, 250 XX

%%%RMSTE%MLtOﬂﬁmj%Lﬁ@&ﬁ%
TAVIZE 10 ms D=4 BRI XK - CTHFE A %
H%Lto
2.4. XETHRET A

One-up / one-down D FEEIEIZ L D, 50% BHfE[23]T
SRT #WE L7z, EBRESMEITIIE R LIZHEE RO
WEEZRD, EXHILICRELEXF—T—FK%E 3D
U EEBCcEREAIIESNKE 2dB FIF, HETE A
FAEX SN %A 2dB Eif e, 7 X MIEY, AT O
EAMBRE L NLiX 65dB (A), H AL 75dB(A) & Lz
(SN lLiZ+10dB B A FZ— ML), #—F v P EFROD
ARBEEIL75dB(A)E Lo, FE LR KREEE TIE
Z—7y NEFEETEHRIELT, RRKEEORZ~ X
B DOEEZEEIEL T SN & B & 72, SN b oo 18
N 2EPFTVIKLIZE, 6 BTV RS ETHITZITV,

roa75—s~_=2Lkp,
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%D 6D SN HAEFEHT5HZ & TSRT ZRD 7=,
WEDOERIC, 10 LEYV A FNOBFAELZMEMN L THE
1To7,

M FRETZNENT, SRTIZSRM A2 5720
W3EMPELE, 1R —Fy hEFETAIO
WIS FALE (Em, 07), 2 MBXZ—% v MZEM
(=35°), = AHICE®T (0°), 3 MEFZ—4% vy MChH
il (35%), ~ABIZEH (0°) OWEA VR JEE %
BARALTE, BEETORE TIE, 12D 20 XY A +OD

I 3oV, BETORECRENEEEL 2V
3OoOMD20 XLV A2 —Fy hEFRELTHWE,
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ERIZEERZOBTECITbN T, 1) EIZED
TEIT T 74 vV BEROIE, 2) A —VARA—F
(RION, AA-79S) |2 X B MiEME N E, 3) L= THE
TARMNDFEIETH - 7=,

Mﬁ%%@%f&@ﬂ@EﬂSNw@ﬁﬁime
D UL TV ATo72, HIE iz/t1~5#%¢
—F ¢ 7]‘/( > % —7 = — A (Roland, Rubix24) % I
~y KRRV @ENNHEBER,HDABMDL:iVJ%ﬁﬁbﬁ@
FIMEROFELE LN VE~y RA VYO hELEE AL
¥ (Briiel & Kjer, Type 4153) % A L 7= 5% % 3 (RION,
NA-28) IZ LW |E L=,

MR D IEEEHE O O BEEIZIFT A~y FARLITEDY
18l 2> 5 278 L T (binaural normal hearing; 2L T BNH,
n=238)), b9F¥HEIZITAMDAEERLT (monaural
normal hearing; LA F MNH, n =8), MNH ® £/~{]1%
AR - 7 @R L, — TSRS OLF

UHL,n=28) {ZiF~y FERICE DI 2R L7,
3%%:

Fig. 1 (22T « 227 CHIE L 72 SRT @ raincloud
plot[24]% mﬁoﬁ# SHTICIX R(4.2.1) & /=, BNH
/ MNH / UHL @ b8 TlX, SRT & J5& £ %%, BEESM:
EHALEHE LT, BBREGETVICEDEARNT A —F

WEETY, BEDHRIERSME L Lz, ALK
D p EOHE HIZIE ImerTest Ny 7 — V& Wiz, £ &
Lt # T 1 Bonferroni ¥5 T p % ffi1E L 7=, SRT OH#EE
JEEE L 95%EEXE (LT M, C) OFEHIC
emmeans /N v 77— & 72, Table 2 (2% BE D SRT @
M- CIl+SRM %37,

E|MEBTORETIE, ~ABEX—47 v NEFBFEM
O, BNH & MNH (8 =-2.08,s.e. = 0.78, t = —2.66,
p <0.05), MNH & UHL (8 =2.12,s.e. = 0.78, t = 2.71,
p <0.05 OBTSRT ICAEENA LN, YAHIZ
LT, #—4% v hEF%Z BNH Ol - MNH @ &R
il - UHL ® BEEEEMIc@E W72 & & (BLF, R,
BNH & MNH (8 =-4.75,s.e. = 1.37, t = -3.47, p < 0.01)
DO TSRTIZAZE AN AL NT=, &7 % BNH O A1 -
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Fig. 1 Raincloud plots for the speech reception
thresholds (SRT) including raw jittered data, box-whisker
plots, and split-half violins for three hearing conditions;
BNH (n = 8), MNH (n = 8), and UHL (n = 8). The solid
and broken horizontal lines indicate the median and mean,
respectively. ***p < 0.001, **p < 0.01, *p < 0.05
MNH O 3E 27~ - UHL o B EMNIC@E W= & & (UL,
SHGE), ETOHOM T SRT ICHBRZENRA LT
(BNH vs. MNH: B=-9.42,s.e.=0.83,¢t=-11.41, p<0.001;
BNH vs. UHL: =-6.96, s.e. = 0.83, t = —-8.43, p < 0.001;
MNH vs. UHL: B =2.46,s.e. = 0.83, t=2.98, p < 0.05),

BRETORETIE, ~AHEF—F vy NEFBREN
B O, BNH & MNH (8 =-4.42,s.e. =0.97, t = —4.57,
p <0.001), MNH & UHL (B =3.50,s.e. =0.97,t=3.62,
p <0.01) O T SRT CABEN A LT, M KL
TIE, &£ CORERSEM (BNH vs. MNH: B = -7.38, s.c.
=1.05,¢t=-7.03,p<0.001; BNH vs. UHL: B =-2.79,s.e.
=1.05,¢t=-2.66, p <0.05; MNH vs. UHL: B =4.58, s.c.
=1.05,t=4.37,p<0.001) TSRTIZHREZENA LT,
SHIGE T L RERIC, & TORBSEM (BNH vs. MNH:
B=-15.5,s.e.=1.67,t=-9.27, p<0.001; BNH vs. UHL:
B=-8.5se =1.67,¢t=-5.08,p<0.001; MNH vs. UHL:
B=70,s.e =1.67,t=4.18,p<0.01) TSRTIZHE®
BH LI,

SRM [E Az & > SRT 7* 5 BINZE D SRT & 745 L T
K 7= (Table 2), BNH + MNH + UHL ® % &£ C SRT %
INEEE, F—F v NEFORRM (FEE 7 D

22

Table 2 Estimate marginal means and confidence

intervals of the speech reception threshold (SRT) and

spatial release from masking (SRM)

TR TR HHED  SRT (M) SRM (M)
Gt BRBE (AT [dB] Low  High [dB]
BNH MR Ef -0.96  -2.11 0.20
ZEA -6.08 -8.10 —4.07 5.12
&gl 738 859 —6.16 6.42
BT EH 000 -142 142
st 425 579 271 425
P&l —4.00 646 -1.54 4.00
MNH B8R 1EH .13 —0.03 228
SR -133 335  0.68 2.46
SR 2.04 083 326 -091
PRET ETH 4.42 3.00  5.84
VN il 3.12 1.58  4.67 1.30
FEERM 11.50 9.04 1396  -7.08
UHL  ET EH -1.00 215 0.15
KIEEM® 446 647 244 3.46
s ERil] 042 -163 080 0.8
PR E 092 —0.50 234
EFEEM  -146  -3.00  0.09 2.38
AEEA 4.50 204 696  -3.58

M: HEEJEL Y, CL: 95% 1548 X

Table 3 Results from regression models analyzing

speech reception thresholds under three hearing

conditions: BNH (n =8), MNH (n = 8), and UHL (n = 8)

HEEM e TE PfE

BNH 40/ -0.96 0.46 —2.09 <0.05
P (FEA) -5.13 0.51 ~9.99  <0.0001
AL (F 1) —6.42 0.51 -12.51  <0.0001

BREL (RET) 0.96 0.51 1.87 0.06

FEAN TR 2.42 0.73 333 <0.001

FiN: AT 0.88 0.73 1.21 0.23

MNH )7 1.13 0.77 1.46 0.16
(A= E=Nil)) -2.46 0.69 3.56  <0.001

A (FF240) 0.92 0.69 1.33 0.19
BRI (FRET) 3.29 0.69 477  <0.0001

R T 1.17 0.98 1.20 0.23
FEERMMLAET 617 0.98 632 <0.0001

UHL YK -1.00 0.60 -1.66 0.11
Ao (REEEM)  -3.46 0.60 -5.73  <0.0001

P (REAN) 0.58 0.60 0.97 0.33

BREE (RET) 1.92 0.60 3.18  <0.01

BREEA BT 1.08 0.85 1.27 0.21
BHMFRET 3.00 0.85 351 <0.001

* an IR ANEREZ R
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ENENDODNRNTA—EPRAOKTHIZHEST 5 & X
SRT O T (FFWKRER LA T FMICERSR
%) &, EOFMICHFETHEEXIFTSRT O EF (FH
HIREIIK TS 2 FmMICERSRDS) 280 5,
4. B

METIZBWC, ¥—F vy NEFR LY A PENE
DFF, BNH & [t~ MNH IZHEIZE W SRT 8 L7z,
T, BRETIZBWT, 2oEIFIREL Lo (Fig 1,
Table 2), MIEIR G T T MIZ L D /XTF A — X HEE DO FER,
BNH CIEZOEENEE TR >72—FH T, MNH ®
SRTIFEBIZ L - THBEICEFT A EHESNTE (p<
0.0001, Table 3), M HMF 2RI L 0 il HHECIXH
LHWARTHKIAB 7Y RX AR LR L, BEFEHKBEEICH
WHENH B I[25], HEBETICBW Tl HFRICLD
overlap-masking iEfRIC K > TEFPMREN AL I N D
[10]E Wo 7o EDOHE LRROF R L 2o T2,

—, BETORAMESRAEOREIZIH VT, MNH &
B~ UHL CIHABRREFPAREOUZEN AL,
Fo, BETICEBWT, ZOESWETEIY KERLO
\Z72 > 7= (Fig. 1, Table 2), MEZEET - FRET &L 4, FNL
{# CI¥ BNH & UHL O[] T SRTICIZAHEEZN A LR
Mol MBIREETNVICE D RNT A= HEORKE,
F#IX UHL @ SRT % EIZ LA S5 ERE (p<0.01,
Table 3) L HEE SHL727%, MNH & o ~HE S 1T 72
fE %k L 7= (MNH vs. UHL: 3.29 vs. 1.92, Table 3),

MIBIREGETNVICEDRNT A —FZHEORS, BNH
THEHY =7y FEREATBRRNALEST HZ LT
HIZSRM OB R’ SN (p<0.0001, Table 3), MNH
LR ST SRM O R H - 72 (p<0.001, Table 3)
— 5T, TOEAWIE BNH & ~4 7 < (BNH vs.
MNH: -5.13 vs. —2.46, Table 3), x5 ? & & SRM 1L
BOMEEID EHEE ST, MAT, FRE L MK
WCHEBERZEER DD EHEEI N (e, FKETT
HTENIERRMICAE Lz &, SRM OADMEITEIC
WMT 5 5mM~FBEICEHILD EHEEINT; p <
0.0001, Table 3),

—J,RACLE /) TNVZHTH -7 MNH & LT,
UHL 3RS T SRT L v BT S L HEE SN
(MNH vs. UHL: —2.46 vs. —3.46, Table 3), £7-, MNH &
M U<, UHL T% 58 &t M-I A BER a2 BN
HoHLMESNEY, TOHRIDLPRVEERLE
(i.e., MNH & T, UHL TII/RZ T2V THEE M
WCEFEAXMBLEZEEZOMETRY AL EL TV,
MNH vs. UHL: 6.17 vs. 3.00, Table 3), LLAiF % 73 FE ki
L7-#atTix, BRETICHBVWT, MNH &t~ UHL 1%
FAZE T SRT kL, FMEMHFTELY K& SRM

23

NHLNTW[18], S RIOMET - RETFTOHE TH
&% IZ, UHL TIXFANL®E C SRT 3¢k # L, RS T
EOR&EZRSRMMAHE LN, SHIT, FETFIZBWT
BRI CHIE Sz SRM ICEN A b,
M R X T H IS R & AR L, SRS R4
(head-related transfer function; LA F HRTF) IZ XV & 72
LE3ND, AN P INHFa2—RFEDOX2—DIEH
WK > THEED M Z W <T& 5[26,27], £z, B
EMBESIT L —=2 kvl L[26], TFREN
CEERE O B - BRI BIE T 2 Mo @) X o &1k
WIZAEBE AN H D [27], ¥ A HIT SSN & W T X T iR
FEEBRFLfl T, #EoRBHMSEWVIZE SN
OMEIWMYIZEY K&/ SN R XE L WS N
EELEIHESRTWVWRWR) b 7-[28], —MHE
RO RIS, [AEK - AP - KRAK) LIk
HHOW Z 2 [2911%, RefRWEIZ K - THE L7 [30].
o, —IMEEOH LT LD SRM Z L 724
T,z ERD & & BT, SRM 2tk #FE A~ L7Z[16],
ARG ToHMTRI G & Uiz — I R 1Y) 34,13 4R
(1SD: 9.23) &, EWHIM —{EHRE DRETH - 7=,
ARFZETIL, i ERE & 30E O BB IS B 27 MNH
DM, —MIPEERE LT TAZEDO X 2 —
SNOWIIZ LD, BET T AXF I ok,
SRM ORI EFELHFEDL LWV ZEBFRBINT,
AW TIE, ¥ I—~y RTWELEWE 1 30
ARG (Y HRTF) OB HIAHL TRERELZ 5L
ZEICEYD,MNH & UHL b2 EHR L=, Lo L,
Y, HRTF OB HiA A CTER L7Z X, KAD
HRTF £ OREICL YV EBEOREREITE-TmF 2 —%
HO[31], TDT=W, 5, EBREOEL TOXETME
X SRM O RERMNT HALERD B, 72, WE T
~ A2 SSN Z VT, energetic masking 7> 5 D~ A
XUUMBRERF L, FFOMRLICEBNT, vAH
DHEETRSEFOLA, Eot¥BEE2 bbb T
(informational masking) Z & 2315 4L TWA[15, 16],
informational masking (27203 R ITTHE L, S %M
TOHLEND S,

5. % o

AT ST T WANE ) EH & oW EE (BNH) - €/
7 VB (MNH) - — P8RS (UHL) 2 xt4 & L
THEET - KRBT COXETME (SRT), Hmntk~ =R
XU 7B (SRM) #JEL, LLFORREHEL,

1. BNH CIZDOEBERFE Tlhholz—J T,
MNH -« UHL T2 (I SRT * A B IC L F S ¥ 58K
LHEE Sz, —J, MNH & He_T, UHL |[Z&Z
WCEDEENDR N ENL, BETCTHLIEED
energetic masking 2> 5 OFERN H D LR I T,



2. YRARBEE =Ty PEFRPRMNOMEICLH D
& %, BNH & b MNH * UHL TiE & 7 23 R
i L7z & XD SRM O ES VR, BEMAN
NMELZLE, SRMIZADEEZE -7, —J, MNH
LN, UHL Tit SRM O RickE N A 5T,

3. MNH & Ol 5, FAED D R HH 2 K8
L7 —MESEE T ) ILVZMTOX 2 —~D
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