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1.1 EC®IC
111 BXRICHEITSEHBEICHISIHIRNA

HEIHIZIANAOBEI 2 X 2EELREXHNTDH 2, HRICBUI 2 BEHORA B,
EEEBESLAKRE, “RELCEED D, 2020 FERF A T000 F & Z @A (HLREA,
2022), 2022 BT 2 EIR AR A EE D 8000 /T N &l 2 5 (BEIT, 2022b), IT4E 1 N B
DR THE S AR ERMBEARGE C/REINATWVWEED, HENEIGEOE A BNEAKNIHED
ATV S (NET, 2022a), BENEIZEOFSICE D, AN HEHOMO D HHZE{L T
(eEZLNED, A\PHBIHEZEET 2EITSBRLESSEIRITZES 5,

HEIHEZIALZDEFEEZ X2 TV, ARICRBEREREZSI S TREBREZFS, HA
B 2 EERFEEFBGEERDETNICH 2 DDOD, 2021 Fi1X30 FHEEB X 3 EH
WAL, 2000 NEBZ BEHEH TV B (BEIT,20222), ZBEHFWERS LTV 72D
W, NRIWCRD - ZRBERABREZIEMRT 2 2 L 3RFEMRRE L HETDH S,

112 RiD - REBEGHRROICODBERET

ANRWZHD - BREREERKBREZRMET 272012, HHHEHZENTIE R 74 N— 1L 21F
WOy RENE, ZRIWICETZ2d 0L LT, HlFEALOMOHETRLETANREDEEY %
MAIL, EHA YA MLAY I RIARIL—LIFT—, EAF7IF—REICEREFR
T25H5D0DH 5 (HEHEEM R, 2016) ZRWCHEAT 2O TH, I—FLFr—>ar>
AT LICEBHERARL, AN— b7 4 eEELTA—ILREDEMD RIA4AN=ITED
N2, RIANR—ZINLD, HarR AR OIRRINI AL RIERE, BE IEMEICH
fRTERITNE RS RV,

Ho & Spence (2008) 1% K 5 4 NDIFMUE Yo+ 2%, Figl.l DB D () HEHROHE, (2)
TEIRE / FEO 7t R, Q) EHKICDIEICTEL TIRZTWVWS, HEEIEHICHER X
NEME, FIANIERLIERMIC, FIREL, L, T ZPEETH L, Z
DERIUE 7o 20HhTH, HREME L THB T 2RO ot AcEENEETNS
O BREMRERIE, BRVRZ72EHDTLE I,

TEHRNUIE DB EWR Y 27 % & 2 HH & LT, Horrey & Wickens (2006) 1, H ) #i
BEPOBEGFEER VR 7 2ED 2 2 2L Twd, EKREW 2 @R, #HH
BHERE-O>TVIHEAEANAY A7) —l#lifDFET, BV AZITEVWARVWIETHS
(Mohebbi et al., 2009), D Z & 1%, HEnHF OMFENERY X7 2@ 5 D%, FERIHIK X
DHRFMWGIINC LD L ZAPKREVI L EERT S, AR IAN—DREDD, b
LHEIEARBR D 272012, AFOERPERAREDEREZEA LS 2 LTH, 20



HRAHB LI WD DTHNIE, Ao THRIZAZEEHDTLES BEREXD B, B
TAN—RLZMSE2DERELZZ25E1F, BELSEMBICHBTESZ X574 Y200
JBZEBBETH B,

HEHENTOERIERTE, HEBROACHEBEROAL Vo2 =E— XL RIE
WMIBREDD, IR -BEELRECEROEX Y 7 1 2 HAG DY IEWMIB R £ 5 HWA
2 % (Jakus et al.,, 2015), RIREBEHRIIFMRBEREZ R TZ 2R 2RO, HEHEKH
W RIANODHBPERAICEDNZ 20, HEHBRIERINZZAL IV IR
WV, —HERBRIZ, FIANOHBICEOTIRRINLEZA IV IZHRTES, M
HEHR e EEEREHABGDEZ Z2ICED, HRPEREINLXA IV 7 RHERERT
HMEL, TONEZHEHRCTHBRTE S, BEXV T4 OHEZED LLEHRIERT Y
A VHEEL R,

pecisional
| attentional
processes

-

7SS

Fig. 1.1: Schematic diagram of information processing of driver(Ho & Spence, 2008).

113 REEBRIETRZVHICLTTFI T3

H Bl B E s o [ IR AR 1 ISR & o TIT DAL 5 (Sivak, 1996), ZDHEEET 5 &,
REHERIERT YA Y 2F 25581, “BWRIFEHRICX D VH I U THRAEROERE 2 B)
FE3 VWO BETHMT DI EDENTHE2EZLND,

Catchpole et al. (2004) X 1HMIER T F A4 L ICBVTEX, HRIMEEKL TV S0, HHR
MEDHZFERLTVWED, HRPBEDRA IV ITOARY PERLTWVWEND3I DD
BEEPEBETHZ L TWVWS,

il 21X Patterson (1990) [ZPEHEHIC L D B2 2 M E R T 255, TR 2D IHTE K
B[] RS Z — v R OB ERDH B LTWVWD, HROBEWVWERIZ-E D L#AITE 2
EOTB528T, TNZTHOERBMEERL TV 20 Z2EE T2 ENERHITK 5,

2



BB E DG ZRLTWE0bHUNCRRT I2MHELD 5, FIZIEEFHHEHENTD, K
THHE > TORWEHHIRY — bRV MPEHDOENTOWRVEREZ FF A4 N—IZIEZ 55
BREDOGHPEZY L TV IR mbo ik, HRIKEET 2 EMEH 272 538D
FD & EEAE > TW 2 20Mnb o 727728 X\ (e.g. Liu & Jhuang, 2012; Wang et al., 2022),

BRENTZERD, EDORA IV ITDARY P ERLTWS S EYUNIED S ZIFHR
ROV, A—FETr—yarI AT aREE ROHORES AT 2Rk 272y, 1§
WA RENTHLLEBITHZR T X TIKENAZARBLED 2 — )T, H2E0ELHE
FRZZ BRI D B Mt s 2 R 2 2 A ld, MO TER S Th & HTEE O [EHCH W, 1781535k
HDoND, HBHRIIHLTEDXA I VT THIET 2XZE, BHHRIFEOEZIK (perceived
urgency) Z 2 Y bR =)L LTTH A4 Y THIERWVE T3 (e.g. Stanton & Edworthy, 1999), &
BRaE D MEDITEIZ R ITLELND 2L ERBAROGVWERERE RIS T, Ko 4
N=DABEETVLZOr 2B L CHBIITH T2 232208 TE3755,

F 72 Proctor & Vu (2015) 1%, BRI N EMEBTRICEIDIEZAONEZANBIZOWVWT, 2=/
B« BRI ZBEEEDIRIENZIREL T, FIAN—RLZEAANTEREZAITTCELVLE X
X, BHRETSICED BRICEAMAANCFERDSMT o0, FERALZEZH2DED KR WIEGH
T, HRIERDP Do LTHLRLEELEZ2 L5720 THINIERLRVEWVWS B
DTH 3,

HEEHERIBRD T A ~I2BWTH, Catchpole et al. (2004) = Proctor & Vu (2015) D F ik
MBEWLRDEIEAD, EIMEDD, BREZT 4 ATV A4 2@ L TIRRIN S HEERER
A, 1DODEMEEKRT 2 e HEINRTNE RS RV, HEERIEMI RPN E L B
L SR I AL, HBERBROEY NGO TSNS, HEREIERE— G
WME2RLTWE e —F =2 LRWATRREDL D 2, $7, #7302 B HER R
LWEKREZ -V - ICHEINEZ e bEETH L, HERBERIES BRI BAKE
FBoG, ZThZOPBERZ2EREERL TV BRI rRE VL, 2 —F —2EHR
DEERZHEYNCHEMBTEL XS, ERIDE—EXY 74 TORIBAEICHE T 20580
TONTELY, HEREREREEZEZZ2HAEPEDELVRBAREZR DI EEL
Wiz2A 9,

22 BRI O WFThIZBWTSH, HEEXV T4 2BWT [§oTW0W5] W05
EHEIZ2 -V —DFlizEDH 2 L E X LN TV (e.g. 55, 2014; Spence, 2021), 157 BE 5 1E #H
BRIBVWTYH, ZOZEMPEEBESLEXRNATHE L TORIEIESLTVWE I, b
PO TVWERERE L TERENNHOMELZSD 2 2 I3/ TE 5, zhicmza, 2
- BB EHEoE W WHIERBERIEREZHIE T Z 1k, 22—V — o83 2 M
RAHliZ DB b0k B EHFTE S, Z07DICdH, HIERERERDZZMT -
BRNEESE 2RO, HEEARZOMBIZOVWTHEME L ELDHE L TRET
LEERL, ThZMIRT 2 Z L IFEERE Y,

114 HEREBHROZEMM  EFRNESHZRODLODTH 1> EDRE

DUE X D AR TR ERERICOWT, HEREROZZEELE L, B HIE
L TERAROMAEMEMIERT 2, SEERRIERT A Y IZBWT, ZHAE &2



BREEZH—LTTIFA T2 LT, ROFEIKD, ZNZHLDOHREIZ OV TIEIHBD
AICE ML, FMZHE2EMETAHANS,

ZZHEEOREHONENZ R T2 A LT, ZHOD2MRICFNN1D ks
R 2RSS C&D, MaOBRERRET 2 2B FEL2 DN D 5, ZZEFH
PONRIIHEER LR 2EXY 7 4 ORTHMENICRN 5 72 8 (Spence & Driver, 2004),
BERERZHAEERA M2 OERTL2IE, AREREERIHET LI 2T s L
EZoNb, TOMRZHHEEZNICERT 22012, “COREHERERZEOTN
WXEODP"Z R LT A VHEHDLE D2 ZEDBEET LWV, L2rLAEDNS, (ERAMBRE RIS
BOWTHIERMOZEMFER»DMBEZE 2121F, HEEIES Y 0RELSVTOVRIER
WRIZD W TR ORI D 5,

BAKIZOWTIE, fE -HEE -MECBWT, B—FX Y 74 1B 3 BAKME DM
TMZINFETIZZ L THNT X7 (e.g. Stanton & Edworthy, 1999; Baldwin & Lewis, 2014), L 7»
LEDS, BHER VT4 2EE L, 702 —XARMHEERICOWTORFNIIESR
WAhhv, BRRHMEZHE LTEALEEIC, 2523 HERE T/ o X EX—LigH
HERAPBENZ D E I DITOWVTHmDBDERE S 5,

¥ - BEEEER P OE AR, BICHEEEEEANCTEERERIELON I HNEAMERE T
W CTITbM b, 7B RAE—XVRHE -BHACE by XY VHRTERICK 2HE P A S
72 ® (e.g. Santangelo et al., 2006), FEBEEIHD T2 2 L&, ZHEFI2DMRRE 71X
T XNVINRANZEZ NIT T, A OZEHEE, BR2KD 7 0 X € — X VRMHEERIIC
DWVWTH, BALDPDOERZEZATEREENHD L XS RIRETHEH T 20681 D 5,

1.2 EEEXDWERK

WIBECTRERHEHARCBT 2 BHHEOMARIN 2 LR, BEHEHENTOHERHERERICD
W, ZEEMNEE BRAROEAEEER LTV A Y E2HET ETOFEBEICOVWTZ DM
B %2R NTe, BE2ESHEATEICH T UL, ZHNEE BRAKOESHICET 27—~ %
INZIhRIT 2, WTHOETSH, FTIFEETIO RS MECHET 2BEEMELFHAT
%, MAMA LM T2 Z e CHFHEHENOHBERFERIERT VA O icERI Nz}
BERRL, TNEMRRT 2200 FEBEEIT-725 2T, HEESNHIERERIERTY
AT I2EMEIT D

H2E T HBEREROEMMNBEAECEL T, MIRAMRRE NICB) 2R 2VWHEE
WOBRZITODIIRDoN L, RERERMOMENAELEZRE T 25, $9, HREER
WBFL2HERMRED 70 RE -V RRHZH WS Z L DZEBFEN»DINRICET 2
IR OWTHE 2R R 2, 20%, I v XU 7HE HERKBEIC L —EHFEE
Bairwy, SEMEEREAHMoEERMNE St OHAGDLRBRBIZKEDEVE, Kb
R %2 BPAMiE IR e L TN 2, MIHARRE FICBLWTHERWHEERREZITS 2012, I
Hllgz2 CoBEEST RITNE RS RVWhE, KIGKREZ b L ICHERT %,

WIBECTWIHBEREROEHMWESECEL T, HEHEERTOHBEEREZRICB VT
BEHEROMEEZRNZ 2 ZOMEE, FIA LYY IaLb—REHAVTHANS, £7,
HEHEERT OHEHRIBRICONWT, ZHHNHERZIERT 52 L DMRITOWTHRLMHIE



DB ZERNRNE, ZDHR, FIA LYY Ial—XRII2EEREHEERICLS
HFEZEML, SRERAM> OHEEEREZE R TI2ILOMREHANS, $F 2=
ToORRe L, BFEHERPOMBEERMERICES VW THEERZ COREL DT RIT
NIRRT, HILT 5 —< VR, HRBE), X 21y —2rn— R EKRIGEE
DA O D &0 Tikam 3 %

FAETIIHEREROFEOBEERMNESHICEHL T, BRIERT YA v THEELRERY
BAZBRABICEHL THRNS, FTHRBERABMOBEHEICET 2MELZRRT 2HME L
T, HEERME 7 0 XXMM T 2 AOMBIZARS, 20k, B2 KL H
OHIERRHBMzHAEDEL T F74 IV 7B KD, BRI X2 HMEREB 7 a2 —
ZNUMIERBN 02N, 774 Iy 7RETIERABEME 7 4 2018, SRR M
ERX—=Ty M LEBRETY, BREOBESELPHERHMOMEZRET 2020
IBRLLbIM I Do b T v F U ITHEL TSI 4 IV IIREERRICITY, AIRA
FERE FICB I 2 RBAKOEENOHEDRRD,

RBICESET, H2EILE4FEEITCOWRLHRIGEL, ZHN - BRNESELZR-
HBHEENOMRERERERT VA VT 2@ mETY, ThZLOBEEN D X
S L CEMER LI EIRT 2020 R 2, £/, BEALBEITOWTENT %,

AR TIE6DDEFEEM Lz, F2ETIIER 1 LT, (FEAMBRE R TOREE
KEEITRD SN 2 IR FHE OENAERZDOBME 2175, HIETIEIER2 LT, H
B EEP ORRERERICB ) 2HEEHERICX 2 AAERIE RO R L, HEERRRE
BT BRI, EIE 7 —< VX, SEBE), X 2Ly -2 a— FroiR3, [F
CLKEIREICBT2FERI L LT, BERERD S THEENMDNERGE O AIEHRIEROIRE
NS, MULSHIRICBI2ER42 LT, HBEEBEROBEBENAFIZ200TATNS
LGEDOHABRIBROMBEFANRS, FAETIERS LT, BEARCX2HEREMD
ORXE—XVBRHEEERZANS -DIC, EENREREEBRTHL 74 Iy 7 EE
WMLT, BEBICXZ2 70 R0 ZifiNs, MUKHEI4TRIIBIT2ER6L LT,
RARD 7 v X=X AN & 5 KIGEED, HEEEEEH O X 5 IC#HB R EEIC X
DEEREERIBD LREBTOHNLZ0EME T 272012, EBRSOT74 I 7 EL
RIS v d Y PREZIT oG EOMB LR S,



B8 HEEERORBRECORERZBZA
Eh?

21 XLC®IC

HEEERB2HRRT 20, SERBIHBRT 250 Ma0r6, L WE A IV TF
B ERRTZILT, HEERERETE S, BTN D EE (spatial cuing
effect) W5, TR -HZ Y, HEMADEXY 7 4 NORIFET D 255135
W7 AE—RIVEBFERDDENER (crossmodal spatial cuing effect) ¥ W\, 2% { DHFFEH X
#1T = 7z (Spence et al., 1998, 2000; Driver & Spence, 1998; Spence & Driver, 2004; Santangelo et al.,
2006).

IR RAE—XNVEMERPDMENELNLIEHE LT, ZREREREICE 2 KIGRELE
(multisensory integration) & ¥ (attention) DRIRHIH 2 54T W % (Spence & Driver, 2004),
ZREEMEIT K 2 RISEE R, HEANDAS & =M - REC—B] LG 24 IV 7
THRREBRLZDZEXVTANHBEEZANT 2, 22— XV EREEHELTZOR
JEDIHEREX D b DT H % (Stein et al., 1989; Stein & Stanford, 2008), — H IFEEIC &k 2 7RI,
F30 D PEER S NI MNICZE R FE (spatial attention) 23#) < Z & T, < ICHIET 2
R—7y "ADRRIEPIREZXNS WS b DTH S (Posner et al., 1980; Posner, 1980),

FRIE2MRoMTH, JSHEOMERBC I D HABRB A RNOTEZEHRL, M
HHERPRETZ 2, FICHARIRER 7 0 X — X VB FH2 D 81% (audio-visual
exogenous crossmodal spatial cuing effect) & \» 9 (Lee & Spence, 2017); £ DHTH, EERSINEH
DIEHM#EEZ A TH L, RERHENIELG TRLZZHEBICH 255X D S, FANCDH
LB THRBERRMMEEZNS Z %, FIKEF22 D 2R (between-hemifield cuing effect)
¥\ 5 (Spence & Driver, 1997), FA2DIC X o THl & FE o N 2 BRI ERIAEET V
(gradient model of spatial attention) IZED %, 5| HFE LN LmZRAL LT, HEHEIHN S
FEEEENBAD T 5 & X3 (e.g. Mondor & Zatorre, 1995; Shulman et al., 1985; Downing, 1988;
Teder-Silejirvi & Hillyard, 1998; Kennett & Driver, 2014; Mock et al., 2015), % @ 7=, 157 B |
BN =R LGB CROERIMEESIN L E X o, EAR—FERANCTHEER
FIMDPELZLZMNBEBIHDI2G5ELDDFALCMNBEBRD 25 G THREERIMEEZINS Z L %,
HFERANF 235 D #h 5 (within-hemifield cuing effect) & W 5 (Driver & Spence, 1998; Schmitt et al.,
2001; Spence & Driver, 2004),

L2 L7 hY 5 Lee & Spence (2017) 1%, REER OFIRNF 2320 D 2h 3R 2 BHIE ISR 3 EBRK
B, FERREFL2OMB LB LTARELTWS Z L 23 %, Lee & Spence (2017) /3
TolERTIE, 2 7A»HERERBIIRREINLEEORTRREL 2, HERHAL
B TR, ZOME, BRI A4 TH UHEBICD 2 51 EHIEA O KIG 2 E
XN B PIREFE D D MRITE S XFF XD, FERATOFELR2 D HRIEEZFENT,

6



FERFBMOMEIZ X & FTHICHI O R TR D RIS, SO FRB X D b HOHTER
ko,

ZORRIEZ, REERICEVWT, FOHEAEOABERKRELHEE IR L THEL &
%, RODENE (eccentricity effect) RN TW2S, b FOMREIE, FOLEMNIITIZZ S D%
MR E 2720, ROLEIFLG T 2HOLHAEEOZEBREI RS &<, BUHEIC
HNN2IZEEBBBREIRTT 2, ZOLDHRERBANMICHE SN 21T, HRIIE
{ 7% % (Carrasco et al., 1995; Carrasco & Frieder, 1997; Wolfe et al., 1998), fHEEiH 7 0 X £ — X)L
ZERIFERL DRI T 2EMEDOZ I, HEHHOMNEZ L ITREEEHRLTWS
7= 8 (Schmitt et al., 2001; Spence & Driver, 2004; Lee & Spence, 2017), Z 41 5 D& HIC 13RO E
MREDZBBENT VI EEZONDS, MOEMBLOLEZHRTIDICD, 5
1 5 T OBRERBADRIEIZONT, BRERFOMEEZZLSIELILIZED, YDXS51
HEERANDHEENRN LI D RN END 5, Z DAL Lee & Spence (2017) b 15 L T
W5,

HE21ROURFHMORKRZERFABMOMERN D LS CEELZEZX 20, T-DL, b
SROMERRZRET 27D EOBREERRMZAOTIETR VD & WS EEMIZOW
T, Grayetal. 2009) BNV FE—Z NI —H—A VX =T 2 —ZATH A4 U \NDJLH % HE
WANTBE Z21ToTW0Wad, L LA SHEEL 2B, EfzHDe LTEGIZIED
AL, RPRPVHH TOMIEICEE > TWa, BHEHEEANTIE, GHERLE LR 255,
IEH 2 & AT AICHI 40°~50° BN/ R 7 2 7 —EBICHEZ KD 255bH 5, HEH=E
WIZHIER 7 4 AV A Z2&RET 256, IAMEATOGLDD, BT LHRAEL -T2
RTAATVANBEIRETEZ LB ROLV, IAFE—ZNVLLI—HF—f X —T x—
ATHA Y OfEHERTDIE, REFRRREZFISEHITHEET + ATV A MEIZD
WT, XDAVHEHBTOMIEDPRLETDH %,

¥/, EREO /v ZAE—XNVEMFERLDMREZRARNTHAELDL L, v LFE—
ENA—HF =4 VR =T 2 —ATHF A DS % #H X 72 Gray et al. (2009) % &, BEHE H|
BAHI100 ms L BSRAT U TR I N BRICHRERHBPIEREINLIER T A e hoTW
% (Lee & Spence, 2015, 2017), Z AUGHRBEE R ICF B RRZ &R T 6 2 LT, #HEREDZ
BEMENFIZR SN IFRHEBZEZ TN, FRCL2MEANTHTEZ 2720 TH % (Stoep
etal,2015a), L2 LR 6, HEHENTOMBERIGERIERZE A5G, REERERIE
FRICIRRENDEFER 2D Y TH 5, RERHHIFRRICRERRIOALZGED, 20
JRRNZEREHRE, EE, LM ATHN, ZRFL2HRMEIXEZ D 5 % (Spence &
Driver, 2004; Stoep et al., 2015b), ¥V FE—X N L —HF —4 VX =T 2 —ZATH L UANDJG
Mz#ZZ25%0, RERIEAFRICREREINZGECHERERENRESI N HER T 4
A7V A Mz R THoRETH 2,

MZT, BHHEZY TOILHEZME T2, MIREHOEELZERIT LI ePEEL
W (Suied et al., 2008), ZEMF#H 2D MR, BT LIHIWICHEETZ2IOTERVL X
N, HEERCINTZ My 77Xy VR EEDOREIC X DM 15 (Santangelo & Spence,
2006, 2008, see also Schreij et al., 2008), HIH - FRAIAYEHD D 2 B N TR BRI HE S
NEZEEZEROENBD T 2 725 (Wickens, 2008), 7 2 ZAE— X )LZEZE T30 D R R85 %
% (Santangelo & Spence, 2007; Santangelo et al., 2007, 2008a,b; Ho et al., 2009), F Z 4 N —I3%



WEREENCERBEFEIEDNLRETH D, ZORB T ICBVWTIHERERZIT O LHE
DB, 1EoT, KEBRTIEHRSMENMBNLERZET 2825 X 72 IRETHRES
21T 9.

AREFETIX, MR - BAKEHEZ BN E X 72IRBITB W T, SRR RIED FER IR &
NG EORERREIRET 27201 RD LN HMBER T 1+ 27 L A ] DIKF-J5 6] D xS
MERZZHND, EBRSME T Z7 v F 2 ZFEZ HHHNICIT o KRBT, MEKERR
B2 FIRICATS &5 RDL, SIRHFERFBEICE T 2 RICKEZ, RERET + 271V A HO
XA 2 e RS 5,

22 EE
221 EESIXATL

KB AT DT 0y 7 XA7 75 L% Fig. 2112, A—%, LED, 84 Y FF 14 A7
L4 OB % Fig. 22 12" T, BB 2701, ERERERHEES 276 2 TF v Fy
TRE AT L) D2O0HMRENS, BRI AT D705 AlJ, MATLAB 2021a ®
Psychtoolbox-3 TAERL L 7= (Brainard, 1997; Pelli, 1997; Kleiner et al., 2007)

HEERHE S 27 2IZH W2 PClX, Alienware m17 R4 (CPU: Intel core i9) TH » 7z, H
BRZMEIEE % 0° & L, KFEHMEAN £20°, +40°, +60° DHEICT DD ALY —% (Genelec
8010A) #FEE L7z, EMSIMEEBMNEL A —DDOHEHIZ1.ImTHo7e, AV - X
=T 4 A4 2 =72 —Z (MOTU828ES) %/ L CHIMHI L7z, LEDIZER Y —F OIEMH
WKkBIN, EBRSMEERME L OHFBEIZ1.0m TH o7z, EBRSMEZFEHRD LED O A
T, ZANEZETFTINOHBLED TH o7, HELED ® F R OFEHIZ I cm TH -
72o LED D& % # £ 51 (KonicaMinolta LS-110) THIE L7z & Z %, #R{LED i 145 cd/m?,
H 1 LED 1% 245 cd/m? T®H » /2. RBENOEBRSINE HIRE X128 2 /K FH B EIZHN
5001x &+ 722 X EBMEMARLTED, LEDICK 3 7L 7 R0BERBRBIZEC RV L 21
# L7z LED (& Arduino Mega 2560 Z /1 L CTHllffl L 7z. A ¥ — % & LED OFKE & 1%, EB
SMEDHBE I ICH— L, EBSMEOKIGIE, ERIK220DF —DAMNIA CTEHE
XhFFF—FK—F (Koolertron AEFAMAG09-RDB) TH(S L 7=, BER X, 500 ms @
BT, BROBEBEBR? ZE&H, ERSMECAIREEZEZRVEALZED S O ZER
U7 BERHFNEOREIRIE S L CEEB AR bV % Fig. 23 12RT,

NI FYIRES R T AITH W PCIX, Zenbook 13 (CPU: Intel core i7) TH o 7z, 8 4
¥ F 57 4 A7 1 A4 (Century LCD-8000U, Resolution: 800 X 600 pixels) &, ZEERZN#H 1E D
LED E NIZRBE L, EBMSMEHEBLr HMAB L Z8 ODMNBICH o7z, EBRSMED AN
1, ArduinoUnoR3Z /ML T¥aAf AT 4 v 2ZIZXhEUEL =,



PC1 Audio Interface Loudspeaker { PC2 8-inch Display
| Alienware m17 R4 LMATLAR 771 vioTU 828ES H GENELEC 8010A ‘ Zenbook 13 | LMATLAR Century LCD-8000U
Keyboard - -
Koolertron AE-AMAG09-RDB ‘ | Arduino UHO&H Joystick |
ARDUINO
Arduino Mega 2560} LED | i
ARDUING }System for Visual Search Task‘ 1System for Tracking Task

Fig. 2.1: Block diagram of the experimental set-up used in the experiment 1.

1.0 m

—20 +20
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: Red LED (Fixation)

. Loudspeaker

. 8-inch Display

Fig. 2.2: Arrangement of LEDs, loudspeakers, and 8-inch display used in the experiment 1.

222 EEREmME

EESMEF 2% (BHI154, L1484, 281526 THolz, ETOEBRSBINE
WA =Y F X =% (RION AA-77A) ZH W h#E 2 E /ML, 500, 1000, 2000, 4000 Hz
DFEFEN LV RNV I0dBU TR TH S Z & 2R L, ERMSIMATCERSZMENL A4 >~
Zr—ALFarty b r2EBE, EBAREIALY VFESCESVWTED, WM KEKRE
ENMREATE TS § B g = EOY S Rk C Y

223 FEHEE
BREMDIBEERES

AR, SEREREE RO N 2 HERAMH OB ZHAN 2B T5, 2
D, RESMEBEIEREML D 2BEEMICTAZ2ZePEF LV, EBRSMEDH
FEEMDEEZFNL 2012, SHHBEBTVWITh»rOR -2 0 BREIME, 7> XLk
EZET10E3 D, GFt70EHRR L7, ERZMEICE, DR -2 6 HERFEH R
XNl EEETELIKRDZ, KEFAKHALTODAEY —=HIZDOWT, Elfn»sIHE
FICI~TOFEBZMNL, EBRSNMEIEFSZHEEHARKICEHAT 2 2 & CHEHBMIERZ
NAE—HZAE Lz, BBEBRSIMEDORALBIIERZHEWZIREYL L, HEIESD)
FHEHHBEE L,
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Fig. 2.3: Waveform and frequency spectrum of auditory stimulus used in the experiment 1.

RERRFEL LS vF U IRE

PHEERFED 15 TOMNZ Fig. 24I1RT, £7F, RELED 25500 ms D 54T L7z, %
D, WINL1OOHMBGLED A EIT L, Zh e RRFICERERHEIVWIAL1DOD A —%
POIRREINTz, EBESMERE, L TOrse858Ler%, FTCREINLF—%
TEL2RHYFBELCEME, GFOBBETHIILTHET S L5KD, ZOERTIE, £
GAHAOERIIH LT, L FAMRDMEEZKD 2 EZEHE (orthogonal spatial cuing paradigm)
BBl &D, TIAIVIHMREORMENSE, BERIBIC X 2 2HMFEHNH» D MR
AL X B IH WA B B (Spence & Driver, 1994, 1996, 1997; Ho et al., 2006b), 717 [ o i b 1%
24T X a e Uiz, LED RUT &, BEERE D EERS ME A EICEET 2 X1 3
Y%, A¥m2a—7 (Siglent SDS1104X-E) ZHWTRK L 722 X 5 i L 7=,
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Inter-trial Interval 2 - 4 s Fixation Display for 500 ms One White LED and Auditory Stimulus Display
Response Period (Until Response)

Fig. 2.4: Schematic diagram of a single trial of visual search task used in the experiment 1.
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Fig. 2.5: Screenshot of tracking task used in the experiment 1. The dashed line shows the orbit of the
white circle.

PHEERFEERT-o TV, EBRSMERZXEC 7y F U 7HEC WD #Hr o7, b
v XY HEOHEM% Fig. 25CRT, M7y F U HETE, JLr—-oBFFRLICAVH
HERREINze HOMEEBEHRZFLE LT, FEScmDIEM#E EZ, 1ESHDOR—
AT, —ERETREEBILEZ, EBRSMEBEZILEFTYaART4v72HOTRONARE
BEL, HBOHZEIWCENT 2 X5 KD, HE L&EORGBEIX, HE (0,00, £ft
(255, 255,255), Kt (170,170, 170) THREL 7=,

FERSM, BRI RN E 6 AT (420°, +£40°, £60°), B FIEIERNALE 7 EAT (0°,
+20°, 4+40°, +60°) ZHHAEDLELRNEY TH o7z, THZTNDOHAEDOEN 10T O,
BEF 420172 7 Y X L RIEFRTEML 7z, EBH, 1001772 L TEEDORBZRIT -,
EEIZ NN KE 1 S IO EETEML 2, FiEEORES L~k ARET220dB,
FERZ & B s S T oK E X 500 1x 72 5 72,

23 R
231 EREEMOBERS

2HDERZMEICB VT, BREMOEZTRN E Z TE o7, Z 024 IFHEHRRR

BIZBWTD, BERFMO G AE ERCIRZ SN R o 22 ER L, KSR O
Mt R H BRI L 7o 752 20 % O F IR EN R E D F5 R % Fig. 2.6 1IR3, 20 %4 D & J§EN
E D FHIEE R 924% (SD =5.4) T, f/NMED 81.4%, I AKMEH 100%TH - 7=,

11



+60 @
+40 r ® @
& +20 ® -
=,
L
ah
s +0r ® @ 1
<
=
)
g-20 1
k)
o
e
=
40 + @ 4
« @ @ a

-60 -40 -20 +0 +20  +40  +60
Auditory Stimuli Angle [deg]

Fig. 2.6: Accuracy of sound source localization for 20 participants in the experiment 1. These partici-
pants data were submitted to analysis of response times.

232 HBBERSHICEZREEROSH

AL, HERIEM 6 KYE, BERAK 7 KELHAGDELERTYV AL v TH L, —#IC
ZEEBICBWT, KEBOHEMIMHBITOKRFICORDE S, £z, RISKBEDZHIZIE
O TRBZNIeDBZ0, ERSMTROWT—&XIZ, ERSHEREEL CH o z21T
S, MHIIPE T L TL % 5 (Whelan, 2008),

RS 7 A0 2 SRS 2 C e CIERI A MISGEBIL TOfz 32 %S H 57, KE
BTl EARoMER RS 272010, IERIERSMICE 202175, RIGKHE D9
X, SEERERSHICHKS 222 W0ne X3 (Balota & Yap, 2011), f8EEM 70k, ERD
MEBBD M2 Tl BIAATETHTHD, 302D T X =%, o, 7% HVTRLA,

_ 2 _
f(a:\,u,am)z%exp (MT:C—FU—)(P(x ,u_g) 2.1

272 o T

THEREEEBNPERINDS, o= (11,12, , ) ZREI N DT — X T, &(2) IFHEMHRAE
BchHy,

1 z y2
O(z2) = \/_2_7r/ exp (—?) dy (2.2)



TERIND, B, 0>0, 7>07TH 5 (Hajetal, 2021), FEBIER DM OFIIMEIE p+ 7
TEoNZ, 73T MOMBIRICEZEL DL, Fig. 271803 &5, HHBIKRELI RS
ERTMOWHBH IR 725, ZDRDIEBIER M Z Ao T, o mEREl
DEZEDAHE & 72 % (Balota & Yap, 2011),

1=600, =30, 7=100
2
5 : \\ _______ 1#=600, =30, 7=150
2 C\
IR N
< 1 \\
: AN
A d <
// e

600 900 1200 1500

Fig. 2.7: Probability density of ex-Gaussian distribution. The parameter 7 streches the tail of the distri-
bution.

R oOMHAGDLE Z KB o RICKHEOGMmIz, X @2.1), 22) TEREINL ST
BMERDHEZLTIED 2D, 8T AXA =R u,o,1 ZNFNHET %, Fig. 2.812, 28T X —
REEIWCHOCIHERET L ERT, HNT X —=RIZOWT, 9 RIEZFD—Fk7 1 % HHl
gfe L, RIGKHE T — 2 BHERIER D2 518 607z L RE L T, MCMC 7% (Markov chain
Monte Carlo methods) 12 & D %85 X — X DHEHKR M % N4 ZHEE L 7z (Kruschke & Liddell,
2018), BBTIX, A=1/r2 L, N\ODEZHE T 5 Z & THEEMIZKD 7z (Haj et al., 2021),

MCMC {EIZ & B R A ZHEEITIE R (ver. 4.0.3) ¥ rstan 2% v 77— (ver. 2.21.2) ZH W72,
NI RXA—=RHEEMMKERIE, BOoNLRICRR T — 20 BCHBEBEBLEVWD, H#HEE
BA&A 2> & 1000 ¥ > FAEN— 4 ¥ (bumn-in) & U CHEEMD SR LIze N—2 4 V5%
D10000H > FNZ2 T X —RHEEME Lico T RX—XHEEIYEZZEE L T4EFED
B LU, AEF40000 %> P2 H#HEEME L LTE 72, MCMCIRIZ & 2 %8 X — X HEEDINK
71X, Gelman-Rubin @ /5% (Gelman & Rubin, 1992) IZ X D T o 72, 2 TD T X —RIZHB
WTR<112%D, THREVH Y FLERATWS 2 2R L, EBRICHESAT:
NIR=Zh o, ERERTMOERIMZER L, KIGKHE DML BLE b8 6% Fig.
2912R T,

HERABORES R CAECH2HBE B LT, BERIBMOBEEIZELL G0
PHRICHREBBAED XS ICEBLT 202N 7201, HERFMEEDAENIFELCHE
(SA [Same Angle] condition) D V¥ RIGKE (uga + 754) &, AN 72 555 (DA [Different
Angle] condition) D3 K IGRER (upa + moa) 1IC2WT, 2% ((upa + ™a) — (usa + Tsa))
ZENZENRD, ZOMEDIEADETITAMOHFRAE L F CI27 23 % p.d. (probability of
direction, 1 > p.d. > 0.5) ¥ L TR 7= (Makowski et al., 2019a,b), p.d. |I 58 FE ) p H & XI5
EED Y, pd =09501&p=0.10, p.d. = 09751 p = 0.05, p.d. = 09951 p = 0.01 ¥ ZHh
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u ~ Uniform(0, 10)
o ~ Uniform(0, 10)
A ~ Uniform(0, 10)

S
A=—
T

Fig. 2.8: Graphical structure of Bayesian model used in the analysis of the results of experiment 1.

N

D, ~ ExGauss(u, o, A)
@—" D; (i=1...N)
A

Probability Density

T

500 1000 1500 2000
Response Time [ms]

Fig. 2.9: Example of the histogram of response time obtained from the experiment 1 and estimated
probability density.

ZFRIEND %, —HILEDRHIXTIX, p.d. > 0.950 D7 % “significant” £ HE T 2 6]d H %
(Wolpe et al., 2022), L7225 > TAEEBRTIX, pd 770950 @2 -fHAEDLBICHEHL TH
G R

Fig. 2.10 12, #HBEHEAMOREDHAGDLEICE T %, FHKICKEH O 95%HE (S X [H
(95% credible interval) Z7/R3, NA XAHEE TRD &1 5 FEMHE D 95%HE(S X RIIE, 95%(E 54
X ] (95% confidence interval) & 272 D, SFIGED 95% DR THD 5 2 MREZEEOHIF % E
BERICHEBRIME LTHEL TWd, HBERERMORLEAENEL VWS, “SAidh
TW5, SEERBOREMEICT, SAZAL 600 DA FE KGR EZ DM 5
pd. ZEHEL, pd.>0.950 & 2o MHAEDBIZEREZ DT TWS, SHERH O E H-20°
DI, FERIGFER D p.d. 250.950 8 2 % SASHE L DASE DA G LRI R o2, M
B D BiC 8 A3+20° D IRE,  BE R 0 BE E 25-60° D DA RFICBWT, SALMF e L T
0.950 % #8 X % p.d. TIRIGHE L 72 o 72 (-60°: p.d. = 0.960, Median = 28.6,95%CI[—6.3, 88.3]) .
TR H D BE B 23-40° DI, FIIRIGHERI D p.d. 530.950 % X % SA 5 ¥ DA & D i

BbRIE D o7z, HEFBOBLED+40° DR, BEHE I OB E 23-20°, -40°, -60° O DA
ZHITBWT, SAKMFLHEL T0950 22 % pd TRIGHIEL I o7z (-20% pd. =
0.994, Median = 55.8,95%CI[12.2,101.7], -40°: p.d. = 0.950, Median = 34.5,95%CI[—7.2,77.9],
-60°: p.d. = 0.992, Median = 55.8,95%CI[10.7,104.1]) . % H3# o B i A3-60° D K, TR H] 3
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DELE A 0°, +20°, +40° D DA EMHFITHB VT, SASH L L T0950 28 % % p.d. TRIG
D L 72 o 72 (0°: p.d. = 0.983, Median = 54.0, 95%CI[4.3,106.4], +20°: p.d. = 0.985, Median =
34.5,95%CI[5.9,111.2], +40°: p.d. = 0.967, Median = 47.6,95%CI[—3.5,100.3]) » 7% H| ¥ O KL
B 25+60° O FE, B FE D EL & 23-20°, -40°, -60° D DA S:fH12 B W T, SA S ¥ LL# L T 0.950
A 5 pd TRISHIEL 72 o7 (-20% p.d. = 0.999, Median = 78.4,95%C1[26.3, 134.7], -40°:
p.d. = 0.950, Median = 56.3, 95%CI[8.6, 106.8], -60°: p.d. = 0.951, Median = 36.7, 95%CI[—6.3, 88.3]) -

¥/, ERERPRICBI 2 FHEEHRT 25 XA -2ThHdurD5b, ¥HE5
DT X = RPEGRICRFE QI E 2 ML TWE 2R 20, ZhZhd R
T X — R DHEED M PEFETH % EAP (Expected a Posteriori) ZFFH L7z, 87 X —XD
EAP % Fig. 2.11 127" 3o SA S & LL#E L T p.d. 23 0.950 DL & o ifE 3R C S 5 5 5 IRf [ 23 3 <
72 % DA SZMHFICIEERZ M T2, FHRICK B EEM U 72 DA ST, SAFKMHC Lt
BLT, Wi rDHENRKELRoTWVE I ERREINT,
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Fig. 2.10: Violin-plot and box-plot of estimated probability density of mean response time (x + 7) of the
experiment 1. Violin plot shows posterior distribution of mean response time. Upper and lower edge of
plot shows 95% credible interval. Horizontal solid line in each figure shows median response time value
of the condition when audio-visual arrangement were aligned (SA [Same Angle] condition).
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Fig. 2.11: The EAP (Expected a Posteriori) of iz and 7 which describe the mean response time for each
audio-visual combination of the experiment 1. The annotations show the DA condition which had the
more than 0.95 of p.d. compared to SA condition.

24 EE

Gray et al. (2009) 235 fE L 7=, BEHEFERL DI X 2 ZHEEL2 DR EZ TN 2 RETIX,
FEERZINE EH D & FEAKFETTENC £18° OFHIBUC H 2 HERIBUTH LT, SIEHERICEL
7oL 300 ms 20 5 450 ms TH o /oo AEBTHONIMEERIK, HERABPER» S LS
TG AN £20° B 7= AL B O R E RO W T, WFROHABZDLEIZHB VT H 600 ms LA
FORIGHRBZE L7, TNEARERPERAMBE NCBI 2 HEHERAEL EMML /-
D THb, 2OZens, EBRSMEIXDI2BE NSy X 7HECEPLTED, #
HRRBICH D TEREREEARIBAO LTV 0h 5%,
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ISR R AL CTH UHEHBICEFEES 256, WIAOHRRBHMAE IS VTS HERH
HMOMBEIZLDZRIEDEVWEIR AR/, 2O X, FEERMZ 02 € — XL 2R
FHE2 D MRICOVT, FERNFH 2 D R ITHR 0 20 S Lee & Spence (2017) D Eik &
—HLTW3, AEBRTOHRRTRIBOBLE X, £AKFEHAIZ20°, 40°, 60° TH o7z, T
D OAREERIE, HEREBMS 40 /A THTDH, FEHRICKFHOK = RBIEIXRAR
WE HERTE 5, ORI, R RIALE 23+20° O R o BEH AL E-200, 515 R AL
& 23-20° O If O BEH AT E+20° DA B DED X 512, HEEEHIEA LA TRz 2 IR
WKHH2HEICDYTIEE S, MR THEFED-60° M EICH 2 5E1%, BRI EES
MALEBETH % 0°, TRDODEMEHMA» S 60° BN -0 EBH» S RSN GEE X,
RIGREEDE L Ao TED (pd. > 0.950), KZRFEERICREHE OBEHI R Z & 72 WARTER
RMELE O A EZIZICREL W BREXFT 2, LrLARSS ZDORROMRIE, %
BIERZHESIEREN B 2R LTHAZIZERBY T2 2 2L OMED
WELTWDE ZZ2EET %L (Mondor & Zatorre, 1995; Shulman et al., 1985; Downing, 1988;
Teder-Sélejarvi & Hillyard, 1998; Kennett & Driver, 2014; Mock et al., 2015; Schmitt et al., 2001; Lee
& Spence, 2017), HREERIGEIR Z BN EICE  BBICXFHTEZ 25D TRE RV &2l
NTEL,

40° ¥\ 5 X, Ttoh et al. (2009) 23¥R 45 L 7=, A ZIREF O fHIBIZ T W (see also Wolfe et al.,
2017) RIS O D HICH W 7 — &%, BERRIB O EIHEE M A IEMICITZ TWi KRS
MEDDDTH o7z, MEHERICEVT, BEEABAMICEBRSNEORMIFBEI N
3, zonmeHLe LT, SRBECEHMERN 2T BRI HRERELE L E
T E G BRI D P RE 72 SHIBIC R R RO EE L, HRBEROKRZRIBIENFEAE
Lol dERAONS, 2L, BAMHREIITEEES) & IRRES) 2 £ 3 ICHET %
72 % (Ball & Owsley, 1993), AEEFER L EMHBTOMBEIISEREICHD %,

PBERE RS A TR 2HIBIC D 2356, SRR E 23+20° O 35 (3 HE R R AL E-
60°, R EHIFAAL E H3+40° D 35 1 BE R R AL E-20°, -40°, -60°, HE BN E 23-60° D5 &
VB REALE 0°, +20°, +40°, R HI AL B 23+60° D 35E W IE R R AL E-20°, -40°, -60°
DHAEDHEIZT, pd 230950 =8z 7=,

WREEHFD LA TR 2D 2551%, SAKF LR L CREPEL 22 HAS
DEDPZL BT, MEMETEZLRINTER, Z70 AT —XVREMFH» IR
B2 LERREIFH 2 D RED, AEERT D MR T X 72 (Spence & Driver, 1997; Lee & Spence,
2017), E7-, MEFBEBAANICEEBE XN 3I12o0, 0950 FD pd ZRTHAEDEIHEZ
720 ZAUIRERIBIAHNCE E X N3 I ONHEDEFEEMED T2 - 7272 % (Carrasco et al.,
1995; Carrasco & Frieder, 1997; Wolfe et al., 1998), #HHEERICB W T X W R R Z F 2350 D
TR LoD EeEILNS,

MHEAFBREETCBVTEEREER IR L TED, by FEY VR TFEEOEE L2
%5270 RE—XNVEBFERIDNRIZTTE 5 & X5 (Santangelo & Spence, 2007; Santangelo
etal., 2007, 2008a,b; Ho et al., 2009), L L2 5, REEBTIIHIEREFHMOMAGOEIC X
D RIGH R OE WA BN 2 A DOEIERA 507z, Schreij et al. (2008) 1%, 74 A b 5
7R LUTERBRINZHBEZ, ERSNMEDO Ly FX Y VNRERIHI2DLT, T
BEBZDOI2ZehTE223%, AEBRTHEOLNS, HIERHMI R ZMEICH D
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ZrI KXo TRIBHENTFERIZ, HEFMY SEEN B CHEEEI R REI N 5E
W, BEEREBP L= —R VBT A RXA 77X LTEBRSME/EHLLZZ XS,
Ezxbhd,

RERHOEENEBRSINED» S R THMCH 256, FACH 2356 L L T, 0.950
LEDpd ZR5 SAZEMHFE DARHFOMAEDENZWIHRE ko7, ZENTEE, £
e b U CAHARNSFEEDE Z 3 W (Chen & Spence, 2017), Z DHEEIEZZ 0 A E— X)L
IR T B BN S (Chen & Spence, 2011), MATHEBFROKEBICDHE I, IEAR
BETCE I AMICEBPEREZRMZ2ITWVWE X5 (Peers et al., 2006; Pérez et al., 2009;
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Fig. 2.12: An example of RT posterior distribution compared beteween a condition that the auditory and
visual stimuli are located at same angle and a condition that the auditory and visual stimuli are located
in opposite hemifield.
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Fig. 3.1: Picture of the experimental set-up used in the experiment 2 and 3.
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Fig. 3.2: Schematic diagram of experimental set-up used in the experiment 2 and 3.
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Fig. 3.3: Screenshot of the driving simulator used in the experiment 2 and 3.
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Fig. 3.4: Waveform and frequency spectrum of auditory stimulus used in the experiment 2.
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Fig. 3.5: Schematic flow of the experiment 2.
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Fig. 3.6: Mean error ratio of visual search task at each condition of inner (+30°) and outer (450°)
location in the experiment 2. (Error bars show 95% confidence interval.)
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Fig. 3.7: Subjective mental workload at each condition of the experiment 2. (Error bars show 95%
confidence interval.)
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Fig. 3.8: Mean time from the presentation of auditory stimuli until the gaze reaches visual stimuli in the
experiment 2. (Error bars show 95% confidence interval.)

80

M

60

20

one direction (cond. 2) each direction (cond. 3)

Fig. 3.9: Mean time that the participants were looking at the frontal view during one trial in the experi-
ment 2. (Error bars show 95% confidence interval.)
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Fig. 3.10: Mean instability of steering control at each condition in the experiment 2. (Error bars show
95% confidence interval.)
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Fig. 3.11: Mean instability of speed control at each condition in the experiment 2. (Error bars show 95%
confidence interval.)

325 EE

MEERIIBOT, BEHEPERINALGEEERSIAZVWEEG LKL T, AR
MEND LS otz LELENSIEHE D S O AN R I NG E TR ENRE
L, RRICHHI OB BERIBEAR KD ERICRENZ L Koz RDEMRICK D HEE
ZRICHF[E % 2 L (Carrasco et al., 1995; Carrasco & Frieder, 1997; Wolfe et al., 1998), 7R fa D ¥+
DHZAB 1 LNICHBEITERWERIEGEodEZ NS, FERFIHEHEH
MoAm» bR RINTHE R, HERHMOKEIC XS TIRENFIER Kot TR
OB OHAERICED, EIEPORRERZEYVNIICKETEZ 20 IHRIE, Z2L0%

98]
[\



T =8 L TWwW3 (Ho & Spence, 2005; Schwarz & Fastenmeier, 2017; Lundqvist & Eriksson,
2019; Chen et al., 2020), ARFEERIZ B 2 S O B ERIBIE, FeATHHSE (e.g. Ho & Spence, 2005;
Lundqvist & Eriksson, 2019) THEIE N7z D X D AHNCEHE I LTV S, FEREFIHIFFD
FAEHRICE D EIRFORREREZXET L2 DMBIE, KEBRTHWR X5 RIAWVE
HToORHFTHHN L PRSI NT,

RS, SRNEH, HFKCO VTR, #HEEFEOAZITo TV IHERRD /N L,
ARERAEP D2 212X D ER L, SHRERHEICXID EF L EE, BERREE
RRICIRRENZ Z KX DEEL, EREERS SIABEREFROHEEIEIS 5 IS Rok,
TAERZFFOHEBRBMOAMHEERROM G 2D, FECHNT 2 EFEHNEHEIEH N
CepER I, FLEENEHBZERREI IR ERLRE, L2L
BG, BERESAMEREZFHOBE L IEH» DA TH - HEZ LK, HAE
WEROAPERCHEENEENBD L, BEEENIIBWT, #REN2EHRDEHE
HERENEY, F I A4 NZHFFh 2 A2 % (Cummings et al., 2007; Schwarz & Fastenmeier,
2017 2OZEHS, BERBICKL 2 EHEMNAHBAY -HD0F v VI AVHLE XD D,
FERRICR RSN EER P REZITICENTD o 72h ¥ 5 50, FEEHE DI
Br52zTwseEAbhb,

FERFMAIER 2 6 DOARREINLGEIE, ARG > 0B REINLGE L HEL
T, SRS HERHZH ORCERRCRVWRMZE L, o™X, HMIlo 5= R
Y'PHZE T H - 7= (Carrasco et al., 1995; Carrasco & Frieder, 1997; Wolfe et al., 1998), B & #3511z X
DAMBEREZMLA S 2T, HIEEPTH > THE VKRB THEESINE O R 2 H R
WICFHFETZ 2 Z DR TE . 72, AERERICE T IRUEPELI RokZIT&D,
IEEICHEMRT 2D R R o7,

AEFERICBWTHERAE RIS VEGE, HEREOAZToGE L HRL T,
ATT7VYITEREOSINDBREL BoTe, MREAMEZIERTZ2ZICXD, HEHERD
BHERD, ATFTT7V Y REDOINNEERL 2, EERBEIAHERZ OSSR
KHRERRPAEZERD, A7 7V Y7L TEERED A 21T > T2 & FAIFI
RAHBETINDPMZA N, TNIEIREHERICET Z2RMEPEL Kol Z T, FEREHFM
DHABREZF 2R VWEEG R L CTERHZFEMRT 2RHEPIRS R o2 T, X bi#Eix
DEEMEDPH L dEZbN D,

326 EHE20Fr®

RIAELY T Iab—ROEELE LEDPOHBERRFEL EML, HRT 2 HEHIK
HAE»SEEMEIRRT 2 2 OB LA, BEERIEEZHERE T2 H5ERT 5
ek, HNEET 2 ETORMIELIRD, HRERIIDBEIEMRICR S, M
HRRBICE T 2P ED T 2720, EHIERTE 2RI, 2770 ¥ 7#E &
ERIE 72 ¥ OEBATIDNRET . ZOMR, FIANOEBNAHEDTEET 2 2 L 27R
SNz,

33



33 ERI . BRABOFFEEMUI’EELZS

FER R BOIATRE e LR L CIRREFTOREDPRETH 52, 2D/, FEERIBE
B3 A2FEREOZEMIE, HERBE LTXDIAWZER % D (Spence & Driver, 2004), Z® X 5
W, B X o TR I N2 FEEOHEEIE, FBORREFRORED LT X IKET 5,

BRI OWTEZLBED, MBOMBEICLs TEREMD LT EINREL S, £
DD, MEERDOERICH VL HERERMA S HEMPNEERIGE, BETZ 2EBRSME
DZEMPNFEELEIBE R D, IRDIFE 2 I eHBEXON D, EER3 TIEEIREN DK #HE 72
FERERE 2V, BEHEERTORAREERRICB T 21782 H#HR, ER1OMMR L KT %,

331 EESIXAT L

EER3THW-BEE R O R B E 2 BB ARZ FL% 31217/ F, 1000 Hz O J& 5
B DAEELET, 500msiFXDVEEBRDDPL500ms FEDWMELFFOETH o 720
KER3ICHWEERBRS AT 401, EB2rHLETH S,

0.5 .

o

Amplitude

|
o
v

T

|

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Time [s]

o

|
[
o

T

1

|
N
o

T

1

_60 Il ll Il Il Il Il Il Il Il Il
1 2 3 4 5 6 7 8 9 10
Frequency [kHz]

Relative Sound Pressure Level [dB]
G
o
T
1

Fig. 3.12: Waveform and frequency spectrum of auditory stimulus used in the experiment 3.
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Fig. 3.13: Mean error ratio of visual search task for each auditory stimulus at inner (£30°) and outer
(£50°) location in the experiments. The auditory stimulus which was easy to localise was used in the
experiment 2, and that was difficult to localize was used in the experiment 3. (Error bars show 95%
confidence interval.)
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Fig. 3.14: Subjective mental workload at each auditory stimulus. The auditory stimulus which was easy
to localise was used in the experiment 2, and that was difficult to localize was used in the experiment 3.
(Error bars show 95% confidence interval.)
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Fig. 3.15: Mean time from the presentation of auditory stimuli until the gaze reaches visual stimuli in the
experiment 2 and 3. The auditory stimulus which was easy to localise was used in the experiment 2, and
that was difficult to localize was used in the experiment 3. (Error bars show 95% confidence interval.)

601

201

easy to localize difficult to localize

Fig. 3.16: Mean time that the participants were looking at the frontal view during one trial. The auditory
stimulus which was easy to localise was used in the experiment 2, and that was difficult to localize was
used in the experiment 3. (Error bars show 95% confidence interval.)
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Fig. 3.17: Mean instability of steering control for each auditory stimulus. The auditory stimulus which
was easy to localise was used in the experiment 2, and that was difficult to localize was used in the
experiment 3. (Error bars show 95% confidence interval.)
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Fig. 3.18: Mean instability of speed control for each auditory stimulus. The auditory stimulus which was
easy to localise was used in the experiment 2, and that was difficult to localize was used in the experiment
3. (Error bars show 95% confidence interval.)
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Fig. 3.19: Picture of experimental set-up used in the experiment 4.
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Fig. 3.21: Screenshot of driving simulator used in the experiment 4.
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SEYE 43 SD 28 2 % MBI A NE & LT L, &7t 4894 O KB RERE % 7547 i 51 v
L7,

Fig. 3.2212, &M T O RISHE 2 SRR REAE Z 1R, HEERICBT 2 ER
SN Z e O RICKRERIZOWT, EEREA AR OBE 2 Z K & Uk ol E K
HBETE M 2 B L A58, HERMOREO EMROARD SN (FREFIHM OB
& F(1,18) = 287.2,p < 0.01,72 = 0.94, FEERZEAMF 1 F(2,36) = 0.60,p = 0.55,72 = 0.03, X H.
fEM D F(2,36) = 1.6,p = 0.22,72 = 0.08)

& >
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-E 5004 % ) R % _________ aligned
3 / s o ginner
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E 2504 % e Z ........

T é S ) | // ........

Left Right

Audio Visual Stimuli Position

Fig. 3.22: Mean response time of visual search task at each condition of left and right location in the
experiment 4. (Error bars show 95% confidence interval.)

REZRRFBICEITBRER

Fig. 32312, &M COMBEREZHRRBAE Z v 12nd, HERERICBIT 2EBES
B DFHRBERIIONWT, EREFCHBEMBORE 2 ZK & U ZJohd & k150
ETBMANEEMLIER, SRAMORED FNROARD SN (HERE OB E :
F(1,18) = 13.2,p < 0.01,7; = 0.42, RS | F(2,36) = 1.0,p = 0.38,7; = 0.05, X HAEH :
F(2,36) = 0.5,p = 0.60,72 = 0.03),
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Fig. 3.23: Mean error ratio of visual search task at each condition of left and right location. (Error bars
show 95% confidence interval.)

AVENLT—=70-FESUVHEREREREOETHNHZE

Fig.3.2412, EE% N, SRENEAHE, BENEHE, 1FROFEEFMEZ &FZ L ITRT,
EEGFH 2 ERE LTl EREMETH AN EER LI 25, iHFKOABERERE
MMRDERD SNt QEEE T F(2,36) = 1.0,p = 0.37,72 = 0.05, REM A F(2,36) =
2.2,p = 012,72 = 0.11, BEF A A 1 F(2,36) = 1.0,p = 0.38,7 = 0.05, HiHFK : F(2,36) =
3.3,p < 0.05,77 = 0.15)c WIFBZOWTHMEINREZEML 72 25, BERERHAH TR
BMoNhcThTtwaga (&2 2, HERMoOREAESFRCHE (&IF D 1Tk
NTHEFERED & R 2\ (p<0.10) RSN (5 1-2 1 4(18) =2.6,p = 0.05),

Fig. 3.251C, fIRHRKRBEO TBMNES E 2, SIRABOMRE Z 2 IR, EEREMF LM
RHRBALOREZEZKN e LT i EREIETH I EEML I 25, HERBE O
BOABERLENRIED N (RERBORE : F(1,18) = 45.4,p < 0.01,n7 = 0.72, &£
BRI 1 F(2,36) = 1.4,p = 0.26,n7 = 0.07, ZHAFH : F(2,36) = 1.9,p = 0.16,7 = 0.10)
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Fig. 3.24: Subjective mental workload at each condition in the experiment 4. (Error bars show 95%
confidence interval.)
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Fig. 3.25: Subjective difficulty of vusial search task at each condition in the experiment 4. (Error bars
show 95% confidence interval.)
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REINTWBHEZ%, OCR (Optical Character Recognition) 12 & D H AR > THHr L7z, #itA
HLlZ17v—aZroETdEELZHAVT, R32XvHEoOINERHL %,

M DHEEDO SN % Fig. 326 IR T, EREMFZ2E R Uz —JohlE 70 th &2 %E
ML 74, AREEMREFED SNLh o7 (F(2,32) =0.4,p=0.67,177 =0.02),

Uv [km/h]

DN

alig'ned inner outer
Auditory Cue Position

Fig. 3.26: Mean instability of speed control for each condition in the experiment 4. (Error bars show
95% confidence interval.)
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KEIT—MMBIXHZHRFBMOKERDY, HI7—MNBLHBELTERCEVHER -
oo ERHEHEROMERICELTD, £EIT7—MNEPEI Z—MEBID BEBMITEH OV
Rehol HEBRROTBMNESED, I 7 —MNMEKTHIZI—NEIDLIERICH
WZEPRTED, EIT—MMBERGII—MELDSEH2OMATED, HEHERE
GENGEGP T DTHIHEEILNS,

A CHBER R E U D 2 56, BER RO A E D E R D & 754677 [T £20°
FTHhTWTH, HIERHBONMNEIH > TV EEHEE L IK L TKIGR- OB WAL 2 -
720 T DFERIX, Spence & Ho (2008b) 23R R 2 HE R & 2 D F23 0 H & 42 2 {IEE L5
LHRAUMEICZ K TEWwEWwS EERS, Hoetal (2006b) 25BN 2 HEFEL & F235 D 1&
FUHWENEBICEEA TR I Ve WS FIRe —KT 5, $FE2ETRLAEEED,
BRI £40° DN B H 25 E IR EBRAREROBEIEZ SR WRERE —HT
5, RIAEY TSI alb—R2HOLHEETEZITVWRSOHREEREZITS>HAEIC, BE
HHRIBAEGR CHERTHEMEMICTAMNEBICD > TD, HEFHN2 DMRICKELRED
BV & 2 EZBRIITR L .

OGRS IZRBEE R O T X 2 B WHAEHNL 2 - 7283, 1iERBICE W T
WA ERIE O NHNC TR TV 2356 OFHiliED, HERRHIH o TWa5Ha L L
TEWAEARENZ, ZDIE2DFEIEZEICOWTD, THAMICBVWTEHERZEMEIZ
BohTwiRV, WIh b HEERERIEO N ER R > TV 3580 KD FMEIMKRL & o
oo EBRBME I THORDEETEREMMATETED, BARINLETHROMEZ
WREMTETVWREEEIONS, RERPELAGEE L IZHLLE2IZ, WINDOEMT
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EMETE L DRREICN T 2 EHVAHE (EES L - HENEAH - BENEHE) o (i
INEVD, BERIB L BERRBO T 2T E 01, HAMRITERERINT 2 E
BB ERPEE o EAON DS, £/, WHIOBERERIB D721 HEH & < 72 5
F2ARNTRoNlz, FRETHINESHERB LD & FHERSINE O RE DI 8NL E 1 B
TR D 5 7=, HRERRER Q@ T — IR B BER RG22 TEE 2 2 S 1
LA REMEDH 5, LI, EEAMI0°MEICH 2 A —HZEFFEHETH D, EL1HR
PIRZ DN oAt d H 5,

346 EER4DFC®

EBRATEBHHEEZEFOLELG N7 I 7 —HEOMREERMEZRZHEE L, RERHHO
NBIZITIhDED25E5DOMRERHNT, HEERRICr» 2R, RECHT 2 EE8NEA
H, EinilENOEEIH N Lok, TNIEFH2ETRLE, MEERCBVWTERLD
&3 A EER R, HAERIED S DK £40° LN TH AR, 8L WRISKR- & 7% 3%
T —83 5,

—77, MREI NS HIERIEWMA S 72 5 F FEERAREN O FRIE, TR B 2B D
WHNZ 200 TR TV A GECEE2HANP A SNz, ERSNEIMAQZTHREMMSTET
Wiz7z, SRERIBMAE XD S HEFFHMGEVIEERIEMAEICERELNEDNZ 22, 1
FHRED LFICOL o 7AlREM D D 5, BERRH BB O D 23551, £ O
M358 % - 72,

mERDYAAOFRE T 2 FHRNWEHE (FES) - HENEHE - BREAEHE) 250w TH,
FEERFMAEO TN X2 ZLEFED oL o7b 0D, HIERFBMOAMEDF U%
BOEPRDBKL R o, MERFIBOMEDHi > TWEHED, FI A4 NN—DHTHEXK
REDITH TR Z O FBNWEHORMICK O BT 2 REMEDL D 5, HEERH#H O S
NHRETL L, ZOTANSVWEHEFITEHERCHBERRANDREE /NS VW, FlRETR
ANOHEKIIEE 200 LKV, KRBZOMEAITIERE B RERB oA TN ST
BHIART L, M TG EOTTFHEORTZIMZ 5h 2 ATREME S R X i,

PAEFRRICHWEERMORESHERB E ATV aE5E, HITENCH BB
N oz MEERANDEENTNLZ I o7 Z 8, BIREMHHE U VIR 2 A
72EAETYH, ERITEANOERENHNRPo I 2 FEA I, YRR EF X 5,

35 EIZEDFEL®

FBIETIHHBHEEREPTOREHREZRICBVT, HEEBOMNEEZRZ 2 Z D%
Rz, 3O00FEBEZEL THRIEL 7z, BEEMRDOIZ A Y IKICKHEICE T 256&6mICE+F L
TW3D, KETEX Y ZLY—270— R ED-AENRERET - =,

FER2 T, HEHEEETORBERICB W T, HERMO A m X b B2 RS
2222k, FRVHEBREZE L CIEMRHEREMMERITREL ol HEHERIC
I 2RHBEAD Lz eT, #TARHBEI AR LR L, X770 v 7ol E
DHIEPLE LT T, ERSMEO FBMNRAHSBER L .
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EE3 T, SRERDO T2 D & 72 2 BER R O & FE A2 K #7255 0 5 R %2 X
oo BIREMDPWNEEZIERRHZH N5 G, SHEHRRC»»2KEIRSRD, fR
REOREDLED L, BB T 2 EHNAHEIEML 7z, EHTHIOVWTBI AT 7Y
VI HEDOINB LR LEDOD, ZOEIIAERDDOTIRRD -,

FEhr4 T, RETRREPEGTCTHCEBIICSD, ZOMENRTNATWIHEDRRE
ATz, HERREESLRE IS 2 THIAHE, B L CEEHREEICE, SRR
DTN L ZEEIHNT, B2ETOWMRLOEZATHZATH 7%, —J7, SN
HEER R O ERIE, BRSPS HERHONANCAE L 58, DI »ICEE 5 H
[ o7, EBEBMERZIFRMEOEMBPBMATE TV, HEERIIBVWTHE
MM DT PR ITNMBCEENEDN LI ELEREEZONS,

DEz@Ezse, BPHERETOREHEREDBCEVTRI FIAN-—D AT 5 =<
YADPRILE NS DX, HEREROMLEI > TED, »2OBEREEROFIREMLLES
BGETHDLIEEZLZ2DNRLETH 5, SHEREBEROMLEDL TA/NZVEER, EIP
TERMERORE, MFRICNT 2 EBHNAHEADEBZEIREZIEHNR WY, BREINSIE
I T 2 B 74 NDOFHlAEL 2 2 A REMEZ B A TV Do 2 O i [ (3 5 H 03 17 5 R
BONANZ TN 7HEG0TAERAPL TV, HEERRZFCHGACHUEY 2 2 L RRET
S, ERFERIEREROMMNC TS LETD, FIAN2L0HEOKTZIZ 5
NBAREND D B, AR THMEL ZHHHERHFOMERRBEICEWT, HBRSMED
AYELVT =70 —FWwo LEBRFHES, HREMONEREREZHWLEEOMR
WZOWT, RICKEEEI AT + —< Y R 3E L Tk LR D 2L, BROD
HHERERL T,
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F£45 FHERBHROBRIRXRIIRZINEIHN?

41 FLHIC

HEEHEENTOERIER T A v 2B Z 5, BRENLERP S F I A4 NHPRHIIIG T
7= ) 72 B AU (perceived urgency) ZHIH 35 Z & D EE T H 5 (Stanton & Edworthy, 1999;
Ho & Spence, 2005) Z D7z, Z < OMENERET OB CYHI T X — X Z2HEL
T, BAKDO~ vy ¥y 7 %2182 Z &%l A T Z 72 (Edworthy et al., 1991; Hellier & Edworthy,
1999; Arrabito et al., 2004; Baldwin et al., 2012; Baldwin & Lewis, 2014), L2 LD 5 I F E—
ZNVZIEMIBROBNEDN I NETIZZLREINTVRIZH 26T, BRAKICEHLT
EXY T 4 MOMAEEHZBRE LEHRIZIEE ARV,

WHEEE DM EMEHICE T 2122 T, 71 XE— XA IG (crossmodal correspondence) 12
B 2R IEEICZ WV, 70RAE—ZAMIGRZLDOANCHBELTHAZ RIZZEXY
T ARIBONIED T TH %, HEEMTIIY v F &3 4 X (Gallace & Spence, 2006; Evans &
Treisman, 2009), ¥ v F ¥ fij & (Marks, 1987; Parise & Spence, 2012; Walker, 2012), 1 ¥ & & (Adeli
etal., 2014), B8 518 O 220 907 & (Jamal et al., 2017), & O J& 80 & 5 HI 3 o> 22 Rl JE I 4%
(Green et al., 2019; Postnova et al., 2020), > ¥ — 73 A, 7 73 A W\Wo L HHIfEE L &
(Sunetal.,2018) 2 ¥, ZL ORMHICHT A 27 02— X AMNICORELRDH 2, 7R AE—XK
ASHEDERN 2 BER & LT, #ER (structural), st (statistical), B IWRAY (semantic) 72
CORERKNE Z STV S (Spence, 2011, 2020b; Peters et al., 2015), JTHEIX, FEX VY 7 4
BIZE DB LWEEDPBEIN25E, COHEBEZHENAL T/ nXE—Z 0 esBN 5
WV, IFEIE A HEE (emotional mediation theory) 73$E 28 X 41 (Palmer et al., 2013), Z O Hiim
% X FHET 292 B 2 (Gerdes et al., 2014; Lindborg & Friberg, 2015; Isbilen & Krumhansl, 2016;
Bhattacharya & Lindsen, 2016; Palmer et al., 2016; Spence, 2020a; Spence & Stefano, 2022), Russell
etal. (1989) 12 & % & [EENK, Pe-AP (pleasure-displeasure), HHE-7L#E: (arousal-sleepiness) O 2
RITLTFHRIL X3 (see also Mauss & Robinson, 2009), AR I HEEEICKE L EH B85 X —
& T# b (Ho & Spence, 2005; Suied et al., 2008), BRAXNE L 2 MBI TD 7 v X £ — X x4t
JEnEND & THETE S,

ZOROARETIE, BRROERIHRAMERAMZHABE LB, 70X —-XAXEHE
NE0EEBRSTHRIET 52, £3, AR EERINEZ zh e HEL, FEBFHEERIC
IDBHBOBRSELZEEL, EBRICHVIHBZEET 52, 20k, ERHMZ 774
2HH, MERBEZ 22—y VRBE LTI IV IHREREMT S, T4 IV TR
BlE, 774 2R REROZ -7y PRI ERBELEET 5 FHRET, 7B RXE—
ROV IEZ TR 2 FIED 1D TH % (e.g. Hoet al,, 2014; Brunel et al., 2015; Feng et al., 2021), &
AL AHEER 7 0 22— ZAMNIGHATN L L6, 774 IV 7FEIBVWTELL
WERAKEZROMHAGDLDEORIBICBWT, RIGEENHNZIEXTTDH %,
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F778RE—XUMINIC K5 RICME#EZ, FEEEIBD LLRETREEEI EER
5T\ 5 (e.g. Santangelo & Spence, 2006), KD I LW I & IT & 2 KIGIEED TN &
LT, AEORIMEED BB HEEPICHNA S L 3E Vv, 20056 TR
B Z5ATREE T TOT 54 IV IHMROBMA T 270, 7 v F 2 7B RIKICHE
i3 %,

42 RERS5:BRAROFAEEI/OXE—HILFE
421 BERICEODCHBEBDOETE

FTTI9AIVIHRBEICHCIHIERRMZEET 272010, HEERHZERL, B
u\@o)fﬁﬁ%{ﬂi%%ﬁ%%ﬁfﬁbto FER 0%, B8R 7 4 2 > (auditory icon) (cf. Gaver, 1986;
Cabral & Remijn, 2019) R ERICHY LEZWbDE, Y+ A ¥V 7 b7 27 (Alchemy) %
HWT 60 BEER L7z, BERA DR X113 500 ms THE— U 7zo FEAK L 72 BEH R34 D WAV
7 7 4 W&, Zenodo I TABI L TW2 (DOIL: 10.5281/zen0do.5797918) o 5 B HIHUIE B (1.2 &
RBIEFAEE Ui, 138D web FEARf, red, yellow, blue, green, orange, lime, navy, teal,
aqua, purple, fuchsia, olive, maroon Z FH\ 7z,

PEHRBIE A —T 4 £ 4 & —7 = — R (RME Babyface Pro FS) Z/* L T~ v Kk ¥
(Sennheiser HD650) THE/R L 7z. BEEBHE D Z ¥ F 1 2L ~ULIX, 70+1 phon THE— L 7z, i
HHRIBIE T 4 A7 1L 4 (EIZO ColorEdge CS2420-Z, 24.1 inches, resolution: 1,920 X 1,200 pixels,
refreshrate: 60 Hz) W, 7L —OE R IR Lz, EBRBMEL T4 A 7L A Ok
FH60em TH o7z, HERBLDH 4 X% 100 X 100 pixels T, HAIFIH2.6°TH o7, B
B oD R ARG 1 [T X Fig. 4.1 D@ D TH 5, Tabled. 112, SHEHB L EHBIUT
¥ 2 P DRGBH, B X UMEGF (Konika Minolta LS-110) THIE L /-HE 2R3, T4 R 7
LA REINEIMEZE, v UL —2arykr¥— (EIZOEX4) ZHWTKRIEL 7=,

Fig. 4.1: Screenshot of the display for perceived urgency evaluation used in the experiment 5.
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Table 4.1: The RGB colors in decimal value and luminance of each color used in the experiment 5.

Lumi Lumi
Color (R, G,B) pmnanee Color (R, G, B) e
[cd/m?] [cd/m?]
Red  (255,0,0) 253 Purple (128, 0, 128) 7.7
Yellow (255, 255, 0) 99.9 Green (0, 128, 0) 16.8
Blue  (0,0,255) 7.4 Fuchsia (255, 0, 255) 323
Orange (255, 165, 0) 53.5 Olive (128, 128, 0) 223
Lime  (0,255,0) 75.3 Maroon (128, 0, 0) 6.0
G
Navy (0,0, 128) 2.1 y (170, 170, 170) 435
(Background)
Whit
Teal (0, 128, 128) 18.5 e (255, 255, 255) 107.2
(Text, Fixation)
Aqua (0, 255, 255) 82.3

TR > R 7 4l MATLAB 2021a @ Psychtoolbox-3 % F W\ T/E AL L 7z (Brainard, 1997; Pelli,
1997; Kleiner et al., 2007), 9% (B 6%, L34, 210 5 25K) OEBRSME D, &H
FEE R 0 BARK R 7TEBRE (3 IEFICEY, 2 2R DEYL, -1:RREW, 0: ¥5E 5T
LWV, +1 I RREW, 2R DEV, +3EFICEW) TIMLE, ETOEBRSINE
WA —=IF X —& (RION AA-77A) EHWBEIME 2 M L, 500, 1000, 2000, 4000 Hz
DFEEWEHL RV I10dBUA R TH 2 Z e 2l L1z, 7, ARBEMBERILI  Hni-f
HEMEZEMEL, SECBEREI RV L 2R L2, REEFHMEBRIIMEECHIMEL
Joo WEBEE L ANVIZAFRIET220dB, FidZEAEREELE L, T4 AT LARITL—DER
ZRRLBON EAEREIZS7IXTH o 7z,

WA R 0 B R E B % Fig. 4.2, FIR R O B 2UEFEEE % Fig. 4.3 1387, BEE R
DI, BARIRDBEVD D (mean=2.6,SE=0.2), FEEDH D (mean=0.0,SE=0.3),
BHMEVDH D (mean=-2.2,SE=0.2) O3FEHE 774 2% e UTEE Lz, SEHEERFM
DB X CHEE A2 b L% Fig. 4.4, 4.5, 46113 F, BRI R S & W H#
W, AoV —27%2#4300Hz 12 b, 125ms A TEFH TE2ETH - 72, BAKRHE
& D BERHIIEIL, #1600 Hz DRI 7 DA ZFREOE TH o 7z, BAKD I D KW IEE A
WIE, ¥400Hz £ 1600Hz D, 2 DD AR E T ZHROETDH o7, 774 1 HFE LT
EE L -BERERNEE Z 2 Zenodo (DOI: 10.5281/zenodo.5797918) 12T, as_500ms_037,
las 500ms_016], las_500ms_ 0581 OHMTSMAIRETH 5, X —F v FRIBUTH W 2 R H
i, BAKDIR D S WVWIARE (mean=29,SE=0.1) ¥, fixd KWk (mean=-2.3,SE=0.3)
ZiEE LT,
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Fig. 4.2: Mean of perceived urgency of 60 auditory stimuli used in the stimuli selection of the experiment
5. (Error bars show standard error.) The as_500ms_016, as_500ms_037, and as_500ms_058 of auditory
stimuli were selected for the priming task of the experiment 5.
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Fig. 4.3: Mean of perceived urgency of visual stimuli used in the stimuli selection of the experiment
5. (Error bars show standard error.) The as_500ms_016, as_500ms_037, and as_500ms_058 of auditory
stimuli were selected for the priming task of the experiment 5.
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Waveform and frequency spectrum of auditory stimulus with the highest perceived urgency

used in the priming task of the experiment 5.
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Waveform and frequency spectrum of auditory stimulus with medium perceived urgency used

in the priming task of the experiment 5.
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Fig. 4.6: Waveform and frequency spectrum of auditory stimulus with the lowest perceived urgency used
in the priming task of the experiment 5.

422 FHEE

FEEIE, BRI E - F - (Ko BER R 3 (AH: Auditory stimulus elicits high-perceived
urgency, AM: Auditory stimulus elicits medium-perceived urgency, AL: Auditory stimulus elicits low-
perceived urgency) &, BEEDYE AKX DR R 2 #¥H (VH: Visual stimulus elicits high-perceived
urgency [7R], VL: Visual stimulus elicits low-perceived urgency [#%]) % H W7z, 2 Z K (3x2) D
BRENEBEE E L,

TIAIVITHRERIBI 2 15TORMN T Fig. 4712RF, £3E U HIT, HHARIZHE
MEAFRREN 2 EFAKIZ, WTFhh 1 DOBERERE»BES N, BERAEHDO 7Y F xR
L L% 7041 phon & U7z FEMR AN RIR X 4172300 ms 21T, W3 020> O AL H | 80 3 18 T H
RICRRE NIz, EBRSMEIZ, ReROEb o8RRI N, ¥—FK—F (Koolertron
AE-AMAGO09-RDB) O£ ZHWT, TE 2RO KRR IEMIC, EFAEZLIETHET 2 X
SITRD Iz, FROERBRBMF RO, MO, b5 FBOERSME E N D

BOEDF—Z2EHDYTEIETAVYR—ANT VR o], F—2MTT 5K
MBHHEZ, 1BITH%ET Lic, ITHOMRE, 22 04BWTT X o L, SR
DA EDEZ LIT60EFTORL, Gl 360172 | NOEBRSMHITHMEL 7=,

FBRS R T L% Fig. 4810 R T, FEE 71 7 J 41%, MATLAB 2021a @ Psychtoolbox-3 % F
W THERK L 7z (Brainard, 1997; Pelli, 1997; Kleiner et al., 2007); A —7 4 4 ¥ X —7 = — X,
Ny FRY, 74 R4, EREOLRME, @ TRIARO EBFMERICHV DL
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Fig. 4.7: Schematic diagram of a single trial of priming test of the experiment 5. (SOA: Stimulus onset

Audio L { pC Dlsplay
Interface
fin E

Headphones  Keyboard

asynchrony)

Fig. 4.8: Schematic diagram of the experimental set-up used in the experiment 5.

423 EEBREBmME

EERSIMEZ20% (BHE134, &M14, 21 525/%) THotz, ETOEBRSBINE
WA= F X —& (RION AA-77A) EHWZBE A 2 M L, 500, 1000, 2000, 4000 Hz
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Fig. 4.9: Mean response time of each audio-visual combination in the priming task of the experiment
5. (Error bars show 95% confidence interval. The confidence intervals were calculated using Baguley’s
method [Baguley (2012)].)
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Fig. 4.10: Screenshot of the experiment 6. The tracking task display overlayed on the priming task.
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Fig. 4.11: Mean response time of each audio-visual combination under dual task condition of the ex-
periment 6. (Error bars show 95% confidence interval. The confidence intervals were calculated using
Baguley’s method [Baguley (2012)].)
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T Wo - HENHEILF O T ut 212 HENE TN S (e.g. 1EHEIZ D, 2007; Takio et al.,
2013), EERIZ, BEEIZ—DODWMED» S DREANBBA T 25, HBEHENIIBIF 5~V
FE—RVRIGHRIBROBENMED, HlnE o LU THEMIT 2 2 Wvw 55D H % (Lundqvist
& Eriksson, 2019), HEEEHNDIBFRILRICOWVWT S, HEBRERICBI2HEWE T 212D
DEBEELPHET Z e A LTHD, Z2oHFERD SN2 HEERFHMEOMERES
W72 20d LR, MEICHES IR -FBAOERZIE R 2, FEEN AW AT EE T4
Y BB, 2020) BBIR2 O TH A VICHET 2mBBETDH b,

HEERETOHEBRICOWT, KVEBERY I 2L —Ya VAR ETHS, SHEBRD
FEREICRE LT, AMFEICB W THESRERICH O H80E A € LED, BAUEGEM I w72 #
HMIHEAOMAK L, IEFICHMLINEZDBDTH -7, NI, Bhrerrsd R
BHIRZEZY, FMHEERIFOEMMICEI D F 74 N —DFHHIN & B X 5 (Wang
etal.,2022), BRI RS Faxz—a VERELLZILIEERY I 2LV —Y a VEBREIT
SHLGHREE, KOBEMACHULHARERE AW BREAENBELR27255, Z0H;
G, FIAE Y7 Ialb—X2RRTIMGEED, LD ERBRIEVWVREZIERTE
25DV ENEZT LV, AMATERNRAUFT 4 ZATVLADAERIA LYY I 2
L — RICHWRD, EERETIX360° FNGEIRREICET 2 ERBGFEST 5, KEDOR Y
V—=YZHWSEZ e, Ny v Y T 4 X7 L A % W7z Virtual Reality BRI B 1T %
YIalb—YarikEMTLIbRELRD/EH D, Virtual Reality BREEIZ B 1T % HiE <
7 =Y ARFMT 5 Z 2 OFEFMEIX, Marucci et al. (2021) 23R T W 3,
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RTIIBRAKOMEMEHORIICBWT, Ve AF Y 7+ 27 2HWTIER L -
HRBMEMBA L, RETIERS Y E2FAFY 7 b 2712 &D, i RSO FOERH
MEERTES X510 T W5, HEIHICB T 3 BWIERICHET 2L TIE, NV R/
AX, Mg, ©—7TEHREPZ L HWSLRNTE 7 (Ho & Spence, 2008), T HIZxf L, BEHE
7A Y EFEBFEORKEICED, E-TELRYOEKEOZLVWELHELTZOA
MDY F R T LT W B (Schwarz & Fastenmeier, 2017; Wang et al., 2022), L2 L&D 5, ¥
CHAYFY I V2T RBE—TEDISRXF—TREALETTRL, ErTEENLRE R
ZRIHTZ %, EFi, BEHHEENTHVWIHEREREZ, (FHRSLFy -2 Y Y F ¥4
F—2MER L, BEIEHEENEREROBRBNMEZ S 2540 H 5 (HEBEBEKLSH
,2022; BMW AG, 2022), E#EMHIE O BEM % R T 2 d D B Z WA (Norman, 2004; Proctor
& Vu, 2015), HEIEENIERERICE T 25808V T, BRI OBHEIAImEHICEE L
72 DRIFEALZ v, BRERZTEZICBRIZ /7A7 A Z2@mdTLED 2 LM
R Y LTHEMXNTED (e.g Baldwin & Lewis, 2014; Spence, 2021), YT TR 2 AW
REZHWTT? VA7 VR 2@mDE B RIAN—DEREEIEDTZI2RET 4 X7
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Table 1: The estimated value of x4, o, and 7 (ms) in the experiment 1 of Chapter 2. The V and A mean
Visual Stimuli Angle and Auditory Stimuli Angle in the table.

\" A W o T ‘ \" A W o T
—20° —60° 4984 39.1 174.1 | +20° —60° 4947 61.4 1728
—-20° —40° 510.8 56.5 1503 | +20° —40° 481.7 529 1735
—20° —=20° 501.1 61.6 1699 | +20° —20° 4858 59.8 157.1
—20° £0° 4857 46.6 174.8 | 420° £0° 5025 559 144.0
—20° +420° 496.7 46.2 165.5 | +20° +20° 5194 73.8 119.2
—20° +440° 4702 352 226.8 | +20° +40° 486.8 559 158.0
—20° +60° 4774 345 207.8 | +20° +60° 5029 594 130.6
—40° —60° 606.7 883 167.2 | +40° —60° 5544 69.1 2583
—40° —40° 5879 79.1 1943 | +40° —40° 567.3 66.1 223.8
—40° —20° 587.0 84.6 1939 | +40° —-20° 5699 599 2424
—40°  £0° 5704 71.8 221.1 | +40° +£0° 5675 762 197.6
—40° 420° 5694 653 246.8 | +40° +20° 5593 60.7 185.4
—40°  440° 5604 79.2 2444 | +40° 4+40° 5742 665 1822
—40°  +60° 586.4 744 2235 | +40° +60° 5949 69.5 1723
—60° —60° 733.7 112.8 183.0 | +60° —60° 687.0 959 2532
—60° —40° 726.7 1024 201.5 | +60° —40° 689.1 96.8 268.2
—60° —-20° 677.5 81.3 217.5| +60° —-20° 672.0 915 3074
—60°  £0° 6999 97.1 271.0 | +60° +£0° 6963 932 2299
—60° +420° 6764 798 297.1 | +60° +20° 696.4 934 2227
—60° +40° 684.7 1052 279.7 | +60° +4+40° 706.1 87.1 2059
—60° +60° 698.0 915 252.0 | +60° +60° 719.0 90.0 181.5
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Fig. 1: The instruction for participants of the experiment 1 (Chapter 2).
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Fig. 3: The instruction for participants of the experiment 4 (Chapter 3).
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Fig. 4: The instruction for participants of the experiment 5 and 6 (Chapter 4).
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