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Abstract

To investigate the changes in the integration effects of cross-channel audiovisual semantic stimuli
with age. Based on the discrimination task, this study took meaningful and non-verbal semantic vis-
ual images and their corresponding sound stimuli as experimental materials. A 2 (subject group:
elderly, young) x 2 (stimulus type: stick figure, real object) mixed experimental design was employed.
The results showed that in all audiovisual semantic stimulus discrimination tasks, the hit rate of the
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elderly was significantly higher than that of the young, but their response speed was significantly
slower than that of the young. Further analysis of the race model revealed that the audiovisual inte-
gration inhibition phenomenon in the elderly was significantly greater than that in the young. In ad-
dition, compared with the young, the time window of audiovisual integration of the elderly shifted
forward. The study indicated that under audiovisual semantic stimulus conditions, the audiovisual
integration ability of the elderly was stronger than that of the young, and the occurrence of audio-
visual integration also occurred earlier.
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1. 51§

NHZEACI U4 S BN S TR R, SRR B SR E ] RFE8R RSETTIH, BEE K
HA L Zh sk, (et iR LR 28 [1]. NP EZEAL IS BE— R, € “f@iedh
[ 20307 MARIMZED) $2i: ZHEREZHELRT DRGSR RE R, HERNERTIRF X FKEEm; (@4
CRIRHLR SRR, SCRFFRENUIT BT IR ST ; bR B S TR g M ss — 1Rk, (RSB IEWRbG S H S
JER AR R IRENMGE &, IR N R TR i 5 SE AN I M i B R B, ViR
WeALIRAENS 7 [2]. BEESST SRR, DUEAN GRS, BB gl ik i — e
MRER sy, FEEFER K, ZEANNRET TR, IreREE T BT, BESDR 7 E2FENMERRN
RN FI D RE T B BRI, SRFTALNT SEXT A A5 B R SN R AR SRS B B2 S, AT BUOA S
LG AE NNFITEIR T SRR BL IR IR, Bt — et ez ke fh .

2. XHEkEEId

% 8 -G (Multisensory  Integration) /2 4844k B AN [ i@ 42 B[R] — I e is 48 9 AN [E4E B R G %
—BUHE T VRGBT FE[3]. ASFT IS B 97% 2k BRI 3, R L AE 2 I i B 45 1)
W AR 3 A+ 32 v E . ATt 34 (Audio Visual Integration, AVI)SE 48 A1 1)k B 405 A
Wy 8 T A R 15 B A A o g — . E ST FR[4]. AT B0 EE A R R AR ST =R B TR
Ij(Temporal Rule). 75 [A]#R U (Spatial Rule). %% Wi (Invers Effectiveness). I BRI & H5 03t 455 5 AT
15 50 R AE— 58 IS TH] A B AR AV RN XA R R A2 AV, 3K BEIF TRIBEFR 9 AV I [R] & 1 (Time Win-
dow of Audiovisual Integration, TWALI) [5]; = [ R0 D2 Fi8 408 5 503805 W i sl it J2 2 (I AR AR I 26 A0 A e %
KA AV [6]; 38 RN FEAILE RN T 58 R S0H R R B RES (23t AVI [7]. AETURIL, AVI RN
T HAFAE I RN A2 TUAR RO (Redundant Effect), B[ B T B IE AR LE, 4005245 B A 3 (5 BRI 2
URE, AR RO AR AR SR, R EIFMEMERI[8] [9]1, Bk, TURBBLFI /NN AVI RN )
FAT NZETEAR[10].

PR AN 5 3 A L B R X AV R AE B Ty EERIER . B Fi A i s F 2 R ALl
BURPERUE SRR T ZAE AT AVI BE 7T, 140 Laurienti 25 A\ [81F R T —Fh s A8 T 3 HE AT
%, WATS T, WO R LA S Pl (o [ A 2E e, W 5 SR S5 AR o S £ 1] (1 R TR . A 5

DOI: 10.12677/ar.2025.129120 899 AL T


https://doi.org/10.12677/ar.2025.129120
http://creativecommons.org/licenses/by/4.0/

RO, MBETHEREN, ZF NI 5 — 10 T8 5 0T 5015 SN R S S (B kg in . SRTfT,  AEAL B
RUEE JE 38 AT A5 ST, SR NI S B[] 00 &2 2 ol A7 T 7 A 3 B — S T A SRR PR OB [ o 3 —
A 5e 4152 (Race Model, RM) 7T N, RIAHEE TAEER N, 4 NTERLT 0015 B4 T Th AR Ak
RO YR . A, Peiffer 25 N[11138 ] 7 AT 98 073, SR FH 7 B s, B DARR S b — W,
Wit b2 R R S L NI AV, 45 BRI N AE SR AL o BT 5 S 1 R R S AR R N2 )
B WS, (B2 NTE A FE 0 8 A T 5 ) S S P R T AR RN, BDZAE NI AV B T4
BN BENAMLAVI GE 7B TH82N[12], 1T HAES BEEA B A & C(TWAD B AR AT nae
K[13] [14]. WA RFTCRIL, 5 5l 0 e sl 58 0 Eor L, Bl o XU 18 AT 18 SC— E0 ) s B B
THR[15], R UCE SRR 5 — S S 3R T LA P 5 SRS s B AR BE R [16] . AT, Mahoney %5 A[1715K AL
DA B RS AT SR 1000 Hz Tone [TRT AARIT SERINE, 45 AR ILZ NI AVIHR TR A
HERT WL, SR TAFERE G K EENN AV T IERIETHER AN iTEE — MR — ik, LR
SUCHIRT T Z A B R B, ARSI T HLHI LR AT R AS R Y

B RIE K, A NTEXT 2445 B AT 15 B SUREEY, R0 25 1o Th & X Fr e e v dn 4] 22 4k, DL
FSERNRBAEERWMANGRE . ALY, LS B AR R R, IR SR AA & XL
B, 22 A NTE R 30 SR ) P [ B e 8 2 B0 P T 5 D SR i) P DR B % R AR 43 ik nnZz /3 [18]
[19]. Wang %5 A [20]75 F& 2] AVI SZAL5EFINT 345 52 18] IR (8] 5¢ R B REmaAR O, TR 7 R0WT ) 1) 5525
BEAT S S A IR D RE e, 19 H 228 NAE B R AN 75 oK o 7 80 5 ) i D e 4%, (RL7E
FORE RPN R E, ZFEANGERANN AVI B8 1R TIKIBFEER WAEE. 25, Yang 55 A[21]
W9 R BB A T R T, BEARER AN AVI 6 BEER, BENSTR LA &GS
PO R, RIEFENK AVI N R E R THEZEN 74, 18 Ren 55 N[220 7t R I 4 NAEAL 3
7 B PR 0 7 ST SN 1) AV B8 JTBRAIG, ELZE Ab B3 45 S PRI SRS £ AV RE ) S5 4E8 AAHY, HE
FR, HEFEANFERX. EFEFEEE)F AVIE BEmTERN, BTTRES K w4,
AR — DR, BIREE NI AVI RE 240, AHRAE R E RN R AL T — FRAMENLE], 1%L
I 7E AL 3 52 2% (1 1 SCALPT SRS P DA

R ERTR, BRSCEATY AV T AT, R 2 s R AR RRISCN, MR mE i A
FEENT O FRIEIE ST T RARIER, HERTURAE AVI B R HLE] . (HR X REFER I K, AVI
RN AR A BRI TR D, WA 7 X AE 5 VB AR A 7T 45 RAFAE il DRIE, AW R N ek DL b )
B IT RS AVI R TT, 0 B R M T i 8 4 18 4k, DA SE S8 B 3 1B I 25 7 SRR T 4 1)
PR EEA, AR T R ST R R RN AR SR A, B A B AT AR

3. Bk
3.1 #R

AT L RR A A B NAUCAIE SO R, a3 e 18~21 & (FFRe: 19.40 ¥
+0.68 %), 49~73 ¥ (CFH4ER,: 61.65 % +523 %), KH G*power 3.1 #HTHEA R, HHED—IL
TE 24 WS 55K . A FRAIEE T 20 LR RHERM 20 X ZENSSLK . FTE ke
Wr A3 MAEER IEALIES, TSR, S FIT, A W8 SR o R hs s i 5 . SRS, B
TS B LI Y o

3.2. LI
AWK F B AE E-Prime 3.0 4| [ Discrimination Task 36 78 3L il 52 il o) 38 2 R0 SEIG AR T ]2 AT N
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SRR . R BOATE SC—SUR S ARL SR W R A T PR E RN, RIS RS
Yo BT FIALSE AR AR IR /Ny S AR LG B AT ULAS, ARSI /Ny 250 x 145 (s 18 %K). Wr
RO TEVE SC B SRR — BB, AR ST 3 EIME, A 60 dB SR 1 XUCHAR 8 .
JECHE T BRSSO E RE V . BT R A DL B IEIE AT SR AV =AY R R
(Target) bR L HIl ¥ (Standard) B A (L K] 1(B)),  Hrb SR RIBUR RIS YEASh M V R, A JIlEL AV
PR R RO BB M ARSI VOB A R AV RS, JHER T 12 NS4
AN AR 44V REEORT 4 A AV R AT 12 AN AES0 P4 A ARG 4 4> VORISR 4 > AV T

SIS 53 Ry A 17 2 ) AR AT S AT 5 R S S G AT B AT 55, 0 A 17 28 1 N s o
YIELX 2 Fhsie s E T, AU SR8 RIS AR, RIS UK I S S A= E Zh P i el 28 1 (4% 2
BMP). SLEI(: BMP).
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Figure 1. (A) Schematic of the audiovisual discrimination task procedure; (B) Target and standard
stimulus materials
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3.3. SLHIEFF

K FHIE U AT 5 TRAE AV RS, 305 s S IR AE S B () T b o, SR E) 2y 500 ms; W i ol
WOl A2 A P RS A AT T T, SEPUHIE] Y 500 ms, Mt R 500 R BOAE R —KSF b ELAREE 65 cm.
T ANMTFERET, 7ERR AR O 2 —AN 3000 ms MUVEML A, 2 5 MBI V. Wt flE A DU @
TE AL B AV BENL BT 500 ms, il A BEALIA]RE (Inter Stimulus Interval, 1S1)>A 1500~2500 ms L
R, SRR T H B (Target) A v 8 (Standard) i H BB Sk i e g S 0, BRIV SR80 A T8 SRR AIE 2
SR BAR B, AESIIE RS . ERERNE, B IS RS T SN S
3, Bl SR “EE” SRR EEEC o R —FRSRIR AR, BN RIEEE A I 60 iR, 2t 360
R, 2320 min (LI 1(A)), TFEASSLEG LT 40 min, s E AT 15 S 5256 1 IR A2 58 2 BE LI «

3.4. oA

o (Hit Rate, HR) /& 15 IE i S SR C 7 #7380 Le 49 o -2 [ S IsF (Mean Reaction Time, MRT)
FeFat [ — ANRBT A EPME £ 2.5 ANFRiEZE 2 R NI I IE . 35 4B (RM) AR S %5 Fh 2 1
TSN TE] (10 ms Ay BT ) ) B2 R 43 AT B 5 (Cumulative Distribution Functions, CDFs)it 5515 H (11, El P(RM)
=[P(V) +P(A)] = P(V) x P(A). i RM X i s BB AR R o A bR AT R 3G, PR AR T 3 & 1 B
[E %, AV F1 RM [ R85 A bR 5075 035 2 S OIS 1) B SO 45 i TRD 7 11, A 2 P 3
I RT3 R A5 RO 72 SR AR AR T, Pl MR O D A5 i 1 AR 9 R B P AT i 2 R A [
(758

o, AT ABEE AT R, A B AR R B DL K S R [RIZE 200 ms~1200 ms LASR 1 %4
D AN T N e Sl o873 == QR O = s B M3 W ey U T S N S R SR TR S ) SO VA N O P 2
HR AP NI EAT 2 (R ZBEN. FRA) x 2 CRIBEAL: 2. o) EZ & 2 04T,
DU SR PP AR TE A [F] S0 25 R R IR ZE 5o B 9 T VAN RR AT B B 5 2008, J8 Jed 4 37 S 4 A5 Y (RM)
XA — AN PRI S AR S NI TR — 2 o b, I o 28 T TR (Area Under Curve, AUC)SKIFAS FLIT
TR RES o R IR DR RN A TE DL ACHERR M Z 5, R 24 P(AV) —P(RM)H 13 4~ LL |
10 ms FELEI [A] 55 22 5 2 F (A3 ANISHE] A = 130 ms), A BEKF HE ORI 3t B 45 23]

4, 58
4.1, FHhE

P SRR AR A T )t i SR KT 85%, Wik 1 . IRV AV [ b RgEAT 2 (k]
BN FRRN) x 2 (RIBCE: fEm . SLYP) K H MR TT 2200 woR, RIS AN 25 [F (L,
38) = 0.059, p = 0.810, 7, =0.002], Ik i1 RIS T Sy fif 2 18 A0 S P IS Sof BE AR o o R0 22 575
WAL O 35 [F (1, 38) = 4.742,p=0.036, ;7 =0.111], BIZ4E NTE & RIBSEAY N X #EAI B o v 2
BEHTEREN IAh, PERAUN x RIESEALF (1,38)=0.012,p=0.914, 77 =0.0001%Z ELAEHAREZ.

4.2. 4R BT

W 1 poR, XU SERIE AV 1Y OB EET 2 (R4 BN FRN) x 2 (I L.
(A7 2E S ) R B A PN B 7 22 0 W o, RIS TR 3 208 e #4 [F (1, 38) = 6.855,p=0.013, 7, =0.153],
U A X SRS 2R g S B el S8 o 98 1 s o P O 8 T T 2 s e L ) A8 4 3 [F (1, 38) = 29.065,
p=0.000, 5? =0.433], RI4EARNAE X RIPSER T 0 FE B0 S ROE B B R T2 4R . BbAh, Bt
x R (1, 38) = 0.025, p =0.874, 5’ =0.001]3 HAEFIA R
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Table 1. Hit rate and mean reaction time of participants in each audiovisual discrimination task

= 1 ST RHAES PRIA NI RIF L Rk MBS

ZEN GRZYN
HH /% P35 J S B /ms o /% P35 & S ms
\% 95 (3) 632 (70) 93 (5) 532 (75)
FRAS TR 2B 1) A 90 (6) 814 (77) 90 (9) 712 (102)
VA 96 (3) 650 (65) 93 (7) 538 (82)
\% 92 (4) 622 (64) 91 (6) 517 (58)
A S A 92 (6) 791 (65) 88 (7) 685 (95)
VA 96 (3) 634 (64) 93 (5) 519 (67)

e ()FEbrifEZ SD.

4.3, EFER

N T BV AR AN N Z (B AR o8 3 & 22 57, R SO ERE SRS AT 55 2 1A 1 AVI
N ZER, ERMNFIERE E, R T w4 BARM)BEAT 0T, I8 EL BT 5 R 2 T 5 55 S p
RIZA N BT RS, B0 T Z2EANE 2(A). E 2(B))FI4ER A @A 2(C). K 2(D)H1 AVI RN
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Figure 2. Cumulative probability distributions of responses to each stimulus type for older and younger adults across different
semantic-stimulus discrimination tasks. Panels A and B display the cumulative distribution functions (CDFs) of response times
to audiovisual stimuli and those predicted by the race-model, respectively, for older adults during the audiovisual integration
of semantically meaningful static line drawings and static real-object images. Panels C and D present the corresponding CDFs
for younger adults under identical task conditions

E 2. EREIEXRIFFRANES TEZEASERAMNERHR AN ZFMESH. Hb A B FARRIEEAEERS
BIEE . FSIYIETE RIBALIT 52 & AT 12 B xR U SR B a0 5l IR R B RS T R AT FAREM R
RMAHEY; C. D AHRRNFBRAEHSHER. FHSSSYENE RIMAVILAT 55 & 97153 12 T 3 PR T 58 R A
7l ) Rz B8] R0 BB T FRBLMN RN 270 R 5
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Figure 3. Audiovisual integration under different semantic-stimulus discrimination task conditions

3. TENEXRIMHAESF U TR REES

I FE SRR T A ORI, W3 2 R, AERRS TR EPIIMES T, SERAMLEL, 29 AN1 AVI
RN (16.9 ms vs. 8.0 ms), 1H AVI RN 7% 4 #EIR (630 ms vs. 680 ms);  {EERS LM HIMES ., HiE
BMEL, ZHENM AV RN (24.1 ms vs. 11.9 ms), {H AVI 8 AT EIR (570 ms vs. 570 ms). 7E i
AREEPEHES T, ZEN KA AVIE % 230 ms (470~700 ms)/NF-4£42 A 250 ms (640~890 ms);
B EGH TS S, ZFEANRAER AV I E O 480 ms (450~930 ms) K T4E4 A 260 ms
(500~760 ms). th4h, HERSSIEMLL, ZHFNSER NEFA T EEE SCREPIITES F, AVI BN
PI#i4%(16.9 ms vs. 24.1 ms; 8.0 ms vs. 11.9 ms) H.ZEIE (630 ms vs. 570 ms; 680 ms vs. 570 ms). %45 &M,
L NAEFA T B . S S EIRRNE SORIBEHINES T 1 AVIE RN LE R N, (HRAER AV
MIERPE SR N BT [, 2N AVI BRI E DA TR N KA TR, Pk
TEFRAS S BEIE SURINBR AT T 1) AV 808 5358 HR AR 521

Table 2. Participants’ time window of audiovisual integration, peak latencies, and area-under-the-curve values under different
conditions

2. FRIFMTHIXE AVI BEE O IEEBAI KL TERAUC)

$1§L cm
AVI i[85 ESfER=X AN AUC
PO ZEN 470~700 630 16.9
AW ZE )
GXZIN 640~890 680 8.0
ZEN 450~930 570 24.1
RS
EXZYN 500~760 570 11.9
5. #ig

AT G AE R GEHR FEAN ) R A RE B 1 SCRITON MU o B 15 (R o [ AN W FES5 SRR,
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BE 4

&

ZH RO T 2 ST PR R e 83 FE PR T i A TR 2B I, 78 7 2 T 2 1 LR S SE M R OR P A 25 A T
CHENS BRI SRS THERN, HRBOGEERE THEREN MAh, W5 4R 1 4 & 3L

P 2R P A AS [R] SR R PS8 A3 SORI B AR 55 h 2 R A T AT s B S Mk I 5, SR N RO ot
BEMslge )R mTHERN, RYZENN AVI N8 THERN, EEAR AVIE BN ERTE S5HEE N
BAEENZER, SHER, ZEANKAVINRE O i, SESREmEiE OB, PIg
RS SC RIS SCRIBIAR AT T B0 AV 2808 B8 5 HL R AR 4R AT

51 ZFEANUMEESENDETERA

FEAN[F) B J R PR SRS AT T, 2 AR R NI R T B 5 0 B 5, H 24 A AVI
RUORE R TAE RN o Ren &5 A [23 1 ik o738 Ui i ) 545 400 o i T 22 UL B 1) 1] B A SR AT 9 2 4 A AT
D AEGARA,  RILAE T O RIS A R B PR TR IS T R S S S B B A AT A 150 ms B, 2
FENGFERNRAE T TS 0H1 R . Jansen 25 N [2410F 78 1 e KA BE FE BEAE R AR AL, RILEFEN
AT b B e 1 0 R T N o Laurienti 25 A [8]38 i F 518 UL S HE AT %R 70 AVI BEAE#S A5 4k
(L, R IR A N IR OUE S AT B B (R b 582 LU AR 8 5. RIS, Ren 28 N[22 R A & SURIE =
SR AR 58 E N 5ER N AV AR 2 5, R IAETE G HE S, N AVIE U
TAER N XA R G AT AL F—30 0T LA 35 2B AULWT 5 10 1) 28807 114 Ji R T 8 g T 4 ik
TEBAVE R s GO0 T, 5o AR R 1 SR ) I I 12 A 2 i 5 8 [25] BT X 2 AE AT 5
PRV 5 BE 5 R ) 35 0 TR e NI R DR B VP 5 22 I B 6 U 2 — R AR RE A O, BB — Jes L ) A
Rk B AR RE WS (L 1t 22 SR BE 5[ 7] [26] - Senkowski 55 A [27]147F 78 LA 5 52 AR W i R S8 e 06 5 %t 30
G AEAT AR J5 3k BERR AT, 17 e 5t FEE T i RO R 7 At A RE 5, [ AR Bt P88 400 i BRI T )
WICHEAT IC 6T E e 8 5 AL R SEORH T i E % 7 e A R S T S R A R S IR [28] - EH AR 0 2
LRI, A NI RE ) FOWT 5 BE ) B AF B 3T T B, AT R 5 802 A0 IS s LT o B A 4
Ib4h, Talsma 55 A[29]3EAT RAITF TR, HEIEMIT B SHZ DM BEGREER, WERER
T AV BN 2 B TR T AVIE BN o A NI B S R0 B R A8 T4 N, (HANT 3
BERNHESTHERN, FPERX IR EFE TR Z4 AN T 58 AV BN DU BT IEF = IR
[ . MR 209 77 3 #E18 (The Perceptual Load Theory), vEREBIRIFARLTLIRK, RAER—TES L1k
PIVER SR Z , W5 8 AL BRI ARAT 55 I R IRt 28 /D [30]. 7ESRER T, T Ehas 28 AR b T
S, ARG R ERCNEE, HEHFEEGRPAE I, MR FEE 2R EE, X
H A X R BB FH 4500 (3R R SRR S LI W FR AT 55, DR S SO N5 AF 3 AR 24 17 28 18 R )
AV R G

5.2. ZFEANUITRES R EREERRT

TEFTE VB SRR i H AT 5, SR AMLL, ZEAN AV RS ORA TR, HIGEE
REARIE ) SR NEA R EEZER . SUA AR Z, A0 70 E R 3R B A 38 E R
SN, RIS ARSI AT S e bR A B N [FIB, ZERT SRR L, F T R R R
AR AR BEE SR, RIVAETE XHERMES T, 5aEE ML, ZF AR AVI I [ & Hi# . Stephen
L5 N [311#L R MEG Sl 5 W7 5t FIA LB & (3 ZAH OB AE, 15 H 24 N 1P I B i 318 T4
N, AR, BEEFREIEK, PARPE RBL XI55 5 R A 18R, 1% 35 25 R T e i 4 1 78
o WA MR I T2 NEREAINEITh RS . T LL AT JI IR, T A 7592 45 A6 T 5 ) 3%
SN ARE,  HET S SO o B kA 4B [32] [33]. Diederich 28 A [13]WF 58 & I 3 45 N B &I 1) &7 11
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(TWAI) B S FL AR A K. W 28 A 14T 5 #R 5047 58 % 4 L 808 % 11 20 B 5 (OB, 452400
T AN SIUET, 4 A IR AT g 5 AL 1) B 11 AR i i K, B IR B % . XSk 245 A AV
I 18 B R PR 45 S S A e AT B - 3T E N AV R AR (0 18 67 AR T4 4% AR ATIX — K5 0L
XA A NAIRAING 6. BT S I BEAER 1S KB 3R s (341, 7E T B0 5k 2 el 8 4%
I, A NS EE TR A T LT 1 SORSOEAT TR . X T84 A1 AV AR (R3]
(e 6] R AR A\ B B 25 15 Peiffer &5 A[LL13EAT 1 7 SRR 5 0800k 445 5 38 0 5 SR — ..
Colonius Z5[13] [35182H 7 —A “I 15 DAL, ZMEAI K, BSIBIEAS BIORES B0 R A ES I
Bt W, FIBEAE B SRR ROVIP N B R, SRR RE AW BT
KOFE. TES—INBE, PRI TR AR ARSI . I R — I BRI SRR, IR AT
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