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Abstract

In the past decade, the mild cognitive impairment of the elderly population in China has increased
year by year, and the current cognitive intervention task is difficult and has little benefit. In this
study, perceptual learning was used as a cognitive training method, and the inter-subject experi-
mental design of 2 (group: experimental group, control group), x 2 (test time: pre-test, post-test) x3
(stimulus type: visual, auditory, audio-visual) was used to evaluate the training benefit of percep-
tual learning through the audio-visual discrimination task. The results showed that the accuracy of
the post-test task was significantly improved compared with the pre-test task in the group of people
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who underwent perceptual learning cognitive training. In addition, a further comparison of the dif-
ferences between the probability of audio-visual cumulative distributive functions (CDFs) and race
model CDFs showed that the peak of audiovisual integration was higher in the the population un-
dergoing perceptual learning cognitive training.
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1. 518

BEE 20 tHhad 50 440H1 60 HACA B il AR N D BESEE NEAEM B, i b N T FUA 25 iy IR AN T 1
K, JECEFENEFEN DRI, A CZRAIEL] . R0 E N FEE R R Pk, “f
FREHE 2030”7 MRRIZNEL) Fi th BT BEARAE AL S0 R R (P NS S A, R (2 3 £ R 11 B & i\ A SL UK | i
SR AT AR, SCIUE R S a bt RYEA R E2]. AT, REANOREEIFHAENORL. 7
BAOZ. NOERRAE . XN DGR BB IR E, ZE R 2N B i &R e i =
BIAMFEER, 6P ERRNET Siha R RAME 3], T4k, HEZE ARG
RN 19%, HEWBFEGISGEA[4]. IWFIZACE I NI4T, 7B 25 0w
A [5]o BIR A NAERE ] ERTA RN D e T BRI 32 25 R A] RE 2 24 N AT Re T IR 3R, BREAFE
WA, USRI R RATHIR AR T e L, KY) 94%IAE N A5 Bk R AT A
JREIEE . X EE BB R URECEAMY . BRI RO AL I T T R E B AT RS, O —
AN — HIES R R, PR 9T 5% & (Audiovisual Integration, AVI) [6].

H AT CA ARG SS 73 9 Pish, —Fhje il DUk E#E 08 A5 5o b GRS, 5 — kT
WS NEEHIEE . 18I SR IR S I RAT 55 [7]. AR, NIRRT A S
HEES PR . Barbara Carretti 25 N5, KA TAEICIZ VIR S B 4R B A JOBsng S5, BRI
FERLE B LARICAZ NG, A mI 0% 2 2 TiC A2 AR . 45 3R IR G SeB HAEL o TARICIZ . RFF
IR JIM SRR LA AT 55 1 3k48 T HEi[8]. Tappen %5 AR A Al LUkERE H & 43535 P I gAT 5%,
SRR, LWALNAES LRI EZ R G, FARICIZES R, (ERXMI S5 IT% 3
A ENRE ) E[9]. BE4h, Lorig #1 Olchik %5 NERE A 1 1042 & I ZRt i B A R B g £ AT 0+
Til, (HRHRA IR0 E IR = [10] [11]. X LLFIVESE R AT Be SR T7 SR ICE AT 0 i B2 ] 45
FHR[7]e FT TARIRAZSE R AT S8 W MERE UK, ZE AT AREME LSS i, TG R 1 BAPESS SR .
W, R EAE RS ERN NS, ZFERIHATFRIA G ) RE 7 A SOt m ?

A BRI T2 WA 50 27 ) AT DA RECE 2 NVRARE /), Rl i T 65 68 /. Powers 55 A
H1 Stevenson &5 NIEIS AT ST INGRAESS, RIHAT SAT IR0 27 21 ) DL 25 24 HL KRR A A ool A0 I i i
FRI IS TR B, BV ) 4% 52 % 11 (temporal binding window, TBW)S3| 7 ZE 45/, H 2 675075 A1
[12] [13] Niear 25 A1 Setti 25 A ARIE K052 2] 46/ TBW [14] [15]. B Fnvi 2= W s it — S R e,
McGovern %5 N K& E NAESHAT T RIS AT 5511255, TBW Re Rt 4g/N[16]. Ak, Ren &5 N A 5T
R, Gl TR A >, 8 NI 58 RSB AN S Sd B2 3 3R 45 1 2, 1 H. P300 )
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AV JRIEFE R [17]. Weiping Yang 25 AR T8 A I, RN K000 2 ) 3G 5 1 {8 B 2 4F N1 P300 /sy, HLARIT
I 21 A] B L BB I D BT S I 2R BE A R T AR NN AETRE 4 i [18] . bk, U Je Rk
I, TSI 22 REdR i — RN RIRE 0o IR mT 0, AT 008 2 I 3858 T 245 A1 P300 Jisr, HAE R
4% T TBW.

gx LRriR, BHHTR 2 ZEAUA AN AT I 7 3 2R AT TARIZ, TR RR, — Rkt
T ZEFTIAMN B NARMESE S, AT AL s Eoke Rk, AHIF 7 A 7 o 0 7 4 1 28 1 -5 1L 68 7 () Wy
A RN ST BIARE, 5ok, SR PRI B B AT 55 SR 1A 6 i 27 TR A T A N EALT B G BE
B, AT PR IS R0 0 27 2 0 2 AE T EA A IR A ae o sgm . BT Rr AFAASE S, ARWFFEIA, o2
SIREME A R 2 AE AT N BE RN RE J1, RER AT AR T

2. 5k
2.1 #ik

S i A FEAE 20 AT MO PR : 60.25+5.02 )5 5928, A saRE S TR E
FH T AEIR K220 S FL R AL X o T T Jy el B0 D%, M EHR (AL IE s, ToRs A s,
AW e . SEIGSERE, T BRI R 20 @ 15 B T A N O .

2.2. LWREMME

SEIG TR 1 4 55 RN B0 1) R S5 450 K FH E-prime 3.0 1) 3 52 BLAE Dell SE2719HR 745 (13 B 2%
AIRLRSE R 27 95~F, o #%0h 1920 x 1080 14 %, FillBi#8 60 Hz. SLOG/E WG Ba& AR R kT, BE
FEE RO PO IR G PR 2 B AR 02 60 em.

18 F] E-Prime 3.0 #H4TFEFF 4 5 FIBE (K4 . 20 4wk 38 58 BRI AN S AT 55 . BENLE 20 4
Wik AmeE, —H SISO . SCIR AT RS 7 ORI TSGR AT
827 RIS ORI R TRSE ]
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Figure 1. The paradigm of perceptual learning
1. HRFIREE
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Matlab %40 5 IO AT 46 L AT (1 e ST ASTRI R XS W i R B3 A7 45 L A1 PO M L PR 1 o K R 3 R RN 7
TR M B #5534 10 2H(10%, 20% ... 100%), &R 20 MR 615 L —F sl S 20 ST 5
SOR—SCE R, St 40 MRIRANVE S ZR T BE 10 MRAIR), FERFZ) 3 408h . I Zhis Bt =38 — g JE M
HEEAEE (50%) TTAG, BFR 1/, 87 R

SEISFRF AN 1 FTR . BESE R SR S tH I — AN RREEET (R 2924 1000 ms [ 47 FERLST . BEE,
WL e e A DR B, (RIS IE I 70 A 47 75 3 1 20 A5 75 2 BT S0, 29 100 ms. 44T G
NSRBI, AR sl e B RO AT B SO — ORI IR, Bl S A R
T REGR SR SIS A, K PR AR B BN R] [R] B (Interstimulus Interval, 1S1)# & 4 1500~2000 ms.

2.3.2. LNTREMAES

AHI G RLALT GEHE AT 55 RATAN Ji1 5 2 2306 L4 AT AR T RN BE 0 52 . AERLT B 3% ) AE
b, ABTFUCRAZSFA R R REE R . SRR 4 2(B) s . AR, KTk EIESX Gabor #LARE
NALHE HARRIE, K- 1552 Gabor #LARNIRAE AL S bR AERIS . AEWT ST, HARRICERIL 58 60
dB F M, AR AERIBOURIL N SEE 60 dB 28-S . MLE AT oE F AR RIS 45 S KA LT 5 H Al
W AL SE AT SEAR AR 45 2 VR LT BE s R
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Figure 2. (A) Possible sequences of audiovisual target stimuli and audiovisual standard stimuli in the audiovisual dis crimina-
tion task; (B) Type of stimulus
2. (A) MWTSEHERESS P R 5 BARRUB AT soAn R RO T BEFF S (B) RIBMADSEEY

SEIRE I 2(A) B SERITAGIS, — DN AGRENR, YO8 “+7 775, MBERRE PR,
#:£71000 ms. fifijm, EFEALAIE T IGLE, SRt LB W ol s ML o0 XCE I IE R, Rt
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1A K2 100 ms. — H H AR L, O 2 i AL EAT N o O 1 I ZR ST OB RE R, kR
SRV TR FR N T [RD R At 182 72 7 1800 mis %2 3000 ms 2 (). fEIESEI 2 |, Z5#F AT — k%, 4
ST BT NP, RS R IR, T 12 MRIK, IR BRI S R A R, R
BB VAR ER AR S B8 R -

2.4, LIHFIER

B, HIBRCRm BRI B, AP IR PO I DL R R B g R B R R, B
SR LR PR RI G — o B RS IS 200 ms 2 1200 ms YEFERI; i T2 S B E] IE 47 2.5
AMREZE IR B, i EAA R IE R 2 A R N, 8 SPSS 21.0 #fF T T EAE ST
ZEGHT

HW, ATRITUARRR, A BAR A b6 B (CDFs) 0 1 & 46114 (4 [ R 1] (10 ms SR BAr), I
AN ) B 2 N I S AR (Race model) o 5 SR Y g T B S AR o A L3R T AT i 1Y) SR AR A AT R
B G R E . AR SR AN T 0 OUE TE 1) SRR A0 RS S SRR R R SR A R AR 2, RPN
Wi, LI T P 22 AR 3 A bR 0 58 G B ) B 00 A BRAEE RT S8 Bl A (AR %2 200~1200 ms)&F 10 ms |
FIRESR 22 5 [19] 0 57045 5E RT JUFEI Y, SERRARSE AT 6 XOEE ) 2R 43 A bR B0 35 KT 0 ) 5 S i 7Y
MRtk gL, BIRE SRR, MR LA 2 Rt R & 200 [20]

3. R

N T o SR A AR ALAE AT SRR S5 TS e R A IR R A SRR, AW FEHEAT 1 2 (4
UG AL PEIZH) x 2 (MGG 1E): BT J5) x 3 CRESEEAL: Lot Wra . AW ot ) i B 2 &7 22 0

3.1. IEf

R, AR RWE 1 Fo: FENGHT a7, NV 3, F(L, 18)=7.607, p<0.05,
ny = 0.297, AR IEAA 2 (96.99%) 2 11K T+ J& I ) IE A %2.(98.05%) = UM AE RIS Y T Thi R HL e
F(2,17) = 9.664, p<0.05, 5, =0532. AANK, S00UroE HARRIEE RN, SOk EmFiks 7
98.02% . X — 4 i 3 UL TAN S BT 5 B AT () IE 7 %.(97.88%) , R 2 A0 T 2 B H brl i
I (1 IR %6.(96.67%), ARIL T B IE A BR I PE 55 o T 4 90 19 32 08 ARIA B 25 MK, F(L, 18) = 0.155,
p=0.699, »2 =0.009. Ftit=EHri s, KIHKIERA N 97.68%, TMH=HIZHNI N 97.37%, XPiANIE
MRS PIFCREESR . L EBNIIFE G, R INZH ) R 2 A58 i [8] K 38 2 (8] FEANAE AR i 3
I AN, F(1,18)=4.283, p=0.053, n2 =0.192. HUHIFRARBEEMF R ELBNALE, FE,
17)=0.023, p=0.977, n; =0.003. WL [A] K| Z MR R R AL BN AN B2, F(2,17) =0.243,
p=0.787, n =0.028. UM AIPA R RIS ISR AN R 3R = S BN AR 2, F(2,17)=0.161,
p=0.853, ». =0.019.

3.2. KRRt

LI NN, AR R AN7E 1 frs s ARSI ) 7 T, HFENA R, F(L, 18) =1.339, p=0.262,
ny =0.069. HIIIAT55 A S WL (546.58 ms) Al il A1 55 ) S I (529.78 ms) o it 2 VR I 7 22 57 o B
R ERONRIE S, F(2,17)=213.387, p<0.001, 5> =0.962. (EMLNTHEH AR I, Bkt
NI (R R I 478.62 ms. o LAY S IR 5 H A IS 1R S SIS 8] (539.92 ms) 54X S BN o H ARl ) e
NS [E](595.99 ms), HFRILH T BFEENT . AW, EHMTH, FRRNMRIIEARE, F(Q, 18)
=0.001, p=0.975, n2 =0 SN £ o, SRR SN F) 9 537.83 ms, T2 410Uy 538.54 ms.
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G FR N, XWHELREWZER . A58 BRI, ZH 50 K2 A 56 I 18] (R 28 2 18] A TA 3
FEVEKF, F(1,18)=0.268, p=0.611, 75 =0.015. AUAIKRABIBSEAF RN ELANARE, FE,
17)=2.003, p=0.166, 75 =0.191. PG5S [a] 2 MRS AR 52 LN AR, F(2,17)=0.200,
p=0.980, »2 =0.002. LIS FIAIZR . RIS R R R ANA N K 3R =F A H AN AR, F(2,17)=0.134,
p=0.875, 52 =0.016.

Table 1. Reaction time (RT) and accuracy (ACC) of participants in the pre-test task and post-test task
= 1 APIMESIENES PR R (RT) S IEFHZE(ACC)

b B FfT b 0 AT B
RT (ms) ACC (%) RT (ms) ACC (%) RT (ms) ACC (%)
. R 558.29 96.95 604.49 97.84 487.16 97.84
Sk Z
JE 535.10 96.78 581.40 98.08 460.51 98.56
R 536.92 95.50 605.85 97.04 486.78 96.79
il \
JE 529.39 97.43 592.23 98.56 480.05 98.88
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Figure 3. A direct comparison of the audio-visual combination model with the predictive competitive model
3. MRS SRESTNZFERMERELLR

45, AW 200 & 1200 ms RSN RIE A, BL10 ms R 3, AN R 2 0F R R E
BEAT TAFESL. 35, RPERRILGE . BRI e AT SEAS S AERT . R IR S5 R 0 SRR A SE AR Y (Race
Model) R it AR AT T 0. BJm, REPIAMESS T Se Pl it 45 & 10 RUF R 5 TE B Rt A
MR R E 22 R LA AE AR, JFAERE 10 ms FYIRTA] i BEAT BB t KRIG (5 O HEAT LEAY). S55RMnIE] 3 pir
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N, SEERZH AR, RTINATSS A i I e R R (22 KT 0) BN E] % 10 450~560 ms, UE{ETE 480 ms, N
17.27%; Jo AT 55 2 233 & 58 AR (2. 3% KT 0) IR A & 114 390~540 ms, WEAE{E 470 ms, A 21.34%.
PR A, BINAT 9% 0 3 18 e 38 S AL (R 35 KT 0) AN ) 7 11 2 450~480 ms, U {EL7E 450 ms, 2y 6.13%:
S AT 55 50 353 I SE AR Y (S 38 KT O) (W (] B 1110 410~420 ms, UE{ETE 420 ms, >4 9.05%. XK,
FEPIFIE S5 H I AEAE RN W B A B G Ak, S8 2H Al I AE 25 VG AR BU J AR 45 R IR A v, 38 e i
5 ST REA RBCE 2 A AT R T B A R T
4. W1ig

AW FC LN G ST SR N ER N SR T7 2, vk T AR S A 5 AT S IIMESS, DAL P4l Lt
EAETH AT G SR o 25 RO, ST AT i A S5, FRAT D B R S S | TR R A 5
GBI AT 75 I S S AR R Z AT AT, R IR 2 S REAR R R AR AT A BRI B i
SN ARUEE N IERR R . eAh, R SRS R b, RN ) e A LT R A (A

RN ST REE A RS Z AT IR B e WA B A e ). CAEMTARER, X T2 E R
B B NFEEA T AR BN 25, BEA 2t FOA R RE 77 [20]. BhAbh, BT 7R kBRI 8 1R e R AR AN
TR BT R AL D e B I 255 R b7 vk i 5 A T 45 B4R T [21] 03X 5 AR 5016 5% T 10T 5 %
TS 45 R —80 ARYEEE A ES, HREERARN, —/MESRERE TR R e,
AT 5545 B R B TR IR [22] . TERTIIME S, BT 2R T IR S8 — I B AR 7T, RIS
AT LRV BeAh, AW SEHE AT 5 IR AE AR T4, T AT IAABEDUE R E B
THHIRE /15058, IR 5 m f R A 68 11[23]. 8 7 RIGAITES: ), EE AT EE T 55 54T
FHIARESE S, TR EERE R, E, 755 NES R RS FEf A, H—2n
SR TR T m AT R A . (R, EAERNE, RRREENSERERRT, &
SE TSN TR AR N ) 85 0 AR o AT S AT 25 b SR F R MR e AN — SO, X Mo U AT 5 = Y
IHEGAT, SAETHE, AT TR e Lo T — B0 sl [24] . bbb, BRI, &+
Tk s 2 TR S A T ST SR B N T [25]. M AT AR T S TS5 I, BGREE
e AR TR D E R SR EN, I B2 RIS BT RRE U8R SS, 2 S 2 TS WE S5
(AT B i AR 5

[FIES, WA — SN ez b 58, B0 SIEEAT S5 IO T A A Al IR e 1, 1K Rk
BRI ZR B PR T A T3 32 3 YNGR e RN ) o SRIMAEAHE AR, OCRFH 7 AT 456 (1 i
oI, R SR FH A ) RIRCR R 8 08 2 S R o ARSI T8 PT AN TE S 22 oAk 10 0 i 2 2 A5 X
SRR N AT RN % U aS o Ak, BT REARRAIR, ABFFRIMEGN . SCFREE . X SR 200
WIZRIS AR A SN AE ST, AR KA T8 Tt — 20 52 i FE AR 2 DB B A [R] R o 1D 22 A 130 N BELE S 2 )
AR A R

E&UH
SN BR 245 K52 KA 2R R B I Rt 0 H BB (5% B2 K61 4 7+(2023)41 5).
S50k
[ 5. WA RS [ BT . DS RAB AL L). ZeHF20BE, 2024(9): 48-56

[21 LR E SR e & CAERERE 20307 RN EE ) [J]. A N RILFNEE % B Ak, 2016(32): 5-20.
[3]1 ST, Shokyt, £k o EZE ANBERE NS BN R LR BB Meta 0 HT[0]. E£RBE2, 2022,
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