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Article type: Research Introduction: The mechanisms underlying the acute effect of aerobic exercise on
cognition and its neuroelectrical correlates are not fully understood. The purpose of
this study was to investigate the impact of acute aerobic physical activity on evoked
potentials during a flanker attention task by analyzing event-related potentials (ERP).
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Article history: participated in this study. Participants visited the laboratory on two separate days:
Received: once without running and once after 20 minutes of aerobic running. During both
~ 18July 2024 visits, they performed the flanker task while their ERP activity was recorded. Using
Received in revised form: the EEGLAB software, ERP components including P2, N2, and P3 were extracted
Acceptgd!)ecember 2024 from Fz and Pz electrode channels. To test the research hypotheses, non-parametric
8 December 2024 Wilcoxon tests were conducted using SPSS version 20.
Published online : Results: The results showed that a single session of aerobic exercise significantly
22 June 2025 increased the amplitude of the P3 and N2 components at the Fz channel and reduced
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mental processing.
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Extended Abstract

Introduction

Acute physical activity has been shown to enhance
various aspects of cognitive function, particularly
attention and executive control (Sosa et al., 2018).
While many studies focus on the long-term effects of
exercise, recent research emphasizes the significance of
short-term physical activity on cognitive performance,
especially in young people (Hillman et al., 2019). Event-
related potentials (ERPs), such as P2, N2, and P3, offer
detailed insights into these effects by reflecting attention
allocation and cognitive processing (Kao et al., 2022).
This study aims to examine the impact of a single 20-
minute session of moderate-intensity aerobic exercise
on ERP components (P2, N2, P3) during a Flanker task
in adolescent boys, filling gaps in the neuroelectric
evidence regarding the benefits of acute exercise on
attention and cognitive control.

Methods

This quasi-experimental study utilized a randomized
crossover design with one experimental group. Twenty
boys aged 12 to 15 from Babolsar were recruited based
on specific inclusion criteria, such as not engaging in
regular exercise and having normal vision, while
exclusion factors, including neurological disorders,
were screened. Following pilot testing, EEG data from
15 participants were analyzed. Each participant
completed a Flanker task twice: once after a 20-minute
moderate-intensity aerobic run (70-75% of HRmax) and
once without prior exercise. The session order was
counterbalanced. EEG recordings were obtained using a
32-channel system configured according to the 10-20
system, and event-related potential (ERP) components
(P2, N2, P3) were extracted using EEGLAB software,
focusing specifically on the Fz and Pz electrodes. The
Flanker task included congruent, neutral, and
incongruent trials, with the ERP analysis concentrating
on incongruent stimuli due to their higher cognitive
load. Data preprocessing involved filtering, artifact
rejection (using Independent Component Analysis
(ICA) and the MARA method), re-referencing, and
averaging. The final ERP measures were statistically
analyzed using the Wilcoxon test in SPSS, with a
significance level set at o = 0.05.

Results

The results of the study showed that a single session of
moderate-intensity aerobic exercise had significant
positive effects on cognitive processing, as indicated by
event-related potentials (ERPs) during a Flanker task.
After the exercise session, there was a notable increase
in the amplitude of the P3 component at both the frontal
(Fz) and parietal (Pz) electrodes, with p-values of 0.001
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and 0.023, respectively. This indicates enhanced
allocation of attentional resources and greater cognitive
engagement. Moreover, the amplitude of the N2
component also increased significantly at the Fz
electrode (p=0.003), suggesting improved conflict
monitoring or inhibitory control following the aerobic
activity. However, no significant changes were observed
in the amplitude of the P2 component at either

location. In terms of latency, the P3 component
appeared significantly earlier at the Fz site post-exercise
(p=0.003), which reflects faster cognitive processing.
Although there was no significant change in P3 latency
at the Pz site (p=0.003 and p=0.049, respectively), the
latencies of both the N2 and P2 components at the Pz
site were significantly reduced, further indicating
quicker neural responses to cognitive stimuli.

Conclusion

This study investigated the immediate effects of
moderate-intensity aerobic exercise, specifically 20
minutes of running at 70-75% of maximum heart rate,
on event-related potentials (ERPs) triggered by the
Flanker task in adolescent boys. The results indicated
significant increases in the amplitude and reductions in
the latency of the endogenous P3 and N2 components at
the frontal (Fz) site after exercising. This suggests
enhanced cognitive processing and improved conflict
monitoring. However, no significant changes in
amplitude were observed for the exogenous P2
component, although its latency was reduced at the
parietal (Pz) site. These findings imply that acute
aerobic exercise enhances attentional and cognitive
control processes, likely due to increased arousal, better
cerebral blood flow, and neurochemical changes. The
results support the incorporation of moderate aerobic
exercise into educational programs to improve cognitive
performance. Further research is necessary to explore
potential gender differences and the effects of varying
exercise intensities on neural and cognitive outcomes.

Ethical Considerations

Compliance with ethical guidelines: All measurements were
conducted at the Cognitive Science Lab, University of Mazandaran,
under ethical approval (ID: IR.UMZ.REC.1403.002).

Funding: This study recieved no funding.

Authors’ contribution: This article is based on the MSc thesis of the
first author. Both authors collaborated on the research design, data
collection, analysis of findings, and manuscript writing.

Conflict of interest: The authors of this article declare that they have
no conflicts of interest.

Acknowledgments: The authors would like to express their gratitude
to everyone who participated in this research.


https://doi.org/10.1080/1750984X.2018.1455889
https://doi.org/10.1002/hipo.20631
https://doi.org/10.1111/psyp.14032

* A
Uf’. /'/:4:('/ U//“" ’{'.”‘:/

Aot s
vavErary bl
A

©

- At
i

D g2 9§ S 31 ooy Sl iy 531h i Sl sl it

91929 Ol g 49

P 5 yob 41l duows (151 glinoso paud (yno

mohsenshirmohamadlu@gmail.com :asblly .\ ul il ()ly35500 olSuiils ¢ oi5y9 pole 84Sl ¢ S > Jld) 5 (oi5)y9 SlSogus 05,5 .

s.namdar@umz.ac.ir :asbly .|yl cpudsly ¢ ly055le oK1y ()9 pole 8uSly ¢ S > By o (i) y9 SSlSogu 09,5 ¢ Jghuuo bl g .Y

odS> Jle Ol

el Jelod 35 51 SO (g9 Sl oadosilodl b sl Jeuly  slgn (S cllad Sl Sl oy Sl
<ol (ERP) sls y 5 aaly (sl

SENSES 13 53,5 €S 1 gy cul 3 Jlo VWY VY s (5S5ka U lsngi e 10 250930 (9
S3lon (hagd A Vel am 1503 59y 50 9 Ggd gk gy Se 2 k008 denlse oSile] 4 glita g, 93
il oy EEGLAB J58ley j) it b 5 5t S0l cdled lazen 155)8 Lal 1 (oM yg0]
» P35 N2 P2 sradie 5 ad oolatwl JSOMS ST (glynl cpe (g8 (SO S cdlad ol <WERP
5 ool 3ui (gladusd b 4 gl (sl g oSy (6 20l,LU (g0l i gl sl PZ FZ (s JUls
Uil 1, FZ 6K 5o N2 5 P315005,0 (claadlie dials cc5lon (53 o005 duds G oS sl s sai8ly
lge dialy s aoli PZ UK 5 el pss o) (P<+/+0) canl o3l il 5 1) gl ol pdl oloj ¢ lolins
S0k 5395 (sybolime IS5 4 PZ JBIS )3 adlge oyl Lol o(P>+/+0) cuslss g yboline pouis (s5lom 9o I o P2
(P</-0) w3

4 Silgn S ol ) ey SN g2 g5 iS5 0 ERP 1500005 (glaadlie a5 sl (i gl 306 o8 destd
ol 3 pte Sl e Se S Job P2 jgyw g8y cunl (Sas sl 01d Juged (5 oline JS5
oy 5 b placdls I i (Bld sl Kal, SO laiea lon Su el cpl ply sl labal
Db o0 dpog Vb v

VYT FIVA b o & U

VET ANV 15,5050 g,
AR TRLVAV NS PR N b}
VEF/F ) 1L 6

\hb,' 5.&.3‘45
Il S
gy 4 dily ol
(Bls Siiby

s’

Liosr

i o g 33, SM8 a5 S 31 oss 0lgd | E o sty (gilon S cdlad als 1LV F) duaws gy el g ¢ puin col oo s 3]
A8=AY Y (Ve b iyg (A (o5l 5 Ad)
https://doi.org/10.22059/jsmdl.2024.379551.1792

03,5 ,li8ly B iy & CC BY-NC 4.05:0l5 50,8 Y (pwlaol 1y 395 (6,58 coSle 3> 5 ol (K] oale &5 i oyl m

jsmdl@ut.ac.ir : 4, | https://jsmdl.ut.ac.ir :le,b .col

Ol oasly Lzl 15l



mailto:s.namdar@umz.ac.ir
https://doi.org/10.22059/jsmdl.2024.379551.1792
https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1
https://jsmdl.ut.ac.ir/?lang=fa
https://orcid.org/0009-0008-5471-5366
https://orcid.org/0000-0003-0832-2859
https://creativecommons.org/licenses/by-nc/4.0/

VFeF oy lawoli 090 6 )los (pprtin 5)3‘9“!»3‘{)3‘5.&7)—"5);&@5.&3) AF

PP Y-PY

(PR 5 5 L) w038 yp yoie 93 oty VAB+ A I (3 ld 3, Shas (sl 1) (S Clled Bgally g il
9" Sgls) by (YA (o)) San g blowds) IS wile fcanl 0l (wyp jo (S ol glgl 5l gyl Sldlae oyl o
ol (35 3 Sles (S clld cute T imghy cnl 3 5 (VI (olSan 5 Tg9) (staglio 5 s3lgn Sliayed (V410 o San
slaedls oSl b slasly Sw cdls sl 6T 4 6208 lllas (o Cdlad oyl b eniy H6T ol blie 53 . 00l
sl a3 Shae €5 4 Canl (Kan g () o8 355 e |y 5 e 3 She 51 ploais Suoliss i
Slocignsl 3 sty s 3,81as b s3lgm (ST o8 sl s (YY) oS 5° it Jlo (sl (V15 colam 5 ) 03l
o 5 O (Gilgn ped 5l e YW )5 &S Loy lis 55 (YIA) olylSen g Tlogw sl badpe (Sliwsd 8348 )3 3kl
Hgdeal Iy liie  oladidl s S (55 Samw |y GleMbl ) g aisl 398 S ye lame > SleMbl sandils 15 ) Wl

S obul 1y (L 0)Sles g (sl o 5,8 SO Gilisee S glaculed M ae sboul b &S sl 03 S

2 bl Gy bl (25 la ol bamd )i ) oiiS (oo Wl las] j2 81059y (S85) )5 (core i (BLS sad S,
(V7 () Sam 5 lh) a0 5 (sl (slo3,Slae STyl 3 Slas ccsSol 5 el gy Jols Lol iz 2l
51 sly) ol uass 5wy, SWllae )5l sl bl Wiy & cusl dog ((BLS slodSles wre laadlye I (S
(Pl b ) (ol (5l g g ple jobas i wlie Sl Glise do 453l (St nl 4 Wl 3,8 S5 3 Sas (VAVYF (e
OaeolisS (60590 SO Cannl 0 03> i ()8 Cldllas )3 (VYY) San 5 (olj) dad olad] calisee IS 4 5o (S &
R dgdee S (gl G p g (BLS (B]by deg 9 i plie panasS Gl caw bawgie GAS b (Slon o e
58818 Cuonl aile cunl 0ad iy (S 2 Sloped | G (slal 2,5, (5 sadosalin cadgny zussl (slp as H g5l
o5 SUSY s Gl 5 eSS Jlb (bl (oledl 15, Jolge ol cqpmlivn il 53 5o Sl Bie Sidisyg
38es 2 (G Clled Jlangs 1) Jalse 5l ans dix 395 (6950 B 3 (V- VF) Visy080 5 9u3Y (VNN e 57 podia)
Calow S0 re w8 )0 6> 15,5 deuo b poliw Sl Lioli8l ¢ uas Wb, e 1l Wloyle &S 00,8 aoMS sl
(0P w2 9 23S 2P 09)9 1) (ovas laosins Jlix]
3529 Mo Voo e Jlo (L B (llorgi 5 0355 )3 o5 ¢ Sy Sl SN I g S Slg 58 (b)) S onliil b wliios
Sluls > 45 ooy b clillas (YN ¢, Kon 5 V¥ LuSainy) Cosl &8l 539y 53] oSl j> sidafy dinej ) 5 Cadl
anily G olS bl sl le g dogs diile Juans (sbnyld) 5 cite w3l Wlgi o wpd oS )3 Sy cullad aoligS
Lo adld KL o Slgoe kb, cpl )5 sy a5 widly lis 55 (VoY) ohlen 9 Tlo (YN8 oK ¢ T L)) A5l
Ly 4 &S WS oo Slatdy 53k a5 I S S cdlld el g I plaaBl (pin ey &) S )3 4dds Jlea o)
Gilen clled oy Lis (Y+VF) Lals ldslo o (sdows ) S puo s |)4,>‘ LS ool (6 p50L e 1) 0, Sles Wlgs o 295

I, Park and Etnier 6, Sousa 1 Latino & Tafuri
2, Shimada 7. Bufano 12 pontifex

3, Chuang 8, Xie 13 Riley

4 Wu °. Brain-Derived Neurotrophic Factor 14 Ma

5. Castelli 10 Hillman


https://pubmed.ncbi.nlm.nih.gov/31010372/
https://pubmed.ncbi.nlm.nih.gov/29936419/
https://pubmed.ncbi.nlm.nih.gov/25595954/
https://pubmed.ncbi.nlm.nih.gov/25595954/
https://pubmed.ncbi.nlm.nih.gov/31445953/
https://pubmed.ncbi.nlm.nih.gov/26107532/
https://journals.humankinetics.com/view/journals/jtpe/26/4/article-p358.xml
https://www.tandfonline.com/doi/full/10.1080/1750984X.2018.1455889
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2024.1351625/full
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2024.1351625/full
https://doi.org/10.3389/fnhum.2020.00214
https://doi.org/10.3389/fnhum.2020.00214
https://www.abebooks.com/9781848720923/Introduction-Cognitive-Psychology-Processes-disorders-1848720920/plp
https://doi.org/10.3389/fnhum.2020.00214
https://www.abebooks.com/9781848720923/Introduction-Cognitive-Psychology-Processes-disorders-1848720920/plp
https://journals.lww.com/acsm-tj/fulltext/2019/09010/a_review_of_acute_physical_activity_effects_on.3.aspx
https://doi.org/10.3390/medicina60020216
https://psycnet.apa.org/record/2018-62874-002
https://psycnet.apa.org/record/2018-62874-002
https://pubmed.ncbi.nlm.nih.gov/26107532/
https://pubmed.ncbi.nlm.nih.gov/25675352/
http://jhs.mazums.ac.ir/article-1-919-en.html

A4 9 hoio puds (yusno | oo fSINS s AT 0ok oukilyS S Glo fuiilis 1 (5 il3h ity Coles Sl>

S5 Slidss Bree wb S ass] plo .cuily sl dagi p (gyhblixe 3l Lol iy g (o)l dladls ol g bawgie cond b

WSS o culos 3Ll plbdis b S culed e

ige > Oliiog Lol el 03l (Lt 1) (gybline 31 (LS 3 )Shos dgu2 9 (S Sl pod Sl pogad )3 oingly (S5 425
ol p S el ,8b (g ol ST (sl syt Dlallas 5 039 39000 oy S5 slacllab (6,35 31 (sla S g5l
ol Bls oySles ool g culld oy Al (YO (lSen o7 Guanel) Cosl Sl 0y5e ((BLS Sl plup; (s
s Sl 9 Sll) amdpes B LolS slaaibly (63905 B ggoge (nl 4 bgrye SVl duy oo jlaiay | i el
A2 9 BLS laar G clld S8l wele (6950 Adllas Sl g (VIA) hlSen 5 Loges Jlto (gl (Vo) T puizmd
L8l o 53 1y 50 2)Shee 5 (i3l caodlus &8 2 0 3929 o] i gl timidyl o9l g o podge cptin & W3S ol
b 3ld 0,Slas (5559 3 SBT )y el (Bl e sloalis) dalllas (0B psboay 45 2008 ol gl amo o ol
Slados jl 059>l Wdgane jluws gomer b (LS slag)lon 4 Mo o131 L lialls (bl 58 (53557 1 oladiged 3l edlizl
Oliiod umd fusly (B 3 Sos 30l (o355 SHELe & Fglite jglods Cnl (Sae loimar (pl 1) @) 4295 4 jld Z9bg%
a5 Ll s claanlys oS 395 asuie b aiS oot acuses ol 5l b S o awyp |y <l 55,9 b 6T &8 ST
& 5 Canl damgs Jlo 5 59 g5l ool i )5 oozl (YA (ylSen g Lagus) 35 e 8 2l Sy cllad b cou
(VN Kan g pelin) 0yl L5 (o iy Clduiod
355 sanliio o] (2 )3 9 e Callad o I g Lo (lgiee |y (BLS 3 Ses Gy el sl BT &7 gl )
Jedlty B3l ol 51 (S ol oS S (g8 slagygail Sl e (385 o slaylil 5] oolizal (VIR () Son 5 "eSly)
Sie 40 0dil3h ABe S o a0l S poma Sy lato |y (6 DAoLl sl fanilis 4wl (ERP) Taliyg, 4 dtunls
Shgly (omas slasygld cpin Gob | jre Sl Able el 3 Sliis b cptiz il Gloj 5l L]
35 Lausgs 530 ol 5 gl ZpabsT 55 Y10 Sl 5 (HBP) ol jio 8595 oo &WLI 3 Y)Y Jlu 5| (BRAIN)
e Slagnly oy &1y g Skl (5 55 YAF JLo 1 (BRIN/MINDS) (slogy ldllas (sl ey (e (slo
IS5 () Sl 1 42838 sloans 3 ol 03,8 1aBle liael pole (slas gy gl izl b sy ol 4 ol 5L
355 41 |y (Sl drg diadin Sl slaylidy oj o leMbT oo b o o8 blsyl idaes (ERP) slayg) b basye ity
(o 0ol (059 4 Gl )3 2l pl 3 Sles g dagi b ey (ovas Olyns b)) (R ERP a8 Gl slascusl 03,8
o (il slagSl Lals 5 sl (EEG) 31,5 Jlindly Sl 5 a25,8  ERP (¥+YY )yl 5 25515) sl il 58] &y gyeisS
Gl oS gy g 45 o Siaio |y gy Sy el csslsodlal by sl S pma (S, 4y gy 3 5l g STl (glaas) s
(Y oS 5 yelin) ol o ool (5, (31 snae S L))
ety g8ly 15 5yls 8 Lt inyg0 CarlSG 5 4 it nygyy 5 (63b) 2 plojen Calld 548 uSaie WERP

5 Ky ) S 53 555 e g0 darmer (S pS)l Culled ol iS5 L 8 sl S o 3l gy Jols codigel il

I, Bamidis 3. Wilke
2, Ellemberg, D. and St-Louis- 4. Event-related potentials
Deschénes 5. Kao


https://pubmed.ncbi.nlm.nih.gov/24705268/
https://www.sciencedirect.com/science/article/abs/pii/S1469029209001137?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1469029209001137?via%3Dihub
https://www.tandfonline.com/doi/full/10.1080/1750984X.2018.1455889
https://www.tandfonline.com/doi/full/10.1080/1750984X.2018.1455889
https://journals.lww.com/acsm-tj/fulltext/2019/09010/a_review_of_acute_physical_activity_effects_on.3.aspx
https://pubmed.ncbi.nlm.nih.gov/30838520/
https://onlinelibrary.wiley.com/doi/10.1111/psyp.14032
https://journals.lww.com/acsm-tj/fulltext/2019/09010/a_review_of_acute_physical_activity_effects_on.3.aspx

’F‘FuML’;ﬁ}JS)‘GﬂJ‘Mw 5)’&5W))5‘?Jﬁ5,fdb3»hd) AF

@ oS Conl o g Cuto sladlB glyl> zae ol D o odalie aSjeb ylod (sl 0 031> isles ERP zge diged Sl Silos
(P2 5 N1, P1) 5950 yalls plSindgj 48 oloals g o atgeli N2 5 NI ite (slaals 4 P3 g P2 Plinte slacls s
55V o (b slaguly (P3 N2) wgd o yalls yid ;b L 4 oladls 0 poxa (31l 4 orbcin 5 jygp (railiy
e pavass 5 gl il Jle sl) B 38hes sling slaai & o i (10g2) 3,5 Jub 8 lin Juols o5
P3 )5 ;3 Jlto (gl 08 s ol (003) isls 5 (b jolls 35 o bl 2 (550 ) ERP &l o 598 oo by (4255
5 Gl Sl Jitne gd90 cnl & 29800 485 jlai 3 S e (bl plesl g S e it (o BAS uSaie S jobosy

VooV Tds) 2980 e ying 3l 3,Slae 4 obS L ¢ S jobody sl () S

N1
N2

3 N . A n e
z o\/ mo\/oo 300 400 500 time(ms)
D e
s >
B LP

P P

P2

> P3

(YA Folsn)) ERP SKoles Jloges Y JSWi
PS5 diald g amd o 518 Szme b (65550 Job jo Jlad dladls Cwods o 1y dn gl mlie jawass P3 dily a8 cul opl p olaiel
Oiol38l b aS ums o lii |y Sy byl g sandinb e g P31l 45 345 o jgai il mlio yiin Lanass saimslis
S am3igm i (Y13) S 5 iy (Y %) a5 aled (355 (slodly 03 1aly3 5 Voo bl ol
ol 295 o0 Sy (LS (A1l 9 42 plie yanasS (Il carge bwgie G L (gl (SlAEE Y dilus S 3 0S5
S Alus | dalllas 9> pl 3 &S 50,87 Gl (YNR) ) 5 Sty dddllas g 395 (LS ddllas 035 )0 (Y4)A) o, 4
S (Yeoo) oo 0 Slo .l oas 48,3 01500 o o) B3l @l s (3 diiluce 1 (5U Slloud pouds 5 045 odliu]
ol sl Sy ) e [P Al (1331 5 P38 2lS el S oy i 2505 S o |y PB oS58 IS5
@SS bl Job 5o dngi mlio (awass ¢ Bls (il co g lp oblie dldlae pl sl lis 9 0,8 sdaline dude S
Olaans Olodl 4 dogi b a8 WIS yoe 90 (o DL el Jold (650050 a0, (6oL cunle S SOME (ST o)l ,SOME
1300900 slradlye (pyp slaiods cplpls (YVY (Lan 5 (6525) Bgd oo bles 65k IS CBlaie N2 ddlge ERP 859> )3
Ga5 53 Cal 00 Bl (Vo) (S g (35lo aiod ) &S sy o slaidy (5)95 P3 ddle S )5 N2 Ao (o) a2gs
]yt ol 03 031> s a5 @lio (anass 4 P3 &by (il g 35Dy caepw 4 P3 ddlge 13l o e 4 So

w23 o Gl (655 yo (gas s (NSl (S Clld o 35 ol @l

1-exogenuse 3, Polich 5. Magnié
2, endogenuse 4, Eisenbarth ¢, Flanker


https://www.sciencedirect.com/science/article/abs/pii/S1388245707001897?via%3Dihub
https://www.researchgate.net/figure/Schematic-representation-of-event-related-potentials-ERP-over-time-caveat-potentials_fig2_322318595
https://www.ibroneuroscience.org/article/S0306-4522(09)00117-1/abstract
https://doi.org/10.1016/j.psychsport.2018.08.015
https://pubmed.ncbi.nlm.nih.gov/10860414/
https://www.sciencedirect.com/science/article/abs/pii/S1755296622000576?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/10860414/

AY 9 hoio puds (yusno | oo fSINS s AT 0ok oukilyS S Glo fuiilis 1 (5 il3h ity Coles Sl>

1ol 48 wim a5l ol 1o, sy yr ERP 5l o0lisial b )3 1 (5lom cadlid sl 51 45 _olnyimgs 1 (SonoS degasea 53

OLES 5 3,03 3929 55 yABlie gl Ll (YYY ¢ San 5 gi5) 3) (gylo5 J S g bjloy loj elas (B ld (bilayy yr (sude
LENR )l g ity 7+ -8 o 5 yalan) 35 gy st i1 ] eliso b3l edifon s By ol 015 o3l
STy oo 5 eslital silo (55, (sl 51 oolitl b &5 Sl py sy colled sl BT ogas 5 LS Cliios | laasily oy
13 Cllae cnl 0 plol (ol S g e € piir piie (slayge] ludly o ye3 cilisen (sladuis ool 5 o3b
S s ol 1y 5o g o 339 5o sl (B e 5 lebeniS 315 g8 gyl 4 ol el
Slidos & jlo BUd glaasr » S cldld sl Sl Gud gy gl celple (VYT o) Sen g $15) W3S gy (B

el Sl (6 e

58 ot gl o0 i Vg il g ST 1 a8 sl (Yo o) (S0 5 Y gomals” 3o asoj (il 3 90 sloioi S S

bt Ll ol 53,87 (g30)5k SO S lie 1) GO il Lol 0,8 olisl sl iy Callad 31 g oras s (22
i 5 1y IS5 35 53 5 e el 253y 38 Lt iy €l ] o PB il ilS5 i 53 0 53 45 3
P2l s b (b o i 1) 5l alpl S8 ) syt polie 4 & LIS oS 0wl ol 1 T slmoals Lol iS5
P3 dilge s b (139 45 253)8 sdalia (Ve F) ylSen 795 )5 Jlie )3 (VYD )lSa 5 520lS) S (o o 25 o0
G Ghiyg > > GBS (il e o5 a0l plis (VAN ghlSen o (Sb aS s o)l (bl S el I
S5y Cydgime o5l bl mrasd 10 g (85 dus) L2l oS Dgas oo Slalllao (il 33,5 o a0l s 4y (205 B by Lol ey o0

Sy

sadie Slpbld cage 5 1S b 4 351y e 2 ) (2 b Nlge 398 L cunle 4 dr g b SO ST
50 oSS e oo ] angs GaalSs Sy M alS5 il oo 45 psboslen (Y- Y+ oy Kan 5 lj) 355 P2 o N2 P3
Sl g ERP (S5 51 onliol ol 51 clodiy] owsy s (s Losmobio Bopsd ,SoMb Ailo ansy iS5 Sy el ) e 0
o 36 Cod gy sl S )8 Liomis 3)50 B3l @y e SIS T o o] 2gg b 4 S oo 2l 31,
e Sy 9 N2 9 P3 19,0 Ao 93 jols (34 3 (Yo VY ¢y Sad 5 70y 0Y) WS o yuaid S yme s sy 5 1309 @elie 3|
oS yome & gy (el 28 Jleb S lke ool Jrasliy Juols dilge g ol b (e 4y lom 105 ind (o) P2 159
Slgs o a8l S o iy Sl 1y Sluy; (Bl Glyes baalie bisa ERP 5l adie o5 cpl Olyuss sualiv .l sadbosnlis
Al S0 Mlas (o> g S oyl BT byl Gl 30 (s e
IS P clled ol TSl rr 5 (bl slal o ol (lits (LS by STgile (s cllad ol BT g5.50 b Sl 95
Wile S y8llg)95 (sl yusie o)y Cusl ML gy Sre pid S iSllyy slapie I edlitl b g slapislSe (S5
bl o ygile oloy; Ol Sy 0 Wl o iyl YU Sloj cdd &S ax e ST Sl oadoniles ]9 ERP slaadlie

Ol A8 Salgd w6yl (Sl peate A a6yt €I L (S o ped BT ST 1l b b ol a5 j5blan ST S8

1. Kamijo 3. Grego
2Go/No Go 4, Landry


https://onlinelibrary.wiley.com/doi/10.1111/psyp.14032
https://www.ibroneuroscience.org/article/S0306-4522(09)00117-1/abstract
https://doi.org/10.1016/j.psychsport.2018.08.015
https://doi.org/10.1016/j.psychsport.2018.08.015
https://onlinelibrary.wiley.com/doi/10.1111/psyp.14032
https://www.sciencedirect.com/science/article/abs/pii/S1388245704002573?via%3Dihub
https://doi.org/10.1007/s00421-004-%20097-2
https://doi.org/10.1016/j.neulet.2004.03.085
https://link.springer.com/article/10.1007/s004210050611
https://doi.org/10.3389/fpsyg.2020.0
https://www.biorxiv.org/content/10.1101/2022.12.23.521791v1

VFeF oy lawoli 090 6 )los (pprtin 5),.:“,&))3‘5.;9’,"5,9’»@;4.@ AA

slaailye ) B oy ST 2oy VB B Ve L (gilom cyugd (£ldidd Yo ks Ko 31 ERP o 5 oolizal L s a5
sy Al VD BV leng ol 3 (M ys0jl) (a9 @SS Cdlate addosilgs s (N2g P3) 19,0 5 (P2) 150y, (495
0&:5

WM (wlbwivg y

4 bopo slacsSojlul dan 8,8 plonl tylofl 09,8 S Ly (ol gblite )b b 45 g (A ol Lhmgly by,

Ohssle oy gME) dneS > ol Guiss pyb s 1l ke oBisly Bl pale olRislejl o Baivd dtuly (sl juiie
A5 4l IR.UMZ.REC.1403.002 &wlis b g (o)

WS S

3l gy M) Al .Y 15l B39 )le zoy3 (slaylire s Sl ¥ (L8 Sl 93 3l 5555 plate Culed pdlas Y ¢ Jlo VO
legl 51 eaily gyl )3 8y a4 Joles asslis o S3g0jl . yols (clag,ls Crmo ¥ g dosmon 4ol Sl ¥ o 4 4y dilw Y
4 G 4299 slajlae 4 a2 L Gl g e Vo olo 3 el Jasd e gail duda 515 (e Dlos g id Cae
5 09l ooty bbb Gs SS9 sl 5l e & ol g (LLE BAS el )0 €8 5b bl eyed 3 S
ly asye ¥oog shly ln aye (il ol pbsl EEG el jL Y8 ggemme )3 0l 2] (il by cshly can JSSoyn
ol Culio e B3y (lp ol g cdeas S3g0jl a4 bgrye slaodly ERP (slaodly Julow dlsyo )3 . Lol sla g0l
G0 gl (eYb A e cledy .0 oolatwl 350 sladns 8 & Ful (ly u).)s.a)] 10 CleMbl jl coles 5o b Bl 5 A 0dld
bl D9 g dged po> Linlj8l Sl

S

wlalon g S el Al o ln Cansg 9 B (o 4 by pe SleMbl dolidin y oyl 3l 35 908 T 339 Aol y
g 035 )18 s 3)90 (335051 3,8 b abasly y3 |y 40l ] 53 (2l oo g o 4 a5 (BB,

o sl Jadbgn (g yglidgd S b Lo ST ALK YY S gllanily xSl olKiws ;1 2uis| B Y (51 5 oI lanit g SI1 ol&iwd
yewle g9y oaiodly Lisles (4lacS ore g o lojen 398 oKiwd b &S K5 s S 5l eolawl b .as eslazw|EEG/ERP
Mg sly g 0ud ok EEGLAB ljale b lawgs ,SOMS adSS (g5ls (sla yidsS (51> podly plodl I L 5 00 ¢l EEG (g9,
YY ¢ gl oad amlgs ool b sl > a8 Wi gl yscusl EEGLAB jl eslaiwl b 55 ERP (sladdie (605 (8 Sike LERP
Gl o b (1565 50 Aol Tl I8 cpl (gly b ool g oas allae VeV Mallipw (6651 L &S EEG ¢l o)l dJUS

S5 03101 T (g puo oy gl (St 2 6950l 93 G (it (YL Aol s bS5 IS CadMe ol (] 50 5 005 (55501

! Nazion 2, Inion



A9 9 hoio puds (yusno | oo fSINS s AT 0ok oukilyS S Glo fuiilis 1 (5 il3h ity Coles Sl>

K15 29580 5 G oS iy i B 29750 S o (ISl CZ 59280 bolis Jowo g o0 (S)JI5CMe ] Lo 5 00

sy )8 desmen sl (69, Cunly GheS Cudy

(YoVF (hlKan o) gusle) YooV i 5 ladg iUl () l3ls Joo Y JSWS

Ay Jluise ¢S b Sl PSytask jl5sle 5 s o3y il g aslo Psytask ljéle 5 5l eslisl b jSOMS yg05] 3 953N (yg0 3T
ialojl o 3 s el (Yoo F) L om o by, Baiod 1 oM s amd o )5 & |y 3Lt IS5 sl Sl 5
QJL&PEQO]JQDQsM@P&@U&y\H e il dors S50 0 sl Culi Sye laisas + Codle S
by (1 Ca LaiplSo silS bl o iogosl oyl 4l p )l VO o 4y 15 IS sloaslyl 51 (S 4l o ¥er b)Y
1S b bngenly 5 €85 0 58 pgisle | syl B+ Ly Aol yo (agail (V4 ¥ (5o 5 bly) 3,8 o Sl
Olganls g (15 plyan S5 4 oyl sl osal ¥ IS5 50 a5 psblon biad g0 S (39031 (559 S dmdo sloi 5o
eVl 3l 5 1y s oozl lssanl (clacS e b 0adlojon ERP oo 5| 4w (lndnsd b 4y gusly (sl s 1))

(Yoo ¥ b o) Kan g 6500lS) 3,8 oo lul 3903 (¢l 1,

I I es) S S

3gy Oglisie e O 1 Sy 31 Jlgze slay], S5 5 gyl slast S5 ST 5 5 5 lyseenl lyran (slaS e jl (Sutlous ¥ JSu

Ry Sl Wy
0903 - S3lgn g Jl g S 5 e plosl (glgn Culled aSh] s JLSs 0,5 e eSS ) g0l S 9 L 0aiS eSS e
Calld b ol o uato L;s;}n)"l 4 EEG/ERP olSiws ;M8 oSG plodl I iy canl 0 0310 25 doll )3 a8 39y ,SOME oSS
2l b 99) o )88 epSelul JSh & s b oS bl 5l g cs S gl sl e demer (S0
duly GEUISES 15 5l o 4 pobes o |l (o903l (sl (ol S & s 93 ol s 5 1 S (el (01808

!, Matsuo


https://www.researchgate.net/figure/Electroencephalogram-EEG-electrode-placement-The-EEG-electrodes-were-placed-in_fig1_377124133
https://www.researchgate.net/publication/8215777
https://www.researchgate.net/publication/8215777
https://www.sciencedirect.com/science/article/abs/pii/S1388245704002573?via%3Dihub

VP F o bawoli 090 6 )lods ki 5,90 ,‘5..:3)'),‘;...5",";,,:’;4;,4.&, 9.

Jolis 90 USG9y 29 1yal gl (gly Bolas abolite gyl Loyl U pgd duds )3 1305 Lo g 590 olKiiulojl 13 L yeis ol
Oygid 5 S 509)) 1 puS VY-l sl i B s Al (gl g Al G lpd o> VO BV b a0 diBS Y-
B8 s S Laas 03gae ol (0 1) 393 LB by B i atwlgd  Sdg0j] 5Ad s Mo pd YO 5 o yd Ve a3 (Voo
5l Beis > Syl e el YA Labu_;syﬂ b s Maimo-WT2105  Jue egilus diadsd (e celw jl odlawl b
5 S Clgd 145 60,8 o plosciwl 5 Bawlsd o (gl podly I 8 s o el ¥ JBlas Wb 5 8ud mio Sl 5 0508 s
5 bagie Gud dinin CB8 s oy Ve sl (3l pole olRiiuloj] blie dbgoe) ad ploul jbw SKe > (oilen cllad
OlFe IS yobds (YoV e T ol yS) sl dute (STl 5,Sas (sl <8 bps 51 liee ol &S sl ol o IS Slizel g oadad 5 Lo
Gdo dy 93,5 3y 518 5 Al Vo Gdo dy oy ped B dlidd oy o 4y 105 p,5 56 0l LSS 5 dw | b5y9 JSTgp oS CdS
ro 59 EEG o3 55,8 S Jlads oMo ol b 1) (BUSeS 1 o (590 (S8 1Sig05l 03, 200 56 (o diBd
e A o Gyo loj AB8d Vo B O o b gwyd (3)S S g aldd 03 dgdn (6 13539 Sl b ya (ol s ooy Hlj3 Sage)l

39 PZ 9 FZ sl JUS ;5 P2 g N2 P3 il auws ;3b loj g aiols diwly puiiio g 3l S clled pils g} 50 Jitue

Wodts Judoxi g
Conys EEGLAB Jl5olp 5 4y cleMbl 3959 jsbatods oS oo cod EEG canyd b 1y baosly 31,5 gllawilg oS olSis o) 4y dng8 b
A oS odly Gl Y s g g 0dub (i yad o JUIS dod i yd) g Cuxdas (g b (gdm pE )0 0 03l yusi EDF & cleMb
ol 3 55 5 Lo JUIS oled 51 ild gL S8 4 joed 32 o calopo ol 5l b o0laal ISV b8 5 5550 S5 B )3
"(MARA) 4xs slojg Bis ool 5 (ICA) T Jitue dilpe Julow iS5 oS 4y g 5 015 Bl baosly 51 55,0 0+
bl 3 BB a3y Ly 508 _oliailee L JU ol oMbl gy 1 b JBIS gl g 5 085 B 3§ a5 (gl sl JUIS
655) b duasloro b JUIS w3, Toaome ¢ s oolitl bajy g i jolaiods MARA 4 ICA Tosoxe g o duule b JUIS (¢ 54l
gl il SO &S5 lgmmanl glacs e b oadede ERP wdgl (3, 9 (3j105000 Al ye bl 5 pm (VoYY ¢l en
il N2 5 P3 sSlo s gzl (FZ, PZ) o Cowgy Sbo ks cladg xSl )3 ERP lsges ;I P3 g N2 P2 claadlio ¢ onid
(Yoo oy oY ohlSan 5 fbio) S 0 Ty Jomsedie Jluy &b 1 P2 55 5 wsd 0y (LS (agl> (g 0 )
Jioigan o5 0=+ /-0 (glas o 53 58 Bh5 et oseil 5ol ol ool 3l 3l ool b i sloodls s

INER W)
T YEL ]

O 5l o )L g Clld (9 LSy 393 S plgisds (059 095 9 390 (B3l gbolite pil s b Al 4 a2 g L
oseil 4Gl & g b ud oalitl il (0313) 09,5 93 (gl (295 (lel Auglio bl b (g pSojlul (gt Laylyd 93) (jlgm
@ bgrye Jod doldl p> .0 oolaiwl eSSy (gylol 905l 51 ol plly s Jlo s 3uios (glaodly my 595 a8 ol lis Sy gg sl

Canl odel BaS S b 3 lidcures by S

I, Robergs & Landwehr 3, Independent Component Analysis 3. Maillet
4, Multiple Artifact Rejection

2
- Kramer Algorithm


https://www.researchgate.net/profile/Roberto-Landwehr
https://www.researchgate.net/profile/Roberto-Landwehr
https://link.springer.com/chapter/10.1007/978-981-15-1792-1_1
https://www.sciencedirect.com/science/article/abs/pii/S1755296622000576?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1755296622000576?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0028393220302384
https://www.sciencedirect.com/science/article/abs/pii/S1388245707001897?via%3Dihub

1 9 hoio puds (yusno | oo fSINS s AT 0ok oukilyS S Glo fuiilis 1 (5 il3h ity Coles Sl>

oS es i lbcues b S o)lulul Bloul 5 (:Ske Al Jg»
(5 9k5) &3

ZoIOA £VF/TA

(ol 3
WALY £ AIYY

SN 8oy yall (JLo) oy
Yel+YEYIVY

/A ENY

oil38l 93 5l e PZ g FZ oo JUIS po )3 P3 ddlge dialy a8 sl )Lis gm0 y905] ol ol ¥ Jodo 55 a5 jsbo o
[e0) a0 i |y (gyboliae il FZ JUIS )3 55 N2 da5e diely .l anily (g )lolime yiol58l (P S +/+0) conl atily (g,loliae
S bl (Sliw) FZ U 3 N2 g P3 dddge dioly p3 (g)boline i8] S5 o (glgn (S o yed duds & cplpls (P S

o o (6lon 3 3l 9 9D o Ll 53 OB (el 13 P39 N2, P2 (laailye cons duslia Y Jgouar

P z O%93 5! omy 090 B9 adl3o JU
X+Sd X+Sd
sofee) —¥/¥A Y55 £ <INV VEF £ YV P3 Fz
sefee) AR —0/¥8 £ V/F) —=Y/\A £ \/YY N2
<IYYA AN VIYY - /09 VALY SRV P2
/oYY -Y/YV¥ F/EY £ Y YIYY £ /00 P3 Pz
AN =V/03) —Y/f0 £ V/-¥ —Y/Ad £ \/YO N2
NAN —+/a¥A YIYY £V /0) YAV £ /Y P2

ol joline P < o/0 g o

&S e ol a4 (P = oo ¥) ol anily g yboliae inlS c5lgn a9 5l s FZ JUI 2 5 P3 dilie yobs pil ol
1 6ybline LinlS P2 o N2 dddge 18l loj (sl s odalio (gysline yuuii PZ JUIST 55 Lol el o sy 53395 adlse o)
g oo 0alie PZ UK

458 p)l3n o 2 (3lgn 0293 31 g 9 g gt bl 3 SV gl 53 P3 g N2, P2 (glaailge yib loj dunlic Y Jgar

P Z ON93 31 N9 (g il JU
X+Sd X+Sd
seofooY =¥/ YYO/OY £ Fa/¥Y YWY £ Fa/Y. P3 Fz
<[¥5- SRIAAR VYIS £ YFISY RN R AT N2
IyYY VA VSYINY £ VE/YY WYA/SY £ FA/YY P2
<Iyry -Vha¥ YVO/OY £ Y/¥Y YWY £ ¥y P3 Pz
gefony ~Y/aYA WA/SY £ YS/A) YAV/A- £ YA/DO N2
#e/+FQ —\/av¥ Vo V/EY YY) WWY/AY £ YO/ P2

ol obine P < /00 e o

S5 Ao g

G sl p (A 8 5bpd 2o P YO B Ve Gad b g0 ddds Vo) (ghlon S culled sls 31wy pols idgh CBun
248 (So sl el I ol sla oty loadlie Sls313 sl 09 Glgrgs Gl 3 SW (e ST Bl oudosilgs] b
o N gl sl ;SOMS ST Lawgs saibdll)] glacS oo b saicuis P3 g N2 P2 sladdlie o ab oslimwl SOMS (oSS I 500



Vo Foylawoli (090 6 Lo (i ddd 5590 (i f )9 (A5 p2 (55Ol 9 LDy r

236 loj g asly Holies 81 FZ JUIS 53 N2 § P3 15059,0 (cladilie s csjlon (S0 cpped dudds o 51 50 a8 oy oL
S oline i b (5lon ugd 1 3 P2 ddlge ot .auti au b PZ JUIS po ol ) asd) ool aidly Joline galS 55 Ll jeels
Al 3095 (gyblize IS 4 PZ JUK )3 15049 ddse S lgisas adlho (ol Lol ccuslas PZ g FZ JUKS 95 y& 5o

SlioS I lodnlis olass cuwl 0l 4l o) g gy Codlr (sl waee (LM By S plgis s Sk Dde 4 (1354
sy Slos p ste Oyl )9 e SYob (6653 &5 didd o L |y bl Ko wnlgid s 9 sl lgy digej y3 &S 1
S goplam Lol (V=¥ (]S 5799 ¥+ VA oy 5 (Sudygpogi V-V e ¢y Sam 5 TS9OV Ve ¢ Sam 5 ) 5> (B
Sl o by g (595005 ol & Sl o gnas lodiinly g COLS Sy cllad ol BT Ae )3 05 o)Ll 5 Ao
ool 013 ooy p nadlhe plos I il (g QLS S8 @ & col P3 dl5e (o9t )3 39290
Al 5392 03, o3lisul (5l w9 Lawgio Vb oAb L (ilgn Sliyyal )93 S Jl A (Ve 0 ¥R) () Sen 5 oxalS oS
1 3,55 sdai |y P3 aials YU sl 0 b g S Jlanns 15559 45 I3 393 ably i3l Lawsio gl cullad ) uy By P3
1, P3 il il clasie e b glaids Yo S s Bisle oS 5l oy (V332) o) San 5 P5alSh ety el 5 (345 (el
WS e 2yl P3 el 5 (g )oline et YU s b (glsp oy callad Yhais] iy 63,5 ssmlite ;SN CalSS gl oy
S 3 o 3 ol s 53 oIS (e (VLS5 gliges (V) fSad 5 (5la e > (Y-VY o)lSe 5 )
S8 & dipdin cllad cpl oS 00y (LIS 5 38 (g (2loid SO ST S5 ploml (e )8 455293 (59 it b

gy b3l 5 Ui 93y oS canl o3y WS |y P3 5T g a3l 1) P3 diaely (g)loline

o 5552 P3 b sl s 5Vl S5l b el A5 il P3 Al ok o 0 ool 5l 3udoes ol 0
Jub 4y ame (Bgye (B (Sl e Gl el S i sl Jole S 5559 (YT (oo 575 siasl) 594
@rpipgh (Y hlSan 57 yge So) 398 o (Sl (] dawlga P sl Sy 39; 00 sl 5 cusl )98 05
Sl 55 P3 dtels 5 1) Laolite Ll cygion Cllad 5 iaglio iy (slacadled ke gy glita 5y (slaclled Lol a5
Gl 0B 030> Fglie BT YU g ol (slacsas 3 (VoY) () Kan % slas ¥ VR ¢ Ko g Ma) ¥ VY () 4 5034))
Cred oAb (n Dg)ly g0 dlally & wlos )5l (VVA) )l 5 93575 (V22 ¥8) ()lSen 5 gomsls (V02 YA (S 5 92000
@ bhwge Cul b G cldld 5kl lwgie Sl mdaw j3 cunl (Sae P3 &l 15555 Bakine g 313 g9 P3 disly 4
L] Cawd
39 W (olSa 5 " 52) ol 039 35 a0 loyn g2 ST g 5l e PB g o L A 53 0 plol s Aol
Sigliio 350 9 (35 o PB 3gh dixej 3 smas g (Seagll o Sglis oty TV (e 5 T yge ¥ N o lSan o Vs
ol b 03kl SEAS S 15 5] i Jole S (sl o5 il 3o 3 (VA MggS S 5 Sy canile)

1. Chen 6, LoTemplio 11 Du Rietz

2. Ludyga 7. McMorris 2. Won

3. Tomporowski & Pesce 8, Lind 13 Melynyte, Wang & Griskova-
4. Wu % Tsai Bulanova

5. Nakamura 10-Chu


https://doi.org/10.1007/s40279-020-01292-x
https://doi.org/10.1038/s41562-020-0851-8.
https://doi.org/10.1037/bul0000200
https://doi.org/10.3390/ijerph18031107
https://doi.org/10.1016/j.clinph.2004.06.016
https://pubmed.ncbi.nlm.nih.gov/10207674/
https://onlinelibrary.wiley.com/doi/10.1111/psyp.14032
https://pubmed.ncbi.nlm.nih.gov/10860414/
https://doi.org/10.1111/psyp.13758.
https://doi.org/10.1016/B978-0-12-800778-5.00004-9.
https://doi.org/10.1016/j.dcn.2017.10.007
https://doi.org/10.1111/sms.13485
https://doi.org/10.3389/fnhum.2021.617596.
https://doi.org/10.3389/fnhum.2021.617596.
https://www.sciencedirect.com/science/article/abs/pii/S1388245704002573?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1388245704002573?via%3Dihub
https://doi.org/10.1016/j.psychsport.2018.05.011
https://doi.org/10.1155/2017/2631909
https://doi.org/10.1016/j.bbr.2018.11.024
https://doi.org/10.1016/j.bbr.2018.11.024
https://doi.org/10.3390/sports5040073
https://doi.org/10.1016/j.ijpsycho.2018.08.009

qr 9 hoio puds (yusno | oo fSINS s AT 0ok oukilyS S Glo fuiilis 1 (5 il3h ity Coles Sl>

OSos & (60,8 clacglay 5l Sy Jolse dn )3T g g0mme )0 cCul o U 09)5 4 ull paesd )0 Cudgize dbul Coge fadge
(VYY) Kon g 951S) ol 00y mols yobods join w3l o ol S oo PY 1) (359 ol clysl canl
WS odlatwl gy gy (Bl @SS g lawgio G (5laddy Yo gilen culad SO (VYY) ) Sen 5 SIS (i pl b gunon
Jolos oSy oUler iuli8l (gl Jyus cdge das slp (gy50 dpnly lawgio Gl b (gilsn Cullad oS Wdg Adize LQJ
@ Slon pyed 0lgS Bygd O A4S 13,8 i g5 ol gl gr 030 &y Sy PY Ll ol ol 1y Solis o,k puls oSy
Glegdge j| (S a8 (o SoS ()5 098y g 2298 SS9 (B3 Geimed § (BT R Ced )b 3 ploj 4 by sl tals
9 OS] ilordld (YVT 5590 9 pudge) Canl (s3lom (slaculled S153 50 4 (Slojoigs dgute ldIS Slidns )3 38l 3,90
& & lopal o el oKon 3 05 5l 5 el el (58 Jlosl s 53 oot St Jolo 2 gl

8L (e g ligey sbeanlp

S jre 4 95 by Rl 4 e lgn Sl ped oS Slosls LS 55 (gjae 6y gl slaisysls Sl edlatnl b Clidi>s
A (g Jalo cpl 295 o0 (320 5] B Sdgyigye Jole) BDNF sile S3959)95 Jalge M5 S0 )28 o a8y S (o0
O S Ol cagii g obul 4 g 03)5 Colbes (euglipw spibllasil ) &S S o Wl Sg)58 Clols)l sl 5 43, > Sl
BDNF gdaw 5 Conl (B0 Jgore jobods iolidl cpldimdy yiolidl (¢ nSauin [ 4 1y BDNF paws Algs o o35 plool YL U
GooligS dlasls 5 aalid slad Slas o c)l),;'"ls Slgi oo 35 (Bgo yiul38l e Lol 33,5 o adsl yliue 4 sl dix 51
9 09> paw 0 BDNF mhaus il o csoolisS o ped lads a8 ol oad odly s (Yo IV o)) Kan g Tagnd) 5,10
Oial8lan STV () o T e )5) 55 oo cnnlS gt dile calabls b Lasye (Slg )3 o394 jae 3 BDNF Wiy S po0
Ol yod & Jgere jobds BDNF gdaw )3 cse SYob o jlub yiol38l Lol el oids sdmlive s> <l yos 31 jo BDNF pdass e
(YN0 ) 50 Slags) 3yl 5L cosesils 4 plate

Cusl ol 29800 grlas (S (pe¥ Al S (9 )0 (BLS G gile (as e pogad )3 &5 (65K Jeiee g5l
elal )3 (sl QB (o &S 290 () 2lygh 9 igig e (mebigd Mle ol yirendl gy0 G o Wl oo (S yeT &S
Oliy pod S (0 SS9 505 9 d2g5 dgat 5 53 9 oyl B & byl g8 cpl (Rl 0l dale g S ye3 3 315
Wlgige (SieSl Gl 38l ol D5 0o )by a5 (SiSIl Ghalidl el g S oo JUb 1) S5 50)3] e (e S5 (53150
(YA 7 (Soigm 5 9b) S0 5l Vb 35 p08 4y o (3 Ld RIS )5 059 il 4l (35 da g8 gk 5 Jampm 3
S oo 39300 |y ity Sl B s (s o sl 005 55 e P3 dile  ERP (g0l 32 5y lled 51 355 10

oS s olnailye 503 N2 P2 e (olys oiS o uSinin S yon (bl b |y L5 (sl 45 Cans ERP < b5 P3

1. Mulser & Moreau 3, Dinoff 5. Szuhany
2, \Voss 4, Griffin ¢, Basso & Suzuky


https://onlinelibrary.wiley.com/doi/10.1111/psyp.14032
https://onlinelibrary.wiley.com/doi/10.1111/psyp.14032
https://www.sciencedirect.com/science/article/abs/pii/S0006899323001269?via%3Dihub
https://doi.org/10.1152/japplphysiol.00210.2012
https://doi.org/10.1111/ejn.13603
https://doi.org/10.1002/hipo.20794
https://doi.org/10.1016/j.jpsychires.2014.10.003
https://content.iospress.com/articles/brain-plasticity/bpl160040
https://content.iospress.com/articles/brain-plasticity/bpl160040
https://onlinelibrary.wiley.com/doi/10.1111/psyp.14032

Vo Foylawoli (090 6 Lo (i ddd 5590 (i j )9 (A5 p2 (S5Ol 9 LDy r

0l Sy gy r Ao 5 I stmgdy anl 00 bl (] 4y pols Gimgly 53 45 3 3929 5 P2 g N2 ile (6,50 (slaailze
g Glodl j9pe 3 ST (yn 1) 990 (l peitiune yobds & (uiod (o 5 Cul 3930 sl S (S Clled Sl Ao 9
ailye cpl aslyy CNV dilge pole oy culld 31 gy & (65503 o 5 (Yoo D) o]San 5 gonals s cly liiea
e A8 (gl 98 o0l Gl SG g s JUShw b S e S o 0993 Job )3 )L 93 45 Cwl ERP oo 3 ale AB S,
b el a5 sl i Len g gl 5uins gols .l €bgipe <5 Sol a4 bte AB puegd g €dn gl pScas) 4
CNV &ilgo 9 1o oo b Laugio g o8 @ b oidy cudled 45 sl drgs Ll Lol il o313 ,2lS |, ailo g3, Aol 1y8
soesolS ol (il aio gl sl N2 4y ailfo 10,505 sl CNV ddlio (Y- oV (S0 5 55mals) 2l s 1 (slelas]
ol sl s g a1y et N2 el g i oS 3l syl 3oy oy atiS oS psbo sl 5 435 o aB |y o, Kam
S 8 00508],) GllSG 5 gl oy Ylaznl Egles ol aimd o i (M5 LSS 0 55luls S o )
5 s ple panass Jytus o WS e 150 1) Sy e B o woib b ST S ol s 2] pras e
ly Galite (,l5lo sladlge g s (sloaSid waddl) GlacSyme ) o cplply ol S Gl 5o b dadls Slyjg,4

(YA ohSan g bogus) 18 o Jled S yoe 1 35155 <l

P25)by> Sliiod 2> (St Syome sl Sy 4 adlye cpl 05 ooy g 0 e S5 plgict P2 Al jolo o )
Oy oo (38195 0,105 3939 0, il jd (ool CleMbl jein g sl adgl Jolhe )0 ERP slaadie plu b auslie o (g pa
Dydier s dag Bkl g amd e L ) SYL Ay (STl (Bl I lasie P2 4S5l 252y (blid Clac] pgle disej
oyt b dbuly )3 9 298 0 4SSl sy (oS e 4 (b b | (i Glgiedr Jgens jsba P2 &S cul ezt
83909 45 28l (LD Blal s Sl (ot Sl (00 P2 (S psboas ol i8S )13 liies d2g5 3y90 (6 par i g (ol
(Voo ) Sen 7S 151,8) WS o dunlie oo s dlabls b ]y ws sl
Oley «udls PZ g FZ JUK 95 2 15 (gblize yuusd g (gilon 90 3l 0 P2 ddlge couds a8 u o0y Lis publs guiod o
Cunl S0 &S a3 o L doniS cpl b by 9345 (g laline JSKb & PZ JUKS 55 Lol el (g)lolize yuuss FZ JUK ) 55 )ob
Lol 4...9/5.’ )|)§ omdjl)‘ L;Ub;f/ou u_oL..» 5,...‘44 5L 9 u;l.u., S99l LSI)f )L.; 390 u*’)b)-’ )L.o-‘ 5O Lg)Soég;él udol...m @L’w
03> &) prmw «adSS spar S e s (S LSS Ylois] ors s 5395 Jpw &b o P2 dalse aSul & a5 b Lol
wesad ) deae Sludl olwl p Cuol 5l alie Cylod )1ST a0l puasi b 0)8 panad ing 1y doms ol lon 4SSl (gly sl
il LSS o] (glasla] Aol 1y cy o Jlaiay ahaie pols Getod gl P2 L jbloe 3Ll (oiby o Jluy 4ol Jlasl
o LSy (e S JUSw (nl g Cusl (258 (s par g (puned (o 93959 bl 2 G (5 Sy duloe sl YL e

Sy GBLE RIS 5 S b G oSee loj 3B JBlas B Al N et 3 13l 55 4 degi b pSl G 3
& e ol 5 b 28,5 plol alSitalojld slid )5 (g0 by )bl dsmg o Alols Gis lSCel Lol sl 4l

claslyd e Bl lwgie Gud b ghlen S clled ol Guisd gladdl ulul pasl @il 1) oylie jo aly baylyd

1. Contingent negative variation 2, Freunberger 3, Orban, Sepe & Bonini


https://www.sciencedirect.com/science/article/abs/pii/S1388245704002573?via%3Dihub
https://doi.org/10.1016/j.ijpsycho.2007.04.001
https://www.tandfonline.com/doi/full/10.1080/1750984X.2018.1455889
https://www.sciencedirect.com/science/article/abs/pii/S0304394007009482?via%3Dihub
https://doi.org/10.1007/s00429-021-02378-6

94 9 hoio puds (yusno | oo fSINS s AT 0ok oukilyS S Glo fuiilis 1 (5 il3h ity Coles Sl>

N2 4 P3 1l ERP (slaailie 3l jinls g aiely iulial ) sl 35y g dogi b bagye slas Slas g 8 lid— omas
Silgr Ol yes 48 08 o b gl ol ol aooligS jd SleMbl 35y 5 oyl Oyl )3 jae ]S dgun B LS
ol w8305 paouas CBD g Cas o &S ]l )0 o9 Bl lagaiaily sld) (glp (60,18 MBI lgiedy wilgs o
3Slas ol jolatads S cpyed sladely Shb (clp SleMbl ol 5l alg o (5j9el 39> (63,8 Jhai 5l L x5gu onliul
5 i590] sladeliy 1 bwgie s b (g5lon Sl yoi a5 36 oo dlgidiy (ol jgbods S odlil l590] 5l Slgy 9 3l
Sglds ¢y pod CGAd g Cannds A Gy 4:>ul Qg b .Ugd Cogly dadls 5 dngi ( Bl gba Ule U dgd okilbnS oy
ST 51 oyt 3 i yed cilitee (slacsads 5l odlatul 55 g U Camer (gl wlie Clidos plosl )y 3 lis anls o1y Jlas

25,5 .\a:b& sl cs s snas ‘51.:::4:.“3@ » d)'|9.:b o Cullxd

ﬁ, }1.-\53
Sl dliwgipy (B hiin g Canl Gyl oGNS )3 ()9 (wliaislyy &by Al (wlid)lS (g9l Aol L 5l 485 dlie oyl

S o il elim e (Ul 5 aios ol 53 015 5 gl il 311y 393 (13,08 g (g5l

References

Bamidis, P. D., Vivas, A. B., Styliadis, C., Frantzidis, C., Klados, M., Schlee, W., ... & Papageorgiou, S. G.
(2014). A review of physical and cognitive interventions in aging. Neuroscience & Biobehavioral
Reviews, 44, 206-220. https://doi.org/10.1016/j.neubiorev.2014.03.019

Basso, JC. & Suzuki, WA. (2017). The Effects of Acute Exercise on Mood, Cognition, Neurophysiology,
and Neurochemical Pathways: A Review. Brain Plasticity, 2, 127 — 152. https://doi.org/10.3233/BPL-
160040

Bufano, P., Di Tecco, C., Fattori, A., Barnini, T., Comotti, A., Ciocan, C., ... & Bonzini, M. (2024). The effects
of work on cognitive functions: a systematic review. Frontiers in psychology, 15, 1351625.
https://doi.org/10.3389/fpsyg.2024.1351625

Castelli, D. & Valley, J. (2007). Chapter 3: The Relationship of Physical Fitness and Motor Competence to
Physical  Activity. Journal of Teaching in  Physical  Education, 26, 358-374.
https://doi.org/10.1123/jtpe.26.4.358

Chen, F. T. Etnier, J. L. Chan, K. H. Chiu, P. K. Hung, T. M. & Chang, Y. K. (2020). Effects of exercise
training interventions on executive function in older adults: A systematic review and meta-analysis. Sports
Medicine, 50(8), 1451-1467. https://doi.org/10.1007/s40279-020-01292-x

Chu, C.-H. Kramer, A. F. Song, T.-F. Wu, C.-H. Hung, T.-M. & Chang, Y.-K. (2017). Acute exercise and
neurocognitive development in preadolescents and young adults: An ERP study. Neural Plasticity, 2017,
1-13. https://doi.org/10.1155/2017/2631909

Chuang, L. Y. Hung, H. Y. Huang, C. J. Chang, Y. K. & Hung, T. M. (2015). A 3-month intervention of Dance
Dance Revolution improves interference control in elderly females: a preliminary investigation.
Experimental Brain Research, 233(4): 1181-1188. https://doi.org/10.1007/s00221-015-4196-X



https://www.sciencedirect.com/science/article/abs/pii/S014976341400075X
https://www.sciencedirect.com/science/article/abs/pii/S014976341400075X
https://www.sciencedirect.com/science/article/abs/pii/S014976341400075X
https://doi.org/10.1016/j.neubiorev.2014.03.019
https://content.iospress.com/articles/brain-plasticity/bpl160040
https://content.iospress.com/articles/brain-plasticity/bpl160040
https://doi.org/10.3233/BPL-160040
https://doi.org/10.3233/BPL-160040
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2024.1351625/full
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2024.1351625/full
https://doi.org/10.3389/fpsyg.2024.1351625
https://journals.humankinetics.com/view/journals/jtpe/26/4/article-p358.xml
https://journals.humankinetics.com/view/journals/jtpe/26/4/article-p358.xml
https://doi.org/10.1123/jtpe.26.4.358
https://doi.org/10.1007/s40279-020-01292-x
https://doi.org/10.1007/s40279-020-01292-x
https://doi.org/10.1007/s40279-020-01292-x
https://doi.org/10.1007/s40279-020-01292-x
https://onlinelibrary.wiley.com/doi/full/10.1155/2017/2631909
https://onlinelibrary.wiley.com/doi/full/10.1155/2017/2631909
https://onlinelibrary.wiley.com/doi/full/10.1155/2017/2631909
https://doi.org/10.1155/2017/2631909
https://pubmed.ncbi.nlm.nih.gov/25595954/
https://pubmed.ncbi.nlm.nih.gov/25595954/
https://pubmed.ncbi.nlm.nih.gov/25595954/

’F‘Fuwb:’d}do:olw‘p&w O‘)’Jn‘ﬂ))j‘r‘-’)";’«f)bjwj 95

Dinoff, A. Herrmann, N. Swardfager, W. & Lanctét, K. L. (2017). The effect of acute exercise on blood
concentrations of brain-derived neurotrophic factor in healthy adults: A meta-analysis. European Journal
of Neuroscience, 46(1), 1635-1646. https://doi.org/10.1111/ejn.13603

Du Rietz, E. Barker, A. Michelini, G. Rommel, A. S. Vainieri, I. Asherson, P. & Kuntsi, J. (2019). Beneficial
effects of acute high-intensity exercise on electrophysiological indices of attention processes in young adult
men. Behavioural Brain Research, 359, 474-484. https://doi.org/10.1016/j.bbr.2018.11.024

Eisenbarth, H. (2018). Methods in Cognitive Neuroscience: A primer for Forensic Psychologists. Psychology,
Crime & Law. 24. 1-33. https://doi.org/10.1080/1068316X.2018.1425409

Ellemberg, D. & St-Louis-Deschénes, M. (2010). The effect of acute physical exercise on cognitive function
during development. Psychology of Sport and exercise, 11(2), 122-126.
https://doi.org/10.1016/j.psychsport.2009.09.006

Freunberger, R. Klimiesch, W. Doppelmayr, M & Holler, Y. (2007). Visual P2 component is related to theta
phase-locking. Neuroscience Letters, 426, 181-186. https://doi.org/10.1016/j.neulet.2007.08.062

Grego, F. Vallier, J.-M. Collardeau, M. Bermon, S. Ferrari, P. Candito, M. Bayer, P. Magnié, M.& Brisswalter,
J. (2004). Effects of long duration exercise on cognitive function, blood glucose, and counterregulatory
hormones in Male cyclists. Neuroscience Letters, 364 (2), 76-80.
https://doi.org/10.1016/j.neulet.2004.03.085

Griffin, E. W. Bechara, R. G., Birch, A. M. & Kelly, A. M. (2011). Exercise enhances hippocampal-dependent
learning in the rat: Evidence for a BDNF-related mechanism. Hippocampus, 21(5), 582-593.
https://doi.org/10.1002/hipo.20631

Hillman, C. H. Logan, N. E. & Shigeta, T. T.(2019,. A review of acute physical activity effects on brain and
cognition in children. Translational Journal of the American College of Sports Medicine, 4(17), 132-136.
https://doi.org/10.1002/hipo.20631

Hillman, C. H. Pontifex, M. B., Raine, L. B. Castelli, D. M. Hall, E. E. & Kramer, A. F. (2009). The effect of
acute treadmill walking on cognitive control and academic achievement in preadolescent children.
Neuroscience, 159(3), 1044-1054. https://doi.org/10.1016/j.neuroscience.2009.01.057

Kamijo, K. Nishihira, Y. Hatta, A. Kaneda, T. Kida, T. Higashiura, T. & Kuroiwa, K. (2004). Changes in
arousal level by differential exercise intensity. Clinical Neurophysiology, 115(12), 2693-2698.
https://doi.org/10.1016/j.clinph.2004.06.016

Kamijo, K., Nishihira, Y., Hatta, A., Kaneda, T., Wasaka, T., Kida, T., & Kuroiwa, K. (2004b). Differential
influences of exercise intensity on information processing in the central nervous system European Journal
of Applied Physiology, 92(3), 305-311. https://doi.org/10.1007/s00421-004 -097-2

Kamijo, K., Nishihira, Y., Higashiura, T., & Kuroiwa, K. (2007). The interactive effect of exercise intensity
and task difficulty on human cognitive processing. International Journal of Psychophysiology, (2)65, 114-
121. https://doi.org/10.1016/].ijpsycho.2007.04.001

Kao, S. C. Drollette, E. S. Ritondale, J. P. Khan, N. & Hillman, C. H. (2018). The acute effects of highintensity
interval training and moderate-intensity continuous exercise on declarative memory and inhibitory control.
Psychology of Sport and Exercise, 38, 90-99. https://doi.org/10.1016/j psychsport.2018.05.011

Kao, S.-C. Baumgartner, N. Nagy, C., Fu, H.-L. Yang, C.-T. & Wang, C.-H. (2022). Acute effects of aerobic
exercise on conflict suppression, response inhibition, and processing efficiency underlying inhibitory
control processes: AnERPandSFTstudy. Psychophysiology, 59(8),e14032.
https://doi.org/10.1111/psyp.14032

Kramer, A. (2020). An overview of the beneficial effects of exercise on health and performance. Physical
Exercise for Human Health, 1228, 3-22. https://doi.org/10.1007/978-981-15-1792-1 1



https://doi.org/10.1111/ejn.13603
https://doi.org/10.1111/ejn.13603
https://doi.org/10.1111/ejn.13603
https://doi.org/10.1016/j.bbr.2018.11.024
https://doi.org/10.1016/j.bbr.2018.11.024
https://doi.org/10.1016/j.bbr.2018.11.024
https://doi.org/10.1016/j.bbr.2018.11.024
https://eprints.soton.ac.uk/416828/1/Methods_in_Cognitive_Neuroscience_A_primer_for_Forensic_Psychologists.pdf
https://eprints.soton.ac.uk/416828/1/Methods_in_Cognitive_Neuroscience_A_primer_for_Forensic_Psychologists.pdf
https://doi.org/10.1080/1068316X.2018.1425409
https://www.sciencedirect.com/science/article/abs/pii/S1469029209001137?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1469029209001137?via%3Dihub
https://doi.org/10.1016/j.psychsport.2009.09.006
https://www.sciencedirect.com/science/article/abs/pii/S0304394007009482?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0304394007009482?via%3Dihub
https://doi.org/10.1016/j.neulet.2007.08.062
https://doi.org/10.1016/j.neulet.2004.03.085
https://doi.org/10.1016/j.neulet.2004.03.085
https://doi.org/10.1016/j.neulet.2004.03.085
https://doi.org/10.1016/j.neulet.2004.03.085
https://onlinelibrary.wiley.com/doi/abs/10.1002/hipo.20631
https://onlinelibrary.wiley.com/doi/abs/10.1002/hipo.20631
https://doi.org/10.1002/hipo.20631
https://journals.lww.com/acsm-tj/fulltext/2019/09010/a_review_of_acute_physical_activity_effects_on.3.aspx
https://journals.lww.com/acsm-tj/fulltext/2019/09010/a_review_of_acute_physical_activity_effects_on.3.aspx
https://www.ibroneuroscience.org/article/S0306-4522(09)00117-1/abstract
https://www.ibroneuroscience.org/article/S0306-4522(09)00117-1/abstract
https://www.ibroneuroscience.org/article/S0306-4522(09)00117-1/abstract
https://doi.org/10.1016/j.clinph.2004.06.016
https://doi.org/10.1016/j.clinph.2004.06.016
https://doi.org/10.1016/j.clinph.2004.06.016
https://doi.org/10.1007/s00421-004-%20097-2
https://doi.org/10.1007/s00421-004-%20097-2
https://doi.org/10.1007/s00421-004-%20097-2
https://doi.org/10.1007/s00421-004-%20097-2
https://www.sciencedirect.com/science/article/abs/pii/S0167876007000694
https://www.sciencedirect.com/science/article/abs/pii/S0167876007000694
https://www.sciencedirect.com/science/article/abs/pii/S0167876007000694
https://doi.org/10.1016/j.ijpsycho.2007.04.001
https://doi.org/10.1016/j.psychsport.2018.05.011
https://doi.org/10.1016/j.psychsport.2018.05.011
https://doi.org/10.1016/j.psychsport.2018.05.011
https://doi.org/10.1016/j.psychsport.2018.05.011
https://onlinelibrary.wiley.com/doi/10.1111/psyp.14032
https://onlinelibrary.wiley.com/doi/10.1111/psyp.14032
https://onlinelibrary.wiley.com/doi/10.1111/psyp.14032
https://link.springer.com/chapter/10.1007/978-981-15-1792-1_1
https://link.springer.com/chapter/10.1007/978-981-15-1792-1_1
https://doi.org/10.1007/978-981-15-1792-1_1

1% 9 hoio puds (yusno | oo fSINS s AT 0ok oukilyS S Glo fuiilis 1 (5 il3h ity Coles Sl>

Landry, M. da Silva Castanheira, J. Raz, A., Baillet, S. & Sackur, J. (2022). Exogenous attention interferes

with endogenous attention processing via lateralized alpha power. bioRxiv, 12 (23). 521791.
https://doi.org/10.1101/2022.12.23.521791
Latino, F., & Tafuri, F. Physical Activity and Cognitive Functioning. Medicina, 60(2), 216.

https://doi.org/10.3390/medicina60020216
Lind, R. R. Beck, M. M. Wikman, J. Malarski, K. Krustrup, P. Lundbye-Jensen, J. & Geertsen, S. S. (2019).

Acute high-intensity football games can improve children’s inhibitory control and neurophysiological
measures of attention. Scandinavian Journal of Medicine & Science in Sports, 29 (10), 1546-1562.
https://doi.org/10.1111/sms.13485

LoTemplio, S., Silcox, J., Federmeier, K., & Payne, B. (2021). Inter-and intra-individual coupling between

pupillary, electrophysiological, and behavioral responses in a visual oddball task. Psychophysiology, 58(4),

£13758. https://doi.org/10.1111/psyp.13758.
Ludyga, S. Brand, S. Gerber, M. Weber, P. Brotzmann, M. Habibifar, F. & Puhse, U. (2017). An evet related

potential investigation of the acute effects of aerobic and coordinative exercise on inhibtory control in
children with ADHD. Developmental Cognitive Neuroscience, 28, 21-28.
https://doi org/10.1016/j.dcn.2017.10.007

Ludyga, S. Gerber, M. Piihse, U. Looser, V. & Kamijo, K. (2020). Systematic review and meta-analysis

investigating moderators of long-term effects of exercise on cognition in healthy individuals. Nature

Human Behaviour, 4(6), 603—612. https://doi.org/10.1038/s41562-020-0851-8.
Ma, J. K. Le Mare, L. Gurd, B. J. (2014). Four minutes of in-class high-intensity interval activity improves

selective attention in 9-to 11-year olds. Applied Physiology, Nutrition, and Metabolism, 40(3), 238-44.
https://doi.org/10.1139/apnm-2014-030
Magnié, M. Bermon, S. Martin, F. Madany-Lounis, M. Suisse, G. Muhammad, W & Dolisi, C. (2000). P300,

N400, aerobic fitness, and maximal aerobic exercise. Psychophysiology, 37, 369-77.
https://doi.org/10.1111/1469-8986.3730369
Maillet, D. Yu, L. Lau, B. Chow, R. Alain, C. & Grady, C. L. (2020). Differential effects of mind-wandering

and visual distraction on age-related changes in neuro-electric brain activity and variability.
Neuropsychologia, 146, 107565. https://doi.org/10.1016/j.neuropsychologia.2020.107565
Matsuo, M. Higquchi, T. Ishibashi, T. Egashira, A. Abe, T. and Miyabara, H. (2024) Enhancement of Visual

Attention by Color Revealed Using Electroencephalography. Open Journal of Therapy and Rehabilitation,
12, 1-9.https://doi.org/10.4236/0jtr.2024.121001
McMorris, T. Turner, A. Hale, B. J. & Sproule, J. (2016). Beyond the catecholamines hypothesis for an acute

exercise-cognition interaction: A neurochemical perspective. In T. McMorris (Ed.), Exercise cognition
interaction: Neuroscience perspectives (pp. 65-103). https://doi.org/10.1016/B978-0-12800778-5.00004-

9.
Melynyte, S. Wang, G. & Griskova-Bulanova, I. (2018). Gender effects on auditory P300: A systematic
review. International Journal of Psychophysiology, 133, 55-65.

https://doi.org/10.1016/j.ijpsycho.2018.08.009
Mirshekari, Z. Samadi, H. & Shahi, M. S. (2024). Comparing the Effects of Resistance Training and Aerobic

Exercise With Low and Moderate Intensities on Working Memory and Selective Attention of Inactive
Young Girls. Iran J Health Sci, 12 (2), 119-130 _https://doi.org/10.32598/ijhs.12.2.1014.1

Mulser L & Moreau D. (2023). Effect of acute cardiovascular exercise on cerebral blood flow: A systematic

review. Brain Research, 1809, 148355. https://doi.org/10.1016/j.brainres.2023.148355



https://www.biorxiv.org/content/10.1101/2022.12.23.521791v1
https://www.biorxiv.org/content/10.1101/2022.12.23.521791v1
https://doi.org/10.3390/medicina60020216
https://doi.org/10.3390/medicina60020216
https://onlinelibrary.wiley.com/doi/full/10.1111/sms.13485
https://onlinelibrary.wiley.com/doi/full/10.1111/sms.13485
https://onlinelibrary.wiley.com/doi/full/10.1111/sms.13485
https://doi.org/10.1111/sms.13485
https://onlinelibrary.wiley.com/doi/abs/10.1111/psyp.13758
https://onlinelibrary.wiley.com/doi/abs/10.1111/psyp.13758
https://onlinelibrary.wiley.com/doi/abs/10.1111/psyp.13758
https://doi.org/10.1111/psyp.13758
https://doi.org/10.1016/j.dcn.2017.10.007
https://doi.org/10.1016/j.dcn.2017.10.007
https://doi.org/10.1016/j.dcn.2017.10.007
https://doi.org/10.1016/j.dcn.2017.10.007
https://www.nature.com/articles/s41562-020-0851-8
https://www.nature.com/articles/s41562-020-0851-8
https://www.nature.com/articles/s41562-020-0851-8
https://doi.org/10.1038/s41562-020-0851-8
https://pubmed.ncbi.nlm.nih.gov/25675352/
https://pubmed.ncbi.nlm.nih.gov/25675352/
https://pubmed.ncbi.nlm.nih.gov/10860414/
https://pubmed.ncbi.nlm.nih.gov/10860414/
https://www.sciencedirect.com/science/article/abs/pii/S0028393220302384
https://www.sciencedirect.com/science/article/abs/pii/S0028393220302384
https://www.sciencedirect.com/science/article/abs/pii/S0028393220302384
https://www.scirp.org/journal/paperinformation?paperid=130350
https://www.scirp.org/journal/paperinformation?paperid=130350
https://www.scirp.org/journal/paperinformation?paperid=130350
https://doi.org/10.4236/ojtr.2024.121001
https://psycnet.apa.org/record/2016-10849-004
https://psycnet.apa.org/record/2016-10849-004
https://psycnet.apa.org/record/2016-10849-004
https://doi.org/10.1016/B978-0-12-800778-5.00004-9
https://doi.org/10.1016/B978-0-12-800778-5.00004-9
https://doi.org/10.1016/j.ijpsycho.2018.08.009
https://doi.org/10.1016/j.ijpsycho.2018.08.009
https://doi.org/10.1016/j.ijpsycho.2018.08.009
http://jhs.mazums.ac.ir/browse.php?a_id=919&slc_lang=en&sid=1&ftxt=1&html=1
http://jhs.mazums.ac.ir/browse.php?a_id=919&slc_lang=en&sid=1&ftxt=1&html=1
http://jhs.mazums.ac.ir/browse.php?a_id=919&slc_lang=en&sid=1&ftxt=1&html=1
https://doi.org/10.32598/ijhs.12.2.1014.1
https://www.sciencedirect.com/science/article/abs/pii/S0006899323001269?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0006899323001269?via%3Dihub
https://doi.org/10.1016/j.brainres.2023.148355

’F‘Fuwb:’d}do:olw‘p&w O‘)’Jn‘ﬂ))j‘r‘-’)";’«f)bjwj A

Nakamura, Y. Nishimoto, K. Akamatu, M. Takahashi, M. & Maruyama, A. (1999). The effect of jogging on
P300 event related potentials. Electromyography and Clinical Neurophysiology, 39(2), 71-74.
https://pubmed.nchi.nim.nih.gov/10207674/

Tajari N, S. Gholami, S. Rostami, R. Trabelsi, K. & Taheri, M. (2023). The effect of perceptual-motor exercise
on temporal dynamics of cognitive inhibition control in children with developmental coordination disorder.
Mental Health and Physical Activity, (24), 48-61. https://doi.org/10.1016/j.mhpa.2022.100495

Orban, G. A. Sepe, A. & Bonini, L. (2021). Parietal maps of visual signals for bodily action planning. Brain
Structure & Function, 226(9), 2967-2988. https://doi.org/10.1007/s00429-021-02378-6

Park, S. & Etnier, J. L. (2019). Beneficial effects of acute exercise on executive function in adolescents.
Journal of Physical Activity and Health, 16(6), 423-429. https://doi.org/10.1016/j.mhpa.2022.100495

Pontifex, M. B. McGowan, A. L. Chandler, M. C. Gwizdala, K. L. Parks, A. C. Fenn, K. & Kamijo, K. (2019).
A primer on investigating the after effects of acute bouts of physical activity on cognition. Psychology of
Sport and Exercise, 40, 1-22. https://doi.org/10.1016/j.psychsport.2018.08.015

Riley, N. Lubans, D. R. Holmes, K. & Morgan, P. J. (2016). Findings from the EASY minds cluster
randomized controlled trial: evaluation of a physical activity integration program for mathematics in
primary  schools.  Journal of  physical activity  and health, 13(2), 198-206.
https://doi.org/10.1123/jpah.2015-0046

Robergs, R & Landwehr, R. (2002). The surprising history of the "HRmax=220-age" equation. International
Journal of Online Engineering - iJOE. 5.

Rueda, M.R. Posner, M.l. Rothbart, M.K. & Davis-Stober , C.P. (2004). Development of the time course for
processing conflict: an event-related potentials study with 4 year olds and adults. BMC Neurosci, 5, 39 .
https://doi.org/10.1186/1471-2202-5-39

Shimada, H. Lee, S. Akishita, M. Kozaki, K. lijima, K.,Nagai, K. Ishii, S. Tanaka, M. Koshiba, H. Tanaka, T.
& Toba, K. (2018). Effects of golf training on cognition in older adults: a randomised controlled trial. J
Epidemiol Community Health, 72(10), 944-950. https://doi.org/10.1136/jech-2017-210052

Sousa, A. Medeiros, A. Del Rosso, S. Stults-Kolehmainen, M & Boullosa, D. (2018). The influence of exercise
and physical fitness status on attention: a systematic review. International Review of Sport and Exercise
Psychology, 12, 202-234. https://doi.org/10.1080/1750984X.2018.1455889

Szuhany, K. L. Bugatti, M. & Otto, M. W. (2015). A meta-analytic review of the effects of exercise on brain-
derived neurotrophic factor. Journal of Psychiatric Research, 60, 56-64.
https://doi.org/10.1016/j.jpsychires.2014.10.003

Tomporowski, P. & Pesce, C. (2019). Exercise, sports, and performance arts benefit cognition via a common
process. Psychological Bulletin, 145, 929-951. https://doi.org/10.1037/bul0000200

Tsai, Y. J., Hsieh, S. S., Huang, C. J., & Hung, T. M. (2021). Dose-response effects of acute aerobic exercise
intensity on inhibitory control in children with attention deficit/hyperactivity disorder. Frontiers in Human
Neuroscience, 15, 316. https://doi.org/10.3389/fnhum.2021.617596

Voss, M. W. Nagamatsu, L. S. Liu-Ambrose, T. & Kramer, A. F. (2013). Exercise, brain, and cognition across
the life span. Journal of Applied Physiology, 115(6), 1237-1245.
https://doi.org/10.1152/japplphysiol.00210.2011

Wilke, J. Giesche, F., Klier, K., Vogt, L., Herrmann, E. and Banzer, W., (2019). Acute effects of resistance
exercise on cognitive function in healthy adults: a systematic review with multilevel meta-analysis. Sports
Medicine, 49(6): 905-916. https://doi.org/10.1007/s40279-019-01085-x

Won, J. Wu, S. Ji, H., Smith, J. C. & Park, J. (2017). Executive function and the P300 after treadmill exercise
and futsal in college soccer players. Sports, 5(4), https://doi.org/10.3390/sports5040073



https://europepmc.org/article/med/10207674
https://europepmc.org/article/med/10207674
https://pubmed.ncbi.nlm.nih.gov/10207674/
https://www.sciencedirect.com/science/article/abs/pii/S1755296622000576?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1755296622000576?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1755296622000576?via%3Dihub
https://doi.org/10.1016/j.mhpa.2022.100495
https://doi.org/10.1007/s00429-021-02378-6
https://doi.org/10.1007/s00429-021-02378-6
https://doi.org/10.1007/s00429-021-02378-6
https://pubmed.ncbi.nlm.nih.gov/31010372/
https://pubmed.ncbi.nlm.nih.gov/31010372/
https://doi.org/10.1016/j.mhpa.2022.100495
https://www.sciencedirect.com/science/article/pii/S1469029218301870
https://www.sciencedirect.com/science/article/pii/S1469029218301870
https://www.sciencedirect.com/science/article/pii/S1469029218301870
https://doi.org/10.1016/j.psychsport.2018.08.015
https://pubmed.ncbi.nlm.nih.gov/26107532/
https://pubmed.ncbi.nlm.nih.gov/26107532/
https://pubmed.ncbi.nlm.nih.gov/26107532/
https://doi.org/10.1123/jpah.2015-0046
https://www.researchgate.net/profile/Roberto-Landwehr
https://www.researchgate.net/profile/Roberto-Landwehr
https://doi.org/10.1186/1471-2202-5-39
https://doi.org/10.1186/1471-2202-5-39
https://doi.org/10.1186/1471-2202-5-39
https://pubmed.ncbi.nlm.nih.gov/29936419/
https://pubmed.ncbi.nlm.nih.gov/29936419/
https://pubmed.ncbi.nlm.nih.gov/29936419/
https://doi.org/10.1136/jech-2017-210052
https://www.tandfonline.com/doi/full/10.1080/1750984X.2018.1455889
https://www.tandfonline.com/doi/full/10.1080/1750984X.2018.1455889
https://www.tandfonline.com/doi/full/10.1080/1750984X.2018.1455889
https://doi.org/10.1080/1750984X.2018.1455889
https://doi.org/10.1016/j.jpsychires.2014.10.003
https://doi.org/10.1016/j.jpsychires.2014.10.003
https://doi.org/10.1016/j.jpsychires.2014.10.003
https://doi.org/10.1037/bul0000200
https://doi.org/10.1037/bul0000200
https://doi.org/10.1037/bul0000200
https://www.frontiersin.org/journals/human-neuroscience/articles/10.3389/fnhum.2021.617596/full
https://www.frontiersin.org/journals/human-neuroscience/articles/10.3389/fnhum.2021.617596/full
https://www.frontiersin.org/journals/human-neuroscience/articles/10.3389/fnhum.2021.617596/full
https://doi.org/10.3389/fnhum.2021.617596
https://journals.physiology.org/doi/full/10.1152/japplphysiol.00210.2011
https://journals.physiology.org/doi/full/10.1152/japplphysiol.00210.2011
https://doi.org/10.1152/japplphysiol.00210.2011
https://pubmed.ncbi.nlm.nih.gov/30838520/
https://pubmed.ncbi.nlm.nih.gov/30838520/
https://pubmed.ncbi.nlm.nih.gov/30838520/
https://doi.org/10.1007/s40279-019-01085-x
https://doi.org/10.3390/sports5040073
https://doi.org/10.3390/sports5040073
https://doi.org/10.3390/sports5040073

94 9 hoio puds (yusno | oo fSINS s AT 0ok oukilyS S Glo fuiilis 1 (5 il3h ity Coles Sl>

Wu, C. H., Karageorghis, C. I., Wang, C. C., Chu, C. H., Kao, S. C., Hung, T. M., et al. (2019). Effects of
acute aerobic and resistance exercise on executive function: an ERP study. Journal of Science and Medicine
in Sport. 22: 1367-1372. https://doi.org/10.1016/j.jsams.2019.07.009

Wu, S. Ji, H., Won, J. Liu, X. & Park, J. J. (2021). Effects of acute visual stimulation exercise on attention
processes: An ERP study. International Journal of Environmental Research and Public Health, 18(3),
1107. https://doi.org/10.3390/ijerph18031107

Xie, L. Cao, B. Li, Z. & Li, F. (2020). Neural dynamics of cognitive control in various types of incongruence.
Frontiers in Human Neuroscience, 14, 512674. https://doi.org/10.3389/fnhum.2020.00214

Yagi et al. (1999) Yagi Y, Coburn KL, Estes KM, Arruda JE. Effects of aerobic exercise and gender on visual
and auditory p300, reaction time, and accuracy. European Journal of Applied Physiology and Occupational
Physiology. 1999; 80(5):402—-408. https://doi.org/10.1007/s004210050611



https://pubmed.ncbi.nlm.nih.gov/31445953/
https://pubmed.ncbi.nlm.nih.gov/31445953/
https://pubmed.ncbi.nlm.nih.gov/31445953/
https://doi.org/10.1016/j.jsams.2019.07.009
https://doi.org/10.3390/ijerph18031107
https://doi.org/10.3390/ijerph18031107
https://doi.org/10.3390/ijerph18031107
https://doi.org/10.3390/ijerph18031107
https://doi.org/10.3389/fnhum.2020.00214
https://doi.org/10.3389/fnhum.2020.00214
https://doi.org/10.3389/fnhum.2020.00214
https://link.springer.com/article/10.1007/s004210050611
https://link.springer.com/article/10.1007/s004210050611
https://link.springer.com/article/10.1007/s004210050611
https://doi.org/10.1007/s004210050611

