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Abstract

With the increase of age, the visual acuity of the elderly tends to decrease and their auditory thre-
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shold gradually increases as well. However, whether AVI ability is enhanced or weakened with
aging is still controversial. This study adopted an audio-visual discrimination task based on the
Gabor patch and used a 2(group: older adults, younger adults) x 3(stimulus type: auditory, visual,
audiovisual) between-subjects experimental design to investigate the differences in audiovisual
integration between the elderly and the young. The results for the mean response times showed a
significantly faster response to the audiovisual (AV) stimulus than that to the auditory (A) or visu-
al (V) stimulus in both groups and a significantly faster response to both auditory (A) and audi-
ovisual (AV) stimulus by the younger adults than that by the older adults. In addition, a further com-
parison of the differences between the probability of audio-visual cumulative distributive func-
tions (CDFs) and race model CDFs showed more delayed and lower AVI effects and a longer time
window for AVI in older adults than that in younger in the discrimination task.
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1. 518

FEHE ARG, 22 P B I TE R (i A PR R R A SRR 0 A B e AT R, X
LEFRATTR SR v E AR T AR B 2R . RS RN BGEE S Bz 2, (HIRATIER A R
TR B B TR A G, 3K R D K RE % A [ T A N BSOSOt R G o g — . JE BT IR
R, WOFR N 22 I 4 (Multisensory Integration, MSI) [1] [2]. A5 AT 5245 B N BN A0 B tH: 51
ANEBORIE, BEA AT b IE TE S B0 E R, BRI B4 (Audiovisual Integration, AVI) [3].
KEMFAEN, 58— EE ST 55 BAR L, s AT o (s S R B, AT R 13
FEER, BIP=AE T UURRUSI[A] e TUAR RN K /N A2 A AT A KL [ B AT S A Fa e

PR & ()2 A OB 2 B 9T o BARBFA 00 98 OOIE W B SRR I K, 2 AU & T R /%,
Wy 7 BR A AE 1B B iy, (R BEE TR AT B 5 e B Rl RIS, A 7E 9+ Laurienti 55511
T AT #3425 (audio-visual discrimination task), A1 us RO W BRI AR R, Wrin RO B 40
R R, BER B EOG WE C [B L WA R S B R N S R . A5 SRR, AR AR ERL
RRGE - BT AR T i R S R B S 2 K TR R N o H, R R I 2 4 AR N AE SE56
AT TURBN, 2% B HEAT 55 45 7 (Race model) 70T, 45 5k B 45 N AR T S (2 25 R 5 T
R N[5]. Peiffer 55 AAEH 1 R 2347 0535, SR A S A 7 BR R R0 o SR I8 (2 7 A M6 IR RO ) A
WP, S (1 P 8 ) R A 8 2 T NIRRT e B, 45 SR RIS AR NI B 5 0 TR e N [6]. R AME A
BRI, BENDMUAIT RS & THER N, M B A B R % (Time Window of Integration) & T 442
AI[5] [7]. . Laurienti 55 AR IUAEA NI w47 AR 3k R AL A2 Jl I 2 LS 340~550 ms, T &4 AAEH
B2 5 330~740 ms.

SRTMT, Ren & NAEARRH 1 a1 S AR IT S RS (WL e« TE = S5k & Fr, Wit : 500 Hz 4% A1 500 Hz
Al E ) LB 58 AT i BT 55 A B R N 2 G, HUR I N w8 5 55 T HER A
[8]. H4R Ren %5 Niz HIHIHIIEUR T 5 AR B o rh B9S840, 07724 T B IR 45 e 84, ST Hopth 58
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NE BT RIS, EHE AT B G RN X2 A AR AW ?

74h, BHETER, BEFRIEK, SMEAMEAATRE 2R TR, BIZa AT UISEHCE
MUEAE 2 22 8] DR A /N[9], BT BRI UL AR — e R L BB e 2 LT 4 5 A 5

Ja, CABTTRY], @i AT Gabor MUAR AN UE 2% > AT AR i N BORL xS B BIUREE[10] [11], L5
X L AEURR B AR RAE W 2 0] ELAR AL B 0 T 0 AN ) 22 RIS 1 23 9 70 PR, 26T Gabor #iLR AL
RIFRE NS SN FL S R DA LS RIS SR, RIS, ARET Bl Bt A . SOt R
SCH P S B R 0%

25 LR, AW TR R LT 58 HAE 55, 32 Fl 3 ELAK - IE52 Gabor ALFRE A58 R ¥, 1000 Hz
L5273 A1 500 Hz 1525 A W S, iR 24 N SER NAEPRIES F I B & 257 . T
NBFFEEE R, AT, ZENAT G538 THRAN

2. ik
2.1 #iR

SIS I AR SEH L ERPOACTER: 201 £ 1.3 %), HEEZEWRCTFHER: 606 +8.0%)35
LW . BT S 5 E B ATINE S TR RN A R R, W IR, MsRIEM RS, ¥R
FHRTF, REGREMR, TR . wolr st s i — e msy .

2.2. SEISREFMMH

SEIGOFE 19 55 RN R R 82 355K E-prime 3.0 il 2 BLE Dell SE2719HR %45 (R #f B R 2% |
AIRLRSE 27 et p 9%l 1920 x 1080 5%, RlHi# N 60 Hz. SLIGTERNE . BREMIAEE N7, Bf
BRI . R R B P B 57 0024 60 cm.
S 1 s . AT s AT % TR 6 R RIS, At BARRIB(VT) A E 1) s
()3 B 1E5% Gabor ks, L GEARAERIB(VS) NI 1(0) BRIk IE5% Gabor #ibs; Wit B s fl(AT) N
60 dB ff] 1000 Hz IE5% 3%, Wit hnitEii(AS) 60 dB () 500 Hz 1E5%%%: AW 5 H AR B (VAT) AR5 H
PRI 5 E bR ZE G T B, T B A A 5 (V AS) A B A 1 TR W i s 0 A 2L 5 T o

A
=
=

VT \&
@) (b)

Figure 1. The stimuli of the experiment

1. SERRIE
2.3. SKIRTHERF
SEUGR I 2(BEMR: ZAEN, FRN) x 3CRIBESAY: TR, Wrud BB AL ot R0 i A 256
Beit. SeER R ERIES B R R B 4:1. S2ER Tt 300 4Kk, SKERIEFEZ) 15 .
SRR A 2 PR, ERAERR R EB A E “+” JEPLA 1000 ms, AR “+7 BT R
"o BT R Wi B B R A B O A 3 100 ms, AR AR F AR RO AT B N i
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Figure 2. The paradigm of the experiment process
2. I REREE

2.4. BHESHT

5, T SREEAN R A b A S AN o AR AN 5] RO A K 0 s I IS R 74 22 (SD) ik
ITEMAFBCPEIME. BEJS, H SPSS 26.0 i, X H AR Al S B A IE %3k 4T Friedman k46, F
— DA LT & IES AR BSIFEAR tR 5, AFFE IES 210 1R Mann-Whitney U #5565

HR, T RN 45 1TTAR RO, SR 56 4 i AN %5 5 (race model inequality), AR B 4wl
5 H AR S8 s 37 B 18] £ 22893 A B 8 (cumwlative distribution functions, CDFs)kit 535 4+ % (Race
Model), 5% 545 i ik - B 360 T HR o A SP e A T 10 R AR G0 ek B Al A ok S [2] [12] [13]. AR JE AR
Wb XGEIE CDF 534+ 8% CDF /E #1582 5% CDF, RIALWr & Xl iE CDF 53544 % CDF 7£ RT &
P (AT 588 200~1200 ms)AF 10 ms _E AR SR 22 R [5]. 45 E45 5 NI JE R P, SEBRALNT 5 XUEIE CDF
BERT MM T4 COF, RS Rew g i, QR KAEZ A RN [13].

3. &R
3.1. Sheh®E

FeE BN AR =M B ARl b2, KA Friedman £556 . 53R a3 1 fos: 244 AR
o H AR i 28.(97.0%) Wi i H b i 14 ik r 2%6(93.09%) AR T 5t H A 5l B o v 22.(95.5%) 1 7
LG5 (P = 0.074); FR AWML B bRl i) o o %(93.0%) Wr it B b il 7 % (95.5%) F1 41
W5 o 3 8 P o v 2.(98.0%) Y 22 5 A 5 i 22 7 X (® = 6.500, df = 2, P < 0.05), X} Bonferroni i%#% 1E
BE AT S5 P ECBOR I, H bR o 2 P R (R TE S 2 (WL - Wi v P =0.656; i
- MW aE: P =0.101; Wruk - #EWraE: P =1.000).

Lo B AR Wrak H AR R, BT 5 B A o s R e R T LU, 4 Shapiro-Wilk £
55, NEEHE AN TFA IEA AP <0.05), FUIKHH Mann-Whitney U #5368 . 455015 1 fos: Z4F
N HIRLHE B b Hh 28.(97.0%) AR ER N HIALE B bl Hh 22.(93.0%) Y 22 7 B 4u il 2% L (Z = 1.834,
P = 0.089); Z4 AMIWHE H br il it 2(93.0%) AR5 N BIWT 56 E b o) it 2 (95.5%) ) 22 7 L 4 it
FEN(Z =-0919, P =0.436); ZFENKIHLT 3 B Ar i 28(95.5%) MR IR 56 H Ar i
#(98.0%) 1 2 7 L4t it = N (Z = —1.893, P = 0.105).
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Table 1. Response time (RT/ms), hit rate (%) and standard deviation (SD) of older adults and younger adults in audio-visual
discrimination task

=1 MIFRHIEShEEAN. EFBANKRNE(RT/mMS), 9 #E(Hit Rate/%) & HA7EZ(SD)

EEN FRAN
RT (ms) Hit Rate (%) RT (ms) Hit Rate (%)
R 609 (88) 97.0 (4) 540 (59) 93.0 (5)
W 8. 636 (111) 93.0 (7) 515 (63) 95.5 (4)
AT 510 (61) 95.5 (3) 438 (46) 98.0 (3)
3.2. RME}

FLACEAE N AR AN =M H AR SR, SR A Friedman fde . 45 5 1 f1E] 3 o 24
INRHAISE B BRI SOSLET (609 ms) W 5t H Az il S BT (636 ms) AT G H Azl S S (510 ms)
()2 547 Gi i 2 L (x° =15.200, df = 2, P < 0.01); R Bonferroni 4% 1F & 3 MK 10 3 5 B L R
B, NS E BRI SSIE (609 ms) i Ji W7 5t H AR RIS S R (636 ms), PR ] 22 7 L 4e i 2
B (P = 1.000), Z4E MG H bR SN (609 ms) i Z K T 5 B AR ) 5 B (510 ms, P <
0.01), Wit H ARHIIT S RL I (636 ms) i 254 T-RUNT 5t H AR S R (510 ms, P < 0.01). F4 A% L
o H BRI S ST (540 ms)s W ot B A I SRS (515 ms) FIARAT B B br fil ) SIS (438 ms) ) 2
A G 2R U (x* =15.800, df = 2, P < 0.001): >RFH Bonferroni y:4% 1F 2 M /K (¥ 25 ) 9 78 EL AR B
TR NARE B BR R S5 RE I (540 ms)BE AT 15t B A 0T S RE R (515 ms), 5 5 8] 22 ¢ o4 v 27
(P =1.000), “F32 AMRGE H bR AT RS (540 ms) ¥ 2 T 5 H Fr il i r) [ 82 (438 ms, P < 0.001),
AR N Wbt BRI SR (515 ms) i 2K T AT b B AR I ) SR (438 ms, P < 0.05).
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Figure 3. Response Time (RT) of the elderly and young people
to V, A and VA stimuli
Bl 3. ZF AMER A =70 BFRRIHE K KA

KA H AR Wrow HAR RN AT 5 B AR RO SN I 4 B3R AT L AL, 22 Shapiro-Wilk
B, A ARG H AR R S B EOE A5 A IEAS 734 (P = 0.200 > 0.05), -8 Ao H s U S
AR FF A IEA 4041 (P = 0.895 > 0.05), H 7 ZFFMEASSE on L(1,18) = 0.445, P >0.05, i 2 77 255
PR, DR FAMSIREA t £550; SR, 94N U AR F, ZE AL B AR, AU 3 B bRl
SN BRI ATF A IEAS /047 (P < 0.05), [RISER A Mann-Whitney U #5368, 45 R an#e 1 flE 3 fos: &
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SR NG B AR R SRR (609 ms)ig - H- 52 A5 H bR I [ N2 (540 ms), I A 22 7 04t
THERE X (t = —2.055, P = 0.055); Z4E ASTWr 5 B AR R (636 ms) i 25 K 458 AT 3 B A5 )
B S SR (515 ms, Z = 2.797, P < 0.01); 4 AL 5 H b5 385 S S (510 ms) f 3% K T 4258 A X 41
Wt H A I S BB (438 ms, Z = 2.646, P < 0.01).

3.3. =& EAI(Race Model) 94k

ANRIFEAR () S BR BAARAL BE « FRBRIT 5 AT 0 25 G R T T RS N 55 4+ A5 Y (Race Model) 2 173 AT i 6
4 Fiw, PSR NIRRT 52 B bR R0 B B 2 2 AR T B A ORI ST 5 AR KA
[ AR 1) S B AT i 465 5 11 B H AR 5 5 45 78 (Race Model) Bt/ A ML (1) it 25 ML R B MR, 7545
10 ms FHHTHAEA t AR50 (5 0 T EER) . S5 RWE 5 fin, BERREEE RGP (EE KT 0)
FRIIF 1) % 112 380 ms (420~800 ms), t (100) = 7.042, P <0.001, WA{HTE 520 ms, ¥ 19.0%; 4EHEEHAR
i v R R ({2 25 KT 0) A I 7] & 11 2 250 ms (310~560 ms), t (100) = 4.931, P < 0.001, W&AE 7£ 430 ms,
N 21.9%. UiBAPISSEEARIL T Gabor MBS LI S HERIESS T, #ORAE TS . A, BERA
(I IR B T AR R R BRI (B R A I R T2 R i, AR R BRI (K T2 R R A
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Figure 4. Race model of different groups. (a) Older adults; (b) Younger
adults

4. FEFHFHNZEFRE. ) Z2FA; (b)) FBA
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Figure 5. Direct comparison between bimodal and race model of audiovisual perception
E 5 M RESEESMNTF R ERLR

4. ¥ig

A TR AT S AT 5%, 32 FE ELAK P B IE5% Gabor MUARENALGEHIEL. 1000 Hz IE5%3% A1
500 Hz 1E5Z S AE W sifili, M2 4E N SER NSNS PR EE 2R . SRR, 24
NFIFRE NTESRE T Gabor #UAR AT 58 AIAE S5 & 7= A= T ICR BN, HE— e f iR iR, 2
N SR N AT 34 RN FEIR AT 384 I ) i 1 G, WA BEAG

TES NI S5 b, AEAS R s 26 2F T ¥R BLOGEE H bR 1) S I 232 P T BdiE B AR e S, R
FEAETURRNL, ARBL T BUEE LA, 5 UMAEE s R —24] [14]. 25T Race Model 455, Z4F A
LR NAHLCANT B 5 2N IR . AT R (I T B S . DA{EL SRR, X 5 i AR T4 B R AT i )
B TR Pk A, rdit: 500 Hz 435 A1 500 Hz 2635) [8]. i FH 2 (3 (ML 15 A Al A 15 [15]
LR TS AT B BT 25 R FORT B 5 2 AL AT AL 45 R — 8. Talsma 2 N R SIS C&IESE,
BT AEART 0 5 1 2 A BOR S R E RN, OF BORBIHE T3 =S B S o, R
FI A LR AT B B Rk B 2 SR [16] [17] [18] [19]. B4, BRI K EAT M 2 A AR W FCE ] T %
NI EAFEGRIA[20] [21], X FE0 T 24 NAE S BN FIAT 55 I ] s B e 2 B8 0 5 4 i A A LD
BRI, 2N SER A T 8 G N IE IR« W AR SRR, AT R 2 8 A AE AR BE ) B0 R SR
W S S o YA 7 R BT S

teAh, DAERIR SRR R T 8 NS ER A LA B & R 2B IR T 324 fr N [R) 2 1 BE K
[22] [23] [24]. Colonius & A& H A i 1) B VB R W e Al oL (5 B B S R AN B 58
— i BN AL N B (early afferent processing), 55 B BN % T Fi Bt (converging subprocesses) [25]
B BeEFE T AR R ARG, HG BOMGE E 5 B AR BRI R ARSI, AR R B T
ARG A 2 A B A AE 45 78 (I 8] [R5 1A 2 il o TESB— BB, SR ML, 2 AL
W i R P R R AR e, AR ERR R AR [26] [27], e SECE I BOEIR . Kk, ZHE AT A
JSE IR AT B FH T8 A A6 MU A5 S AL B D) BE RS -

a, EfERRE, ZF AW B PSR SIS H bS RI ORI 5 R KRR, AR
BNGZH NG H AR R S E1 A B35 2 5, TR AR T 5T Hh BV R DR IR i )
AeMEL ESME, JREE G IR SRR DRI LT B G OB R R AL

AT TEE TR T AT S 2T NS E R AT 4 2 R 7T, RIGEFENSFR
A ECALIT B 45 RN SR . AN B (B () B O S, B A [RIINE,  ASHI 0 R R B 2 N XA
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