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Abstract

Otoacoustic emission is a phenomenon described by Kemp in 1978 in which
weak sounds are radiated into the ear canal by the active function of the cochlea.
Otoacoustic emissions are used in newborn hearing screening because it is a phe-
nomenon that demonstrates the nonlinearity of the cochlea and can be detected
regardless of the listener’s intention in the measurement. On the other hand, prob-
lems in hearing everyday sounds can occur even if the hearing test shows normal
hearing. An example of this is the inability to hear selectively. Selective hearing is
the ability to listen selectively to the sounds one wants to hear by directing one’s
attention to the sounds one wants to hear in noisy situations. Even if newborns
are screened for hearing problems, problems such as a lack of selective hearing
may be found after growth. Children with problems such as selective hearing loss
have difficulty learning, such as in high-noise classrooms, and may have delays
in learning and speech production. It is important to take early interventions for
such children, such as providing a quiet environment. Studies of auditory attention
and otoacoustic emissions related to selective hearing have shown that attention
can alter otoacoustic emissions. If the relationship between otoacoustic emissions
and selective hearing can be clarified, selective hearing ability can be estimated
from characteristic changes in otoacoustic emissions, and auditory information pro-
cessing problems such as reduced selective hearing ability can be detected during
newborn hearing screening.

In a study of auditory attention and otoacoustic emissions associated with se-
lective auditory performance, we investigated whether centrifugal projection input
to external hair cells contains the effects of attention and whether these effects
are manifested in otoacoustic emissions. The results showed that changes in the
peripheral auditory system induced by auditory attention are likely to be mea-
sured by measuring otoacoustic emissions. However, no characteristic changes in
attention-related otoacoustic emissions were observed.

In a study investigating whether the function of centrifugal projection from the
brainstem to the outer hair cells varied with awareness, an overwhelming posi-
tive correlation was found between alpha waves associated with awareness and
centrifugal projection function in the EEG.

The reason that there were no characteristic changes in the attention-related
otoacoustic emissions is probably because the listening experiment was conducted
in a situation in which attention was always active, and attention was always di-
rected to things that were not desired. In order to imagine a situation in which
attention-related changes in the properties of the otoacoustic emissions are ob-
served and thus affect selective listening performance, it is necessary to compare
the changes in the properties of the otoacoustic emissions in different awareness



states.

The novelty of this study is that it focuses on the changes in otoacoustic emis-
sions at different awareness to assess the ability of selective hearing using otoacous-
tic emissions. Listening experiments are conducted to investigate the relationship
between the feature changes of otoacoustic emissions at different awareness and
the ability of selective hearing during wakefulness. The significance of this study is
to clarify the features of otoacoustic emissions corresponding to selective hearing
at different awareness. This suggests that focusing on arousal level in the study of
auditory attention related to selective listening may provide characteristic changes
in otoacoustic emissions that are directly related to attention.

The aim of this study was to measure selective hearing ability as a function of
different awareness and attention levels in relation to otoacoustic emissions and to
clarify whether it is possible to assess selective hearing ability based on changes in
otoacoustic emissions. A two-task experiment was conducted to measure selective
hearing ability during wakefulness The first task consisted of listening to target
speech words from a mixed speech of several speakers (auditory figure-ground
task). The second task consisted of hearing separate target sounds presented
to each ear (competing word task). Transitory evoked otoacoustic emission was
measured in the awake/sleep condition to investigate the relationship between
otoacoustic emissions at different awareness and selective auditory performance.

The results showed that in the auditory figure-ground task, there was a tendency
for the correct response rate to increase in response measured otoacoustic emis-
sions in the right ear during the awake condition. In the left ear, the percentage of
correct responses tended to decrease in response to the measurements of otoacous-
tic emissions in the awake/sleep condition. In the competing word task, there was
a tendency for the correct response rate to increase in response to the otoacoustic
emissions measurements in both the awake and sleep. These results suggest that
there is a relationship between selective hearing ability and the intensity of otoa-
coustic emissions and that otoacoustic emissions can be used to assess selective
hearing ability. In addition, measurements of otoacoustic emissions during sleep
were predominantly lower than those of otoacoustic emissions during wakefulness,
suggesting that otoacoustic emissions also decrease as awareness decreases. This
implies that the awareness can be estimated from the otoacoustic emissions.
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1.1 XL ®IC

EEEHST (Oto-Acoustic Emission, OAE) &, W4 DeEFMEEEIC X - T
NEBEMIZHSGREDIBHEN BR[O Z & T, WMFOIFREELZ RT3,
HEDBRICEEEE OB BIWCHBRRCEETE 57429, FiEROHERA 7Y —=>
JWHHEN TS 2, 3]. FIERDOERR 7V —=r 7T, ERPOFERD
HEBRSHNZHIES 5.

—77, MEENREICTHENOMEZREL, MENRO2LRWIEETHH
WEEOHOEXID OMEN O 25680855, Z0Fl LT, ZERAYEER
RESNIDORINDZET o 5. FEIRAVEEEGEES) £ 1%, B L WK FCHEE 72 nEH I
FEZMATS 2 CERNVICHEZ 2 WEZIEEZINS@ NI TH 5. Z OEERAVEEH
BENNSBER AR CTEC 2 AF Y ICBEHEDR D 5 [4].

MAERDOHERER 7 ) —=0 2702 TC, ERICHEIZRVWEHEZINTS, k%
WGEIRIVEERRE I D RAN & 0 o 7R RO 256035 5. EIRINEEEEE ] D
RENE Wo 7 Z b OFHIE, BHEFOZVWHAEREDFEENEHL {, FE
FHBOENDR 6N S [5]. ZD X572 FHITH LT, #rREREOREE Vw72
MREFEINCE S Z CIZER 2 5.

ZAETIT, ERAVEEEEE IR 2 BEREE & BEEBS ORI T, EED
HEDPHEEBPSNIHN S A[REED RS NT WS [6, 7). HEEREH & B IRAYEEE
DRRZEIAL TS 2 Z e T EIUX, BEERS D & FEIRWEEREE ) 2 #E T
Z, EIRAVIEEGE N DR T & v o 7R IF R O RE 2 FrAERORER R 7 1) —
=V T DOERBETRATZ 20[REMDH 5.



1.2 BEEfRZE

FERAYIEERE )1 12 R 2 BERAVIE R & BEE BN OMR L LTERNS OM%ELH
% (6, 7. BASIX, AEEMIBCAT SN2 B 0EOBRIICHEREOEEN G EN
TED 8], ZOXEPHEETERHHNZ DY S et L. ZOME, R
RIS X 2 HERREROZ 2 HEEBENC L > THE T Z 2 R[REMEZ R L 7.
Lo L, FERICHED 2 BEEMS ORBEIZRD - 7.

F 7=, B e e B R RENE MEDRGICH 2 @) = ¥ HERE ¥ OBIfRICD
WTEIARS DD H 5 [9]. $ARSIE, IKEr & SME B E i8I 0% 5
HLEENE L AARETETT 2 [10] Z &2 5 HEEIZ X - Ttk 2VE B
faZ RGN DRI D 2B EDR LD XS IEHT 200 EHE L. ZORK,
s & A4 BRI 2 55 305 O OIS B 2 @ & 2 BEEEHS oMEE % b 21
BHL, HEEEZMEICE > THELE. ZOME, MEokrT, HEEE LB
B2 a L@ DEDRE D@ X I OWTENRIEDHBELH - 7-.

1.3 BEEMREORER

HENSIE, BENTERIC L 2EERMRDOZ e HEE RS OHEIC X - THI
ETEDAEEEZ R L. LA L, RIS 2 HEENG OREZEII R o
7. ZAUL, EEDSEIENTW IR (B ZIEERES) TSR Th 2
CWWERL, FEZATTELLAWVHDIZHEENHICEREXHT 6h, HE
ERHNIH NG o ToATREMED . ERICEIE S 2 HE BB ORI R
SN, ZORIER, SHRIVEEEGE IS EN R o N2 KN E2ET 270121, Kk
FE D 572 5 INET O HEEIE ORFEZEN D 21T 5 B EDH 5. AWZEDOHT
MM, EEEREGNC X 2 #ERAVBEEE ) OHEE IS LT, REE DRZ 5K
TOHEERNORYZENICEEHT 22 TH 5. REEORL 2 HEERHO
Fetzeqb & Bl O FIRAVEEIGEE 12 DWW CTHEIER 21TV, HEEORL 2 H
BB OFHAZ(L & ERVEEIEE ) OBIRZRE T 5. AWROBEEMZ, &
MRS 0D B 75 2 IRRE CHEIRAVIEIR & WIS 9 2 HEBMH OREEZH 52255 2 &
TH5. TATED, ERIVEEER & BE T 2 BERAER OV 7RI B W T R
WEHT 2 LT, BRCEZMERT 2 HEEINOREEIFoN s LEX
5N%.



1.4 HEOEB

AWIED HIE, REEE O R 2 B EEHGT & FREICREE T 2 R TEHGEE
ZHE L, BEERS ORI o FRIVEEIEE ) Z #HEERTRED & 5 DB & H
WKT2ZeThb. AHFETIE, HEFOFRWIERGENEFAE ST 22015 R
EHOENERMOERZITS. £, BEER RV OESERSZHEL, &
FERE o B 2 B2 © B IREEIEE ) & OBIREFANS. Zh o DR S,

B D O FEIREEIEE N 2 E T 2 e e 5 5. ZhoZHEETEN
X, TR B2t O BRI & 51272 37213 T <&, SEIRFYEEEEE ST DK T
EWV o TR ERLEOMEO R R TS e B TE 5.

1.5 AERXDIEMN

AL, TETHRINS. K11 IERGXOMETH 5.

BIEIFHTHD, R LTHRE T2 EHERG & BIRERICEE T 25
BEBRRZ., ZHUCK OO HEIRR 3.

52 BIIAMIED I E RN S, 3, AL THV 2B IRVEENREE ) ¢ BE
HRFNZOWTIANS . R, KFROFHIETDH 2 HEEITOWTOFHHAZ T
% . BRIRICARIFFED TSRS,

o 3w, SEIRVEEEGEE N ORIEIC O W TR . SEIRVEEEEE ) OHIE %
1572012, Z2o0FEEITV, BROELT 5.

BA4BETIE, BEERSOHEICOWTHRRS. TN OERT ToOHSE
U DBE 2TV, FEROERE(TS.

HHETIE, 53 EDOHERWEEIGEE N DER L H A BOHEERSH OER» & R
72 % HERE O B B HGT © B IREERGEE ) O BIfRIC DWW TN 3.

H6ETIX, 2 TOMED OB EEMGIC X 2 EIRIEEGEE 11 DHEE I DWW T
BT 5.

WTEBERTDHD, AFETHLLIC k-2, BENLFEIZOWTAR
N5,
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2.1 EREVEEENEES

PEHMBEDIRTIC X D, BHE & A THESA 20 dB ML KT LTw 31K %
HEBE WS L RIS K o T, REMHIES RS e v 5. Zhs
OHFRIMETWNIMEIC L o TREES NS, Lo L, MEHEHE T
R LEHEINTHEAOMEMD ICHENIRET 25605 5. FHIEE D
TFET 2 L BHAZEANRY. 2O LS ICHMEEIME CIEMER Lk, FF
TEDFMTE OB ZI D I FAE T 2 MRS [EE RSB SR
NTW3 e LT, RBAEEEEHIhTws [11).

FRAEERRIC X 2 A HE D OfME e LT, HEIRAYEEEEES] (selective listening
ability) ORANDZEF SN 5. SRAVEEHGEES L&, HEPIRRI ATV S HTH
FEWMD72VWHIIH L TOATFEZERL, ZoOMOF AT 2 X 5 LEEND 2
ETH 5 [12]. FERAVEEEGENE, EAEDD D, ZDFEKIZHERKIEHEID - T
W3 [13]. ERAVEEREE NIRRT TFZET 2 e wbhTB D, WA KD Tt
DI B EFFE FTOHNFHI D SAEDE < 72 5 [14]. FEREVEEHEE S 0 7
EDBENTEICN LT, HEZ I LD LZEN LW TOYEBIIRETH 5.
ZD7®, BINCFHEOFHRIVIEIAE ) ZHIE T 2 2 e TENUX, G
ZRMHT LI THEEOENE Vo MBI TZ 5.



2.2 HEZMS

b M OEERICIIESF R EENEEE D Hb-oTEBD, ZAUTX - TEZHES
FTWs. LHL, ZOBEFLREEZIIRENNX 1970 FRZEETIE, NETIEKR
MO R Thh, KMEEHEEICEZBECEE O Eh? EZHH
TWz [15] 23, ZOROMIZEIZE D, MWW TREBE B ITONATVSE Z h
DhroTW5,

B3 ORE e LT, AHENTHEEZETHNE2 L7 7 I 5 OIRENC X
D, WHFICES (12 WHRIQIIEREERE2SDH D, Békésy $EIC X 2IRENC K - TH
KRBT 2B e LT, TR EIE X 72 [16]. EITHH X, WFAE -
T HREN D BB HE > TREDRIERIREN T2 L WHEETH 5. Békésy ik b
DIEATEE L, TN ER Uz, £, BRERIRHN A F KT L IR
XD W=D, REBIRENCIZZRICHA LD AN —MENH 2 L & X 7-.
F 72, Békésy IXEITRITIF OTEE IICH D o TiHEA, TXLXF—2HIATLE S
DTHY, ETHERHXE2I1ZEOBVEEEOREND 2 DTHIUL, Zh
PHEANME XA EENTHETEZ 213377 EZXI TV, 2LT, 19774
Kemp ZH7TOBIZ A 7075 VAL, B> Vay - 7THD, Ay ¥
ArBE L THEZIRR L. 2OME, BNICERENRESBR SN [1]. Z
Ny, BEERFOHED TH 5.

b N OBEEARMRICH 2HEEMAE, ANE L 2EEBEOIREIC X - TH
EEMIICEENI2E—XEATH L L RAF ORI X D HfET 2. Z0ff
MEDIBIRFIC X o THE U7 REBIRBIDMES 2 & & U THEEMNICRS S5 HH5
THEERS WS [3, 15, 17).

HEERENT, WEOIHGEEZ R TWAEHKRTH D, HIEDOBICHEIE O = -
WBRRCHUSTE 2720, FrEROERA 7 V) —= ZITHWH T WS [2, 18].

BERGNE, ZHED D, PR T2 X o TRE R 2. —DIFFHE
BEEKST (Transient Evoked Oto-Acoustic Emission, TEOAE) T®» 4. TEOAE
27V v 7 BICK > TR INE—EDBEBREROWMTIra—Th3. $5—D
BFERTEEERST (Distortion Product Oto-Acoustic Emission, DPOAE) T&
%. DPOAE XEBE DR 2 “fHEOME 2R e L TR R L & 2L,
ANEEPNCHET XM 2 NE OIEREMEIC X D AT 2 B ICHK T 5. DPOAE I
RTAMEEZEZS 22T, AEBRZ0HEEERFENMEST 2R TES
[19].

FEATIIZEIC B WT, TEOAE WIIFERNEEOFENTN 2 A geME R ENT
B 6,7, BEEAWTELE#ET 2 ERVEIREGEN BN EZ NS, 2D
DAL T, TEOAEIZ X 2 HEERSTDOBEIEETTS.

HEZEHMIza -2 Thh, HEOHELRI RT3, 20D, A
S ERITV, HEEID RS DENRH S, 72, TEOAE TIE, HIE LT —RIZ
HEEBSNPEFEET 20 BT 2 08085 2. ZOHBNIIHEEEEZH WS, H



HEHoOMEREZR 2.1 1R, Kok ClEsnzT—&2% A, B & LTHIEZ
LYY 2 0EIL, BT 5. TEOAE IZHIZ 18R LT 12 ms £ICH
N3. Z0zH, KOFHTH 2%~ LT 10~20 ms DX[E%Z A, B 2251k
=L, WEO—BERL2MHRT 2. ZO—BEREHEEL VW, BEMED 50%L
LD F—%% TEOAE BMlEE N7 —&X & LTHKS.
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2.3 HBEE
2.3.1 BEEEC(X

HEEE WS HEEDXHNT-DIE, & FOMKEIHIETE S K5 I2R>THhHTH
% [20]. HEEEE &\ 5 HEEDBIN % £ TlX, Eil (consciousness) & W9 HEEDHIZ
BEEPEZEN TV, 22056, THRMIERDEEZITIBRICE Y Z X (vigilance)
DBHOWHND X 51Tko72[21]. 2D, b bOREIFER N, MEICk->T
HEE L MEIRDBIR E W o D ED SNAR, Bl LD dHVEKE LTRE
FEFE (degree of arousal) BSFIHE N5 K512k o 7.

HEERE W HEEIL, BIEICE 2 FCHREE R & Bib 25 CTHAHZI L TW
205, OO GHICBWTHEEDIRZD S DI EDL LA H 5. B
< DEFFXIZIX, Degree of arousal, arousal, arousal level & W\ o 7= HEE % EIK 3 5
arousal Z B HEEZHIEHE L THRRL TS [22]. X, KKF DR TS
CABND. Fiz, RIAN—OHEBEEICEET 25 UCZ AN R L
T Drowsiness £ WO IRAZERT 2 HiED H 5 [23]. —J7, FAOEATIHIETD %
AR5 DL TIE awareness £ WO EOERZ R THEZREL L LTHWT
W3 9.

HWEEIREEN LR T, KBTI 0WH REALPRING. REEN AT
% W05 DIFARRRM, FIRZEICK o TIHIRDEABE LRI 22T, §
=0 0 & W o FHEIRICES D 2 i D HIRRME T 356 Z & THIT 5. LL,
HEEED LR U208 5 02T % 72013 FR O IRRED Ak = F/jIcH - T
BABEYRD B0, REEDO LA ZHMT LI 3#H L. REEIMET T
EWVODIE, alROZREFEBIMET T2 Z 212Xk 3 635 03 & v o 7 HER
WEAD B DOHIARB LH T2 Z e ic ko THW I 5. MEIRIKEOHTRZO L
Ao TH2REHMPTE 2720, FROIREDOMKOREZHEL Lz,

HEEOHEIIIRA BRFEDLD S, mdBIL EN TV 2 HIEIFIKEIC X 2
ETHB. ZOMITdH, ODIBCCIRBGEE), M, REEXEEZR X 2HE
LH 5.

2.3.2 B

MR e, IHOTEENC X o THEL 2 EMOZEE) 2 B ICHLE L 72 EilH 5 /M
L, BERINCIR > Catid L7277 — 2 TH % [24]. ML, ReRRYRREmAT Ic BN T
W5 EWSREADH L. 1929 £k b S P THIESHR SN [21], 5 DD
BOTRIC I TEZ LN S X 51Tk o7 [24, 25, 26]. K21 ZDH BT 5.

WEOBIEICHWON 2 ZEEIE, AOSNIHRICE > THADD, V2757
IV ET & MR I 2 ZlCHL D e TV DB THO STV S [27]. AKif



KT, MRORIEZ Y =7 7 7VIKIEHAIELREE TH 5 EMOTIV #:® EPOC X
EHWCHIES 3.

P EIE I B W T EME AL E $ 2 (B IXEMALE RIS > TiThbh 5 [28). &
MRECE IR 10-20 768 10%ELN D 5. AL THW 2 EPOC X 1Z 10%iEIZiE> T
BHAHEINTWS., K22 0EMIEEINTWEEORKTHSE. ZOK
DREDFIEX EPOC X THIEREREBMONMNETH 5. Tz, MOATFHARSD
e THIE SN/-EMMDNMETH 5. RS DS TIE, HMHLEH b 2Hl
ETHEMMEEHNTWS., HH2 LT, HEEMETL T ERETS 6
EHBEARTVORFDEHRE VWb TWE D TH 5. £/, HBEHRD aFoH
BEE2A2 Z e CTHIRZHN T2 228 TE2ZePHISATNWS [20]. 22T,
AW TIX, REEFTH 2 01, 02 & HLULED FC5,FC6 D 4 sl B\ Tk %
ET 5.

2.3.3 BEEERRGK

MR b 157 0 3 I B 72 AR ER RS HI E BE T H D, 5 BRFEIC I B3 [29]. 3£ 2.2
VT MERRR I O F W R HE 2 0= 5

2.3.4 AMAEICEWTOEEEE

AR TIEMBEEIS K > TREEEZ#E L, R 2TWEEIC L2 HEEK
SOWEZ1TS. ResEEEL LT, BEHD, HIRTND =220, REED
BTICE2EVWEZRHET 2. 2Ok, TEEEHER & BRI O HBR EA S
5 Vo TR O RBEEDOIK T 2HE S 2. ARBIFETIE, BEIRAGE DBHFETH
% TR~ PRIERR ] 5 BB D 5 B R ERI & AR Z WREH,  #8 AR~ PRIEAR
ZHEIR T & U TIMIIC X 2 RERE OHEE 21T S .



® 2.1 iR DS,

JE I | HE LS TWIGH
0.5~4 Hz % | 8 TR AR HA
4~8 Hzwr | O | AHRHAZD & #RMEARAA
8~13 Hz# | ali LR EAIRKE
13~30 Hz 17 | B LR BAARKE

3% 2.2 BEARANI D BLFE.

HEE A P H I B HE

] a BHERE L TN, a ORIEHMET Lk,

AHEHA a WOIREHET, @YIRYIIUC LB &%,

3 PN AE A 1~ ‘
% A NEHA Oz S I THRANCHIAS 3

MR SR S 5 5

S IEA 20~50% % 5 5.

TIERRS] RO HIRAE T 5.

. S 50% A L& HD 3.
M

TREIRH] SRS EIE T L 72,

10




2.2: B EDX.
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2.4 MRDOHEE

AT, REEORZ 2 BHEE U & EIRVTEIGEE ) OB 2 a3 %
TeDIWZZODEREITS. —DOIiF, BEIRAVEEEGEE ) 2 HE 3 5 FEER, b 5 —2l3,

BERRN2MET 2FHEBETH 5.

¥, BEIREEEEE I OJIE SRR TIX, oD EE1TS [5,30. —oHIX, £
BOFEDRFOREGEFPOHNEROHELZIE N IHETH 2 (X & HiFR
). ZOFEIIMERARMTEL 2~ RF 2 7 LIV TOERNEERGEE ) % Rk L
TW5. BEHAMTOBEEZRML TW50, FEORME: BHEEHU e O
BORRsNZEEZLNS.

ZoHZ, mMEHADOHNEEZTRRL, TNEFNEREEINA2HETH 2 (FHE
FEAE). o, ERARMOEDO T RICBWTELGEDHFHROMERICBY
2 SHRITHEIGE N & R L T 5 [31]. FE & DEXTOME 5131 X 5183,
FERAREORIGEZHNTH 5720, REDMME L HEERS & offRiEA s>
BRWEEZLND.

XIZ, BEEBBHNOREER T, FREFEM (Transient Evoked Oto-
Acoustic Emission, TEOAE) OH#IEZ1T5. TEOAEIHIHE TV v 7 EZ AW
TR SN~ EDBR 2 ROMIRTa—TH 5. LTHRICE VT, TEOAE
WIXEREEREOMENHN L AR REINTE D [6, 7], FIRIVEEIEE S b K
maxhdeEZONS. 2L T, KK TIE, ZODRETOEEERSOHIE
21795, —oiF, REVTOHSTEBHNOWE. &5 —oIF, HERTOHZEBG
DRETH 2. —ODORETHE LEEEINZb 1T, BERIREEOHE
B zRD 5.

21T, EIRAVEEEAE ) D IEE 3R & HHEE O 5272 5 B 5 B35 O {IEE O Xt
BfRz#HE T 5.

12



£3F FERAVEEEEEIDAIE

3.1 X rihERRR

3.1.1 XA/

HERERMTEL 2R F 2 7L ARV T OEREERRE ) 2 HIE T 2 72D I2X &
HEREZ1T S .

3.1.2 EEAHE

CHIFRECLX, PIEERNTEBRSINEICANY FAR > (Sennheiser HDA200),
USB Audio Interface (Fireface UCX) ZHWTEERIER L7z, FEOEFLL L
1%, HATS (B&K Type 4128C), ¥4 277 > 7 (B&K NEXUS), EE¥Hit (B&K
Type 2250) ZFIH L TKIEL 7.

EBSINE L, EERENZET 2 REGESH (K14, BHET74) T, F
EERTE, 24.0 0%, BEERZAIZ 1.31 T o 7.

K #FETE, TSREELLTh 72 /4 X, BWE & LTHEMEIC X 2 BEEHEE
BHREEZEBEEL V65 dB TI/R L7z, HEEE, FHROBARED» LS /R
HEETH 5. KeHEFE T, BWELFRICEEICE 2 NIV WS IEULIT %
To72 0.5 MRRICHFERGEE F 2 P EICHR U, EBRSINE ICHER L /- B35 % ¥ —
R—=RTANT 2 LHRD. 20, BieasrRUCEIHERLE. #F 2033
DT VR LHEREE R EIRER Lz, B REOIEEIEX T X LIZEH DR 7=,

3.1.3 R

Xy HFE e SHAEREOMREZM 3.1 1ITRT. ZOMIFHEOITHTH 5. #it
X e HEREDO IEERERT. EOHOTRIPEEOHERT, HAOFHOMFTXD
HHOMRTH 5.

K HRETIE, FEHIDDEHEOANEERNELo/-. /2, AHELD D
FEEDOHBESLDOENKED-T-.

13



Correct answer rate (%)
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80

60

40

20

Left ear Right ear

3.1: M & HIFRED EE R,
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3.1.4 EE

EHEDSEHOIBRBWERICOWT, AHEAMMEL WS EBEBH D, Ak
EFEIDDBEEOADPIWVERICKRZ EEZTWE. LarL, MRk 7.
ZORKE LT, HELZMEXSEE XD SEEDOAN, R 7B EZ S
N5, INTOERSINENPMEEZ EEL LTHETIE, NEE3E, 8L,
72, EETIE Thak, X bbb, -, GEIC I'hicy & Nch) »HE
Sh, EBRBMEO 1HZRWTH AT OL2RIEIN L2272, 2D XS ICMH
EZBIENGEICIEZHD, ZOMRPIEE LD EFEDO AR LI VE WS
RICBYR ST EXT2. T2, B O0ZFbHBEID D EERREVEEB S HEL
THBEZ EER DIz iz kD, EBRSINEIC X o THEED I WHEED
ZHDH, BOoOERKEL Ko EZT-.
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3.2 FRGeEiRE
3.2.1 FEEEM

BHEARHEDILD TRICBEWTEGH OFEROMERITH T 2 #ERIIEIEE S %2
AES 2 7= DITBEFEREETT .

3.2.2 EEAE

e R ClX, IEZENTEBRSMMNEIZNY FER Y (Sennheiser HDA200),
USB Audio Interface (Fireface UCX) ZHWTEHZHR L. HHOBFTEL XL
1%, HATS (B&K Type 4128C), ¥4 277> 7 (B&K NEXUS), EE¥Hit (B&K
Type 2250) ZFIH L TKIEL 7.

EBRSME X, EERENET2REGESH (14, B4, FEE
n 24.0 5%, BHE(RZZ 1.31) Tho7-.

e e T, HIEIEBEMIC X 2 HEERGEE R 2 S EL L 65 dB TR
L. 2H563JHGEL, THOBAENSSIRUEHELHEETH L. HEik:
ETIE, HWEERIULBMHIZE 2 NIV EWSIEURT 2{T-72 0.5 %22
DHERGEE R 2 MEICEN 2R L., ERSNEFCIAEOEE 2 Zh 2
N¥—K—FTANT2X5RD:=. 20, BRSFOERIMTbErLo7-. &
H20ETO7 VX AICHERGEER 2IeR L.

3.2.3 R

BOEREOEERN 32 1R, ZOMBBEOITKTH 3. HcHEEOE
ERERT.

OB TIE, MBEDZLBEERI00% oz, £, 1ADEIEDAIE
BRPREN o T2720, NIEE o7, ERSMEMDOIESOXEALNL2 -
7z, AUE Y 72 o 7= EBSINE DRIZX, HEOHEEZIRD I TETWEBNERD
[0]%5 % Bl & EE 2 T\,

3.2.4 EE

EESINEDIZFEENRMIEMRE WO R, EEEKEOLO TETORME
FFCHEER W2 ERLTWS., —HDASHBEZTED, ZOMEIZHE
XY DOMEZIIRL, EAOBEOHXMEEIICEZ2DDTH-%. ZHIE, Z
DEBRSINEN TETOBE T IFICBWTCETFREREDZ2EZHN5.
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548 HEERSOAE

\n

4.1 TBEROESERSHERER
4.1.1 ZEEBEMN

HEEEMET L TWRWIREOEEEMEGT e LT, HETOEFEHS % HE
35, HIET2EEENRGNE, TEOAETH 5.

4.1.2 EEAHE

tHEHD 5 USB Audio Interface Z#EH LT, BIiEENTA ¥ F—A v —<1 72
bk ¥ 4 ¥AhRY (etymotic research ER-10C) THIFA DR & B EE G % &
L7.

T DEFE L ~E, HATS (B&K Type 4128C), 4 7 7 > 7 (B&K NEXUS),
EEat (B&K Type 2250) Z A L TRIEL 7-.

EESMNE X, EHERENEZET 2 REGESH (W14, BHET74) T, F
EERE, 24.0 %, FERZIZ 131 TH o 7.

TEOAE OHIETIE, 1HEDHEEICT kHz D F—> N—Z b 3 ms, MEFXR 40
ms Dit 43 ms DR ZE 1500 [FHR L7z, ZDRE, b= N—2 + 2365 dB 12743
ko1l ERSMEOHBICA Y F—A v —~A 70Kk A YRy EHEE
¥, FESOHH, £EHONET 3EHIE L. i 1500 B2 EFEE L, 10~20
ms DX DT =27 bLZHEME Lz, 2O, IEEE L7 10~20 ms
DX %E, HELE3ERLTHEO—BRERD, BHEENSHERTCELZT—X
DFEEEZHEMBE L.

4.1.3 R

TEOAE OFHBIMEZRD 4R, HEMERRE SR o721 HDEBRSINE D
F— R TRV,

TEOAE OHIEEZFR 4.1 1TR"T. %72, TEOAE O 2IKD A & fEHE (R %
R 42I1TRT.

18



* 4.1: HEEH O TEOAE OHIEME. RO TFIIEBRSIMEICH D ko %S,

1 2 3 4 5 7 8
Right (dB) | 18.42 | 3.84 | 12.41 | 11.61 | 17.24 | 9.07 | 19.09
Left (dB) | 12.98 | 14.38 | 12.26 | 6.39 | 17.62 | 5.89 | 12.07

# 4.2: HlEHF O TEOAE DO HIEMED FEEME & A R,

Right (dB) | Left (dB)
avg. (dB) 13.1 11.66
SD 5.57 421

4.1.4 EE

TEOAE O¥4EIX, £KT 12.38 dB 72 o7-. E#FEEL, HHT5.57, £
HT421 7% o7-. TEOAE OHIEMEDELGDEDNKE L RWEBRBINE HZ 0N
i, £ D TEOAE OBIEMEDZEM 10 dB LLE Y 2o 72 EBRSINE D W -,

19



4.2 BEERAPOEFENSTAIERER

4.2.1 ZEEBEMN

HEREEMET L TOWAIREOESEE RS e LT, BEIRTOESENGNZ2HES
5. HIEST 2EEERGX, TEOAETH 5.

4.2.2 EEAHE

FtEMD 5 USB Audio Interface ##2H L T, IiEENTA Y F—A Y —~<4 2
aky A4 ¥kY (etymotic research ER-10C) THIHDIETR & HHE BN 2 INE
L7.

FBDOFE L, HATS (B&K Type 4128C), ¥4 27 7 > 7 (B&K NEXUS),
BEEE (B&K Type 2250) ZF]H L TRIEL 7.

Ml DBE X, EMOTIV  EPOC X IZ X - CTHIEEL 7-.

EBRSME X, EERENZHET 2 RAMESHTH - 7.

EKEESNEEY 7 7 —D_LIZEBRSINED ) 7 v 7 AT 34412348, TEOAE
E Wi % 2 IR RETIIE L7z, TEOAE OHIETIE, 1EIOHFEIIZ 1 kHz D b — > oN—
Z b 3 ms, HEFXM 40 ms DFF 43 ms ORFEE 1500 [FHER L. ZDRE, +—
YN—=ZANN65dAB I B DI L. EBRBMEOMEILA Y F—4 ¥ —~A
JRREAVRIEEEXYE, FETOLHE, EEOIETHIE L. 2FHDHE
B, ®ICE ORI EITo 7.

M DRNETIX, 10%FEIC X > TED SNZEMD S5 B, HIEFD 01, 02 2 H
ERD FC5,FC6 D 4 RDBMDIKIE % 1 7HICFFT 200135 Z & T, &RAT
DI EFTE LTz, U —2ART MLVEBEFEBERCTHEL, alk, 03, O
ZRDIz, REBERTIE, alfok T 0o LA, SHEOHBEEZR - T, HEEE
PMET L, BEARIRAEICH 5 & MWL 7=,

4.2.3 R

FEERSINE O 2 7R, 2 TOEBRSINEICBVWTIHOHHITA S
ot LL, alldDIETE 01RO LA HEZRETE -EBRSMNE L5 BV,
BhD3IZIZOWEOHBEMERTERL o7z, FIT, alOETL 0D LR
WHER T E = FEEBRSIE 54D 5B TEOAE OBEBMNHRTE o/ 184 %
FR\u7z TEOAE OHIEEZ K 4.3 1TRF. F7z, HEIRT D TEOAE O£k
EHEEERELR 44177,

20



3 4.3: BEER T @ TEOAE O HIE(HE.

1 5 7 8
Right (dB) | 11.63 | 14.28 | 6.67 | 14.85
Left (dB) | 12.79 [ 11.75 | 4.15 | 12.75

£ 4.4: BEIR T @ TEOAE D HIEME D FEEME & A HE R,

Right (dB) | Left (dB)
avg. (dB) | 12.21 10.50
SD 3.07 441

4.2.4 EE

HIIZEBNWT, ETOEBRSIME TS B ARSNRD 7D, EBRSINED
PHETER Db eEZONS. SIIFL AMERED X5 RHAEEL TW51
BIZEZLALNSDDT, NIZEEZ (T 72IRRET TEOAE ORIE ZITWIRN 5
ODRIRIIRETH 722 EZT-. LrL, 0D LERIZZL OEBSINETAS
N, EFRSMEDOZL IE—RNICREEDKT LIKETH-2EZI LN 5.

21



S8 RUIREEOHBFERN L
FERAYEEEYEE 7]

\n

3SHELABETELNLEREZD LIC, ZODRETOEFENS r —DDFET
DFHRIEEHEE ) OPAfRZTHE T 5.

5.1 REROHBENS & FERIVEEEEE 1 DRE%
5.1.1 EEFSD TEOAE Xt ithigRE

HEFDOHEH O TEOAE OBIEME L K & HFRE D FEROMGRER 5.1 IR
%7, REHOLEHE D TEOAE OHIEME & X & MEREDIEERDOBEFRZX 5.2 12
Y. M B E AR oRIE M, MilcHRED FERERT. NPcEBRSINE
DF—REHL LTHRRL, ZOHED L ICR/N_FIETHIFEREZS W Z
NDEF DI TH 5. EIFEFRE, RDTRIEICED, TEOAE OHIEMEE », 1E
IRIVBEERE I DFREDEERE y 2 L, y = ax + b 2 R 2 EMERD = [32]. &
BBINEDTF — ZZERDTHIHKES DL LTIREL, = &y DHEERD 255812
BWT, y=ar+bDEXICX2METZ ATV, HEHD TEOAE OHIEE L
X & HIFRRE D IEEROMHBRENL, HETr=0.20 (p=0.66) &4 D55V IEDHMH
B2, EHT r=-051(p=0.23) R hEDOHEMIELNT. 20k, HH
& TEOAE OHIEMED EWIZE X & MERE D IEBRDE K I o 7283, ERIEHE
EEWIE EIEERIMEL 2o 7.

ZORERP S, K HEE e HEP OB SERN T, G THEEERST O
FEMEIC X > TR EHEREDIEERD LR T 2HAND D, EECTEHEBRS OH
EEIZ X o TIEBERENBD T 2MERDD 5 Z &30 h o 7-.
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5.1: BEEFDOHEHE O TEOAE ¥ X ¥ HiZHE D [F& R,
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Correct answer rate (%)
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5.2: HEREFDOLEE O TEOAE ¥ X ¥ HiZHE D [F& R,
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;&I

5.1.2 EEEFO TEOAE L EiSERE

HEHOLHEH O TEOAE OHEME & BiAFERED IEEROEFREZK 5.1 1ITRT.
¥/, REEFOLEHE D TEOAE OHIEM & HAEREDIEEROBFREX 5.2 12
R, MENCEREOIEER, Mt E SRS OMEE L RS, KHICEBRSME
DTF—RERE LTHRRL, ZORED IR/ FECHIREREF W2, Z
NDXF O TH 3. HiEF O TEOAE OHIEME & & EHE o EEA R DM
B, HHTr=0.69 (p=0.08) &7 bIEOHED, EHT r=-0.10 (p = 0.83)
LRGSR o, FD2D, HEHIZTEOAE ORIEESE WY HA
FEREOIEERNEL o lzh, EHZMEGRELND 2 LIZE 2R WERICK - 2.

ZOFERD S, HiAERE HETOEEENRTH, HFETHEENSH OHIE
EIC X > THABHREDEEERN LR T 2HAICH 5 Z e B39 h o7z, BAE:
Y HE2Mh ZB@RESRA SN VWE ZE Z T\, ZORBICKT 5 HEE
Thotz. ZTNFTIZ, WHIEIHRUZHEIC X > THEB IR I N2 ER
W< RT3 oNTYS [33]). ZAUIKHE ORI HEE OBER
RERICBIEHL TWAZ L EZRBLTWS., ZOBRRBEZLEZITTRL, B
RO DIGHEITHAE U 272D, Baitid Th > THREFOHEEHS D
HIEMHEE OIS ABNT=DTIERVWhAEEZONS.
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Correct answer rate (%)
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5.3: HEEFFDAHE O TEOAE ¢ B&FERED &A%,
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Correct answer rate (%)
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5.4: HEEFDAEE O TEOAE ¥ BEFERED A%,
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5.2 EIRTOHZTERS & ERVEEEEES] DRER

5.2.1 EEEET® TEOAE & X & thzEzE

HEAR N DA H O TEOAE OHEIEME ¥ K& HFRE D EEROBREX 5.5 IR,
F 7z, BEIR T O AE O TEOAE OJIEM & X & HFHED EEROBEREK 5.6 12K
I, e E SRS OREM, MElcEOIEERE RS, RFICEBRSINED
F—RERELTERL, ZOHEEZD L IR/ HRETHREREZT W, Z2hd
KA DOEMRTH 2. HERT O TEOAE DHRIEM & X & HiFRE O 1E 2 0 MR
&, HEHTr=-0.60 (p=0.40) &7z b B DOHEED, £HTr=-0.33(p=0.67)
ERYEDOHENE LN, 2D, WET TEOAE HIEED EWIE Y EER
DKL 7o 7=,

ZOFER» S, MEIRT O B E2T & K e HIFRE I, ME TH SRS OHIE
EIC & > TIEZEMET T 2EADL D 2 Z 230 o 7.

5.2.2 EEIRT® TEOAE ¢ iiaERE

MEAR T DA H O TEOAE OHIEE & B G iEikEl D IEEROBFRZ X 5.5 IT/RT.
F 72, EEIR T O/AEE O TEOAE OHIEME & 5 SiEifE D IEER DR ZX 5.6 1R
I, M BB o HEE, MENCEEOIEERE R Y. MHICEBRSINE D
F—RERE LTERL, FOEZD L ISR/ RIETHIREREZT W, Z2hd
KA DEMRTH 2. HERT DO TEOAE DHRIEM & #AFE iR E O 1IE 2R O R
&, GHTr=10.84 (p=0.16) 72 D RVIEDHEBEIDY, EHT r = 0.52 (p = 0.48)
ERDIEOHENE LNz, ZD7, WET TEOAE HIEED EWIE Y IEER
MEL o7z,

ORI S, HERT OEEEMG & HaiEildl, WE THEEEROHIE
fEIC X > TIEERD LR T AEICH 2 Z 2200 o 7.
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Correct answer rate (%)
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5.5: BEIR FOHAH O TEOAE ¥ X & #iZREED IF& K,
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Correct answer rate (%)
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5.6: BEAR FO/LEH O TEOAE ¥ X & #iZREED IF& 3R,
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Correct answer rate (%)

Right ear
100 il

95

T

@)

@)
I

90

85

80 - - - - -
-10 -5 0 5 10 15 20
Sound pressure level (dB)

5.7: BEIR T OAH O TEOAE ¢ BiaEHE D FEXR.
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Correct answer rate (%)
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5.8: BEAR F D /EH O TEOAE & i -ERE D EE %,
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5.3 ERIEEEOHIERN & FERIVEEEEE DER
5.3.1 EBERI3REEOHBIENRN

R 2 HMEOESEMRA e LT, HEEH IR T O TEOAE ORIEMBD 27
2R, HEEEDEWVIEHEERFICHN2O»E RS, 27, HEVPOEH
B o, BIRTOHSERNY vy T 2K, v —y TRD7.

HEEE DK TOER T EEBRSIMNE 5 %D 5 5 TEOAE OFEBMED MR T =
RIpolz 1 RO\ 4 B OEEEF ¥ BEIR T O TEOAE OJIEED#57 %2 KD 7-.
5 1ICETDERERT.

51006005 ED, HEEH L ER T CHSEERNHOLHNH >7-. FHTI,
ETCOEBSMECHEEFOESE RN L D IR TOESERHNO S MET T
2B ghotz. ¥z, EETCHLHEBEFOEFEMRG LD ERTOE &K
HOHMETT2Zen0hot. LaL, 251 1dB U TOEBSINE» 248
b, FEETOEZHELHE L TN\ 223 0hotz. £, tBREOHKR, HH
DOHEMEF L HEIR T O B EE RS OREEOMIZ, AEREND 572 (1(3) = —4.20,
p=0.02). £HOREH L ERTOHFERHNOREMEDOEICIX, AERAITR
Drole (6(3) = —1.23, p =0.31). ¥/, WMEHORES &R T O HEEE OH|
EMEDRNC, BEREEND -T2 (1(3) = —3.19, p = 0.01).

IHHORRICE D, BREPOEEFEREG X D b EIRT OB & 205 o Hl & H
BENICEAD T2 e ghot. THRREEEDKTICE->T, BEEERGD
BTFT2ZeRBLTWS., ZAETIZ, M AEEMEZ RSN EOED%
Fich2@EnE L A2ARETET T2 ZepPHISATWS [10]. BEEEMENE,
ANEEHREOREEN 2@ = IER L TRELTWE 720, EEERSORIEMD
ZlRIMEEMROBEOE(LrEZSNS. OF D, WNEEMKROE = HHEE
EORTICE-oTHE-TZick), BEERFOMEBNETLLZEEZS
N5, HEEPCERTOEEEBRFOUEBDOEZRIKEVE WS Z X, HEE
R T TS EMRROB X 0ZHNKE L, REFTLERTOESERN O
HIEMEDEDI/NI Ve WS Z ik, HEEH L ER T T/HEEMIEOE X 1220
BWVWEWS Z eIl b.
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% 5.1: HET L FEIR T o TEOAE OHIEME DS

DR o 7=+

BRI EBRSINE IH

1] 5| 7 8
Right (dB) | 6.79 | 2.96 | 2.4 | 4.81
Left (dB) | 0.19 | 5.87 [ 1.74 | —0.68
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5.3.2 EAIREEOEITENRN X &thEEE

70 5 HEEE O B EEHSN £ K EE O IEEROMEFREZX 5.9 1TRT. £z,
B0 2 HEEE OB EEMRS & K e HIEREDOIEEROBREX 5.10 137, M
HEERSOWEME, BicHFEOEER2RT. NPIERSNEO T — 4%
B LTERL, 202D LR/ RECHBERZ W, Z2hsto
EARTH 5. HEEH L HER T O TEOAE OHIEMD 7 v X & HIFEE D IEE KD
FERENX, FEHT r = 040 (p = 0.60) &% b EDOHHEEA, £EHT r = —0.68
(p=0.32) L2 h AOHBENHF LN, 207D, GEITHES & IR T OH 52
B OHEMDED DR EVFZEX e HERED EERY LRI 20D D, £
HTIREEERFOHEMBDEDD/NIWF X & HIFRED EERNFHAD T 2
M2H 5.

ZDFERD B, HHTEREED L MR T THEEMROE = DZHIKZF W
YR HBEOEERS LRSS AEANEZONS. 0% D, MeHHFEOES
RPBVERSINE X, RETONEEMIROB Z25L, ZOBENEERD
KR LTHA-OEEEZONS.

5.3.3 ELZ3REEOEZTEMRN CiRaERE

HEEH IR T OEH O TEOAE OE5 & miaitiid DIEERDOREHRZX 5.9
RS, 72, BEFLERTOAH O TEOAE OES L HiAHERED EERD
BfRZX 5.10 123, M EEERSTOREME, M ED EERERT.
MAICEBRSMED T — X EmE LTHRRL, ZOR%E D LICH/N_FIETRIG
EifZE5I\W, ZARRFPOEMRTH 3. HEEF L BERT O TEOAE OHIEMED
2 AR D IEEROMHBEGRENE, FETr=-029 (p=0.71) &5
WE DRSS, BT r=0.32 (p=0.68) £ & DIFVIEDQHENE LN, ZD
72, GEIZEEEMH OMEMD D DV/NZWIE B E abiked O IEE R 3 A
THMEAND D, EEZEEET »EERT OB EEHS OREMD 27K E VI
AR EDIEERN LR T AN D 5.

ZOFERDP S, HHETIIERES ¢ R T CHAEEMEOE X 0 L8k E Vi
CHOTEREDEERNRD T 2 EASH Y, EEIXREES & R T THVEEM
FAOE & DEEFRKE VI HAEREDIEERN LA T2 EALRH -T2, BHE
FEARE r EEEREGNIBEBRER VW EE X TV, BEEERS ORIEMED 2=
B EARMEN R S 7.
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5.9: HWEEA L iEIR FOFHEE O TEOAE 04 ¢ X ¥ HIFEE DO (FE K.
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Correct answer rate (%)
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5.11: HEEH ¥ HEIR N OFHH O TEOAE D25 & Hi A ikl E D IE &R,
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Correct answer rate (%)
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5.12: HEEH ¥ BEIR N O EH O TEOAE #2457 & Hi A ik E D IE R,
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F6E 2PRBE

HEES eERPAON S E PRLTWEKE IFETIE, RETOAEIC
BWT, HEEIGIOMEMEIZ X o TIEERY L AN D o7, £/, HEE
HBER T OEHICBWT, HEEBG OHEMEIC & o TIEERMET I 2 {HH
Db otz HEES CHERTOHSEIS A7 L X e FEIX, HH TlEEES
CHEIR T O HEEBH OREMDAZDBRE NI EIEERD LR T 2 HARDH D,
FEHTIZRES L MR T OB EEHH OMEBED AT/ N S WIEEIEERD LA
BIEMD D o 7z, K HFEDIEERPIMENERSINE L, FEEH OHE B
DEIEH55<, TOTEPEEROERT L L THN DL LEZONS.

HEBG L ERBA SRV TRL TV B Gataid ClX, HEEH /MR T
O i THEEBH OREMIC X o TIEERD LR T2 A8 H o 7. HEEF &
HERR T O H &I &7 Liaifd, GHTRREEY &R T o HEERH O
HEMEOZE DM K2R AN o7, EETREET CERTOHESE
T OREEDFZTTHR EWIF EIEERD LR B EADD - 7.

NS ZODRERIZ, BiEERE S 3o T BERAYBEAE /) A BRI R RIC H BY
R, SERIVEEEGRED  BE BB OMEZICBERAH S Z 2R L TED, BHE
B OREMIC & o T, BHRWIEIEE) ZHEERER Z L 2R L TWa. R,
HEEH O HEEMG XD SR T O B EE B o MEEIZBELAICHDY§ 5 Z &b
5, REEEOERTICE->T, HEEIGBET TS Zehnshk. 20, H
HEBENC L o TREBEE 2HEE R Z L 2R LT 5.
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Ay i +=A
S T7TE oo

\n

7.1 AIAETEHSMNMILEZ K

AWFED HIE, REEE R 2 B EEHGT & FREICRE T 2 R VIEHGEE
ZHIE L, HEERSOREZD & B REEEE ) Z #HEERTRED ¥ 5 B & 5>
3522 Ths. 3, BEFOERVIEIRENZHES 572012, ZDODH
A EBRSMEICR L. £, HES TERPOFEFERSNZHE L, HHEE
D F7e 2 HHERGT v FERVEEEGEE ) © ORRE AN, ZFOFEE, AREFFLTHH
LI L7Z e 2 TIZEED 5.

- BEERSG e K e iIFE X, EEPOEHICBWT, EEERGTOHIEE
W Eo CTIEERY AT 3HEAND 2 Z e 3nhotz. %72, HEEF HERTOD
EHIZBWT, HEEHSORIEMEIC L > TIEERBME T T 2 @A D 2 Z L H
Tz,

- HEE  BEIR T OEEERSTOES ¥ K e HEREIK, GE CEREET » R
TOHSERSFOHEHEDETIHRKEVNIEEERS LA T 2EARDD, £H
TR &R T OB SEBN OREMD 27D D/N S WIF EIEERD LD 5 1H
MDD -7, K HEREDIEERMEWERSINE L, REF OGSO E
XD, TOHENEERDEK T LTHA D EEZLNS.

- BARESETIX, HEEH /REIR T O CTHEERS ORIEMEIC X - TIEER
MR T MDD 2 e Th o 7=,

- HEER  BEIR T OB EERS O ES L ARG EI, AECIEEEEF © MR
TTHAEEMEOE X DA K E VI EHRATERED IEERNEA § 2 HA D
HY, FEZERES CERT CHEEMEOE X DLEIRK X VIE B A G
DIEERN L7 T 2MEADND - /-, BAEGE L BEERSNOIEREN RV
EZTWED, ERENR SN,

- LR ORERIGEIRVEEEEE ) ¢ B EE RS OMEICEFREH 2 e 2R LT
B, BEEEBGNC X - T, EIRWIEREE N ZHEERRER Z 2 2R LTW5.

- HEEFOE SERST X D b EIRT 0B S 25 O HEMIXEAICIRD T 5 7
B, HEEOKRTICL > THEEERNOGE T T 22 enBgIniz. i, H
BEBPHC X > THREEZHERER I EZR LTV,
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7.2 TERINTHRE

RSN HREIZOVWTE D 5.

- HEROBERR 7 ) == CCGEIRNVERGE N 2 HE T 270 DFE L
LT, BEEBGNC X - T, B#RWENGEEN ZHET 228 TESZ 2R L
72, ROBEMEY U TEBICHAERORNCFAED X 5 1B IRABEEEE A3 SE L =
NTVRVWAZENRYE L THEERSOREER LTS, FHENRE L2EE
BT EIREEERE I DR ROFAE TARMITTHO I L 2 8 ICHHT 2 H5HR
2182 Z e N TENUL, BRENRFEREZNRE L-EEEMGNC X 28 RIVEE
HEESI DHEENDEHE VI TEI LN TEDZLEZILNS.

FEMGIIX, ZoDHMBTOIRRIC X 2 BN %KD 2 DPOAE »3dH 3.
DPOAE 3JEHBM e DB L2 R 2 2 N TE 370, BIRIIEEGEE 1 DHIE IS
TEBRSINEDPHEZ-HEOTFE L BEENNOMELR 2R BT 5.
L2 L, HEFD DPOAE OHIE £ TIITS Z B TE R0, MERTOHIEZIT
2oz, EIRTOWHEZITV, 3 5 Z 2 TXbEHFERG & EIRVIE
HENDOBHRICOWTHET 2 Z e N TE 3.

- ARWFETUE, IS X 2 HEEE OHEE 21TV, BER IR T ZHM Lz, L
ML, HEEFCEERTO X 52 ZODREZ T TR L, £2.20 X 5 RHEIRIKE O
HIWHZ Ko T 21T 3 Z e TX D REEOIKT & BEERS O T ORE#EH
IhRLNZEEZOLNG. T2, MEDOADHEEEOHE TIZRL, IRbky
DM O BEEEHEEHEL OPFHIC L > TE D MR EBEHEZI T Z &
TEX3EZAOLN5.

- EERBINE ORI, SEBRShRh o7z, OF D, EBRSINEFIEXER
THEETE R o eEZIONS. BABTEXRD o7 FHRIE, RNy bTERLY
7 712 & BHEIRDTRE & W\ o 72 HEIR Lo 3 WERIR R O M B & 2 o JlE
WS HEE OFERHERZ RTINS, BIRLITWEREEZ REL, PAEET
X2X9513528T, HEEOK T EEEHHOKTOMENXSICRON
LEEZLND.
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L

WHEEENcanE D, AAEBICESZ FTRICHK L, RICBL L, Biciini4s
B L TWeREWe, FEEHETH 2AREHREEFRITODD» O RHB L 7.
MREREL I —T 4 VIR EDMEREHFDHZITENT, MEDDHSHWBH T
WEEDd H HREB L, EBRERD THEPHZ L W2 &, W5Em, HBem
TXATLZE o T ARBBAFEITOD S TR BB L 5.

FUF—24E LT, RPORIIIIEAE A, HENRI —T 4 V7 TIEXZ
DV, FIHEHHCHENDBREZ XA TINLEOZIA, L L TEDE
BERLTLIEEoTHPE A, THERWEETH 2D X 21T -
TNTHARZIAODE DGR L LT E 7.

AL LT, HEXA, HIXA, Sicheng XA, Benita XA, BIRFXA, &1
AL DITUIRERE LR, FAONEICBWTOLINZDRVWSDTLZ.
RBEFHHLF .

ELX A, \BFXA, BFREADREOERFICIE, EBRSINCH I LTHE
=, BEWLET.

e TR <, EBROHKSCHNELDBIEESLHRICH T2 LD BRI %
THIRNT W RHEA, AF—REDLY Y —I1ZBED, MIFROEHIICE
ZETCINETCIMEBRLEZZEDRRVWI L EBAZ T EE o= BTN, |
BRICHENL TV TV E, RO 7 AL REL P oEIUXAZIMDE L
T2HEAR « IRARMFEED AR v 7B ED TR U N— DRI L £ 7.

RREBEED, BAXZ T NERNZEILIHEH L ET.

w22, ZHFETHOYRELN, WEEZSERI» OYWEDIZEICES FTX
Z, WmHOHEAEOCTHT D 208K 5 B o T NLMH & 56100 & EEH W72
LEY.

43



)

[1] D. T. Kemp, “Stimulated acoustic emissions from within the human auditory
system”, Acoust. Soc. Am., vol. 64, pp. 1386-1391, 1978.

2] IEEZE (W), FER - YO ROEFTEMRS & ABR, S & infktt, 2012.
3] MEEZE (W), FER - D ROMEE, S & inkit, 2014,

[4]
5

BEAN, “BEERMERDOBEENINE”, BLEE, vol. 73, no. 10, pp. 650-655, 2019.
[5] R&F

Z

REERST MERIERS, ISHA ¥, “PEINCB T 2 HARE 2 v 72 BRI HEHRE
N—BREER O WE AT 7 2 2 X ¥ b — L BARE—", BEEE, vol. 77, no.
8, pp. 500-503, 2021.

6] #EARHH BHHNREK, KRB, “Ha BfliEE 2R U THE LB S80S
DFHEfENT, BEFEREME, vol. 46, no. 2, pp. 89-94, 2016.

(7] ERERK AR KRB, B, “HEEuE O ERNEE
HEFEICEE T 2 PRIERE, SEFRREME, vol. 44, no. 1, pp. 1-6, 2014.

8] WAL KRB, BRRK, «/ v FHSRR~ 2 ¥ > 77— X offfiEg s
NIHER T 4 AV R OFERRATHEC T2 D BEE2RH 5 X 28 E”, BE6, vol.
68, pp. 546-556, 2012.

9] AJIERE] SRARFER, KIGHH, “HIEE © 4V — 7R S58E » OBR”, &
ZFEm, vol. 3-P-37, pp. 537-538, 2019.

[10] Kyle P. Walsh, Edward G. Pasanen, and Dennis McFadden, “Overshoot mea-
sured physiologically and psychophysically in the same human ears”, Hearing
Research, vol. 268, no. 1, pp. 22-37, 2010.

[11] REEE, SEREOER, WEERE, 2019.
[12] HAEEER (W), BEFAF, oot 2011

[13] KA, “BEHARMOMAZE", BEEE, vol. 73, no. 10, pp. 645-649, 2017.

44



[14]

[15]

[16]

[17]

18]

[19]

[20]

[21]

[26]

[27]

28]

Frederic L Wightman and Doris J Kistler, “Informational masking of speech
in children: Effects of ipsilateral and contralateral distracters”, The Journal
of the Acoustical Society of America, vol. 118, no. 5, pp. 3164-3176, 2005.

HFHERER (), BEEBRSERA A R, SRHAR, 2004.

Georg V Békésy, “The variation of phase along the basilar membrane with
sinusoidal vibrations”, The Journal of the Acoustical Society of America, vol.
19, no. 3, pp. 452-460, 1947.

William E Brownell, Charles R Bader, Daniel Bertrand, and Yves De Rib-
aupierre, “Evoked mechanical responses of isolated cochlear outer hair cells”,
Science, vol. 227, no. 4683, pp. 194-196, 1985.

HARERER (), FRESTEBRSORK, SE AR, 1996.

R NE R = FIHEAZ, “EBalin HEEH (dpoae) 12 X 2 WAHRREDFF
fii”, Audiology Japan, vol. 35, pp. 46-55, 1992.

MRRIEHED, RS 2 i THHE S 27, FBEEEE, vol. 110, no. 9, pp. 843-849,
2018.

H. Head, “The conception of nervous and mental energy. (ii.) vigilance; a
physiological state of the nervous system.”, Br J Psychol, vol. 14, pp. 126—
147, 1923.

Andrew J Davidson, “Measuring anesthesia in children using the eeg”, Pedi-
atric Anesthesia, vol. 16, no. 4, pp. 374-387, 2006.

BN BRI FARMME EREREE, =50, “BEhEsEt o K 7 4 NHEEEH
FEFEORRE”, BEERMRFHENXE, vol. 50, no. 2, pp. 473-479, 2019.

SR (FR), BER - REEICRA T 2RUESIER, o v I+, 2022

i HRER AU, iR O FERERIGR”, ERPRAEEEIRS, vol. 42, no. 6, pp.
365-370, 2014.

MRS, FORAIEE, SEREREGL, and FEIEC, “BiEZ AW HEEE E2{boi
AL ZDIH”, BME, vol. 11, no. 1, pp. 86-92, 1997.

BHEEE, “v =7 7 7VIKIRETIC & 2RGSO R HIL”, BSEES, vol. T8,
no. 10, pp. 600-605, 2022.

FRRIGA and fREFRA, “PHI-EIERIEZERIZ N U 72N RE A ic X 25
HREEES 27 L 0ER, [FRAUIEFE, vol. 1, pp. 07, 2021,

45



[29]

[30]

“MI DFE ", https://naraamt.or.jp/Academic/kensyuukai/2005/
kirei/nouha_suimin/nouha_suimin.html.

SSHTYD T MEREE ISHET K& IELER, HETHE, <X e ERES
X OBt ArRand 2 F D 72 RIVEEEE D FzE”, BADEFER, vol. 83, pp.
65, 2019.

J. O. Pickles, BRE4IES @OHCH B5R), —iHitt, 1995.

“tHEA R £ o = k7, https://sci-pursuit.com/math/statistics/
correlation-coefficient.html.

B. Delgutte T. Kawase and M. C. Liberman, “Antimasking effects of the
olivocochlear reflex. ii. enhancement of auditory-nerve response to masked
tones”, J. Neurophysiol., vol. 70, no. 6, pp. 2533-2549, 1993.

46



S

L BR—E, K&, AL, SHRIVBEAEEY) & B 5 8B RIE o BARME
DRRE,) HARSEARBEFMFRERZMEER, 2-4-9, 2023.

47



T E]RA

A.1 EEHODODPOAE ORIEEER

A.1.1 EERBE®

HEREEEEE DR T I8 D XS5 ICHN 2 DR BT 2D
DPOAE OHIE#1T 5.

Al1.2 EEAHZE

tEHD 5 USB Audio Interface Z#EH LT, BIiEZENTA Y F—A v —<A
7ukre A YRy (etymotic research ER-10C) THIFL DI & B H BN % X
FHL2 FMOBTEL 0, HATS (B&K Type 4128C), <4 77> 7 (B&K
NEXUS), BE&E#t (B&K Type 2250) ZF|H L THRKIE L 7.

EEBRSME X, ERERENEET2REGESH (14, B4, FEE
n 24.0 5%, BEME(RZE 1.31) Tho7-.

DPOAE OHIETIX, FlIy L TZODEEE f1, fo DiliE%E AW, DPOAE
&, fi, LB, Lo/ i=128F28F2f - fo (o> fi) OREBBICENZESD
v— 2R HIEEE T 5720, KEBRTIX f, 251 kHz, 1.5 kHz, 2 kHz, 4 kHz ¥ 72
X9 f1ZHRELL. WODHMEZ ZNEN 10T O R L. Z20fiED
BHIELNV L 8 Ly D7D 10dB % 2 K& DPOAE DG o s e wbitTwn
%7:%, L% 65dB, Ly % 55dB &2 X5 Wiz id R L. REICA v F—
A ¥ —~Arakr 4 YRy EEEXY, HH, EHOIET3 B3 OHEL .
2fi — LIKHNZE—2ZDFLELNILD R HEMHE U=,

A.1.3 R

DPOAE OHIEMEZ R A LIRS, 72, R A.212 DPOAE O & fEHE(RF
7Z% 13, DPOAE TIIEBENEL 312, EEREDENKE L Kotz
HT4 kHz ® DPOAE OHEIEED 0 dB %Z FE > TWAFEERENRZ L A5,
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7 A.1: DPOAE JIliEf. A DOHFEZIEBRSME ICE D IR - 1%/ 5.

1000 Hz 1500 Hz 2000 Hz 4000 Hz

L(dB) [ R(dB) | L(dB) | R(dB) | L(dB) [ R(dB) | L(dB) | R(dB)

1] 014 | 489 | 903 | 130 | 1.8 | 11.95 | 548 | 7.11
2| 465 | —04 | 693 | 714 | 1.86 | 1.56 | —5.47 | —3.72
3] 1236 | 6.13 | 16,79 | 11.3 | 15.11 | 10.78 | —6.92 | —7.29
4] 385 | 328 | 567 | 1054 | 533 | 208 | 55 | 3.44
5| 846 | 866 | 7.1 | 1431 | 822 | 1213 | 389 | 7.83
6| 004 | 1.06 | 028 | 327 | —3.62| —4.82| 324 | -3.19
71 246 | 27 | 726 | 865 | —1.99| 2.85 | —5.54 | —1.92
8| 751 | 1171 | 11.37 | 17.11 | 893 | 10.74 | —3.88 | —4.03
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7 A.2: DPOAE JlEHD A & FEHE(R 2.

Freq. (Hz) 1000 | 1500 | 2000 | 4000
avg. (dB) | 5.63 | 9.16 | 5.61 | —0.99

Left ear SD 411 | 3.83 | 5.69 | 5.66

. avg. (dB) | 5.28 | 11.72 | 7.44 | 0.20
Right car SD 4.01 | 340 | 4.98 | 5.92
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A2 REFODODPOAE C#ERRVEEEEE

A.2.1 EEDODPOAE X #hiRE

HEFDHAEE O DPOAE ORIEME ¥ K& HFREO FEROBBREX AL ISR,
F72, HEFDOAEE O DPOAE OHIEME X & HFHED EERDOEFRERI A2 1
Y. MENCGREOIEER, HticEE2RolEEzZ ~T. KNP o midER
SMEDT—XThDH, RHOEMIEIFERTH 5. [EIRERE, RDRIEC
&b, TEOAE DHIEE%: v, K HFHEDIEER 2y 2 L, y=azx+b 2725 EMR
ZRDIz. K #E e DPOAE OHIEMETIX, GHIZ 4 kHz ZFR\T DPOAE
DOHEMEDEWE K & HIFFE DO IEERNE L, L£HIX2 kHz ZFR\\WT DPOAE
DOPEMEDENEEH e HFFEDIEER GG Ko7, GHED4kHz E EED 2
kHz 1%, DPOAE OHIEMBEAEWIZ YR & #HIFREDO EERNMEL Lotz 4EBr Z
DFERD S, K HIFRE Y HEERETTlX, TEOAE ®4H ¥ DPOAE Ol E T
HEZHEOBEMEIC X > TIEBERP LR T 2EANED 2 Z L1390 - 7.

|

Ay

;%I

A.2.2 EEHODPOAE LiESEE

HEFOLHE D DPOAE OHIEE & i AiEiE D IEERDOEFRZ X A3 ITRT.
F 72, HEFDOKEE D DPOAE OHIEM & B Stk D IEEROBEGREX A4 12
R, MEINCEEOIEE R, fthcE SRS OREEEZ RS, Ko MIXERS
MEDTF—2THY, KPOEHRIEIFERTH 2. Biaitad e DPOAE OHl
EME T, WEH TDPOAE OHIEMDAE VI EHESEFED EERIEL o Tz,
4B ZORRDP S, Bititavd e BEEBG T3, TEOAE O H ¥ DPOAE O
HE CTHBEFROHZEHES ORIEMIC X > TIEELRY FET 3 EAICH 2 Z 2
I otz ZHAUIHREANORHSSHET OEFERERICHEHL TS Z %
RELTWS., ZOBRRYIEFLRZ I TR, HEEORBOBHETHEL 229
2, BiARBMEA TH > CHHRBEFOHFE BN ONEME L DX A HIFzDT
BhnwheEZIH5N5.
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A.2: BEEFOEE O DPOAE ¥ X ¥ HEREHD [F& =X,
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A.3: BEEFHDFHHE O DPOAE OJIEME & B AFERED IFE R,
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