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Abstract

Group differences may affect the effect of perception training, but the experimental evidence is
unspecific. In this study, a computer program with adaptive difficulty was used to conduct simul-
taneous judgment training for healthy elderly subjects divided by age and education level. The
results were as follows: 1) The subjects under 60 years old and more than 9 years of education had
higher upper limit of training performance and stronger cognitive plasticity; 2) Subjects aged 60
and above had more training benefits than those aged below 60; 3) Compared with the subjects
with more than 9 years of education, the scores of the subjects with 9 years of education and less
improved slightly. In conclusion, baseline cognitive level is positively correlated with training up-
per limit and negatively correlated with improvement range. It is suggested that the training pe-
riod of the elderly with low baseline cognitive level should be extended, and the task difficulty of
the elderly with high baseline cognitive level should be increased. Meanwhile, the “dessert” of
training efficiency and benefits should be explored, which will greatly improve the benefits of
perception training.
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1. 51§

P52 NN D Re 1B TR At o A L RS2 R N R R R A R S, RGN
g BT 2 N AF DI RERIGE (Ball et al., 2002; Kelly etal., 2014; 2=, #1387, FRR 5, 2014). AH
G2 H — RIARE TARESS, BF0RE A SIS T 48 SYEUIZR, T RFI AR INENDIRE LA SGE
ZRAN RIS (Clare, 2004), Foob, DIMIIT AZEZR,  [RIEPE 20T 55 (Simultaneous judgment, SJ)4 P k% )
WIGEAE R R ARt I 25 . 1 in2: di i) Wallace (675 35) I WHT- 4% (Wallace & Stevenson, 2014). Hf 513
B, E NERGAN R 5 il 25 72 e 2 e N R AR (R TN A, AEAT, 2988, 2505, 2018). #RTH, AN
[ A5 B DA N 7K ST 5 i 86 22 S o DI ZRASCR B S8 v AR T R0, 480 1% [0) R A R T IR 22 4 N AN 3R
FUAR M BERAE, FFoN I ZRig bR T .

REWFFRY, Foe ISR T DL R S B e AT 3 (1) 86 EN RE 77 (Yang et al., 2018), #i/INIF[RIZE & &
M (temporal binding window, TBW) (Niear, Gupta, Baum, & Wallace, 2017; Setti et al., 2014), k>IR3
T4, HZRES—MIAFIREJI(Yang et al., 2018). #AT, I TAEXS AL I 2R3 AR S5 AT 28 %5 IR R B R B
fil, FEGRBERBIAT AW Bk, TR SR T 52 S ZRIS R iR R 75 35 22 1 DG B

Stevenson % N YNGR S5 T, R IHT S U5 R 0 0 VI 25 AT DA Sl 25 545 A FRD 38 s o 0L P o9 18 s 1)
B, BI4E/ TBW (Powers, Hillock, & Wallace, 2009; Stevenson et al., 2013), HZEITLF IV iE. 7EILE
fit b, Niear &5 A& 3L e BT (O 20 W ZRBE DS 4 /N TBW, ICXE B2 I #H 2 (Niear, Koo, & Wallace, 2016). LL
REERFY, & SR E NG TSI R B VR 2 B TSR s IR s AR T BRIk A, BAEE AR
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0 AT SR N R AR A PT R 32 A T DA B i 48 5 T (CEE T 46 55, 2018), FARZRIN N RIS /K P AR 4
AEVI R KB B8 K1) e (Schaie & Willis, 1986); 1 A KR 28 /K P45 i I I S i i il i TR &
(Lietal., 2008). 56 A1 A J8 T DA R0 B it 4 S5 AN 72 S 0P I SR 2 SR B s, i N8 i SR P 3 S 1
FF(Deveau, Ozer, & Seitz, 2014)akFE2k K >F Ml & (Anguera, Boccanfuso, Rintoul, Al-Hashimi, & Gazzaley,
2013 E SIS R R EF-Be. 2R, MEZEREFAR T, BHARIHER . SULEE R EZ A
R BRI fER R = (A0, MR, 2004), EEFXSANESER . SCHRERE TR T MR ZR, B iloRTR
EIZRILES o ARTTAN [FIAERE SO BT I 2580 R 52 00 7 oA 1 260 o

Rlt, ABFCRA 2 (FFES > 60, ke <60) x 2 (B <9, ERE >9) x 2 (WWrFEIE. Mr
SR AN LI Bt X N ZRRT R rh R R, RAAFRAREE I ONFEIR A, JEAAME
WwHRITENGRMES ., T/, IREEB: 60 ¥ KL EAMHEFERE 9 £ L TEZENNFMRAT
R, W3R E 2 60 & LT SHE R 9 F L EZFE N NFIAT BT 5.

2. ik
2.1 #iR

Ho 20 6 &, Lotk 15 £)S 550, FRVEEITE 51~75 &, I 59.1 £ 59 %,
Hrp e 60 & &L EHABEREIFLL LS A, 9FELLITF5 A it 60 % LU HHABEHE 9FLL LS
N, 9 FRUT 6 N FTAESHHMEBOIRGREF, WrikEs, B0 EALTIES, Jomi s st Ak
s, BWEBWENARTF, HABSSARLE ., ANFFED SN B2 K25 B2 2 5
Sl

2.2. SEHMPR

SEIGFE T 1) Y 15 R BHE SR 4R 38 SR P AR o O B 22 S B B PF E-prime 2.0, MRSE M 2 BLAE Samsung
S19E200 B! 5 i sl ion s Hp o, IRLRSE 19 BE~F, 3 HEER 0 1280 x 1024, FlHTZHN 75 Hz. #uAk
TERE BB 60 om Ab. AT 2 BB (RGB:O, 0, 0) “+” ‘S I (ML A 0.6° % 0.6°), EILAT[H] 1500~2000
ms; A HE R EOA 2 R BT 2R BLAESZOGMN4T x 4°), SPUA] 12 ms; ] Audacity B2 4 I i O
B ARE BAL R IR A 1000 Hz 4%, M 60 dB), SHLASE] 12 ms; #0072 N R 2 3L(SOA
= 0). MILHE T m e T o S I =R L (SOA: 30 ms~300 ms, (AR 30 ms), HJk 1 NFE A
20 M4 SOA %14

23 XBEF

SIS FE AT GEL M ) A FNGCRNE) =%, &Moo s 5EASLR, Hh
SUELA TR F IR . SRR WE 1 PR, BRI B A TFEM A 1500~2000 ms, 5 2£FED 55
VLI il 12~324 ms,  IEI it 75 0 [R5 gl idse e e . o b A B S N, B IR R (I 5 ST By
B, SHEHENT—MRK. BT SIS 20 AR 1A, 72520 4), &4 15 Mkik. &t 315
AR AE LRI M B 20 AMRIK), KZUFERT 18 43%f, WARIBENLIRE 15 K. RIS HG, RAIIZHRE
Fo it 4 A TAL SR, HETH R SR AT o

HUE IR HEAEE 42 10 4H(30 ms. 60 ms ««--e- 300 ms), HRZALHE 20 NFEP RIS 20 /MF SOA
N RDRE, 40 MRIR(AE S ZR ST W BE 10 ANMRIR), FEIF 2 438k Y2544 B =18 — (¥ B I (Setti et al.,
2014) R 53 (150 ms) FF s, FER 1/, 4L 5 R(F@ T ARE—XK).
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Figure 1. Schematic diagram of the experimental flow
1. XWREREE

2.4, AESHT

SERGFLRAE 24 Myt Forh = 4y I A i 2 o i 23R B ARREOERR S H bR A
P E 53 H(Xu, Yang, Zhou, & Ren, 2020). AHF 7855 il LA RS A SCAHRE FE AR AEXS BT S5 DU oh R 2 s
BT TS, DMSIRUIZRIE R, DAL A 22 B I SRR s

3. &R
Hhg

7 1R, BOWFEAR TR at R HIIGRUR B3 1(2,20) = —20.3, p<0.001, 54 REHTMHE =
45.2%. EARFRIAIE 2 B, 60 % LR th 242 ) 42.3% (p < 0.001); 60 % K& DL B ik h & 48
48.7% (p < 0.001); HHFEAE 9 4 KLU F o ik h #4251 46.4% (p < 0.001); FHAEFEE 9 LA Byl
A7 43.7% (p < 0.001).

4. Wi

ARWFFLL SIATS AT B S LA R4S BERIAS [F) SCALFE RS 2 AR N Fn i IR s I 22 57, DAR AT
MEIINZG T E . SEE—E, F# 60 & K LL B 60 % DL F#HAAT. FE RS KEE R, I
REREMES BERE 9 F LU R 9 0L Ekar. FMmsIE K RE R, HEEEEEA,
HZRE/N. [, 60 %L FLALHEERE 9 Ll Lkl 60 2 LA LU R E L 9 LU Fil/s
R, HEEFEEES. A5 DR R R RN E, AT R R T R
SRR R S
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Table 1. Average hit rate and standard deviation of different groups of elderly in simultaneity judgment task

* 1 TRIBFEF AR MFEES T hREREE

FRE <60 Fiy >60 HEHEE <9 HEEE >9
RIFRA - . - \ . ‘ s \

GORL S GIRA Jei IR Je GORLL S

A300V 0.69 0.89 0.69 0.87 0.70 0.87 0.69 0.89
(0.18) (0.18) (0.22) (0.19) (0.18) (0.19) (0.22) (0.18)

A270V 0.69 0.85 0.59 0.87 0.56 0.85 0.73 0.86
(0.22) (0.20) (0.24) (0.22) (0.22) (0.22) (0.19) (0.22)

A240V 0.52 0.82 0.57 0.84 0.53 0.84 0.57 0.81
(0.30) (0.24) (0.26) (0.24) (0.24) (0.21) (0.33) (0.27)

A210V 0.64 0.79 0.60 0.85 0.61 0.82 0.63 0.81
(0.23) (0.29) (0.25) (0.19) (0.23) (0.25) (0.25) (0.26)

AL80V 0.59 0.77 0.51 0.75 0.54 0.76 0.56 0.77
(0.20) (0.30) (0.25) (0.24) (0.23) (0.28) (0.23) (0.26)

AL50V 0.51 0.76 0.46 0.71 0.43 0.73 0.55 0.75
(0.14) (0.29) (0.20) (0.23) (0.14) (0.29) (0.18) (0.23)

AL20V 0.51 0.70 0.51 0.61 0.50 0.67 0.51 0.64
(0.26) (0.31) (0.18) (0.28) (0.22) (0.30) (0.23) (0.29)

A0V 0.46 0.67 0.41 0.61 0.39 0.71 0.49 0.57
(0.19) (0.31) (0.23) (0.29) (0.17) (0.29) (0.24) (0.30)

ABOV 0.37 0.66 0.35 0.59 0.33 0.60 0.39 0.66
(0.25) (0.27) (0.14) (0.34) (0.10) (0.36) (0.28) (0.24)

A30V 0.44 0.50 0.27 0.51 0.35 0.51 0.36 0.50
(0.19) (0.34) (0.12) (0.34) (0.15) (0.38) (0.22) (0.30)

AV 0.58 0.86 0.67 0.85 0.64 0.82 0.61 0.89
(0.22) (0.15) (0.24) (0.16) (0.18) (0.18) (0.28) (0.10)

V30A 0.41 0.59 0.35 0.53 0.35 0.55 0.41 0.58
(0.25) (0.28) (0.17) (0.30) (0.16) (0.34) (0.26) (0.23)

VE0A 0.42 0.76 0.34 0.64 0.38 0.70 0.39 0.70
(0.19) (0.26) (0.19) (0.28) (0.16) (0.28) (0.23) (0.27)

VI0A 0.54 0.83 0.42 0.73 0.52 0.76 0.44 0.80
(0.24) (0.23) (0.22) (0.26) (0.22) (0.29) (0.25) (0.20)

VI20A 0.53 0.84 0.42 0.79 0.44 0.79 0.51 0.85
(0.19) (0.23) (0.12) (0.16) (0.16) (0.23) (0.17) (0.15)

V150A 0.61 0.91 0.48 0.78 0.59 0.84 0.50 0.85
(0.15) (0.12) (0.12) (0.20) (0.13) (0.17) (0.16) (0.19)

V180A 0.61 0.87 0.65 0.91 0.60 0.82 0.66 0.97
(0.19) (0.20) (0.13) (0.09) (0.12) (0.19) (0.19) (0.06)

V210A 0.62 0.94 0.57 0.90 0.58 0.89 0.61 0.95
(0.20) (0.09) (0.13) (0.10) (0.19) (0.12) (0.15) (0.06)

V240A 0.70 0.91 0.59 0.91 0.68 0.90 0.61 0.92
(0.15) (0.13) (0.19) (0.10) (0.19) (0.12) (0.17) (0.12)

V270A 0.67 0.92 0.68 0.91 0.68 0.88 0.67 0.96
(0.14) (0.13) (0.19) (0.07) (0.16) (0.12) (0.17) (0.06)

V300A 0.72 0.95 0.67 0.91 0.67 0.90 0.73 0.97
(0.08) (0.09) (0.14) (0.12) (0.12) (0.13) (0.12) (0.05)

VE: 55 B ONFRHEZE . Note: Standard deviation in parentheses.
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Figure 2. Comparison of simultaneity judgment probabilities before and after training for different groups, in which the
red and blue shades are the standard errors of the pre-training and post-test, respectively. Figure A: Seniors over 60 years
old; Figure B: Seniors aged 60 and below; Figure C: Seniors with more than 9 years of education; Figure D: Seniors with

9 years of education or less
2. FNEIERINGRIEEIREFI BRI, BRI a5EaRES 3R ERRER. B A: 60 51
LZEA; EIB: 60 5RUTEEA; BC: OFULHEREENEEAN; BED: IFRUTHEIZENEZEA

AT OC T\ ] B 5 A 22 S P A 0 B R A = 2 40 SR TBOROME AN A W8 R A 7 T (P IR K 4%,
2019). H A MERLE HAE 5] — A8 0 [ P 2 B KSR I A 3R 45 58 R I 2RI 23 (Schaie & Wills,
1986), FHl K& N 2014 SE [ —THF FEIESE 11X — & (Yin et al., 2015). % 70 LR AL 2647 R B P
A B E I PPl B 2k ALFF (IS0 2 B PR, — M 1 g S i SRS T DR X 3803 2l it FE R Fi ) 547 4
BB AR, R RITEAL M MFG (8- [H) 13548 ALFF 5 ALFF 17846 AT ThRe A AE Vo Wi s
R (SWLS) 7 HURAFAE B35 A OG, RIKIN B A& SRR AN TE 28838 T T b R I B K i
BN, Yang et al. (2020)%5 N FCIRIRE R B SE LR /K FRRAIG, 2% 51 B8 R AR B2 koK (Yang, Yan,
Chen, Xi, & Huang, 2020). LA E355ARBF LR —2, X 0] e BONTEMERE B IE M I 2R, FEZR7KPAIK
Mt iR R R X A, TR G R R, FEEKT i B T AR S M T v . ) — el R
F2 PR R A B R 7= A 7 R AR, FE B K m A I TGV AE e I AT 55 e ik i — P k&, /KF
FEXF A5 o

FRNZRias 2 55, s ] VR S 2 A s I ZR b AN RT BRI — B 7. Li et al. (2008) 8 51 W] % 4F
WHAFE NN 25 22 5, BIRZRRE 0B s I 25 HBRBE i (Li et al., 2008), X 5ARM AL R —8. X
SE R Nt &2 NI Th e — 8 RE0A (= W 45 255, 2018), R I iy A K0 it 46 T o 45 #4 A oy g 52 9%
(iR 5, 2019).
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A MR AR AT FERR A O] [ 20 R B B SR f 2 2T RE 0, R 1 DATE [RIE AT FE RN ZRACR,
RIS ZRAAT R A P R . 1X 5 Niear 5 A AEILFAH A 1 SEA8 Bt 15 I 45 R A —EB(Niear et al,
2016), IXw] e AAHT T R R D, BRI R ZEOR, SEuh R g K.

Fi45h, WU BRI AL e B T s R A e R B R v, P RBLEE G, X
BRI TP X NN ZRRCR B — e R R, (H H %07 it se e, R HE— PR,

5. &g

LR b, AWHFORAIE N GRS ERAREATIN Sy, AN EAINZRTT R E BT THIPIRER, 48R
FRHAT: 1) MRS 60 B K UL EMBHE T 9 4 LT I alE K I ZR A ; 2) X4EiEe 60 %7 LR A
AR 9 Pl BBt SR s 3) R AW SRR S a1 B R A

RN, AWFFAEUTILRAE: B, FPREERKIGL D> 3 BOE 2 U R Z sk, 4
Ja 5 SEINTRL D R AR OB s Hk, SZBRTFEAR,  AHIEFURNS 4 i A1 SRR B I ZR AR
RIS S AT, ARRAT ik — 2D B b A & DL B A R R B AE W 2R B ok fc e, TR vk
IR B BN 148 (0, W2, 2004), SRIMGAHE 5T AR AR ACR N, 45
AR AN B AR R

B
ABIS UL HIRBARIOB SR 510 S, (EHARURE, IR BSDA AR SO0 h T 2
& 5Tk

PRI A SRR S M B T AT 7 ORI RE . P EG . P, BGEME BURNRE. B, REBECR
EIFMENT T Bl BRI B S WIAR UL R B AR IR R S VA B R 22 4R S R L.

g ZE A=A
AN FEIRRAE T 4 B B0 VL (R B 5
EE&ME

2021 FE S M KA G E LI Z:55 H (202110662043), 7 M48 BRI H (B R & 3 Al-ZK[2021]
—f 120).
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