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Speech Intelligibility in Noise and Spatial Release from Masking
under Reverberation for Those with Unilateral Hearing Loss
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Abstract  In the current study, temporal resolution, speech reception thresholds (SRT), and spatial masking release (SRM)
under reverberation were measured for those with unilateral hearing loss (UHL), monaural normal hearing (MNH), and bilateral
normal hearing (BNH). Results of gap detection using broadband noise showed that MNH had about 0.3 s longer response time,
which means listening effort. As results of SRT, the group of UHL and MNH had upper SRTs than BNH, which means
reverberation is one of the factors that interfere with speech perception for those with UHL. Comparing longstanding UHL (29.06
years; 1SD: 14.19) and MNH, results also suggested that there was a process of adaptation contributing improvement in release
from masking of reverberation and SRM.

Keywords Unilateral Hearing Loss, Reverberation, Speech Recognition in Noise, Adaptation, Spatial Release from Masking

1.IIC®IC
FRIEIZE®THDD, tEMICHERNS L Z &%
*ﬁﬂ@%ﬁﬂ% (unilateral hearing loss; UHL) &\ 9,
HEIAR T UTREE 70 & B & AR AR AH 2 R T7[1],
%ﬁm#if%ﬁéfﬁ Be, RWE (single-sided
deafness; SSD) L XBlIENDHZ & HdH D,

Harford G22I L2 &, —MEEEICR T 5 HE
1) % T TR, 2) M ORI, 3) E/ﬁﬂiﬂ@

CHRK SN D R E O Gy TR EE AR B T3],
%0) FT, HFETSLREEMOBEBRTIE, K&ME
BETCRVRICHEESH 5,

BRE T TOEFOREBICOWNWT, HFiFE~2 0080
ODNEICHD X, TFOBIBEMEISRETD, I
ZHmME~ A X B (spatial release from masking;
LR SRM) & WH, ZORMBOIEIX, 17T /3—
T 4 B R (cocktail-party effect) [4]=° 2 7 v F 2h R

(binaural squelch) [5, 6] E LR INDHZ L dH D,

SRM % 13 % 7o 60 O T2 72 SR 1%, W H [H] O BpfH] 2 &
LR Td D [7]e — AN EERE I B o 1F A 7
DAL, AL SRM OFER»0 & bic b LR
RN EEICEM L, EEA ORI 2 58],
— 05, WA OB EREZE ~O KO HER9, 10]R°,
—IVEEEREE A xS & LC[8, 11], £/ FAZHETO
SRM AN ETICHRFTILTND

Mz T, ENTIHEEBIIL> TEFOBBNEEX
hNo, KBCLILIEFHABREDOEFIZOWVT, self-
masking * overlap-masking @ #2345 i ST 5 [12],
Rz, a2 — bR =D EIICESEEDEWERH
T, BRORKHEEERRANL, BT T2EFOKREIC
LOBBOEFENR AR T IND, it,%%_
DEFORNTOWENIENRB[13]Z LI2L Y, SRM ®
NPT B[14], W EFECIT overlap-masking i b
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[15]R°%ATHE D R[161IT L » T, HHEHKE - FIHEM
EHHIBREREIND, LrL, HICHEEREEOH D
Bih, MEEOZENEREE T, BB EFAKES
TH2ERERDZENRMOLNTWD[17],

INFETARBTE, —MHEERS > THLRIEHET
TR FTEE & VD 2 & T, BT xE T D B
TSN o=[18], L L, th&4m b, — Ml
TEENERE SRR TICh D2 2132, Mo xzo
RIEIZE > THRABMR 2 SICERELDZ ELHD
[19], ¥T4Cld BHE H o> IR [H] 53 7 58 A3 i 4 & /) 1F & &
X TH-TnD ey, WEEORRD—2TH D
MBI TWD[20,21], £/, WMOBERREES &
FEEIC, — MRS & > TRBIIEAPREL T
FAERE 725137720, KRBT O MR IIHRHH
ATV,

T TR TIE, — Mk 0 B T C o HEH
SRR BEFME -SRM AT 52 L HHIME LT
— I PE R L AR ) B o ) T VAR - il B
D3 FRME/RIT, 1) RET ORISR, 2) X=E
THEEE, 3) SRM ZE L7z,

2. FiE
2.1. xt5

— RS 16 4 (B34, 134 ; 18~55
k), MMTEDIERH 284 (B 104, 184 ;
19~27 %) %L Lz, Z2MEFIXEE, HARERNGE
FEE TH o 7=, Table | & —IMEEEREE O BMZ2 R,
EALIZE D, 50~60 5 H b HEH T TOH = BREGE S
D& T+ 5[22], A TIIEBLOEBELZR T D-D
12, 50 Ll B oo — MRS o 7 — Z XA LT,
TR G E Ue — IR EERE F 0 T, HEE oo B
X 11 AE~48 45T, SERMFIEDN 10 4, # KIFIEN
34 CTHolz, AL TITEERE ORI/ O LW 220
T AT RIFIE & Uiz, RIS 5L, AR
8 %4, BREEE ORI L ~L (lU43{E) 1 20 dBHL
LUFC, MERREIXEREHERED | 4, MR 2 4,
HEMMEN 24, A7F—LT7 7 RN8L4LTHo7=, —Ml
MEEEREIZ D>V TIiX, American Speech-Language-Hearing
Association (ASHA) (2 X2, THHlO EIZEE TH 2523,
% EHAMNC 26 dBHL LA E O FERE S & HRRE I [1]IC L » T
EFx LT,

Table 1 Demographics of the participants with unilateral hearing loss

RIS L ~L
POE S OB EEEE HERE O SN
(RESE, #IEH)
01 26 26 Vs 5.00, SO A
02 46 46 H 15.00, SO N
03 37 37 H 7.50, SO B
04 24 24 +H 5.00, 78.75 /NEE
05 18 18 Vo 8.75, 38.75 FLER M B %
06 27 27 +H 18.75, SO 7T B
07 32 32 Vo 2.50, SO B
08 29 19 Vo 3.75, SO ZRFRE M FETE
09 50 16 +H 13.75, SO ZERE M
10 29 11 +H 3.75,  96.25 ZERE M
11 55 55 ya 2125, SO T
12 46 46 = 11.25, SO A
13 50 7 H 8.75, 38.75 NERT T h
14 33 33 +H 7.50,  71.25 NEE
15 26 20 H 17.50, SO LT A
16 48 48 H 10.00,  92.50 A B3l PASHAE
1) 36.00 29.06 10.00, 94.77
(SD)  (11.46) (14.19) (5.77)  (25.05)

SO: R —/L 7 v K



2.2. AU NNVRIRE DI

AFRTIE EFRYE 10 GREHEROME A /3L X
W B DB IR T X0 JIRE ISR A U, IR
WX 12 miR A ¥ —# (Briiel & Kjer, OmniPower 4292)
26D swept-sine E 5 HIRE, 3 MWicEy PLAEF
—o~» F (Neumann, KU 81) # iz, FIH & RS
RO FICE W, ZHSEAT VP RTER
WX I —~y FOBFHmEMIT T, FFIFFI—~v F
OHIEICHEE Lz, FI—~y NIZXT2FHOAE
EEZ, BEOA VRNV RARE RN LT, B AR
WIXIE® (0° ) &, £4 (£35° )3 SADWEA 3
AEEERAVWE, BREZHEAOR S IEKR»HH
1.35m, HEEEIZH 3.00m Th o7, WLz A v L 2
JSE OEBRFEITN L6 Th o T,

2.3. M E

PR gap LT 2 M T, Em (0°) OWE A
SV ARE R BRALTE AGMES % AT, Gap 72 L
DHAERWE &, gap B & & E 100ms 2> V20 %57 &
\Z20 A7 v 7D gap &V RN AEIERR L7 (2.5 &),

SCEE T fRFE (speech reception threshold; LA T SRT)
DT ARNTIEL, #—75 v FXIE NTT-AT HH 137 R
1000 X [23]1 6 1) @EERBUETF U o¥—, 2) A4
FHWARWL O, 3) FEEN 7.5~9.0 E—F /M T, 4)
A~5CH D, 4 FMHE2WH2T 130 TEEIL, 20 XD
YZARME2 62, 10XDOY A RME 1 2fEK LT, £XT
i, XHEHITEIZF—UV—FERE LT, v ADFTER
L72HEF 130 XOEREHFEH AT FLITED
Praat[24] CYERL L 7= speech-shaped noise (UL T, SSN) %
AW/, Matlab IZ X W HEF & SSNZ 2 LA DY, @i H
AUV ARE T B I AT, TR E ISR MG L
Too YERE L 72 130 SCORIEE =1, BIE4 RMS IZ XV
EHRAL L, oS H LR ETH TR DI 10ms O
YA BB K DR EK AT LT,

2.4. PR E

ERIZI EERZOBTRETITbhi, 1) EICLD
TEIT T 74y VERONRE, 2) A—TF A =%
(RION, AA-79S) (2 K M EWE ) OMIE, 3) FRET gap
BT AN, 4) XETHRETANOFIRTH- -

R G A O RTRERZEDOIEM - JSEMER - SN EEo R
$ki% Matlab ® ULIC X V{77, HIEEFITa v Ea
— 20 b A —F 44 A % 7 = — A (Roland,
Rubix24) # /M- L, -~ v K ¥ (SENNHEISER, HDA
300) 12XV B L, MAEE D IERE O 5 BRI
~v FAR T LY il 27~ (binaural normal hearing;
PAF BNH,n=14) L, & 5 FHICTIT A M E R (monaural
normal hearing; UL T MNH, n=14)L 7=, — il B HE
(BLF UHL, n=13) 12T~y FAR VIV WM ERLT,

FEEFROFEL_XVIE~Ny RErvohEES

AN T H (Briel & Kjer, Type 4153) Z /i L =& 5=
(RION, NA-28) IZ LV BIE L7z, gap M7 A kDl
W« SRT 7 A D~ 2B OFHERT L ~/LA 65dB (A)
\Z, up-down RID ¥ — 75 v FEFOELERE L NN
75dB (A) 1272 % £ 912, Matlab Z W TKRIE L 7=,
2.5. RET gap R T Xb

Two-up / one-down DFEEIEIZ LV, 70.7% BE[25]
T gap M D FABIEE (ust noticeable difference; LA T
IJND) ZHlE Lz, EREBMEIITEENE - gap H Y
ORI E T v Z LRMETERL, 2 BmHhERE (two-
alternative forced choice; 2AFC) (2 & ¥, gap » Y 34
ZELLRE ST ZEBIREE L, Gap L 50ms 226
2B — L7, 2 B CEMR D gap B 1/V2L (iee.
5T up), RIEMDOBE gap BEE2V2E L (le. ¥5
FE down), HIW O ER, [BIZ - JRERM ORI
Matlab @ Ul # 7z, ~ VALV A7 U —2 ED
RE L7V 7 LTHBLH I ETHEZNEL T,
Gap £ 7% 8 BB L 7214 20 BIFRAIT 247\, < @ 20 [A]
D gap BEE YL TIND 2R 72, 7 A L DREIICHEER
BIMFITITHHAZITV, ULIC L B EIE O FIE %2 #E &
Hi, B ESMENELEOFINEZHEMEST 5 E THRY
WK Z RN TE,
2.6. XETRET AL

One-up / one-down D FEELVEIZ LV, 50% B fE[25]T
SRT ZHIE L7, ERBMEICITERLIENESEF o
BEEERD, FXHICERELEF—T— K& 3oLk
BETENEEFOEIEL 2dB T (e #SE up),
HECTERITNIEEFEEZ 2dB LT 7= (e 5
down), #—4 v hEFRE AL D, SN HIX+10dB »
bAX— LT (e. KAFEFEZ~ AL LD 10dB
REWEFETERLE), & D up TIE 6dB FH DF
E%& Fiflz, EFOFIEN 8 MBI L7=%, 20 [T
AT\, Z O 20\ D SN % ¥ LT SRT 2Rz,
T A MRNCERSMECZEEOTFIEEZHHL, 10 X
UANORIPZEME > THE ZIT- 7o, HEIEsmERN
FIEOFIEZHEST HETHRIVKRTENTE T,

SRT i%, SRM 2 #& 5 7= 2 [mHEIE Lz, 1[EHIiX
=Ty hERLHETOmFICFENME (EHE, 07) ©
ANV RIEE BRI, 2 BIREFY—7y FEF
WA (£357 ;€ /7 ZVZRECILEREMIC L) ME
WZIEM (07) O EFA 7OV RSB % & HIA AT, 1 E
HiZ6 2020V A+DHSE 3 D%, 2EBBIFED D
3OO0V R NEI—Fy hEFELTHWE,

3. MR

Fig. 1, 2 IZRET gap T A b, XETHET X
k @ %% 8 @ raincloud plot[26]%, Table 21247 A k@
IR & SRM O | & LT,
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Fig. 1 Raincloud plots for the gap detection thresholds
including raw jittered data, box-whisker plots, and split-
half violins for 3 hearing conditions; BNH (n=14), MNH
(n=14), and UHL (n=13). The solid and broken horizontal
lines indicate the median and mean, respectively.

LR, #EOHICiZ R@.2.1) Wiz, 3 >OREE
&t (BNH, MNH, UHL) O Hl#Tix, BIE & 5%
D fEF % LT 8 (one-way / nonparametric
ANOVA) =17\, AR ENH L 7= #EF 1T post-hoc
test & FEHE L 7z, % HELL#E TlL, Bonferroni 5 C p i &
MIE L7=, SRM Oz R 1%, F{LE - BULLE O SRT (2 %f
LT, 3&RMFZEICHIGEDH D t EETT o7z,

IND @ F-#Ji% 5.83ms (BNH), 5.39ms (MNH), 4.72ms
(UHL), W2 BEfE o F¥J1X 0.94s (BNH), 1.28s (MNH),
0.98s (UHL)T& - 7=, ANOVA O #ER, 3 D OIS
il T JND (F=0.31, p=0.73), JSZEK;[# (F=1.01, p=0.38)
LHICABEETADN RN T,

~AB =y VERMPEAME (Efm, 0°) O &
X, SRT ®*¥¥J1% 0.70dB (BNH), 2.74dB (MNH), 1.34dB
(UHL) Tholz, SABIIKHLT, #4—F v N EF%
+£35" TE/R L& &, SRT ®FH1X-2.30dB (BNH),
0.87dB (MNH), —-1.45dB (UHL) T& - 7=, SRM (I [FI{iL
SR {FCTMIE L7z SRT 26 BINLE CHlE L7z SRT %
ZoTHZLIcE Rk, SRM ®FHiT 3.00dB
(BNH), 1.87dB (MNH), 2.78dB (UHL) T& - 7=,

BEAELEADNRENAED L E, BNH & MNH @ SRT
DFENE 2.04dB T, ®IEOR WVt REORKE, HEEN
H B iTe (p<0.001), UHL X MNH & kb, 1.40dB SRT
NIEL, ZOEIIEE TH o= (p<0.05), BNH & UHL
D71X 0.64dB T, AEEE AL o7 (p=0.63),

EHHE L~ AAPRIMLE O L X, BNH & MNH @ SRT

*kk * *kk *%k
5.0 Al F——t——|
*%k
25 <013
) alni "
B, -|=|= = ok
=
¢ 0.0 Hokk
(2]
2.5 1l
-5.0
BNH MNH UHL BNH MNH UHL
Co-located Separated

Location

Fig. 2 Raincloud plots for the speech reception thresholds
(SRT) including raw jittered data, box-whisker plots, and
split-half violins for 3 hearing conditions; BNH (n=14),
MNH (n=14), and UHL (n=13). The solid and broken
horizontal lines indicate the median and mean, respectively.
SRTs were measured in 2 conditions; target speech and
masker were co-located (left) and separated (right).
*¥*%p<0.001, **p<0.01, *p<0.05

DAL 3.17dB T, IR DR t BUE DGR, A EEDN
H BTz (p<0.001), UHL (X MNH & kX, 2.32dB SRT
MEL, ZDEITZEETH 7= (p<0.001), BNH & UHL
DF1L 0.85dB T, AEEEALNN > T (p=0.43),
El, SO H D t MEDKR, 3 SDOMREFETT

H72 SRM OZRBH BN TZH, MNH OftF &%

BNH « UHL (Tt X TA 722 5o 72 (BNH: p<0.001; MNH:
p<0.01; UHL: p<0.001), 3 DD E D[ T SRM O HE D
BICHAEEBEZIARON -T2 (F=1.99, p=0.15),

4. B5
AHFZEClE, BNH- MNN - UHL # 5f 5 & L C, /&%
Togap MINT 2 b« LETMEDT A b (2 GfF: FF
L A B BENLE - BINE ; £ TVZBETIIAD
Table 2 The mean of response time in gap detection task
(left), and SRM obtained via subtracting an SRT of separated

condition from co-located condition (right) for 3 hearing
conditions; BNH (n=14), MNH (n=14), and UHL (n=13).

FEMSE REEER [s](SD) SRM [dB] (SD)
BNH 0.94 (0.51) 3.00 (1.31)
MNH 1.28 (1.21) 1.87 (1.93)
UHL 0.98 (0.59) 2.78 (1.45)

BNH: Binaural Normal Hearing, MNH: Monaural Normal Hearing,
UHL: Unilateral Hearing Loss.



WL THEFAEZMH Z 22 M E£35° 2@ W) %ML,
— T DR T T ORI RAE L, FRE N =
TREEICKIETHE, SRMOEEZBGF LI,
BETTORRAMAICOWT, AT H W
FARNTIE, H#HTIND ICABEERNLLNR -T2,
WEOKFTIE, UHL & MNH 2% &Ic LT, fiF L
0-12,000 Hz O JR#IHRMEZTIC L Y gap BT 2 F 247
ST fER, BRENAELN RN -T2[27], —F, 1,000
Hz & 2,000 Hz ORFHRMEFIC L D gap BT X M %
Tolefif, MUBEEREOMETIZLD gap B
(within-channel condition) TIXHEEN A LRV,
= R OMEEFIC L D gap M (between-channel
condition) TiX UHL IZA BRI W EEM D MEEEZ &~ LT
[20], BNH & UHL % xt8I2 L= & Ti&, 1,000 Hz,
2,000 Hz OfiE TIEABEZEN LR -T2, 500
Hz, 4,000 Hz O #i3F D gap Hith7 A kT UHL 134 &
IR WK S fRBE 28 L 72 [21], KRAFFED L 5 7k
TD gap 7T A N THREERIC, T A MTHW DRI
WX THRERICGEVWRH D & RITHRNORBIND,
HEZEIZAOLN720 5125, MNH O -5 55 2 8 /1%
03 BWEL, HHES RS, 29N EN-, WHEE
O ZRERBEICE 7z MNH (2% L T, UHL (% 29.06
A (1SD: 14.19) L EWEEFE O WK CTdh o 72, MNH &
AT UHL TEHISEREAED L TWDLZ b,
Wy fRRE DLV~ D RN B 5 LRI I Tz,
BRETOXETMRET A M TIiX, BNH & T
MNH:UHL i3 E S OBEROZHICL W EWEED L%
ML LT, FICHHREER T, BBy FUnE
EFTFFLERERDZIENALNTWD[17], AWFZE
TiE, —MIPEESRIC B W T H 2T SRT % EiF 5 EK
LD ZENTRENTE (e. BETTEFOBHEERY
DT, TV RELREFNAHEZT OB NI 5 72),
—7J5, MNH & [t_T UHL % 1.40dB {&\>» SRT T
ST, ZTOEITWERIFEE (BNHvs. MNH: 2.04dB) T
X720, BEBOAX U IDLDOMERH D ERS
N, £/, EFICRBEEM 357014 L LA RE %
BHIANTERLIZEE, BNH &t~ MNH « UHL I
K\ SRM O & %R LTz, FEE7 L THF D energetic
masking 7° 5 @ SRM &Mt L 726 TiX, €/ 7 V<0l
TIEME LY SRM OB {EL, D SRMIEHEF
NEFBEMICAE L X0 SN Lo ETHI SN
7-16,8], — 4, KRFZETIE, A LE / 9 A% TH UHL
i MNH & .~ 0.91dB @ SRM Ol L3R L=, £ D
FE L HRE Y (BNH vs. MNH: 1.13dB) Tid7ZR2 W23,
BHETTOSRM DEICKENA LN,
W EORFTIE, —MIPEEIEORIER, RE&EIC
LIV EROWEZ 2 ICELHEN A DT [30], — M4 HE
THWMEMEHRONDIC, HEEERME (head-

related transfer function; LA T HRTF) (2K 5 A7 |k
TNFa—RFEOF 2 —DIERICE > THERO 5 H
R LS 5(31,32], £, BEEMENET ML —=
YUK o T R L3, FIREAL & EE o> HI [ - R
WD B oG & OZLITIZHBE N S B [32],
— RSO H D F Y b D SRM e L7=F Tl
iz ENRD L L BT, SRMICKEEZ R LT[33], &
WFZEClX, UHL & MNH & O 6, AE» S KB
MREE L7z — M EREE LT ) IAZHEOF 2 —~D
WIS L - T, EBRET T AFT VI MO MBRIN,
SRM ORI LBELHED L VW) ZERRBEEINT,
BET O gap 817 A b TiX BNH - MNH + UHL ®
TET T T 4w 7 BRITEEITHER L TCWieho iz,
TR R O Ll UL RRIC ARt - PERIZ Bl 92 2 & A
HETHDH[21], L0 FEMICHEE R L2 R 2
&, 7EZ7 774 v 7 BROKENLETH D,
AREFFETIE, #I—~y FCTE LW EA >0
A (BEAE{L HRTF) OB AL THREBEZ 5 L1Z
ZLICXV,MNH & UHL O ltlg# EH L7z, Lo L,
HE#E (L HRTF O & &AL CTIER LRI IE, RAD
HRTF & OZEIZL Y EBEOER L IXEsTmF =2 —%
HO[34], FDT2, 5%, EEOFLTHRETO LT
TRET A MR SRM OB REZBHNTLILEND D,
F e, v AHITSSN MV T, energetic masking 7> 5
DV AX U TR EBRN Lz, EFOMEICBWNT
TANPHEETRSEFOLRS, EolgBir bbb
9 (informational masking) Z & 23HI B AL TV 5[8, 33],
R T C @ informational masking D&Y, 5% KRG
THEMLEND D,

5. K&

AL UL MR ) B E o W HFiE (BNH)- € / 7
JVZTE (MNN) « — il #EBE#% (UHL) & xt% & LT,
BT CORFB O MAE L, X THEE, SRM OB R %
HEL, UFOKREER-,

1. BT TO gap RHT A N TIEABEE (JND) -
IEERER E DICHBEE T A DL o 724, MNH Tl
03 MISAR A ML, RS IR AHE ST,

2. BT T, BNH L X TC MNH - UHL (Z&F D
B OZDIZ I RE7 SN a2 L L, —
IRV TH, FBIEFERZGT2ERTH S
ZEnRENT,

3. MNH &t oblins, —RIME#EEE LT 71
ZTOF 2 —~DFEINIT L > T, BEBET T X
XU MOMBEEN, SRM OB BRI ELES &0 D
ZEMRmEE N,
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