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Introduction: Executive functions control, direct, and coordinate cognitive processes.
This research aimed to compare the electrical activity of different brain regions during
implicit and explicit learning of a motor skill in teenage girls with cold executive
functions.

Methods: The research method was quasi-experimental, with a pre-test and post-test
design. Twenty girls aged 12 to 14 years were selected purposefully based on their scores
on CogL.ab tests and assigned to two Explicit Learning and Implicit Learning groups. In
the pre-test phase, participants performed 15 dart throws while brain waves were
recorded using an EEG device. Then, both groups participated in 60-minute training
sessions for five consecutive days, based on different instructional approaches. After
completing the training, a retention and a transfer test were conducted on the sixth day.
The results were analyzed using MATLAB, SPSS, and Excel software at a significance
level of 0.05.

Results: The results showed that the neural response in the form of brain wave activity
across five brain regions—DLPFC, OFC, CF, Frontal, and All Frontal—was significant
in the explicit learning group but not significant in the implicit learning group.

Conclusion: Based on the present results, it can be said that the explicit learning method
causes positive changes at the level of the cerebral cortex, whereas implicit learning
requires long-term strengthening. Therefore, explicit learning can be an effective short-
term intervention to modulate brain activity and facilitate motor skill learning in
individuals with cold executive functions.
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Extended Abstract

Introduction

EExecutive functions refer to a broad range of complex
cognitive processes that help regulate thoughts and
emotions, as well as plan, monitor, and control behavior
to achieve specific goals (Lin et al., 2019). These
functions encompass essential abilities such as attention,
working memory, decision-making, self-initiation,
strategic planning, response inhibition, cognitive
flexibility, impulse control, and the execution of
academic tasks. They enable individuals to manage
daily life tasks and control their intellectual functions
(Englehardt et al., 2019). Cold executive functions
comprise skills like planning, cognitive flexibility,
working memory, and monitoring behaviors. This study
also differentiates between explicit and implicit
learning, which are two distinct learning methods.
Explicit learning involves conscious engagement in
learning, where individuals are aware of the goals and
methods needed to acquire a skill. In contrast, implicit
learning occurs without the learner's conscious
realization, leading to skill acquisition without active
awareness of the learning process. It remains unclear
whether the impacts of these training types can be
generalized across different levels of motor learning.
The involvement of various brain regions in executive
functions during response selection highlights a
significant interconnection between these cognitive
processes. Previous research into the neuroscience of
executive functions has largely relied on animal studies
or limited investigations of patients with frontal lobe
damage. However, modern brain imaging techniques
provide highly detailed insights into this field. To
address gaps in previous research, this study aims to
investigate the electrical responses of different brain
regions during explicit and implicit motor skill learning
among adolescent girls exhibiting cold executive
functions. The goal is to determine changes in brain
wave activity across various brain regions during these
learning processes and to explore any differences in
brain waves between adolescents with cold executive

functions engaged in explicit versus implicit learning.

Methods

This research utilized a quasi-experimental design,
incorporating both pre-tests and post-tests. The study
involved 20 female students aged 12 to 14, who were
divided into two groups: the explicit learning group (10
participants) and the implicit learning group (10
participants). The tools used in this study included a
dartboard to measure motor skills, CogLab software to
assess cold executive functions, and a 30-channel active
electroencephalography (EEG) device to record brain
activity. Over a span of five days, participants practiced
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for 60 minutes each day. The explicit learning group
received direct instruction, while the implicit learning
group practiced without specific guidelines. At the end
of the study, retention and transfer tests were conducted
to evaluate skill acquisition and transfer, and EEG data
were analyzed to assess brain activity.

Results

The results revealed significant differences in brain
electrical activity between the explicit and implicit
learning groups. In the explicit learning group, there was
a notable increase in brainwave activity in areas
associated with decision-making and cognitive control,
such as the dorsolateral prefrontal cortex (DLPFC) and
the frontal cortex. This increase indicates greater
cognitive engagement during explicit learning.
Conversely, the implicit learning group showed minimal
changes in brainwave activity, particularly in regions
related to unconscious processing, such as the
orbitofrontal cortex (OFC). The study highlighted
significant differences in brainwave activity during
explicit learning. Notable variations in delta waves were
observed between the pre-test, retention, and transfer
stages across various brain regions, including the
DLPFC, OFC, central frontal cortex (CF), and other
frontal areas. Theta waves also displayed significant
differences between the learning stages (pre-test,
retention, and transfer) in the DLPFC, OFC, CF, and
frontal regions. Additionally, alpha waves showed
differences between the pre-test and retention stages in
the OFC, CF, and frontal areas. Beta waves revealed
significant differences between the retention and
transfer stages in the CF and across all frontal regions.
These findings demonstrate that explicit learning has a
significant impact on brainwave activity.

Conclusion

This research indicates that explicit learning
significantly impacts the improvement of cold executive
functions. The findings are consistent with studies by
Jones et al. (2015), Nasiri et al. (2023), and Dong & Li
(2012). Specifically, Jones et al. (2015) confirmed
improvements in attention, memory, and adaptability
through enhanced cold executive functions. Nasiri et al.
(2023) demonstrated that both implicit and explicit
learning conditions lead to similar performance
improvements. Additionally, Dong and Li (2012)
confirmed the varying effects of different learning
processes on cold executive functions by examining the
brain networks involved in learning. For future research,
it would be beneficial to investigate chaining skills and
compare them with discrete skills, such as dart throwing,
to gain further insights into the effects of explicit and
implicit learning. Analyzing the impact of short-term
versus long-term training sessions on learning could
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also help optimize educational methods. Furthermore,
using larger and more diverse samples, including groups
such as students and individuals with specific disorders,
could enhance our understanding of how education
impacts executive functions. Overall, the results of this
study indicate that explicit learning significantly
influences students' cold executive functions. As
individuals enhance their executive function skills, they
are likely to develop more active and capable brains.
Consequently, they can optimize these skills to improve
attention, focus, and comprehension, set clearer learning
goals, complete tasks more effectively, and achieve
better learning outcomes.

Ethical considerations

Compliance with ethical guidelines: The article has received ethics
approval for research from Tabriz University, with the reference
number IR.TABRIZU.REC.1403.033.

Funding: The article did not receive funding from any organization.
Contribution of authors: All authors contributed equally to the
writing of the article.

Conflict of interest: There is no conflict of interest.
Acknowledgments: We appreciate all of our contributors.

Journal of

Sports and Motor Development and Learning

Online [SSN: 2676-4547



s
vevE-¥ory b il
*

. b bt
d*/:p‘y.;-’;vl

o 22> O3l 9 Glei g JIAT (5 90l 40 o o Gl Sy iS5 Cullad
(15 i g U1 axillao) 8 jov 121 SB35, M2 g ol 389 9

BV w8l BFaeoe {5 Voalj sl I3

ISR R JES R

N.sport60@amail.com :aebbLl, .yl ) ¢35 55 ¢35 ol&Kuisly ¢ 4555 pole o (S a3 0SS ¢ Sy 4l 04,5 )
mt_aghdasi@tabrizu.ac.ir :aebLl, . ol pl ey <oy ol ¢ 5559 pole g (S Cuny 0aSuily ( S > Jlb) 09,5 Jghune 0 ki g5 .Y
z fathirezaie@tabrizu.ac.ir :aebbl, .\l pl ooy <3255 o&uily ¢ Ljyg pole g (S Can 5 04SNy ¢ Sy L8 05,5 Y

RV

Ao SleWb!

dulio pols Bidos Buan LS o Kinled g colin (JyuS 1) Bk slaanld ol by S 1dende
oS, L ples oo 3 (e O)lee S oty 5 T (650L 5o sae il bl (S Sl il
VW UAY 550 Ye oS 09 gailm g ogasliin b b oS dos g9 |yl (a5 by, SR (99,
» M; )l)ﬁ ULQ(J 9 )K.w] Lg)fab 09)§ 92 )09 ubwl ;4.15‘5 LSLQQ}")T 0 yo0 Q»L»;l » RWERTY O g Al
PRy Sl L;l)fQJLo.w)Q)»ﬁl oKuwd Ll Sy Clyl (.JL°)‘°‘E 9 soily Q)‘D ul.s).: VO bl).‘?l (JV)TO“"’ d.lb).a
plosl 5 s ABIIE o iy 1y (glaiBy £o 08 luds @oglite slabigel b Jlgie o) zun ode 4 09,5 93
g > JuST g (ol ol i 13l 51 oalil b ol b plost JUil 5 510k cpgasl wid joy ol yei

A5 o /40 (glolina
DLPFC jie aihato gy )3 (a0 glgel lgil LB 13 cnae piuww calise (sla jisu gul ol olis zuls b a8
0395 Jblize oy (633 g, 4 g Cal 039 Jolime HS5T (6,53L bg, 4 All Frontal <Frontal <CF «OFC

Ll

(S5t 28 g 13 i st Sl ey IS (5 S3L ) CS Jisn plo ol ol (8 S e
dgubs slyr B%e Aldlin K Wy o ST 630l el iy 3,1y el cugii 4 5W ol 6 pSBL 9 ded o
Bl GaeolieS (3 3 g ol 5, olEl o S s ylee (6 050L &)l g (g0 lsel

g 1l £oi

ARV FACREIY: | R PR
AR IR SN IR
VEYTVIND 1wy g ,U

AR IR RAER el PR

o519 s’
ojge (S e lles
o o, Sl
ST oSl
Oledr xS0k

2 S Olae Sy ola 5 S 6 pS3l 3 sie cilies sblie S S eled (Vo) g Loy b gt Easme ¢ gl § 3 ¢ o3]j el 5 Uuw!

FY=0F V() « (oding (5> o5l 5 iy s (B Ilisg pSl dalllas) 310 2] (sl ST L plozgs ol
DOI: https://doi.org/10.22059/jsmdl.2024.379083.1789

B3y 4 CC BY-NC 4.05:l5 g8 uian¥ (bl 1) 398 (6,58 casllo 3> 9 conl (IR, (ool &85 0
jsmdl@ut.ac.ir : 4], |_https://jsmdl.ut.ac.ir b .cul o3,5 138l

Eosr

.Olﬂ('i oKisly C;I)Lilil :)JBU



mailto:n.sport60@gmail.com
mailto:z.fathirezaie@tabrizu.ac.ir
doi:%20https://doi.org/10.22059/jsmdl.2024.379083.1789
https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1
https://jsmdl.ut.ac.ir/
https://orcid.org/0009-0007-8293-5238
https://orcid.org/0000-0001-8921-1856
https://orcid.org/0000-0001-7334-9228
https://creativecommons.org/licenses/by-nc/4.0/

’f’f)ﬁé,ﬂ}‘: SJL‘J ;,o..bd.d‘.b 5)30;‘;.3))}‘55)}&);043} d.u'}) ry

PPR VP

039 (5> Slpe CluiST ) imgd 5 oy (gl duke (gloaine] Sl (S5 0lsen 50 6350k (gl o yed ailojl (SIS
@) (B O)len (63500 & Canl (yed Lol plusl (S 6500 ) piagh wre Slaal Sl (S 0lgen 5yl feud
Slis] 3 (ol SlalST (635 (o (682 (it slaaylas ullyy (VoYY (ylSen 5 98T (k) oy ogllae s>
Casd e lil (sl 2o g S50 S (slagSIl LS 4 WS oo (W 018 T2 5l )3 &S 3l 292y 4yl (S (slactloe
oaiSTyal 4y ] o o 4 S oy alad yob 4 Al e (B SL 4 SleMbl 5l il 5 BT s b
S Al mlo ) Aol S8 ul8 a8 o S Ty Sloe (ol plnl (SisSe o)) (vbg) 9 e ool I glasgece
sl 5l (o Sl (VY (hlSan 513l35) WS e eolaal el (183 53 SleMbT g (5K 5 (il S5
p5Y SleMbl (iS5 plosl o 5 Bam 350 )3 ;S8 4 ST 0sd oo il (lagy g ST SS90 4y 4 el oy (B
e (65350 39455 030> p3Y SleMbl CalSs (glyal 0956 g Ban 3y90 y0 xS1E 4 ST Lol el T oye 5350 (pl Dgd 02l
)l olyen 4 12l plin 1) (a0 0,8os g5 5l A L gley 63650k (VVY (l)Sen g 500 Jil3) 3980 45 s b
Gl (S oS 2yl dlizel Gloj (VNP ¢ an g (sozma) 33l g0 Bymie )l sl st o) i1, ST argi ]
ool 5 Lais 13> Il ok pule ¢ bgelyd slnsylon plo g ST 6300 o] (ylom 33 1 i Jlo el b ol S5y
ol gt (S22l 2929 (625 ol JSb 93 Pl a5 b j9ai nl 4 ymie cplpls Bl e BT 6550k Glmen (3l
53k sl gy o Jo 3 (olady 6550) T3 Baos 5 (ool (63503 5 (IS8T (6553L) Syl 5 il (Slgions
5 rigl) Gl 039 guoly 1S o e GlapuilSo 13 lacgles S o 150 1) pilete (Sihe Slaplun <laiy 5,51

[ Wei ) Kan

03 yiuS Hloms ((BUS soanld g e (ladslie Gl 4 bye ole daled 5 cunl (BUS W01E G p50L A0S

Dgdien 0dnal a2 (slad SIS lgis ot oS sl (3 5 Je sl S (S (6 pS0L 8IS ey Jlse S (S g Ml
5 ol ginpaeliy wlolus] G ol 13 15 )5 5 oazmy (B laauly plos o canl IS (2 Ml ol 2] slod S5
e o abls 5l slassaze 5 (YA (llSan 57 o) wmdce gl 395 1 1) Ban &y sy B laplone 9 )13, (L 8
g B JpS (Bld gphblas] gl e soply $3y40by (5SSl 38 (pSmmeal (Sl o g emen
8Ll gBlg ) a8 o S8 il 4 gm gla ST S g (6,:50L AT ploxil g (S35 00 93,5 00 g 3 1) (> o Jlab
Sl eg ) S aadls o BLd (g iy bllanil s yaalye o2 )SH (VR (S ) lelSil) S o (Slsdy wiedin gla)lid)
S5 4 las I 4y bye s slaaiylyd 1yyj s e ogeime (slyzl lns,S)S 3 cladis)d gj w9 )15, 5
Ol sl sSemn eyl olm3,5 518 5y sl 35 Y] 48 sl 0315 (s lellan titad it lgws g 35,15 (3 ibole

@l s, S)8 Ssl sypr a (Y10) 95V calarly cal o (YT (oo 7 ) adl il 05059, (slacllad e

! Buszard 4 Lin 7. Zelazo
2, Loonis 5. Engelhardt
3 executive function ¢, Chan


https://mbj.ssrc.ac.ir/article_2883.html?lang=en
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2017.01931/full
https://journals.tabrizu.ac.ir/article_16211_a7be62eb0a9d7730723f1af3e6488696.pdf
https://jsmdl.ut.ac.ir/article_58499.html?lang=en
https://www.cell.com/neuron/fulltext/S0896-6273(17)30901-7?sf123396929=1&code=cell-site
https://www.cell.com/neuron/fulltext/S0896-6273(17)30901-7?sf123396929=1&code=cell-site
https://www.sciencedirect.com/science/article/pii/S0885200618301194
https://www.sciencedirect.com/science/article/pii/S1053811918319839
https://journals.aom.org/doi/abs/10.5465/amp.2017.0215
https://www.sciencedirect.com/science/article/pii/S0273229715000295
https://www.sciencedirect.com/science/article/pii/S0273229715000295

rA g 0005 omelyl (Sl ) s sy Lo Ky Slaty 9 S ST 6,05l 50 ko cidisio Gholio 3Ky ,iSH uplles

310> )5k 9 0ls 5l o ey Gl el 2y alpl (SIS Ojlee &5 2Bl g CBby (S 65 3w
Soliste (mas (5iluSinlon lagSll oy 5,81 (6pS0b ST a5 LBl > 3 Bai )3 (V) ySan 5 iyl D950
2355 35 > (VoY) olSen 9ol oo rozen 5)ls Cusydb (4513, slacbesl blie ) e lacbal JLis 4,
b Slos slp (il (b5 (ga0yeS p28 L olyer (Sl Ll (gole pui8 Bl Jhe )3 p)S g 3 (2l 2] (Slad Sl 390
osly aios ) el 1550 3w bl glad S s bses o (ACCY Jolis (ol8 el 6w pid s lasye dyw ol
09,5 93 o LBl)d 5 wiSly alal e S 5 (S belke 39t 2 (9jee Cullad Alilie oy 4 VoY) oS
w29 b xSl Jolye p (BUS sbanld blie a8l dgme 3w (22l 3558 5 Pl slaloe )3 <9 9 G9ioe Culld
SleMbl (oo cad )b (S o Olae (550 o5 ol Sl Ll (339 (63930 b et (653l o 0 plosl Clados 4,
solidjl Aadls o oLad — ol Adls wiojls &S (S 650k ) Ml iy sl (Folite sladpal, I gl Sglie
3 3,81 s gl 4 Gl See Bl SUle )0 acuglas pl 5 A8 o oolitw] ol o g5 3505 (YU Zolaw b (6080L 5 b
5 G by O 2 eras (> (650 gk o 1y iyl £l BT g Sl egycnlil 9 e S o 650
OB 5 3 b gl o Bres bl g2y oo dusly OBl 3 2lal o S ) je Cilisee sla it (55,0 4 4295 b
G5 5 3910 slsn il Sllllan by g lidllan 51 i ol s3SI wlidewas 4 by cloasbl, 42538 5 o]
) oy ol 5> (B oy SleMb (g3 (651209005 (sl sbe, 0590 sl ool s 4y Jgyd gl Al b jlars 3131 a0
Cilises gblia oS la 28Ty pols imgh b IS ldllas 15 dgmge (slaedls 5 ok plog] Cliios & dogs b 418 e
ol I ol 0 B amd o L 1) 2y a2l soa,SHT L e 50 50 S Ol o ooty 5 KT 650k 50 s
Ulsg ooy 9 58T 09)5 93 (e g sl AL s laiy 9,51 (6 0k B 5 o 3l sk IS )3 (2lgel a4 35 03l

Sy b 0yl dgmg gls (g520 Zlsel j3 Dy o)l lad,S L

G093 wli gy

Co py3 09)5 5 IS8T gl aldlie cod gl 09)5) 09)5 95 L a5 391 geil e 5 (ool st ok b (s5des pob oS b
5 gl 35 @)l Ban b g (IKalesl s (Olary sl Allae

QWSS g

48 9 2y b ¥ 4l (b9 9 Obigel )] olte 5l (S0 Al VENY 58 ligel il 585 AY adllas 3,90 (glol (sanals
s g /Y 5ol o IV (gylel lg lusnl b g yob o l58le 5 51 o3kl b 35 diged dlusi g dlogspe (slanljdle 5 5l onliusl b
9 ()su \'))&MJ ‘_5).5.)‘4 09; 5.) » l.tbu.).)yo)] W) ul?b)‘ EWERVS L;:)LAJ)A-C C))}ao & 9 .))91){ )QJY' Sy ba)f 9.) » ‘~/~a lszﬂ

i sl g ks Gl puasl IS aeld) 51 KT (6,u53b 09,5 51 455 93 JS dl 3 £ g 31t b (cpmmnds (45 Vo) ey (6500

1, Salehinejad 3. Vazou
2. Anteroir Cingulate cortex 4 G*power


https://www.cell.com/neuron/fulltext/S0896-6273(17)30901-7?sf123396929=1&code=cell-site
https://journals.sagepub.com/doi/full/10.1177/23982128211007769
https://journals.sagepub.com/doi/full/10.1177/23982128211007769
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2020.556249/full
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2020.556249/full
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2020.556249/full

”"f)ﬁé} PG 5)L¢..:v «p.balj.b 5)j0¢‘;.3j)j‘;:fj>&)~joéj ul.«fv) r9

pl il yeored aas olSiwd glag)low il dacuwd » ogasy S ] D5 (sloy 9 Slowe oM iy 85 A @
oo Slhlasl sl ‘(Ql)'?p'lu;ula oMo 08595 Dl 4y) (olio HAd xS cpandgl 9 yles SYMS] ( Jlawgyaud ¢yl
3 ygas 4 8 g (3,8 b5 4 W) @y Gy by sy b ol pas pisopl)] slag,ls 5l edlatul pae (5,8 3,155 alo)
S5 50 zoy3 sl lgic 4 5390l Lawgy )8 dels] @ a8Me pae g s b B 5l edlatul § 3959 (slaylne loic 4 Limgi

A5 b S

A

@yl

liome Cond Hloa 4 1y @by asg ale (pl 5 Slodds L w51 (651 dloo b o pld &S cunl ois (sl Jye0 4 &)ls disw
Cpo ¥ 3 ose bl 03)s3 pgd Ao 93y 3 81 "398 o oy ¥ pd dde 1Bl 03)53 Jgl dlie 93 o by ST sl 03,8 S
laalee ool 51 51 5 2n S & B+ 05 08 3 550 5 5T oo i 51 5 Y0l Al g i e 51 575 sl
el anlgss (jliel Asb odd Lastie buse 5|zl Cby doslis 39 o 48,5 Jas 15 Ll 4 sl )] (g9, &S (o30e il
(Y‘ VO ‘ul)Ko.m 9 d.)l).a)

PSS 5ol

bins jaskid g j2e s ySlas g o2l (B)SH oLl ejex ) pime glaliél o jl (S «JSE (BLS L)l 58l
3 lasgazmoy a5t alab (o ISGLE yoil 5 gyl ST goil 3l 2y alpl 2,5 lomis 1 bl e (LS SYMB]
(Yo¥Y o)y Kan g 315 5dlo) L osliw] ciun IS clayg0;]

LG Vo guST 31 5 Ilail g 551 ol

oK (ol i ool paw o 98T (1) gllaily yiS ol 1 jre A5 Yo sblie 13 (gi30 zlgel (6350 Mo yd byl jelaio &
Luwgs byl daodly (6yglaes g cud 5l uy ) Jld 39S Yo elyls a8 conl ) cilo diadgn jold o) eS80 Jgaxe

J3dley 3 ICA fomen puonas slapt oSl bwg aeSis)l g 4,5 )5 o g 455 3,90 EEGlab §'Y+ VA Clio 38l 5
(VWY o J 5 Sib) wus is EEGlab

Iy YOS L)
1. Double Ring 5. Single Ring 9, Active EEG
2, Triple Ring 6. CAGLAB 10. http://www.lliivv.com/fa/product-
3, Bull 7, Stroop Test fa/electroencephalograph
4. Dublle bull 8, Spatial Clueing 11 Matlab 2018


https://msb.journals.umz.ac.ir/article_991.html?lang=en
https://journals.sagepub.com/doi/full/10.1177/23982128211007769
https://ieeexplore.ieee.org/abstract/document/6252753

F- g 0005 omelyl (Sl ) s sy Lo Ky Slaty 9 S ST 6,05l 50 ko cidisio Gholio 3Ky ,iSH uplles

A5 03l syt GENSES 1 sl (e Al 53 Bime byt Lol g (385 5k 4 (imgly Jole IS 30 £9,0 5| S8
IR.TABRIZU.REC.1403.033 o,k 4 501 35 (clls yils imgl .2 )5 )5 o ingasl Lisl ;5 alalsT eyl pyb s

bl o

ool B G9oil 5 2lid (S )JISALE goil 93 3100 a2l 2,58 L oSl sl (gl 45 291 g0 nl 4 gl sl Bond
5 bl ges lgie ar (YoV+ o)l g (o) 53y Cawds g0l 93l )3 ZVD (VL 0 p05 a8 (631,31 51 4a5 Vo yuapr o o3liies]
oy Qb lSS yg0il st lgie 4 a dgejl b (GAmands (Bobal ygots (loy (6350 9 IS (500 09,5 93 5
BS Hads Sl ol5od b (300 glgel lojod o (VoYV 1Sy 5 (Sgudlsl) 0315 plonil s ) 550 o 9 iy Alols 3 5 V0 L
g xSl plos s Juato Voo Vo a3l 033l €8 1 (g0 glgol o oguasio oMS I 3390 5] yus ds i3 (s 3,5
&5 9 < Agole szl lawgie g2 0 Sy 4 Cond BEG JUiSius .0 00l )3 o jbsS cudy 9 oM (59 (i 3) 9 31,5 ¢ JUeb
B ¥ o 5 gloal o5y ¥ o W5 glgal Lol oo 390 (550 zlgel Y-V olylSan o Sol5) 05 sl 35,0 Y0+ (g lo ptigas
Sdo 4y |y 295 (B350l 893 09,5 93 5 (Vo) e (olSan o brs) 390 5,2 WY (VL e lgel g 50 VY B A e Wl lgal ey A
by Sy b s jlaz 5 2 ol 4 35 Gy 5 VY dadle a0 Sogesl 008 g aE S oy ym g Jlste ) &
232> 3 5 6l 9ol 5l am JUaml (ygasl el 53 g b plosl by VO b g )booly cigesl e g, b plodl lacs (e ol
b sl myed Sy (Y VDol 5 (5 ya) el Lo o ol VD b s izgosl cym 3053l g ol sloxl it b g o),SLiles
5k bl b Jolds oS s 5 3 orlitus Sygo 4 gy 0 3 1) Olee il G oy oS 292 Sype cl 4 ST
25 Jlsie o) @ 56 Ol Sk paed SSSgn 31 Gajel bl b 351 g Cusd ES e Sz 08 ol b 8 )S
Calg gyl 51 g ol )y by o 0958 0,10 (Prpdgi 9 Cblls ordtins 390l gt lillogly (gl (20 g 292 48 £+ )

351 ks 1y sletal o B 2l il )l Gy o005 Ll 0 45 yg0 2 4

bl g

o)y JeloS gy g /0 (yloline o ;3 Voo JuuST o VS a5 il g ol i I3 p 5 by s (g lel o
2 S e ol by o Wl s s (gae @oe slar Sl (U1 5 600 cypoilt) dlpo a3 (plaiy 5 JI]) 09,5 93 S 0
DLPFC 4ilaie .05 plul All Frontal «<Frontal <CF«OFC*DLPFC® Joli (gm0 ddlato gus ;3 (cdgg,Sin) Koo yoluol
gble pSle Jols CF aihie (FPLFP2) bl le Joli OFC ailaio (F3,F4) bl Sle ol
(F3, F4,C3, C4, JoLsAll Frontal aik:e ¢ (FP1,FP2,Fz) sble (1Sbe Jols Frontal ailaie (FC3,FC4,FCz,Fz,Cz)
(VI o J s SOb) cwslF7, F8, Fz, Cz, FC1, FC2, FC5, FC6)

L. Iwatsuki & Regis 3, Subha 5. Orbitofrontal Cortex
2, Fang 4, Dorsal Lateral Prefrontal Cortex 6, Central Frontal


https://japr.ut.ac.ir/article_74271.html?lang=en
https://journals.sagepub.com/doi/full/10.1177/0031512520981237
https://www.sciencedirect.com/science/article/pii/S1728869X22000296
https://link.springer.com/article/10.1007/S10916-008-9231-Z
https://mbj.ssrc.ac.ir/article_544.html?lang=en
https://ieeexplore.ieee.org/abstract/document/6252753

,f’f)ﬁé PG 5)L¢..:v «p.balj.b 5)j0¢‘;.3j)}‘;:fj>&)~joéj ul.«fv) F)

S sbadl

09,5 93 JUl g (6)10b cy90il i 53 slme Clysul g Sl Jolds idgss (sl piio Loy o] ) bgsye ledMbl Y Jodo j
ol o 48l 15 s o &)l 240 ,5 All Frontal Frontal CF OFC DLPFC jie adlaio gy p> 5l 9,500 s p30b

b zge Wi zge U zge Ws g9
Jtz! Sl oeeilobe JEEI gyl geejlobe JER el osejinie  JESI el gl 1Y 0955
Mzsd Mzsd Mzsd Mzsd Mzsd Mzsd Mzsd Mzsd Mzsd Mzsd Mzsd Mzsd
VAPV O/YEFF/. . A/VESVIFE FRUYS O PEESAY FIYEVV/AY  NEYVA O vRRY/eY  NedaYA ARYIAA VY vvvewwea DLPF
QUAY vis 5 VA \ w VA yaa/a A c
BEVAS NN NFESVYY O FEVIYS AYEVYY FARYYOY YRY/AY  AWYEVAY  NARVR/Y. YR\ Vee:A% ooatan/.y OFC
M- W /o WA /o \VEI¥ Y. TV/A- Y5 5
ORYYD  INEYIVO  ANCEEY/AA AVEYY  JARAV/SY  AVEYS/LY ARYNA VSEAOR NORRY/VY AFHYY SVEle. FNTESE/Y CF =
/o YA Y Y5 YY /A Y/ YY Y£/ov Vo5/A q 3\
AESIAS NVEVYAY  NVYVEAASD  FEY/SS \YEY/SS SVEVL/EY YRY/EY O NZEOAY  NYEWASS YoRYA \-ok/a)  SoAsvas.  Front
\Y/A \$ ¥/Y VE/Y ol YY/\ YY Yo/vY VFY/$- v al
YOR/YD  IYOREJAY  F/VERAS/VA AYEYY  ASEYYA NeRAV/LY AFERYS AGEANR YEAS/Y.  OFHF O FAYHSY  \VEEYY/AA All
) A ¥ \SIS¥ /- YA Yo WY/E A /A FAVAA Yf Fraolnt
SEYISO  OIYEYYIVY  VIVEYO/NE YES/Ye  YRAVE.  Y/YEAS/FA YEQ/F.  [FRAV/EY  SIYEVVOA  YSENY  avEuYy  vvkvwsy DLPF
vIY Y ¥ YA v Yo oviY c

FHE/SY  ASEVNY slsEod/s VEUA. JRENA0 YWIVENNR YEAYY VeERV/EY O/YESYAY  YYRSY Yadv/ed  Y/WZEMNY OFC

No vy ) f/% W WY -/ ¥
QEVFE  VSEL/OY  AYSEWYY  YEPAY  /FRAY/SY  AFEYAYY  aRAV.  ERYURR VVEYRDY  VVESA  YYEFY  YNSEYANY CF -
W5 Y NA 1) WY \a 5 /Y- Uy ¥ }3
FEVYY  VEERWARE  AVEWWSR  YEVA  [SEASYY  OFEARAF  YEYRE  WZEADY  AFRASIYE YYEYY  a-rf/va  YAYRY/Ss  Front
Ve Iy y slo v v/ W/ YY/AY YAIY y al
VN DARAYYY  YASEAY/-d  ATANVD  Y-Rd/NY  MESVVY  A-Hve  acEsly NFRARY  0SEAA SYAEVAR \SSEEA/ay All
£Y/.¥ A ¥ vy £/ Yo ) A/ £ Y/ \a¥/s Y. Fraolnt

psd LIS 5w oLt ) sae sy o W A5 s lsel Sl g2 35 ol slaa 0L 331 (295 0190 Jele) la 9
Dedise Jols Iy s sl o Wl by s zlgal Slyss o (29,5 o Jole) Glacs 9 Sl 09,5 53 gl oo o

(S50 S0 (09 5 (9358 ©gli) gl s

Wogzge

5o @2 Ol 9 8l (8k 09,8 5 (Jal g ()l coigailing) 653k Uolye glis bl (298 (19,0 Sl ooy sl
wseil ) ooy kol lools Gl g0 cnl |y (929031 (190 (sl el SIYXOXY (S po uily)ly ilod gl b gy 550
‘(F(\9\;):\ '/AY cpz'/' 'a) (ULQ(J LS).SJlJ 09; 9 )Kw] ‘_5).5.)‘4 09;) Lma5)§ LSLD| )_,| ‘(F(Yj\l&):\ 0/&\ ‘p:¢/~ - \) (JL@U‘ 9 d)‘bbl:’.
oles 9095 o el S (Fie =V ¥/¥Y p=-/-+1) (All Frontal <Frontal «<CF «OFC «DLPFC) 50 4l &y Lol il

‘p='/~\”) 05; 9 ).xa L?ly ‘_}q L;L:L:J )J‘ ‘(F(A;\):YJ/;\ 6p:'/"~) ULQ} 9 }xﬂ L}_‘>|9J g;“cl"’ )Jl ‘(F(Yg\b):;/\:; 5p :'/"R)



Fr g 0005 omelyl (Sl ) s sy Lo Ky Slaty 9 S ST 6,05l 50 ko cidisio Gholio 3Ky ,iSH uplles

A5 a3y bl 93 4 g3 3l sy sl )0 (g,80L o lse)

s g0 55 jho ciliss (g Jiml g 5,00k c90]] o )3 Waog,S (sgoar9 duglio Y Jgaa

ok g3k Sl 553

Colblae  dyluliwl glad  Sle gl (g lliae  3ylwiliwl glad Sl wolis () ploy (i) ol R0 dsli
AR Yo/ v/ sl Y¥/o- 7ZAN &b el i
-ISA AR AN EA VV/AY AAYANY JES 05l i PLeFe
I8 ya/vs YYIV wefo o) YY/vs VA« /AD J&s! Sl
AR Y¥/A- YHIAS -5 YV/VY BO/VY &L el i orc
.15y WhY AIYY e WA Yo/ A JWS 05l Ly
AL \RV/E YAIEY wefoo¥ Y¥[-5 A+IA- Jes! L
-IN¥ WA /-0 sl W/ 0F/¥D &L el i o
-IYA WY VAN -[+a WIAY vY/-y JWSI a0l iy
-IAY WIA f/vY e/ ) Va/as va/oy Jus! &l
AN VY/YY \RAA1 welo ) WA V¥/A0 &L el i ot
-V VA0 SIN- A\ YA AR JWSI g0 iy
e YO/ YY/st wee/o oY YAIY- VY/e$ Ja! LN
/50 valy- YE/YY 00 AYISY YY/sY Gl gejl iy All Frontal
-y FADY VIS e/ OF/vD o/va JES 03 Ly
-Iv¥ /55 Yv/so e/ ) VY BAAAY Ja! LN

P<0/05

partia?=-/52 ys05l olsi=+/28) DLPFC 4l ;5 K51 (2,554 09,5 15 &5 ol sl ol 51 ol oll (ppod 59
Olg=+120) CF anl (Frno=0/0+ P=+/-\ partialn®=+/FY (g0l olg=+/VF) OFC anl )5 (Fy o= VS/VY p=+/- )
(Fiepo?IVY =+/+ A partialn?=+/¥V (yg05] olgi=+/A¥) Frontal asb (Fp,,=3/AY P=+/--Y partialn®=-/aV g0l
S yolie olul p ad sdalie (g)blize glis (Fy o= )8/08 P=+/++\ partian®=-/5A (05l olg=+/43) All Frontal asb
a4l 3 7BV 5 CF anl 3 @lywis 51 /0 cOFC a3 Z¥Y DLPFC anb j3 clywis 1 788 Y] 45 S g oo o5l

291 T 8L ey 5l eslil 43l cow All Frontal asb <l s j Z8A < Frontal

( (¥s Vo)~ /a\ 5p /;' ‘pal’tlah‘l / 5 cu}a)] ‘94— /\\) DLPFC 4.\.‘>lJ o ol O ULQ(J ‘_5).45.)‘) 09)5 2 L;L:L:J )J‘ CJLJ
P=+/\Y partialn®=+/YY (9051 o=+ /YA) CF b Fy,\a=+/00 p=+/0A partialn’=-/-% .95l o)g=+/VY) OFC asl

9ol Olg=+1+8) All Frontal asb (Fy\a=V/Ye p=+/Y+ partialn’=-/\F 5051 les=+/VY) Frontal asb (Fy,s=Y/¥0

(WN T9 S9) d)ub ULQ(u d)as.)b cas ‘y@ 5319 PR sdalino d)bluw uslﬁ) ( (o)~ /A P=- <A ‘pal’tlaln =+/+)

KN



IPeF il pgus 8)lad spodin 8,50 o cidjyg5 35,2 550k 5 42,

Fr

Spectrum - 1-4Hz

L z9e ooy 5ok 05,5 (G 4 ol 3l iy &) Jl g (o)ool erygoil st 55 jio g5 ) JSS

> zge IS8T (350L 095 (e & camly 1 ey o) JUaml g (6)03b ygoiliag 53 S0 (2l Y SIS

Spectrum = 1=-4Hz

Spectrum - 1-4Hz

Spectrum - 1-4Hz

50.5

489

47.2

45.5

438

47.6

46.3

45.1

43.8

42.6

Spectrum - 1-4Hz

Spectrum - 1-4Hz

48.8

452

43.9

Gz

wgeiliin) oles ol ol L ygo cpl a1y 55905l 9,0 sla Jele 1 YXOXY S po uibylg Juloo 5l oel Cundasy golis
‘(F(\9\;):\c/‘»4; ‘p=~/~()) (uLQ(J d)j.)b 09; 9 )K«j 6)5.)1.’ 09;) Lbbs)f GLol )J‘ ‘(F(Y5\£))=\'/AY cpz'/' + \) (JLQ.\J‘ 9 LS)‘DDL.’.
oles 9095w el Sl (Fe e =YV/EY p=+/-+V) (All Frontal <Frontal <CF «OFC «DLPFC) 550 4l &y Lol il
‘p:'/v\;) ba)f 9 )m u.‘>‘94 L)“J uJ.nl:u )Jl c(F(qu)ZY’/A\ ‘p:'/.\.u) ULQ) 9 ):uo L;"‘}’ g;’.ml.w )Jl ‘(F(\—9\b)=\”/a\’ cp Z'/'a)

15 e ) o chlisco (g5 Jlil g )00l cygeil St 50 Wog)S (59490 dunlie V' Jgi
ok 530 Sl 553
Sololize  dylwiliwl glad  pSibe iglds (g llime  dylwilul s Sl iglis () gloy (1) plo; e 4l
-5 VIVE VIEs -150 Yoy VY] B3l oeejl L
-I5Y v/oa VY wefo o) /A WY Lf))u.;i ::i ﬁ pLere
AN A0 v/oA weofe ) vIvs /oy Jus! Sl
-Iv¥ YIvE AR A A7AR ¥/-0 3 YV S - orc
-1A0 ALY - sel oo fIvo Vo lo¥ JWSI g3l i
A\ ¥IV- a/va sl A Y /¥R Ja! &l
- INA /YA A% se/-¥ £IVA W/E SL 03l L o
-I¥¥ ¥/0) Y/os sl oY o/-¥ A/BY JWSI g3l i
-l Y/a0 vIvs #ofee) /£Y YNt Jus! Y
-IyY /Y ¥/vE Iy \as \llzd SML gesl Liw ol
-Iva oIy VYD Y /AN YV/a0 JESH gejl by




Fr g 0005 omelyl (Sl ) s sy Lo Ky Slaty 9 S ST 6,05l 50 ko cidisio Gholio 3Ky ,iSH uplles

AR \AN /5. wefeeyY \& WIVA Jus! &SI
.14 VEIva YA/OY sefe e VAT BAUYA 1L oyeeil i All
2 b 0¥y o Frontal
AR Wy Vo[58 sl oY WA FA/¥O JWSI g5l i
WEN YV/A- YA/DA el YE/vY Y- YIVY Jst 3N
P<0/05

partialn®=-+/52 «y90;l lg=+/22) DLPFC axb )5 851 (6,550 09,5 ;0 a8 ol olis Lol 51 ol Lolwl et

0323 0l55=Y) CF anls Fie o= /5T P=-+/+\ partialn’=+/¥5 (yg051 olg=+/AY) OFC a5l ;> (Fiy\a=VF/VY p=+/« )
4l (Firo=AND p=+/+ ¥ partialn?=-/0Y (ys05] olgi=+/2V) Frontal asb oF =Y V/AY P=-/--\ partialn?=-/v¥
o5l I jolde yolsl yy Al odmlie (gybolize iglds (Fi,vo=8/FY p=+/++Y partialn®=-/0% (;se5l lg=+/20) All Frontal
Frontal asb ,570Y o CF asb 5 clywss 1 ZVF cOFC asb 3 788 DLPFC a3 &l 51 788 Ylaisl 45 ¢S g o

290 85T 6,53k b, 5l esliwl H3b cou Al Frontal asb @l s 51 708 ¢

( (¥y \A /Vf’ 5p /\cA ‘pal’tlah] / a ‘U?‘a)‘ ‘94— /\a) DLPFC Mb o ol O ul-eﬁ Lg),SJb 09)5 » GLQL:J )J‘ CJLJ
P=-/VY partialn®=-+/+¥ (50| 19,_ +[+2) CF asb Fiy o= VY P=-/TY ‘partlaln =+ /VF (yg05] olgi=+ /\'Y)OFC asl

NEIRY

Spectrum - 4-BHz G Spum - 4-BHz e Spectrum - 4-8Hz P
39.6 41.5 418
38.4 40.4 40.3
32 39.2 389
36 38.1 ars

15 290 0leks 6352L 0958 (G 0 a3l s ) JUil g 6yl ygoil st 3 3a0 (g ¥ JSW

Spactrum aH!.H: s Spemrur‘jl - 4-8Hz o Spectrum - 4-8Hz e
3849 435 41.2
ar2 42 399
3586 40.86 38.7
3 ; 3.1 - 37.4

U5 zgo 08T (305 095 (o 4 ol 5l a5 &) JUil g (oyl0k cygnlipin 3 s20 (Sl F JSW



,f’f)ﬁé PG 5)L¢..3 «p.balj.b 5Jj0¢‘f3j)}‘;i'fj>J)~joéj ‘.l.«fv) Fd

Wizge

wseilit) olog ol lab Gl ©pse cal 4 1y Bage3l (193 slaale 51YXOXY (S po uilyly o Sl ool sty gl
SVFppsm VA P=15Y) (Slacs 63653b 05,5 5 55T (6550L 05,5) Waog,S Lol 31 (Fra=+ /8 p=+100) (JUis! 5 slool,
=+[+0) yloj 9 09)5 o (olsd 51 (Fie,ve=) Y70 p=+/-+V) (All Frontal <Frontal <CF <OFC <DLPFC) jis ab iy Lol
5 (Fiear B VY P=2IY8) 05,5 5 5o (alys oom holss 31 (FuamAOF D=1+ (o 5 530 (ol ol 31 o(Fie, o2 t/08 D
50955 coloj Jolss 1 (6 loline g5 b asbl 3 (Fua=FIVA P=2/1) o (5155 5 05,5 oloj im Jole aw Jolos 1 51

A a3l ol SISl s 4 e s

Wl g ) sie iliseo (2l Jl g o0k igeil oty 1 oy )T g9oa9d auglio ¥ Joi

ol g5k S8l g8l

Goblxe 3 ulin] glad  pSle glis g lime  dluliw] slad  Sile olis () b (i) olo; 320 4l
<120 <[AA -[o¥ AV VA Vot &L yeeil i
NG AR A A\ VIYA VAo JWSI 03 Ll PLPFC
<12y Vo -1\ #+/+0 VIFA Y/fa Jus! &l
-I£Y Y/VO e s /¥ Y/-A SIVA SL yeeil i
-I¥Y VY -INY -15Y Vs < [oA JWSI 05 b oF¢
QI AW AAA sl oA AR \/ALd Js! L
-I¥A YIAS v/0b sl oo AR WS &L yeeil i
-I5¥ v/-4 AR s/ \lAns FIVY JES el i F
AN \AR Y00 wefe o) Y/oA Va/a- Jes! LR
-los Yy Vas s/ YIvY \Ual &L el i
AN VIAY -IY- -Ivs v/-y \7ANG JWS a0l Ly Frontal
< /YA \Ate VO wefee¥ YIve a/aa Jes! LR
-Iof ¥/o- YIVA 0¥ o/-¥ WIEY Sl ol e AL
s/ oY #las I - /00 YIVA FIvY JES ye0sl i
R vi5- Va/sv oI5 No- W/-0 J ! &1L

P<0/05

partialn®=+/v\ «y90jl olgi=+/¥0) DLPFC anb )5 81 (60530 09,5 5 a8 ol olis Jols 1 ol Lolwl et

s odaliie Jblise glis (Fiy, o =Y/YY P=+/-5 partialn?=-/¥\ Oy905) o=+ /0¥) All Frontal a4 (F (oY e ) P=+/\F
P=+/++\ partialn®=+ /Y2 (ys051 ;lg5=V) CF asl (Fy 1=/ Pp=+/+) partialn®=-/¥d 50l -)lgi=+/AY) OFC a5
oobel 208 oanlie (g yoline olds (Fx o= V/AA P=+/+ -0 partialn®=+/d) «yg0jl olgs=+/2+) Frontal asb o v,s=Y4/ V-
70V §CF anb j3 @lyeis j1 /¥R cOFC a3 7F0 DLPFC anb )5 s 5 7YY Yiais] a5 ¢S lgi o o)l 1 430l

(Frepoe/) P=+/2A partialn®=«/+ Y (yg051 lgi=+/0) DLPFC anb 15513 lis o)laty (636530 09,5 5> Jobss il gl
P=-/¥F partialn®=+/\Y 9051 olei=+/YV) CF anl (F (roof /Y P=+/V¥ partialn?=+/+¥ y5051 o)lgi=+/+2) OFC asl



72 g 0005 omelyl (Sl ) s sy Lo Ky Slaty 9 S ST 6,05l 50 ko cidisio Gholio 3Ky ,iSH uplles

il
Spectrum - 8-12Hz
Spectrum - B-12Hz ’ 407 Spectrum - 8-12Hz
38.8 41.4
76 395 40
365 38.4 386
35.3 3r3 373
341 36.1 359
Wl zge oylats (63530 09,5 (w4 ol 5 cudi ) J) g ()00l 90l i )3 o Sy O JSWS
Spectrum - 8-12Hz Spectrum - B-12Hz Spectrum - B-12Hz
- TE 423 \ 40.4
36.1 40.9 39.1
346 384 3r9
331 379 36.7
3.7 36.5 354
Wl 9o IS8T (6 50k 095 (e &l 3l g ) JUal g ()0l ey90il ey 1o 320 Ay F S
Y42

wseilit) olog ol lab Gl ©ose cal 4 1y Bage3l (193 slaale 31YXOXY (S po uilyly o Sl ool sty gl
S PV ¥ = I7Y) (Glais 55 09,5 5 ST (65530 09,5) laog S ol 51 (Fip = VIAY p=-/+4) (sl g o550t
=+1+Y) oloj 909)5 o (ol Sl (Fie, =YYV p=+/- V) (All Frontal <Frontal <CF <OFC «DLPFC) jis a4l iy Lol
9 (Frar2 15+ P=+157) 09,5 9 330 (g o (dolss J1FuaZ? VY D=1+ +5) (loj g 530 (g (ol 31 (Frpna¥/Y- P
50955 ooy Jolss 31 (g)boline 4y dogs b dalsl )3 (Fpga=0/ 5 P=2/1) jro (25 5 09,8 loj (im Jale aw Jolss 31 3T

WS VR PN ICH T WISV FSSNI T

by o o jho ciliseo >l Dl g 5)03b (oygel s )3 aog)S (59390 dunlio D Jgui>

ol 553 R PPN
Golblize  3,llil glhd Wil Coldd  (g)lliae  dyliliwl s Wbo wolid () ol (i) oo R0 sl
ALY V/AA Y/ ofev A7A0 ¥/IvY d)""’l?. 09‘,)‘ U"ﬁ‘
- p DLPFC
Ja¥ YV Iy 7y vlor ¥ JESI ee)l L

-I55 AR VA- < IxY ¥IA YIvY Jws! Y




,f’f)ﬁé Py 5Ju ‘rg..bd.d:b 5)}0“;.31;))‘55))6);043} d.u':'J ry

-I¥Y Y/Fa v/oa -INA Y/ b/YA Sl el i
<lb- y/54 V/AD AN ¥ <Y JESH a0 i oFe
-Ivy v/o¥ -Iv¥ -5 V/A¥ b/sA Jus! 3N
-/30 ¥/5- -IvY ERVRRE b/VF o/ SaIL gl L
- IVA YIVA A% -1 \7A\s b/vy JESH a0l i cF
s Y/f- V-5 seefo0) YA Ye/vY Jus! &k
-I7¥ AN V/aa -Iys \iial /Y SL oael iy
Nial Y/AN VA -IA- AT -Iva JWS a0l Ly Frontal
-V Y/VE N AT (AR Y/an Jus! &k
Iy Ve/AD VEIT A" WY YY/¥F GIL 9eil Liw Frﬁr']'tal
-IYY v/00 AI¥a s/ AIfo \YISD JES yeesl L
-loy A/ B/A- el 0 V-IYA /-4 Jus! Y
P<0/05

partialn®=-/Y+ <9051 lgi=+/Y¥) DLPFC anb ;5 )51 (c,80b 09,5 15 a8 oy olis ol il ol wlol Cpsen p

olg=+1v+) Frontal asb oF = VAA p=+/\A partialn®=+/¥+ (05l olgi=+ /YY) OFC anl )5 (Fiyna=V/AF p=+/\Y
partialn?®=«/FA (905l olg=+/A) CF anl wis osalie jblixe cglis (Fy\a=)/ Y P=+/¥F partialn®=/\Y g0l
odnlio (5)loline glds (Fiy o= AFY P=+/+ ¥ partialn?=+/8Y <4051 lg5=+/2Y) All Frontal axb (FrpamVEIYY Pp=2/+2)
156 cos Al Frontal asl @y I 70V 5 CF asl ) @lywss 1 784 Yioisl o8 ¢S oo o)l il palie Lolul 5 .03

Doy il 6,55 3, 5l eslizul

(Fixpo+ /55 p=-/0Y partialn?=-/. 2N ciy905] gi=+/VF) DLPFC asb ;5 sls o)l oyleis 60300 05,3 53 ol 5l guls

P=-/2) partialn®=+/+\ 5051 o)gi=+/+5) CF asb (Frpo=+/YA P=-/vd partialn?=-+/+¥ 9051 olgi=+/-A) OFC 4l
9051 Olg=+/\Y) All Frontal ab F o=V P=+/A partialn=+/+\ 9051 olgs=+/-5) Frontal asb (F (roa=2/+
b zoe g9y o8b Olety ol Ci g @ly > i odmlin (gyblise Colis (Fippa=+/AY P=+/¥Y partialn>=-/\-

sl

Spectrum - 12:30Hz Spochum - A2 500 o Speﬂru -12:30Hz
. 339 35.3

27 33.7

316 322

30.4 0.7

b 290 iz 65k 0955 (w2 4 Sl Jl sy ) JUil 5 o )ooks cgofltin 9 3o (25 O S



FA g 0005 omelyl (Sl ) s sy Lo Ky Slaty 9 S ST 6,05l 50 ko cidisio Gholio 3Ky ,iSH uplles

Spectrum - 12-30Hz S
Spectrum - 12-30Hz S 109 4 g ’
M6
3.8 35.8 =8
301 M 32
284 ) 322 307

by ggo 8T 650k 09,5 (o & oy jl i ) JEl 5 gyl (ygmil i 3 jho (g & JSUS
(P95 om ©9l&) pgd sy
olel oy 5l oolil b (g0 4l @y o JUisl g gyl Jolpe 3 ety o KT 09,5 (695 4 93 Sl gy 41 pgd S

& kg W dds (g3 zg0 sl sl (Ul g )00k alspo) ¥ X (laiy 9 IS8T (6553k 09)8) ¥ 850 (puiby)ly Julos
A5 asly, All Frontal «<Frontal <CF«OFCDLPFC’ Jols (¢ 550 adlaie

Wogee
W> g9 JUil 5 )00l Jolpe 1o (laiy 9 5581 09,8 (sgoagd cglis & Jgo
e bl s (ke ©glis () 09,5 (i) 29,8 Jol 0 o 4l
A YA VEY/YS ol 85 &,IL
-IvY AUy -V /NS ol P Jsst PLPFC
RN YYY FVIAD ol ST &y
A\ WY - /vy ol S Jus! oFe
PR YY/¥D oslss ol JCHq Y
w0 AR YV ol 5 s cF
RN YVISY ey ol P &k
-IA¥ \w/or —V/EA ol SIS Js! Frontal
sefe ) WA/20 DYYIYY ol St Sk All Frontal
AR Y&V AR ol S Jes!
P<0/05

uLQ(J 9 )K«j 09; 9.) O d)‘.).)l..{ 41>)A ).) (PZ'/"\) A" Frontal 9 (PZ'/'Y) CF 4.\.‘>l4 4(P='/‘\) DLPFC Mb l’.'b Ty ).)

A3l ey 09,5 4 Cand (s e HIKST (6 S5b 09,5 09,5 93 Sle 05l 4 dxgi b g 313 3gmg yoline glis

!, Dorsal Lateral Prefrontal Cortex 2, Orbitofrontal Cortex 3. Central Frontal



,f’f)ﬁé Py SJL‘J ;,g..bd.d‘.b 5)}0;‘;.3))}‘55))‘;);043} ‘J.JJ f"

Ges
1 g9 JUnl g o )lool oo )3 ooy 9,581 09,5 (sgop0 glis ¥ Jg
e 35! (gl OeSle Cgliy () 09,8 (i) 25,5 Jolye o 4l
E YV vivY ol ] &b
weloY VY -v/oa ol S Jus! DLPFC
-Iv¥ A 157 ol S &y
-154 V¥V — /oA ol ] Jus! oF¢
sef oY o/¥Y Va/vF ol S &y
sl 2 A ol It J st cF
VAL /0¥ AUy ol S &k
¥ VIAY \RY ol SIS Juis! Frontal
o/+A Y- IAY o5IV¥ ol S &5k All Frontal
PR o/A% AT ol S Jus!

P<0/05

o5lil &y dngi b g 3yl dgng Jholine Cigls 09,5 93y (P=+/+Y) Jlaml g (P=+/+V) (gylool al>yo ;5 DLPFC asl 5 zg0 5o
S8l 09,5 oy (P=2/++0) Jsl g (P=+/++¥) o Il dlspo ;> CF anb 13 .l anils gy polio 51 (6u50b (pSiko
23lie leis (6,50L (JWS! alspo 13 9 ST (6 1uS0b gyl Als yo 13 ¢ pSilo 0jl0] A d g3 b g 3,05 dg3g jloline glds lei
o)l 4 dngi b g )l 34y jholine iglds ey g 41850 09,5y (P=+/+¥) Js! dl> o > All Frontal asb ,> .cuily (¢ i

ool 421> gyt polie lais 6L SSbie

Wiz
Wl se JUil g oyl Jolye 0 oloy 9 )5l 09,3 sa90 glis A Jou
& olixe amw 3 lsitine! (glas oSibe iglls  (j) 09,5 (i) 09,5 Jolpe JEVPWE

is VYD YI50 ol ST Kok
<150 Viay —/v- ol P Jst PLPFC
Y £Ive 7R ol ST Kok
AN /oy =Y ol S Js! OFC

el o YIA \RA\; ol P 3R

wefoo VI¥E -0/ ol S Jus! F
-y \tia} slay ol S &b
<Iv¥ VIvE -\ ol S Jus! Frontal
-IYY /Ay -#1\A ol 5 &1L All Frontal
AL AIYA -AIVR ol P Jus!

P<0/05

LY 4\>9J l.: 9 .))l.) .)9}9 )‘.)Lbu: U3L(L> uLQ(J 9 )Kw] oa)f O (PZ'/"Y) JLQ.J‘ 9 (PZ'/' 'Yl) d)‘bblﬂ A.l>).o 2 CF 4.4}1) l.c.ﬂ z9 P

bl (s iy polis oy (65653l o JS) el yo 13 5 1T (0L s ool sy 3 (3sSiles o3h



- g 0005 omelyl (Sl ) s sy Lo Ky Slaty 9 S ST 6,05l 50 ko cidisio Gholio 3Ky ,iSH uplles

LEge
L @se Jl g ool Jole 0 olay 9 2l 09,5 spda90 gl A Jga
& olixe lamw 5 latine (glas oSibe wglis () og,S (i) 29,5 Jalye 3ho 4l

-[ay \IFY -y olds S &l
-154 £10Y v/od ol ] Jus! PLPFC
AL /-4 /AN ol S &y
-[a5 Yo —N\¥ ol Jloe Jus! oFc

sef oY FIvs (AN ol S &y
.14 YIvo ~£IV) ol S Jus! cF
-Iv¥ \ALS o/ olds S &l _—
<I¥Y \AYs \AE ol S Jus!
ofsA Vo/¥a Va/av oldy JiCo] &l All Frontal
AN \RAte -Voivy ol ] Jus!

P<0/05

2 e pSOle o316l 4 g Lo 3l g3 g jbolime cgles less 4 )&ﬂ 09,5 o (P=+/++¥) (gylool als po ;5 CF 4l iy zgo 5o

bl gy plia ST (6 2S5L (ool sy

S A g S
DLPFC 4l ;5 ¢Sl (6,550 3 a8 sy jlis s g 3y ol o SHT L e s 3 S Ol SO Gl
Jsl g 5lasb 5 zge JU! g 6yl0ok ¢ JUil g (y90il i W zge JUil g sylool (JUil 5 g ilistn o)1k 5 yoesliar o

2503 3939 jlolixe cglés Wl zgo

2,03 3935 lolixe cglas 4]

U5 g JUl 5 oyl (JWl 5 goil i o3l 5 cygoslstay W zoe Jl g 6)00k csyook 5 gojl i o CF 4l
Dy03 3939 ylaline glés L zge JE! g oIl gl g y90il i T g
5 oseiloie 5 zee JUnl 5 oyl (JWl 5 geil i W zge JWl 5 (6)00k gyl 5 geil st o Frontal asb )

)03 3939 yloline gles W zge JUl g (cl50b cg)loby

)15 g Jblize gles by e JUnl g (gyl00b (JWsl g y50jl i < JES] 5 (905l i



,f’f)ﬁé Py SJL‘J ;,o..bd.d‘.b 5)}0;‘;.3))}‘55)}&);043} d.u'}) a)

oes) VoY) e g i YIY) (J 5 SO (VYY) e 5 (o pmai (Y10) ()0 5 s slagiogsy b adl cnl @l
Ol 5 (53LT 555 oolye oV ++2) ()l8en g ga0n] (Y+1F) )lSan g pado lowsld (Y- VA) oylS0n 5 g0 (V1Y) e
g% > (Y10) hlSen g el sl gunonls (V+10) o] Kan 5 bl (mghy L g gunod (VYY) GllSan 5 (gl (VYY)
ez 5 T 550k 55 90 Jgb 3 45 |y ol L lape o g (5300 slaclloy) o bl YU (JBe LEEG )y 4
b (cwly Slios Jig,d s 5 (55 > Gl 45U Jold) Jloin! (6)loe 4l o 450y (LS bt ST (b)) exlosds sl
O > Solite SlapuslSe o> L aalpd )1y Sligeen Gledy 6353k klpd ) Joo S ke sl o Sl 3)lge b g0
Ol 6353 58U v Slynts oyl 9208 o 30 ARl (S0b sl g cmas slaaY 3 45 3 3l 5 ST (500
it e >yl 3 55 (368 il edlital g ol Bdos 53 S )i sl iagel Sl ealisl sy g0 55 4y Bl o (3l
9oy (5 65k y oy lpl (oS Clslisgs Giaggy 53 (V10) (e 5 o il pole Simgh b oS ol
Ml )3l 5 lB 3l g9ym calibls Cogls r gy Glall cely ps 2l a5 (o lee oS Bl > g 0l 1S o)
iy 2 4dg) S B 5 (S S itins (o 058 U gy 41 (VYY) (0 g gy o8 (6,503 (345 52 3980
3 635k dgu0 el S 5 4 ol LS guls sy les g KT oSl Lalps p> IS clyls 8568 s e U]
Azl Sl g ey 653 53 St SBaSd oy 4 &S (V2Y) J 5 SO Gl )3 (yrizmon 223,500 Il g oy bl
SISt Sl B, S0k it (528 25 g (5085 slaylils | (glasganes 3 (giluled Jold alyd g o oS ol i
babasee = JUg)3 s 450 o oy (53L& (Jbpd S o 03litul (sulS” (20ls gy Youits] jl 45T S 00 1550,
@l @)l (BLS g (S k laely Glsie b (VoY1) hlSen g ot &S (s )3 (pimen 5l 0y )
QMT 55,8 &) 5 g 35 bidos (5103515 sl (dloduy (Sl S lis ol ploxl 51,2158 38 o bjgel 10,5 g 20
OlSad 5 i) & (6,505 a5 10 03, (e b 3y G5Bl (sl glalisy Glsis 4 |y (e — e (higel S S
xS a8 3l it gl 5 ol plogl ST 5 olaty 6,5k (gl |y Gilies e (gla Stuen Glllie Ky olais L (YY)
0% G ) (el sl (Sto iliseo (SlagSll 5 45 S 0 5 ) e e lapuSe ooy 50k Jlis )3 IS
QLS s 9 6315 ploxl Ad) wree @S 3 CS )l 5 dmugi 1 Sl 3 35 5 )5 (2l 2] 2SI Glgis b a5 (VA) ol
GBI L o (2235 ols sk 4 aad oo Ui Slgrgs p3 1) (e diunly 435 ) (Salate gl p)S g 3y 3,518 5D
oo & (V7)) ohlen 5 olj) Gaios 53 oy Glis 1) asle AgSS5 dmwgy S 25 (223551 &5 Jlo 53 wd) Vb o
5,Skae ol 3,518 ol a8 ol i gl 5 5305 plowl (6 ,S3L )3 3l g IS Lmwsets (sl ol slod,S S sla St
oS cunl (381 ats (ly (Sl b (> g alejl gt 13 38 ly pine g sleel BB o)lpl 50k 5 a0y
pls! (Y15) olSon g paie (lowsld o (6,503 (34805 52 Mikuuds 9129y (5,853L S g il (Slod S8 53 3L b ali |
ookl (ol ST ule S e IS (60500 da Baa L L iuli8l g W zels Sondgye sl yog, ols olis s wisly
b Gl 4 amd e ol lille yl donds S o Jas ol (il 8 55 5 (s3h0 el alas ol 1 o) ol i oo
il 4 o ytod 5 55 05 Gl el Sl ol s S S8 il IS ) (550 390 4 Wl WT S
Cxed Canl Abe dlie (clacled )3 5, Sles Cogii g 58> (S byl (6:50b sl g, cpl g o oBTgL B ls


https://ajph.aphapublications.org/doi/full/10.2105/AJPH.2015.302630
https://ajph.aphapublications.org/doi/full/10.2105/AJPH.2015.302630
https://ajph.aphapublications.org/doi/full/10.2105/AJPH.2015.302630
https://jdisabilstud.org/article-1-2816-fa.html
https://ieeexplore.ieee.org/abstract/document/6252753
https://ieeexplore.ieee.org/abstract/document/6252753
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2020.00940/full
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2020.00940/full
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2020.00940/full
https://www.cell.com/neuron/fulltext/S0896-6273(17)30901-7?sf123396929=1&code=cell-site
https://www.cell.com/neuron/fulltext/S0896-6273(17)30901-7?sf123396929=1&code=cell-site
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2017.02311/full
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2017.02311/full
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2017.02311/full
https://www.sid.ir/paper/359012/fa
https://civilica.com/doc/1777898/
https://civilica.com/doc/1777898/
https://civilica.com/doc/1777898/
https://jrrs.mui.ac.ir/article_31142.html?lang=fa
https://jrrs.mui.ac.ir/article_31142.html?lang=fa
https://jrrs.mui.ac.ir/article_31142.html?lang=fa
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0126800
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0126800
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0126800
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0126800
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0126800
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0126800
https://ajph.aphapublications.org/doi/full/10.2105/AJPH.2015.302630
https://ajph.aphapublications.org/doi/full/10.2105/AJPH.2015.302630
https://ajph.aphapublications.org/doi/full/10.2105/AJPH.2015.302630
https://jdisabilstud.org/article-1-2816-fa.html
https://ieeexplore.ieee.org/abstract/document/6252753
https://ieeexplore.ieee.org/abstract/document/6252753
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2020.00940/full
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2020.00940/full
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2020.00940/full
https://www.cell.com/neuron/fulltext/S0896-6273(17)30901-7?sf123396929=1&code=cell-site
https://www.cell.com/neuron/fulltext/S0896-6273(17)30901-7?sf123396929=1&code=cell-site
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2017.02311/full
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2017.02311/full
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2017.02311/full
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2017.02311/full
https://psychologicalscience.ir/article-1-854-fa.html
https://psychologicalscience.ir/article-1-854-fa.html
https://psychologicalscience.ir/article-1-854-fa.html
https://www.sid.ir/paper/359012/fa

ar g 0005 omelyl (Sl ) s sy Lo Ky Slaty 9 S ST 6,05l 50 ko cidisio Gholio 3Ky ,iSH uplles

bl ;o Wy zlgel culled a8 Il 5wl 4Bl LialS (g 4l )3 by g W zlgel cdld olilaw ol 5 a5 3l olis gl
@bl sy (oo pa3LS Blgi e (ke glgal Cllad ) Clpis ol s naidly oyl blaidly (RT3l (G 9 53550 i
Zloel clagSl > @l pss el g (slaJoslljgiws a5 ols LES zols (V- YY) (ooblyg (oolyo aio )3 il IS cpl oy 4
S G5l o )3 Ml 53l 5 35 508 dute eaimd L5 Slyeets ol g e i 9 Wl glsel b (2al38l 02 4 ccsie
basye e 5 5l sl bl glyel & Jlo 13 yls o)Ll res 35503 5 Ltoly] sacamy 4 W glgel Lol ol
Slee (5:5k 5 jro 3,Skes e Syl W5 e ey Slodedlygins & 1S oo dob 35 ol (IS ok 4 Ain
silo ible e (Blb slasn] b 4 by 30 gl2l clod S8 (VYY) (ka5 o)l Gl 5 ol o sl aily S >
Fag eidd o plonil |y (Setwliog] ko) iy o )loe & (SLIKS559 )3 cadlllae () )3 g Wit d2gi g dtune > 2yl
o GHKS559 > it Lapo oyl 9 )38 Ll 53 (g pSmaenal 5 (ible lapilay b &S )5 2lal lad S cunl 039,
) 2,58 5 (s b ) e g5 48 005 ol gy ool el 0352 s5h s e (Jligh k) b (sloc g

Syl sy 3,50 (350 b p)S) ] @olite (slas SIS 5 (o, SLd559 51 09,5 s g 3,138 o il jae

o Jaallygziod 1 i lad 552 550k 5 it 150385 oo a3 150 3blie 5 63, Shos jlai 51,81 5 ey 5053
29035 Goslanz by 5ok Jb 10 Slae b bgrypo (o)l8T il 28 KT (653 )3 Lol oS ealisl 3555, 51 il gl
33 ddsie (mas SYlail b jie Sliw i bl 1 wn 13,8l baes V498 pEuls) S o 1ya g aisgol ) )lee o ol
3 (YY) S g el 13,5 sl |y olsl (sled SIS elSils pae lllas blord gily jio able g 520 i plo b blg)|
W ¢ S oaonas > (o ACC i 3l b 555 oy puds el badpo 3w olyn! slad S5 L iy ACCuinly L’ glaalllas
Kl 3 655y Ui iy ACC )98 ol ool o (V008 ollSen 5T5lens) o) calss (3Ls JyuS glasSles
9 DLPFC ailaie dlas jl ( il PFC & s ooy )l (cwae slagyhdppani g Sladllas p3 cpiomad )15 3y (slad )58
S 48,8 L35 3 30 s olsie & A5l e 5 Atd e lal clod SIS & bayye Gies iy ACC L ol yan VLPFC
g onl 3l eBlid JiS alg Jobo o ol ab Jlb o2 g ACC 5 il PFC (e Jlasl (Y1) )yl 5 315 o)
5 Sloy codlor ly 60905 laylee plgis 4 all (Gl ) culply (YO (olSen 5 S5) S (0 Slatdy (63 )Shee
Gob 3l el oS dial calis 5 o ho el (S0 o0 5 (Suzmm 4 429 b Bsd o oo 3 Slower
S92 4 Ol o dB) (S3sSe wid g oyl ol 4 BT L 1) sl gwyp o )3 plizen ele il 5 oSS
b)) dinej 53 (oS Clalllas ¢ 3L pgle gyald )3 0ad plonil Cldllas aljal 929 L ol 32 (19381 L) ()b oo slaclld

Lol oads plool ja0 u‘"P‘
e 53 5l Bl 3,5 e At 5 3k S oo 4y ol 1 Lo Syl 4y dagi b i e 1) S GBS loe iren
edls (ol ol 1l o 31 Sl 5 i B Lapme Sy )3 diy sl lye 45 Jlo 3 g s pbol ke ¢ bgy
oS e 59y S el b )lee (Y hlSan o7 sl (5) 5,8 s ik dtun g b Oyl 4 Gl |y yes
0l EASES 15 85 cul polie ()il 5 Jb (655 mrond st Byt lae Jold wSer b e LSy (blsSl

L. Wallis and Kennerley 3, Shenhav 5. Ventrolateral prefrontal Cortex
2, Anterior Cingulate Cortex 4. Dorsolateral prefrontal Cortex 6, Tsai


https://mbsp.sbu.ac.ir/article_102029.html
https://mbsp.sbu.ac.ir/article_102029.html
https://mbsp.sbu.ac.ir/article_102029.html
https://jrrs.mui.ac.ir/article_31142.html?lang=fa
https://jrrs.mui.ac.ir/article_31142.html?lang=fa
https://jrrs.mui.ac.ir/article_31142.html?lang=fa
https://journals.sagepub.com/doi/abs/10.1111/1467-9280.00201
https://nyaspubs.onlinelibrary.wiley.com/doi/full/10.1111/j.1749-6632.2011.06277.x
https://nyaspubs.onlinelibrary.wiley.com/doi/full/10.1111/j.1749-6632.2011.06277.x
https://nyaspubs.onlinelibrary.wiley.com/doi/full/10.1111/j.1749-6632.2011.06277.x
https://www.nature.com/articles/nn.4384
https://journals.sagepub.com/doi/full/10.1177/23982128211007769
https://www.sciencedirect.com/science/article/pii/S105381191730770X
https://www.frontiersin.org/journals/aging-neuroscience/articles/10.3389/fnagi.2017.00294/full

,f’f)ﬁé Py SJL‘J ;,o..bd.d‘.b 5)}0;‘;.3))}‘55)}&);043} d.u'}) ar

Slalee (Jlie 53 (VoY (ylSen 5" Silg) dimd yss bl o 3T (Bola gty & ()5 Sye 4y s |, lngly
I 9 3950 poul Gt BB g b s Taee )3 ol (oS b (o311, L IS ((5lgms 455393 i (g0 i i
22,515 )3 (5t 3 Shos )l Aty & )lae (303 IS (650 3 GEAISES b 3o ol 13 28 ($32000L 1 S 51, o]
dag g S n Jos 395 g slalusl g boxinS eluly o)lS8559 & S)lan b slabsyg 3 Vgl azitls 3w ol
(1037505 soko & 5l slacs o 3 02358 1 555« Blio )3 sl ol bd (ygolyey Laea |25 515 (9ol baes & 5 e
by CleMbl § A8 (oo youis dlaxd &y dasd laes babyyg £95 (nl 2 ) WS (o0 298 (2)B slroxi S 5 (geli laee &
23 2l s, S8 5 Kl 80l e Slpl a4 asg b (YN Len § Walls) ab] o cawd 4 ) clnoss S

P9 e Moy 0355 (sl (5 > slaclld cpl I i edlatul ()l & )lee

ool 2o Sl Jolgs 59y Jsb 5o o idgesl ol il olise alo (olse 3l o )lomn 42 (50 1ol g3y clacydgaoes |
ety 905 o)Ll bn 33983l 33 cppe5 3l syl 3 0,8 slaglis Lol g (S 1 dagygel plosl (b O]
S o8 Syl Slee 3l a5l 53 29 (g she il bl ¢ bigel e (sla gy 4l ¢ ST Slalls ) 395 00
Gdo oligS (glooygd Coglis (oo g 31> Pl slo s S )loe 59y 2 (B9 P 43,5 odlial sl 3 yx0 &)l
Sl 48 295 0 ey 255 )8 (12 2090 (559 e (Slac e )3 oy 9 NI (650k gy 99 @y o aily
i S 3 Oltls b 5 AT i s 393 sy ool OS] sl U ol 30 1 S5 ge b o22]
S5k g e ;3L Con p e SIS Bl i lalre bawgs Golide o ) odlatl (izmen 33,5 12 5wy
103,515 1 IS S5l o5 Sl (L5 3l ings gl s oty 5 e |y il 35S 5 s s e 4
5ie Bloals LBl 5 3 1) ale) (Lea S clacloe 4 o8 cnlply 2 Jlolias 56 Gligel (231 2 2]
Slaal oy il 38l Cdllas 11y 363 )3 g 35 00 cdngh o yloe ol 5l dige oolaiiwl b doecs > fcuily Kalgs pakeilys o 5 Jled
Sl coldy s g (plpd AGS 0 s 1) (e (6,500 g 00y sl g 1y IS @by S et 1) lis W S0L
slaeniaily g 395 5| oyt ol Cpismen oy winles @ ] asl gl el s 6puSb 4 caiedMe (Sl
g 4 g M (gLt qolae (0> 4o > 1055 gl 5 L LS o 28 ) g il o LS |y 28wl 268

bl Lled Cuwgd 1) dusyde lae

PN g g

o Sl o3, alpen Limgtr a1 Lo aS SluS oles
References

Ahmadi, P. Bakhshipour Roudsari, A. Vahedi, H. (2009). Studying the symmetry of brain waves in
electroencephalography of patients with PTSD. Daneshvar Pezkezi, 16(83), 21-26. (In Persian)

!, Wang


https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0055773
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0055773
https://www.jmbs.ir/article_99532_ca10697b951c66f4006c26aa40dbbef5.pdf
https://www.sid.ir/paper/359012/fa
https://www.sid.ir/paper/359012/fa

oF g 0005 omelyl (Sl ) s sy Lo Ky Slaty 9 S ST 6,05l 50 ko cidisio Gholio 3Ky ,iSH uplles

Arvin, M. S., Meshkati, Z., & Badami, R. (2023). Comparison of hot and cold executive functions of the brain
in adolescent athletes with similar cognitive demands in open and closed skills: A quasi-experimental study.
Journal of Research in Rehabilitation Sciences, 19(1). https://doi.org/ 10.48305/JRRS.2024.42338.1077

(In Persian)

Angelini, M., Calbi, M., Ferrari, A., Sbriscia-Fioretti, B., Franca, M., Gallese, V., & Umilta, M. A. (2015).
Motor inhibition during overt and covert actions: an electrical neuroimaging study. PloS one, 10(5),
£0126800. doi: 10.1371/journal.pone. . https://doi.org/10.1371/journal.pone.0126800

Buszard T, Reid M, Krause L, Kovalchik S, Farrow D. (2017). Quantifying contextual interference and its
effect on skill transfer in skilled youth tennis players. Frontiers in Psychology. 3: 1931-8.
doi.org\10.3389\fpsyg.2017.01931

Chan, T., Wang, I., & Ybarra, O. (2021). Leading and managing the workplace: The role of executive
functions. Academy of Management Perspectives, 35(1), 142-164. .
https://doi.org/10.5465/amp.2017.0215

Dong, S. Y., & Lee, S. Y. (2011). Understanding human implicit intention based on frontal
electroencephalography (EEG). InThe 2011 International Joint Conference on Neural Networks
(1IJCNN) (pp. 1-5). IEEE. . https://doi.org/ 10.3389/conf.fninf.2011.08.00082

Engelhardt, L. E., Harden, K. P., Tucker -Drob, E. M., & Church, J. A. (2019). The neural architecture of
executive functions is established by middle childhood. Neuroimage, 185, 479 —489. https://doi.org/
10.1016/j.neuroimage.2018.10.024

Fang, Q., Fang, C., Li, L., & Song, Y. (2022). Impact of sport training on adaptations in neural functioning
and behavioral performance: A scoping review with meta-analysis on EEG research. Journal of Exercise
Science & Fitness, 20(3), 206-215. https://doi.org/10.1016/j.jesf.2022.04.001

Farzadi F, Behrozy N, Shehniyailagh M, Omidian M. (2020). Investigating the pychometric caracteristics of a
nw scale of executive function of delays and disturbances in executive functioning and learning: Scale of
executive functions, attention and learning performance. Journal of Psychological Science. 19(96), 1607-
1624. (In Persian).

Ghamari,A. , Mohamadi,J. & Mohamadi,M. (2015). The effect of errorless and errorfull practice on learning
and transfer of dart throwing skill in adolescents with intellectual disabilities. Motor Behavior, 7(21), 111-
126. (In Persian)

Ghasemian, M., Taheri, H., Kakhki, A. S., & Ghoshuni, M. (2016). Effects of alpha suppression and theta
enhancement  neurofeedback protocols on learning a pursuit tracking task. Journal of
Psychophysiology, 53(7), 965-73. https://doi.org/ 10.22089/spsyj.2017.2808.1292 (In Persian)

lwatsuki, T., & Reqis, C. J. (2021). Relatively easy criteria for success enhances motor learning by altering
perceived competence. Perceptual and Motor Skills, 128(2), 900-911.
https://doi.org/10.1177/0031512520981237

Jones, D. E., Greenberg, M., & Crowley, M. (2015). Early Social-Emotional Functioning and Public Health:
The Relationship Between Kindergarten Social Competence and Future Wellness. American Journal of
Public Health,105(11), 2283-2290. https://doi.org/10.2105/AJPH.2015.302630



https://jrrs.mui.ac.ir/article_31142.html?lang=en
https://jrrs.mui.ac.ir/article_31142.html?lang=en
https://jrrs.mui.ac.ir/article_31142.html?lang=en
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0126800
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0126800
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0126800
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2017.01931/full
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2017.01931/full
https://journals.aom.org/doi/abs/10.5465/amp.2017.0215
https://journals.aom.org/doi/abs/10.5465/amp.2017.0215
https://doi.org/10.5465/amp.2017.0215
https://doi.org/10.5465/amp.2017.0215
https://ieeexplore.ieee.org/abstract/document/6252753
https://ieeexplore.ieee.org/abstract/document/6252753
https://ieeexplore.ieee.org/abstract/document/6252753
https://doi.org/
https://www.sciencedirect.com/science/article/pii/S1053811918319839
https://www.sciencedirect.com/science/article/pii/S1053811918319839
https://doi.org/
https://www.sciencedirect.com/science/article/pii/S1728869X22000296
https://www.sciencedirect.com/science/article/pii/S1728869X22000296
https://www.sciencedirect.com/science/article/pii/S1728869X22000296
https://doi.org/
https://psychologicalscience.ir/article-1-854-fa.html
https://psychologicalscience.ir/article-1-854-fa.html
https://psychologicalscience.ir/article-1-854-fa.html
https://psychologicalscience.ir/article-1-854-fa.html
https://mbj.ssrc.ac.ir/article_544.html?lang=en
https://mbj.ssrc.ac.ir/article_544.html?lang=en
https://mbj.ssrc.ac.ir/article_544.html?lang=en
https://journals.sagepub.com/doi/full/10.1177/0031512520981237
https://journals.sagepub.com/doi/full/10.1177/0031512520981237
https://doi.org/10.1177/0031512520981237
https://ajph.aphapublications.org/doi/full/10.2105/AJPH.2015.302630
https://ajph.aphapublications.org/doi/full/10.2105/AJPH.2015.302630
https://ajph.aphapublications.org/doi/full/10.2105/AJPH.2015.302630
https://doi.org/10.2105/AJPH.2015.302630

,f’f)ﬁé Py 5Ju ‘,g..bm 5)}0“;.31;))‘55))6);043} 4‘3) 44

Jalilvand, M. and Souri, R. (2019). Comparison the effect of open and closed skills training on executive
functions of children with Attention Deficit / Hyperactivity Disorder. Journal of motor and behavioral
sciences, 2(4), 338-348.

Khalilpour, Z. Aghdasi, MT. Zamani Sani, SH. (2023). The effect of cognitive styles on the level of explicit
and implicit learning of motor-cognitive skills of student athletes. Mind, Movement and Behavior, 2(1), 85-
99. https://doi.org/10.22034/mmbj.2023.55947.1032( In Persian)

Leshem, R., De Fano, A., & Ben-Soussan, T. D. (2020). The implications of motor and cognitive inhibition
for hot and cool executive functions: The case of quadrato motor training. Frontiers in Psychology, 11, 940.
https://doi.org/10.3389/fpsyg.2020.00940

Lin, B., Liew, J., & Perez, M. (2019). Quarterly measurement of self-requlation in early childhood: Relations
between laboratory and performance-based measures of effortful control and executive functioning. Early
Childhood Research Quarterly, 47, 1-8. https://doi.org/10.1016/j.ecresq.2018.10.004

Loonis, R. F., Brincat, S. L., Antzoulatos, E. G., & Miller, E. K. (2017). A meta-analysis suggests different
neural correlates for implicit and explicit learning. Neuron, 96(2), 521-534. https://doi.org/
10.1016/j.neuron.2017.09.032

Mohammadi, H., Tahmasebi Boroujeni, S., & Fazel Kalkhoran, J. (2016). The Effect of Contextual
Interference on Static and Dynamic Balance in Mentally Retarded People. Journal of Sports and Motor
Development and Learning, 8(1), 141-158. . https://doi.org/ 10.22059/ imIm.2016.58499 (In Persian)

Moradi, H., Sohrabi, M., & Taheri, H. (2014). The effect of background color on the acquisition and
memorization of dart throwing skills. Research in sports management and movement behavior, 11(22), 69-
78. https://doi.org/ 10.22080/JSMB.2015.991(In Persian)

Noorabadi, M. M., Nezhad, M. M., Bahram, A., Noghabi, M. J., & Ghoshuni, M. (2023). Effect of Attention
Instructions on Kinesthesia of Memory and Brain Waves. Journal of Sport Psychology (2676-3729), 15(1).
https://doi.org/10.48308/MBSP.2022.224010.1059 (In Persian)

Nazari Kakvandi S, Saberi Kakhki A. R, Taheri H, Rohbanfard H. (2021). The Effect of Selected Practice
Arrangement on the Learning of the Relative Timing of a Motor Task: Emphasis on Implicit and Explicit
Approaches. Motor Behavior. 13 (45): 61-90. https://doi.org/10.22089/mbj.2018.5641.1655

(In Persian)

Nemati, Sh, & Bardel, M. (2018). Cold and hot executive functions in people with attention-
deficit/hyperactivity disorder: a systematic review. Quarterly Journal of Applied Psychological Research,
10(4), 201-216. https://doi.org/ 10.22059/japr.2019.284496.643308(In Persian)

Nasiri S, Shahbazi M, Tahmasebi Broujeni S, Saeidmanesh M. (2023).Investigating the Effect of Transcranial
Direct-Current Stimulation in the Primary Motor Cortex on the Speed of Hand Preference Transfer in
Children with Learning Disability in Overt and Covert Learning Conditions. MEJDS, 13 ,102(In Persian)

Poon, K. (2018). Hot and cool executive functions in adolescence: Development and contributions to
important  developmental outcomes. Frontiers in psychology, 8, 2311. https://doi.org/
10.3389/fpsyq.2017.02311



https://www.jmbs.ir/article_99532_ca10697b951c66f4006c26aa40dbbef5.pdf?lang=en
https://www.jmbs.ir/article_99532_ca10697b951c66f4006c26aa40dbbef5.pdf?lang=en
https://www.jmbs.ir/article_99532_ca10697b951c66f4006c26aa40dbbef5.pdf?lang=en
https://journals.tabrizu.ac.ir/article_16211_a7be62eb0a9d7730723f1af3e6488696.pdf
https://journals.tabrizu.ac.ir/article_16211_a7be62eb0a9d7730723f1af3e6488696.pdf
https://journals.tabrizu.ac.ir/article_16211_a7be62eb0a9d7730723f1af3e6488696.pdf
https://doi.org/10.22034/mmbj.2023.55947.1032
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2020.00940/full
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2020.00940/full
https://doi.org/
https://www.sciencedirect.com/science/article/pii/S0885200618301194
https://www.sciencedirect.com/science/article/pii/S0885200618301194
https://www.sciencedirect.com/science/article/pii/S0885200618301194
https://doi.org/
https://www.cell.com/neuron/fulltext/S0896-6273(17)30901-7?sf123396929=1&code=cell-site
https://www.cell.com/neuron/fulltext/S0896-6273(17)30901-7?sf123396929=1&code=cell-site
https://doi.org/%2010.1016/j.neuron.2017.09.032
https://doi.org/%2010.1016/j.neuron.2017.09.032
https://jsmdl.ut.ac.ir/article_58499.html?lang=en
https://jsmdl.ut.ac.ir/article_58499.html?lang=en
https://jsmdl.ut.ac.ir/article_58499.html?lang=en
https://doi.org/
https://msb.journals.umz.ac.ir/article_991.html?lang=fa
https://msb.journals.umz.ac.ir/article_991.html?lang=fa
https://msb.journals.umz.ac.ir/article_991.html?lang=fa
https://doi.org/%C2%A010.22080/JSMB.2015.991
https://mbsp.sbu.ac.ir/article_102029.html
https://mbsp.sbu.ac.ir/article_102029.html
https://doi.org/10.48308/MBSP.2022.224010.1059%20(In%20Persian)
https://mbj.ssrc.ac.ir/article_2883.html?lang=en
https://mbj.ssrc.ac.ir/article_2883.html?lang=en
https://mbj.ssrc.ac.ir/article_2883.html?lang=en
https://doi.org/10.22089/mbj.2018.5641.1655(In%20Persian)
https://doi.org/10.22089/mbj.2018.5641.1655(In%20Persian)
https://japr.ut.ac.ir/article_74271.html?lang=en
https://japr.ut.ac.ir/article_74271.html?lang=en
https://japr.ut.ac.ir/article_74271.html?lang=en
https://jdisabilstud.org/browse.php?a_id=2816&slc_lang=en&sid=1&printcase=1&hbnr=1&hmb=1
https://jdisabilstud.org/browse.php?a_id=2816&slc_lang=en&sid=1&printcase=1&hbnr=1&hmb=1
https://jdisabilstud.org/browse.php?a_id=2816&slc_lang=en&sid=1&printcase=1&hbnr=1&hmb=1
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2017.02311/full
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2017.02311/full

07 g 0005 omelyl (Sl ) s sy Lo Ky Slaty 9 S ST 6,05l 50 ko cidisio Gholio 3Ky ,iSH uplles

Salehinejad, M. A., Ghanavati, E., Rashid, M. H. A., & Nitsche, M. A. (2021). Hot and cold executive
functions in the brain: A prefrontal-cingular network. Brain and neuroscience advances, 5,
23982128211007769. https://doi.org/10.1177/23982128211007769

Shenhav, A., Cohen, J. D., & Botvinick, M. M. (2016). Dorsal anterior cingulate cortex and the value of
control. Nature neuroscience, 19(10), 1286-1291. https://doi.org/10.1038/nn.4384

Subha, D. P., Joseph, P. K., Acharya U, R., & Lim, C. M. (2010). EEG signal analysis: a survey. Journal of
medical systems, 34(2), 195-212. https://doi.org/10.1007/s10916-008-9231-z

Tik, M., Hoffmann, A., Sladky, R., Tomova, L., Hummer, A., de Lara, L. N., ... & Windischberger, C. (2017).
Towards understanding rTMS mechanism of action: stimulation of the DLPFC causes network-specific
increase in functional connectivity. Neuroimage, 162, 289-296.
https://doi.org//10.1016/j.neuroimage.2017.09.022

Tsai, C. L., Pan, C. Y., Chen, F. C., & Tsenqg, Y. T. (2017). Open-and closed-skill exercise interventions
produce different neurocognitive effects on executive functions in the elderly: a 6-month randomized,
controlled trial. Frontiers in aging neuroscience, 9, 294. https://doi.org/10.3389/fnagi.2017.00294

Vazou, S., Klesel, B., Lakes, K. D., & Smiley, A. (2020 ). Rhythmic physical activity intervention: exploring
feasibility and effectiveness in improving motor and executive function skills in children. Frontiers in
Psychology, 11, 556249. https://doi.org/ 10.3389/fpsyq.2020.556249

Wallis, J. D., & Kennerley, S. W. (2011). Contrasting reward signals in the orbitofrontal cortex and anterior
cinqulate cortex. Annals of the new York Academy of Sciences, 1239(1), 33-42. https://doi.org/
10.1111/5.1749-6632. 2011.06277.X

Willingham, D. B., & Goedert-Eschmann, K. (1999). The relation between implicit and explicit learning:
Evidence for parallel development. Psychological Science, 10(6), 531-534. https://doi.org/ 10.1111/1467-
9280.00201

Wang, C. H., Chang, C. C., Liang, Y. M., Shih, C. M., Chiu, W. S., Tseng, P., ... & Juan, C. H. (2013). Open
vs. closed skill sports and the modulation of inhibitory control. PloS one, 8(2), €55773. https://doi.org/
10.1371/journal.pone.0055773



https://journals.sagepub.com/doi/full/10.1177/23982128211007769
https://journals.sagepub.com/doi/full/10.1177/23982128211007769
https://journals.sagepub.com/doi/full/10.1177/23982128211007769
https://doi.org/10.1177/23982128211007769
https://www.nature.com/articles/nn.4384
https://www.nature.com/articles/nn.4384
https://doi.org/10.1038/nn.4384
https://link.springer.com/article/10.1007/S10916-008-9231-Z
https://link.springer.com/article/10.1007/S10916-008-9231-Z
https://doi.org/10.1007/s10916-008-9231-z
https://www.sciencedirect.com/science/article/pii/S105381191730770X
https://www.sciencedirect.com/science/article/pii/S105381191730770X
https://www.sciencedirect.com/science/article/pii/S105381191730770X
https://doi.org/10.1016/j.neuroimage.2017.09.022
https://www.frontiersin.org/journals/aging-neuroscience/articles/10.3389/fnagi.2017.00294/full
https://www.frontiersin.org/journals/aging-neuroscience/articles/10.3389/fnagi.2017.00294/full
https://www.frontiersin.org/journals/aging-neuroscience/articles/10.3389/fnagi.2017.00294/full
https://nyaspubs.onlinelibrary.wiley.com/doi/full/10.1111/j.1749-6632.2011.06277.x
https://nyaspubs.onlinelibrary.wiley.com/doi/full/10.1111/j.1749-6632.2011.06277.x
https://journals.sagepub.com/doi/abs/10.1111/1467-9280.00201
https://journals.sagepub.com/doi/abs/10.1111/1467-9280.00201
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0055773
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0055773

