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Purpose: The ability to benefit from spatial separation between target and masker signals is important
in multi-sound source listening environments. The goal of this study was to measure the spatial
release from masking (SRM) in unilateral cochlear implant (Cl) users with bilateral profound hearing
loss. We also determined the relationships between the SRMs and the self-reported spatial hearing
abilities. Methods: Fourteen unilateral Cl users with bilateral profound hearing loss participated
in this study. The target sentence was always presented to the front of the listener, and the non-
fluctuating speech-shaped noise (SSN) or fluctuating speech noise was either co-located with the
target (speech at 0° noise at 0° SONO) or spatially separated at + 90°. The SRM was quantified as the
difference between speech recognition thresholds (SRTs) in the co-located and spatially separated
conditions. The self-reported spatial hearing abilities were also measured using validated subjective
questionnaires. Results: Overall, the SRTs were lower (better) with SSN than with fluctuating speech
noise. When the noise was presented to the non-Cl ear (speech at 0°, noise at non-Cl ear, SONnon-
ci), speech-in-noise recognition was the greatest due to head shadow or better-ear listening effect,
resulting in the SRMs of approximately 5~6 dB regardless of noise type. When the noise was given
to the Cl ear (speech at 0° noise at Cl ear, SONci), some individuals exhibited positive SRMs (3~8 dB),
while others showed negative SRMs, leading to little SRMs overall. When the SSN was given, subjects
with less SRMs (less spatial separation benefits on the objective test) reported greater subjective
spatial hearing difficulties. Conclusion: The spatial hearing of unilateral Cl users varied by the position
of the sound source. Listeners' spatial hearing abilities, which are unpredictable from clinical routine
tests, need to be assessed by either objective or subjective measures.

Key Words: Spatial release from masking, Spatial separation benefit, Spatial hearing questionnaire,
Unilateral cochlear implant.

INTRODUCTION

e A0 2 A= THE fIX|oflA ofF] SAp7EBA o]
op7|st= ThaA} QJakas S-S A ARkt AAUA2 "4’9}
A} tis} Algtol A ol 3 (binaural hearing) W49 £9
FHhead shadow effect)E Sl o8] 489 YA & =}ots
3 3R] S0 AT 4= At (Bronkhorst,

AL EEet &

hearing)& 7 @219 B¢ ol EAES
A Zole = E]H =
go] Al = %‘-ﬂ(spatlal hearing)oll of2l&
SH(Akeroyd & Wh1tmer, 2011; Kitterick et al., 2016;

Kumpik & King, 2019; Thornton et al., 2021).
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2 AW HA oy SFATAE Bl &
1‘4-‘?4 ]—Ev— H(sound localization)2 SHsHAY Z1 oS
T &2 7+ HAF B2l H(spatially separated) £33F o]
AAAA = AT AAE AFT 4= ItHCorbin et al.,
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2021; Firszt et al., 2017; Nelson et al., 2019; Oyamada
et al., 2023; Rothpletz et al., 2012). A& T4
AL oE]g AL AlFEet Bgert AFH AVt A
T T B9 9HUY 30HA ogleE FHECE ¥
7Vt 4= Itt(Jung et al., 2023b; Noble et al., 2008;
Perreau et al., 2014; Zhang et al., 2015). T2 A9 &
TollA Yx|EE7} o] Fo|RA] A2 (spatially co-located)
Z70] Hls) YAEE 2HNA duit 2551 o] ZR1A]
7} Fot=AE ol HAEYE g AH A (spatial
release from masking, SRM) &2 QX2 dH(spatial
separation benefit) =5 =Z5F¥HHawley et al., 2004;
King et al., 2020; Litovsky, 2005; Yost, 2017). SRM
o] 4% ¢ U2 FHHTHEE Mo 1ok, A
Zol9] AL &3 (energetic masker) XARTH 2w}
H|(informational masker) 2794 § & SRM= Eth
(Arbogast et al., 2002; Rothpletz et al., 2012). ¥o] 7+ 34
9] Fr9} Fert b2 oFo] vt (bilateral asymmetrical)
S 7H A, Aot 313 58S Hol o2 7H4] of
& A=t R EHATHKumpik & King, 2019; Reeder et
al., 2015; Rothpletz et al., 2012; Vannson et al., 2015). 1
2 o] & A, FH 0 R A BrIeto Bt FE
Q19 e E Aol E-&ot= A7t AlgHHolt}. §5] ol 1L
AME BAAEY D8E 7SO A BA A%, s
of digt Fe, 7k HY 52 olf=E ¥Fo] oid ¥ <dget
£ o]4l(cochlear implant, CD)< A&}5}7] = ShH(Gordon et
al., 2013). 0]} o] A= CIE AF8dt= AU B2 ot
5 CI AR HI3f| th4=9] 3RR7} oof7 |6k Al 118 WA,
=57, Rk tish A 5 AAEA B2 ojEEs Fe
thSarant et al., 2014; Smulders et al., 2016; van Zon et
al., 2017). ol T4 = FZHBAE FHS 7H o 4= CIE
ArESHE Q19 A A EEsE S AT AT ClL A
07 W 9y fEHS By AR EE s =0
A FFY of= 7 Aol ATHLee, 2022).

T B8HA 2 R8I AAFoIA Y oASHAHA Ao
2= WA Yo 2 Q5] F= YdA8E & TEHY ofd=w
< A E3t= dl eA7} it} S AH § AYUAEES 5
517] QoA o] S7dAuA AAF Eo] Fagtd), = uo]
Al A BH O R 57) o] FAEA SHE 5T BTt
H| A Agtaolct. v W2 A @AM 4EZ7)7] &
I AZSE ol SFHEA Holl 2~3749] SFATAE Aot
2, o] B9l A2 E 455t ofSRIA S Alste] H]
o FHR1e] FHF 582 Brtskal olof W= g AlE

o Uk 2 AFolAE ol TAE I F LS CL A

o9 @

v}
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SAE ez fAEEE &35 2EUAEANE AT

SHATE AR AL A
T =78 5 0859 o= g 5= S5, 4
T2, F84 A A3 2 IS geRlskalAt shith

MATERIALS AND METHODS

AT e
Folol IAHE S 7KL ot 4= CIE At 9l
= A9 1474 29, oA 12%)0] & Ato]l Fofstch of
AR Bt AL 41.86A|(standard deviation [SD], 12.40;
range, 21 to 61)%.2H, Table 10 Z+ thAd=}e] g, A, CI
AHE A, B WA A, CLARE 71%E A S CL717] BR
5= AL £348AA](AudioStar pro; Grason-
Stadler, Eden Prairie, MN, USA), 3|=EZ(TDH-39P;
Telephonics, Farmingdale, NY, USA), S4A3]#(Activer
speaker; RadioBar, Middelfart, Denmark)E AF&3}o] &
= AAe S EAAE APkt WA CL A AS
71&0 & CI A& A 500, 1,000, 2,000, 4,000 HzolA =4
St B2 2|(pure tone average, PTA)= Bt 119.02 dB
hearing level (HL) (SD, 1.97)°131.2H, CI A& & Z43HCI-
aided) PTA= % 28.30 dB HL (SD, 8.75), CI WARE F19]
PTAE Bt 112.48 dB HL (SD, 8.38)01%1ch. 147 izt B
7 T H(etiology)= & &= UL, FF & o], ofAH,
2 HEZ Holx| Aokt ti At BF Ato] Zojsh]
2 A9 54 9 dajo] gt A& =1L A fojofl 59

potc

v}

O

2o
o,
el

ol

ASot EHUX| Bt

2 AFgAE FAEZNA dicte A5 E&5E
(International Organization for Standardization,
2012)& WEoh= 92404 Oldenburg Measurement
Applications (OMA) 2AZEgo{(Hé6rTech gGmbH,
Oldenburg, Germany)E &3l ¥ d(adaptive) 3+=+0]
Matrix £33} FARIRAHAFE A5kt Jung et al.(2021,
2022)2 A% AR} =01 to = AL A g
o] Matrix &35t ZAANAFAL =79 A= =9} 87} 4
Ak gelstoirt

Aot ZAAAAANE Yol gH=ro] Matrix S 2787 &
< A AREE 19 A, FHO° azimuth) &2 3
9-(+ 90° azimuth)oll x| &A1 F(SC-M53; DENON,
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Table 1. Subject’s hearing and Cl information

Subject# Sex Agei attest  Implanted heaéi? golfoss Length of CI Intanal device/ 4fPTA'of Cl-aided
y1) ear onset (yr) use (yr) coding strategy ear (in dB HL)
S1 F 21 Right 1 8 CI422/ACE 12.50
S2 E 39 Right 6 17 HiRes 90k/ 30.00
HiRes Fidelity 120

S3 F 48 Right 27 4 CI522/ACE 35.00

S4 E 36 Right 14 17 CI24RE/ACE 26.25

S5 M 59 Right 32 17 CI24R/ACE 35.00

S6 E 42 Right 20 10 Sonata TI100/FS4 48.75

S7 F 35 Right 5 18 CI24R/ACE 27.50

S8 M 25 Right 8 5 CI522/ACE 28.75

S9 F 61 Left 48 3 CI24RE/ACE 23.75

S10 E 26 Left 2 17 CI24M/ACE 20.00

S11 F 50 Left 28 12 CI24RE/ACE 26.25

S12 F 53 Right 12 11 CI24RE/ACE 35.00

S13 F 42 Right 14 15 HiRes 90k/ 18.75

HiRes Fidelity 120

S14 E 49 Left 33 13 CI24RE/ACE 28.75

Mean 41.86 17.86 11.92 28.30
(standard deviation) (12.40) (13.96) (5.27) (8.75)

CI: cochlear implant, 4fPTA: pure-tone average across 0.5, 1, 2, and 4 kHz, HL: hearing level, S: subject, F: female, M: male

Kawasaki, Japan)®} Fireface UCX TAE ofg= 1 HH3]
(RME, Haimhausen, Germany)S 3l Ags}3ith & o
A 7]1& Matrix AAF A E 65 dB sound pressure
level®] I4H oA A EoH, A SHol ot
2} F 9 ==%(maximum likelihood estimator)o] A3}
o 229] 77 e A= cHKollmeier et al., 2015). &
AollA= OMA AR EQolE Bl 7 tiidAt 2F 50%2] 4
S5} EAQIAE Hol: signal-to-noise ratio (SNR)Z o]
A9 X (speech reception threshold, SRT)ZE L&}tk

Aol A= YRR 7} o] FoIX|A] B2 27T} YA E
A BFoA T 7] 79 WiF S-S AAlste] 450t
ARAE S5 F 7] 79 43 5 she HIWE
(non-fluctuating) Ol 2AHEYH A-S(speech shaped noise,
SSN)ojloH, o2 432 International Speech Test
Signal (ISTS) (Holube et al., 2010)°]itt. ISTS= 67H9] A2
e 2=olE 7H o] 3Rt Z4A1e] B=to]& “The north
wind and the sun” °|°F7|& 4] g ¥ 100~600 msecE &
& FAS] AR 29T Aolth SSNZ of3o] AHEYS
7Y Hs E40] Qi v, ISTSE 34 s Hcompeting
speech) &50 & o]& AA| 9] HEsh= E4S 7Y g0
£ E=10]2 of= o/ SRt g o] QJA] got gh=tof QJu]

|
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2
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A1 (informational masking) 45 A 4 Qi

£ dqodes 51 4T A9 A7 BEEA] g2 =
7] 221 Yol H3E £ A2 FH(O° azimuth) ATA
A A AAI8FH .21, o]F speech at 0°, noise at 0° (SONO)
ozt ottt Hi 2T A YA|7F90° EElE 210
Aol HIE 22 T FHAA, A2 FHE T2 5 AR
90° azimuth) ®EFol X2t AuAH A A|AJ5H] o,
AAE HFo] CI AR ARIA] ¥Hh ARIAIE 7]1E 2 & speech
at 0° noise at CI ear (SONci) -2 speech at 0°, noise at
non-CI ear (SONnon-ci)2} §Eal3tt & 42 dloflA] ]
Ea|7} o] Fojx]A] &2 XZA(SONO)T YA EE7} o]Fold =
ZA(SONci &2 SONnon-ci)l412] SRT2] Z}o|& &5l SRM=
=& THSRM = SRT from SONO - SRT from SONci &2
SRT from SONO - SRT from SONnon-ci).

AE AIRFsl7] ol tiAdZ7F SSN, ISTS 2704 Matrix
42 Xkl et Tote b AsoiAls A5 S 7H
o £Aof| E o] § i carryover effect)E 11#dto] &
& &5 7] 202 529 A2 A

£ ATAE 93 Cl R F84 3794 5



£ =743517] 95 Korean version of the Spatial Hearing
Questionnaire (K-SHQ) (Jung et al., 2023b; Kong et
al., 2017)2} Korean version of the Speech, Spatial and
Qualities of Hearing Scale (K-SSQ) (Kim et al., 2017) A&
L7 AEolin) ZF AR Tt gk Arg2 ofefjel At

K-SHQ

K-SHQ& YolB83E BRE st= o8] 7] Ad=ollA &
T4 o]H S B7lol= 98 SHQ (Tyler et al., 20095 =
o2 W3t Aotk Kong et al., 2017). Jung et al.(2023b)
F| CLAHE /91s ti e 2 K-SHQ AAt =719 418 2
Bt f-eehe Bagt vt 9tk K-SHQ= & 24719] &3
< ZghotH, thdAE 2 Eao] Adshs 7] Aol tiA
A7t A olElE FEE 0~100 (0: - o215, 100: wf- 41
=) ol A= SEI 2471 £ 5 1271 %= &9l 2&
S Ao A 9] o SRR AT #1~4), AR R A ek
Aol A 9] Ag 5t o 2RAA] o FHER} #5~8), X2 EH A
FollAe] 435} of3RIA] ARG #9~12)= FelstH, Lt
WA 127 £3-2 Bl A AREY] ol Z(E7 #13~24)Z
gelRtt) 2470 39| B+t A4-E 3 K-SHQ S48 4h=
SHAY, AR FEEE H,E RSt 27 42 olEe S

gholgt 2= 9]

= ==

i)

K-SSQ

K-SSQ= o8 7] AelAe FH 58 87| 9
3t 9 SSQ (Gatehouse & Noble, 2004)Z §H=o|& #
o 9 7235 A2 Z(Kim et al., 2017), Ao1¥F(“speech
perception”) 1478 ¥&, 37F3F("spatial hearing’) 1771 &
g} 2 ("qualities of hearing”) 1871 32 *3Fstch of
A= & 4970 £ A s Aol sl 004 107F4] Al
1A AR E(visual analogue scale) WollA E219] S
HASH HH(0: A5 opbd~10: LeskA T3, ok tiAfR}
7} £ZlA Aot A4S AT Ho] fle= BF g o
= A 5= Qltk & A= RS 3185 5
otz stlo B g, HAF A8 AITE Y T ARte] mR
2{oto] ARFAR] Aol g F et SAHF FE-2 AlLshl &
F(“spatial hearing”) 177} Eg7HS &5}t

i no =
Bl

rﬂ\l
o

SH 24

23" A== Statistical Product and Service Solution
(SPSS version 25.0; IBM Corp., Armonk, NY, USA)& o]-&
stof FAstlom, B A 242 59 42 0.05 H]Rtof|A
AEoIoih WA ¥ SAE o] ¥EANEAE B9 IF W W
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$(Z747 Z74: SONO, SONci, SONnon-ci, &8 Z5&: SSN,
ISTS)7}F SRT &2 SRMO| H] A= F3F-Z &RIsHIth Mauchly
T34 A7 23t F34 7Hl HHllElE 5 Greenhouse-
Geisser?] 49 AHFE9} FobZ Halstelon, 337t &
ol8t 749 Bonferroni $3H T3 H|WE Aol 4519
t}. Pearson ATEAS 53 SRMO] K-SHQQ] A& {A|&E
(“localization”) -2 K-SSQ2 37Fd%|(“spatial hearing”)
FE -SHI TAGS 7H=A B4

RESULTS

A3 2HUX| Y A2l

Figure 1A= SSN& &ofl Al 74 373 27(SONO,
SONci, SONnon-ci)oll4] -8t B SRTE, Figure 1B+ ISTS
£ 5ol 5Ygt 2Hof|A] 73 Wit SRTE HolErh B3 £
3} SSNE ol A A AAIgE SONO 27 49] B+ SRT=
-0.88 dB SNR (SD, 2.37; range, -4.00 to 5.40 dB SNR)°]%}
o} 23 B2 HHofA, SSN CI AR Fofl AIAEHIS u)
(SONci) B+t SRTE= -0.19 dB SNR (SD, 4.54; range, -12.20
to 6.50 dB SNR), &3t E74-2 HHA A, SSN CI AR 7
ol A|AIeFA = W(SONnon-ci) Ha+ SRTE= -5.99 dB SNR (SD,
2.37; range, -9.10 to -3.20 dB SNR)°|3Itt ISTSE &8 &
3t A oA AAEE B--(SONO) Bet SRT+= 3.23 dB
SNR (SD, 3.47; range, -2.80 to 10.40 dB SNR), SONci %
Ao A9l B+ SRTE= 4.59 dB SNR (SD, 6.13; range, -11.40
to 13.70 dB SNR), SONnon-ci Z70)|49] B+ SRT= -2.71
dB SNR (SD, 4.83; range, -11.00 to 8.40 dB SNR)°|3ith
HhE S o|gEARE A At ZFH XA, 56 = 20.14)
I A2 FFF 13 = 28.72)° T2 FaI} BF FO5HA
(p <0.001), F ¥ 7F A2 F25HA] EUTHE, 5 =
1.70, p = 0.20). Bonferroni $8% th5 v|a 24 A A
HkA 0 2 SSNHT} [STS A4S 370l|4] SRT7} < 4 dB71e =
UL B Z(HIEY OB E) of59 4 HHe} WE EAS 7t
Z1 ISTS7F SSNETH dR19] A5t o] ZHF o o ol=&
< op7|oteE &S FTFHUS SRlstoinh Al 7] 3 H 24
% SONO2} SONci &4 7+ SRT+= 514 th=A] gkeroLnt,
SONnon-ci 2719] SRT7} SONO &2 SONciolA] -3t SRTH
o} -R-oloA Wotth

Al 74 B3HF 2704 743 SRT #ol& 53l SRM, &
AR B A= =E51% T, Figure 1C, DOJ| o] & A|Al5}
Atk Yol 71&3t35%0] SRMS Qx| &e]7} o] Fojx|A] &
2 ZZA(SONO)ell Hlsl] Ax]&2}7} o] Fof7l 2Z(SONci &2
SONnon-ci)oll4] o] H& &35} o] A7} FAFotHE=R

=
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Figure 1. SRTs obtained from three spatial conditions (SONO, SONci, SONnon-ci) for SSN and ISTS noise (A, B) and spatial release from
masking (SRM; C, D). SRT: Speech recognition thresholds, SNR: signal-to-noise ratio, SONO: speech at 0° noise at 0°, SONci: speech at
0° noise at Cl ear, SONnon-ci: speech at 0° noise at non-Cl ear, SSN: speech-shaped noise, ISTS: International Speech Test Signal, SRM:

spatial release from masking.

BEE YuIstEE, SRM #to] 245 Y J=7t F2 9y
St} WA SSNZ FHNA AT wieh 4520 YA CI AR
712 2esto] XS wfo] 2to]= 3t Fat SRMS -0.69 dB
(SD, 4.70; range, -7.60 to 8.20 dB)°]31 1, SSNZ CI m]AE-
Holl AT v B SRM-E 5.11 dB (SD, 2.91; range, 2.00
to 11.10 dB)OIt}. ISTSE FHollA] AAIE w2} CT AHE- A
2 Eoto] AT wjo] 2to]2 5t HF SRM2 -1.36 dB
(SD, 4.91; range, -9.40 to 8.60 dB)°|%}1L, ISTSE CI tjA&
Aol AAJste] AFES Bt SRM2 5.94 dB (SD, 4.65; range,
-4.10 to 14.00 dB)°Iqitt. ¥HE S oAb A A3t 3
P95 2A(F, 15 = 32.64)°1 w2t SRMo] F-olsHA g3tod,
22 F57EF, 13 = 0.01)0] TE Faue} & W 7F Ao
(F(L 13 = 3.58) B FoJ5HA] SktHp > 0.05). WebA &5 &
Foll AdHglo] &3 FHolA i 23 T AT i
oF &29] /I E CI vAHE A Wako & Fejoto] A off oF
5~6 dB7FFe] fIA & s=o] it

FHH Z7HEF ME SEI SRMI| Htd

Table 2] A|A3HA%0] & A7t Frofet L= CIAREAR

104

K-SHQ £4-& B+ 63.59 (SD, 15.53; range, 3750 to 87.08)
k. o SRIA] T2 ASHAEEY} FHsto] FEE ARE
AT Y 285 R4 o 2RAA] o2 ZFET #1~4)oll o
S B A4+ 89.11 (SD, 8.44: range, 75.00 to 100.00), 9
AR =A] B2 oMY agst oA oA (ET
#5~8)] thgt Hat M= 72.00 (SD, 19.65; range, 30.00 to
100.00), HA == oA A5 o 2RIA] of2&HED
#9~12)°l] tigt B+ H4= 69.14 (SD, 22.40; range, 31.25 to
100.00), 2R EEY ofHF(Z3F #13~24)] T3t B+
45043 (SD, 17.89; range, 2750 to 84.17)°14th K-SHQ
AE9 AL S0l 09 7MHESE oA B =71 4%
of|Af ol Zo] WaZ Qu]siE &, K-SHQY] ofd] & 5 4=
Cl AH8AH= AR R A] 71 ofglo] Ikl - S ota
il

K-SSQY] A< -§H°] 00 7I7H&4E offgo] ©al, 109
7PHE5E olggo] Ae-S Qulohed], & Aol Foigt o
AAL0] Q- K-SSQ 1771 873 F(“spatial hearing”) 3=
of st H+ 47} 4.63 (SD, 1.85; range, 1.13 to 8.29)°131
o} & AFof Zofst Y= CI AFEA] K-SHQ “localization”



Table 2. K-SHQ subscale and total scores and K-SSQ "spatial hearing" score

WW Jung et al. AS R

Mean SD Min Max

K-SHQ

Subscale: speech in quiet (item #1~4) 89.11 8.44 75.00 100.00

Subscale: speech in noise-front (item #5~8) 72.00 19.65 30.00 100.00

Subscale: speech in noise-separate (item #9~12) 69.14 22.40 31.25 100.00

Subscale: localization (item #13~24) 50.43 17.89 27.50 84.17

Total score 63.59 15.53 37.50 87.08
K-SSQ

Subscale: spatial hearing 4.63 1.85 1.13 8.29

K-SHQ: Korean version of the Spatial Hearing Questionnaire, K-SSQ: Korean version of the Speech, Spatial and Qualities of Hearing Scale, SD:

standard deviation, Min: minimum, Max: maximum

P& HF AeE 50.43(F4 100 718), K-SSQ “spatial
B A4E 46335 10 79D B4 g

HA7HA FHRIAE -2 &Rl 4= Qlrk

ARA AAE Bof 45 SRMEIXEEe Aw)T 3t
A A7EE L AAEoA AL -SE e 3XPEFH Y ol g3t A
TS 7= Felstit 4 2} SSN 222 CI vjAt
£ Aol AIABIL EZE7F SRMS K-SHQO] 4] 9Jx| 8 3=,
K-SSQ 3783 5 S8 25 F9v|gHp < 0.05) A4
< B0m(K-SHQ: r = 0.66, K-SSQ: r = 0.69), 71 &] 71|
A -8t SRM A= 34 375 B SE I fouleh 4
T3S EolA] FUTHp > 0.05). o= CIE A8 o= 1A
T 3 Aol SSN A& sto] Aot o, A4 AHA
Aol A YRR Hrrt A2 AR LSS FRH0 R

Hel Z2PEF ] ofi=el Wake= vt

DISCUSSIONS

ol 7t o] BthARl % 17110l HIsh FolAF ©Al
£ H4s] Z&stAY FolxY(binaural squelch), Folg
4Hbinaural summation)Zt 2= FolFF dES 47| off
< & tH(Akeroyd & Whitmer, 2011; Kumpik & King,
2019). 3] ofg AFgto] FAlo] olop7|oh= thakt g} A H
3 GO R FolHER E ZLF7} AsE]o], & W
olA AAIE g FAISHL HiE SHARY] ol Aeizo g 3
Sol= 515 (spatial attention)oll £424 FFL vtk
(Choi & Lee, 2023; Misurelli & Litovsky, 2012). ©hebA] &
AtollA= AA AALE B3l 3HF 210 ThE SRTE H]
WSt SRM= EE5H31om, A A4 &Rlgt 4= CI
AR B7PF 9] ofef& 3t SRMIS] A& SRl

Spatially co-located conditions

2 AFoA= A AgFAA 1 £33 A SSN &
L ISTSE AT 24 A B HA] L (spatially co-
located) Z7(SONO)OIA Aot FARAA] 58S S7013
ot 74 23 SSN &2 ISTSE &9l &7 SONO 2719 3
F SRTE= 712t -0.88 dB SNR, 3.23 dB SNRE H|#H5 SSNE
o} HE EAS Hol: ISTS &S ZAA 455} 0132147}
4 dB71F B AstE|Qit) o] A8 AtolA Hargh A%<19]
235F Q1] Aot AAREE Ik 2 Aot 5 YskA SSN, ISTS
27004 gh=to] Matrix 3 RJIAAARE X133 A3H(Jung et
al., 2021), 7% 43919] 7% SSNoj H]] ISTS ZZof|A] A5}
o517} 11 dB7hE Bsklar, 147 w219 49 SSNejl H
Sff ISTS 2704 &&5t o]2R1A|7F 9 dB7HE sttt o]
9} Z+o] SONO 2710 A] SSNHT} ISTS 4L 3loflA] A% 4219
o} ZRIR7} FAFH o= FH T ISTS &3 BT A7t
ue} £2j9] 717 WEshs EAS THER, SX 059 7
E7h &3 Al Ad wuith YAt 53 09| JEE A
Sl(glimpsing) &35}k o] RUA[7}F GolstA ¥7] wzolzt 4
H3l9 A, ol HE AL (fluctuation masker benefit)
oz} gsf gttHCooke, 2006; Jensen & Bernstein, 2019;
Jung et al., 2023a). SSN, ISTS ZZ0A Y =21 tiao
2 g0l Matrix B3 AAEAE A9 Z3H(Jung et al.,
2022), SSN#+ ISTS 2704 &7 Hd SRTE= -3.26 dB
SNR, -5.67 dB SNRZ W =015t HA] ISTS A0 A A5}
0}221R7} oF 2 dB7HF Aot W e AZsES Bt

2 Aol Zofdt A= CI AHEAE AR 7T FolAA] &
< SONO 21004 MEaZdeS HolA] ehotom, ol=gh
ZAi}= Nelson et al.(2003)9] 279} F-AFstc) Nelson et
al.(2003) CI 717] E-5ell /3glo] HahSot EARJARAHAL
A H5 423 ES ofof] Holx] kAL %1 Bs] w22
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Jro gEE HeloH, ol Cl ASAYZA|of o Fup4
A= (spectral resolution) A3tof 2Jgt Aoz} A5t
(Fu & Nogaki, 2005; Nelson et al., 2003). & +-of| ofst
U= CI A 25 CIL]ARE- Foll 22 HEo] A9 glo] |
A=ZT A 5E X2 (monaural processing)dfof 32 &, CI A
€ 79 Fab 54 5=o] SONO 2704 9] HEASoH 7
Lol S FUE A0 B4Rl
Spatially separated conditions

& AFoH= Al 7HA 3345 £7(SONO, SONci,
SONnon-ci)ollA T 7FA] A2(SSN, ISTS)S ©]-85}9] SRT
£ SHTT & AR 2% 2] 2 24 7 SRT
2tolE B9l SRME -ok3ict WA SSNS AAlskal SONOLk
SONnonci 2704 -3t B4 SRTE= -0.88 dB SNR, -5.99
dB SNRZ B SRM 5.1 dB (range, 2.00 to 1110 dB)o]
L, ISTSE A5kl SONOLE SONnonci R4 -8 Bt
SRT= 3.23 dB SNR, -2.71 dB SNRZ B+ SRM2 5.94 dB
(range, -4.10 to 14.00 dB)°|L}. & AL Z 7o ATHlo] Hj
7A45o] CI vAHE: AR Eefsto] AX=UE o 5~6 dB7HE
9] SRMZ EYE Aot} o] % &F TR0l AHglo] FARE
SRMo]| #2H o]f+= &-go] o] whol= AdHEFY BIhE
Q18| CI Fofl SNRo| g4Fstof(favorable SNR) B & €4 =
7] WjZolc}. o]=|gt SNR 34 E7}+= better-ear listening
effecto]gt = HYHEAHGifford et al., 2014; Hawley et
al., 2004; Misurelli & Litovsky, 2012; Park et al., 2021).
Park et al.(2021)2 3% A= A%, & A= 4= H
O 2 CIE A& 5% oF52] SRM= &7g5Ht) A50] o
A AN =S T CT AR AR E2=]o] AAEUS o 3.3
dB7FFS] SRMZ H3lom, o]= CI AR Fol 4 AA] Al T
g aat= sl BHE AR 4% A SNRo] st (better-
ear listening benefit ¥4Y) 278%Ql SRMo| I = irtaL
& 4= 9t} Corbin et al.(2021)2 HEA P ot 1%
otz 2 ARle Ao & SSN &2 & 52t A2(two-talker
competing noise)& FH(0°) &2 F-H(+ 90°)of|A] AAIsk
of SRM= &74sI9ith W& I ob-5-9] W Holl &30] Al
Al 79 1 Ekd AL 778 Aoll SNRo| =0 45 SRl
‘gglo] 4~5 dBS] SRME E OB B2 I Aol {Alo}
ol & 4= Qlrk A%RA0NAl SSNS AAZE H-9- 90k HJA]|=e]
o] oJgt B+ SRMO] 9F 4 dBo|gloH F+ 34} &g 279 A =
9~11 dB7}¥2] SRMZ Hoq, Sju| A} of f7F Y1223l = 7
ol PR HR Ao E 4= Al

£ qlo] Fold AP LR SHE Flofut CIE AH§3H:
U2 CI ASALIL, CI uAHE AL 2E Fol A9 g3l
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t}. SSN E3 SONO2} SONci 24 7+ A3} 2jo] 2 73t ot
SRM= -0.69 dB (range, -7.60 to 8.20 dB), ISTSE &3l +
3t B SRME -1.36 dB (range, -9.40 to 8.60 dB)E B3k
< 71202 ot XEego] nu|gt Ao & AT 4= 3l
o} 22y 14 gAFREe] SRM YIS B9 o 7H9l 7F A}o]
7} k. 149 AR 5 782 SSN AA] A] -3 dB ©]5ke] SRM
(-7.60 to -3.20 dB)Z HQl ¥hd, 482 3 dB oJ4Fe] SRM
(3.80 to 8.20 dB)& HQIth ISTS A A] 147 % 6 -3 dB
o]3}2] SRM (-9.40 to -3.00 dB)S Kl ov}, 48L& ISTS AA|
Al 8 dB ©]49] SRM= H3ith Corbin et al.(2021)|A = H
=4 A obsel A4 Ao 222 AT H$ B SRMS
-1~0 dBo]g.o, ti4d obs F YH+= 0~5 dB7HFS] SRME,
AR L= -5~-1 dBY SRME Bt &, o] 5 o] ¢ £2
Aol Aol AXE= BTt 7] Aol Eolal £2

2 Ho| F3}<4 DA (monaural spectral cue) A7} 7155t
739 012 E3 3792l SRME 2 = 9l o5 HE3] A

8517 3t ¢ AR et SRME B o RN

Relations between objective and subjective of spatial
hearing outcomes
A 2o 20 P 78§ S I
_]

S |

__[L

23 BAAAAA E7Z 0l 85te] U2 CIAHEAS] B4
8L Andos Witk Fud 30359 ofeiguel B
242 Selsiot

4 A3} SSN AA] Al SONnon-ci Z710]| 4]
SRMo] %2 AlRHIS 2, 2 ARelR oIt o] B2 Afg
g 20 FURAY oS Hust o Ack ofie A
/2 K-SHQ &2 K-SSQ A& T+of| Aatglo] f-AH o
=I5k Lee(2020)% U CI ALEA % 2244 AAIlA Ajat
o 4292 5US BYSE F 0 74 £ K-SSQo]
A ZZHA 7439 of#i=o] FHaL 3F3iek Corbin et al.(2021)
9] A% B1F At =5 AHESHAE 2oty HE 3
ob59] 1t B J(Parent’s Abbreviated Profile of Hearing
Aid Performance) & 4% 23, &F0] 743 # o2 B
Elo] AAIE]E we] SRMI}F AE 4= 7F ot dRgS B
Ak A9 A AHES THoE o vty S 7H 3



1% 239 89 “G4lo] £2 g 44 %»;_% %‘ﬂ Qe
%w— AP P ol K 8 I A

1 Lﬂﬂ F2o l—t— oA °1E1a°l =84 '5;} 5
K-SSQ A9 A% 17719 3185 ¥ £ 5 o= &
£ 52 0l Fgo] R0 & BVEMEE} 7—/0}4 5] W

W= XY Y717 Aol Bt 3.219 7P &

HAIT 9] K-SSQ %9 A4S A 5 th7t o] &
ou|ot= Y82 oldflop] offttal Bulstgong
< B AR oS 7 AU S22 HE 7

olafjotA] 3t Z%IA] Ejlst= Alo| Pastilrt
£ A= o] A 7 Qlnk A HA ARk 2
Ao ol Y= CI AREAL 1479] CI A& Al t PTAZF
28 dB HL, CI n|A+g A2 Bt PTAZ} 112 dB HL7FFo.2 &4
o Aot Adotoirt wets £ A Aabs CLHAH:
Flofl &2 o] = I= CI AREAR] ATe} oHE <= 9tk
71 9ol 9= CI AR 717 50l SRMoﬂ 2= JFS AAH
0 2 gololy] ol Hrp W Cl AHEAFE ZRJoto] it
A} E/go] whE A vl 9 n% | Zasir} F HA A
ALY LS ClAHE A3 375 589 Biss gAlZe
=2 HhLoW Sttt dolth & A& B9l CLARS A+
2 Cl AR 71700]| w2 A& H &35} o 2204 9 37t
XH 599 H3slE geloh= Alo] T RsHch Al HA Al
2 2 Ao oA 90° YRR E AAF TS o]
£oto] SRMES S45k9th= "ot Jung et al(20232)2 5
T, F0 5% W 1019] 32 0 dB SNR R4 30° Y&
of] Haf 60° YX|Ee] 2HANA AFot QA =7} F-2J5H| =of
Fou}, A%919] 49 20 dB SNR¥} Zo] - £7] ofze &
S F20| A9 30°9F 60° AR 7F QJIX| I ZFol 7 QIGLAL, H]
13 £7] 41 &F 2= o] M G ceiling effect)

£ 1901 30° o< P Re] 270NN F7} el HolA] Pk

o rlo 4};

ﬂm

= d
do =%
o M¢& O >

o} wEha] S Atof|A] Ko theRelt fixEY 2ds &85
of A%<, W19 YA RS B7st= Aol EasHlh
£ dtolie FF R GHE 7 oU 4 CIE A
Sk AR e & A|A, 34 HAF =5 53l 37
Hs8s %‘7}3}9&1 AWE QoFohH thaat 2ok HiR 24
2 o], 452 CI 1A AEAE = Aol Zﬂ/\]i 3%
T 837} 52 better-ear listening effect@ QIaf &3of AF
Tglo] oF 5~6 dB71EFY SRME Rtk W& B8 A4S
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AUM SRM< Hol7] giolt}. 43 CIAHE:
fIx 1%ﬂ of o] Aaglo] SSNE‘:} ISTS ZZ0lA] A4t
ZJOWE Hol, A%R1eIAA HE == ek
AUk SSN2 CI PIAHE: ol A|A|ske] -
ﬂ‘éfu olE& 7& ot e B

%
=
H
i
“{7
Ol‘J

S8 ek TR BT
233 5942 shorstol WRle) A ] 28T
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