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F—raviEFERTLIEDICE, FHEEZELIEEN LN TEZLTTIEEL, SHOEEID
BN POEICITZAS 2 ENBRETH S, FHEIE, REINTLOHEINE ITEASNSBRIZE W,
T, BAxRBRTHT 2. Hl2E, SERICB2FEEEDT 7 v 2AD5E, REICKSZ 7
7 ARHHEICBASIN S FTIC, IHERIIEICXZEAR, 77y bE—LICET 2 BEGPRETIC
L oWiEEZZFTHT 5, BEEEMEROZ JICHRBEINIRFERE, CoREEFR 25 L3¢
2, IEEOPSEICIE Z 6D R R TR Z, HARRMERE & RS

ERS121ICX 2, BEEMICEBIT2EHE I 27— a vy OIFEROEE kM - WELES
D%Table 1.1ISRT, FFH a3 22— avyOlgiix, SHEEROKES L IEIE OBRS, &
ERELAZDHNEZOBEREE L o BA» S, TIEEHGE, , &8, TRN - FE - e -
Zfg), TAE—F -G, THEHA -2k, THiE) 0621083 s, p¥h gk rkaE
%, HFaIar—varvBRBICIVELS, ¥, &5 Z2huel-gFaiaryr—raviE
ek, IAEHRME AT, ZHOBEREE IS LRSS R 28R T 2 5603% v, 2054, B
FHOWENDE ZBET 20HND 5,

BEJI%, e RNRBEE, &2 0IEHewRa, RNHORERE, Mk 2 6EBMdoRd L
DBRRNLERIC X DET T 5, B, MEIC X > THEHIMET LTw 2Bz, TEiitasn
FH BT kU, 20064EBIEICE T 2 HAD S ATHEE (655 Lo AMEE) 1%, 20.8%7%
ZTED, HEEEMICBEOTEATE L WIETH S, NI X 2B O T IX, Fis L 43 L HHE
3% 2Tl CMAZEIRE O [4] 28, FHERSBIEE I N2 NEENS 2 LRD 5N D
IR OB ol E X, MLV s EEZoNn3,

VAR, HESEFYA VICBLWTHEHBEHINS L) LB EZELOVEDELT, NYT 7Y —FHAL »
3h 5, BARWICIE, Ar—7PT L RXR—FDOFED L ) BRI EE L 72 2 BEOMRNEP, R
BHEEWNRE L LFE 7Oy 7OBRBED LI kI TFoN D, HEHELTH, 1994FED —FE)L
%, 200040 N 77 ) =ik, T6 G - JEFE L 7220064ED N T 7 ) —Hiik e LR Y

Table 1.1 The classification of speech communication in architectural spaces[2].
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B, HOHWBEPEEFETNY T 7Y —ALOFENRE D EEZO6ND, ZOBRNT, HILkENNY 77
) —{LOE D) A L LT, 200240 THREMERICE T 23510 X 2 BESIBHEIA B4~ 6103
27, CNEEREESZOBEELZHNET 20D TH S, EiiEz & OREHIESZ0RE L
FHIEAT 2N 77 ) =TS, vicowTHX b I zfi, BfEDE AR LN,

HEREF IS L, HAEZIEL(IBASOICE, BEECHEEZEML, XDEVIAHE L XLV TEHA
EEETLI LI THOWEFEEMEEZEH T2 2 LB ETH S, L L, EOREEFHEREME
BEEOIUT X VOPITERNICHS I I TR, 23Uk, HHEEMERZ 5 2 M4 2051k
PREINTVEH DD, FEERICHIL ZFHGE o 12 ik > 2 EB—HTH 5., £/, N
V77V —=FTHA4 TlEHRL, ZNEILICHBIE L2 LTS Y, DFD, HTAILEST
A LR T WTFHA V2 G EE RO A VICl) AN 2 E2 5L, HEHEEEDREZ R
92D TIEARL, EZLIENEEEOMHZE ZWNRE LT, REAEMEZENT 2088H 5.
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B RIAMERE 2 BTN 2 U7k IE, B 2 CIER ISR § 2 07k (RBEHIE) &, S5%
FREOYIED o HHINICRE T 2 75k (WHEHIIE) D201cKRE ST 60 57].

A. EEFHIE

P ICE R 2N L, ZONED» o HHEERAER 2R 2 5k Th 5. EBEHEIEE, EEZ
1IEL S FESD 2 I3 WA 2 BfF© & 784 TRl 9 2 I EE - 7RREERABRIE &, A ORKHIR 2.0
BUAEIIGE RIS & O RIEALS 2 kI i s,

RER R SERA

HHIGE R 1, SRR 2 AR 2 R IR L, BREDZ oM % % IE L B S %
BHL, SHEREREOR L 325 Th s, HAFETHY 6N Efiiz 1 5H T OXY > THA L
7oEi 2 B S R & LT 2 IR AR (8] &, Bk AR v i 2 B R L
2 MR R =i T A AR RBR[91 03 b 5

BRI, <2 6 BHREREERORMFE L LTHyY s Tw 5, SRH[10]12HE LT3
k9lg, FEICE D IFEERERERL 2720, HABIIHG SN S 10052 5 v A OB A 5E%
ATV S, 19524E20 6 19544R 122 ¢, #E(1L], F[12], F—)V[13,14], HEEHE(15] 7% &
K& 7 TR B\ C Y I EERER S T b 72 28, 135 O kG 12 200ms 2> 5 500ms & &>
728, BRELZDOFEDOMICIIARE L INB(7]. hE[I61IF, ZOREEZEET LI, HEH
DHNZ 2 A A 2L 72 Z R ZRE L, BAKS[17,18]1%, <A A %A 72 &JHZ HvwCEN
R D R o SO DS i 0 BEE I AT T B 2 et LT 2, BE O EOFHIGIC D> WwTiE, HEi
[19], WR[20]5 BEEE S FICB ) 22175 TE D, LEEE OFEL )L OEE) % IEHS 4T
EFMLL, HEHAREZ PHT 2 X2 RE LT3, KA S([21-23]1F, B FICE 1T 2 HEHio
SUHER D S FIN T 2 BREHE 2 Tl & LTIREL %,

MR O EIBAI 1, i T 2 EEiOEREE D, BT 2 St v A7 T 570, HEHITHK
JECIEEHliT & 2 2o 7B OB Z T E 5. /NI S [24113% HIA —)U I B W CHER R 8
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FAIE AR 2 T, HEEIIEE X D D SRR MR OE VW2 KT E 2 2 L 2R L, FiAL5([25]
&, REHEPF—20X ) R REMTORKTH S 2 2R L. FHHET] ZEEHio) b, 6
1 EfHiDIEERIIIEGOHERIZ LA EZ TR0, F2, FEIFHOIEERKIIHEDOHELZIT T
BRI 2ZLE2RLTVS, 20T, BAS[2611F, =HEfHizRBHETHELAEATYH, HBE
R R W EGR O S F R TR OB OITFHiTE 2 a0 H 5 2 L2 B L 72, fARS127IEZD
RIBOBRITIEE LT, FEHE L — b GREE) 224037k sz 5B E s & LT 3 5k
Zheg L7z,

IR I s N 2B S5 1, BRZ2 7wl 26, B ONAHI IR 2 KX
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£ 2R, 22D EHOEFIEEMEREDN R 2089 Lo NN R FEHGIZTE 52, ZnEFh
DEL DG FRIRIEREDS E DL &\ ) I 2 3 1 T & 2o, RE[16]566 A S [27] DB G
BRI A ORI, B sk P RE DAY 72 5T 2 ATV 09 K 9528, FEERICTHI U 72 #ffoek Y 7¢ 5T 2
THEET 2 H DT\,

TRERRE

TR, BREINAHEELIICENELCHERSN2EAGTH 5. HIEE L ORAKDOHER
, BWREEOMBHSEFRZHW M TH D, FEEICHI L oo 1y 2 35 5 ke o SEM s AR T &
%, BBEHE A ICHEEZ WG 2 EE TR, CEZM W62 CE TR & W8038, g
BRICXEZ WG ATH, XETORFEZNEIE2561%, HETMRELNBETLIEITTOH
(7). TREMBOBEBMNEA & LTI, HAGESERICK 2 THRREEERE O BLHE ) [28)ICFi# &
N-BR, HPS[29)IC Xk 2 HilEEHEGHCDICIER S N TAAKRARS , FHHE[301IC Xk 28 -
WAL S 7 B30 [ REEABRT#, S (31112 X 2 MBS OAR AR SCrh o HEEZ M4 &4 5 H
i TR S R DD B

BRZFROEHE 2T 254, RELCEEEROBHEIFIREICR 270, —f&IC, HEHIHE
FE MR =l FiBAIGEE X 0 b BRI, BRI X 2 FEEROMTEIE, EREOFF 222
F—ravilBWLThfrbNTwas I EThh, EHERICH L Z28HEi 2179 72D I12i%,  DfEH5GH I
GENBIEBELI L, LL, ZOHHOLLT XIE, HEDEERL LHEO RICKET % 7
&, GEIEMREZ Db DD 21T 720IciE, 20 s ZHHIT 2 5681 H 2,

XEIZOWTIE, ZoHlZE TRAERZX ZHVEZLICk>TIFE Y ELTW A2, 3N
ZAUBICLEI T2 770 —FTHY, EEICHLZFHMENTE 3 £ \w) TIREDOER & I3MHIK
T5., WHEXEMHOERICOVTD, B0 LLT I S 5T i Aad 725 %0,

HEEICDOWTE, WARS[32]2%, HEED TR U Ay OREZRTHEBHEBE3]E2 b LI, Hito L
RF X ZHH L HEE TR AR S R A RE L . MEEBEIEIL, BEMBRZIVIEE TR LA 28
HHIERRL, 1DOTOHROEZ L5, TOEERIE, HEEBEBE L EHEN 7 v A% S 1750
HEED» S 2 D), WIS X > TABBICaBEINTW» S, WAL IZ, ZoEHREHOTHEE T EE
RERZ AT, HEEBEENS I EHIE TRENS 25 2 LR L. £, HEEHINRERER D
FEOL L LB L, HEEHEE 4.0 55.50F R 5.6 5 7.0DF I 2 HEE T REL, HIFEHINH
X D DEC, I K 2HEBEOIEEROM EXALNE ELTWwE, WKASIC X 2 HEE TR
BRI, RELCTEBEROFHEZATEICT 2 2 L%, ZNPHETREICKIETHEL R
Hl3 22 LI LTED, BB CIX, b BRI L 73 P52 MRS O 5T 23 1] 58 72 5l 3%
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ELFEZoNG, KR TIE, F2RHICEBWT, HFEHEED4.00 655D EFLR L5 67.00EEE
FHv>, HEEBIBEE &Nl X 2 B8RS, BRI B 2 HEE TR KT TR E R MR LT v
5.

TRAEEE, PR X D b HEBRICHI L 2 AR R O R 2S W BE T B 2 A3, FUE N PR Rk e oY
HOGATYH, EEEPI00%IELTLE ) %0, IEEEDPI00%TH S Z Lk, ZOHFHIC
KEWT MEFEVBIEL{ED S L) 2Rl & LCRERZ RO, B {mik kR0 2 2
WCEHI T2 2 EBTE LB E W) R H 5,

DEZRTAERIC L 2 BEGEERE DM

T EEMERE O FAM 1, DBREHIE 2 B FEBI SN o0 b 2, HHS[34]1F, 7=
F 2 — FEEEZ G, AEEESE TICBWT 7 PR (i e =2 —R) KOHEHiZBEE L 7-
o, NEDOMEZEO THEID T3, 28 i i S 72, 208, H1EHis 7 2 4]
D THEHD TS, D&, SNEICHE LT3.3dBIETH D, 74D TH3% HESHLD
i W2 ez L7, HEG[3511F, BRGNS & BEEANEISICE T 2 HAGEGH O THEEID
Ty RTEREO TIEFEICEESID I ) 26 TIEFICHEEID 23\ OMifio A 7 37 TRl
X, THOYMIEETH % speech transmission index (STI)[36] & iz L, STIZ0.5BL Fiz7 % & Kl
EMDICC W EVI AT IVICHEINS T 2R LT, EBES (371X, Scheffedd—xfHiiik(38] %
FWT, FRESAHINEY & B - BERRMMESICE T2 THEID 233, 0L RE
RO, ZORER, THEEIH LT, LSTIOMERRWI LA L, STIZHWT MESHD
T ZiHlicE 2 REEE R L .

DL EDMZEDORER L, DBEAERENE % 2w COE AR 2 R T 2 2 Lic kb, EHEENE
HE DAY 2G2S AIRE T 5 Z & Z2n L 7z, B ORISR 2 1 EGHN T 2 750, BHIREE £ 7213
TIREEIC X 2 3 & MR LT, Fox 2SH R AT IC B\ T A RE RS 2 MK (RT3 2 BR O REEE 12T
(, BBUICHILTw3 EEZ260%, LaLl, v/ =F 2— FiFEEPe NItk X 2 R EC
1, MFHli O ADRRETH H, EDOREREEZI) LU+ L v ) fFHlilE T E R, A
TV GO, ZDH T 3V BRFOREKIC X o THOS M2 8 Td 2 A3, iR o FEHR L < A
ZiTo G, TRPHEERD PR TV, RIS v, THEFICHEZND TV, &
WO LHENLEATIVDH L, ENEHRGIEEL T 20 &0 WAL W,

MEEED IC &) IC K 2 EF XM DS

DI oo B S % R 3 2 35 A SR MERE O FAI /575 & LT, Morimoto 5 [6]1d THESED 1< & %
Fl7, THEEHDICC S %, WAS[32IC &k 2 HaRBI % ROl S 7 HGE T IRERABR 5 R D 9
L, IO HEHEEOEOERZIENL 72U B EID 12 &%, Table 1.21CRT4BE D A
T3 CRHliIE 2. hES[35]0 THEMRD LTI, LidEED, THEEID IRy 6 T
FICHEZ D 12 vy OHMBOER I Z V5, FIEOHEEHE, WHEOA T IV L 24D, i
Sz v EEELEEAEZEET 2. BANICIE, 2054007 3)D0nTnd, ThbbiE
JEIEWIZH 273, THEEHID 12 vy v ) HER R I B0, 2Rk o 28 46%
BT 2, foT, REDOEFEEMEREIX THEEMD I E) 0% TH 2 RELWEICERI N, &
FHHBEDIEHEL T2 2 LN TE S, 72, HEAEBICE LW THEHBREERBICOWTEE T2 L0H 2
LU, ZNREFFZEEMD LTV EERLCZEAELID L, BLAMBEMDICC W ERL LGAT
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Table 1.2 Categories of listening difficulty[6].

1 BEEED IS kA (Not difficult)

2 ® FEEHD 2w (A little difficult)

3 kb EEEH IS (Fairly difficult)

4 JEEIC BEEHDICS W (Extremely difficult)

HDHIEDBSL, fEoT, THEEZRHPTIy L0b TSN I E) DIFIHD, XD EBEOEHER
RUERRICN T 2 5HIREEE L — L TR D, HENTOLPDPLT VIR THI LEZILND,

MEESW DI ) T, RARINRBHERZIEC 27280 ICHEM - 2 ERkIC, FEEED I
XD Z4TH 728, FFICHE TRRE L RD 2 Z L3 TE %, Morimoto 5 [6]1%, HEE 7R &
MEEMD I &) 2L, HREREESHENREWES T THEEID IS X DIEHID, &
FAREMERE D@ OISR L TREDSE W 2R L, DD, BB TMRETIE, EPRAICELTLE
7, HNNLEEZTITE R0 ) 2EHEREEROZTH, THERD I &) 20U
filfi2sHJRETdH 5. Sato s [39]1%, HFE TR LFEEHLD 12 I DZNE NN T & 2 EF 5O HiPHIc >
WTHERT L, SN 230 dBLLUF O &85 CILHARE TR, % < OS2I S £ 5 SN Hid0 dBH 5
15 ABOFZFHTIFBFEESHLD I I K 2FHHliAE LT3 Z 2SI L, BlhEXD, TEEEED
WK &g X, B O SR ERE O BEEHEE & LT, AH Y B OV Y 7 BT 0 it 7 O B A
5, BMEFOFMIEL D BTV S, ks, RWUIETIE, HEIEPSHELHEICE LT MMEEHD 2]
X ZRAOTE SRR ORI 2 17 - 72,

ENCH T2 EHRREEREDEEHHMEICE T 2R

E4Hz B8 TlE, Houtgast[4013E NN 7 v A% BE L 7oA 7 v ¥ 5EC-V-CHGEY A ~ & H\wi: T
B Z T, THOBEREZH S5 DT ALeons[4112 T 2 /2 HwTWw 3. £7, Bradley
[42-45]13 N OB EEEARR I Fairbank o fHEER[46] 2 T, BN O EF AL IISNEL & N E#
Fitic RE S BE NS 2 L%/ L7z, FairbankDffiHEER & 1, JEHEE 2 SUBRH H RIS VW T &
HRORPIDOL T RAIEIELLDTH S, £, TEICEOGHTEIGE ) % 34 2 5k L LT, B
ELTHBR R SCREZER S ¥, BEEMINEESICE ) 235 A BEIAE 1 % Sl 9 % SPIN-test[47-48] >,
[ U < el 1o A Bk 2 3C8 % T, speech recognition threshold (SRT)[49-51]% sk & % atlfEAHs
b5, WERAIRIC X D FFE LR % 3 2 5RO HliE 20y, AlilfgsEAS 1cB T 208
&, BEEHLD OBRICHENIBIE 10 h 5 AH T H Slistening effortZ E R T 2 & v ) kA TbNT
W3 ([52], TDXIHIC, FHEEEMNEREIMT 220D IFESE C & NTw B A, Picard &
Bradley[53]23EHi 3 2 & 9 1, HACE LTS, WIEEIC K > GRBIESLEREFFIRL TH D,
S R M E TR S T e,
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B. ¥3EHE

HAMAMERICEEZ G A5 HH, REE, BEoVHR > o B L Y EE2 T, F#l
I E RS TERE 2 5§ % /5iETH 5.

FRE O FTh

B DS E EAnb M RE I 5 2 2 B O Y FLEHEE: 1, 19474 1CFrench & Steinberg[54] 23824 L 72 B
JEfe % (articulation index: Al) D& Z 573, 4V DEHIZHZ2H DD, BIETHLHLLNT WS,
AIDEERN 7275 2 7713, 8 2 8B O R BGTRIC 3R L 75 E, SABEEGHRICE N5 H5H DK
X, AERANECTE A BEE L 2B A QWAL IS U, oo B BCRIR D R A3 &GRS IS —E DR
HRTHETLLEVISDTH S, BRI, SREBAFROSNEEZME L, ZDSNEZ02 51
DIEIZ Ry =) v 7 L1 2T, ZDRBEBHISOHBENDOEF 5L 2R U IEIC D0, SKHaif ok
M7z & %, AllZKryter[55]1C X 2B IEZ KT, 19694EIC 7 X V) A M4 (America National Stan-
dards Institute: ANSI) (T k> CTHIUEL I 1172[56]. BifE, AlOHIKIZ, REEOFEOTHI ) A
N7zspeech intelligibility index (SII) (ZZEI[57]1Z LT3 %3, BRF DA I 5 72 0 DFEARR
BEZITIED>THBiE,

TREE O FHHh

PEG DY FARRIERE 10 G- 2 2 B O X, KREL221a0ons,. 101F, EES 2
Y R E %, ZOENNRZ N7 X =8 L LT, SRR & > TR S &A% O
FICHEL, 20232 VX —H28 T2 HETH 2. EHOWRELFHET 2 YHERELE LT,
Thiele[58]iZ X 5 Dfii (deutlichkeit) , Reichart[59]ic X 5 Cfii (clarity) , Cremer[60]iZ X 2 IR
D (center ime) 23% %743, N6 IFHEFSEMEROFHEIC D AV SNTE D, 120 ORIk IC
HonrEYEEETH 5, b9 1 DI, 19734 cSteeneken & Houtgast[36]2342 % L 72STITH 5.
STHZ, JFDTECTHW & 1 TWn» 2 Z83{53ER% (modulation transfer function: MTF) % & {mik
PEREDFHIICIEH L 72 b DT 2. MTFIZ02 5 1O#EFADfE% £ D, MTFAVENS WIERERIFE, o
SHANINZEZOMIDED, ANEF LKL TN %S, HHE2ESLE LGS, MTF2V/)
SWVWEERZHES &, HHEIFVXORMNAEZEHIC L >TREM TN T2 kb s 2 L
270, SEEEMESME TN T 2, &8, STHIEERESMEESZ (International Electrotechnical
Commission: IEC) 12 X > THIELI6l]| STV 5,

ENRNC Ko TRIE 28172 b O L HFER D OICHET 27113, Haas[62]1 & 2 57 %2 MR
&L 2B O RFREIRE o M O E R B B 2 01980, Bolt 5 [63]23R 4 L 7= #4fit o KOG 1c X 3 1E
DRAX V7KL TED, AMOBEEREICIHE D WFHEETH 2. ZaucxiL, STHE, B
NI EHE OB DOREEZ, MTFICEH LCGHi§ 2 HikTh D, HERNEEZ PR L 5,

BREZERIOE—IEFRICKL SFHE

T RIE AR 10 9 2 AR B L O M O 5B & R FEAT T Z 2 SR & LT, Peutz[41]iC
X 2%ALcons, Lochner & Burger[64]? 5% Bradley[42-44| 23 #iffift. L 72 Ufii, % L CSteeneken &
Houtgast [36] 23824 L 72STID3223% %, SI[57]H BT L B Ol O E %2 MR T E 2
73, 1FEAESTIEAMED FFEZRA LT3, %ALeonsld, HHDEBEFTDOFIEL )L, FH O
BFOHEL )L, BEEL b, BREREO4OE2 I X —=F L L, ZN6D2kHZzDA 7 5 =73 FiC
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B AL, FHEOBERBOMEL2LKT 22 tickoTHEonEBTH 2, Uflix, Cis
AR D /71 CHRENS DB 2 59 %553, SNHZ M WTEEE O L 3 )L X 2 65 7 BURE = % )L ¥ 124
W2 lickh, BESLESTOMEZRRICTNT 2. STITIE, EBEFIHT2MTFE, BEEIC
WM AMTE2 2N ZFhske, ZN62FTEIEICLYVNFEOEELHE L MTF2kD 2, b
DYBIEELL, ZNFNEZ ST 293, Bradley[65]1d & O SFHIEDO Y PHIEIE 2 K & 70 3545 T LUk
L, JEWICEOGIRERE (0.947250.99) THWICESMZ 3 Z ENHRETH L L2 R LT,

BHE L AL O

TGRS L T TER & LT, BERT LG OMISE R L U nd 5, Ll L - YBEE
TlE, SN E LTHIXMICER L XVDR T X =% %2895 5%, #ilZ1E, Studbakers [66]5°Dubno 5
[67-68]25 5 LT 5 K912, SNHDYEELWIGAETY, HHELUaE L &5 EHBEEME T T 5 7%
&, EE LAV OMHEDE LR MR I ST TR O B8 T 283 H 5, SIITIE, Level distor-
tion factor & W9 R Z HV, HH LU EOEAOEFR AR T2ERELTw5, £k,
SIITIE, HR/NATBEMEHRY DB BHICHRAE LTS & LTSNEEZFHE T 2720, A L LoMEng
BOBEFEEMEROME T HEE LT3, STIBDHKOEFIC LD, RAHEOFZEIID Ao
7z. Slld 2 WIFSTHC B 254 L~V DEJE L, HIRE - TIRREICNT 282 F 572500
THYH, BEAELNUDIEF I D 2 0IFREVCEAICOATHIICHET 5, Lo L, Morimotos (6]
i, EEMEIND L) REFRLVOHIBTH, THEEMD IS, 8L T3 2 LE2RL 7.
fiE>T, BUROYIPEIREECTIXEFH L L3 AR MR IS S TR 2 WY © E 2 wWiEa03H
%, KR TIE, HESEETEHM L U EF R KIX T HE L BT 5.

EARIICE T 2B EDIHE

FENCRE S NI D 7 X — 5 Z RGBT 2ENE S Ao s, FlZE, =3 & lr[69]
12 & B HARGEICHT 2AIDTFLGRDIRESR, ML =701 X 2STID 87 X =% DHAGEICADLYE
TeEb3d 5. £z, HEES[TINE, SindE ORGHHBEICOWT, Aloy 7 FRT 2 RET %
ZEICkoT, PHIMEEE B &R LT, —JF, Onagab[72]1%, STIOMES E LT, A4 0L
AIE DO FIC BT 25 2 VX OERNSTIZ LRI 20, ZoHEhofr @i Lo & 2
ThHhoTHSTUCHZ 2 WEDAKRTH 2 2 L6, REEZ 2L XA 2 OVAIRE DYIR T I
HLZRWwE ) &, STIE TREOWIEIHEL 22 2 L 2B L 2. ENOMRICE VT, ik
HYBEE SRR I Nz D s, B S [73]1F, UEDO#E A )7 LIS NS 2Rz Had b
¥, WKalBE THEOMEMEZ PM 2SNRsaz 425 L 72, N6 [74] &£ AR S [75]1F, RS MIck
\F 2 BTG RS S VAR T AREE & T B BT A7 FOVEREE (WSPD) Z2RELTw 528,
AN IZAIDBEHERED &, SR EAIROSNILZ 02> 5 LOEIC Ay — ) ¥ 7' 2% 4\ 7 P
BEETh D, HARWNARZEZTIZALLH—TH 5.

1.22 BREREFRCEMERERREIZFERMKICONT

A BELGERERBERSZLANILICDONT

el 72 F P An kR RE & HI T 2 HESA T O WT, BB, BE L L, SNEICBHIL T, %%
W2 OLMEZNRE LTEHL DIREN LR INTWS, Beranek[76]l13F a3 2= —>a vk
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HIVE T 228 E LTHEZID B, BEICE T 2BESOHREMEZNCAO T & L, flllcbEA
EREVERE DB S BEZ Y BT 701921352 <, Stumpf[77] & Sharland[78]1%, WEERYE O fE4EE
ZNC35LL N E LT3, X512, Parkin& Humphreys[79]1ZNC25LL F %, Burns[80]I1ZNR30LL T %
#ELEL T\ %, F7z, Bistafa & Bradley[45]i%, EHNOEHHBE IR 2 KIZ T K FENE 2R
MOSNHTH 2 &) HfiEzFkic, Fairbank DRGSR Z M 78R OEZE[42-44] X 0, HHIEED
PRI IC B 2 WO EESAE L U TSNEA-5dBEL_ED DR 532.0s AT, BEAHI 2 BB L L
CSNEEDS+15dBEL E2 DB D30.58BIF & LT\ 5, AREFZETIE, HE4EIcBWT MEEILD 2]

S EHEETHREZHOT, RS EESEZHO»IZT S

B. RBELEELANIICDWT

RO E A L OVICBT 200580, PHREE - TRREEER X D b, LBESAIENE 2 v 7 iEEh3 %
CMEINTWD, FEICHT 2REZEEL X)L (the most comfortable loudness / listening level:
MCL) 3 2o fThbNT w3, ~y FRVZECHES QMO BT 2 IEFEE &I
95 DOMCLIZ DWW T, Kopras[81], Ventry5[82], Bergers[83], Hochbergs [84]23, 73
T THEI N A E—F I T Z3MCLZ FH#E(85]| 2 FI VW TRDOTWE, ZNFNETDEVED D
2, ZN5DOHFZEIC X o THE 1172 MCLIZ50%> 5 70dBSPLOEIPHICIN E 2. X 512, Ventry 5[82]
& Hochberg[84] 5 1%, MCLOEERIZEWT, FRINLEHD REICEH L TMCLZ W T2 X 9
WCERT B E, BRLholBA L TMCLA ER T2 2 L2/ L. %7, Bergers[83]
1%, MCLOMEANZEDMUDOBIEICET 2 EBMTASNAMAZLD BREVWI L6, MCLIZH S 1D
DLV TIE%L, HEREEFHORKBTERTAREIALERELL., Zns MR, BEHEERICE T
DI BHE LNV EEZD L TEHEETH S,

R ERIC B 20l 2 L L ORI, B LR OWEEZEE T I EBLAARTH
%. Richards[86]i%, 557%>585dBSPLOVAX ¥ 7/ 4 X% AN L 72545 CMCLZMIE L 72, % D
B, MCLIZEEZL Lo ERICiE->TEAL, Z0MHE130.70dB/dBTH % Z & %73 L 72, Heusden
5[8711%, MCL G@XrhTldpreferred listening level) # 3RZIFE230.5DFEIZEWT, BEEFL L
BRIRX—FLLTRDE, ZOFE, BFL NUH35dBAM FOEA1Z, MCLIZS0dBAT—ETH
2708, BEE L XU 0335dBA%Z 2 % & Richardsd g & ARk, MCLIZEES L LD EAICiE->T R
A¥pI Lz, 7L, Heusdens @i Tix, MCLD LR D Z130.31dB/dBTH D,
Richardsic & 2 BEE VP OEAORREL D bHEE NI ko, B, BESZ A IXA—FL L
TMCL%Z & 200> 7 flidiz L A EA L7\,

—75, Kobayashi5 [88]1F, JREIHEIZ0.50DEHICEITS HESIND I &) ZEELLEH
FLRLD2D%NTA—% L LTRD, Kobayashib i, TEESHDIZL &) /e bE/H L
X)L EFOEGE R L)L (optimum speech level) &EFE L, BT L ~XL240dBAM FOEHICEB T 3
BB L L13500 555dBATH 5 2 L, MOEEE L L5402 6 55dBADE BT BT 2 i i
L RVIERETHSNE S +15dBML EE BB L RV TH B I ERR L. ZoFERIE, EMEMICIE
Heusden 5 Offi R & K —HLTHY, mEHEA LV Z THEND I ) 2HeTRkdb e
THETHD I LEERLTWS, AFAETIE, FHEICEBWT MEEMD I S LHEBTHREZHV
T, BESEMNES LSS Z N EICB Y 2REEH L LVEHL 22T 5,

ZDEIHIT, R EFREEREE EH T 2 H AT, AMEENRELZDDIIEE (RES
NTV2%, HinE L EEomELZNRE LD D 7w, 2720, SBinEcBELTX, g X
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LHERRDPIEF LRI KT THEEICOWTORL S O%ERBH Y, 206 B EERNE2E XS
LTHHETH LD, RifiTihRD,

1.23 SEOREBFIEICONT

A EBAEEE (REMHE) cOWT

R, SRS HE, T ab b B AEEEZ R OLAEN S, B AR, —BICNED
WA BHIEOIRAN I & 2 BEFHEIESE 21K & STw b, WEIZE 2 ATEUR D 2o R$ 2 3
2L, MBI EEEEICN T 2 RE 2 SO 2@ E 2 FF0[89]. M X b, A
AT HG T 2 AE B2 S B L TW L 2o, fERE LT, FAMMECIIEmVESEEZ 212 <
7%, Brant5[90]1%, WL L OEENOREZLZ 20EFICH > THE L, Migic X D Ev
WBOBEI L _RVB ERT 2 2 2D, £, FERMEENZIIA -7 L LERETL LD
Y & R 2 % R 2 FHIADISOIC & o TR L E T v B [4], EH DS 5 1 DOFRg e L
T, U7 —b X v bBIR (loudness recruitment) 7346 %. Steinbergs [91]1%, 24 FEX s 70 1l
Ji, DD RFEDIER TS ) 703 & v ) B 2 R o g 1o L, 250Hz2» 5 8kHz £ T 14
78 —THOMEICNT 257 FRRAEFELVOBRE, ZRZFNOHIZOWTRD 7, Z20k
B, BEEEEOLAZ, SHELAVCELSTIERHE LHEHD 7Y 2 ADEIZ—ETH 575,
EE OB G, FELALBEL B2 IEEEREEHERED I FRADENNS kB E
ZRL7E. DFED, VIAL—F AV FHREZEEL LD PRI E->TEHT 2 &, G S X,
BRANABEEDS W72 /N Z WFIRBEZ 2124 »ds, FEL LS/ afifEZ EE s &, FHEL XL
DEFIZHL I FRADBIEEEENE XL D AMICERL, IS5ICHELL XV EFT % EIEETEN
FEAED I I RRAZIEKL D2 L%, BHOGHELXLDYLF 2y 7L PiE, 452555dB
691 LAV LZ2EBET 5 &, SNBSS A 2 BT 2881, FH L L2V S W E T35 & Y
Nl ksl e, SHORENHEICL 2T BEME T 7 PR ADEIC k> TRZIC %3
TEPMEINDG, F1o, BEGPBEICLAVAXIV I REIL L, SNEBADEE £ 25ET,
V27— XAV FRIRIC KT, EEEEES ZIEEE S LR LT, HEEDI 7 FRRAEEFD
79 KRR ADENREL D720, SAFVIHRBIODRES L EEZOND,

F 7o, MRS X > TH O RBEESRRE & R REEDME T 3 2 L v ) EERERPLEBERE S hTwv
2. BB REE I oW T, B2 1EGlasberg 5 [92]1F, 1IEHH & EFEHEEH OB 7 4 L ¥
(auditory filter) DIBR%Z KD, BEN L VIEVIEEZFFO I L 2R Lic, BB RREOIETIX, &
ZRAXIINLTeAX V78R % RIFT < A DS BEIHIAD 2 2 L2 BRLTE D, HRESD
BEFICL22AX VIOIRBRELS BB EE LN S, FHESRAEIC OV TIE, Fizgibbons 5[93]43/3
VA XDX vy THRANCET 29252, (REIENH & REEEIES I LTiTwe, NV R AL XD
HHL L EEF L )L (sensation level) 232 2D L WEFICB VT, BAITBERX ¥ v 70
B/NRHEIIE 2 k0 72, Z OGS, HHEL XU L WEEEEREL RUPEL LEFDO L 5 ITE W
TH, BEEHEEHEEDIZIBX vy 7RANICK D RORHESLETCH L L2m LTz, 20—
T, Glasbergs [94]1%, MEEM:< A ¥ >~ (forward masking) DWEIEE K%, Fizgibbons s & [H
Belc, IEWEEE L IBSE MRS I LT, HEL XL EERE L N Z N Z NG L Wi TR D
7o, ZDOFER, FHELVPEL WAL, IEFEEIE & i LTS MR o R R 1 5
DICKER P TH 203, BHEL NUDPHEL AT, MEORMBEOESICKE R EFI/BAI L%
N L7z, Fizgibbon & OEEHERICEB LT, BEEL UPEL LIBT3 IEWEE 4 LBk



BIE

WEEDAZ, BHIELVAVPEL BRI L LTNS S o Tw s 2 0 s, REDHERE i’ﬁr‘ﬁl/’\‘)l/
&YTT”L“@)Z;?:%Z.%*L% Lo, BREEHICE CTARES RIS CTER 208 %5

HH L ROV D% L b 5EfF, “Dif)’ﬁﬁﬁlﬂ\}b DD BT, BRI LEilnE o3 %%HﬁHYT
52 EEIND 70, MHEORRITIHREICIZAEIEL 2 L EZS5N S, KEIDHEDIETIX,
A2 % v 7 ORBEC kB 2 L %%%LTE D, HFEOKRHRMEICE 2 T80 BRI R
2720 TS, FHIRERICK 2 9AX VOB PRES KD LEEIONS,

B. BERENUTHEEICMED RIFTHEIC DT

Duquesnoy[95]i%, #43 L b ADHHIRES 7L 2 PHIT 2488 E LT, BV L%l <cH
2 LRSS 20 EBRT WS, #HlziE, Kryters[96]25R LT\% X 91T, EED#ERE D%
Lo TR L 228, WIS S OV T RIS & 2kHzL EOBESI L VI3 A 5 B,

PR PR 2 AU 72 B85 B8 2 RS 7IRE I L SOV S R T B R G L 2 iRl
WL O d %, Duquesnoy 5 [97] 13, FRERNA30.4F07: 5 2.3F T L X)L 2352.5dBAT—E D
FERELICBIT5SRTZ, HFELNLENAIA—=F L LTRD, BEHLAVDERT 21ZESRTH EF
22 L&) L7, Nabéleks[98]1F, 10/ & 72k DERE 2 EWIC X 6> D N — 71y L,
BTN —T DREESI L OV DNEYIEDS, FYIFERICHE->T ER T 2022 L7295 AT, Zoulas%
WTEREE AN TModified Rhyme Test[99] 21T\, AT DR HRD 6 ZV—7TDFERR, %
DAERGD 2 CIZEENI L RVOFERRPIERETH S 2 2R Lz, Irwins[100]1%, 2RO FERBEE N
BB 5SRTZSNILZ AL L LTR®, BIFEEZOSRTOIEFEENZ L) DAERICE VI L%
mtﬁ.%%%%%E#ﬁfﬁéﬁ%;%H%ﬂa%%%wﬂﬁﬁ_owfé,%ﬁu«w&m%#
H 5 D, Nabelek[101] & Helfer5[102/IC k> TZNFIURINT WS, BLEX D, BHRED TR
JEZ, WLV EZHOTTFHITES LEZ6NE, AIFZETIE, FITESRICEWT, Bl
L2 EMEOHE TIREE THEEMD 12 S5 OFHNCOWTHD #5.

ENICBWTD, MBI SO 7RI JIE§ f@c:owﬂmobxﬁ%{ﬁub%%. PEiE &
[71,103-1041A i3 B 55 B ARG EE & MRk =i BB I RUT T8 Ic D W TRET L, Al &
T DB D ZNEE X Z226%RETH D Z 2L, %@#i&B@?ﬁu&»@LﬁkH%f
HBHIEERR L, HEAS[106]1F, 4kHzIZ BT BHE L ~)L & FEiIHIEEE D B 1% % BREE 3% O 12
Dwﬁb,%ﬁV&wﬁtﬁT%KOhfﬁﬁﬁ®%%ﬁﬁ?<ﬁéuk%mbk.%E%U%JW}
1, RNHRZ R HG 7 SCE T IRERER 2 Al & SihE 2058 & LTy, SiEoiz) 8k his
LR E L — b OWERZIRTWI L ERLE,

DiEXD, Mfsic X D HBES TMREIZE T T2 L 3Hs»TH S, L L, SHinkiEz e
IF IR I 2 70IT1E, EOREREGCEE 2O TIER V&) MEICN LT, HiES
[104]23R L 72585 L~V 2 5dBIRIR TR E &\ ) B DI S it vy, R TIRE4ATEICE »
T, ZOMEEZEYH.

C. REERELANIICEALANILARIFTEZEICDWT

BOEGE A L ~OVICHE L NOL DS BUE T2 oW TIE, MBS oG 2 RoEfl 3 2 8 5 ofiff%
Brbi s, BHL LEREDOMCLE 72 1ZMCLD _EfR{E (the upper limit of MCL: ULCL) 12
FAXTHEIZOWT, WL ODHEHDH 5[108-1111238, EDFERBEESI L X)LSRTHS EFH T 512
SNT, MCLH 2 WIZULCLY AT 22 2R LTS, 2L, HEHL Lo ERICNT 2MCLS
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£

2 WIZULCLO R, 92Eiic £ >7T0.18dB/dBHL%>50.72dB/dBHL & 223K X £, ERNZZHEHE
BEEELN TR,

1.3 RO BRIR VX DB

1.3.1 #MREOBH

AWFZED HIE, Fli#E EEimEOMFIC L >TRER, T4bbIoN=FL TS V2 EEL
BHERRMERE 2 HBLT 2 7.0 DO EEEMEZHOPICTH 2 ETH 5.

D7dITE, 9, SEHAERMEROMON T TRE 2 RSN ETH 5. WHEOMATHER7Z X 9
(2, EBEHNE THONEHMN 2 17 9 72 0121d, HEEBAEE TRl L 2238 E A 2 v, TIEILD
W E ) I 2 Z(T) 2 &b BEYITHZ EEZoNS, Lo L, 1) BEEIC X 2 HEEDOHH
23, EMFICESOTHLHEMTHZh, 2) THEEHD IS &) 20T, INfiic X 20K DFE A
fliCE20E)DD2RIFEZHS TRV, AWZETIE, H2RELEFEIHICE VLT, Insof#Ez
B9 5.

Iz, TR & FEERORERF T TE 2 WHIEEONIEZH S IC T 308N H 5, FHElk
PHUERBICIE, TUTHRERSE, B, TR L NLO3OWKREIREELZTT. E-o7T, Ik THEEE
DICK &y MOHGEETREOBIRZHO 2T L AT IUE R o 2w, i, 2o2N—YL T v 2EE
TH0IE, AE L EmEOMREZE L, WMHFICE >THREE & 55002 T 2080 H
%, RWIZETIE, HARTEREY L, BOETEHM L LIZ OV T v, 2020 R 8I1ETHN &
DB ZI ST 5,

1.3.2 WX DB

R, AE2EGO6ETHEREINS, F2wE) 655 TfT ) EBoiis # Table 1.31277 7, 4%
BETMOEICE T 2 EFFE R 2T 3BOMEZ2X 270, £EHF2ET LICALLDDOIS THHE
L, S5ICZ0NHICKRBEICB I 2ELIETHES2NLTEI LT 5,

Table 1.3 Summaries of experiments performed in the present study.

TR e o5 A=

algm| wa |m » - ,

| R ;’;E ! ff? i | i | wmmms | opey BE | mEL-a

>l 2] O } o o S - e e
Bl O o » o | smm Tl e

| o | o | o | o [ME® ] 4y 9fl 2
cal o o o » O Tl e

ale2| o o O o me o | e T8 e
il o o » o P THE e
DI O O O O L L 10FE%E

s{p2| o O o O |m g | s .y SH
D3| O o O O Bl T -
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BIE

HE2w (FEBRA) TlE, HEEBIEEEIC X 2 BRI E S O ftHlAs, SilE 2 S IS TYLE
MThHEDEIPEHSPICT I EZHNE L, BN A & L T2 O YRR S CHisl S huk
BREMOTEFEZITSH . £, FRHCHGE THEEIC X 2 S o5 S ZEEEE oM 2179 .

3T T, THEEMD I &) ZHOCHBEOZIEEEZ M TE 20 LI »2HO T S,
FRICHE L V0 BICEH T %, FEBaBL & L COERERS IS IC B8 2, FEEB2 & Ly ft
MEL BT R 2479 .

FAT TR, THESIUD I &) ROHEE TRRIE LS55 oBIEEROMIEZHS IC L, HibE L&
&0 ZznFrIct ¥ 2 k2 S OYWEIEEL o PHIT 2 Fiki ko 5. FERCITIE, &
B DR TGS 2RI Z S T2 2 E2HNE L, EEETHIEL 724 LA IRE %2 5
OB DRE S Ic B 12 THEESID 12 &, EYPIREZ T 5. FICCIEPDIED & 9 %GR
BNREGE IRV EAERRAGEIZLXOLE, STIOEE S5H THEEH I &, ERLIMIET 3
PICEHT 2. FEBC2TIE, BEEL U TR ARIESEZMML 255, AROBE 2179, FEIC3
Tk, A EzZEE L LY, EOREERES LG 2o ¢ IXERE IS OB TE 200 2H 5
MY 5,

ELETIE, HAE TMEZERAKICHRD, o EESWD IS I 2 0FHICE T 2 /M L AEE
ZEUCIEROLEFRLRALEZFREHRLRLEERL, HiE LEREOMEFICL >THFRTEDLH
LRV e2IcT 5, FEEDITIE, £THEEVPLROEL THEICE>THRTELIEHL L
DD H % % WEET 5. FEERD2, D3TIE, ZNFIFRESAINGEY, BEMNIE5HIcB8 ) 338
HRLXLZISPICT B,

RBICHEER T, A TR NRREZRIET 5.
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el

F2E HETHEICKLSEmEDOXEE

BIfE, BRERMERO ORIV 2B HER & LT, TR L) ITHRL 2 b O REI N
T3, AREHRO THEM, tuyBlbr»oik, AURBHAGSEZHGS 2 EPEETHD, £0
REHEHEICOED IR, L, FERIC %Lt@ﬂ%tﬁﬁ%ﬁ%t i, HEEEOEHa
Saz—varyTHOLNZHFEPELZRBHAEHICHOWEIRETH S, WEAS[32IX TR &
DFREEE % 78§ BEERIE FE[33] &2 FH VTG %ﬁﬁttﬁ%ﬁ FRREREL, oS HE T, Bl
B L) HEER AR L CE D, HEEOBIEENEIZ EIEERNEC 2D 2 EBHS X
NTWw3([32]. LaL, WASHEEY A ORI W AR, 20RO ERE 2R E L
TROSNHDTH D, HlEE S L LcSa, HEEBEEIC X 2GR E 9 2 IEH 6
DTH, RETIE, BEEIOEEZ MM 2E5ICB VT, HEEREEIC X 2 HHIh & o L
THHMTH 20 %MD 25 L DI, MIHIC K 2BEBRIHGE 7RIS KIETHEIC O W THS
Y e

2.1 RERA  HEETHREIUCEEY X~z AW RE
211 EBRAE

A. 1%E5RE

LE RS & L2004 204 % v, SiEgEH & LT, Sl mug o A RS L%
B L, #EAMIGEI%2 HEIICE AT 255580 6 751 (CEH65.0%) DEilib#E 204 % v 7z, B
B L, A=A X =9 ZHOTHEIMEZ{To 7%, 126Hz0>68kHzE TD14A 7 ¥ —7 2 L Difli
BTNZOWT, L RV %25dBZI A THIE L 72, Figure 2. LIS E 8 L OGS E B8RS O 4 — 2 F
77 L&, 1S07029[4]% F TR D 72205, 605K, 70K, 80D M LEE L ~ )LD FHIEZ &
b TRT,

HMZEOVE A=A 755 (O) 1F, 2EIMIZISO70291C X 2 205%DHE L~V FHIfE X b #
FEALTWED, 2FEEICEWTISABHLUL FTh D, HEHZIEFTH 2. HinEoFH4 -4
775 (@) 1%, 2kHzM L@ c R LTE Y, AR ZRE AEEEE o n %2 733, 500HzL
T@ﬂﬁﬁ*%mf [SO702912 X 2 FHIfE & ) HEESI L RUHS LAT 2 B3R SN 508, 2 Of

, GFE LA LTW S 2 D6, FEIMEZIT > B0 ICRE SN 24N ER O EET
%%k%x%h%.%&%h®m%ﬁﬁ» VT B EE OB L v iE, 1SO702912 & %605 & 705%
DEESL VDO TFHEHDEIC 7ay FINnTE D, HHL VoA 61X, FtHicolE )z >
RENLGERHEDY TV ERBRTIENTE S,
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Figure 2.1 Averaged hearing levels of subjects. Open and closed circles respectively represent the results for the
young and the aged. Bars represent a standard deviation between ears. Dashed lines represent estimated hearing
levels from ISO 7029[4] for 20, 60, 70, and 80 year-old people. Estimated hearing levels are the average of those
for male and female.

B. BB

ARG 1T K 2 HGERLE B Rl S au7c AGE T MR FERBR T AGE Y A [32]% 7o, HAGERIASRE 1L HiGE
D TR UH) OREZEL, 20ROWBREI24 DO TR EM (1 ARHEE, 7 SHEE) o
BiETH s, 2OV R MIHEEBEEIC X DABRBIC OB I N T» D, FEEHSEE4.0K5 0 HEED
TREEDSHEEHIHREE X DRV EZ & 5 2 DRSS I L > THEIN TV S([32]2 L2 6, BIEREE
7.0~5.50¥i#E Y 2 + (B NHFL: High Familiarity Lists) KOS 5~4.00HEY 2 + (BUF
LFL: Low Familiarity Lists) D2 % fv>7-, Table 2.1z R, IKASIC K 2HEY 2 M1
YA FH7D50 HEEro kD, 2TOY R FDBFEEOEHEHNT v A2 FH L T\w5%, HFLELFLOjH
FEY A MEZNZFN20BBMERINT w5, HEERIZ TR TAE— 7 TH 5, IO FRICIE, HE
HIZBWT, WHETHREI NI DZH W,

C. ERREE

FEERIL, FREYE LGRS 2 AN L 25 T o 2. Figure 22ICEBEED Ty 254 TSI Mk
AE—AREZ R, SEEG L HGE2 IR OGRS S N D/AZH R — F 2 VT
AL, EEFRPRICHMELZAE=2D6R L, BEFIRY N—71L—% (YAMAHA,
SPX-900) ZHWTHML, EEEHAE—D OMBHIAE T 2 REEHA =2 0 8R L, B
BIREE A E— A EWARTRE L ZBEEHAC— A0 0 R L, ZES3ESES 2R T3 28—
DIEAISMDAE & Z DMBEDAFISHTH 5.

D. REE%

F DR L ~UE—F L L7z, HESOER L ~ouit, Rbosw.zofflc L, EHESOAZEAELT
HE L 72, 3R L L DHIEE, o gilifid O HmIicfHlY 3 2 EICE LT, #ERE IO WIREE
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Table 2.1 Examples of word lists developed by Sakamoto et al.[32], which is controlled by word familiarity. Ta-
bles (a) and (b) represent the example of word lists that include most familiar words (familiarity 5.5-7.0, HFL) and
rather familiar words (familiarity 4.0-5.5, LFL) . Each word list consists of 50 words with phonetical balance.

(a) Familiarity 5.5-7.0 (HFL), List 1

T e £=7Y 7 FAT FL Y FXE b

Ho=<¥ Xy h¥ Xavvay U987 A

oA av7y A B TA Ty VT

PNTA ST x T RYIF AR VAN

Ny yoy4 Fa gy Fru4 VA

Feht [N/ FENZ VAV AV —v=7

T HY N4 T RF v a NI VR [ 4

77 F 7945 R FA 2 A Y=hy

Ry SR/ A2V VrYawy Vx5
LA 75T AN 7AVY IYva

(b) Familiarity 4.0-5.5 (LFL), List 1

et AF7v A FoNTna HA Ly

AT Xy o T Xy 7%y Xavhy X7V

Xr=v 77EL Ty avey FA N

VINZAS PhHNF VAN Y UFy v avvn
AF¥ = V7N &Ry ) FeIilL

FX 77 Fazyy D= VA NAvab) FUET

FhIE =D X3 NA v NG FF

Evg v E YNt 77V * VA A4 "V T

YA SIT7T LYHE EIANT NOSPAN

LIENY 7209 Vhv T AINGT T

THREHZ2HWTIT> 7. E&

VDY HI65dBAIC 7% 5 K ) ITEHEE L 72,

KB D /8 T X — 5 I3FREINGH] & B

&Y, R -

BEENMES

RO E oAz 2L, RERHZI,

nZn%zRT1, RTZ,

R WIREECHIE U 7o 25 7R IR E] I
D OFERBIT—E L L, HEEIEEP S H

BEERINATINE S O3 & L 7,

2, 3, 4, 6sOSEBUCEE L 7.
RT3, RT4, RT6LGUART 5, HHRO#EERH O HICICHRY T 2 00E T, s
B 34 o0V Z Figure 2.312R7 7, SO O BT IRERE 24 72
VOIS 23515k 9 2 % ¢ o R RIFE 1250ms T —7E

Hal D BB AR, BhRiE I fastE L, FHBoOE—7 1L X

LRVD2OTH 5, FEEEHE, BESMNINGEY, BE
PTicznznoiilzmnry,

LINTixz

E L7z, ZoRENRHEN, BREFIZ TR THESTH T E LTk) 2 L2HifEE L, Haaszlf[62]% %5
BLTHREL., BEESLBREZOSTLICOWTIE, EHEZSOSTLEEESO Y — 7 %1% 1kHzT

%L(Tﬁ?x’.f:

CIEIMSOEBIERFEL, EDAE—H (Rev.2) 25N I N 5 RE
f,%&@%f%%@b$é<bﬁ

2R BRI O TR EMZ2HEL, HDOAE—D (Revl) oI NDIK

13 3dBDORIEIHE % fi L
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Figure 2.2 Block diagram of stimulus presentation and loudspeaker arrangement.
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Figure 2.3 Impulse responses of test sound fields.
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EEMINES

27517 & WA BT 2R L, EMEE TEZM/NSC L, BHEEEREST L L, 2O
BRI IZHoth 2 X 7 FOLII[112] & L 7=, Figure 2.41CH DS ICE T 2BE D114 7 5 — 7N
Roabric & 2 BBk 2 R, £, SRz % AL TIE L 2 RRFPEFE AR b L
SHOETURT, BEORAL L, HROBERE OHICITHY T 2605 T, #EREIWZRWIREET
HIE L, MRS L L5355, 60, 65, 70dBAD4EE 2 L HIRE L2, UTTRZENZEN
N55, N60, N65, N70 &G 2, N5DF I EliiiE D &, N60KLNGCS D55 13 45 i & el
D, N70DFGIIEIE DA ZEERE L L TENTNEREZIT- 72,

HEE - BRERRMAINES

AT D WTIERT2, RTAD2/H, BN >w»TIiENG5, N60, N65D3fE% v, <
NoDMAGELETOHEBEICOVWTERZIT>7. DLTFTIE, #lZIERT2EN6ODHAGDLE %
RT2N60 & G 2. NG5O I E D&, N60DFH L £ & g Omig, N65DHH3#
i o ARG & LTEREZITS 7.

7, BESLESOELL LML AW EF Ty EBEZITo7, Z0EEZ2 M FTEE FRTO
LT 2. DLEOEBREEICOWTE LD D% Table 2.21077 7,

E. RERFIR

3 DOBIFEE RN 2 $2n L, BEC 272D Ich ¥ A+ THEMWSE %, Figure 2.512 1% H
MERT, B ICE, SR CHAESH 2R T 2 EB0R LD, MR iiiciiz 2 28467
b, ZOFFMWI A ICHEINS L) HEHTHR L, HEERIZOWTE, 48—k Thsr 2 L
FHETRET, BIEMOXEID $H FTHETH 2 LHBUR L7, EBRIEHEICTY, HRE 15
WDZ 1 DOHFEY A b, T4bb50GE 2k L L 72, HEEORTRIEFIE 7 v 7L & Lk,
Table 2.212 %55 THRINL 72 £ B2 R T, HAEICOWTIIZEELIC OV T8~I3EE, R
DWTIF22~2AFREZFINL 72, FEGOFEBRICSI L g 503272 ), Table 2.210R8 L 7253
BOLBEDFEIMN OB DI B 2 R T, gE I Ko TUIFA—F R L2 EHBEMEE T LTE D, 2O
ZE 2 2 REF TR L 7.

90

[] signal (female) ]
E Noise (N70)

Band level, dB

125 250 500 1k 2k 4k 8k

Center frequency, Hz

Figure 2.4 1/1 octave band levels of speech signal and additonal noise (BGN) for the sound field of N70.
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Table 2.2 Experimental conditions.

Number of sample (subject)

Reverberation  Noise level,

Sound field time, s dBA the young the aged
HFL LFL HFL LFL
RTO - - 12 (11) 12 (11) 23 (18) 24 (17)
RTI1 1 13(12)  13(12) 24(15)  23(17)
RT2 2 13 (12) 13(12) 22 (13)  23(17)
RT3 3 13 (12) 13(12) 24 (15)  24(16)
RT4 4 12(11)  13(12) 24(17)  24(16)
RT6 6 - 12(10)  13(11) 24(16)  24(15)
N55 0 55 - - 24 (17)  24(16)
N60 0 60 9(8) 9(8) 24 (15)  24(16)
N65 0 65 9(8) 9(8) 23 (15)  23(17)
N70 0 70 9(8) 9(8) - -
RT2N55 2 55 - - 23 (16) 24 (15)
RT2N60 2 60 9(7) 8 (6) 24 (15)  23(17)
RT2N65 2 65 99 909 - -
RT4N55 4 55 - - 24(16)  24(17)
RT4N60 4 60 909 909) 24 (14)  24(15)
RT4N65 4 65 909 909) - -

HFL: High familiarity list, LFL: Low familiarity list

HEGE T fif SR ] 24 T A A A A0l Al HRES FffFa—F:
FP, A EAND FERETALTIES N,

ZANBEFETHIRT 5 HAGES i 2 R OREIEMICH Z 27280 ICFRA LT 2E N,
(FRIERZTT)

] I | I
| I I I
| I I I
| I I I
] I | I
| I I I
| I I I
| I I I
| I | I

21TH

31TH

41TH

51TH

|
|
|
|
|
|
|
|
|
|

BorhISETLE,

Figure 2.5 The response sheet used in experiment A.
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212 HBREEER
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Figure 2.6 122 MINFHICB I 25 R 21T, TXRTOFHICE VT, &g OWiE 1 RE
(O) FHEmEOHETRE (@) LhbEL, ZOMIBERLNREL 22138 KE{ %%, HFL
SRS B HEE TIRIE (KI(a)) & LFLICAT 2 §igh 7R (K(b) 2T 2 &, &5 L s o 4R
b 69, LELDIZ ) 23 HEE 1 FREE DMK,

HEE TIRIEICT T 2 BIEEE (2/KHE) |, BE O (2KkHE) | AR (67K4E) o= 2 H
T, ZnzhnzgK LT 238N TEOTIT113] 24T > 7k 2 Table 2.31273F, ZDfEH, T
DERD FRPERE (p<0.01) TH-o7o, KAAFMIZBALTIE, #EHEOFN L RERB OMH A S

HICHT 2L DA E (p<0.01) THo7, 2T, TD2ODEAKMEIZET 2 TG
DIE " AT A5 % Table 2. 4127, TRTOEMFTHMEZNEIEE (RTOD Ap<0.05, o
BTlip<0.01) ThHho72y, Fiiz kT % &, BRERMENEC 2512 EFEIRE L, A& 0ua
Db EEHEDIZ ) DFEIKRE W, DF D, BERHIE VI EEREOFEROEEIREL, Fi
G D3 ) DIREI O E R RKELRIT 2 L W) T LD, ML RENT, BEEDOREY

T T T T T T T T T T T T
100 | 4 F -
X
o 80 | 4 i
5
2
£ 60 | 1t i
=
B
g YT 171 I
'g Young Aged Young Aged
2 20 } +o 4 F +o i
% { Ave. % } Ave.
-c (a) HFL o (b) LFL
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Sound field Sound field

Figure 2.6 Word intelligibility scores in reverberant sound fields. Panels (a) and (b) represent the scores for HFL
and LFL, respectively. Open and closed circles represent the scores for the young and the aged, respectively. Bars
represent a standard deviation between subjects.

Table 2.3 The summary of three-way analysis of variance for word intelligibility scores in reverberant sound
fields.

Factor df SSQ MSQ F P

A: Word familiarity 1 7485.96 748596 44.02 <0.01

B: Age 1 42226.10 42226.10 248.29 <0.01

C: Reverberation time 5 32020.13 6404.03 37.66 <0.01

Interaction (AxB) 1 451.27 451.27 2.65 0.10

Interaction (BxC) 5 5191.60 1038.32 6.11 <0.01
5
5

Interaction (CxA) 1720.88 344.18 2.02 0.07
Interaction (AxXBxC) 171.79 34.36 0.20 0.96
Residual 4 69898.51 170.07

—_
—
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Table 2.4 Simple main effects of Age for each reverberation time, and those of Reverberation time for each group
of subject in reverberant sound fields.

6142.17 122843 722 <0.01
31069.56 621391 36.54 <0.01

Reverberation time (Young)

Factor df SSQ MSQ F p
Age (RTO) 1 1096.92  1096.92 6.45 0.01
Age (RT1) 1 4734.57 473457 27.84 <0.01
Age (RT2) 1 6388.71 6388.71 37.57 <0.01
Age (RT3) 1 7241.84 7241.84 4258 <0.01
Age (RT4) 1 14641.82 14641.82 86.09 <0.01
Age (RT6) 1 13313.84 13313.84 7828 <0.01

5

5

Reverberation time (Aged)

FREGEDNELS B2 EREL B LIICAZED, HEETREDZEVPRKAKTITANRIETH %720,
KHERDBER RO o tEZ 0N S,

B. RENINES

Figure 2.7ICEEEMME BB T 265K 2R T, A& LSS OME3HE £ 2> TWwAN60 L
N6SDELOHGE T2 i 2 &, HinEFOHGETMEIIRECENTLTED, BEL NLDBE
CL BEEMRVIZEZDRIIRELS LS, AE L RIFEDOLEDL SICEWTY, HGE TR IT S
LARUH BT I > THEMNAER T L, ZOES L, HE LD EE0I1E) 2%, £/HFLXD
LFLD 39 32 TH 5.,

FiE & EE O F WL L LTS L TWw AN60 EN65D 5 D YEE TR IS § 2 Bl
(27KHE) | WlE OFMR (2/KHE) | B L oL (2K#E) o E R 2HWT, ZnEnzHEELET
3BT 2T o -fE %2 Table 2.512R" 7. ZOHE, IXTOEKNO TR ELEE
(p<0.01) THor, KHERICBEILTE, BIHE L EHE OER (p<0.01) , #bg OFEN LG
L L DA G DY (p<0.05) BZNZNHEETH o7, Table 2.6ICRHAEHDIERETH - A s
bEICOWT, BMMFMROBEETo AR 2R T, G OGS TR 2 BlE o it 15
Reks, EFHRIZTRXRTER (p<0.01) TH-o7%., it-T, N60ENGSDOHFHICE T 2 BHNE
DGR T RIS KT THENL, AIE XD b EIMEDIZ ) IR E W, EEEOFENRO PRI E
H3 % &, HFLX D $LFL, N60X ) N65DBANFEAKE {, BEEIMRVIZE, H D2 0IdETL
RUDEVIZE, HlE ERREDENRELI L ZRLTWVWAS,

C.%Es - RERKRMANES

Figure 2.812585% - B MR IS B 2R 2R T, g & Slg O 23 8ag & LT
SN LT 5RT2N60 E RTANGOD T THIL T % £, HEBEEICh b 6T, s OHEE TR
 (O) I3EhEoHETRE (@) b by, HFLICH$ 2 BEETEE (K(a)) ELFLIZXWT 2
HEETEE (M(b) ZIKT 3 &, B EHREOFERICH 2 6, LEFLOHEE TR MK,

RT2N60 & RTANGOD E 12 55 1) 2 B FE & el DA HGE TSI RIS T8 2 a5 72
I, BB (2KHE) |, pE o (2KHE) |, HY (2/KHE) 2 SRR &3 23U H T 2 1T -
7o, fEH%ZTable 2.712 7, BEE, #8aE 0N, FHOTXRTOTMRIFERE (p<0.01) TH-
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Figure 2.7 Word intelligibility scores in noisy sound fields. Panels (a) and (b) represent the scores for HFL and
LFL, respectively. Open and closed circles represent the scores for the young and the aged, respectively. Bars rep-
resent a standard deviation between subjects.

Table 2.5 The summary of three-way analysis of variance for word intelligibility scores in noisy sound fields.

Factor df SSQ MSQ F P

A: Word familiarity 1 3148.82 3148.82 2529 <0.01
B: Age 1 22342.04 22342.04 179.46 <0.01
C: Noise level 1 4711.58 4711.58 37.85 <0.01
Interaction (AxB) 1 1164.41 1164.41 9.35 <0.01
Interaction (BxC) 1 56490  564.90 4.54 0.04
Interaction (CxA) 1 348.58  348.58 2.80 0.10
Interaction (AxXBxC) 1 11.03 11.03 0.09 0.77
Residual 411 69898.51 170.07

Table 2.6 Simple main effects in noisy sound fields.

Factor df SSQ MSQ F p

Age (HFL) 1 6652.71  6652.71 5344 <0.01
Age (LFL) 1 16853.74 16853.74 13538 <0.01
Word familiarity (Young) 1 241.80  241.80 1.94 0.17
Word familiarity (Aged) 1 407143 407143 3270 <0.01
Noise level (Young) 1 1006.81 1006.81 8.09 <0.01
Noise level (Aged) 1 4269.66 4269.66 3430 <0.01
Age (N60) 1 7900.87 7900.87 63.46 <0.01
Age (N65) 1 15006.06 15006.06 120.54 <0.01
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Figure 2.8 Word intelligibility scores in reverberant and noisy sound fields. Panels (a) and (b) represent the
scores for HFL and LFL, respectively. Open and closed circles represent the scores for the young and the aged,
respectively. Bars represent a standard deviation between subjects.

Table 2.7 The summary of three-way analysis of variance for word intelligibility scores in reverberant and noisy
sound fields.

Factor df SSQ MSQ F P

A: Word familiarity 1.0 7135.1 7135.1 30.7 <0.01
B: Age 1.0 14512.3  14512.3 62.5 <0.01
C: Sound field 1.0 3020.7 3020.7 13.0 <0.01
Interaction (AxB) 1.0 808.6 808.6 3.5 0.06
Interaction (BxC) 1.0 137.7 137.7 0.6 0.44
Interaction (CxA) 1.0 197.4 197.4 0.9 0.36
Interaction (AxBxC) 1.0 181.1 181.1 0.8 0.38
Residual 122.0 28334.6 232.3

78, ZRHAERIZTNTEE (p<0.05) TlEAdo7, #-oT, BB LB 2 RIS L 72355
ICBWTY, P L E ORI HEE TIREICE R 2 E 2 JIT T, REMNINE S & B g S
TlX, B LbD2oDBEROLHEMIE, ZNEFNHETH 57205, WE %2 FRIAINL 72585l

BTl hdol, Ziud, BEY - BERRAMESICEVLT, FBANTONRE L 22550 HEE
TREDE, ThbbEHOEVWHNI Lol tEIZOND,
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22 MENEER
221 REEORE

A U &80t LCske 72HFL & LFLIC W 3 2 HiGE T 2 o ik % Figure 2.912789, 7%, Figure
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THEEMOT, BEEICL 2HETREDE, HFLE 72I1ZLFLO¥EE 7L OE D AITKET
2. WARG[32113, BUEESHEE TRIEICHEEZUET O, DNEEEICBVWTT? 27 A LR T LiHE
ICHBHFEDIZI) BRB L FEBEREZMELLTVAEOEEELL, TADEL W ETIUE, A%
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X2EZIEBWI ERRBT S, e, ZORBIXERH L SRS ORE TREDAEIL, FHE LU
REINLHEZFAE T 2AHBRO S 5, MTlon 2 @ERNAAHE/R LD S, &L 2 ENouH
W, THLLHEREBREOREAICKEIKRGETE I E2EKT 5,

222 BEAOLNIOZE

HAGE VRIS & S OBE L L OBRICOWTON T 2. S EiE g ol v L ol E
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REERH L. &9 % Table 2.81273 7, MHBIREDHHE230. 70 LD A G HEIZ DWW TEARK
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Figure 2.9 The relation between word intelligibility scores for HFL (high familiarity list) and LFL (low familiar-
ity list). Open and closed circles represent the scores for the young and the aged, respectively.
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Table 2.8 The correlation coefficients between hearing levels at each frequency and word intelligibility scores for
the aged. Hearing levels and word intelligibility scores were obtained for each test sound field and each aged sub-
jects.

Hearing level
125Hz 250Hz 500Hz 1kHz 2kHz 4kHz 8kHz
RTO -0.02 0.10 0.12 0.07 -0.42 -0.44 -0.20
RT1 -0.39 -0.21 -0.11 -0.04 .E- -0.32
RT2 0.01 0.12 0.12 0.04 -0.47 -0.37

RT3 025 -027 016  -0.16 [WEOEN -035  -0.40

Familiarity ~ Sound field

RT4 2002 001 0.05 0.01 041 <025 -034
RT6 0.08 0.12 0.26 028  -015  -017  -0.06
High N55 2001  -008  -0.02 003 043 020  -033
N60 2016 007 0.14 0.03 -0.37
N65 002 0.5 0.19 020  -050  -040  -0.43
RT2N5S  -041  -025  -0.09  -0.17
rRT2N60  EOSEN 032 011 007 -0.28
RT4N55  -0.13 005  0.07 0.07 0.36
RT4N6O  -022  -022  -020  -0.32 -0.38
RTO 0.15 0.10 0.14 0.01 044 025  -031
RTI 010  -008  -0.08  -0.05 -0.48
RT2 035  -013  -0.04  -0.06 -0.39
RT3 043 029 011 012 -0.20
RT4 022 022 009  -0.15 031 -0.22
RT6 037 <033 034 033 045 -042
Low N55 0.07 0.19 0.35 029  -024 030  -0.10
N60 0.18 0.43 0.45 033 022 031
N65 016  -0.03 0.07 -0.12 *
RT2N55 0.04 0.21 0.35 0.06  -044 048  -0.44
RT2N60 0.15 0.21 0.37 034 020  -022  -026
RT4NSS  -0.06  0.02 0.20 023 -041  -043  -028

RT4N60 -0.05 0.17 0.19 0.14 -0.39 - -0.15

12, HAEE TSN B OB L L EMHBDH D, KRic2kHz £ 4kHzOBES L oL & OB A
v,

2kHz & AkHzDFE )] L )L D FE¥ETI0dBHLA 7 v 7 CHilaE %2 08 L 7 £ 25, 1025 19dBHL
DWRFAE D384, 2006 29dBHLOHERE 374 &, FEHRE19N DL NI D223 N
7. 22T, TO20DFBICOVTHEETRE LTENL VO FEEx2 B L 72, #iiE O HEE T
JEaBHEL LCRifilic L D, HEIc2 oD BOREETREZ & > T, HU S5 OHREE T2 KL
o 2 Figure 2.1012 7, EB o OHOMEETMED, HHIC0rb o T4 L) OXAHKOT
27y FPINTED, Al L L THEBETREMNMET T 5, 72, ZNZhOBOBEE TR
&, HimBEOHEE TREORICIEZ N ZE B (102> 6 19dBHLO 73 40.85, 202> 5 29dBHL
DIYETO.87) b B, BEHL NLH10% 5 19dBHLO #E#EH (O) & 2072 529dBHLD k%
(@) TIZ, BEDIZ) WHIETRENMEL, ZOEITHIETREIMENIZERE W, Hihg L E
FORETRED A%, MR Lzmaler o8l d 2 &, Hig OHEE TREL100%D 84, 10
725 19dBHLO 74 T1313.4% (86.6%) , 207> 529dBHLOHHTIZ22.0% (78.0%) TH 3. 24
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Figure 2.10 The relation between word intelligibility scores for the young and the aged those are classified ac-
cording to the average of hearing levels at 2kHz and 4kHz (HL2k4k) in 10dBHL steps. Open and closed circles
represent the scores for the groups with HL2k.4x from 10 to 19dBHL and from 20 to 29dBHL, respectively.
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WA S [321C & 2 BIBEECHMI L 72 G5 ) A b2 v, 5RERS, By, BB LEGomiEz 2z ne
AP U 7258 CHEE TR Z 170, AE L EEoHE TMEZ IR T2 2 LIk, i
FOZMEREZ R L 72, 20/, UToZ LzHo»Ic L,

(1) HGEBIEEL, PESTVERESLBEOEL S ThHh-o TOHETMEICHE R PE L2 MTT.

CHUEEIME L ERED LD 6 OHFETIRIEIZOWTHHKRTH 5.

(2) HGEBIBEDSHGE 7RIS SRUE o8I, HEETREDMED AL, HEETREDET O
JRER D3, FREE, BEY, MERIC X 2B NBEEOOTNOWHETH 2 0I0IHMKAEL B\, 2O
R, 4 - HEORIDOHEZMFET 2BRICE VT, LINEFFEDOZIHO X ) RER D
TS EL BV ERRLTED, HEETHEIIRHOBEERE DR ZICKE CREFET
rtEZ6NS,

(3) MUEmAHSHAGE TR I SIS § 2L, SHCBEE I IO THEETH - 7.

(4) EEEOHEE TIREIZ, S0 BEEIC»hb & T 2kHz o R AHE L oLk
BB b, FFIc2kHz £ AKHZOTE S L <)L & DFHBI DRI S e,
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1ETHARNR/ L)1, HREGRMERO EEEHMEHERE & U<, HRECTHE, Z LRSI T
I EDPREINTED, MBI X 2B ZNSICKIITEEI DL TOR I NTw5, Ly
L, Morimoto 5 [6]AM25 L 7 THEHD 12 &, 1%, AR D X 9 7 HlRHy B 55 o G 12 6
L, L 2FEAMEEL D bAENTHZ 2 EBHSDICINT DY, HiEZ2 s & LK
BUIfrbn vy, AETIE, g &EiEo EEMD 12 3 OEICOWT, HEETHREL D
g #2fT>THET 3 %,

3.1 XE&B1 : ZREBFNNEZICK T HRE
3.1.1 =EEFE

KR PE, HE EEMEORE L T 212, HBGEOBEVICEZHEZR D
Morimoto 5 [6]I1C &k 2 # & Z xR & L FEBRTHWw s iik%, RO EE L, Ttz
AR

A. 1R85 E

EE SRS & LT, S o AMIREIRICHTE L, $#E&0NiEE % HE IS E ATV 2 560%
D OTKDEME 1424 % iz, 2TOHRE IR L, BAREZiTo7%, BhREE2 A -4 X2 —
¥ % HOTIT, 125Hz0» 58KkHzZD 1A 7 % — 7' 2 & Dffig i oW, B L )L % 5dBZI A THlE L
7-. Figure 3.1ICEE RGOV A =P A 77 2% R T, 2kHzEL Lo S REECHE L v o3 b
FLTEY, WK LE NEEOMHIASA S NS, —J7, KW TIE, 1SO7029[4]ic X % FHIfH
awﬁtfﬁﬁv&wﬁiﬁtfwaﬁ,:@@ﬁuﬁahawwﬁ%mﬁﬁtf&%mktw,Mi
HOWEE S % EONNERIC L 2 ELEEZ NS,

B. BB
WASIC XK B HEEY 2 F[32]0 6, FEET.0~5.50) A % 1 D& ATHEEICH 7. Table
LCEBTHOW B2 R T, HEBEOF O S, slBHZRER OB, 2T ) oI
HH EHWERSTH S, HEBEY R MIFENT VAR E N 50E,L 640, HIBREIZTRT4
E—7CTH 5. FEOERICIE, HERICEWT, XETHETINLLDZHWE,

C. RBES

FGD8T A =213, FRERMN L REZOEEFICNTILRLETH S,
A VWA IGERBARALZ EICKD, REBICREG 2L 72, 4 vV A RE OfAIX % Figure
3.2ITR T, A VoV AINVER, EEE EZNCHSEBES» OSBRI NS, BESIZYANN—TL—¥
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20 F

40

60

ISO 7029 ---

Hearing level, dBHL

80 | — +S.D.
Mean -O-
— -S.D.

100 1 1 1 1 1 1 1
125 250 500 1k 2k 4k 8k
Frequency, Hz

Figure 3.1 Audiogram for listeners in the listening test. Open circles and two solid lines represent the mean and
+1 standard deviation of the hearing level of listeners, respectively. Dashed line represents the estimated mean
hearing level of listeners by ISO 7029[4].

Table 3.1 Test words used in experiment B1.

1 7=7% 11 7o 4 v 21 %)% 31 =74V 41 2997
2 4=7Y 12 av 77 22 vy 4 32 NF4nm 42 a3z v
3 FHY 13 A 47 23 Fawny 33 RFva 43 Ry
4 Xy 14 42y 24 Fv 84 34 NFUR 4 V7Y avy
5 A¥E b 15 v 7Y 25 Y FHY 35 eX ¥y 45 Vx 78y
6 H=<% 16 2o 4 26 Feht 36 77V F 46 L voiA
7 X¥90¥ 17 vv7v%7 27T Fo¥x7 37 794 47 787
8 ¥avvay 18 A% 3+ 28 hE/Nz 38 T+ A 48 By
9 7y 19 vy vy 29 FYynNva 39 wvLA 49 729 ¥
10 74 %Y 20 V7338 30 =v=7 40 ¥Y=h 50 3¥ v a

Direct sound

AL

Reverberant signal

— Time
At =50ms

Figure 3.2 Impulse response of test sound fields used in experiment B1.
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Table 3.2 The parameters of test sound fields used in experiment B1.

Sound field Reverberation time, s AL, dB

a 0.5

b 0.9

c 0.9 -12
d 0.9 -20
e 2.0 -6
f 2.0 -12
g 2.0 20
h 6.0 -6

YAMAHA, SPX-900) %MW TIER L 72, FEF BT 10T 2R/ (Fig. 3.20 At) 14,
Hasssh[(62] 2 B & L, BREG N ITRNTCYESZE LTI X H950msT & & L7, BRESZOERSIC
WY B LALHEIE, -6dB, -12dB, -20dBO3FEFICEHE L 2. RERTOFEORMIME M E 24 2
22 Lickb, BENRA0.5s, 0.9s, 2.0s, 6.0sOAFMEICEHRE L 7o, FRER O H BB E 13T
Th 5, SFEED L )L E LAFFHORER R 2 A G b T, Table 3.2I0R T8 L2 R L, Fi5k
W72,

PO L~V iE, #E ORI Y T 2 EIC B VT, BRSO R WIREE Tl EF &
FAWTHIEL 72, IR L LOHIEIR, EHEZOAZEELTT -7, Bt o R EwiEn i AR
PE, @k EfastE L, SO E—27 L V2 HE L7, 2O E— 27 L X)L H365dBA & 74
XN L LB L 7,

D. SBEAEROER

DU B IR O MR T NE % 7R 7,
1. T 2H§EZFSOLECIE» S5ETOE L, FHOMEDHIEREZ DL 5,
2. BB LEBRTL 2 ISR TOHED YT 2 LI kD, 40050 5 75 2 1O B 5 E % 52
REES,
3. [AUHER L EERSHOMAGDOENEL RV X I ICPIH22# DKL, Figure 3.31278 7 X 9
72 10T O i SR % 1ER T 5.

10O R Z ISR T ORI NS &, FHEEPIRTOLEREY TRAIND I LIk
D, FEEREGROEHENT v AR S, $RE I F T OB SR 2 e Uz, &t SR
DEHABEIF1322519ERRIEE DV T VI NRELZEIT %, ERFHHOFENT v AR5
T LTHhZoWERMHATE2REL LEZoNS. nk, ABHERIZIMONET % 7 > % Ll
OB ZTIRRL 2.
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Sound field
a b c d e f g h
Test word
Series of stimuli #1 | 1-5 [ 6-10 | 11-15 | 16-20 | 21-25 | 26-30 | 31-35 [ 36-40 |

Series of stimuli #2 | 6-10 | 11-15 | 16-20 | 21-25 | 26-30 [ 31-35 | 36-40 | 41-45 |

Series of stimuli #3 [ 11-15 | 16-20 [ 21-25 [ 26-30 | 31-35 | 36-40 | 41-45 | 46-50 |

Series of stimuli #4 | 16-20 | 21-25 | 26-30 | 31-35 | 36-40 | 41-45 | 4650 [ 1-5 |

Series of stimuli #5 | 21-25 | 26-30 | 31-35 | 36-40 | 41-45 | 46-50 | 15 [ 6-10 |

Series of stimuli #6 | 26-30 | 31-35 | 36-40 | 4145 | 46-50 [ 1-5 [ 6-10 | 11-15 |

Series of stimuli #7 | 31-35 | 36-40 | 41-45 [ 46-50 | 15 | 6-10 [ 11-15 | 16-20 |

Series of stimuli #8 | 36-40 | 41-45 | 46-50 | 1-5 | 6-10 | 11-15 | 1620 | 21-25 |

Series of stimuli #9 | 41-45 [ 46-50 | 1-5 [ 6-10 | 11-15 | 16-20 | 2125 | 26-30 |

Series of stimuli #10 | 46-50 | 1-5 | 6-10 [ 11-15 | 16-20 | 21-25 | 26-30 [ 3135 |

Figure 3.3 Series of stimuli used in experiment B1. Each series of stimuli consists of 40 combinations of test
words and sound fields, and includes different 40 test words.

E. =B

TR MR CfT > 72, Figure 3.4ICEBERED 70y 7 ¥4 777 L AE—=ALEZ RS, fll¥
lZ2chdwavelb R TF L7 ML ENTE D, LehlTEBEE DA DR, RchicBEG DA ZBEHRIAALL
PRSI S TV 5, R L L OHIERR, Kb dsw.zoffic L, BE#EEDOAZHAEL T, E
Brclx, M ECTLchERchz I v 7 A LT oD/AEH L, 1DDAE—AholliEziRL 2, %2
WA, AE—=AEMICNLALA30C D2 THD, A=A LDfiflzZznZzNn2mTd 5. FEhicH
W AE—=A DZENFNDZRERICE T 5 FW BRI % Figure 3.512R8 7, A DOZEERICE T % FPE
BRI 12135 L <, 100-10kHzIZ 3\ C+5dBUATHHTH 5.

% IO

i

F. RERFIE

FRE DR T 5 6 RORED GG S % FTORMMEZILI0M & LTHBig icidn Lz, 1RloRfT, >
£ A0 A BEI T 2 DI o0 B RIZ, 9059 TH 5.

PR X MIE A L S AR IR R, MARICHZEE IS TICHES ¥, HEE
EoUEgicl, RMZEORACKHESTLBHL I 2527, THEWD I T OMEEE,
Morimoto & [6]D IR ICHE - 7z, B ICIIRR I N RBAE %2 A Y A S CHEZ Z 7@ icE»E 5 &
[ IS, ZORBOBEEHD 12 & #Table 3.3D4BRB Tl S ¥, BFETHAI WL, HAlICER
TIRAVZOIOREKIC & 280E 21To 72, B IE, ERSEEHW I NS T TR E LT %,
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Frequency, Hz
(b) listening point 2 (right)

(Not difficult)

(A little difficult)

(Fairly difficult)

(Extremely difficult)

<
<
<

-
-
-
[
-
-

LI

FEEELD
FEEHO L
FEEHLD

-
[

Table 3.3 Categories of listening difficulty[6].

Frequency, Hz
(a) listening point 1 (left)
BEEHLY 0
e
)
FEH

1

3

Figure 3.5 Frequency characteristics of loud speaker used in experiments B1. Panels (a) and (b) respectively rep-

resent the characteristics at left and right listening points.
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312 HREER

A. HEREDDFE
BEREZTE L XL %2 EWCGFE L, DLTICZoFEE2 R T,
1. Hwklag oRmE (250Hz 54kHz) I2B T3 EA DB L XL 2T 5,

2. FELIZX Y, #EHEIAH 5D (250Hz, 500Hz, 1kHz, 2kHz, 4kHz) OEEL <)L
NELNE, oL X)L EZNFN, Hlzso, HLsoo, HLix, HL2k, HLax & 2wk 3
%. X512, HLak& HLakDE¥fE% KD, Tz HLokak & 5Lk 5,

3. wEaEE, 6oL L ENFNE D L2, 10dBHLAARTHET 2. #E-T, 45265
HhHh, DEODLICKES>EFENLRVICE ST, FPHEICE TN HEE 357 5. Table
SAIETHICE TN IR EL L, ZO0HDOL LIl L L DEHEE R T,

B. HETHRE

HEHE O BEICHE L £ LOTHETHEZEN L2, HEETHEIHFEZIEL ( FE Il
#“©Td %, Figure 3.61C6MHDEI L X)L L HFETREOBIGR Z Z N 21U, Gl DEVIZHY DE
WERT, THOWEIC oW, 2fRNicAa s L, BERMPEC, FHELLE (Fig. 3.20
AL) DN WIF EHEETRE I T %, ZofmiE, Morimoto s [611C & 2 &l 12 LTHU %
BRHORERE -T2, BOL LB I OWTIE, BHL NV oBERESoEIc k5T,
RINICHEI L RV DS BT 5 L R T REDME T T 2 A 515,

EDREBORETIL D, HEETREICKRESEETI»20T 2701, STV LICE
W, FEHL RV EFEGZEKET 5D L Db 2 28T 217> 7. Table 3.51C#5 R %R
T, L LD ERRIZ, EOBEHLRVICEWTHLEETH -7 (p<0.05) »3, FlEiz gy 3
&, HLok, HLax, HLokax®DFffil, OB L RV OFEDSEL ETH D, HE I KE W, fiE-o
T, HWEETREIZ2kHZ ¥ 72ARHZOBE )L ~VIc X D RE LB L2215, ZOfEHIE, Kryter 5[96]
PO S[105]DW T & —8T 5,

7, BHOFHMRS EDFEHL VICBWTHHEETH -7 (p<0.01) 235, EAEEORE L R
WIZ% 512 E, EHOTEROFMEIZE 25, iUk, KAL)V CToEL 7284, FU

Table 3.4 The number of listeners and the averaged hearing levels for each group that are classified by hearing
level in 10 dBHL steps.

Number of listeners (Averaged hearing level, dBHL)

Hearing level, dBHL

HL2s0 HLs00 HL 1k HLaxk HLaxk HL 2k-4k
0-9 2(63) 5(65 18(61) 10(65 7(61) 5 (68)
10-19 32 (147) 61 (14.0) 69 (13.6) 51 (13.6) 30 (13.9) 44 (14.7)
20-29 69 (23.2) 47 (22.77) 38 (23.7) 44 (239) 33 (239) 37 (24
30-39 30 (32.6) 23 (32.1) 9 (3l4) 16 (33.0) 23 (32.7) 26 (33.7)
40-49 8 (43.4) 5 (43.0) 5 (44.0) 13 (42.5) 21 (43.8) 17 (44.3)
50-59 1 (50.0) 1 (50.0) 3 (53.3) 7 (51.1) 15 (54.3) 11 (53.6)
60-69 0 - 0 - 0 - 1 (60.0) 12 (63.8) 1 (60.0)
70-79 0o - 0 0 - 0o - 0 - 1 (72.5)
80-89 0o - 0 0o - 0o - 1 (85.0) 0o -

32



FEZEED IC< T IC L 2 2inE OZEEEIE D FHE

100 _‘ T T T T T T T T T T T T
A HLs50 HLy
80 | . " g .
S R
8 2 2
N i Y -
60 & % 2 A n . Q
0 ® f O (] O
40 = O . - -
=N O . L % Q
O I
R S 1 FTee o0 2 .
|
n . « ¥ "
O L L L L L L L L L L ‘ L
O\o‘\ 100 T T T T T T T T T T T T
el
gn A HLs09 HL 4,
2 80F o . - A g © .
S e 8 Q 4 F @ X 28 o 4
g ol A O e N A
oLt e I Lg® ™8 & o |
= Om B g o 9 o m O A
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=
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A
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0 | a A @ U O O g
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0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Hearing level, dBHL
Symbol O o A A O | <o *
Sound field (a) (b) (© (d) (e ® (8) (h)
Reverberation time, s 0.5 0.9 0.9 0.9 2.0 2.0 2.0 6.0
AL, dB -6 -6 -12 -20 -6 -12 -20 -6

Figure 3.6 Word intelligibility scores as a function of hearing levels at each frequency and a parameter of the
sound fields. The word intelligibility scores and hearing level are the average of them for the group of listeners
classified according to hearing level in 10 dBHL steps. Different symbols represent different sound fields.

YOI HEE 7RI R Z R E R FUF I 2kHz L AKHZOHE T L ~OL D38 OB AR\ OB S SR
ET2ZEIC&D, HEETHREDSHAINSG 12O, FHOHEICL>TEP EABETH LIRS
CEMFRLEEEZONS,
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Table 3.5 The summary of two-way repeated measures analysis of variance for word intelligibility scores for the
aged in experiment B1.

HL2s0 HLax

Factor df SSQ MSQ F p df SSQ MSQ F P

A: Hearing level 4 207.58  51.90 2.86 0.03 5 1208.26 241.65 19.50 <0.01
Subject 137 2490.06  18.18 136 1685.23  12.39

B: Sound field 7 888.04 126.86 29.22 <0.01 7 1604.88 229.27 5231 <0.01
Interaction (AxB) 28 232.63 8.31 191 <0.01 35 210.17 6.00 1.37 0.08
Residual 959 4163.86 4.34 952 4172.46 438

HLs00 HLak

Factor df SSQ MSQ F p df SSQ MSQ F P

A: Hearing level 4 352.84 88.21 511 <0.01 6 1095.76 182.63 17.48 <0.01
Subject 137 2365.35 17.27 135 1410.74 1045

B: Sound field 7 1163.20 166.17 37.81 <0.01 7 232222 33175 77.50 <0.01
Interaction (AxB) 28 181.13 6.47 1.47 0.06 42 24991 5.95 1.39 0.05
Residual 959 4214.68 4.39 945 4045.32 4.28

HL 1« HL2k-ax

Factor df SSQ MSQ F P df SSQ MSQ F P

A: Hearing level 5 399.62  79.92 485 <0.01 5 1118.00 223.60 2290 <0.01
Subject 136 2241.83  16.48 136 1328.17 9.77

B: Sound field 7 978.48 139.78 31.24 <0.01 7 1594.89 227.84 5271 <0.01
Interaction (AxB) 35 125.99 3.60 0.80 0.78 35 192.02 5.49 1.27 0.14
Residual 952 4259.34 4.47 952 4114.93 4.32

FESL L EEGORHAERIZ, HLsoll B TOAEE (p<0.01) THo7h, I I TREFHIC

BNV RLVOMEZSNT 279, BHLLoiifiEs omE (p<0.05) %2, Z2nFno
FESL RV B W T T 72, Table 3.61c% &Y, &IV VITEIT 2, L VO RMFEHRD
Fliiz £ &L TRT. FEOAIC*HIE, ZOFRMEICBI 2N L VO MBI EIEGE
(p<0.05) TH 2 Z L%RT,

Hlzs0Cld, EHctdicB I 2L LDl E2 R EE TH - 7. Figure 3.6% 223 L, H
c (A) EELd (A) &b, BV Vb RO HEE 1T IREEI90% DL 1 & Ev iz 7m LT
W5, ZODBICEENIEBEEEI2HTH D, BMAZ D24 D E L dICE T B HE T IREDE
Polclz®, PiERPIER LR EEZoNS, GBREEOREIL )Lk 512 o0nT, Bl
BIRPERE R 2EGOBUIIZ 505, EHh (@) 2B 28V VO EA5 1%, HLakaz B
SHEETIERY, I, HHhICE T 2 JEETREDIEF IS, ROV XUBMEVLSHETH
HLak & HLok-ak A TI1220% % T3 2 EBENTH 5. 72, Hihe (O) BB L Lo Hiff
FHROHLaZ BREAETIE RV, FRICHEE THEMEL C EERTH L LEZS NS, He
EWDIANDOEE T, HEE TR E 8% JIE T HL2k,, HLak, HLokaklZ B 2HEL LD Hi
MERNIROFEICRE LB A LN BV L L, LNV EELORHEIPERETIE RV 25
H¥ 25 &, Hlok, HLak, HLokaSHGE T KITTHEL, EHICL6T ~ETH L EALYES,
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Table 3.6 F-ratios of the simple main effect of hearing level on word intelligibility scores for each sound field in
experiment B1. The ratios were obtained by a two-way repeated measures analysis of variance with hearing level
and sound field. The analyses of variance were performed for the hearing levels at each frequency.

Hearing level

Sound Field RT, s AL, dB
HLzs0  HLsoo HL HLox HLs  HLokax

a 0.5 -6 112 401* 167  7.19%  8.63*  7.40%
b 0.9 -6 176 267 125  512%  591% 523
¢ 0.9 -12 6.66* 172 238  9.13%  657%  7.81%
d 0.9 -20 406*  4.04*  2.68*  9.01%  544*  9.78*
e 2.0 -6 053 063 072 219  245¢ 222
f 2.0 -12 147 273%  3.86* 835%  6.59% 892
g 2.0 -20 220 5.67%  427% 1075  6.72%  8.00*
h 6.0 -6 034 076 077 095 209 3.01%
*p < 0.05

C.EZEDhDc<=

BRE O EEICNE 2 F EOTHEEMD I 2B B L. Table 3.41275% L 72 4B O FEli D 9
L, 2 OADEREZNE L%, T20bREIIRL2b00 THEESED I VW) LG L 258%
AEtL, 2RISR L THO 2 EA& L LT, BEEHD 2 E2H L%, Figure 3.7(1C6ff D
FEHL OV EBEEELD 12 SRR %E 2N ZFIuRT,

THDOWE LR L, BEBMNES, BIELRLVENNSWIFEEESID 2L Z1E ERT 53,
ZOWEDORKRE I, PEOL LISV RV OEPZ DOEIC X > T %, 2KNICEE
L AROLOMEOCIE EE S OMBEIIRE L, ZOMEANGEREROIEI L VI K> T L 860 1F
IAVEIVHSLTH S, BHLVDOHEEL2ARS L, Hihh (@) e (O) TIE, BEHLLHBEN
SHETHREESID I SWIEFWITE WD, FEAEALNRY, —F, THa (O) d (A) T
i, WAL RUDPES B BIEEEERD I SIEFEML, &SRBV VT L, 20
EAA L DS I 5,

EDRBEBOBETIL ~uh, BEERD IS SICKRELSFET L0200 T 201, SV
CEBWT, BV EFEZERNET DI DB 2 28K #2417 - 7. Table 3.712#5%:
ZRT, BEHL Vo FERHIE, HLak (p<0.01) , HLak (p<0.01) , HLokak (p<0.05) D3> DS
LRV TORERETH o7, fE-T, HEETHRE L FRkIC, 2kHz & AkHZORES) L~V idfth o 5 D
FEHL VXD SEEEMD 12 ST LTRERFELZKITT. BHOFMRIE, EOREHILLIcE
WTHHEETH 2 (p<0.01) 73, FRMEEDOEE L ~)VICZk 213 EFEEINT 2 HaBA 55, 2
E, WEETRE LoD, FHRG R0 EC, KEAESROBED L LIk 208 T
1, BEEELD 12 SITKRE A% XTI 2kHz L AKHZDBES L ROV DS En O & AR R A8 iRAE
T30, BEEWD S IBHEBKIND I itk D), SHOMEPH IS ot EZEZoN %,

FEHL L EFLORHEMIE, Hlsoot HLikZ BRWTHETH -7 (p<0.01) . 22T, L
VOB OME (p<0.05) T, ZNZFNDEE/L )LIZDOWT -7z, K% Table 3.812/R
T, O HFEVMREE L RS 2 L, HMFEAIRPERELREMEIEA %, IKHZM T ORI L XL Tldiz & A
EARSN, HLzso T, FHdEgTHNIL AV ORMERBEETH 508, ZndgisEsod
OV AV DR EOSEOREEI D 12 &2, KREL LMLk EEzZon, BEEOH
ZEER L IZEZICS W, BEHOL VDO TERENERETH > 7-HLak, HLak, HLakaTlX, a, ¢, d, gD

35



J

1t

100 _._IE T T T T T ﬁ T T rl" T T
n a E % O E 5 n @ 5
80 M N g n ; 1 fm, 2 ® § -
<o 6 é ® O A Q
60 |- ' - = A Q O -
o &
40 F O - - O -1
20 - B -
A HL250 HL2k
0 L L L L L L L L L L L L
X
ot\ 100 T T T T T T T T T ‘ T T
(g st s RN
2 | N
2 0r o g " 8 - . : u o g 8 4
ke 9 £ e s R A & A
2 0fF S & 1 7 9 4 -
.§ O
Z 40 A . - 4 .
o 20 - ~ 1
2 HLs0 HL 4
=
% 0 1 1 1 1 1 1 1 1 1 1 1 1
3
100 ‘ IE I’ E T T _El ‘ T rI_E T T T
05 " ° m§ %o 5
" & o o , a ,
60 - o Q ] B 8 o 1
40 a - B 6 -1
20 ] B 1
HL HLj 41
0 1 1 1 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Hearing level, dBHL
Symbol O o A A O | <o L 2
Sound field (a) (b) © (d) (e) ® (8 (h)
Reverberation time, s 0.5 0.9 0.9 0.9 2.0 2.0 2.0 6.0
AL, dB -6 -6 -12 -20 -6 -12 -20 -6

Figure 3.7 As for Fig. 3.6, but for listening difficulty ratings for the aged.
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Table 3.7 The summary of two-way repeated measures analysis of variance for listening difficulty ratings for the
aged in experiment B1.

HL2s0 HLox

Factor df SSQ MSQ F p df SSQ  MSQ F P

A: Hearing level 4 4235.7 1058.9 0.35 0.84 5 45252.0 9050.4 324 <0.01
Subject 137 4141284 3022.8 136  379709.4 2792.0

B: Sound field 7 56466.4 8066.6 26.72 <0.01 7 77804.5 111149 36.80 <0.01
Interaction (AxB) 28 28469.6 1016.8 3.37 <0.01 35 28892.1  825.5 273 <0.01
Residual 959 289478.7 301.9 952  287515.7 302.0

HLs00 HLax

Factor df SSQ MSQ F p df SSQ MSQ F P

A: Hearing level 4 681.1 170.3 0.06 0.99 6 44758.5 7459.7 3.17 <0.01
Subject 137  415498.4 3032.8 135  317476.5 2351.7

B: Sound field 7 60575.7 8653.7 27.51 <0.01 7 1172814 167545 5548 <0.01
Interaction (AxB) 28 12929.2  461.8 1.47 0.06 42 22708.3  540.7 1.79 <0.01
Residual 959 3016143 314.5 945 285384.8 302.0

HL ik HLok-ak

Factor df SSQ MSQ F p df SSQ  MSQ F P

A: Hearing level 5 29541.7 5908.3 2.07 0.07 5 33015.9 6603.2 2.44 0.04
Subject 136 388704.4 2858.1 136  367907.2 2705.2

B: Sound field 7 37423.0 5346.1 16.96 <0.01 7 86858.2 12408.3 4149 <0.01
Interaction (AxB) 35 11480.3  328.0 1.04 0.41 35 24788.5  708.2 237 <0.01
Residual 952  300137.6 3153 952  284683.6 299.0

Table 3.8 F-ratios of the simple main effect of hearing level on listening difficulty ratings for each sound field in
experiment B1. The ratios were obtained by a two-way repeated measures analysis of variance with hearing level
and sound field. The analyses of variance were performed for the hearing levels at each frequency.

Hearing level

Sound Field RT, s AL, dB
HL2s0 ~ HLsoo HL 1k HL2x HLsak  HLok-4k
a 0.5 -6 1.07 0.15 2.80* 7.13% 6.20* 6.26*
b 0.9 -6 0.12 0.26 0.98 0.98 1.33 1.08
c 0.9 -12 0.08 0.89 1.61 3.23*  2.55% 2.02
d 0.9 -20 7.00* 1.79 4.19% 6.41%* 4.94* 5.83%
e 2.0 -6 0.40 0.95 0.33 0.11 0.30 0.18
f 2.0 -12 0.71 0.32 0.92 0.89 0.75 0.67
g 2.0 -20 3.33* 0.80 2.09 5.40%  3.94*%  3.12%
h 6.0 -6 0.02 0.04 0.04 0.03 0.14 0.11
*p <0.05
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Figure 3.8 The relation between word intelligibility scores and speech transmission performance. The relation
changes from nonlinear to linear relation when word intelligibility scores are transformed to z-scores.
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Figure 3.9 Z-scores of word intelligibility scores for the aged as a function of those for the young for each group
classified according to the average of hearing levels at 2 kHz and 4 kHz. The word intelligibility scores for the
young are obtained by Morimoto et al. [6]
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Figure 3.10 Constant terms of regression lines between z-scores of word intelligibility scores for the young and
those for the young as a function of the average of hearing levels at 2 kHz and 4 kHz.
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Figure 3.11 The relation between estimated and measured word intelligibility scores for the aged.
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Figure 3.12 Estimated word intelligibility scores for the aged as a function of word intelligibility scores for the
young as a parameter of hearing level.
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Figure 3.13 As for Fig. 3.9, but for listening difficulty ratings.
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Figure 3.14 Regression coefficients of z-scores of listening difficulty ratings for the young (ZLDY) as a function
of the average of hearing levels at 2 kHz and 4 kHz.
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Figure 3.15 Constant terms of regression lines between z-scores of listening difficulty ratingss for the young and
those for the young as a function of the average of hearing levels at 2 kHz and 4 kHz.
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Figure 3.16 The relation between estimated and measured listening difficulty ratings for the aged.

44



FEZEED IC< T IC L 2 2inE OZEEEIE D FHE

X

_SA

g T -

2 90 (—HL=60dB —

=‘E N

S 80 50

50 40 7

.g 70

g 60 / 20

z /|0

5 50// 10

S 40

o0 0

g 30

= 0l

2 20 ]

= 10 / HL: the average of the hearing |
E / levels at 2kHz and 4kHz

g 0 S N S S W

E 0 10 20 30 40 50 60 70 80 90 100

Listenning difficulty rating for the young
with normal hearing level, %
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Figure 3.18 Averaged hearing levels of listeners who participated in experiment B2. Open and closed circles re-
spectively represent the results for the young and the aged. Bars represent a standard deviation between ears.
Dashed lines represent estimated hearing levels from ISO 7029[4] for 20, 60, 70, and 80 year-old people. Esti-
mated hearing levels are the average of those for male and female.
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Table 3.9 Test words used in experiment B2.
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C. XRRE15

B DN A =51, oA L v (DU, EH L)L) ESNEL (EH L 0L EIEEES L L
D7) THD., BREZIIMML TR,

TR LU, BE OB OIS T 2 AEIC B VT, BB AN A LR EE TR R NI
%7, LA-5110) ZHWTHIE L7, B st o R EE RN X AReE, iR idslow s L, &HEED
E— 27 L)L ZHE L7, HA L ~LIE, 65dBA E75dBAD2RRMEHICIRE L 2. REINLGEFHL A
b, BHEOE—7 L L0 130.3dBAM T TH 3.

BEeg & LT, EBRATHWHothAXR 7 FL[112]% FoEF RS 2 72, Figure 3.19123Z Emi 1
BUIEED/1A 75 =730 BT X 2 MBEEERMEZ R, BEL UE, &LV ERBRIC
HIE L7223, E=27 L LTl 2 JilE L7z, B L L, 2EEOEH L L2z
®L, SNEt2s-5, 0, +10, +15, +20, +25, +30, +35, +40dBOYfEHE 2 LI HEL 7.
7o, 2ABEOBFRL V2K L, EFESTEZMAML 2 0EEEmMA. 5k, ERE2iro K
RO 1X18.3dBATH O, BEE 2 AL 2 wS&fFIcEs 1T 2SNEHZ, &AL ~N)Ls65dBADY; &
1%+46.7dB, 75dBADEEr12+56.7dBTH 5.

Pl B3 L L2088, SNH10ME % A ab 1 7220358 % FEc v 72, Table 3.1012 4355
DINTA—FELEDB,

Relative sound pressure level, dB

125 250 500 1k 2k 4k 8k
Center frequency, Hz

Figure 3.19 Frequency characteristics of additional noise used in experiment B2.

Table 3.10 The parameters of test sound fields used in experiment B2.

Sound  Speech level, Speech-to- Noise level, Sound  Speech level, Speech-to- Noise level,
field dBA noise ratio, dB dBA field dBA noise ratio, dB dBA
a -5 70 k -5 80
b 0 65 1 0 75
c 10 55 m 10 65
d 15 50 n 15 60
e 20 45 0 20 55
f o 25 40 p » 25 50
g 30 35 q 30 45
h 35 30 r 35 40
i 40 25 S 40 35
j (46.7) 18.3 (BGN) t (56.7) 18.3 (BGN)
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D. SBEAEROER

DU B IR O MR T E % 78 7,

1. ¥ 2200832 K FOEVIED S 10HTOF £ &, 200 HEREZ > 5.,

2. HBHEEHICEFNZI0HFHICOWTR205 2 Z N2 ET 2, T4bb, 20HGERE<20%
BDFA00DHIEHEZ MER T 2. 1 DDORBEREE, 200 IR e 3 HEL, H2 1 HODFH

DA AR TR SN .

3. 400DHIHHE DD 6, HFEHIEHEAL OBV ) I2058 2K S L, 1 OB &R % 5
R 5,

4., —FERGZREE 2 BE L 2\ K ICFIHSZ#E DR L, 2REHEE2 H v T 2074H o 5l 5
ZIERY 5.

20/ o ik FH IR % WK T 2 WARERE & 585 o IR % Figure 3.2012779, Figure 3.2012 &8 1) % $7
\%, Table 3.9CT/R L ZHFEHR ST TH S, %k, KPOM»IT TR LHERLI-IOICEHT 2L, 2
1 DOHFERN TR TOFHICB W THOONTWE Z L3025, & IE, wind 1 >0
FRAEBNT 2, T4bb, 1047232 DGO NBOWERHE I X ->T, TXTOMBAEHRDTE
WMEnz LT, EHEPSFTHICBVLWTHENINLZEERS, ZhUckh, FHETOHFHENT
VAR S,

OB E IR 2, 400> D5 D ITICIT T T, #lEF Icidm U7z, ST &5 2 50 o
T 28811, SEGL 20T 57 VARV 52 LItk ), FifTICBIT 2 HLON
TV ARG, Fio, WERE ICIEERTRICHIRONAT 2 7 v LIS O A THRR L 7.

Sound field
a b c d q r s t
Test word
Series of stimuli #1 | 1210 | 11-20 | 21-30 | 3140 | .- [161-170[171-180[181-190]191-200]
Series of stimuli #2 [ 1120 [ 21-30 [ 31-40 [ 4150 [ -~ [171-180]181-190] 191-200 [ 1510
Series of stimuli #3 | 21-30 | 31-40 | 41-50 | 51-60 | -~ [181-190[191-200] 1510 ] 11-20 |
Series of stimuli #4 | 31-40 | 41-50 | 51-60 | 61-70 | -~ [191-200[ 1510 ] 11-20 | 21-30 |
Series of stimuli #17  [161-170[171-180[181-190[191-200] --- [121-130[131-140[141-150]151-160]
Series of stimuli #18  {171-180]181-190[ 191200 1210 | --- [131-140[141-150[151-160]161-170]
Series of stimuli #19  [181-190[191-200] 1210 | 1120 | --- [141-150[151-160[161-170]171-180]
Series of stimuli #20  [191-200] 1210 ] 11-20 | 2130 | -~ [151-160[161-170[171-180]181-190]

Figure 3.20 Series of stimuli used in experiment B2. Each series of stimuli consists of 200 combinations of test
words and sound fields, and includes different 200 test words.
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E. REBRE

FEBR IR CfT o 72, Figure 3.21LICEBREED 70y 794 77 7 5 L AE—AREEZ R T, FHHE
BEET, SR EESE Sy 7ALTHOD/AZH L, 1DDORA =20 o HliEE R L, ZHER
X, AE=ADEMLMDMETH S5, ZEEARICE I 5 A = OFMEFE X, Figure 3.2217 T &
912, 100-10kHzIZ B> T+5dBUNTHEHTSH 3.,

F. RERFIE

% 1 LSRR CRERHE 1PN L 72, Figure 3.231CHIR R DA 2R, SHEOM 2 L L&
BHOMZ L ORIEIZ135msTdHh 5. HAEFLOMGER AT HEEEIC X >THRA D, 0.80051.35TH 5.
BEE ORI I35s & L, Z2NZNE0msDILE LX) LSBT0 2007, BEDKD D56, X
DEREDPER E N2 £ TOMIREIZ6sTH 2. 1RIDFATISH B IEHIFHITTTH 5.

M T5EE, FEBBL LM TH 5. HANICEBETIEM V202000 X 2B 217> 72, I,
KERHITIRE L HWT S % £ TRD IR LT 7%,

Fujitsu Ten, A520

i Fujitsu Ten,

TD512
Echo, Layla D/A
1.0 m
L Neise AN D E
R R LR PP PP PR PR Anechoic room

Figure 3.21 Block diagram of stimulus presentation and loudspeaker arrangement in experiment B2.

Relative sound pressure level, dB

20 100 1k 20k
Frequency, Hz

Figure 3.22 Frequency characteristics of loudspeaker used in experiment B2.
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Figure 3.23 Time sequences of presentations of speech signal (word) and additional noise in experiment B2.

322 MWREER

R E PR T D204 D BTH B 2 Lo, BREDOTEIL VIc X 208k Tb v, FEHL R
NDEBIZ VT, COHETHRS,

A BETRE

R & RS PRE D Z N FUCOWT, SBREDORILE Lo T, HEZIELESF
NEGTH A ML TIREZ2BH L7, Figure 3.241CK5 5 2R, %5 L ~)LH65dBA & 75dBAD |
WU R 2558 %, Fig. 3.24(a) & (b)Ic 2N FIRT,

EiME R OHEE TR (O) 1o 2B HE L NV DE:, SNEAS-5dBOEM 2R E, 13EA
EAL I, SNHD-5ABOSMETIE, &5 L L 75dBAD I 0 2 BAGE 1R (54%) 13,
65dBA DRI 9 2 HGE THEE (64%) 12X TI0%FEE(R T L7z, SN 2%, SNELAS0dBLA
ToZEMETHS, SNHA+10dBLL EDSMETIE, HEE THEIZIZIF100%T—ETH - 7. SNHA
0dBDEAFIT BT 2 BiZE TIREEIX, HHL LI hb S5 TH0%TH ), HTOMFRARS T,

Noise level, dBA Noise level, dBA
75 65 55 45 35 25 15 5 8 75 65 55 45 35 25 15
100 T T T 1 T T T T 1 1 1 T
x
s 80 F e - e
£ 60 1t -
=
80
T 40 E = E
g
= O Young O Young
BO 20 ® Aged A - ® Aged 4
(a) Speech level = 65 dBA (b) Speech level = 75 dBA
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Speech-to-noise ratio, dB Speech-to-noise ratio, dB

Figure 3.24 Word intelligibility scores as a function of speech-to-noise ratio. Open and closed circles represent

word intelligibility scores for the young and the aged, respectively. Panels (a) and (b) represent the results for
speech levels of 65 and 75 dBA, respectively.
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TR O WEE TR (@) 1T T B3 AL LD X, SNELA0ABIL FO&EE CHE TH
D, HinHoLa LRI, &5V U T5dBADRREIC N % HEE TS X DIKT %, SN2
0dBD T, &5 L L 2365dBA & 75dBAD I 0 HGE 1 fREE D 721X 8% L (2 12 180% &
72%) TdH 25D3, SNILA-BABDOEMETIE, ZDAEIF21%RE (2 Z24148% L 27%) £ TILD %, SN
o2, 7l LRI, SNELAS10dBLL EOSEMETIRIZEA EA LA,

Table 3.1 1IZ # B PERE L SEEBERE 2 N FconT, FA L~V ESNIZ B & L 7228 A
TN TS EREZRT, %28, LT THI) IXRTOTEANICE T, BEEZMML 20FEED
SNELIZE A L U X D SN R 72 2203, Tz R USNHDOSEM & A% LTHbr Lie, fild gk
FLEREEREOMEZFICBE VT, FHELVOEMFIIHEETIER L, SNILOFHRIFAETH-
7o, Fio, HELLESNELORHEMIZ, SEOAER TH-% (p<0.01) . 72721, #HKED
B&aTh, RAFHOPEIZ0.07E /NS W2 EH 6, MZFOHEETHEICOWT, HHE L Lo HiffiF
IROBREERITo 7. ZDORR, FME TIESNIEA-5dBOEME (p<0.01) , Fl# TIESNLEA0dB
D5 (p<0.05) L-5dBDZMA: (p<0.01) T, HFHE L VOHMIESREIHETHo%. #M-7T, F
FL LD, SNIEMEWEMICOAERTH 205, BlE OS54, HiE i bEWSNEETY
B L A)VISHGE TIREICE R 8 h KT,

Gl &Rl OHEE T IREE DAL, Wi O HEE TR D—E L 7 2 SNHAS10dBLL LD ST,
BWFLEE /N E A3, SNIEAMEL 212 oNTZDEIFKE L D), SNIA-5dBDEMFTIE, FH L
~OVH65ABADSEMET18%, 75dBADEATTIZ27%D AN 5.,

Table 3.1212F 7 L ~L2365dBA £ 75dBAD S 2 N Z U DT, #E O4ERY & SN % K &
L7228 R AT 24T - TR 2 T, #BRE O ESND 86 6 D FRED, EH L s hh
boTHETH->7 (p<0.01) . ZHAFEMIZ, HHELAXVBT5dBAOFETIEIERTH - %
(p<0.01) %3, FH L XUA65dBADSEMETIEah o7 (p>0.05) . LiL, BFODOpMHEIZ0.08 & /)
IV EDL, HEEDEROPMEMNELOMEZ, ZNETNDOEF L XNICE T To 2, Z D
B, HH L OLD365dBAD S TIESNIEAS+20dBELF, 5 L X)L 375dBAD 54 Tl SNLEA310dB
LUF DT, 220 s o Fio B R B HEThH > 72 (p<0.05) . fE->T, HHEL L
ZECTHE, WS LARALYH ZBEEL 2oTH, HiE & EMEOWNETRIED2EPA L ICL
(b E#zons, 7L, Figure 3.2412789 8D, SNEEAT0dBYL LD B T 3 HlinE &
EE ORI TIREDZ I T THY, HH L RUD65dBADSES: & 75dBATHIME #2137\, SN
HAH0dBdH % v 13-5dB EARVFY T, FilinE OHEE T IS X D D ARICET L, HWUSNH
TOHHELVXUDBEWIZ) D, G L mimEDEFIRES RS,

Table 3.11 The summary of two-way analysis of variance with the factors of speech level and speech-to-noise

ratio (SN ratio) for word intelligibility scores in experiment B2. Tables (a) and (b) represent the summaries for
the young and the aged, respectively.

(a) Young (b) Aged
Factor df SSQ MSQ F p df SSQ MSQ F p
S: Subject 19 754.8 39.7 19 11660.5 613.7
A: Speech level 1 56.3 56.3 0.9 0.35 1 420.9 420.9 3.1 0.10
A xS 19 1148.8 60.5 19 2605.4 137.1
B: SN ratio 9 60617.3 67353 193.0 <0.01 9 1225443 13616.0 127.0 <0.01
B xS 171 5967.8 34.9 171 18325.5 107.2
AxB 9 981.3 109.0 1.8 0.07 9 5268.8 585.4 5.1 <0.01
AxBxS 171 10163.8 59.4 171 19576.4 114.5
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Table 3.12 The summary of two-way analysis of variance with the factors of age of subjects (Age) and speech-to-
noise ratio (SN ratio) for word intelligibility scores in experiment B2. Tables (a) and (b) represent the summaries
for speech levels of 65 and 75 dBA, respectively.

(a) Speech level of 65 dBA (b) Speech level of 75 dBA

Factor df SSQ MSQ F p df SSQ MSQ F p
A:Age 1 4138.8 4138.8 19.8 <0.01 1 5982.9 59829 27.6 <0.01
S: Subject 38 7925.2 208.6 38 8244.2 217.0
B: SN ratio 9 62183.0 6909.2  85.6 <0.01 9 1203213 13369.0 1729 <0.01
AxB 9 1251.3 139.0 1.7 0.08 9 5656.1 628.5 8.1 <0.01
B xS 342 27598.4 80.7 342 26435.0 77.3

B. EBZEED(C &

LA PR L SEERE O ZNZFconT, &g omE% £ Lo T, Morimoros [6]D 5
FBITHE->T, BEEHID 12K 2Rk 7. Figure 325155217, 4 L XL A65dBA & 75dBA D il
B 2559 %, Figure 3.25(a) & (b)IZZ NFIURT,

LEWREEOEMD I T (O) ITNTH2EML)LOEEIL, HEETHRELFRICIZEAL
A5 N7\, SNEKIZ0dB & -5dBDOSEET, 55 L L3 75dBADFIIC R 2B EHLD 12 SDIFH
DRRE D, FHAE L ALH65ABADRRFIC N 2 BES ALY 12 & & DAZIFERRL L /NS v, BES
DI ST 2SN R, HEETME LKL TRE VL, HHELVICHh2b 6T, SNHA
+20dBRLFI272 % &, BEEHLD 12 S EHLIZLU ®, SNHAS-5dBDEEMETIZ100% 123 i £ <k
795,

FE R OREEI D 12 & (@) 12T 2H R L VO EIL, Hing LRI/ I vy, SN
EeAs+10dB £ OdBDOEAFIZE T, F58 L )L B75dBAD I §T 2 BEEHLD 12 T DT 2310%
FEE S, BEEHD 1 29 2SNILO 2 S, g & FRRICHEE TR & IR LTRE W, L

Noise level, dBA Noise level, dBA
75 65 55 45 35 25 15 5 8 75 65 55 45 35 25 15
100 T T T T T T T T T T T T
(a) Speech level = 65 dBA (b) Speech level =75 dBA
X O Young O Young
o 80 | - - E
g ® Aged ® Aged
g
2 60 f {4 F -
=
1
=
o 40t {4 F -
a
520 F - - -
0 1 1 1 1

-10 0 10 20 30 40 50 60 -10 O 10 20 30 40 50 60
Speech-to-noise ratio, dB Speech-to-noise ratio, dB

Figure 3.25 Listening difficulty ratings as a function of speech-to-noise ratio. Open and closed circles represent
listening difficulty ratings for the young and the aged, respectively. Panels (a) and (b) represent the results for
speech levels of 65 and 75 dBA, respectively.
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2oL, SNEEMEL 722 2 EIC X 2SI D 12 I D LAIEIZ S & g LT/ E <, BEED 2]
ERREL ERAT 3DIE, SNEEA10dBUL T D&M TH 5.

Table 3.13ICE##H L ElnF ZNZFIUTOWT, HH L)L ESNHZ BN & L 72 28K 5 8T 2
fiol iRz RT, HMEDOGE, THLVOENREGHL X)L ESNIORAEHIZER TR A
otz (p>0.05) | fE-T, HMFDORESHY 12 SIThT 2355 L XL DFEIISNEIC b 57
HAETIERWY, —7F, SNEOFHMRIZEETH -7 (p<0.01) . EHEDOEE, HHL )LD FER
AETIER Y (p>0.05) A%, SNHEKOHER L L ESNHOLZHEEMIGEEZETH -7 (p<0.01) |
22T, HELOLORMENROME % 1T o 25 H, SNIEA10dBE0dBOSMTHEETH > 7-
(p<0.01) . ft>T, FEMFOWMEID 1T S1F, HEE T &L FRICSNEAMEWSEETIE, FUSN
HTHEHEL RUDEWIE ) BEEICE L %, SNHAS-5ABDOSEMET, HA L LIC Lk 2HEEID I
L EDEDAR SN o TDIF, BEEHD I E2390% & JEMISEWETH 3720, W D=
otz 5,

il &Rl O E MY I S 2 M T 2 L, BRELVIZ»2H LT, miE OS2 &
DIF I DMEL, SNHDMEWFETIEZ O L ) HETH 5.

Table 3.1412% 7 L ~)LA365dBA & 75dBAD S Z N Z U DWT, BillE O4ER £ SN2 FA &
L 7 288 KWt 2 4T - TR R 2 R T, #RE OFEMO FAIFRIE, FH L LCrrb o THETIE
otz (p>0.05) . RHAEMIE, HH L RU265dBADEETIIHETH -7 (p<0.01) #3, HH
L ~OLH65ABAD S TIFAE TIE o7 (p>0.05) . T TlE, FEMADHZITI 720, HE
DEMOBEMENBROMEEZ, ZNETNOFFL RANVICEOT T2, ZO/E, FHL L

Table 3.13 The summary of two-way analysis of variance with the factors of speech level and speech-to-noise
ratio (SN ratio) for listening difficulty ratings in experiment B2. Tables (a) and (b) represent the summaries for
the young and the aged, respectively.

(a) Young (b) Aged
Factor df SSQ MSQ F P df SSQ MSQ F p

S: Subject 19 63872.8 3361.7 19 18912.8 995.4

A: Speech level 1 552.3 552.3 3.3 0.09 1 2.3 23 001 0.93
AxS 19 3212.8 169.1 19 5992.8 3154

B: SN ratio 9 408440.3 45382.3 121.8 <0.01 9 343950.3 38216.7 199.3 <0.01
B xS 171 63724.8 372.7 171 32804.8 191.8

AxB 9 650.3 72.3 0.8 0.58 9 2650.3 294.5 2.9 <0.01
AxBxS 171 14634.8 85.6 171 17604.8 103.0

Table 3.14 The summary of two-way analysis of variance with the factors of age of subjects (Age) and speech-to-
noise ratio (SN ratio) for listening difficulty ratings in experiment B2. Tables (a) and (b) represent the summaries
for speech levels of 65 and 75 dBA, respectively.

(a) Speech level of 65 dBA (b) Speech level of 75 dBA

Factor df SSQ MSQ F P df SSQ MSQ F p
A:Age 1 1936.0 1936.0 1.6 0.21 1 4356.0 4356.0 3.6 0.06
S: Subject 38 46248.0 1217.1 38 45743.0 1203.8
B: SN ratio 9 347339.0 38593.2 2043 <0.01 9 401254.0 44583.8 2377 <0.01
AxB 9 5049.0 561.0 3.0 <0.01 9 2049.0 227.7 1.2 0.29
B xS 342 64612.0 188.9 342 64157.0 187.6
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65dBAD 54k TIZSNHAS+15dB (p<0.05) , +10dB (p<0.01) , 0dBD4fE (p<0.01) , FHHL X
LBT5ABAD G TIZSNHA+15dB (p<0.01) £0dB (p<0.05) DT, ZNnZFhgling oE#D
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WIFERERZIZAEL 2\, £/, SNH2S+15dB2» 5 0dBO#FH T, MiFOFEEED 12 I DICE
BREPEL, BMEOMEEID I EDIFIIMEL &%, SNEA-5AdBOSM: Tl OB S HLD 1 <
JUWZEPEL VDI, BEEIRD IS ISVIEFICELS kot EIoN5,

SNIEDMEWEFIC B WT, HMEOREEIID IS XD & EE ORI 12 IHE W & v )
Hix, SIS SPHFETREL T TIRIRE S LI ENFERE EEZ 605, Morimoto 5 [6]D
2B, Kobayashi b [88]D52Ek, AMFEDEBBI D WIS E VLT, HEE TR AICE LTk
LW ESOHMHICEB O THEEMD 12 X321 d 2. FEEB2oERIcE T, Fig. 3.241cn 7 k&
91T, SNHH+10% 6 +15dBDOSEMATIE, #iE & ElnE OMiE O HGE T IR KICEL TV 3
23, MHEDOREEED 2L TFZDSNILOEPHICEBWTEALLTWwE, T4z, THERESIN S
25, BEEMDICC WEEL 2, LI HHPFEET L2 IL2R LTS, LaL, EBEB2oKET
&, ZOHPIZET Z2SNILOETICNT2HEEHD 12 S0 LARE, S dama k) b
{, ZOWET, GG L EMEOREM IS SICHEBRENEL 3 EEZ6N D, BEMINEESIC
BWT, THEBIIBEEZIN S, FEEMWDICCWERL %) HKE LT, BEICNTLEI7/A4 7V AN
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Rl RS L AR LT, HLokakZ I L7 SIS I S 2 HH L 72f5 8%, Figure
327108, FHAE L XLA365dBA & 75dBAD RIS 59 %, Figure 3.27(a) & (b)IZ Z N ZF4UR
¥, HL2kak?3102> 5 19dBHLO S HEOBE S AL D 12 < & (O) &, SNIA3+10dB, 0dBDEEM:ICE W
T, HELVE»2b 567, 205 529dBHL (@) K 1'30%>539dBHL (A) DOEESID 12 S X
DY, EMEBHEASASNS, Lo L, HLawadSEIE ERFESID 12 S b EL 25 & v ) R
NI A S e\, EiliE OB E D 12 < S OFHiAY, HEETMREICKRE (KET 3 L& 2, T
SR IS ST 2R L LD EERHRETIE 2 h o 72 JRIIE, WEE T RIEOSA L FkIC, #
B ROEOHGEZ VWIS E L, RSB0 v VBB I e REFEZ 6N,
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Figure 3.26 Word intelligibility scores for each group of aged subjects. The groups of aged subjects are classified
according to the average of hearing levels at 2k and 4k Hz (HL2k.4k) in 10 dBHL steps. Different symbols repre-
sent different groups of aged subjects.
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Figure 3.27 Listening difficulty ratings for each group of aged subjects. The groups of aged subjects are classi-
fied according to the average of hearing levels at 2k and 4k Hz (HL2k4x) in 10 dBHL steps. Different symbols
represent different groups of aged subjects.

56



FEZEED IC< T IC L 2 2inE OZEEEIE D FHE

323 F&o

BRSNS SIS B 2 I X 200805, SN, &AL L2y, BEEHY 1 SIS UE T8I
DWT, WEETME LIRS 2 LICX DS L7, #HiE L aimE 2 g & LSRR X b DL
TEHSIZL 72,

(1) WilnEOMEID I 31E, A & ARICSNHOMES 25 & BAT 5,

(2) R L)L H65dBA & 7T5dBAD R XS 2 BAGE TR LI E D 12 < &1, SNHi23+10dB
2> 5 0dBOHIPH THIE DLADAAETH D, HiFL L65dBADKIH X ) $75dBAD
HBA D139 HEEEELD 12 < E AV,

(3) #iWhiE & ElhE OB S 12 S DEF, SNHA+15dB2 5 0dBOHPHTHETH H, FE%E
EAINES & DR ICEHEOR S I 12 IDIE I MR, ORI, BEE &S o
EMD IS SOFHMIFEE R 2 2 L2 RBLTVR D,

(4 AREBROMETIE, BEHL )L EEFNEEICE T 5 EiE OHGE TR RS HL) 1€
S DRNTH)IBIE A SN D > 7z,

3.3 &
3EECIE, IS X WSS 12 ¢ SIS RIE T, WHTIIGEYS & B I

kmfﬁﬁbk.%@%%,%?®vk%%%#~
(1) WElEORESIDIC< S, A L RRICRES LEEOWHFICEID AT 2, E->7T, &
nE 2 plng L L2GaTh, BEI) S S 2O TEF{EEERZ i T E 5.
(2) %#%a%#%@%%mb DA, BREEMMES LB E S ey 2 5, 5%
ZEMNMELTIE, FHICr2O 6 THEHREOREE D I SIFHMEFOREID I I LD
bR, BRFAINES T, SNEEA02: & +15dBOEIH IC BT, Wi @i oSy 1
X REMEOREIELD 12 S XD B, ZoEWIE, BEEHD 2L XoiHiifEn ) b,
WEETRREEIC X & e Wi o8, il &S, & 20BN & BN
%afﬁtécaﬁﬁﬁa%%éma
(3) FREEMNIMESICE T 2 G TRIEROBEE Y 1 < 313, 2kHz & 4kHzOHES L ~)L 2%
ERELSRIT D, BEEMNNESICE T 2 135 T REROREERD 12 S LR L L)k
AONBDoTD, Sl L S HETHRETIE, BEOHERLEBRAICK VEEHL L & okt
JIGER I NT VB 7, ORISR OBEENE P> 72 L, &5 W0ITEERHE
WYl of ZEDFERE LTEZILGNS,
(4) EEMNMESICE T 2 MGE TR OREEID 1 < 3E, AilE O YEE TR K OHE B
12K & &, 2kHz L4kHzOHES L RV DIl 2 FHA R & L 7 H PR T Pt 5.,

57



J
w
it

58
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HHEAI a7 —varypHESNLZEOFERITTIX, BHEEINEEFSEEREZERTE S
£I12, BEMOINECWEH LR DORIEZIT). Tokdicly, FTEHBEEREBORS
xR, T4bbEHEEEEROGHN BRI L 225, FHEEEEE, FHEEREZ CnL0S
LEEFTIHFIEBAL I ENTELZDER TR TH 2720, Z DRI L ARIC X > TRk
SN @B CTEING, GHEERAMERO EBFHEE & LTMorimoto 5 [6]232% L 72 THEZ LD 12 <
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speech transmission index (STI)[36] R Uf[42-44] 2SREINTE D, HEFHPHEBEOMREX L H
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RN B 2 FORFSOBREZICHEATE 20 8 ) 3L TR, AETIE, FEHEE T
EINTA VSNVAIRE R OIEEFEBIC LD, BHFEOENSEOYIER L THHERD 12 &)
DEIRICOWTH S 22T 5,

4.1 EBRCl FESMNESICE TSR
41.1 EBRAE

A. #R5RE

BeBRE L LCAs5 AR W, A ToEE I LB SR 2T 7. BAOBEIEA—2 A
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ELT, BTOWSEZ, 2RI B LT L UHI5dBHLUL FTh Y, [ERHAEh 2> L
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B. B

WA GIZ K ZHEEY R M 32|20 6, FliiE &g OmME I & > THEEE W 100§E% il LTH
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Table 4.1 Test words used in the experiment C1.

1 ¥vav 21 ¥4 a3 41 =Fkvya 61 Frynv 81 A¥¥ ¥
2 77k 22 29Ty 42 FA4 %V 62 Fuxry 82 A¥AhY
3 ®77F% 23 gwmavr 43 ¥ 7V 63 LAY 83 wILAF
4 ELAY 24 PavRAA 44 hI T 64 NV 84 7YV
b vy v 25 VhE/ 45 TH A 65 1 F=F 85 +vE/
6 VI¥v 26 L H Y 46 AT h 66 vV 86 Fv 7'V
7T 1TV 27 789 =7 47 vy 67 =237 87 ny=y
8 A H v 28 a7y 48 HA 77U 68 =% 88 NI A4
9 AvrxR3 29 Vo xE/ 49 IFV7 69 V/ v~ 89 FF 4%
10 7 vF%a2w 30 LARY 50 ¥ 7 v 70 € 90 ¥ ¥avw

—
—

NPT E 31 7%+ 51 evawv 71 FAF 91 a7 Fv

12 27V 32 FAHY 52 43w 72 X¥ 7 5v 92 UXARY
13 avz7s 33 "L Y 53 uw v 73 b ¥ 93 ¥ vF7
14 t¥X=v 34 FAHYVT 54 ¥ v 74 CUhY 94 rx YN
15 24 F7 35 FUYY 55 ~A ¥V 75 ¥4 ¥ v 95 v 77
16 P75y 36 FEYF 56 £4°Y 5 76 FH A 96 ¥4 X+
17 7y EX 37 49X 57 ¥av754 77 &YX 97 AXT%
18 Lo 74 38 ur Y 58 Ry X 78 A Y 98 > 2777
19 27w 39 A4 2 v 59 a4 E b 79 YA 99 I¥x7J
20 =k v 40 FhTY 60 KTvE/ 80 HvE v 100 F7 U

BUZAEZE R FIBICAT ) 72 DIEE FA W HERS TH 5, HERIITART4LE—7TH 5. HEDE
iz, BEEICBWILHETHREINZbDOZH w1,

C. XERES

A VNV AINVE R HEEICEAAAL Z EICED, BEE LML 2 ZER L 72, 4 YRV AIRE
13, HARBESRAS T HEEEWEMZESWGIZ X 24 VS VARG T — 7 R—A (114l S nT\wv 3 b
DEHVE, ZOTFT—=FXR=2121F, FEFHTHEINI66FEED A v L A IE DSINEE S 11T
2. DUToOFIET, 96FED A v OV ANEZ R OER L 7.

l. £V SNVAIREZDHDZEFEIRL, FEFEADOHEHICN LTSNS+ Th s LR 6t s
A VNV AIVE R LUz, ZORER, 220D A VoSV R INE T,

2. FEBHET 2 EG 2 ML, HOEPIROMEZ XK T 572012, STIH0.322561.0%TD
A VSNV AIE R BTS2 L E L,

3. 1 THIH L 22290 A VSV AIREDSTIZEH L, Z004i%20.05%ATRDI-L Z 5,
STIX0.4%>50.7DHFIPHIZEEF L 72,

4. INERBDIA 2 BSTI0.4BL F R0 7ML ED A Vo VA EE %, T—F R=2ICPEFRI N1 3
A VSNVAIGEZINLT 5 2 12Xk D ALHNSER L 72, STIZ0.4LA T & 7% % A4 v 7OV R
X, MoOA YRSV RAINEZBRAL LK DIER L7z, STIZ0.7ML EE &5 A VL RAINVE
X, A4 YOV RINVE DB 2 G AR LT EI 2 2 LI K DIEKL 7.
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Y

02 03 04 0.5 06 0.7 0.8 09 1.0
Speech transmission index

[ real IR I artificial IR

S = NN Wk A QO
T

Number of impulse response

Figure 4.1 Numbers of real and artificial impulse responses used in the experiment C1 as a function of STI in
steps of 0.05. Open and closed bars respectively represent frequencies of real and artificial impulse responses.

5. STIDZAiH0.05% A THEICKR 2 X 9 1c, FEBELZIEL 2. NORT229fHDFEEE T
HEZINTA VSNV AIRELSTIEEZ V-, AR T ATIICERL 724 v OL RIS 1
STIZ0.ALL T £ 72 %5 A4 VoSV RAIRE Z L TS, STI0.7DL k&7 4 oV AE % LATEEH
W7z, MLEDOAEHTICTREED A v 0L RN & HERIC L 72,

Figure 4. LIZFEBRICH W2 A YV RINEDSTID A %2 s, EERICH W72 4 Vo0V A IRE %2 HlE

L7t o g, =R, RiAEZ EOFIICOWTIE, (8 AR

D. SBEAEROER
DU IS S IR D MR T E 2 78 7,

1. 100HGEZ N Z NI D A 8V AIRNVE 2 B AR A, 9600 DR 2 kT 5. ZHuc
[Fl U 100 #1535 2 MBS S L7 R8O £ 419> (400%18) Z2 A 7z, AFF10000fHE D

2 v 3

2. 10000fHEH ORI D F 6, ETORENEG TN S L HICI00FEFORHEZREHL, HHOR
BEFER E T 5,

3. —EHOHEEZEEL WX IIC, 2EREFEZEDIRL, 2HEZ W T100 fHo i
HIRZERT 5.

AR I 2 WS 5 HAGE & 55 O BfR 2 Figure 4.21C BRI/, 100D E 55 10§ % #
itz Table 4.1 TR L HERESTRL TV, &, ML TRLAEHERS1ZAIUTDOD S X9
12, 100 fHORBHZIRS S CHRE NS 2 LT, SRENPSTHICBWTHNENS, ol i
L, FHMOETENT v A 3R N B,

1A O 5 BE FH 3 5 % S0 37D 2012 43 1 Tl & 1IC8em L 72, & mlo505 D 9 &, ReID2-oD
FilE0, SRR Z IR S ¢ 2 [117]7 D IC2FED IR, Thbb A Y VA IREEBAAALT
7RO & B S STIDME WL D2 & L7z, 5D DRlEE T v 7 LR Lz, LADOBERE IR L,
SHHOFERH SR Z HR Lz, fE->T, 20 \O#ERE I X > TI00FHA TOREH SIS 115 2
LT s,
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Series of stimuli #2
Series of stimuli #3
Series of stimuli #4

Series of stimuli #5

Series of stimuli #96
Series of stimuli #97
Series of stimuli #98

Series of stimuli #99

Series of stimuli #100 {10071 ] 2 [ 3 [4 [

Sound field

1 2 3 4 5

- 96 97 98 99 100

Test word
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[ 96 [ 97 [ 98 [ 99 [100]

[2fsf4]s]e]

[97 [ 98 [ 99 [100 1]

[3fafsfef7]

[98 [ 99 {100 1] 2 |

[afsfef7[s] -
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Figure 4.2 Series of stimuli used in the experiment C1. A series of stimuli consists of 100 combinations of test
words and sound fields. Each series of stimuli includes different 100 test words. Each test word will be presented
in all sound fields when all series of stimuli are presented.

E. ERREE

FERIF MR Z TfT o 72, Figure 4.3ICEBEEBED 70y 754 77 7 L L A=A
i, WO IERLSMICHE L 721 DD A=A 6HR L 7,
2 R Bk # Figure 4.4127759, 100~10kHz

R, R
EERICHWA A= DOZEEEIC BT
IZEBWTE5dBUNTHEHTH 5,

Fujitsu Ten, A520
FuJ itsu Ten,
¢ TDS512 :

Echo, Layla

D/A
1.5m

PC Anechoic room

Figure 4.3 Block diagram of stimulus presentation and loudspeaker arrangement in the experiment C1.

62



FEEED IC< & E BEEYIEEROBER

Relative sound pressure level, dB

20 100 1k 20k
Frequency, Hz

Figure 4.4 Frequency characteristic of loudspeaker used in experiments from C1 to C3 at listening point.

F. RERFIE

H % 10 ks CHEBRE ICHem L7z, M OSRR L ~)LiE, #BE o B RO IS 3 2 02 IC B
W, BEERE DGR WIRRE TERFEE CNEFIIISE, LA-5110) ZHWCHlE Uz, BEF st o e
[ ARE, B Eslow s L, E—27 L _L2%65+1.5dBAL %2 X)L 7. 1Ho#fT, O F
0 50734 % BEHUT 2 DI 902 B EEIZFI8 D TH 5.

BB I I MIZ K Z 1 S AR TIRZ R 79, MERICHAFEES TICES ¥, AR
D FFICL, REORACKHEYSRHL I 25272, THEEIO I &) olZEhdkE, HEEB
EAREIC, Morimoto 5 [6]D HHICHE > 72, BEREICIZ, RSNl E A Y A FTHIZEBD
WHEE D EFRKEC, ZORBMOBEEED I X% Table 4.204BBETHW ¥, KT TRHRAIHE
7o, HENC A TORERE IS L2000 X 2808 217\, 2E8E Sl o $ER BR NI 0% 2 LA
TEDHZERMERL -,

Table 4.2 Categories of listening difficulty[6].

1 BEEEH IS SR (Not difficult)

2 P BWEHWHIZ{Ww (A little difficult)

3 kb BESHDICC W (Fairly difficult)

4 FEEIC BEEHD I W (Extremely difficult)

4.1.2 PERFOREH EYIEEZREOHERE DT

4.1.1-CTHBR7A VSV AEITOWT, DT OYHEEEZ2 R L 7.
« STI
» Dso
« Cso
o IRFATEEDY (ts)
. Early decay time (EDT)
o FRERE (RT)

63



$B4E

STIZ% B < PyRifaEEIx, 250Hz7> 6 8kHzz Fb Mk L 5427 4 —7/3 F/)82 7 4 L4, 500Hz
MONKHzZD2A 7 5 —TMD Ny FXA 7405, ARET7 4 V9 % ZNZiuEd S 874 v OLRG
BIZOWTRD I, NV FRR 74 VY OIEWIREIZ-48dB/Oct. TH %, 74 V¥ V) v 7 kil HEE LT
f1o7., 2NN OYBHEREO R T EIE AHBICR .

Table 4.31CARFE7 4 V& &l L 7oA 7 OVRINE D & ELH U 72 YRR X O'STID AHBIR B T 51 %2
AT, Dso&Cso, EDTERTD ZNZNDRDMBINZ0.98 LIEHF IHE., £, ZO2HE DRI DM
12-0.75~-0.79 & HlE RS, 24U, HIEIZA V2L RIS DRI~ D T 2L ¥ DB E %2R
L, B&EIEA Y OVAINE DRI D& T 3L X ORI ERE 2R 9720, FICEHEE P HEEL,
A VRNV RAIRE DI ~NDE L XN X DEFDIRZ 0ES (—MIICIZEI & 25 KN WER)
TlE, MEDEMBDO BTN TREL B 200 LEZOoNS, (I EOYHREE L +0.9BED
EOMHBZY S O, mid L 2280 RN 2 R 2 R oW R Th B L E 25D, STUEt L kRIS &
DOYFAEIEE L S HBIE DS, & T 2 &, DsoOCs0 & DMHBIDE N, B Lo I3 ftho 7 4
WE LT YOV RIRED O FYBREE 2 KO 56 TH, EMENICIZFARTH - 7%,

STHEA Y SNV RIGEDH XN HE Z RV XFDEF L TCOUIES LA T2 EEZ 6N 5D, 2D
BRIV XDER L XA Vo OVRAIREDWM S TH 204681370 \w», L, Sl a—%
BOETOMC—MRN LW, THbLRRIHMESD L ) IEREE LRV XPEERE T 5 L) &
HH T, EXRNXEA VOV RIREDOWIIRT IR T 5. 65T, STIHDso X UCso & [FIRRIC,
A VSNV AIVE DI I BT 2 E RN X OEFEIUKE T 2720, 206 L OMHBEPE K5 L
EZioNb, £, O ERBAREBRTHOA VSV RIBREICRANLEERLLEENTHE I L
BB LTWS,

STIIZ DWW T, DsoCso0 & iR T, EDTSRT & DB E O EIZ DWW T, UT DX 9 REiHI#E 2
ohs, HAZEHICT 52720, EEE LR -DRNE»P R 255 %25 2%, EDTPRTIZEE ST
FVX ORRIHEOEE LR Z D 2 ENTE S, foT, KEFOEET D O OBENRFIDE %513
SfENKEL 5, —J, STlidmodulation transfer function (MTF) % J&ic L =R CcH b, #
DEHIZH 7 D 0.63Hz> 5 12.56HzD 14 B D ZS GBI 2 MTFZ2 2 2k d 5. MTFAS%
INET2 D DL, R OEEE SN 2R A3, 2RI (R OME) D1/ 20FE LI
MU 256 TH 5, B0 & BT D 1/21 124 3 2 #iPA 1%, MTFIZERRE 2
5. ROMAZEFEETDH 50.63H2zO 55 TEZ S L, ZFHMAINL.6M L% 2D T, KAHED
FENRE23800ms £ TOHiPH T, BENRHEPEC %212 EMTFRBEA T 5. ZO5MFICRNE,
EDT°RT LENH OBIfR &, MTF EENRRIOBRIZS x 9 iz 572 o, EDTPRTEMTFD
ik, BOMBIBIRBEFEIET 2. DsoCso T, ENRFEA50ms I TH UL, ENREDE <
BoTHHIBBZEDL S i, Zo &) MBI L v, ZBHRABEED S 2 51c>o0TC, k

Table 4.3 Correlation coefficients between objective measures. Objetive measures except STI are calculated from
impulse responses passed through A-weighted filter.

STI Dso(A)  Cso(A) t(A)  EDT(A) RT(A)

STI -
Dso(A) 0.96 -
Cso(A) 0.97 0.98 -
t(A) -0.90 -0.92 -0.90
EDT(A)  -0.84 -0.75 0.77 0.89 -
RT(A) -0.85 -0.78 -0.79 0.88 0.98 -
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B U 7 AHBHBEERASHR O SEOFEPH 3P < 72 2 (B I3 12.5H2D 85 4 (BN ] 307> 5 40ms D
BA) 23, ZOBIE2STIE EDTRORTOMBICEH G LT\ 2 iSRS 3,

413 HBREER

A BEEEDICK S EHBTHREDOHR

BEESHD I S LHMGETREZ E3R L MRIC LTk, BESID 1 S LM TREDOMGR%
Figure 4.51277 %, XHREIRZEIM S 2 72 DICH O FLMERT Y, T4hbb A vV AINE 2 BARAAL
TRV E, RHSTIZMEVA LR )EE (STI=0.305) 2B AAAAZFIEOREZ D 12 &
IF, ZNEFNIL.3%LI8%TH 7, H>T, D2 ODREIE oI HEERT & LCordEl %2 B L
TEY, AEBROMROMBMEEE O LRI NG, Bk, 4V OLRINEZBARIAALTO RO
oKL, Figure 4.57° 5\ 7,

HEE TR EMD IS ST 2 1c >0 T 5, Lo L, HEETHREDLTIRIZ27%
B (73%7>5100%) LvZe\s, —7, BERD IS SIEE7 0L 0P (2%H 598%) TEH S
%, ZOFEFRIHEDAILLG, 39, 88]RHEBOFEE L 3T 3,

B. BEEHLD I < & LB ER DR

—fic, DR EYHEEOMRIIIERIETH D, REEHSMHRCe AT 14 v 7O X 9 &S
FH—TI 5 2 %\, Satos [39FHEE ALY 12 & L UfH[42-44| DBk ZHE LT D, 2D
BB RAT 4y VTS BHTEZ L LTwA, fE-oT, BEED I & L YPEEOBGR S
FRICSTF A —T7TERINDZ EEZOND, AWFETIE, OWZ2EHICT 2720, LUTFOREICHE VLT
PESDICC Sz 2fBICZ8 M L, ERRIEYRHTIC & 0 PIBHEEE & OBIfRZ 3T L 72,

Figure 4.6(a)D & 9 Z#E A OREE D 12 SITRIBT 2 0MESEZE 2 5. H 2 HFRICT 2, D
BES EORIEH, FHES:, BERE o DIERID TR 5 LIRET 5 (Figure 4.6(b)) . M EHY
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Figure 4.5 The relation between listening difficulty ratings and word intelligibility scores in experiment C.
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Table 4.4 Correlation coefficients between the z-scores of listening difficulty ratings and each of the objective
measures. The objective measures except STI were calculated using the impulse responses (IR) passed though 1/1
octave band filters for each center frequency, a two-octave-band filter that covers octave bands of 500 and 1k Hz,
and A-weighted filter.

Band-pass IR

Objecti All- Two-oct. A-weighted
JeCHve pass Center frequency of 1/1 oct. band wo-o¢ welgnte

measure IR -band IR
250 500 1k 2k 4k 8k 500-1k

STI -0.97
Dso -0.86*  -0.88* -0.94 -0.93*  -0.92*  -0.88* -0.93* -0.94
Cso -0.85*  -0.88*  -0.93*  -0.92*  -0.93*  -0.88* -0.93* -0.94
ts 0.92%* 0.92%* 0.94 0.95 0.96 0.92%* 0.94 0.95
EDT 0.77* 0.80* 0.81%* 0.82* 0.80* 0.72%* 0.81* 0.82%*
RT 0.72%* 0.81%* 0.83%* 0.83* 0.85%* 0.82%* 0.82%* 0.84*

* statistically different from STI (p<0.05)

1kHz & A, CsoTIZARE, tsTlx1kHz, 2kHz, 4kHz, 500-1kHz & A¥iE<TdH >7-. EDTERT
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ORTO2HF O Rz Fio03, ZD2HE L D b STIMUtGEHEES LD 12 S DM E < 7% 516
235 %, ZOFERIE, BEMD I IPWIHE LRV ¥ EEREE I A VX O T TR, &
BEZ DRI EEEICOHERZZITL I EZ2RBLTWDS, 72770, BEERDIZC & EDsoE 7212Cso
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% 1kHz)» & AKHz DO RHSASARFE 7 4 V212 X D HRNICEF SN s -0 e E 2o 5,
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Figure 4.7 Z-score of listening difficulty rating as a function of each of the objective measures. A solid line and
dashed lines in each panel respectively represent a linear regression line and 95 % prediction intervals.
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Figure 4.8 Thurstone's Case V model of the law of comparative judgments[115].
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Figure 4.9 Frequency characteristics of additional noise used in the experiment C2.
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Figure 4.10 Numbers of sound fields used in the experiment C2 as a function of STI in steps of 0.05.
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Figure 4.11 Block diagram of stimulus presentation and loudspeaker arrangement in experiment C2.
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Figure 4.12 Time sequences of presentations of speech stimuli and additional noise in experiment C2.

72



FEEED IC< & E BEEYIEEROBER

422 YEEFEOEH

A. Speech transmission index (STI)[36]
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Figure 4.13 The relation between listening difficulty ratings and word intelligibility scores in experiment C2.
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Figure 4.15 The comparison between word intelligibility scores as a function of listening difficulty ratings in the
experiment C1 and those in the experiment C2.
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Figure 4.16 Z-score of listening difficulty ratings as a function of STI. A solid line and dashed lines in panel (a)
respectively represent a linear regression line and 95 % prediction intervals. Open and closed circles in panel (b)
respectively represent sound fields with soft (SNR=+30dB) or no background noise and those with loud
(SNR=+5, +10dB) background noise.
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&, DY FdH B 0IAREDOHB & b b #H TR, K3y FROAREOREAM T ICE T 3K
M X 2 HBERE D2 S, FRICRKTO.03ETH Y, HEELREIALNLY, dkHzDA 7 ¥ —7
NV R, 500-1kHzD24 78 — 730 F, ROAREDOBEAMTIC X 2 UETIE, BOXE?IRL %2
13 EHBIDE K R AR A SIS,
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Table 4.5 Correlation coefficients between the z-scores of listening difficulty ratings and various useful-
detrimental ratios. Useful-detrimental ratios were calculated for each 1/1 octave band of 1k, 2k, and 4k Hz, and
for a two-octave-band that covers octave bands of 500 and 1k Hz, and for the combination of A-weighted impulse
responses and speech-to-noise ratios.

Use (;inter frequenczykof 1/1 oct. be:‘nkd TW(;—ggf.{lk()and A-weighted
Uso -0.86 -0.87 -0.82 -0.84 -0.84
Uso -0.86 -0.88 -0.83 -0.85 -0.86
Ui2o -0.86 -0.87 -0.84 -0.86 -0.86
U200 -0.86 -0.85 -0.85 -0.87 -0.87
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Figure 4.17 Z-score of listening difficulty ratings as a function of useful-detrimental ratio (Uxx). Panels (a) and
(b) respectively represent results for Uso(A) and Uz00(A). Solid lines and dashed lines in both panels respectively
represent a linear regression line and 95 % prediction intervals.
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Figure 4.18 As for Fig. 4.17, but only for the sound fields stimulated by two impulse responses (IR-A and IR-B).
Circles and triangles respectively represent the results for IR-A and those for IR-B. Open and closed symbols re-
spectively represent Uso(A) and Uzoo(A).
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Figure 4.19 Z-scores of listening difficulty ratings as a function of Cso(A) (panel (2)), and of Dso(A) (panel (b)).
Different symbols represent different speech-to-noise ratio (SNR). Solid lines are linear regression lines for each
SNR.
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the results for IR-A and those for IR-B. Solid lines are linear regression lines for each impulse response.
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Figure 4.21 The comparison between measured z-scores of listening difficulty ratings and predicted listening dif-
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Figure 4.22 Width of 95% prediction interval of a multiple linear regression line at z-score of listening difficulty
rating (ZLDR) of zero as a function of the parameters of the regression line, which are Dso(A) and log1o0SNR(A).
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Figure 4.24 Averaged hearing levels of aged subjects who participated in experiment C3. Bars represent a stan-

dard deviation between ears. Dashed lines represent estimated hearing levels from ISO 7029[4] for 60, 70, and 80
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Figure 4.25 The relation between listening difficulty ratings and word intelligibility scores. Open and closed cir-
cles respectively represent the results in experiments C2 (young subjects) and C3 (aged subjects).

84



FEEED IC< & E BEEYIEEROBER

100 T T T T T %.; 6] 8 6 T T T
o o% * o ° o
X o L4
o [ ]
g 80} & o o {1 % o ° -
§ °
2 . o '
= °
S 60 | o 8 o - L i
"B ° °
% oo °
=
g °
'g 40 F o No noise, SNR=+30dB) L - o No noise, SNR=+30dB) 3
= ® SNR=+5, +10dB) oe® e SNR=+5, +10dB)
°
(a) Ex. C3 (Aged) ‘I (b) Ex. C2 (Young)
20 1 1 1 1 1 1 1 1 1 1

40 50 60 70 8 90 100 40 50 60 70 80 90 100
Listening difficulty rating, % Listening difficulty rating, %

Figure 4.26 The comparison between word intelligibility scores as a function of listening difficulty ratings in
experiment C3 (panel (a)) and those in experiment C2 (panel (b)).
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Figure 4.27 Z-score of listening difficulty ratings for the aged as a function of STI. A solid line and dashed lines in
panel (a) respectively represent a linear regression line and 95 % prediction intervals. Open and closed circles in
panel (b) respectively represent sound fields with soft (SNR=+30dB) or no background noise and those with loud
(SNR=+5, +10dB) background noise.
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ZZ2NZFN50ms (Uso(A)) &200ms (Uzo0(A)) & LTRDZEFERTH B, Uso(A) T, #ipE & A
Rz 7wy SIS SEA 2 E S 4, HHBIZ R T I TWw 3, Uzo(A)TH RO A S 15
B, ZAUTHIAT, FFICED20dBZ#E 2 245503 D ST 7u y FINTED, I 5I1CH
BEE TS T3, EIHDOEEIZUs0(A) & Uzoo(A)DZEDMBD T L HIRTRE VLD, 2 UIFEET
37 L, PN EDER LT 2 5 THEICALNLHATH 5. iE->T, BAXKMEZEST
52LE, CHOBEWEL TR LAREYTHY, WHEZEZZ L, BEEIND 12 S LoxinE A

Table 4.6 As for Table 4.5, but for the aged.

Two-oct.-band

Center frequency of 1/1 oct. band

e Ik 2K 4 S00-1k - Weighted
Uso  -0.89 0.92 20.89 0.87 091
Uso 084 0.89 0.8 0.83 20.90
Uxn 083 10.84 10.86 0.83 0.8
U 076 0.75 0.78 078 20.80
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Figure 4.28 Z-score of listening difficulty ratings for the aged as a function of useful-detrimental ratio (Uxx).
Panels (a) and (b) respectively represent results for Uso(A) and Uzo0(A). Solid lines and dashed lines in both pan-
els respectively represent a linear regression line and 95 % prediction intervals.
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Figure 4.29 As for Fig. 4.21, but for the aged.
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Figure 4.32 The relation between Intelligibility Index and STI [119].
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Figure 4.33 The relation between listening difficulty ratings and word intelligibility scores for the young. Panel
(a) represent the relation between z-scores of the average of the sound fields, which are grouped in steps of 0.1 of
listening difficulty ratings. The solid line in panel (b) represent predicted word intelligibility scores from the re-
gression equation in panel (a).
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Figure 4.34 As for Fig. 4.33, but for the aged.
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Figure 4.35 Rank of speech transmission performance based on listening difficulty ratings and word intelligibility
scores.
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Figure 4.37 Equal curves of rank of speech transmission performance as parameters of Dso(A) and A-weighted
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0.54 0.73 0.93
Rank of STP (aged) No rank v 3rd 2nd st

STI 1 1 1 1 1 1 1 1 ]
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Figure 4.38 The relation between rank of speech transmission performance (STP) for the aged and STI.
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Figure 5.1 Averaged hearing levels of subjects who participate in experiment D1. Open and closed circles respec-
tively represent the results for the young and the aged. Bars represent a standard deviation between ears. Dashed
lines represent estimated hearing levels from ISO 7029[4] for 20, 60, 70, and 80 year-old people. Estimated hear-
ing levels are the average of those for male and female.
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Table 5.1 Test words used in the experiment D1.

0N O Ok W -

AW W W W W W W W W WD DNDDNDDDNNDNDNDDNDDN = = = = = = = = =
S © 00 N O T b WD = O © 00NN O bk Wb —m O © 00N O O b Wiy — O ©
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Ly 7A
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LAY 122
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TV 124
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FFAY 129
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FRATH 137
2777 138
SEA 139
N7 140
Ly 141
7 142
27X 143
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RNV 145
2977 146
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NEZX 148
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UFU 150
A7y 151
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Sound field
Speech level, dBA 30 35 40 45 50 55 60 65 70 75

Test word
Series of stimuli #1  [[JE200] 21-40 | 41-60 | 61-80 | 81-100 [101-120]121-140] 141-160] 161-180] 181-200]

Series of stimuli #2 [ 21-40 | 41-60 | 61-80 [ 81-100 [101-120]121-140] 141-160] 161-180] 181-200 [ 12201

Series of stimuli #3 [ 41-60 | 61-80 | 81-100 [101-120]121-140] 141-160] 161-180] 181-200 [ FIE20 ] 21-40 |

Series of stimuli #4 [ 61-80 [ 81-100 [101-120]121-140] 141-160] 161-180] 181-200 1R300 21-40 | 41-60 |

Series of stimuli #5  [81-100 [101-120]121-140] 141-160] 161-180] 181200 FIS200] 21-40 | 41-60 | 61-80 |

Series of stimuli #6  [101-120]121-140] 141-160] 161-180] 181-200 [ 1220 21-40 | 41-60 | 61-80 [ 81-100 |

Series of stimuli #7  [121-140[141-160] 161-180] 181-200 IR0 21-40 [ 41-60 | 61-80 [ 81-100 [101-120]

Series of stimuli #8  [141-160]161-180] 181200 [FIS200] 21-40 | 41-60 | 61-80 [ 81-100 [101-120]121-140]

Series of stimuli #9 21-40 | 41-60 | 61-80 [ 81-100 [101-120]121-140] 141-160]
Series of stimuli #10 21-40 | 41-60 | 61-80 | 81-100 [101-120]121-140]141-160] 161-180]

Figure 5.2 Series of stimuli used in experiment D1. Each series of stimuli consists of 200 combinations of test
words and sound fields, and includes different 200 test words. Each test word will be presented in all sound fields
when all series of stimuli are presented.

Fujitsu Ten, A520

Fujitsu Ten,
TD512 A

Echo, Layla D/A

PC Anechoic room
Figure 5.3 Block diagram of stimulus presentation and loudspeaker arrangement in experiment D1.
WEE L AL DOREDR S NG AIC, @l S SR O PR IS 2, RO RRE O HIE R %
b fEtE e 2 D TH S,

BRI IX I 2 13 S AR Z R, MEERICI 2 [EE IS S B e, MEE DI
DU EFICL, MEDRACKHENIT LW 232527, THEIND I ) oRZEEIL,
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Relative sound pressure level, dB

20 100 1k 20k
Frequency, Hz

Figure 5.4 Frequency characteristics of loud speaker used in experiments D1 and D3 at listening point.

Morimoto & [6]D I e > 72, BEEREICIZ, PRSI N E A Y A F T 27280 1IcF»E 5 &
FRFI2, ZOREOBEELD 12 { & ZTable 5.204B8 B CHI ¥, BFTHAI L.

AR X, FINCHEBE T LR W IR X 2 BB 2T o 2, ME L, EERIIEE &AW
INDETHDIR LT 72, HEREERE X, BEICFARORBIEIC X 2 FHEO RS & 7o 78
DD DHDT, MEEITObE»PoT:,

Table 5.2 Categories of listening difficulty[6].

1 EEHLD 12 <l (Not difficult)
2 P FEEHLD 12 » (A little difficult)
3 kb FEEIDIZCW (Fairly difficult)

4 FEFIC BEEHDIZ W (Extremely difficult)

522 MBREER

A. HipE DFER

HEE TR ERES D 12K %, Wi & FRRIC LTk 7, Figure 5.5 & OfE R 2R T,

HEETIRIE (@) 13, HHLLICED & TIRIF100%ICEWETH 5. BBRE I HEE 1 IRIE % 5k
&, FELAOVEER E L VER SO % 1T 5 2458 % Table 5.312R8 7, & L LD FRHIE
AETIERY (p>0.05) 226, REBROHPHTIE, HEETREIIER L VI ELZZ T 50,
E-oT, HMFOHIETRELZRAICT 2HE/H L)L (MRL) 1%, 30dBAMI T TH %,

—J, BEERD 12 E (O) &, HFHELVICKEEEELZ, 3% 590%F TIRHIA W E% &
2. SEONT R T - REH (Table 5.4) , SHELLOEFRIZEECH -7 (p<0.05) . FEXHLY
KU, EA L UD60dBADEAICHR BIKC, HA L L2I60dBAD & fEd 2 12 4E > T DS 157
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100 g—o—0—0_o o o o o9

B (o) [ee]
(=] (=] (=]

[\
(=]

Word intelligibility score /
listening difficulty rating, %

0 1 1 1 1
30 35 40 45 50 55 60 65 70 75
Speech level, dBA

Figure 5.5 Word intelligibility scores (WI) and listening difficulty ratings (LD) for the young in experiment D1 as
a function of speech level. Open and closed circles respectively represent LD and WI.

Table 5.3 The summary of one-way repeated measures analysis of variance for word intelligibility scores for the
young in experiment D1.

Factor df SSQ MSQ F P
Speech level 9 34.0 3.78 1.74 0.09
Subject 9 24.0 2.67 1.23

Residual 81 176.0 2.17

Total 99 2340

Table 5.4 The summary of one-way repeated measures analysis of variance for listening difficulty ratings for the
young in experiment D1.

Factor df SSQ MSQ F p
Speech level 9 89876.3 9986.25 2541 <0.01
Subject 9 144613  1606.81 4.09
Residual 81 31831.3 392.98

Total 99 136168.8

T 2. #HiFEFDOMRLIZ30ABAM T TH D, 60dBAL D /NI VI L5, EEZORESH L L

(OSL) 1360dBATH %,

BEFRL VBT 2HEID I SDoAEZ, MEtlICHET 572912, TukeydHSD[120]iC
X 2% EIIEE (p<0.05) Z1To7. HEAUES%ICE T H2HSDZET L 7245 %, HSDIZ28.8%TH -
7o, BEoT, BEEMD I T DEN28.8% EThHhiUE, ZDERIEEAKERTHRTH S, TS
DICS EORAMEIZ3%TH D Z 06, RAMEL AREVALNE VDX, FEEEH I X2531.8%
DTOBETHE. ORI $EH L ~)LIZ50dBA% 5 70dBADEHIFATH 2. #ii# ODMRLIZ
30dBAMIFTH Y, EBL KO FIRETH 250dBAL H /X v, DLEX D, HEodrass
L L (ASL) 1350dBA%>570dBADIXRTH 5.
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B. ElnE DIER

Figure 5.6 Eilii & DFEHRZ R T, HEE T (@) 1%, &5 L L H50dBALL LA, $195% T
—ETHD, UL, FHfEEIEEZD, FHLLDM5dBAM NIE T T2 &, HHELNUBMET
THIHE>THEB TREBIET L, &HMEW30dBADEL TIEH65%F TR T 2. st o kR
(Table 5.5) , FHELNVOFEFRIIERETH -7 (p<0.01) |

HSDIZ &k 2 % H bl (p<0.05, HSD=9.1%) DR, HEE TREORNKME (96.0%) & HEAENA
ENBDoTDIE, EHFELNUDM4E5AdBAM LOBETH -7, fE->T, MimEOMEE TMEIX, AR
FRIAEL 52 LASABATIRKICET 2 LA k¥ 5, M EXD, Hih#EDOMRLIZ45ABATH 5.
FIREOWMEMND 12T (O) I, AHF LMARICEFR L XVOEELZRKRELCRZIT, 6.8%»5
96.8% L EIA\MEZ £ 5., DEOWOE (Table 5.6) , HTHELRXLOTHRIEETH- -
(p<0.05) . BEEHID 12 S1F, FAELUAPBHEINT 21200 THA L, HFHE L LB70dBAD S A&
Wi/ e 7% 5. MRLIZ45dBATH D, 70dBAL D bRV L2256, HiliEDOSLIZ70dBATH 5.
HSDIZ & 2 % HtiE (p<0.05, HSD=16.8%) DfEH, FH L L B70dBAD LA DEEEHLY 12 <
IE, HFFELUD60dBAM EOREEIND I SORICHEEN AN >, TIRIETH %
60dBAZS, EEDMRLE D bEWI 2B 25 L, BMEDASLIZ60dBALL ETH 2, ASLD |
RIEICDOWTIE, A%< EBT75dBAM ETH D, RIEFEDOFERD» O ERNICKD 5 T LIFTE R,

80

N
[e=]

N
(=]

Word intelligibility score /
listening difficulty rating, %

0 1 1 1 1 1 1 1 1

30 35 40 45 50 55 60 65 70 75
Speech level, dBA

Figure 5.6 As for Fig. 5.5, but for the aged.

Table 5.5 The summary of one-way repeated measures analysis of variance for word intelligibility scores for the
aged in experiment D1.

Factor df SSQ MSQ F P
Speech level 9 18021.1 2002.35 25.06 <0.01
Subject 19 9922.4 522.23 6.54

Residual 171 13661.4 79.89

Total 199 41604.9
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Table 5.6 The summary of one-way repeated measures analysis of variance for listening difficulty ratings for the
aged in experiment D1.

Factor df SSQ MSQ F p
Speech level 9 233671.1 25963.46 94.73 <0.01
Subject 19 37232.5 1959.60 7.15

Residual 171 46867.4  274.08

Total 199  317771.0

C. EipE LB DRI UER

FE DOSLIZ60dBATH 1, Vocal effort[67]25normalDHE&D, B 6 1mDEICBIT 55 H L
NV ERIEF-HL, 2o, BEEPACELTE, BEORXGEEROZML LR OIEE
MO RVEHWINE I LERBLTVS, )7, Hi#EDOSLIE, 70dBAL#Hi#E LD b
10dBEV Ml & 7o 7=, FiiE O E i #5i% OPTA (Pure-tone Threshold Average : 500, 1Kk,
2kHzDBE L X)L D3EHflE) 1%, #NnFn3.8dBHLE 17.5dBHLT® %45, OSLI%, PTAAS1dBHL
B 212dH7b, 0.73dBEML 722 L2422, SEPREDOIENL NLDIX6 DI PRIV
&, EilofEizHZTL 22003, BEOZEORESR[108-111] (0.18dB/dBHL~0.78dB/dBHL) &
REBEITZV, WLV ERELEOSLO EREI L 2w old, & ARSI S wiEkEt:
HHEDRETH D, V7N — XV FRIROL, Thbs, EEEHEEETOELEL LEL ARSI
ONT, FEHLEDLORVWI T FRAZIEL 2 L) IR 2BIROPB LRI NG,

Hn#E DASLIZ50dBAD 570dBA, EinE DASLIZ60dBALL ETH 1D, 60dBAA> 5 70dBAD X [EH3
HELTWS, itoT, HiFEERLRVEYL TR EARE & RIE OMEDRFHRTE 525 H L NIVDBEFE
L, ##Z60dBA»570dBADXTH 5. ZDIXRIZ, Vocal effortTldRaised (I1mihs T
66.5dBA) ICHM T 2720, REGHEECHIVUE, WAETH ZIUIEMIL (HBTE2EHL LT
b5,

523 F&&

WiEEO L OEBICE I 3 RO L~V LA L LR, $E & B0 2 s L

<, METHIELHESID IO S 25 LORD R, 2ORE, MFEWSHI L,

(1) #5hhE OROEEH L~V IE60dBATH B, £, FFAEH L ~ULIZ50dBAS & 70dBAD X[
TH5.

(2) HEMEZEORBEE L NVIZT0dBATH 5, F 1,
D, ERMEIZD% & bT5ABALL ETH B,

(B) EHWE L ABEOMHIC L >THETE 2L ~ADEEL, ZOKMIE60dBAL S

70dBATH %,

E&Lﬁ

REFEL LD NREIZ60dBATH
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53 RERD2 : RESNMEBICEFBFRERFLANIL

FHERD2TIX, #iE & UTRERE 20D B, REREDSRE T L NV RIFRE A L AVICE 2
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DRLA9% (BME244, ZH254) ZH W, SimEEERE N LGB EZ T 7. B
A=A X =7 ZHOTIT\, 125Hz2258kHZzE TD1A 7 ¥ — 7 2 L DI IcoOWT, BEHL )L
%5dBZ & THIE L 7z, Figure 5.7\C @M EBERE OV A =24 7 7 L% KT, FEEDI O EnE 85
BFOWVYIA =P AT 7 0 EIZIEARTH D, E NI R 22 FE4 < b % 2kHz DL B I B
JAEEL LD ER L, MIESEORESSEONMNEIC X 2 LEZ o N EFAEKICB Y 2V
XNVD EABRHRLNS, iE>T, EED2OEEEWEE S, FHIEORE L XL 2 K> EN 25
MEDENE A5, FHMEPERE ISR LT, BOMEZFEML 2o o728, AR REED
R R U THERR L 7.

B. B

RARGIC X 2HGEY A M [32]226, #iid & RlinE DM I & > TREED 120852 M LTH
7z, Table 5. 7ICFHEBRTH W HiiEZ R T, EBRDITHOL S N TW0 AR WHEED18EHE (il sk
HEE) 225, CHHEZHME T 2BICHCEBHBED Ty B RE 520 THSL. LrL, 2D
ISEDEHBEEDOHETH S I L IBZEDLL VLY, EHHEBICHELZ IFTILERwEEION
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Figure 5.7 Averaged hearing levels of aged subjects who participate in experiment D2. Bars represent a standard
deviation between ears. Dashed lines represent estimated hearing levels from ISO 7029[4] for 20, 60, 70, and 80
year-old people. Estimated hearing levels are the average of those for male and female.
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Table 5.7 Test words used in experiment D2. The test words with asterisk(*) was not used in experiment D1.

L5 X7 26 7V E/ 51 A X 5% 76 hv 7y 101 X¥av=7
TAY 27 rvF o 52 ¥4 74 77 N5 A4 102 2A 3~
¥ = 28 #XJn 53 Vi€ / 78 Fux¥v 103 Faxw*
—hkvya 29 JVE/ 54 45 79 Evhy 104 AvE/
T AL m* 30 27V 55 3 a9+ 80 L v 7A 106 7€/
£ F=F 31 A b7k 56 A YA 3 81 Av¥yy 106 ¥vav
A A 32 7Yy 57 o7 ev 82 vavyyt 107 A¥¥X¥
A 4 33 FAhTV 58 74 %V 83 Fu 7y 108 Fv 7V
—av3arz 34 nY=Y 59 v avy 84 77 v* 109 vz A%
TE7T¥ 35 Y 60 2 mar 85 LvF 2w 110 7UEF
AV 7T 36 AnFv 61 AvatE 86 ¥awxaz*r 111 /¥y

0O O O kW N~

—_
— O ©

12 ryav 37 a7 62 v v 87 v h 112 ¥4 x>
13 vy 38 FF-A4Y 63 7F¥ b+ 88 Fr7 YUY 113 =7 <*
14 =vyv 39 "AF ¥ 64 t FVe* 89 74 =7 114 =77
15 ¥y~ 40 a7 7 65 74 %V 90 L vV 115 7€ /*

—
(o))

AvHy 4l AEFwE 66 ATV 91 XavsA 116 A3y

17 rvay 42 a5V 67 >T7 7% 92 v vavy 117 A4 %~
18 vV /=~ 43 FYH 2 68 75 7 X* 93 +ESYF 118 =h v
19 27V 7 44 NV 732 69 tawnNy 94 ~APV 119 S¥v 5
20 4% 45 arvy 70 VANV 95 myYv 120 7L 7 L*

A}
—

TR RY 46 F7 7 a* 7V AT 7T 96 ¥ 2PV
Y 47 av ¥ F* 72 YFEI* 97 ALKV
FFNFE A8 Xy 73 7Y FY 98 ~rY =7
A% 49 Ny 5 74 ENLRAT 99 ~A Hv
=Ry 4 50 2 akbA 75 VALY 100 v 7 K

DN DN DN DD
a1 = W N

%. Table 5.7127/ L - HEEDO IO &5 1%, shBHERER OB, EFE%Z2FWICiT ) 720 E _EH
WRSTH S, HERIIITRTLAE—7TH S, FEOERICIE, BERICEWT, WHETHREIN
horHWE,

C. XEE%

BHDN7 X =715, BRERELEEFRLXVLD2DTH 5,

A VSN RIEERERAL T LT, FERIRES 2L 72, 4 OV RINE ORI % Figure
5812 T, A Y OLRINVE L, HET L2 EES» OB ING, BETRYNN-T71L—%
(YAMAHA, SPX-900) % HWTIERR L 72, REF OEEE IS T 20U & FHE L L (K
DAtKONAL) 1Z, ZNFN50ms & -20dBIC[EE L 72, ERE X, HaaszhH[62]1%2 &5 L, RELT
DERTHEZFTE LI LI RE L7, BREFEZWRT 2 O EHOZPRMERIEZE 2T, BEED
BHEORMEHREOEHS 2L 25 2 LIk D, EHERR%0.5s, 1.0s, 2.0sD3fEHICFHEL 7. LN T
X, ZNZNRT05, RT10, RT20L G, 7%k, FEKFH O FEBERE ST TH 2. FEELOY
FEIERE 2 Table 5.812/8 7, FRESZ OENRIAB0mMSs TH 5 728, Dso(A)S2Cso(A) 1 HEL IR,
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Direct sound

AL =-20dB

Reverberant signal

— Time
At =50ms

Figure 5.8 Impulse response of test sound fields used in experiment D2.

Table 5.8 Objective measures for impulse responses used in experiment D2.

Impulse response ~ Reverberation time, s STI Dso(A) Cso(A)
A 0.5 0.56 0.38 -2.11
B 1.0 0.49 0.29 -3.81
C 2.0 0.38 0.20 -6.12

T L Lk, #ERE OISR T 2 EICE LT, BERE DO e WIRRETREE R & F VLl
L, HRELOLOMER, EESOAZEELTTo 7, Bt o MM BdiE m g AR, B
Pizslowds L, FHEMOE—=7 LRV ZHEL 7, BEETOAZHELLGAEOEHLRIL%Z,
35dBA7%> 5 70dBA % T5ABAIATSHMHICHRE L 7. 6o T, BESZMNML 285ADE/H L LI,
FUFAL L DORETHBERMPHIEIC X > THRAL 2, BESZEOLEH L LI, FREFR
0.5s, 1.0s, 2.0sDZNZENDHHFITE VT, EEEOAZHELLGEOEHRLLED, FEEICH
W72 1205ED ¥ T5.6dB, 6.7dB, 8.2dBI OHIfMT 2. FHEEFICHEL THETE 2013, BEEZ S
DIFRLRNLTH L0, UTTREEZFOAZBHELLGEDTR L )L b L 7E%2 A7
L Lz HOBTONZiED 5,

SO PR ZER N & SEHEDH L X)L 2 A G by 7224758 % K58 & L 72, Table 5.91C F2Ba3%
DGR —=FIZOVWTE LD S,

Table 5.9 The summary of parameters of test sound fields used in experiment D2.

Sound field RT,s (wsiflf i:z;’e\(;;l A Sound field RT,s (\;f; :l;';ye\(;;l’ A Sound field RT,s (wsif}f iz};.;,e\;; A
1 35 (40.6) 9 35 (41.7) 17 35(43.2)
2 40 (45.6) 10 40 (46.7) 18 40 (48.2)
3 45 (50.6) 11 45 (51.7) 19 45 (53.2)
4 0s 50 (55.6) 12 Lo 50 (56.7) 20 2o 50 (58.2)
5 55 (60.6) 13 55(61.7) 21 55(63.2)
6 60 (65.6) 14 60 (66.7) 22 60 (68.2)
7 65 (70.6) 15 65 (71.7) 23 65 (73.2)
8 70 (75.6) 16 70 (76.7) 24 70 (78.2)
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D. HEBRAZRDOIER
DUN 15l IR D E R T %2 78 5,
1. T 2120§5E2 B 50 VCIEL ST O F Lo, 24HO¥EREZOC %, kB, FU
HERRHCE LT — 705 U HEENA S 0 X HBLE L 72,
2. BHFERICEBOGSZ 1SS T M TA I Eic k), THORBHEHZ SRS E 5.
3. TFMH2%, FUHERICFAUCSES2E0 Y TRuE HISHRVIEL, Ai10M oS % 58
JREHE S,
107H O B & 2 HE R 3 2 BAGERE & B8 D BIfR 2 Figure 5.912789, Figure 5.912& 1) 2 8513,
Table 5.8 C/R L ZHiFEHR S TH 5. FEEDI1 L FRICHIEOHHN7 v A2 M2 - d121F, B
A 24 L, 240580 wE T OB SR Z IR T 2 0803 H - 7208, REBRTIE,
10 OB 2 2 2 n4lal £ 72 13572, FEHN 7 v A SR Tw» v, HEO
RERHFHRZH O TWR I EDS, HEREDONT VADINT VS EEZ SN, FiHANT v ADE
DBHolt LTHBETEIIREL L EIoNS,
VOB IR %2, A0 O D3R OFRATIC T T, Bl ICdn U, shBRH IR % 3lA o ik
FRIZOT BBRI21E, BRANCHEE 5 v F LI Z, B S IZEIC4003 D 55 1) 7=

E. ZBEE

T IF MR TfF> 7. Figure 5. 10ICEBEED 70y 794 775 L L A=A ilEZRT, T
IF2chowavelb R TF I MEINTE D, LehiCEEE D ADRIE, RchicBEZDAZ BHAALTY
FEBNERI N TV S, FELLOHIEIR, Khosw.zoffic L, EH#ESTOAZEHELTfIo7, #

Sound field
1 2 3 4 5 21 2 23 24

Test word
Series of stimuli #1 | 1-5 | 6-10 | 11-15 | 16-20 | 21-25 | - [101-105]106-110[111-115]116-120]
Series of stimuli #2 | 6-10 | 11-15 | 16-20 | 2125 | 26-30 | -+ [106-110[111-115[116-120] 1-5 |
Series of stimuli #3 | 11-15 | 16-20 | 21-25 | 26-30 | 31-35 | - [111-115]116-120] 15 | 6-10 |
Series of stimuli #4 | 16-20 | 21-25 | 26-30 | 31-35 | 36-40 | - [116-120] 15 | 6-10 | 11-15 |
Series of stimuli #5 | 21-25 | 26-30 | 31-35 | 3640 | 4145 | - | 15 [ 6-10 | 11-15 | 16-20 |
Series of stimuli #6 | 26-30 | 31-35 | 36-40 | 4145 | 46-50 | -+ | 6-10 [ 11-15 | 16-20 | 21-25 |
Series of stimuli #7 | 31-35 | 36-40 | 41-45 | 46-50 | 51-55 | - [ 11-15 | 16-20 | 21-25 | 26-30 |
Series of stimuli #8 | 36-40 | 41-45 | 46-50 | 51-55 | 56-60 | -+ | 16-20 | 21-25 | 26-30 | 31-35 |
Series of stimuli #9 | 41-45 | 46-50 | 51-55 | 56-60 | 61-65 | -+ | 21-25 | 26-30 | 31-35 | 36-40 |
Series of stimuli #10 | 46-50 | 51-55 | 56-60 | 61-65 | 66-70 | -+ | 26-30 | 31-35 | 36-40 | 41-45 |

Figure 5.9 Series of stimuli used in experiment D2. Each series of stimuli consists of 120 combinations of test
words and sound fields, and includes different 120 test words.
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Figure 5.10 Block diagram of stimulus presentation and loudspeaker arrangement in experiment D2.
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Figure 5.11 Frequency characteristics of loud speaker used in experiments D2. Panels (a) and (b) respectively
represent the characteristics at left and right listening points.

Brcix, FHE#ETLchERch%E S v 7 2 LT 6D/ALHL, 1OD A=A oz iR L&, 2
ik, AE—A M LAA30° D2 TH Y, AE— Lol ZznZn2mTd 5. FEICH
W A=A DZNZFNDZEERITE T % JAMEFRE: %2 Figure 5. 11ICR T, EAOZEERICEIT 5
BB X121 L <, 100-10kHZIZ B W T5dBUNTHHTH 5.

F. RERFIE

R DHE T 72 & RORADBHIG SN 5 £ TOIFEZ Y108 & LT IR L7, R #a T
bR, #ilind & mimE CRETH 5. 10T, > D400 2 IS 2 DI2h 2 RIX, 99759
Th 5.

%713 FED1 L AR TH 5, Filnd MO EiH U 1X, FATcIBR T2 1048130 X
LB 2 T o, MEIL, FEBRSHREEAMISNS FTHRDIELITo %,
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532 MHEREEER

A. HinE OFER
BEEETHE EMRL

YIEE 7RIS OfE S % Figure 5.12127R8 7, Bl E R L L, BEEZ&OL L)L E L,
BERNOFE L2 A % L, RTO5 (FBERNO0.55DFH, O) AMud23%H & R Tiiasm <, K
T L XULMEOEFE T, ZOMEAE L DHS»TH S, Glasbergs[94]1%, &L <)L (Sensation
level) 2MEK %2 %138, FEROKMDMREOET T2 L2MELT0E, BEFICLEZvAXF VS
S L B ORI fRAE IS BN H 2 LIRET 5 &, REBROFEFIIFHTE S, —J, RTI0 (5%
REllsDHY;, A) ERT20 (BRERH2sO Y, ) T, HEETHEICIZLAEEDBAR SN,
TRELNVDOWELZ AL L, RTO5TIE, HFHL_UHHRA (75.6dBA) DBE D ARYE T IRE DMK
TE50, ZREIDEOGEHL LTI, HFETHEZIZIE-ETHS. —J, RTI0LRT20TI,
AL RVMEWESICHEETIREIRE (KT 5. £74, RTOSEFERIC, &FHLL2EWESE
ICHEE TREME T T 2 A 515,
HWHETRENRREREF AL (MRL) %, RT05, RT10, RT20DZNZFHUZDWTRD 5,
Table 5.1012RT05, RT10, RT20D Z N ZFHIZDWT, HFA L)L 2 A L 2 VEE ST %
o TR AR T, i iT 3R O YEE TIRIE2 B LT > 7228, EED20uEG, 155 H7:
D DOEEBIIS L D7, BRFEDE IS X 2571 (Subject) IXAIEHDIL WEEICHARTRELS &
BAREMEDS S 208, Z D ESHEL 72 ETEFR L VO EREZBEL T30 TREIZ R \», D
BERMICBWTH, TRLVOFMRIEIAERETH -7 (p<0.05) . ftoT, HEANAEL 25+
LV AGDED, EORERMEICE WTHHEAET S, TukeydHSDIZ &k 5% &ELK (p<0.05)
Ziro 4558 (RTO5, RT10, RT20 2 ZFHUCH T, HSD=4.9%, 8.1%, 8.2%) , RTO5TI3#%
L L H75.6dBA £50.6, 55.6, 60.6dBADKHlAA DY, RTIOTIZFA L N)LH341.7dBA L
56.7dBADFHAAHYE, RT20TIFH A L R)L9343.2dBA £ 53.2, 63.2dBADKAAGHRICE LT Z
NEFNHEEBHR SN, D% D, RT05TIE75.6dBA, RT10CI1341.7dBA, RT20C1343.2dBAICE
V2 HGE T IRIEDS, o L L OB LI CHREICHEE TREIMEN L. fiE->7T, RTO5,

100 T ) T T T

9 -

RT
70 0o 0.5s
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A 1.0s
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Word intelligibility score, %
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L
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Figure 5.12 The word intelligibility scores for the young in experiment D2. Open circles, triangles and squares
represent the word intelligibility scores for the reverberation times of 0.5, 1.0 and 2.0 s, respectively.
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Table 5.10 The summary of one-way repeated measures analysis of variance for word intelligibility scores for the
young in experiment D2,

Reverberation time = 0.5s

Factor df SSQ MSQ F P
Speech level 7 1004.7 143.52 2.56 0.01
Subject 42 1755.8 41.81 0.75

Residual 294 16495.3 56.11

Total 343 19255.8

Reverberation time = 1.0s

Factor df SSQ MSQ F P
Speech level 9 2437.21 348.2 2.29 0.03
Subject 19 5830.23 138.8 0.91

Residual 171 44662.79 151.9

Total 199  52930.23

Reverberation time = 2.0s

Factor df SSQ MSQ F P
Speech level 9 3344.19 471.1 3.09 <0.01
Subject 19  12013.95 286.0 1.85

Residual 171  45455.81 154.6

Total 199  60813.95

RT10, RT20ic%1F 2MRLIZ, Z#%Z#140.6dBALL 170.6dBADLT, 46.7dBAML I, 48.2dBAM 1T
b5,

FEZHELD (C< Z&O0SL, ASL

FEEHD 12 S DfERZFigure 5. 1312787, HE L VB 6T, BERRIES 2213 S
Hhic Eix@E <L %%, RTO5, RTI0, RT20icB 2B Y I I m/MEIZ, Z2nZFh,
25.6%, 50.7%, 60.9%TdH 3.

FEEH D I2 S EFA LV OBRIE, FEERD] & FERICH 2/ MEZ RO E 2. HRL L
DFEIRTOSICE W TR D KEC, FEEHLD 12 X1325.6%0°565.1%F TE{LT %, HRl L AbY
THEZ5 L, BRERMIHEHS 2213 EEHR LS I S RIFTTHEIINS SR ED, T
&, BEEHD 12K S OR/IMEDVERERHDI RS 2213 8RR 570 TH 5.

RTO05, RT10, RT20icB VT, BEESHD I I R/MEZE & 2Dk, 2N ZN55.6dBA,
56.7dBA, 53.2dBADYATH Y, ZNZNDOELICE T A2MRLED b, #6-T, ZNnZhoH
Bo B 2B A L~ (OSL) 1%, 55.6dBA, 56.7dBA, 53.2dBAT® 5.

Table 5.1112RT05, RT10, RT20D Z N ZF3UTD\WT, T/ L)L 2K & 5 1ER S #OIT 2
Tofeftifzmd, FOBRERMICE LT, HHLVOEHRITAER (p<0.01) THYH, AR~
DELZ2HEHLNVOMAGOED, EOBREREICEWTLHEAT S, Tukey®HSDIC X 3 % Hlt
iz (p<0.05) #17-> 7% (RT05, RT10, RT20D ZNnZFHnIc BT, HSD=14.4%, 14.0%,
11.3%) % Table 5.12127"F, RFD* ZZDEH L NV DOHAGDLEICEWT, BEHD I IITE
BAEBD LI LZRT, $7o, FRERRICE T 520SLe o 1) TRd,
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Figure 5.13 The listening difficulty ratings for the young in experiment D2. Open circles, triangles and squares
represent the listening difficulty ratings for the reverberation times of 0.5, 1.0 and 2.0 s, respectively.

Table 5.11 The summary of one-way repeated measures analysis of variance for listening difficulty ratings for the
young in experiment D2.

Reverberation time = 0.5s

Factor df SSQ MSQ F p
Speech level 7 58147.7 8306.81 17.25 <0.01
Subject 42 1346209 3205.26 6.65

Residual 294 141602.3  481.64

Total 343 334370.9

Reverberation time = 1.0s

Factor df SSQ MSQ F P
Speech level 9 26780.2 3825.75 8.47 <0.01
Subject 19 155323.3 3698.17 8.19

Residual 171  132769.8  451.60

Total 199 3148733

Reverberation time = 2.0s

Factor df SSQ MSQ F p
Speech level 9 270779 3868.27 13.17 <0.01
Subject 19 163395.3 3890.37 13.24

Residual 171 86372.1 293.78

Total 199  276845.3

RTO5IZEWT, OSLIZBIFZHEEHD 12 I EHEENASNZRVLDIE, /45 L LH50.6dBA &
60.6dBADETdH 5. RTO5IC#1F 2 MRLIZ40.6dBABL -70.6dBAML N TH 2005, Lo X<T
E, BEETMREIRRARISGEL TS, iEo>T, #FEEA L XIL(ASL) 1350.6%>560.6dBAD X[H T H
%, [FfIC LTRTIOKRURT20ICE 1 2ASLEZRD 2 &, 2N ZFN46.70566.7dBA, 48.27%5
63.2dBADX[ETH 3.
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Table 5.12 The results of multiple comparisons between listening difficulty ratings for the young for each rever-
beration time in experiment D2. Asterisk (*) represents that there is a significant difference (p<0.05) between lis-
tening difficulty ratings.

Reverberation time = 0.5s, HSD=14.4% (p<0.05)

40.6 456 50.6 60.6  65.6
40.6 - * *
45.6 - *
50.6 -
55.6
60.6 -
65.6 - *
70.6 -
75.6 -

Reverberation time = 1.0s, HSD=14.0% (p<0.05)
41.7 46.7 51.7

41.7 - *
46.7 -
51.7 -
56.7
61.7 -
66.7 - *
71.7 -
76.7 -

Reverberation time = 2.0s, HSD=11.3% (p<0.05)

432 482 58.2 63.2

432 - *

48.2 -

53.2

58.2 - * * *

63.2 - *

68.2 -

73.2 -

78.2 -

B. S DHER
HEETEE EMRL

HAEE T RIS DfER % Figure 5.141277 7,

PRERSE OB R RS E, SERAICIZRERRE I EHETRE IR LR T 5, W T RIEOR
Kfitild, RT05, RT10, RT20i2BWT, ZNZFNT77.1%, 69.0%, 66.9%THbh, HREF DA X
DRESMET LTS, RTOSDHGE T IIHICMh IR BERH X » b Ev2%, RT10 ERT20D HiGE T
FREEIE, HH LU H3502% 5 60dBAD X TIEHIZE DIZ ) DNE WY, hOEH L XV OXETIEdH £
DR 7213 A S L\, FilhE OHEE TIREE T, 38 L LRI IR BRI & 2 HEE
FRIEDFEDIRE 70 2HIADIH & 72 h3, Gl OHEE T IRE CIEZ OfIAIEA S ke,

BRELNVOEE 2 AL L, RERMICELS T, HRLLNEE X 2550 560dBALLNICA S
&, HEETMEMET LI® 5, A& T, S LU DE WG ICHEE TREME TN 2
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Figure 5.14 As for Fig. 5.12, but for the aged.

M3 &N 758, i <lE, RT10, RT20ICEWTHRADEH L VICE T 2 HEETREIMET L
TWVBEIITAHAZDZLDD, ZOMHEAEIZIHMETIZ 2,

Table 5.1312RT05, RT10, RT20D Z N ZFHUTDWT, FH L)L 28K L 2 1 ER S BHT %
fTofR 2Ry, EOBRERMICE LT, THLVOTERIZAEE (p<0.01) THY, AF
PELCZ2HEFEL VDM AGOED, EOREBRFICEWTLHEAT S, TukeydHSDIC X 3 % HEH It
iz (p<0.05) %f7-7#E% (RT05, RT10, RT200 ZnZFHIzH v, HSD=11.2%, 12.8%,
11.4%) , ZNZNDOFLICE T 2 HEETREDRAME &L AEEDA SN D%, RT05TIZ50.6dBA

Table 5.13 The summary of one-way repeated measures analysis of variance for word intelligibility scores for the
aged in experiment D2.

Reverberation time = 0.5s

Factor df SSQ MSQ F P
Speech level 7 29400.0 4200.00 12.68 <0.01
Subject 48 138169.4 2878.53 8.69

Residual 336 111300.0 331.25

Total 391  278869.4

Reverberation time = 1.0s

Factor df SSQ MSQ F P
Speech level 7 37713.3 5387.61 12.49 <0.01
Subject 48  143977.6  2999.53 6.95

Residual 336 144936.7  431.36

Total 391  326627.6

Reverberation time = 2.0s

Factor df SSQ MSQ F P
Speech level 7 30529.6 4361.37 12.70 <0.01
Subject 48 110000.0 2291.67 6.67

Residual 336 1154204 343.51

Total 391 255950.0
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DUF, RT10TIZ46.7dBALLT, RT20TIZ53.2dBALL TOHFEL ~VICB T3 HETRETH - 7-.
fE->T, RTO5, RT10, RT20iZ¥ I} 3MRLIZ, Z#ZF55.6dBA, 51.7dBA, 58.2dBATH %

FEZEEYD (IC< T &0SL, ASL

FEEHLD 12 X DfER % Figure 5.15128 7, HHLLVICED ST, BERMPEL 2213 80
Bz 1@< %%, RT05, RT10, RT20ICH T 2BEEHLD 12 S Di/MEIZ, 2R ZFh, 42.0%
%, 56.7%, 64.9%TH%.

BEEHD 1T S EHFHELNLVOMRIE, HEOLA LR, WELRBU/MESA SR \», FA
L )L 235525 60dBAE TOXTIX, SFH LNV ERT I THEEID I SIMET T3
2, GRLNUBZERP EIChs s, BEID I XFEEE4H%, 271, RTIOERT20T
X, HEL_U75dBAZEZ 2 RSN IC S ERTAHASBA LGNS, BEEHD 12 I
INE R B LU, RTO5, RT10, RT20i1CHWT, ZNZFN55.6dBA, 66.7dBA, 73.2dBATH
5., INHDEF L)L, ZNFNOFEHICEITAMRLE D <, 5.0 L AFEIL6E 2N
IEOSLIC 72 278, BB L 72X HICHEEED 1T & &EFH L ~UICBIRICE W TIHIE R MR/MED A 5 41
e, ZEMEELTIRASILELET S,

Table 5.14/12RT05, RT10, RT20D Z N ZFHUTD\WT, FH L)L 23K &3 5 1K 8BohT 2
fTol-fiRzmRY, EORERMICENTY, THELRIVOTNRIZAE (p<0.05) THY, FEE
DEL Z2EH L VDO AGDED, EORBERICEB WTHIFET 3.

Tukey®HSDIZ & 2 % &l (p<0.05) %17 7fEH (RT05, RT10, RT200D ZNZFHITHE VT,
HSD=12.2%, 13.0%, 12.4%) % Table 5.15/2/"7, BEEHD 12 IR E B B EH L L2 fdh 1)
TRLTWS,

RTOSICEWT, EEHD I S OR/IMEEBREED D 52 DIE, HH LV 0350.6dBAM T DHET
H%. RTOSDEGA, AL ~LA360.6dBAM FICBIFABEEHL) I SMIFIFEFETHD I L2H*
A5 &, HRLLD60.6dBAM EOBEEHLD 12 & &, %4 L ULp350.6dBA &£ 45.6dBAD YA D
FEEH DI, SICHBEEBALNLELI LD 5, 45.6dBAZREEHLD 12 S DR/ME L BEAED
LRLVDTFREEEAZZEHTES, Lo L, RTO5ICE T 3MRLIZ55.6dBATH 27925, RTO5D
ASLO TRt I1£55.6dBATH 1, LFRfEIZA L L H75.6dBAM TH 2.

100 T T T T T T T

0
S
T
1

f

Listening difficulty rating, %

40 E
RT
20 F o 0.5s E
A 1.0s Aged
0 2.0s

O 1 1 1 1 1 1 1
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Speech level, dBA

Figure 5.15 As for Fig. 5.13, but for the aged.
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Table 5.14 The summary of one-way repeated measures analysis of variance for listening difficulty ratings for the
aged in experiment D2.

Reverberation time = 0.5s

Factor df SSQ MSQ F P
Speech level 7 27265.3 3895.04 8.63 <0.01
Subject 48 2207673 5256.37 11.64

Residual 336 1327347 45148

Total 391  380767.3

Reverberation time = 1.0s

Factor df SSQ MSQ F P
Speech level 7 203429 2906.12 5.70 <0.01
Subject 48 177898.0 4235.67 8.31

Residual 336 149857.1 509.72

Total 391  348098.0

Reverberation time = 2.0s

Factor df SSQ MSQ F P
Speech level 7 7811.2  1115.89 2.41 0.02
Subject 48  127040.8 3024.78 6.52

Residual 336 136338.8  463.74

Total 391 271190.8

Table 5.15 The results of multiple comparisons between listening difficulty ratings for the aged for each rever-
beration time in experiment D2. Asterisk (*) represents that there is a significant difference (p<0.05) between lis-
tening difficulty ratings.

Reverberation time = 0.5s, HSD=12.2% (p<0.05)
40.6 456 50.6 60.6 656 70.6 756
40.6 - * * *
45.6 -
50.6 -
55.6
60.6 -
65.6 -
70.6 -
75.6 -

* * *

Reverberation time = 1.0s, HSD=13.0% (p<0.05)
41.7  46.7 51.7 56.7  61.7

41.7 - * * *
46.7 - *
51.7 -
56.7 -
61.7 -
66.7
71.7 -
76.7 -
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Table 5.15 Continued.

Reverberation time = 2.0s, HSD=11.2% (p<0.05)
432 48.2 53.2 58.2 63.2 68.2 78.2

43.2 -

48.2 -

53.2 -

58.2 -

63.2 -

68.2 -

73.2

78.2 -

RT10ICE VT, BEEHD IS SORAME L BEEDD 52 DIE, FH L L0346.7dBALL T D4 L
76.7dBADEETH 5. RT10I2E1F 3MRLIZ51.7dABATH b, BEEHY 12 I DR/ME & BREAD L
WL LD TRETH 551.7dBAL E L\, fE->C, RTIOKK BT BASLIE, 51.72>571.7dBAD
XHTH 5.

RT201CEB VT, MEEHD I SORIME L HREEDDH 5 DIE, HFH L XNV 043.2dBAOEED AT
Hb, 2FH, HFELLDM8.2dBALL ETlE, BESED I JICHEEDE Y, RT201281F 2MRL
1358.2dBATH %75, RT20ICE1F 2ASLO FRfEIZ58.2dBATH D, RFRflEIZA 7 < & $78.2dBA
DETH 2.

C. BlnE L EmE DEBRRUER

Ti#F DRTO5, RT10, RT201CE1F 50SLI%, #ZNn#FN155.6dBA, 56.7dBA, 53.2dBATH -7,
HEFD R WFIHICE T 50SL60dBATH 72 2 &, ROARFEETIFEH L )L %5ABLI A TELL
IV LEADYTEZSL L, BESVMMSINTDH, OSLIZ55% 5 60dBAFEE OfE TR E < £k
LaWHREDH 5. FHiE OMRLIZWTNOFHICE W THOSLEL D bW ®, OSLAHLICE T
SHEEID 12 S DFHMiIE, BEFICLZ2AXT 7 mEDd, G LAEHIMD 77 P2 AL T
HBEPEIDPITRKRELMMET 2 EEZ AL, OSLBBREZORMEICko v v Rz T
5. LoL, REBRTIZ NI A= Z2RE L LSHHEOBREZL LrHOTwRwEd, Zoffmz—
WALT 27-0121%, XDELDRIRXA—F 2SS TELZ TR T 205035 5.

—J5, EliEOOSLIE, BESHD 12 S EHE/H L LRI, WHEZRB/MEN AR S Nkd ol
O, TRNLMHEZHSHICT I EIITELRD >, UL, BESOMIMCEY, 72EAFHLAR
IDBRIETH-o7ELTH, SMEOEEMD IS IVEVEEL->TLE) ZEEKNTHL, F
7, EEDOLE, WAL VPEREICE > TRELS ®AE S 2 EBH/MERA S N2 WERDO O &
O2TH 5, FEHLLDEIZ L BMRL, OSL, ASLOEWICEILTIE, 558 TE Lo ThR3,

Figure 5.16129258D1 (RELS M7 L) KOFEED2 (FRZR5EO0.5, 1.0, 2.0 8) THRDH7ASLEZTR
T, EFOEMHICB VT, HE & EREOASLIZEH L TW I XEBH D, MHICE>THRTES
BRLRNADEET 5, ZNZNORMICE T 2 HHE L RRFEOMFICE >THAETELEHL AR
W, BiEZTDZBEMAETIZ605570dBA, RT05TIZ55.672560.6dBA, RT10TIZ51.795
66.7dBA, RT207T1358.2°563.2dBAOKXETH 5. £/, 60dBAMHEDHEH L XviE, EDS5AM:
KOEEDASLICH & ENT w3, w7 X 912, 60dBAIZVocal efforthsNormal D& D 5
LAOVICHYS T 3 2 £ 5, BEERENMEHTE 212 8/NS WA, HngLamg i cBlbe g, Al
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Figure 5.16 The acceptable ranges of speech level for each sound field. Open and closed bars represent the ac-
ceptable ranges for the young and the aged, respectively. The hatched bars represent the universally acceptable
range, that is, the acceptable range for both the young and the aged.

W DRFEEFARED 77 P2 A, OIS ARVERL S EEZ6N S, 7, FERD2
DFFRED, 2D LIREEVH 250 TORKTSH 2 2 EBRBRI NI,

533 F&®

BEL NI BT HICB I 2RETHL L EFRTHL L%, Hiivg L EnEoznzhic
UTC, HEBETRELIESMDIC S 2L TRDL, Z0FE, UTFZ2HS 2L,

(1) HWFEOREEHE L VT, BERER %205, 1.0, 2.0sICREL-EHICBWT, ZRENn
55.6dBA, 56.7dBA, 53.2dBATH h, BEEZDE I X BEII/NS 0,

(2) HMBFBOFRGHEL VI, BEFRMZ0.5, 1.0, 2.0sICRE L EHICEWT, ZREFN
50.67>560.6dBA, 46.7%>566.7dBA, 48.2%>563.2dBADXETH - 7=,

(3) MHiliE DRIEE L~ )L, AEBTRAMEIORT Z 3 TERD oD, IR L L
i, RERZ0.5, 1.0, 2.0sicRELLHHICE VT, Z20ZN55.6dBALL |, 51.7056
71.7dBA, 58.2dBALL |25 73.2dBADIXETH - 7=,

(4) HnE L @B OMEIC L STIFRTEL2EA L )VE, ERICH 7 EOREERYTH L
L, FERHZ0.5, 1.0, 2.0sICiE L 72 BHICE VT, Z21ZNn55.60>560.6dBA, 51.7
725 66.7dBA, 58.272563.2dBADXETH 3.

(5) WEEEE DM TE ZBEIT/NZ WHEL T, BRESD R LES L&D, 55 L L 60dBARE
EThiuE, HiE L RBmEOMEFICL > THRTELEFR LRV TH S I EORBRI T,
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54 RERD3: BRENNMEBICEIIHREFLANIL

FEEDI K OD2DFER L D, BT HEHTE 213 8N WHELOFFRST L VL, @ OGS
FOERL)VICHY T 260dBAMHETH S Z Ex#HeIc L, L L, FEEOAHZERIZEWT
X, & LABBEEOMENREVETLDIZ) DS, BETOMELHHATLI L3 TER L, 22
T, EHD3TIEMEERE 23 M L O E I E OB S L~V R OSSR L VI RIX T8z 5
Y e

541 =EBRAE

A. BERE

il wERE & LT, 20 EER24 (BI284%, «ih2a4y) #H\ 7, EliEwEE & LT,
R AT O AMIREMRICHTE L, thaiGEiZ2 HEWIZE A TWv 565/%0 6805 (T-1971.35%)
DEES24 (BE254, KW274) 2w, £2ToOEBEICNL, S IREZT-o7%. B
BEIZA = F A =7 2T, 126Hz22258kHZzE TD1IA 7 ¥ —7 2 L ofliFicownT, BhL
)L %5ABAI A THIE L 72, Figure 5.171CWBfE DOV 4 —F 75 L %R T,

BBV A=A 755 (O) 1&, 2EINIZISO70291C X 2 205%DHE L~V FHlIfE X b #
FEALTWED, 2FEEEICEWTISABHLUL T Th D, HEHZIEFTH 2. HinEoFH4 -4
755 (@) 1F, HoEBOEE RS & kI, 2kHzLL Lo E R CHEI L RV R 2%
NEHE O 23 A 5 5, EERTCEB20 SilE g O L ~v LT % &, FEER3D EilinE
Bl DRETI L OV IE 2RISR <, ZD&IFRATIOABHLERETH 5. Lo L, SilinEadlng Ol
TLRVIZIES D ENKE V0, FEEREOBE L RV OEPEMERFAEZHEZ S 2 L3, 65T,
FERSITSIN L - S E R X, BEHL LD E» S A S L, EMTIEORE)) %2 R EN s G
DEREALT I EDRTE S,
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Figure 5.17 Averaged hearing levels of subjects who participate in experiment D3. Open and closed circles re-
spectively represent the results for the young and the aged. Bars represent a standard deviation between ears.
Dashed lines represent estimated hearing levels from ISO 7029[4] for 20, 60, 70, and 80 year-old people. Esti-
mated hearing levels are the average of those for male and female.
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B. B5E

WARGIC K ZHGEY A 32106, Ll & EE OMEZIC & > TRE LD WE2EEZ fhili L TH W
7z. Table 5. 15ICEBRTH WA HEEZRT, k&, ZD52§E I Table 5. 118 L 72 F2BR1 T 72 HiGE
DI, WHERSHHPSE20HEE L 3T %, Table 5.1512/8 L 2 HEEDRTOF S, BHFIRME
OB, (EEEZMBICT) ZOICHO AR S TH S, HEERIETRTLE—7TH 5. FEDIERIC
I, MERICEBVT, AR TREINLDDZH W,

C. REE%

BT DRI A —F1F, BEEFL L EFHELRLD2OTH S, BEZIIMML v,

B e LT, 2EMUSEDERTH HV:7zHoth A7 FL[112] % K> H S 2 vz, Bl X
W, BiBRE QIR OIS T AMEICE VT, BERE R WIRE TR (N2,
LA-5110) ZH\OCTHIE L7z, BESEEE o RIS E X AR, BRrE: (3slow & L, HRRfif 2 0E L
7o, NI THEEI NS L L2 ER L, 40dBA): 5 70dBA % T5ABH| A TTREBHICEHRE L 7.

BALVIE, BELVEEKICLT, SHREEOE—7 L Z2MELL, HAL LI,
45dBA%> 5 85dBA % THABAI A TOREFICEE L7z, BREINIEFL L E, ZFHEOE—7 L)L
DME130.3dBALL T TH 5.

Table 5.16ICEBETH W ZEE L L EEH L VLOHAGLE 2T, EEEEd, 2 c52%
Bich b, HEIEOFEEAGH (Figure 3.25% M) %2 HLic, SNEHOR/MEIZEBE & Bl O Wi DR
SO T ED90%DA L 2 2-5dBE L7z, F7z, EFL ~L2340dBAK O45dBAD T, B
LRV Wiz, EED1 O R (Figure 5.5, 5.6 ) 226 %/ L )L 2385dBAD ST, B
DI S MEL D b+ 2 LR L, EBRES» OBV, 6108, RN % (K
SR B[117)7DIC, BEZ2AMAML 20l L 55 L NL65dBAD &2 lAadbe 58 %, S
D IZ I KK 22 2 HEMERH & L CHEBMBESGICE O, ke, BREIBOERL VI, FB
DIDFER LD, WiFEBFEOLRVESGICE W THRE L EREOMHEICE > THRTELEF L NLDIX
[M23602>570dBATH 5 Z Lo, ZOHIMERZRA L7, 7, FEEWD I IR E L R 5 H
HERI L LT, SNH-5dBOHFHD 9 6, B L ~La370dBA, HE L ~X)LH65dBAD M AL HE %
Fw 72,

Table 5.15 Test words used in experiment D3

¥ravw 12 27v7 23 amavr 34 FHVT 45 TH R
Tk 13 a7 24 PavRAA 35 FvYY 46 AP H
E/TF 14 tx=v 25 7hE/ 36 FEYF 47 vy
ELX Y 15 A4 Fv 26 2 HY 37 A% X7 48 HA 77
YV 16 ¥v7r5y 27 78 =7 38 nor Ay 49 aFV v
VAVE AN 17 79X 28 a7/ 39 A4 2V 50 7tV
Ry 18 L 74 29 Ve ) 40 Fh7v 51 v avw
A YV 19 27> 30 LA XY 41 =k a2 52 F43av
FXY AL 20 =k v 31 7%+ 42 74 %V

Fv¥aw 21 ¥4as 32 5A4YY 43 Fo7v

AN 22 ¥a9YY 33 Aty 44 Hh 574

© 00 3 O O = W N~

—_ —
- O
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Table 5.16 The summary of parameters of test sound fields used in experiment D3

h level, dBA n
Noise level, dBA Speech level, d Number o

45 50 55 60 65 70 75 80 85 sound fields

O 1
40 o o o o o O O O 8
45 o o o o o O O O 8
50 o o o o o o O O O 9
55 o o o o o o O O 8
60 o o o o O O O 7
65 o o o O O O 6
70 O O O O O 5

Total: 52

D. HEBRAZROIERK
DU i sl S IR D E R T %2 78 1,
1. FHIFEBEICOWT, RE2ELZZNZIENT S, T4hbb, S2HFEXE2H L DE27044H D i
Wz>< 5,
2. 270MEDRE D hH> 6, HEENEEL R\» X )28 2Rk E T
3. XREIRZAILS 2 ([117]72012, 2O DFEHERE (Table 5.16D T#id3H % &) =R
BLiE L, 72D 5055 % 7 v & At z, THHOREBHERZ SRS 5.
4, 1TEHOWZHEZEEL WX I ICH U FIHE2 L3288 DR L, 2% b2 o sl &
WRZ KT %,

52 H DB 5 2 R 2 HiEE L F 5 0BfR %, Figure 5.1812/77, Figure 5.181C 8} 2 57
\%, Table 5.151C/R L2 HiGEHRS TH 5. & E, PO I TRL ZRERSIOHFEICEHRHT %
&, COHEBTRTOEFHICEVLTHOONTWE I EBb2 S, E->T, 528 0iERH 231 [0
TOWMMEING Z LIk >T, RPFENEELTHEININL L LR %, Zuckh, HEMoEEHN
7 VAR NS,

OB SR Z BT 2 22 1T & L, BBE 1 Ao 4afr 9%l 7. 2% b, 13
ANDWEREIZ X > TR TORBAGHEPENI NG 2 LItk s, PEEERELEEHEOELL D
5244 Cdh 2728, OB EIR% 2 NN OPEREFHC LAM T OB 0B LA L, S5
RN T v AR 12,

E. EEREE

FEHR I B T o 72, Figure 5. 19ICEBEED 70y 7 ¥4 7757 5 EAE—AMELZRT, G
HET, SHEEESZIy 7ALTOLOD/AZHL, 1D2DAE—A 6z HER L 7. Z2HEN
&, AE=AEHIMOMETH S, EBRICHWIZAEY =2 3ERI LM —-TH Y, =R,
Figure 5.41278 338 ) 100-10kHzIZ B\ T+5dBMNTHEIHTSH 5.
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Series of stimuli#s [ 5 [6 |7 [8 [o]---[s2 [ ]2 ][3[4]
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Series of stimuli #52 [52 [0 2 [ 3 [4 [---[47]48]4950[51]

Figure 5.18 Series of stimuli used in experiment D3. A series of stimuli consists of 52 combinations of test words
and sound fields. Each series of stimuli incudes different 52 test words. Each test words will be presented in all
sound fields when all series of stimuli are presented.

Fujitsu Ten, A520

Fujitsu Ten,
TD512

Echo, Layla D/A
1.0m

---------------------------- - Anechoic room

Figure 5.19 Block diagram of stimulus presentation and loudspeaker arrangement in experiment D3.

F. RERFIE

H% % 10s[IR o IC37R L 72, Figure 5. 201 HIBHR R OBRK 2R, SHE MO 172 L LS
BEE O L oMEIZ135msTH 5. HA R OMBEIR RN HFEIC X >THRZ D, 0.80251.35TH
%, WEERE OMGRIIE5s & L, Z2NFN50msDILE EA3h EAiE Fa3h 207, BT 0o&bH D
D5, ROWEEGIERINS £ TOMEIEEsTH 5. 1 DIITICHh 2 BRIEHI9SD TH 5.

M%7 313D L OD2 L R TH 5. HETOME L, FEETIEHIG 20200080 X 2 #EH % i
T LAEmEOmE L bITo, MEIE, FEEROTRE LM I NS FTHRDIE LT %,
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Figure 5.20 Time sequences of presentations of speech signal (word) and additional noise in experiment I1I.

542 MRBREER

A. EiinE DFER
HEE TR EMRL

YR 7 IREE OfE 2 Figure 5.211CR8 T, 13 LA EDFHITE LT, HE 7RI IZIF100%12 VTV il
TETHB. L, BEELUD50dBAM EDEETIE, SNIEAS-5ABDEA I HEE 1 fREEH390%
HEFTETNT 2.

TR LSOV DSHEE TR I THEA RS T 272018, BEL LT EICHEHL V2 ER E L
T VBRSWANT 21T > 7. FEERD3 T, #EZ N Z 4T T O FERZ T, FEHICD &4/
TORZKZIT>Tw5, FEGOWGE TREZAT (Trial) ZEICEML, B4TIC X 2 55 T RED
FHERNT, HHELNVICK BMGETRED B EETH 50> & 9 0% HIEAKHES % THIE L 7.
TR DFEH % Table 5.1712773 7, KT L XL 2340dBA L 45dBADFHTlE, 57 L)L D T5)
FITEETIZE Y (p>0.05) | —7, BEEES L XU55dBAM O TlE, HHE LV ERIRIET
RTHETH->7 (p<0.01) . fE>T, HEEPEL 2HEH L VDM AGOEDELET 5.

100 fo—o0—0—0—0—0—0—o0 E - o——0—0—0—0—0—0—o0 E
(a) NL=40dBA ]| (b) NL=45dBA ]|

IOO-W- n o/o__o_o_o—o_o_o

(c) NL=50dBA ]| (d) NL=55dBA ]

0 O
[ )
1

O
(=)
1

Word intelligibility score, %

80 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

100 o/o/o—o—o—o—o- - o/o,,.o__—o———o—o_

90 @NL=60dBA | [ (f) NL=65dBA

80 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

100 B L 45 50 55 60 65 70 75 80 85
/ Speech level, dBA

N0 F (2) NL=70dBA |

80 1 1 1 1 1 1 1 1 1

45 50 55 60 65 70 75 80 85
Speech level, dBA

Figure 5.21 The word intelligibility scores for the young in experiment D3. Panels (a)-(g) represent the scores for
background noise levels (NL) from 40 to 70dBA, respectively.
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Table 5.17 The summary of one-way repeated measures analysis of variance for word intelligibility scores for the
young in experiment D3.

Noise level = 40dBA Noise level =45dBA

Factor df SSQ MSQ F P Factor df SSQ MSQ F P

Lsp 7 1.4 020 0.82 0.58 Lsp 7 11.9 1.70  1.12 0.39
Trial 3 0.5 0.15 0.64 Trial 3 2.2 0.73 048

Residual 21 5.1 0.24 Residual 21 32.0 1.52

Total 31 6.9 Total 31 46.1

Noise level = 50dBA Noise level = 55dBA

Factor df SSQ MSQ F p Factor df SSQ MSQ F P

Lsp 8 270.8 33.85 3241 <0.01 L 7 188.1 26.88 20.02 <0.01
Trial 3 8.2 274 2.62 Trial 3 8.8 293 2.8

Residual 24 25.1 1.04 Residual 21 28.2 1.34

Total 35 304.1 Total 31 225.1

Noise level = 60dBA Noise level = 65dBA

Factor df SSQ MSQ F p Factor df SSQ MSQ F p

Lsp 6 161.7 26.94 3531 <0.01 Lsp 5 99.2 19.85  6.11 <0.01
Trial 3 1.1 035 046 Trial 3 6.8 226  0.70

Residual 18 13.7 0.76 Residual 15 48.7 3.25

Total 27 176.5 Total 23 154.7

Noise level = 70dBA

Factor df SSQ MSQ F p

Lsp 4 387.2 96.80 27.80 <0.01
Trial 3 18.3 6.10 1.75

Residual 12 41.8 3.48

Total 19 4473

Tukey®HSDIZ & 3 % Bl (p<0.05) %175 7f5%, SNEEAS-5ABDFIHIC B 2 HGE 1 fRIE X
ZNZTNOWEEE L N)VICE T 3 GETREORKME E AEEBA LN, 8, HSDIZZNZno
TL LB WT, 2.5% (50dBA) , 2.8% (55dBA) , 2.0% (60dBA) , 4.1% (65dBA) ,
4.2% (70dBA) THh 2. WihEH L L 60dBADEE T, %Fﬂal/mms‘GOdBA $ 7 H HSNHAS
+0dBOFHICE W THHGEE TREIHRIIE T L, LaLl, 20 B 2 HEE T REIZ97%T
H D, SNIA-5dBD ;D HEE T EIE (88%71> 5 93% D il :/\%ﬁ) aﬂ:ﬁ;@%a L A100%IC
Wi Ezo6N%, 22T, TITRIDHEA! ;cﬁfffﬁa“é Dibkby, BEMMESICE T 24
s OHEE TRREDSIRK E 2 2 F R LU (MRL) 13, L RLD3M5ABALL T D4 ;c45dBuT

Thh, WEEEFL LH50dBALL EDE; iSNthi;deBkt;% BFELRLTH 3,

FEZ=ED c<Z&O0SL, ASL

FEZHD 12K S DfGHR 2 Figure 5.2212/8 ¢, HEE TR L 384D, BEHD I IEEH L)L
DWEZZITTRELSEBT S, HEBTHE L FRICLT, 1ERERSBII %o 249 % Table
5181287, FDOBEEG L NIcBWTYH, FE LD TERRIZTEEKESY THETH > 7.
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Figure 5.22 The listening difficulty ratings for the young in experiment D3. Panels (a)-(g) represent the ratings

for background noise levels (NL) from 40 to 70dBA, respectively.
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Table 5.18 The summary of one-way repeated measures analysis of variance for listening difficulty ratings for the
young in experiment D3.

Noise level = 40dBA Noise level = 45dBA

Factor df SSQ MSQ F p Factor df SSQ MSQ F p

Lsp 7 9028.8 1289.82 37.92 <0.01 Lsp 7 17525.8 2503.68 102.17 <0.01
Trial 3 766.9  255.64  7.52 Trial 3 751.1  250.36 10.22

Residual 21 714.2 34.01 Residual 21 514.6 24.51

Total 31 10509.9 Total 31 18791.5

Noise level = 50dBA Noise level = 55dBA

Factor df SSQ MSQ F p Factor df SSQ MSQ F p

Lsp 8 29081.8 363523 158.39 <0.01 Lsp 7  26691.8 3813.12 136.04 <0.01
Trial 3 866.5 288.84 12.58 Trial 3 647.5 21585 7.70

Residual 24 550.8 22.95 Residual 21 588.6 28.03

Total 35 30499.2 Total 31 27928.0

Noise level = 60dBA Noise level = 65dBA

Factor df SSQ MSQ F p Factor df SSQ MSQ F P

Lsp 6  20576.7 3429.44 126.66 <0.01 Lsp 5 17712.0 3542.41 112.54 <0.01
Trial 3 950.3  316.77 11.70 Trial 3 1051.5 350.51 11.14

Residual 18 487.4 27.08 Residual 15 472.1 31.48

Total 27 220143 Total 23 19235.7

Noise level = 70dBA

Factor df SSQ MSQ F p

Lsp 4 1251590 312898 57.14 <0.01
Trial 3 1190.09  396.70  7.24

Residual 12 657.17 54.76

Total 19 14363.2

Lsp: Speech level

FHL NP T70dBADFH 2R E, BEEMD I I EEH L VOMRICIIBMED A5 NS, 7
720, BEE L LS50dBAI T OESTIE, BESHD 1T SD0BIEVETE L AR5 EH L XLD
XE23H D, BEHLD 12 XM/ E 72 2 5 L OUHHHIECIE 20\, BESELD 12 < X H0%IC 3TVl
T—EHBVIEMNE 2T HE L)L, B L OUDBINT 21> TS 3. £, BEL X
WHB0dBAL Bz 2 &, HEEHUD 12K S DORAMEIZO%IITWEE TR T LA &), HHEL L%

HWIZL72ELThH, FoKBEERDIIKBRWELLETEI LITTER W,

FEEHLD 1IC IR E LD EFL L, D7 & HSNEA+15dBEL L7z 3% /M L L ThH
D, MRLX D bEWV., fiE->T, BEMDICC IR E R D EFH L )V R#EE A L ~)L (OSL) T
H%. OSLIZERE L N U 2MEWIEIC, 70dBA, 65dBA, 70% 71375dBA, 75dBA, 75dBA,
80dBA, 85dBATH 2. 727 L, BEHEL XU B50dBAM FOHEETIE, A L ~N)LH65dBAD S
75dBAD X DOREEZH D I JITIFEAEE IR, ZOZE2EE25 8, BEMINSESHICE T3
OSLIZ, THRfEA65dBA2>DSNEH+15dBE W I 27T ) RHH L XV TH DL EHEZLND,
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OSLIZBIFBHEZID IS S EHEEPDH LDIE, HHLUVDE5AdBAM TOEETH L., EH5
DEL HBMRLIZAGABALL N TH 5 Z L5, HFEFHL L (ASL) O MRfEIZ60dBATH H, |
FRAEIZ A 72 < & H80dBA L ) B,

BEE L ANILH50dBADISE

OSLIFEE=HL D 12K EMHEL WT0dBAE75ABATH 3., ZD2O0DFHEL )LICBITAHEEHID 12
ILEEERD LD, HHEL LD60dBALL T D4 L 85dBADEETH 5. MRLIZS0dBATH
2026, ASLIZ65dBAZ% 5 80dBADXTH 5.

S LANILHS5dBADISE

OSLIZBIIBREZMD I S EHBAEDH 2 DIE, T L UH65dBALL T D4 &£ 85dBAD Y&
TdH%. MRLIZ55dBATH 255, ASLIZ70dBAD>580dBAD X[ TdH 5.

BE L NILH60dBADIZE

OSLIZE I 2HEEMD I S EAEAEDBH 2 DIE, AL XUH65dBALL FTOEATH 5, MRLIZ
60dBATH 57025, ASLO FRRMEIZ70dBATH D, FRfEIZA 7 L H85dBAL H KF W,

RS LANILH65dBADISE

OSLIZEB I REZMD I S EHBEAEDH Z2DIE, T L UNT70dBAL To%A&TH %, MRLIZ
65dBATH 27525, ASLO FRRMEIZ75dBATH b, ERfiEIZA 7 < & H85dBAL H K E o,

BE L NILAT70dBADIZE

OSLIZEB I 2HEEMD I S EAEAEADBH L2 DIE, T L XUB75dBAL TOSHATH %5, MRLIZ
70dBATH 57025, ASLO FRRMEIZ80dBATH O, FIRfEIZA 7 < L H85dBAL H KF W,

DEofERzE o5 L, ASLO FIRMEIZEE & ZSNHA+10dB & %2 35/ L~ )L ThHh 378, BT
LARVEL oo ELTH, 60dBAX DK A3 Z izt EioND, L, EBEDIOMKR
X0, BE2MNML 2 0EADASLO FIRMEIZS0ABATH 2 Z 56, BEHEL XLDETICHE>T
S50dBARRE F T2 P0IE P LT 2 EdbFEZ NS, —H, L N V55dBAREE £ T,
TR L OLD85ABAIC 742 2 E HEICHE S LD 12 ST %728, ASLO LPRiti1380dBATFLLE & %
2605, BEHL~NUD60dBALL RHicZ % L, HAL RLVN8EABATH > THHEAIEEMD 12K &
DWIMZARD SN, L, BEL L60dBAKU65dBAD HHTlE, 3 L X)LA85dBAIC
%5 &, OSLICB I 2HEEMD I S XD BETHINT 2HANA o570, BEL NUIERIC
HWIEATYH, 85dBAZMZ 25 L ~ILIZASLO X4} & 7 2 0letE s d 5,

Y Eo## OMRL, OSL, ASLICBIT 2wz K< £ & o7 b D %Figure 5.2317F, KHFoXK
BRAs, BEHHICR L 2BF L ~LIcE 17 3MRL, OSL, ASLo ERRMEKR O TFREZ2 RS, AEEBTIX, &
L~V MO REES L L 2 5dBA A T2 L E ¥ 7272 %, Figure 5.231273 BRI 25 b D Tld 7
WS, HZE LTIE oAl chreEion s,
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Table 5.19 The results of multiple comparisons between listening difficulty ratings for the young for each back-
ground noise level in experiment D3. Asterisk (*) represents that there is a significant difference (p<0.05) be-

tween listening difficulty ratings.

Noise level = 40dBA, HSD=13.8% (p<0.05)

Noise level = 45dBA, HSD=11.7% (p<0.05)

45 50 55 60 45 50 55

45 - * * * 45 - * *

50 - * 50 - *

55 - 55 -

60 - 60

65 65

70 70 - -
75 - 75 - -
80 - 80 - -
85 85 -

Noise level = 50dBA, HSD=11.5% (p<0.05)

Noise level = 55dBA, HSD=12.6% (p<0.05)

45 50 55 60 65 45 50 55 60 65 85

45 - * * * * 45 _ _ _ _ _ _
50 _ * * * 50 _ * * * *
55 _ * * 55 - * * *
60 - * 60 - * *
65 - 65 -

70 70 *
75 75

80 80 - *
85 85 -

Noise level = 60dBA, HSD=12.2% (p<0.05)

Noise level = 65dBA, HSD=12.9% (p<0.05)

45 50 55 60 65 70 75

45 - - - - o . 45 - - - - o

50 . 50 - - - .o

55 S 55 .

60 _ * * 60 R * * *

65 - 65 -

70 - 70 -

75 75 -

80 - 80

85 85 -

Noise level = 70dBA, HSD=16.7% (p<0.05)

45 50 55 60 65 70 75 80

45 - - - - - -
50 - .
55 - - .o
60 - - -
65 _ * * *
70 -k
75 .
80 -
85
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Figure 5.23 Minimum required level, optimum speech level, and the range of acceptable speech level for the

young in noisy sound fields
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Figure 5.24 As for Fig. 5.21 but for the aged.
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VL B L NV H40dBAD FETIE, ROIEVLSNEA+5ABTH B E b H D, HFEL LMEL
BOTHOHETHEDE T IEAS R W, BE L NV245dBADEY TR, RO/NIVLEHL )L
(45dBA, SNILTIZ+0dB) DEAICHIETREOK T RA LS, B L ~ILH50dBALL ED &Y
Tl%, SNHA-5dBE 22 F R L )LIZEBWTHS 2 HEE TREDE TR A S N5, HEE T RE DK
TRIFEEZ ICHRTRE L, BFL U350, 55, 70dBAD KT TIZ7T0%MTE £ TR T L 7-.
L& DG LRI LT, 1ERDEOHT 21T - 72558 %2 Table 5.20127R 7, B L )L 2340dBA
HHEROT, HRLLVOERIIEETH o7 (p<0.01) | EEHEL L H45dBALL EDEHIC
DWW, Tukey®HSDIC X 2% &L (p<0.05) %217 - 7-#f ZTable 52117 §, &EEE L LI
BII2HSDL ALY TRT, EHO*xZZOHFHLNLOHAGOEIZEWT, HETHEICHERS
Wb EERT,

B L L p3M5dBAD FHETlE, 8 L _L2M5dBA, 755 SNHA+0dBD 4 o BAEE T fifis
&, fhoF F%l/«\;m“f\fmﬂ&/\bﬁ IEHEBENRARLNT. —FH, BEL La50dBALL FD %

X, —EIAEH B0, SNHAS-5ABE & 25/ L ~)LICE T 5 HiEE Tﬁfprtﬂ; flb 5 F%I/«vw‘«\
“C@ﬁ'ﬁ?}é\z‘o‘t% WICHBEENA LN, SNIAS+0dBUL | & 722 2 F 5 L NV DOHAG DL ICIZEEZEIZ

Table 5.20 The summary of one-way repeated measures analysis of variance for word intelligibility for the aged
in experiment D3.

Noise level = 40dBA Noise level = 45dBA

Factor df SSQ MSQ F p Factor df SSQ MSQ F p

Lsp 7 119.7 17.10  2.35 0.06 Lsp 7 496.4 7091 13.81 <0.01
Trial 3 7.9 262 036 Trial 3 24.4 8.13 1.58

Residual 21 153.0 7.29 Residual 21 107.8 5.13

Total 31 280.6 Total 31 628.6

Noise level = 50dBA Noise level = 55dBA

Factor df SSQ MSQ F p Factor df SSQ MSQ F p

Lsp 8 17587 219.84 22.53 <0.01 Lsp 7 2029.3  289.90 24.15 <0.01
Trial 3 57.9 19.31 1.98 Trial 3 41.0 13.68 1.14

Residual 24 2342 9.76 Residual 21 252.1 12.00

Total 35 2050.9 Total 31 2322.4

Noise level = 60dBA Noise level = 65dBA

Factor df SSQ MSQ F P Factor df SSQ MSQ F p

Lsp 6 510.1 85.02 6.70 <0.01 Lsp 5 7853  157.05 12.25 <0.01
Trial 3 433 1444 1.14 Trial 3 49.9 16.64  1.30

Residual 18 228.5 12.69 Residual 15 192.3 12.82

Total 27 781.9 Total 23 1027.5

Noise level = 70dBA

Factor df SSQ MSQ F p

Lsp 4 1651.26 412.81 34.61 <0.01
Trial 3 32.54 10.85 091

Residual 12 143.12 11.93

Total 19 1826.9

Lsp: Speech level
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Shlelprol, 1o T, BEEL V50dBALL EDFHOMRLIE, #i# & FERICSNIE23£0dB & 7
ZHELRNVTH D,

EEE T L L DM5ABAD HEHHIC BT, SNEAS+0dBOBAIC B 1T 2 HEE TREAME T L 2 D 1%,
IHEZ D7 WA D EIE OMRLYMA5ABATH 2 Z L2 #F 225 &, SNEZA T TR FHLLZD
SDOPENZ EBHFKDVDEDELTEZLGNS, HilnH DMRLA45ABALL N IZZ4 5 2 &3\
&, WEERE L XU 2350dBAKIG DO G TIlE, B L UBME R T 5126 > T, MRLA50dBAD 5
A5dBAE THER IR T T 5 L& 20U, SHEILEOME LR 3T 3.

Table 5.21 The results of multiple comparisons between word intelligibility scores for the aged for each back-
ground noise level in experiment D3. Asterisk (*) represents that there is a significant difference (p<0.05) be-
tween word intelligibility scores.

Noise level = 45dBA, HSD=5.4% (p<0.05) Noise level = 50dBA, HSD=7.5% (p<0.05)
45 50 55 60 65 70 75 80 85 45 50 55 60 65 70 75 80 85
45 - * * * * * % * - 45 - * * * * * * * *
50 - * - 50 - *
55 - - 55 -
60 - - 60 -
65 - - 65 -
70 - - 70 -
75 - - 75 -
80 - - 80 -
85 - 85 -
Noise level = 55dBA, HSD=8.2% (p<0.05) Noise level = 60dBA, HSD=8.3% (p<0.05)
45 50 55 60 65 70 75 80 85 45 50 55 60 65 70 75 80 85
45 - - - - - - - - - 45 - - - - - - - - -
50 _ * * * * * * * 50 _ - _ _ _ _ - _
55 _ 55 - * * * * *
60 - 60 -
65 - 65 -
70 - 70 -
75 - 75 -
80 - 80 -
85 - 85 -
Noise level = 65dBA, HSD=8.2% (p<0.05) Noise level = 70dBA, HSD=7.8% (p<0.05)
45 50 55 60 65 70 75 80 85 45 50 55 60 65 70 75 80 85
45 - - - - - - - - - 45 - - - - - - - - -
50 - - - - - - - - 50 - - - - - - - -
55 - - - - - - - 55 - - - - - - -
60 _ * * * * * 60 _ _ _ _ _ _
65 - 65 - * * * *
70 - 70 -
75 - 75 -
80 - 80 -
85 - 85 -
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BEZH D 12 S DfiHRZFigure 5.25108F, HA L ULDHES D 12 SIS RUFIHEL, Hih
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BIN9 2120 > THFAWAD T 20, HHVIEH 5m/IMET—EIC KD, BEEL XLD55dBALL ED#H
Bclx, BEEHD 12K S DRAMED0%2 65 K E  BR®, SRV EREICLTH, £o7 Tl
SWD I K BT RS 720,
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CEWTERLDPEI DR ERHWEAEL LTw2 LI NS, ElEEZ O BHWEHED A CHEE Y
DI I ZHAW L 7Z2DICR L, HEIEZZNCMATESTZDODDNRECEZZ20 89 w7
BEHMl b T o 7o kE R, MEORESIDIC IBPFIRLZE VI L EILND,

ZNZTNOEEL VKT RSO IS IR E R ZFFLLIE, BEE L UBMELFY
DT, 75dBA, 80dBA, 75dBA, 80dBA, 80dBA, 85dBA, 85dBATHH, WFNHMRLL D B
v, CORPRED, —EIEH 2 b DD, RIRE LTEE L NULENT 51220 TOSLY #&50
WCHIINT 3 2o D, HEE EIZELD, OSLIZBITBSNHIZ—ETIZ %, BEEFL L H3Ew
LA T 2 SNEEASE -, BT L L 370dBADFH 12OV TiE, OSLIZ85dBALL EE#Z 605
B, EWICREREHRL AL EVLSTEL, VIZ A= XV MR E#£ 22 L, H#EDOSLTH 3
85dBAL RE LA AEL B EHMI NS, PiFEETRLVELRICET % HiliE DOSLA70dBATH %
TLEEREFEZS L, BE L LDT0dBAK DO F Y TIE, OSLIFEEH L X)L 540dBAE TR T 512
- T85dBAD 5 75dBAE TIE T L, X S ICEE L ~U2ME N § % £ OSLIZ70dBAICTED Tl &
E25 L, EEHALIZIET T 5.

HiE OLA LRI LT, 1ERDEOH 21T 58 % Table 5.22127RF, 374 L )LD FRH
iZ, FOBREFELRNVIZEVWTHHEETH->7 (p<0.01) . ZNZFNOREEZ L L DFHIZTOWT,
Tukey®HSDIZ & 2 % HE LK (p<0.05) %#17- 749 % Table 5.23127R8 9, RHD % 1ZZDFRH L X
WOMAGDLHIZE VT, FENY I SICHEADYH S Z 2R T, SRS L LB 5HSDY
BHETORT, X, FEELVICEWTUESID I SBRDE B EH L L E2fd0 1 TR
T, ATIC, BB L LSBT 2ASLOME 27537,

BE L ANILHEEABAMU T DBE

PRSI SORIMEEBEADH 2D1F, HELTEHH L LDB60dBAL TOHAETH B, 2
DOEEE L L DX I BT % ElinE OMRLIZ, K TH55dBATH %, #iE>T, ASLO TIRAHIZ I
HWLT65dBATH %, ASLO ERRfEIZOWTIE, A7 & $H80dBAE 721385dBAM L THh 3.

RE L NILH60dBADIZE
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Figure 5.25 As for Fig. 5.22, but for the aged.
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Table 5.22 The summary of one-way repeated measures analysis of variance for listening difficulty ratings for the

aged in experiment D3.

Noise level = 40dBA

Noise level = 45dBA

Factor df SSQ MSQ F p Factor df SSQ MSQ F p

Lsp 7 9552.4 1364.63 36.78 <0.01 Lsp 7 13197.1 1885.30 69.86 <0.01

Trial 3 597.6  199.20  5.37 Trial 3 7239 24131 8.94

Residual 21 779.1 37.10 Residual 21 566.8 26.99

Total 31 10929.1 Total 31 14487.8

Noise level = 50dBA Noise level = 55dBA

Factor df SSQ MSQ F p Factor df SSQ MSQ F p

Lsp 8  22192.0 2774.00 78.75 <0.01 Ly 7 16492.1 2356.02 67.26 <0.01

Trial 3 1175.6  391.87 11.12 Trial 3 896.2 298.75 8153

Residual 24 845.5 35.23 Residual 21 735.6 35.03

Total 35 242131 Total 31 18124.0

Noise level = 60dBA Noise level = 65dBA

Factor df SSQ MSQ F p Factor df SSQ MSQ F P

Lsp 6 11977.5 1996.25 99.29 <0.01 Ly 5 9810.3 1962.06 83.95 <0.01

Trial 3 955.6 31853 15.84 Trial 3 1022.4  340.80 14.58

Residual 18 361.9 20.11 Residual 15 350.6 23.37

Total 27 13295.0 Total 23 11183.3

Noise level = 70dBA

Factor df SSQ MSQ F p

Lsp 4 5681.58 1420.40 49.19 <0.01

Trial 3 1341.72 44724 1549

Residual 12 346.52 28.88

Total 19 7369.8

Lsp: Speech level

BELXNIILH65dBADGE

FESMO I S ORMEE HEAED D 2 D1, HFLNVD65dBANU T O%ETH %, MRLIZ

65dBAT®H %76, ASLO TRREIZ70dBATH b, LRfEIZA 7 L H85ABAXHKRE,
BELANILAT70dBADIGE

JESMY IS S OR/MEEABEDH 5 DI, HF L NUHTOABALU T O &TH %, MRLIZ

70dBATH %75, ASLO MRfEIZ7TS5ABATH H, LRfEIZA 7 &£ H85dBAL D KE W,

PlEofERz2 o2 L, BETL V55dBAML T DAL, & DASLO THRiEIZ65dBATH
5, L, iFEOBRVELICE T 2ASLO Eil#H DASLO FMRIED60dBATH S 2 L2 HE X 5
L, ASLO FIRMEIZERT L NUIME R T 31265 T, 60dBAE THRELMICHA T2 EEIoN %, B
L _LH60dBAL D BE 13, ASLO FRMiEIZSNIA+5dBA 5 +10dBE % 2 HEH L L TH 5.,
B5% L XL 9365dBA £ 70dBADE T, HMEDASLO FHRfE (SNEE+10dB) Xk h b, @& o
ASLO TRRME (SNEE+5dB) D1F 9 AME, 2D L2 DoWTiE, Ad L @& oS I2 ED
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Table 5.23 The results of multiple comparisons between listening difficulty ratings for the aged for each back-
ground noise level in experiment D3. Asterisk (*) represents that there is a significant difference (p<0.05) be-
tween listening difficulty ratings.

Noise level = 40dBA, HSD=14.5% (p<0.05) Noise level =45dBA, HSD=12.3% (p<0.05)
45 50 55 60 65 85 45 50 55 60 65 70 75
45 - * * * - 45 _ sk * * * * *
50 - * * * - 50 _ * * * * *
55 - * - 55 - * * sk
60 - - 60 - * *
65 - - 65 -
70 - 70 -
75 75 -
80 - - 80
85 - 85 -
Noise level = 50dBA, HSD=14.3% (p<0.05) Noise level = 55dBA, HSD=14.0% (p<0.05)
45 50 55 60 65 70 80 85 45 50 55 60 65 70 75 85
45 - * * k * * * * 45 - - - - - - - -
50 - * * % % * * 50 - * * * * * *
55 - * * * * * 55 - * * * * *
60 - % * * 60 - * % *
65 - 65 -
70 - 70 -
75 75 -
80 - 80
85 - 85 -
Noise level = 60dBA, HSD=10.5% (p<0.05) Noise level = 65dBA, HSD=11.1% (p<0.05)
45 50 55 60 65 70 75 85 45 50 55 60 65 70 75 80
45 - - - - - - - - 45 - - - - - - - -
50 - - - - - - - 50 - - - - - - -
55 - * * * * * 55 - - - _ _ _
60 _ sk sk * * 60 - * * * sk
65 _ * * 65 - * * *
70 - 70 -
75 - 75 -
80 80 -
85 - 85

Noise level = 70dBA, HSD=12.1% (p<0.05)
45 50 55 60 65 70 75 80

45 - - - - - - - -
50 - - - - - - -
55 - - - - - -
60 - - - - -
65 - % * *
70 - * *
75 -
80 -
85
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Figure 5.26 Minimum required level, optimum speech level, and the range of acceptable speech level for the

aged in noisy sound fields.
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Table A1 The impulse responses (IR) used in experiments from C1 to C3.

Kind

LD Cso ts EDT RT Volume  Surface
IR " STI Dso of g g

(%) @ e e o m) )
Al 98.2 0.305 0.108 -9.19 0.341 3.43 2.90
R1 98.2 0.310 0.093 -9.91 0.382 4.64 3.51 Sp 10000 3100
A2 87.3 0.311 0.074  -10.99 0.284 3.03 2.96
A3 87.3 0.326 0.114 -8.90 0.324 4.56 3.69
A4 88.2 0.336 0.073 -11.03 0.262 2.29 2.26
A5 89.1 0.336 0.135 -8.08 0.268 2.97 2.47
A6 88.6 0.341 0.150 -7.54 0.241 2.85 2.56
A7 89.5 0.347 0.188 -6.36 0.220 2.32 2.07
A8 85.9 0.351 0.176 -6.71 0.298 3.99 3.23
A9 75.5 0.362 0.154 -7.41 0.217 2.19 2.21
A10 84.1 0.365 0.133 -8.16 0.191 1.99 2.28
All 80.5 0.376 0.191 -6.26 0.231 2.51 2.40
R2 75.0 0.380 0.195 -6.17 0.189 1.78 1.67 Mc 5600 2600
R3 92.7 0.389 0.152 -7.46 0.300 391 3.38 Sp 10000 3100
R4 72.3 0.393 0.233 -5.18 0.222 2.95 2.93 Mc 15500 5200
RS 68.2 0.396 0.176 -6.70 0.185 2.00 1.80 Mc 15500 5200
R6 71.4 0.411 0.232 -5.20 0.174 1.96 1.60 Mc 12500 4000
R7 70.5 0413 0.265 -4.42 0.179 2.00 1.78 Mc 15500 5200
R8 76.8 0.415 0.175 -6.74 0.202 2.67 2.49 Mc 5600 2600
R9 63.6 0.433 0.329 -3.10 0.150 1.85 1.69 Mc 5600 2600
R10 59.5 0.440 0.181 -6.54 0.162 1.56 1.39 Mc 15500 5200
R11 66.8 0.445 0.340 -2.89 0.238 3.79 3.74 Mc - -
RI12 60.9 0.446 0.404 -1.69 0.133 2.22 1.92 Sh 93441 16488
RI13 64.5 0.446 0.233 -5.18 0.152 1.85 1.63 Mc 28800 8200
R14 53.6 0.458 0.282 -4.06 0.142 1.54 1.42 Mc 11000 3400
R15 65.9 0.458 0.212 -5.70 0.143 1.56 1.47 Mc 7200 2700
R16 49.1 0.462 0.419 -1.43 0.115 2.25 2.36 Mc 28800 8200
R17 54.5 0.465 0.232 -5.21 0.139 1.48 1.41 Mc 7200 2700
R18 54.5 0.485 0.257 -4.62 0.126 1.40 1.26 Mc 5700 2500
R19 61.8 0.487 0.306 -3.55 0.155 1.77 1.51 Ad 8200
R20 473 0.488 0.421 -1.39 0.144 2.47 2.26 Ad 1216
R21 56.4 0.491 0.258 -4.60 0.118 1.78 1.47 Mc 11000 3400
R22 58.2 0.501 0.368 -2.35 0.111 1.70 1.46 Mc 6500 2400
R23 52.7 0.506 0.473 -0.46 0.092 1.43 1.31 Sp 29100 8400
R24 45.5 0.507 0.355 -2.60 0.101 1.21 1.15 Mc 4900 2100
R25 43.6 0.526 0.431 -1.21 0.096 1.26 1.17 Ad 3400
R26 28.6 0.527 0.557 1.00 0.105 2.07 1.50 Sp 10000 3100
R27 35.5 0.536 0.491 -0.16 0.123 2.14 1.94 Mc - -
R28 40.0 0.542 0.493 -0.12 0.093 1.52 1.37 Mp 1108
R29 30.0 0.547 0.399 -1.78 0.086 0.83 0.90 Ad 2500
R30 37.3 0.552 0.537 0.64 0.148 2.52 1.85  maw 725624 96499
R31 29.1 0.557 0.468 -0.55 0.109 2.03 1.85 Mc 7100 2700
R32 34.1 0.567 0.465 -0.60 0.098 1.84 1.55 Ad 4000
R33 423 0.568 0.629 2.29 0.077 1.83 1.77 Mp 1927
R34 30.5 0.570 0.448 -0.90 0.092 1.43 1.41 Ad 2500
R35 355 0.570 0.586 1.50 0.074 1.63 1.45 Mp 1927
R36 323 0.575 0.544 0.76 0.086 1.76 1.52 Ad 4000
R37 33.6 0.580 0.565 1.13 0.075 1.68 1.50 Mp 1927




Table A1 Continued.

Kind

LD Cso t EDT RT Volume  Surface
IR " STI Dso of 5 g

(%) @ e ® o m) )
R38 327 0612 0.773 5.32 0.048 1.87 1.64 M, Mp 4600 1800
R39 314 0619 0.575 1.30 0.062 1.07 0.94 Ad 1800
R40 236 0.632 0.626 2.23 0.080 1.88 1.52 Ad 4000
R41 332 0.632 0.820 6.59 0.047 2.14 2.08 Sh 93441 16488
R42 30.0 0.638 0.688 3.43 0.056 1.35 1.47 Mp - -
R43 155 0.643 0.634 2.38 0.050 0.61 0.63 Ch 1200 1000
R44 232 0.649 0.691 3.50 0.053 1.16 1.16 At 3973 2054
R45 232 0.649 0.638 2.46 0.059 1.27 1.56 B 2065 1108
R46 11.8  0.659 0.605 1.84 0.060 1.07 0.98 Mp 5900 2300
R47 159 0.670 0.617 2.06 0.051 0.83 0.86 Ad,Cl 2350 1951
R48 232  0.673 0.772 5.31 0.046 1.51 1.69 B 4130 1927
R49 23.6 0.673 0.723 4.16 0.055 1.45 1.35 Mp - -
R50 28.6  0.677 0.776 5.39 0.049 1.52 1.44 Mp 12500 4700
Al2 145  0.678 0.718 4.07 0.045 1.21 0.88
R51 16.8  0.691 0.720 4.09 0.045 1.23 1.11 Mp 6630 -
R52 173 0.694 0.617 2.07 0.056 0.91 0.94 Ad 1600
R53 16.4  0.702 0.711 3.91 0.038 0.59 0.67 Ad, Cn 315 313
R54 15.0 0.705 0.768 5.21 0.039 1.13 0.94 Ad 2500
R55 109  0.706 0.756 4.92 0.036 0.84 0.75 Mp - -
R56 8.6 0.717 0.848 7.47 0.026 0.75 0.72 Mp 4500 1730
R57 155 0.724 0.762 5.06 0.041 1.09 1.18 At 3973 2054
Al3 14.1  0.725 0.743 4.62 0.040 1.09 0.95
R58 11.8  0.733 0.787 5.67 0.050 1.96 1.53 Ad 4000
Al4 82 0.740 0.745 4.66 0.037 0.49 0.40
R59 123 0.752 0.832 6.95 0.029 1.21 0.93 Ap 7700 2300
R60 55 0.760 0.792 5.81 0.030 0.59 0.72 Ad, Cn 315 313
Al5 9.5 0.761 0.757 4.93 0.037 0.52 0.41
Al6 109 0.764 0.849 7.48 0.027 0.41 0.33
R61 6.8 0.764 0.745 4.66 0.038 0.58 0.54 Ad, Cn 315 313
R62 4.5  0.765 0.782 5.54 0.028 0.49 0.41 Cn 59 94.4
Al7 32 0775 0.8314 6.42 0.028 0.54 0.44
R63 3.6 0.777 0.761 5.04 0.028 0.54 0.52 Ad, Cn 430.5 402.1
Al18 59  0.800 0.863 8.00 0.027 1.27 0.87
R64 4.1 0.807 0.827 6.79 0.025 0.56 0.44 Ad 4000
R65 4.1 0.824 0.862 7.97 0.024 0.28 0.27 Mp 4600 1760
A19 7.7 0.824 0.853 7.62 0.022 0.58 0.59
R66 11.8  0.831 0.948 12.65 0.011 1.00 1.40 B 4130 1927
R67 3.6 0.834 0.867 8.13 0.020 0.56 0.48 Ad, Cn 430.5 402.1
R68 114 0.835 0.932 11.39 0.018 0.27 0.33 Mv 560 510
A20 23 0.848 0.903 9.69 0.017 0.32 0.26
R69 4.1 0.854 0.896 9.37 0.015 0.71 0.67 Ad, Cn 315 313
A21 50 0.865 0.908 9.92 0.023 0.26 0.22
A22 3.6 0.868 0.973 15.62 0.011 0.23 0.27
A23 2.7  0.869 0.938 11.83 0.013 0.39 0.36
A24 2.7  0.894 0.963 14.15 0.014 0.31 0.23
R70 3.6 0905 0.969 14.94 0.007 0.54 0.81 Ad,Cl 2900 1600
A25 3.2 0.909 0.973 15.54 0.012 0.20 0.17
R71 3.6 0921 0.963 14.14 0.008 0.37 0.56 Ad, Cn 430.5 402.1
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Speech transmission index (STI) [36]
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