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[ Abstract ]  Objective To explore the effects of single-session table tennis exercise with different intensities on
working memory and the associated cognitive neural processing mechanisms in college students with depressive symptoms
by using event-related potential (ERP) technology. Methods A convenience sampling approach was employed to recruit 100
college students with depressive symptoms from a university. Participants were randomly assignedatal : 1 : 1 : 1 ratio to
low-intensity exercise group, moderate-intensity exercise group, high-intensity exercise group, or control group. The exercise
groups participated in a single 30-min table tennis intervention at intensities corresponding to 57%-64% of maximum heart rate
(HRmax) and rate of perceived exertion (RPE) scores ranging from 9-11, 65%-75% HRmax and RPE scores 12-13, and 76%-
95% HRmax and RPE scores of 14-17 (5-min warm-up, 20-min monitored exercise, 5-min cool-down). The control group did
not receive any exercise intervention. Pre- and post-intervention assessments of verbal working memory (VWM) and spatial
working memory (SWM) were performed, alongside the recording of ERP components, including the amplitude and latency
of N2 and P3, during the tasks. Results A total of 91 participants (20 in the low-intensity exercise group, 25 in the moderate-
intensity exercise group, 23 in the high-intensity exercise group, and 23 in the control group) were enrolled for analysis. In the
VWM task, the main effect of time on accuracy was found to be significant (£, 3,=5.942, P=0.017, partial 7°=0.064). Post-
intervention, accuracy was significantly improved in the moderate-intensity and high-intensity exercise groups (change=0.027,
95% confidence interval [CI] 0.001-0.053, P=0.037; change=0.029, 95% CI 0.002-0.055, P=0.040). The main effect of
time on reaction time was also significant (F, z,=7.244, P=0.009, partial » *=(.077). The interaction between group and
time was also significant (F;;,=2.844, P=0.042, partial 5 *=0.089). After the intervention, the reaction time was reduced in
the low-intensity and moderate-intensity exercise groups (change=—0.095, 95% CI —0.183-—0.007, P=0.035; change=
—0.079, 95% CI —0.158-0, P=0.049). The interaction between time and electrode location in the P3 latency in ERP
components was significant (F; g, =5.785, P<<0.001, partial 7 ’=0.062), while the interactions for other ERP measures were
not significant (all 7>0.05). In the SWM task, the main effect of time on accuracy was significant (£, g5,=5.092, P=0.027,
partial °=0.055), while the interaction between group and time was not significant (F, .57 =0.799, P=0.498, partial 7"=0.027).
After the intervention, accuracy was improved in the moderate-intensity exercise group (change=0.019, 95% CI 0-0.037, P=
0.046). The main effect of time on reaction time was significant (£, g, = 14.322, P<<0.001, partial # *=0.141). The interaction
between group and time was not significant (Fsg;,=1.521, P=0.215, partial *=0.050). After the intervention, reaction time
was shortened in the moderate-intensity and high-intensity exercise groups (change=—0.082, 95% CI —0.136-—0.027, P=
0.004; change=—0.075, 95% CI —0.131-—0.018, P=0.029). The interaction between time and electrode location in the P3
amplitude in ERP components was significant (F3 g, =5.475, P=0.001, partial ’=().059), while the interactions for other ERP
measures were not significant (all 7>>0.05). Conclusion Single-session table tennis exercise with different intensities has a
positive effect on working memory in college students with depressive symptoms. Moderate- to high-intensity exercise can
enhance VWM accuracy, while low- to moderate-intensity exercise can reduce VWM reaction time. Furthermore, moderate-
intensity exercise can improve SWM accuracy, and moderate- to high-intensity exercise can shorten SWM reaction time.
Additionally, high-intensity exercise can lead to greater activation of ERP components.

[ Key words | single-session exercise; table tennis; college students; depressive symptoms; working memory; event-
related potential
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Tab 1 Parameter settings of ball-serving machine in intervention protocol for participants in each group

1

Rotation speed/(res ")

Ball landing zone

Ball delivery frequency/min

Group
Female Male
Low-intensity exercise group 10-20 2o0r10 55+1 60+1
Moderate-intensity exercise group 10-20 3and 9 6011 65+1
High-intensity exercise group 10-20 land 11 65+1 70+1

The ball-serving machine delivers balls to 11 landing points, numbered from left to right, with zone 6 serving as the central

point. Zones 1-5 are located on the left half of the table, and zones 7-11 are on the right half.

IS8 B 32 B 1 32 103 H AR O RN 57%~64%
fx K0 ( maximal heart rate, HRmax; HRmax=
207—0.7X 4E#®1 ) | RPEIE4r b 9~11 4%, %
JFBERNEFRFFG; TREZEd iR
% Jy 65%~75% HRmax. RPEPE4>H 12~13 4%,

Y] F ORI R S AL BRSO
76%~95% HRmax. RPETE/ N 14~17 43, 2>
FEHAMATI, 3 2SI ERAE S min i
oA ) FBR O RS 20 min, BAJS LT
5 min FRCRATR 1. 0 B2 2E— 122 i



° 902 -

WFELEER AR 20254E7 H L5 46

30 min, H[EW] AT EEREE — L0 5 2R O R
HEMXHFN., TS, SAB/FEHER
TF, H[A145R 2 min #5917 RPE P43, Wids W42 o)
SRIE . PO R AR

1.5 FiiAE  ZE AT 24 h AR RR 2
iz, MHAT 12 h NRRORITE RS . Wik 24 sk ik
Bl IORREL . 2 BEEN S, H
SEHUS FIG FE B MEAME R, M5 T WM A5
WHRK, I 2R ERP 85y 2 5 RER 5
BRR AR, 551 RS, WFE A B 2
RE VAT BRE S, IR HShEmE ., T ke
Haiz Bl o5 B F A D™ AR 1 2 ST RN, AR
R 72 he B S Z X E BIGLE G, T
ORI 2 LKV 5 717 2% 5 ERP
Ko BRI AZIRFE B AR R 58 A, X AR
27 A 30 min Ji5 58 B RRE A IIEL

1.6 %itsaz@ ] SPSS 29.0 #7411
10T . FEZ TR I £ 28 Shapiro-Wilk 645
BN UIR M IE RS, VA x s TERHR, a1
BRI R Ty 22000, it fse/ N g e 2s ik
HATH I Z E IR THEORUEIECRTE 73450 X

R, B BRI GRS . X TAT st g gl

WM W IER R s W B AT 2 CBPTa) . 3T, T
TiE ) X4 (45 RmEEshd . FoREizshd .
R iE Al . XA ) EAE T 22500, ERP
Bl b N2 P3P R Ss R #EAT 2 (i
] AT, THE) X4 (4151 KSREE 4 .
R iEshd] . moREIEshd] . XTHRAL ) X4 (fi
XELWAE: Fz, Cz, Pz, Oz) H&EIME 522504,
HL6 AN 2 BROE K 59 19 48 31 12 >k HH Greenhouse-
Geisser IEFFATRLIE, THE T AT AT 1005 £cdia 1d 2=
{3 95% CI, >R Cohen’d DAl 4H 7] 22 F AR
A HEWT Y R AU g6, R KifE (o) 4 0.05,

2 &% B

2.1 A& T LR, R B s sh 4 N T
SN, TEREEFAMIE 0 N, R E IS
2N, XPHRAIEE 2 N, A AZILE 91 N,
4 7 E AR . RS, BDI- #5343, MEAR R
L REBRGKT . RS . BIRR G R
ZR G FE L (¥ P>0.05, £2) .

®2 BRAZREELHEH

Tab 2 Baseline characteristics by group

Low-intensity

Moderate-intensity

High-intensity Control group

Indicator aroup N=20 aroup N=25 group N=23 N=23 Statistic P value
Agelyear, xts 19.40£0.22 19.48+0.26 19.22+0.24 19.78£0.31 F=1.092  0.357
Male, n (%) 12 (60.0) 11 (44.0) 14 (60.9) 9(39.1) 2F=3.323 0344
Smoking, n (%) 0 0 1(4.3) 0 21=2980  0.393
Alcohol use, 1 (%) 3 (15.0) 7 (28.0) 4(17.4) 3(13.0) 1=3218  0.359
BDI- Il ,x*£s 18.401+0.86 19.96+0.98 18.35+0.99 17.57£0.88 F=0.985  0.404
PSQI, x*s 7.45+2.40 7.38+3.27 7.35+£3.94 7.22+3.68 F=0.037  0.990
PARS-3,x*s 14.40+17.64 8.32+7.64 11.17+12.34 12.00+9.32 F=0.982  0.405
BMI/(kgem ), x=Es 22.09+6.20 21.45+3.66 21.57£3.10 22.37+3.65 F=0.244  0.865
Body fat/%, x+s 20.83£11.79 21.08t11.64 18.631£9.71 22.44£10.35 F=0.482  0.696
BMR /(kcal*d "), x*s 1402.204-242.92 1324.88+141.74 1372.70+19591 1361.52+191.18  F=0.618  0.605
Resting HR/min ™', X+ 80.651+14.05 82.361+11.39 88.57+11.36 82.831+10.00 F=1.931 0.130
Grip strength/kg, X+ 34.72+6.58 28.45+7.13 32.35+8.94 29.32+10.07 F=2599  0.057
Sit-and-reach/cm, x s 11.52+7.08 11.43+5.15 11.92+5.77 13.51£5.88 F=0.608  0.611
Single-leg stance/s, Xt 21.11£21.51 21.19421.60 28.50437.80 20.19424.93 F=0.457 0713
Vertical jump/cm, x +s 29.85+8.34 23.98+6.66 26.50+9.03 26.66+9.26 F=1.831 0.148
VC index/(mLkg "), x+s  59.44+21.02 60.82+14.17 61.82+11.21 55.26+16.43 F=0.761 0.519

1 kcal=4.184 kJ. BDI- I : Beck depression inventory- Il ; PSQI: Pittsburgh sleep quality index; PARS-3: Physical activity
rating scale 3; BMI: Body mass index; BMR: Basal metabolic rate; HR: Heart rate; VC: Vital capacity.
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Tab 3 Behavioral performance on WM task pre- and post-exercise by group

x*ts

Low-intensity group ~ Moderate-intensity — High-intensity group

Control group

Variable Measurement time =120 aroup n=25 =123 =23

VWM accuracy Pre-intervention 0.903£0.066 0.899£0.077 0.904£0.064 0.91940.055
Post-intervention 0.91240.058 0.926+0.065 0.93340.044 0.920+0.054
Change 0.009£0.079 0.027£0.060 0.029£0.073 0.002£0.042
Cohen’d 0.111 0.481 0.450

VWM reaction time/s  Pre-intervention 0.995+0.191 1.009+0.207 0.957+0.167 0.929+0.187
Post-intervention 0.90140.171 0.92940.195 0.888+0.191 0.97240.196
Change —0.095+0.229 —0.079£0.120 —0.070+0.217 0.04340.143
Cohen’d —0.723 —0.955 —0.614

SWM accuracy Pre-intervention 0.92440.055 0.90240.060 0.91540.053 0.90440.057
Post-intervention 0.93240.039 0.920+0.058 0.93240.043 0.904+0.061
Change 0.009+0.047 0.01910.048 0.01740.049 0.000+0.045
Cohen’d 0.196 0.404 0.362

SWM reaction time/s  Pre-intervention 0.88940.121 0.97540.197 0.90140.200 0.880%0.170
Post-intervention 0.832+0.156 0.893+0.178 0.826+0.180 0.875+0.219
Change —0.057+0.176 —0.082+0.110 —0.075+0.128 —0.005+0.133
Cohen’d —0.333 —0.631 —0.534

Effect size Cohen’s d represents the comparison of the pre-post intervention difference values for each group against the control

group. WM: Working memory; VWM: Verbal working memory; SWM: Spatial working memory.
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0.077 ) o 415N SIS AU 3 ( Fpgr=2.844,
P=0.042, i n’=0.089) . TTT, 44K VWM
RN 22 G2 E R X (P>0.05) 5 THUE, %
SRS SN R S BN VWM SOV I 4 ( 25
{5 =—0.095, 95% CI —0.183~—0.007, P=0.035;
ZH=—0.079, 95% CI —0.158~0, P=0.049) , {&
5 12 sh A A BTG B A0k, RAIR. R
— RS SRR AR VWM OB . L3 3,

SWM IE R Mr 8 B w45 B ROV A
% (Fu5,=1.096, P=0355, ffin’=0.036) , Hf
] 3 8% R (F,=5.092, P=0.027, fiiin’=
0.055) o A 50 B S B A R E (Fag=
0.799, P=0.498, fn°=0.027) . T-Hini, 4 4[]
1) SWM IE#fi 8 2 55 LG it 22 & L (P>0.05) ;
THiJE, HiREIEsh4 SWM IR E (=
0.019, 95% CI 0~0.037, P=0.046) , H 44k
A, PR R — M Sl R T A T

SWM IEff#, ULk 3,

SWM S 17 B 43 AT &8 SR 8 s, A 531) 2 38500 AN i
% (Fs4,=1.000, P=0.397, fii7’=0.033),
] R B (F5,=14.322, P<0.001, fiiin’=
0.141) o A SEH AL TR B E (Fag=
1.521, P=0.215, 1 #°=0.050) . T-Fini, 4 410
) SWM K 22 R g it 4 X (P>0.05) 5 T
T, R S Bl 2H RN R R B S Bl 2H SWM U
g% ( 22{H5=—0.082, 95% CI —0.136~—0.027, P=
0.004; 22{H=—0.075, 95% CI —0.131~—0.018,
P=0.029 ) , fIk5m iz shAL R R4 TG 8 35 A8 1k,
PEoR R — S Sl R T R AL SWM
RVRT, W2 3,
23 WM7E4#ERP £ R K2 HE —ktEiz
SIRIETHTIS 9 VWM AL 55 1% ERP 2085 4ns& 4 Fir .
N2 UM A s R o, AL 300 B3 (Fag,=
2.797, P=0.045, flin°=0.088) , M Ja] RN A
% (Fu=3.301, P=0.073, fi#’=0.037) , JHIX
H A B RN B3 (Fag=2.797, P=0.045, 1
n’=0.088) . £ HANIIAEE (¥ P>0.05) .
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Tab 4 ERP results of VWM task pre- and post-exercise by group
x+ts
Variable Measurement fime Low-in;[leiszi:)y group Mo;lre;z;e;lir;tezxgsity High-in’:eilszigy group Conytlrilng)roup
Fz N2 amplitude/uV  Pre-intervention —3.430+1.696 —3.558+1.785 —4.542+2.032 —4.359+2.190
Post-intervention —4.056+2.298 —3.891£2.281 —4.885+1.879 —4.935+2.553
Change —0.627x2.151 —0.333+£1.988 —0.343+2.339 —0.576£2.998

Cohen’d —0.02 0.096 0.087
Cz N2 amplitude/uV  Pre-intervention —4.565+1.618 —5.214+1.671 —5.7331+1.868 —5.511%2.146
Post-intervention —35.555+2.199 —5.160+1.821 —5.755+2.075 —6.316+2.842
Change —0.990+1.029 0.053+1.760 —0.222+2.515 —0.805+3.468

Cohen’d —0.072 —0.127 0.192
Pz N2 amplitude/uV ~ Pre-intervention —5.221%1.772 —5.160+1.821 —6.145+2.304 —6.419+2.368
Post-intervention —5.905+1.780 —5.610+1.880 —6.806+2.262 —6.2031+2.896
Change —0.68410.824 —0.019£1.676 —0.661+2.702 0.216£3.341

Cohen’d —0.370 —0.089 —0.289
Oz N2 amplitude/V  Pre-intervention —4.003+1.987 —4.256+1.591 —5.243+2.052 —5.034+2.711
Post-intervention —4.8761+1.997 —4.1861£1.602 —5.590+2.117 —4.857+£2.240
Change —0.873£1.065 0.070£1.657 —0.347+2.197 0.178+3.005
Cohen’d —0.466 —0.045 —0.199

Fz N2 latency/ms Pre-intervention 306.64+62.62 297.50+54.82 268.68 +£58.21 268.68+57.73

Cz N2 latency/ms

Pz N2 latency/ms

Oz N2 latency/ms

Fz P3 amplitude/pV

Cz P3 amplitude/pV

Pz P3 amplitude/pV

Post-intervention
Change

Cohen’d
Pre-intervention
Post-intervention
Change

Cohen’d
Pre-intervention
Post-intervention
Change

Cohen’d
Pre-intervention
Post-intervention
Change

Cohen’d
Pre-intervention
Post-intervention
Change

Cohen’d
Pre-intervention
Post-intervention
Change

Cohen’d
Pre-intervention
Post-intervention
Change

Cohen’d

296.09+73.28
—10.551£108.24
—0.204
285.55+55.71
280.08 +68.08
—5.47+76.46
—0.068
319.53+46.52
329.53+£65.51
10.00£31.56
0.363
312.89+48.12
319.45+49.41
6.56+41.07
0.053
3.194+1.879
2.803+1.379
—0.392+1.824
0.114
3.224+1.651
2.967+1.851
—0.255+1.891
0.295
3.718+1.810
3.127+£2.048
—0.591+1.918
0.176

296.56+62.52
—0.94£51.10
—0.146
300.62+60.69
287.50+£52.16
—13.13£40.39
—0.231
314.69+50.25
297.194+48.50
—17.50£36.52
—0.271
305.31+40.84
295.631£45.26
—9.69+36.52
—0.308
2.950+1.673
2.431+1.383
—0.519+1.619
0.048
3.054+1.815
2.235+1.636
—0.818+1.840
0.011
3.837+1.879
2.945+1.336
—0.8931+1.842
0.046

263.25+58.82
—5.43£55.16
—0.215
288.38+61.74
282.27+55.16
—6.111+58.37
—0.088
291.10+45.63
297.89+53.37
6.79147.83
0.247
284.31+39.04
296.88+48.90
12.57£49.40
0.168
3.293+£2.092
2.073+1.465
—1.219+1.897
—0.324
2.709+1.440
2.176£1.576
—0.533+1.729
0.160
3.169£1.559
3.216+1.389
0.047£1.519
0.483

276.49+57.40
7.81+67.49

291.10+58.24
290.42+50.94
—0.68+64.81

312.16+47.20
306.73£50.20
—5.44+51.15

296.88£45.00
300.95+45.49
4.08+51.71

2.850+2.051
2.246+1.145
—0.604+1.904

2.929+2.242
2.090+1.478
—0.839£2.069

3.741£2.352
2.742+1.727
—0.999+2.657
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Variable Measurement time Low-in;eiszigy group Mogregi;e;lir;tezr;sity High-in}:e:ns;;y group Con:lrilzg;oup

Oz P3 amplitude/uV  Pre-intervention 3.123+1.275 3.858+1.757 3.327+1.756 3.476 +1.660
Post-intervention 2.654+1.738 3.138+£1.609 3.219+1.629 3.094+2.062
Change —0.468£2.056 —0.720+1.654 —0.108£2.061 —0.382£2.630
Cohen’d —0.036 —0.154 0.116

Fz P3 latency/ms Pre-intervention 486.72+52.87 491.25+49.17 480.30+62.98 479.96+47.22
Post-intervention 500.39+43.50 505.94+48.38 489.81+49.94 504.76+61.82
Change 13.671+62.75 14.69+45.57 9.51+70.98 24.80+66.23
Cohen’d —0.173 —0.178 —0.223

Cz P3 latency/ms Pre-intervention 505.39+49.53 513.42+56.41 480.64+52.61 500.00+54.23
Post-intervention 503.39+41.29 505.56 +55.05 479.481+42.01 525.61£51.01
Change —2.27+£39.77 —7.88+44.15 —1.15%£43.80 25.61£55.50
Cohen’d —0.577 —0.668 —0.535

Pz P3 latency/ms Pre-intervention 509.38+44.53 520.31+59.37 501.70+48.90 522.08+47.91
Post-intervention 506.72+46.65 505.94+56.30 486.75+50.16 508.70+48.49
Change —2.661+31.06 —14.38£46.09 —14.95+56.87 —13.38+63.73
Cohen’d 0.214 —0.018 —0.026

Oz P3 latency/ms Pre-intervention 501.56+42.53 513.75+62.47 503.06+58.97 514.27+56.37
Post-intervention 485.63 +45.83 494.69152.64 485.05+56.14 514.40+52.74
Change —15.94£51.46 —19.06+36.23 —18.00+47.72 0.16+74.34
Cohen’d —0.252 —0.329 —0.291

Effect size Cohen’s d represents the comparison of the pre-post intervention difference values for each group against the control

group. VWM: Verbal working memory; ERP: Event-related potential.

N2 AR A 45 2R o, 200 R0 A 1 3
(Fs5,=1.639, P=0.186, fii#n°=0.053) , K} [A]
Ixﬁﬁxﬁ%‘ (F(1,89)20'3479 P=0.557, %772:

0.004 ) , figi X HLARA B A0 .3 ( Flagr=9.331,
P<0.001, 1 7"=0.097) . &Brac A T
(¥ P>0.05) .

P3 % M 43 A7 45 2R R, AL B RN AN
(Fi35,=0.205, P=0.893, fiii#n°=0.007) , K} [A]
TR W (Fig=11.869, P<<0.001, fin’=

0.120) , i DX HL A A B E AN B E (Fagy=
11.889, P<<0.001, fhi 7=0.296) . 4% M52 H RN
PIRRE (¥3P>0.05) .

P3 VAR I A0 BT 45 R R, 200 RN AN .
(Fs5,=1.503, P=0219, fi#n’'=0.049) , K} [A]
F RN AR B (F=0.224, P=0.638, fin'=
0.003 ) , HRDX HAR AV B 500 2 ( F54,,=3.808,
P=0.011, f#7*=0.042) . B[] 5 i X E A A7
A2 H YN B (Fuygy=5.785, P<0.001, i n’=
0.062) , AKX L HMMNHARE (P>
0.05) o WX LA R (R 4) WoR, T HlUS Fz

) P3 VIR = T T AT ( 25(H=15.667, 95% CI
2.754~28.579, P=0.018) , Ifii Pz fll Oz [ P3 ¥
R B AR F T BAT (22 H=—11.340, 95% CI
—22.084~—0.597, P<<0.001; 2% {i=—13.217,
95% CI —24.500~—1.934, P=0.022) .

A AR — WA SRIET 5 7 SWM 4155
) ERP (4 4n % 5 frm . N2 U MR -4 45 21 o,
Y150 8N A B (Fiag,=0.435, P=0.729, fi
n’=0.015) , BFIA] ER0 8 E (F0=5.616, P=
0.020, fii n°=0.061) , fii X HL AR A7 B 3 5007tk 2
(Fi5,=37.649, P<0.001, fii ’=0.302) . %

BRI RE (B P>0.05) .

N2 PRI 34T 5 SR R, A B RO AN B 2
(F5,=0.226, P=0.878, {7’ =0.008) , M} [A]
F RN B FE (F=10.402, P=0.002, fin'=
0.107 ) , DX HARA S T80 3 (Fg,=4.123,
P=0.009, fiii 7’=0.127) . W3 HARIREE
(¥ P>0.05) .

P3 U R A &5 R W, Al ) B RO N B
(F5,=0.931, P=0.429, f#7n'=0.031) , M} [A]
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FERNEA B E (Fg=2.080, P=0.153, fiin'=
0.023) , i DX B A A B E RN B E (Fap=
13.439, P<<0.001, fii 7°=0.134) . F}[a] 551X H,
WA EAE BN B3 (Fag0=5.475, P=0.001, 1
n°=0.059) . fAIFARN AT WoR, TS Fz Al Cz

A9 P3 9% R AR T+ Wi AT (22 {H=—0.562, 95% CI

—0.912~—0.211, P=0.002;

®S5 BREZIWEZHZIKLE SWM E5H ERP 558
Tab 5 ERP results of SWM task pre- and post-exercise by group

% {i=-—0.355,
95% CI —0.708~—0.001, P=0.049) ,
Oz Y P3 Y5 T WIRTAH L 22 R B84 3 (3
P>0.05), HAKMZHBNA RE(P>0.05 ),

Low-intensity group Moderate-intensity High-intensity group

Control group

Variable Measurement time =20 aroup n=25 =23 =23

Fz N2 amplitude/uV  Pre-intervention —5.074+1.888 —4.899+1.654 —5.584+2.755 —5.556+1.977
Post-intervention ~ —5.200+2.029 —5.9914+2.999 —5.929+2.441 —6.038+3.271
Change —0.126+2.479 —1.092+3.201 —0.345+2.419 —0.483£3.290
Cohen’d 0.123 —0.188 0.048

Cz N2 amplitude/pV ~ Pre-intervention —5.773£2.194 —5.741+1.840 —6.407+2.813 —6.285+1.805
Post-intervention ~ —6.479+2.653 —6.361+2.070 —6.898+2.614 —6.916+3.435
Change —0.706+2.739 —0.621+2.323 —0.490+2.819 —0.631£3.303
Cohen’d —0.025 0.004 0.046

Pz N2 amplitude/uV ~ Pre-intervention —6.1571+1.962 —5.701+2.133 —6.452+2.951 —6.0021+1.882
Post-intervention =~ —6.355+1.874 —6.297+2.221 —6.810+2.832 —6.451+2.932
Change —0.198+1.487 —0.596+2.176 —0.359+2.680 —0.450+2.592
Cohen’d 0.119 —0.061 0.035

Oz N2 amplitude/uV  Pre-intervention —4.269+2.142 —4.057+2.015 —4.494+2.438 —4.257+2.288
Post-intervention =~ —4.855+2.518 —4.520+1.947 —4.790+2.443 —5.104+2.018
Change —0.586+2.195 —0.463+1.579 —0.297+£2.077 —0.847+2.096
Cohen’d 0.122 0.207 0.264

Fz N2 latency/ms Pre-intervention 288.28+61.04 292.81+60.73 272.42+60.80 282.27+59.09
Post-intervention 268.36+51.15 272.19+53.54 266.64154.60 269.70+46.45
Change —19.92+75.98 —20.62+42.72 —5.77%£62.95 —12.57+42.45
Cohen’d —0.119 —0.189 0.127

Cz N2 latency/ms
Pre-intervention 284.38+61.28 295.004+57.55 277.51+49.57 292.80+61.96
Post-intervention 276.17+42.59 273.44+46.05 265.29+45.77 271.40+45.81
Change —8.201+68.93 —21.56+41.05 —12.234+45.24 —21.40+55.75
Cohen’d 0.211 —0.003 0.181

Pz N2 latency/ms Pre-intervention 302.34+52.32 304.37+£9.49 299.93+51.81 300.271+48.38
Post-intervention 275.39+34.28 280.94+35.41 288.724+50.38 293.14+49.63
Change —26.95+61.90 —23.44+50.13 —11.214+59.86 —7.13+7.75
Cohen’d —0.449 —0.455 —0.096

Oz N2 latency/ms Pre-intervention 286.721+48.43 296.25+31.24 291.44+40.28 285.67+41.66
Post-intervention 283.20+39.42 289.69+26.10 286.68 +35.37 291.78 +46.73
Change —3.52+44.16 —6.56+20.26 —4.76+44.62 6.11+46.63
Cohen’d —0.212 —0.352 —0.238

Fz P3 amplitude/uV Pre-intervention 4.344+2.507 4.021+2.061 3.86012.340 4.099+1.934
Post-intervention 4.251+1.964 3.668+2.207 3.0324+1.985 3.126+1.601
Change —0.092+1.156 —0.354+1.750 —0.828+2.057 —0.973+1.549
Cohen’d 0.644 0.374 0.080

Cz P3 amplitude/pV Pre-intervention 4.0064+1.931 3.716£1.799 3.106£1.999 3.707£2.221
Post-intervention 3.8924+1.965 3.341+1.681 2.780+1.807 3.105+1.542
Change —0.114+1.489 —0.376+1.327 —0.326+2.049 —0.603+1.807
Cohen’d 0.295 0.143 0.143

M Pz
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Variable Measurement fime Low-inrtleiszi:)y group Mogress;e;r;tezr;sity High-iny:eiszi;y group Con;rilzggoup
Pz P3 amplitude/uV Pre-intervention 3.806+2.235 3.318+1.881 3.040+1.799 3.230+2.160
Post-intervention 3.791£2.099 3.210+1.508 2.944+1.860 3.2824+1.498
Change —0.015+£2.161 —0.108 £ 1.544 —0.097£1.858 0.052£2.049
Cohen’d —0.032 —0.088 —0.076
Oz P3 amplitude/uV ~ Pre-intervention 2.793+1.760 3.12941.899 2.746+1.610 2.817+1.858
Post-intervention 2.989+1.790 2.92+1.516 2.525+1.641 3.189£1.909
Change 0.196+2.651 —0.206+1.459 —0.221+1.820 0.373+1.812
Cohen’d —0.078 —0.352 —0.327

Fz P3 latency/ms

Cz P3 latency/ms

Pz P3 latency/ms

Oz P3 latency/ms

Pre-intervention
Post-intervention
Change

Cohen’d
Pre-intervention
Post-intervention
Change

Cohen’d
Pre-intervention
Post-intervention
Change

Cohen’d
Pre-intervention
Post-intervention
Change

Cohen’d

502.34+50.06
489.841+45.91
—12.50+£47.18
0.226
505.08+44.07
495.70£45.45
—9.37£52.17
—0.114
500.00+37.68
502.73+40.10
2.73+£51.47
—0.187
509.384+39.07
491.41£47.55
—17.97+49.16
—0.160

514.37+£53.12
496.56+49.36
—17.81+52.24
0.114
512.81+48.36
490.62+41.22
—22.19%45.48
—0.367
518.75+52.02
502.81+39.64
—15.941+43.64
—0.581
508.44+51.62
491.88£50.96
—16.561+46.78
—0.137

490.83+45.35
482.34159.83
—8.49+73.13
0.240
482.681£47.58
485.73+45.53
3.06£57.20
0.106
503.40+50.95
501.36+45.72
—2.04£57.99
—0.261
511.89+44.69
499.66£46.07
—12.23+65.52
—0.049

505.431+43.72
481.661+39.67
—23.78£52.33

499.321£42.66
496.26 +51.71
—3.06£58.02

500.34+43.08
512.91+£49.67
12.57+54.01

504.08+49.23
494.90£50.39
—9.17£60.50

Effect size Cohen’s d represents the comparison of the pre-post intervention difference values of each group against the control

group. SWM: Spatial working memory; ERP: Event-related potential.
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