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Abstract

Multi-voxel pattern analyses are commonly used to study neurocognitive processing mechanisms
in typical individuals, and they can be used to quantify the information present in neural signals of
a single participant. Decoding methods are also potentially valuable for determining how infor-
mation is represented differently between stressed and non-stressed people. Therefore, mul-
ti-voxel pattern analysis was used to explore the effect of acute stress on working memory inhibi-
tion of distracting information presented in different ways. We explored the information content
of the stress and control ERP in a working memory task that involved remembering 2, 4, (2 plus 2
delayed) and (2 plus 2 delayed distraction) items and ignore the other side. The ERP results
showed that the main effect of memory load was significant, F (3, 159) = 12.677, p < 0.001, nZ =
0.196. The main effect of group was significant, F (1, 53) = 5.243, p = 0.026, 12 = 0.092, and the am-
plitude of the stress group was smaller than that of the control group. The interaction between
memory load and groups was not significant, F (3, 159) = 0.355, p = 0.232,12 = 0.027. The decoding
results showed that the correct rate of the control group was significantly higher than that of the
stress group under all conditions. This indicates that acute stress may have an effect on working
memory to suppress distracting information presented in different ways.
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1. 51§
1.1. T{Eigtz

TAERIRAZ AR N —Fh e A IR RS, SOVFRTERMRE . 2% o) RIHERE S5 5 JAT 25 B 75 1S R EAT I
7 FI4EE(Miller, Galanter, & Pribram, 1961). Baddeley fil Hitch (1974)i—2uEB 7iXx—ME&, #HT
PEICIZ B GRS A MLE - 22 (R I ARORT A SR AT 32 1) R 58 = A EZ 7 (Baddeley, 2003, 2007).

ETAR IR, B4 B TAE A2 i A7 T H £ 1 53 72 X E 3R 7 3)) (contralateral delay activity,
CDA), Xj&—M7ETAEICIZAESS AR IR SR 452 ERP 55, 5 LAECIZRE I IMEZE 7 % U)AH
F(Vogel and Machizawa, 2004; Vogel et al., 2005).

1.2. 2N

1.2.1. REMMHEXRIELR

SV RIBUR R 24 AN T TS AT d ] R SR RO AU B AR AT AR S, A HURAE IR EE
K B (Koolhaas et al., 2011). ASHT 50K A S ks BLURRAS 2o B o8 B R (Maastricht Acute Stress
Test, MAST) K155 A NI, 1278 70 A& B Smeets 1 Cornelisse (2012)45 4 TSST H S U m. (- 2 AN 1 B0
ANE] SR AN T4 ) R SECPT Y xU(AE BRI B 53), $&tHH# TSST )L AR5 SECPT IR
FAES L BAEAER MAST ul. a5 28 HERS P BN 10 208 R B . 1l 75 2E7E
10 4B FR I (]2 2 B 58 A 5 ¥k SECPT AL AT 55 28 B MRIR (B AERKAR), BEIRFFEEIS H] 60~90 s 455,
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JKIBARFF 2°CARAE . HUR SECPT 2 Ja it AT O 54452043 9% 17), WA HiHENIEHI(ED 45 s). kit
AR R AUVE RS R TR .

1.2.2. SRR TIEIZIZRYS N Z B HIGIRE HARIA 2] 5 XAV FTS

FETARCAZHIBE b, 2305 BA IHAE TAECIZgm DB BE 2 I (5 & ZAC A2 S B R 2 30), A
1E TAEICAZAR A B2 B, AT — Ry gafid o0y, 5 — R ZEIR 43 0y(McNab & Dolan, 2014). TAEiEAZ%}
PRARAS [ 52 30 77 XA 2305 S B AT B8 R AT AN RO AL, gt 230 {5 B 30 ) 55 SUIR 74 AH 5% (Frank,
Loughry, & O’Reilly, 2001; McNab & Dolan, 2014), %EiR 7303 B #0552 A 5% (Bonnefond &
Jensen, 2012). Ebam, 5395 AHIWE ST E7R(Cools et al., 2010), 2443005 BB gwfid 430 LB, 8 ez
SUIR A B ZARVE P SCRAR O D RE G 55, MO 70 OE B RIIHIRE T 7. X5 Z AT K BLMSUIRE £
EUIZAE 23 O B e b R FE A A 45 SR —F(McNab & Klingberg, 2008). PRI T 7RI, 24005
SAELREFB B DU (BRI LR 7300) , AN BT A1) 73O A5 S8 2 (5 A AR PH o S5 AR 5 L PR A 22 T A A P R
(Artchakov et al., 2009). R, DhREHARAT T A BLE SMU T AN 2 5 B TARCIZ 0 EE 7015 B
#€(Dolcos et al., 2007; Minamoto, Osaka, & Osaka, 2010; Sakai, Rowe, & Passingham, 2002). 24N <5
B2 CIAE N2 MR 0, SUREM BT 12 B2 A AR, 0 22 B B0 S Rt st A
[Fl(Arnsten et al., 2015). RIS RO AN [R] S35 30N B 735 S A0 1 B 2 M AT e AN )

1.3, ZHEREXSHT

1.3.1. ZFREXSHERE

MVPA ERKIZ L B A AEA FIARPRE T B 2 MERE ST 2 QI g 2648, FEH]
M7 S IR BRI KA AR RE o UIZRANIR 7 KA O RE MO U T, Mg 22 ST B b A L 22
TR, A T HLES AT IR (4, 2010).

1.3.2. fRME 53T EEG BIBFRIR A

i P AR AL T VA AR B AR 1 B AR B BRP RS . 15 507 VR 53 M sk fe oA LN S, 3
KRS KRB R, MRS RN ARIR B A Sk BB, JF BLANSZ Sk B M ANk 22 S (R BELAS
fERD 7Yk B AR RIS SRR TR R R 5 3H0A W 2T 2SI A(E 5 R BN s T 5, R
5 R (s SR AL DGR, DRSS BN ATEA R % 4F 804 2 (84 ] A5 [7] (Hebart and Baker,
2018).

Foster 1 4E IR fiti 4T 4% M1 4% 1] A8 46 WS AT 45 %5 EEG B8 Hh i) alpha JBOS s BEAT MRS,  BRINARTD
H RS20 H B B (Foster et al., 2016). Haynes FIRF 7% K MvE s AIAER AN &, 7T PAYERR L E
M — N NERARR . A B TR NG P E N K F 4 75 (Haynes & Rees, 2006). Haxby 14
TG M R LR G OR AT 70 N R 0 AR L B B Y T R 2, DA M A AL . R & ik
ANTCRE ST A IS RE OB 1 2 0 S RASE 2, %o EL AR 43 M AN T 38 (R0 AR r ] DAHE T H SR A 21 1)
At 4 (Haxby et al., 2001). Miyawaki @it 8 MVPA S IR 2 RS, AT LAUE IR H R A 2
(1) Bl & (Miyawaki et al., 2008) . Bae 55 A% FH AR AR AT 55 I & 4 A0 4838 75 3 (CD A) i » L EEG
&5 RS AE B0, T R AR — [ Y % /1 (Bae et al., 2020).

2. MRl E
2.1. #ik
KI5 75 0 B AR R R R B, N T B G L 1) ) 4 S R R P s R, 48K
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SR, AR RS T R 15 $E 57 44 g (IR (Shields et al., 2017)RUN A
0.2), 4t 18~35 %, ZNSKI T LB, CEBR, BOAMMZY), SRt 1 H REcE
[IRE 2RIV . ok ady 2 A, 431 N, Rl 26 .

2.2. SEHETT

ASEIOR A 2 (A N, $EHld) x 4 GefZ g 20 4. (20 2 ZEIR)FI(2 IR 2 SEIR4r )R A
SEIG e, ARMENBORRI AR &, 2 AT E AN AR E. 20 4. (2 00 2 430 RIQ2 T0 2 FEIR A 0) 5
BN EE RS 2 A B bR R gmis 4 A B AR, SEIRgmfs w4 B ARRE . 1B IR 4f 2 AN OBl .

2.3. SEIGHHR

LR AT (1.21° x 0.64%). FFMETZEIZLL 07, 45°, 90°HK 315° (77 [ 3. XLELHTE 2L
P RERVETE X, A EETE N (4° < 7.6°, BRI E 5 3°) R 35 30 DUAE oL Rl 231
PINELEFETE, AN 2IPUALLEORETE, S RIS L O, fE 2PN ORE T GER A2 E) ,
S RPN, HEIMADE R GEEHEPINER) . B NERZEREEANT 27 T
ARERH, ARl KA, AN aRRER e A fe s R AR

2.4. SEIHESS

DL 1, AR5 TT AR 7 B 3 o e 20— AN Sk 200 ms, #6875 BACEF LG 7 ), H25 2 <+
200~400 ms, ZJEHILCZBES], Ak T LA RIA e I E Sk — M LT RS B N ok
PP O :

1) [FEF 2PN B AR, B8 RIE 2HL0YS B FR R 100 ms, 2 )5 fEAH [R5 2 B3 B I HES 28
LRI T B 51 (<5000 ms),  FIWTHRIIFES) SicIZBEFIR L, RBKE T 2.

2) SIS HERHI 100 ms, #4500 ms (75 BE 2 G B 100 ms 1AL H bR RIS
AN ORI, PG B TR BES S Ak 2 5T BT E BT A S TEREZI GEAZ RS 1 FEAZ B 2)&
J& FI BB ZRA(<5000 ms), FHor KA AN R ] B2 R AR . 45 RAIF 428 [ B & block
I E A P-4

A2 WS
- AETY
- - - - - S
200ms 200-400ms - 1000ms -

<5000ms

100ms

i
A N
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Figure 1. Experimental paradigm
1. EIEER

DOI: 10.12677/ap.2022.129355 2961 o3 2


https://doi.org/10.12677/ap.2022.129355

PUESE

SIS TR R 22 S8R4T 60 A trials MRS, BEASSRATA 15 A trials, DAAA ORI AR IF H B sk
AT 55 - SIS 3L 8 A block, BN block £ 80 /™ trials, &3 640 A trials, BF 2614~ 160 4~ trials.
I 2R E 7 R BRUCERBIERE — 2%, W R RIS B R B RT AR SRR, A CRAIERR IR AR B B
FAMICT 1 405

2.5. ARTE

FEFRIRAS - i B % (State-trait Anxiety Scale, STAL): Hi Spielberger T 1977 E4if, T 1983 4£1&
H—FBERIFN S, BN ER, 40 THREA K. 21~40 SRR ERRMELRH), HTT
EMNIAE T B SR Hop 11 DU % H, 9 BUNIEMES%&H. FIrATHE XM 1~4 7510 4 2%
Worid. HELIPbrdEn: “17 RoRJVFICKREAR: 27 RoRARA: “37 RR&WH: “47 K
AJVFERM . 1~20 BURRAEEER(EXSLIH), A& EWBEEMAEESSY, FERTIEE
B %1 B RS RS o LR RAPAREN “17 RoREAWAT; “27 Ropfall, “37 RoRhef
s “4” FondeR .

1E S 175 48 % (Positive and Negative Affect Scale, PANAS): & H13E [ R K53k Wi K2 & B Je 75k
KT 1988 AEFLFEIgHIH, HT¥REMER IEER A e 2. 20 NSRS RIAAR, B8 T
IEVEIE 26 7 R AR PEAE G R« IETEIE 44 B 10 NI TR 1% 45 0 T 25 4, A LU R [R5 2 (p = 0.85)
FENE BE(p = 0.47); SOVENEZE 10 AR GRS 28 R R 4R, A8 19 [F) A5 FE(p = 0.83) AN E
BE@ =0.47).

2.6. SEIRIE

1T N AAH) B BRI KT RIS I e, IR R LR A, B2 PRI T, fERRIN 20 3
B RIVEBAMBE I, 5K, 2010) BRI, Oy 78S B S BB 19 HE0 SEIR A5 R AORE R, T A SE B
HLHAE R 1 R 6 AT o SCER AT =Rl i IE S R, BEORAMATSEINHT 72 N 2 A
1, SKUSHT 24 W Z WA, Seis 9 RARIZNZZ), SCIRRT 2 A AR Wk 2, $akaf 5 UUR
GER NI, TR LI KAE 1~1.5 /N A

. 5 |5
W @ T P T MAST | AF B | S0 Afumm | P
i | # LT e Sl |2 x| 7
1| & 3 4 5
-60 -55 -50 =35 -30 0 15 20 35 40 70 75'
WFTA] (min)
SR AR e R T 90 24 LR AY wosmmmnren

Figure 2. Experimental process
2. SKHIRAE

2.7. BIERE T

2.7.1. B EIETALIE
1 3€[E Neuro Scan /A ] 4= fF) ESI-64 SN HLIC K41 RS0, %R E PR 10~20 F) 64 T HEARIEIC R
EEG. [AJF B0 MK B R AR 5, KRR 1000 Hz, SN S LR 2 BRI /N
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5 KQ. %M Matlab (R20202). EEGLAB (V14.1.2) (Delorme & Makeig, 2004). ERPLAB (v7.0.0)
(Lopez-Calderon & Luck, 2014)F1 Matlab H & XARFSRT 3k 1) BEG MEHR AT B &b H . DLEA A
RIVEIMEAENE LS, W37 m@E iERE (0.1 Hz, 24 dB/octave) FIMIKIE S (30 Hz, 48 dB/octave).
PLCTZBEFI (N0t DYANLE s, PR EARANIE ) HEU AR Id, IR BLRET 200 ms AT 25
1000 ms MBS E, XESEIEHEAT /7B, HEBUHBECEEBLET 200 ms IR AR REEEL . X RN ZiRFH 1)
Sk R i L AT AT B BT (ICA), ARG L BR S IZ R (Jung et al., 2000)F1ERERIZZ))(Drisdelle et al.,
201 7)Mo 43l iH 5 CDA TRAEFE i th bt 2 gk, SAMAND I 54 AN@H 4.
29 N, Rifgd: 25 N).

2.7.2. [B)& R RERENICRRE S

KH SARSTEDT % [ JH T RAE MBI 1) 5 B 2T MR A6 8 R AR MV, SR AR S5 I MBI A2 L AE R T
20°CHIUKFE o SR FH R A 27 IR G P2 3 A2 g Ml 9 2 0 ik 2 o SRR 1 1.5 nmol/L (R X SR AE ]
(5 R A, IRSHEERER, B, MRS EERPANAS) BT 2 (). N, #Hldl) x 5 (1
e BUCREE, VGRS, BEUCRE, BIUCKSE, B IUCRE) M E SR ZE 0.

2.7.3. (TABBRIER RS

AT Fi K Eprime 2 IR WERAT AR BIEHE . K A K =N x (HR - FA)/(1 — FA R E 4
B TARCIZ A E. Hrh, K 2 T/ECIZEE; N 22U RN EG HR 2R, o3 2 H it
I S B IR EGB ;. FA J2 iR, B RIEBA A R b BRI L] o Rt i 0 S BB I
BR A TARCIZ 2 kAT 2 (4150 BB, ) x 4 Q22 ds: FR 232 AN, [ Sy
gL, IR, JEIR AW ) 2= 2T

2.7.4. FRISKEE SR

SRt AT R R AR B R AR TE B AMCAZ S T ISP I AR HERR B o AT 4 x 2 ANOVA Jy Birix SeH,
ARG 4y (202 230 FNQ2 I 2 ZEIR S DVVE MR N IR 32, AL (R, 32 4 1 it ] [
Foo HHTHFEAR RIS, LLBEANCIZ St T RO A ) 20 2 TR R R RS P

2.8. MRIBIER

18 FH 32 55 T EHL(S VM) A 2 4l 1 AC RS (ECOC; Dietterich and Bakiri, 1995)20 4, MR 64 3k iz e
W F ) ERP V&SI S (AR, X TAEIE 2 Hr 4ERE I R 88 — M 54037 f#i% . ECOC HEA%dE
P[ELAN IO KB R RZ R 2R TR, %R 5 A =AM 42 7 g b i
— AT o SR B 4 e A2 S AT R AR A 25 5 BRI o — O A IO AR A3 e R A e A R
FAEH 3 #7138 I UEFEF (Bae & Luck, 2019, 2018), A ARME, X TRk, KB BRI A FoE
FERRAN SR IR I I (0 T ST (] £1(600~900 Z280) N HEAT P35, SRIGBENL T A=A K/AMESEI A, B4
K 50 YARIEALAZ G (B FHERR 7 A AR IR 8, XA R 5) . SR fE B f 4 b 1 a6 7 1)
FE—i, A RTCAZ G RSB (4 AT EIME < 2 AN x 64 /> sAR FOHE B ) 7= A8 B ) Sk 2 4
Ao 8 PRI R A 4R Hh L T A Y — T PR b 2 AR TR 1 — T AR AR T B RS . I ZRAN I
RAdH fitcecoc()F predict() Matlab BT, KIN/2 0028, MNE MR N 0.5,

3. 5§
3.1. R REER

e Y0 P 1) A 2 I () 2RO (2 35, F (4, 212) = 5.523, p < 0.001, n* = 0.096, 52 i) i) ERN A B3,
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F(1,53)=1.207, p=0.277, 0’ = 0.023, ZLHIFIS 7] 5 2 AN BAE R % F (4, 212) = 4.022, p = 0.004,
N> =0.072. fEIFAEN MR, EHIH: RS2 AR R R, PO 5 R A =
BRI G R E (p = 0.052), 55 VIR DY DB A7 AE 535 25 5 (p < 0.001), 55 =I5 15 DY vl
BEAFE R Z 5 (p = 0.008).

3.2. EIEERSH

32.1. RSEEBREBION

RSB W] AR A 5 2 TR BN B3, F (4, 212) = 19.629, p=0.001, 1> =0.274, BEE ] K
¥, P34 A T 2 R 15 3 R ey o 4L 50 22 T B RN AR 225, F (1, 53)=2.975, p = 0.091, 1" = 0.054.
AL AT [R) 5 2 T RS EAE R 35, F (4, 212)=4.735, p=0.011, 0°=0.060. fRi¥NKI: RAES
SRR, P (A A A RS E S (p = 0.002), SRS B T H AR .

3.2.2. EHILEMBBAEMIBERREB SO

IEPE I 25 B T A S 2 I E RN B3, F (4, 212) = 26398, p=0.001, n*=0.337, WK, IE
PRS2 B R S 0K AN M ERNEE, FA,53)=4.676, p=0.035, n°=0.082, #=HIZ4H
IE TS 26 B RS 7 s T R 28 5 FR R 8] s 2 M 2 EAE A B3, F (4, 212) = 1.109, p = 0.353,
> =0.021.

3.23. (i EEERREBION

A 2 BRI ] 5 2 B 1 BN AN R 3, F (4,212)=1.577, p=0.182, 7’ =0.029. 45|z AL
MR, F(1,53)=0227, p=0.636, n°=0.004. L5 FHA] 52 RIS HAE RS2, F4,212)=
0.927, p=0.449, n*=0.018.

3.3. {TRERSH

3.3.1. IEFRESH

WA ERN 22, F (3, 159)=143.316, p=0.001, 0> =0.757, ic AN EEIERRER ST ERE M
AN, FERPANE AR ERE ST T 6, IR AR IEF R R R E RN AR
#,F(1,53)=0.015,p =0.904, 1" = 0. iCAZ S AL 2 [ 28 HAE FIASE % F (3, 159) = 0.495, p = 0.686,
n*=0.009. FARIK 3,

NRTES

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.924 —— 0.932 i
o] 0.849 oTa

—=
0.761 ¢ 737 - 0.733

FE A I ¢k
O 2 B AN B R4 W TR

Figure 3. Correct rate of each group

B 3. HLAEMHER
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3.3.2. RO

I RN E3E, F(3,159)=128.523, p=0.001, n>=0.712, ZEiR L I SN w1 18R
PRAN R €, SR AN R € 1 s S I v - [RD B DU AN, [ B 8 20 € P S o7 P A A AR T o 4 31 2 2
F, F(1,53)=4964, p=0.030, n*=0.087, NN E 4. 042 gl 5 2 758 5AE
M2 F (3, 159)=2.833, p=0.040, 1> = 0.052., ] B4 B & B : 78 2B 5 20 €0 R FE IR PN W € 46 1
g 2 1A) 22 5 B2 (p = 0.046, p=0.011). FHAK LI 4.

S B Bt

1800
1600 | ===

1400 | o 1579
1200 | 1350

1000 | cEw
800 [ R58 939
600 |

400 |
200

Hi
At

Et TR ik
O24af @ N MIE BERae @ ERkE

Figure 4. Reaction time of each group

B 4. F4ERNAY

3.4. CDA BYBIEIE 5347

7£ 600 900 [ TR Bl P = oh S BRZHA IR I 2 i) CDA P IRAEEAT 2 (L5 s, #H14l) x 4 Gz
fifi: RN R2IHALE, FR 26, ERRANAE, ERHNEC)NESNE T Z0. 4
BRI DA ERN R F, F (3, 159)=12.677, p <0.001, n*=0.196, iciZVUALL e rsimiE kT
WAZPAN L, RPN TFIER A5 (6, ICAZZEB ALY CDA 1R (R 2 /M o 2009 3
RN EE, F(1,53)=5243, p=0.026, n°=0.092, N EWRER N T2 HBEE. 12125050 A
W2 MZHEAERAEZE, F(3,159)=0.355, p=0232, n*=0.027. BA&WE 5,

Dred2

~ Dblue2 25 ¢
25 red2
2F — red4 2r
£ oas
!
#H

1.5 %

Figure 5. CDA amplitudes in each group (Dred2 and Dblue2 are two target stimuli with delayed encoding and two distract-
ing stimuli with delayed encoding)

5. %%H CDA K f&(Dred2 #0 Dblue2 AIERLRIEF N BArRlE. EIRLRES 2 PN LRI
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3.5. R OHT

K 6 B T BIAE 4 A2 R BT AR RS o 16 BT AT Gudar 5 1E T $2 il 2L A0 A 1 i 2R TS
KT R A BFEAR A S0 xRN & o 6 FIEMI R 2 B R E &S T 0.5 45RER, X
TR A T F , AR R R ER L S T 0.5 (RN bs 2 S H bR 1 (28) = 7.481, p <0.001:
[FET gt 4 S HbR: ¢ (28) = 9.143, p < 0.001; ZERZRISHAHAx: ¢ (28) = 5.211, p < 0.001; ZEIRZwHD 2
ANy HAR: 1(28)=6.651,p<0.001). NI Gnb(FIR 4wt5 2 S HbR: £(24)=7.314,p=0.001; [d]
B4t 4 AN HFR: £(24) =9.865, p <0.001; 2EIRRALPHA HAR: £ (24) =3.670,p = 0.001; FEBRZHIG 2 N5y
O HFR: t(24)=4811, p<0.001).

-e— Control -m- Stress
0.80

0.75
0.70

0.65 -

0.60 -

Decoding Accruacy

0.55 T T T T |
0 2 4 2+2D 2+2B

Memory Load

Figure 6. Decoding accuracy (2 + 2D and 2 + 2B are delayed
encoding of two target stimuli and delayed encoding of two dis-
tracting stimuli)

B 6. RRDIERHZEE(2 + 2D 12 + 2B AR 4D A BHrklH
IEIR4RARG 2 LRI

N PR A B ACAZ A 2 A 2 5, 34T 4 x 2 ANOVA, Fiddz i O st R, A 33x
Hil. NEOVE MR IA R R . )10 RN B (F (1, 53) = 10.38, p = 0.001, 0> = 0.48), CAZ 5 HF 0 RN
B (F (2, 106) = 3.294, p = 0.022, 1° = 0.45). CAZ 7 A Z [0 (958 HAE AR B4 (F (2, 106) = 0.165, p =
0.92, 1> =0.002).
4. +1ig

AWEFLE) H R ER T 2RO T TR A F 2307 U0 E BRI, ik, KA MAST fux
VE NI K650, DA B R REAE i & RO 1A AU A 3848 br, DU ICIRAS SR 1 45(S-AL), 1E
B 26 B3R (PANAS)E N NEUR A5 R O FRAE AR, RGBS U AR FEva s, R FH S A DG fa
Bk, 56248 B iid ikt St T TARCIZ AR F gnid 5 (s 2 L 38 i 30 H 1520
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