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Objective: Shooting, as a complex cognitive-motor skill, requires optimal
integration of neuromuscular and cognitive performance. Since fatigue, both mental
and physical, can disrupt this integration, it is of great importance to identify
indicators to measure it. Brain waves, as a non-invasive representation of the
functional state of the brain, can provide such an indicator. Therefore, the present
study aimed to investigate the effect of mental, physical, and combined fatigue on
theta, alpha, and beta brain waves of shooters.

Methods: The study sample consisted of 40 semi-professional shooters aged 18-28
who were randomly divided into four groups: mental fatigue, physical fatigue,
combined fatigue, and control group. In the pre-test, all subjects fired 10 shots, and
brain waves were simultaneously recorded by an electroencephalography device.
Then, the mental fatigue group received a thirty-minute Stroop task, the physical
fatigue group received thirty minutes of cycling, the combined group received
fifteen minutes of Stroop and fifteen minutes of cycling, and the control group did
not receive any intervention.

Results: In the theta wave, mental fatigue increased activity in the prefrontal and
inferior frontal regions (PF and IF); physical fatigue increased activity in the
prefrontal, inferior frontal, frontal, and temporal regions (PF, IF, F and T);
combined fatigue increased activity in the inferior frontal region (IF) (P<0.05). In
alpha waves, mental fatigue increased activity in the prefrontal, frontal, temporal,
and central (PF, F, T, and C), physical fatigue increased activity in the frontal,
temporal, central and posterior temporal (F, T, C and PT) regions, combined fatigue
increased activity in the temporal and central (T and C) regions (p < 0.05).
Conclusion: These findings support the idea that theta, alpha, and beta brain waves
can be used as sensitive and reliable indicators for monitoring and diagnosing
different types of fatigue in shooters.
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I\/Iental fatigue is a change in

psychophysiological state resulting from
prolonged and demanding cognitive activities
that require a high level of cognitive effort. In
physical fatigue, when athletes step beyond
their physiological limits, they are faced with
a fatigue warning that continuing to exercise
in these conditions will lead to overtraining,
poor recovery, decreased coordination, and
reduced muscle power output. Mental and
physical fatigue each independently affect
athletic performance, but the combination of
these two types of fatigue can have more
complex consequences on learning and
performing motor tasks. Performing mental
and physical activities simultaneously,
compared to their separate execution, leads to
an increase in the level of fatigue and a
significant decrease in skill and endurance
performance. These combined effects are
mainly due to the involvement of common
neural pathways and interference in the
brain's executive networks. Given the
importance of identifying factors affecting
the methods of training and practicing
complex  motor-cognitive  skills,  the
phenomenon of fatigue is considered as a
determining variable in the training process.
Sports such as shooting, as a complex
cognitive-motor  skill, require  optimal
integration of neuromuscular and cognitive
performance. Since fatigue, both mental and
physical, can disrupt this integration,
identifying indicators for measurement is of
great importance. Brain waves, as a non-
invasive representation of the functional state
of the brain, can provide such an indicator.
The main challenge of the research is to
identify brain wave patterns for each type of
fatigue and to separate the mutual effects of
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mental and physical fatigue at the neural
level. It is also questionable whether mental,
physical, and combined fatigue affect the
theta, alpha, and beta brain waves of shooters.
Methods

Research design

The present study is a semi-experimental
study conducted in the field and is an applied
study.

Participants

The statistical population of this study is
shooters aged 18-28 in Tabriz. 40 semi-
professionals were randomly selected as
samples.

Materials

The instruments used in this study included
an electroencephalography device, the Stroop
test, and a stationary bicycle.

Procedure

The samples were divided into four groups:
mental fatigue (10 people), physical fatigue
(10 people), combined fatigue (10 people),
and control group (10 people). The subjects
were randomly assigned to four groups and,
as a pre-test, they performed a shooting task
with ten shots at a distance of ten meters from
the target, and brain waves were
simultaneously recorded with an
electroencephalography device. Thus, the
subjects were connected to a helmet specially
designed to record brain waves from the
manufacturer according to the 10-20 system.
All 30 channels of EEG signals were
recorded throughout the duration of the task.
After the pre-test, the groups received the
intervention. The first group, as the mental
fatigue group, underwent a thirty-minute
Stroop test intervention, the physical fatigue
group underwent a thirty-minute bicycle
work intervention, the third group, as the
combined fatigue group, underwent a
combined fifteen-minute Stroop test and
fifteen-minute bicycle work intervention as a
counterbalance, and the control group did not
receive any intervention. Immediately after
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the intervention, to find out the effect of
fatigue on the electrical activity of brain
waves, a post-test similar to the pre-test was
taken in the same session.

Data analysis

Statistical analysis was performed using
SPSS version 27, Excel 2010, AEGLab, and
Matlab 2019 software at a significance level
of 0.05 using descriptive and inferential
statistics.

Result

In theta wave, mental fatigue increased
activity in the prefrontal and inferior frontal
regions (PF and IF), physical fatigue
increased activity in the prefrontal, inferior
frontal, frontal, temporal (PF, IF, F and T),
and mixed fatigue increased activity in the
inferior frontal region (IF). In alpha wave,
mental fatigue increased activity in the
prefrontal, frontal, temporal, central (PF, F, T
and C), physical fatigue increased activity in
the frontal, temporal, central and posterior
temporal (F, T, C and PT) regions, and mixed
fatigue increased activity in the temporal and
central (T and C) regions. In beta wave,
mental fatigue increased activity in the
inferior frontal, frontal and central (IF, F and
C) regions, and physical fatigue increased
activity in the prefrontal, frontal, central (PF,
F and C) regions.

Discussion

Given the importance of fatigue in athletic
performance, the results of this study can
contribute to a deeper understanding of the
interactions between fatigue and brain
activity. Therefore, the aim of the present
study was to investigate the effects of
different types of fatigue on the brain waves
of air pistol shooters. The results showed that
all three types of fatigue had significant and
distinct effects on the brain wave patterns of
shooters. In conditions of mental fatigue, we
witness an increase in theta wave activity in
the frontal lobes along with a decrease in the
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amplitude of alpha waves in motor-sensory
areas. In contrast, physical fatigue appears
with a different pattern of simultaneous
increases in theta and alpha waves in wider
areas of the cerebral cortex. The state of
combined fatigue, as an independent
phenomenon, also shows its own neural
activation pattern that manifests itself in the
form of selective and focused changes in
specific areas of the brain. These
observations are important in two respects:
first, they show that objective monitoring of
fatigue status using neurophysiological
markers has sufficient sensitivity and
specificity. Second, these findings provide a
sound scientific basis for developing new
approaches to exercise management and
sports recovery. The use of these objective
indicators in sports training can lead to the
design of personalized programs and the
prevention of fatigue-related disorders. The
limitations of the present study include many
factors, such as the amount of rest of the
subjects during the day, psychological factors
such as stress and anxiety during testing,
genetic effects, and the principle of
individual differences in the effectiveness of
exercise among the subjects. Therefore, in
future studies, to better control the role of
individual and genetic differences, it is
recommended to use more systematic
methods. These methods include examining
genes related to nerve growth factor along
with physiological assessments. It is also
recommended to conduct long-term studies
to examine the effect of repeated fatigue on
brain waves and the performance of athletes
in different disciplines. The results of this
study indicate significant neurocognitive
differences in response to different types of
fatigue. Data show that each form of fatigue
(mental, physical, and combined) produces a
specific pattern of brain electrical activity
that reflects different neural mechanisms in
response to fatigue stimuli.
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Conclusion

The results of this study demonstrate
significant neurocognitive differences in
response to different types of fatigue. The
data indicate that each form of fatigue
(mental, physical, and combined) produces a
specific pattern of brain electrical activity
that reflects different neural mechanisms in
response to fatigue stimuli. The present study
IS important because it is the first to
systematically examine the effect of
combined fatigue on neurophysiological
indices in shooters. The findings can provide
a scientific basis for developing new
frameworks for fatigue management and
designing training programs. This study
paves the way for future studies to develop
intervention protocols based on objective
neuroscientific evidence and opens a new
window towards optimizing performance in
skilled sports.

Keywords:

Mental fatigue, physical fatigue, combined
fatigue, electroencephalography, shooting.

Article message

This study provides a neural map of the
distinct effects of different types of fatigue,
providing a new understanding of the brain's
adaptive mechanisms under conditions of
exercise stress. The findings suggest that
combined fatigue, as an independent neural
phenomenon, generates a specific pattern of
brain activity in which the brain adopts
specific adaptive strategies by optimally
allocating cognitive resources. This new
insight could transform the existing paradigm
in fatigue management in exercise and pave
the way for the development of interventions
based on neural mechanisms.
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Figure 2- Pistol and sable shooting line
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Table 2- Descriptive findings of the four groups of mental, physical, combined, and control fatigue in Theta
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Table 4. Main and interaction effect values between the four groups in the pre-test and post-test of brain
waves in eight brain regions
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Table 5- Pairwise comparison of pre-test and post-test theta wave activity in 8 brain regions in four groups

, L 250 Sind 09,5 o i) ole i) o
U 05,8 oS 5 Sis 09,5 us*’rﬁw{“» 95 D St 0g)F (J)u_) ()u_) L
; . Physical fatigue . time time &k
Control group Combined fatigue group Mental fatigue group - . )
group 0) (i) oo
S N N N o osilom Oiloin Brai
P E -] P SE I-] P SE I-] P SE i-j  Post- Pre- n areas
test test
/2 I o[+ % -/0. =¥\ ooy /b AN ofeeN /o Y/ 995l 903 st PF
# . # . - Post- Pre-
test test
AV /5 —/A s/ oY o[- AL o[-y /5 -V/¥- ofeey [5+ Y/-v G905l 903 st IF
# . # . - Post- Pre-
test test
IAd A AN AR N V-4 [0 IAY -\/50 ALY A -/a¥ 0905l 903 st F
* . . - Post- Pre-
test test
Iy va /A -/¥¥ v -5y o[-y va =\VIvY AN A AR 0903l 905 st T
. . - Post- Pre-
test test
Y IA+ —/A- -Is5 </A- SR AN IA+ -\/ey AR IA- VYD O9ejlom O9eil o C
- Post- Pre-
test test
AN Iv- AN <Ivy oIy Ads AV Iv- -/ AL v <JAY 9ejlom Oseiloie PT
- Post- Pre-
test test
Iy fav —+/AA AN AN - /A fav —N\A /A fav VY 9ejlom Oseil ot P
- Post- Pre-
test test
I¥5 fas Iy o[y At —\/VA AT a5 -« /vy <IN a8 AN O9ejlom Oseiloie 0]
- Post- Pre-
test test
P<0/05

partialn?=-/f- y90j] olgi=+/1AA) PF ailaie )3 &5 zgo 5 a5 ol ol ind Siud 09,5 55 Lol 5l gl olsl (o 2
2 b oanlie (g)blixe cglis (Fyps=) VAN P=+/o ¥ partialn?=- /¥ y50j1 oJgi=+/21) IF ailaie (Fp = YAAD P=-/ )
538 50 (Sind b oo F ailate )3 lynis /YA PF dilaie )5 @i 1 78 Yloinl & €S s oo 015 1 0lin ol

ey e ol 1y culd Lialiel ad (S s sblie cpl o b yole

P=-/-v Partialn=-1\a «geil olgi=+10A) PF ailais 3 &5 zge o a5 3 oLt (Sopb (Siwd 08,5 5 ol 5l mls
Partiam?=/\Y g0l olgi=+/0+) F adlaia (Fy go=0/FF P=+/-Y partian=-/118 «geil lgs=+/51) IF ailae (Fy gs=0/1Y

Ys



Y O)l&»«l 5Y‘ 0)33 ‘\\°~0

s e e
s Chs o el

o8 ol&ulily
University of Gom

ool b ol (glsline oglis (Fy s ¥IVY P=+/+1 Partian?=-/\¥ «90il olgi=+/00) T adlaie (Fjy = FY P=+/+0
FE F dilaie s @lyss 1 ZVYAF dilaie p5 @lyss 1708 PF ailais )5 @i 51700 Yioinl & ¢S g o)l 1 polis
and e b |y culled SRl Susb (Saed ) e blie ol o 15 eolie 5 gy (S (Saed il cod T ailate )3 & yis

P=-/¥ PaArtian=-/10 0l olei=+10A) IF ailaie 1> ks zge ;3 4 3 L (S5 (Sind 09,5 5 Lbobs il gl
b cos dF ailate (3 @lyss 1700 Yleinl & ¢S olgiie ojlul 31 pslie olul b odmlie (gloline coglis «(Fy 25
W3 g 0Lt ) Clad (38l (oS 5 (S Sl dn Bblie (al )3 5 3l g 392 (a5 5 (S

J558 09,5 )3 5 g om gl 53 i odalie (5 Iolns glis U5 g )3 3bolio I S g y3 5l (Lt J S 095 53 el 3l glis
25 2ol (6 s

(2955 ot ©gli5) 093 s

S5 S D (Stud 095 oz (599 4 93 SgliS gy 53 B S99 (5 laline glis mog)S e (P=/70) g0l ey 50
2l Gl gl 15 zge (sjie dibaio A sl ol 4l pe > S8

09)5 09,5 95 (i Sle 0301 & d25 L5 3,05 dg2g ylolias gles (P=+/V) PF aidaie )3 (S5 5 (505 (Saud 09,5 0o W g5 0
WIS (S (N 09,5 &) Sl (gt plie (2D (S

09,5 29,5 53 Sl ojlul 4y d2gi b g 31> g2y Jboline glis (P=+/o¥) F aidate 1> (55 5 (S5:8 (S 09)5 o wipan
P (S (N 09,5 ) Cund (i plie (S (S

§ S D (S

JS 098

el i

093l o

(U555 9 (o5 35 ¢S 38 (G5 (Shand 09,5) 89,5 o (19031 ot 9 09031 i 5 U5 g bel> (SIS 595 .Y JSS
Figure 3. Topography of theta wave amplitude in pre-test and post-test of 4 groups (mental fatigue,
physical fatigue, combined fatigue, and control groups)
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Table 6- Pairwise comparison of pre-test and post-test alpha wave activity in 8 brain regions of four groups
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Figure 4. Topography of Alpha wave amplitude in pre-test and post-test of 4 groups (mental fatigue,
physical fatigue, combined fatigue, and control groups)
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Table 7- Pairwise comparison of pre-test and post-test beta wave activity in 8 brain regions in four groups
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Figure 5. Topography of Beta wave amplitude in pre-test and post-test of 4 groups (mental fatigue, physical
fatigue, combined fatigue, and control groups)
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Table 8. Results of post hoc test of differences between groups in electrical brain wave activity
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Figure 6. Differences between the four groups in the post-test electrical activity of Theta, Alpha, and Beta
waves

s
S8 (50 Collad g (St G sl Sl (P Gree S 4 SlP e 35 ol IS (yg 2Shes ) (St ool 4 295 L

£ Ay 48 2 L5yl ing s 29 63k Bl I (S3he glyal g (S gl S ple Gingh I B cplpliy a8
By g b oline Lil3El &) oxie ad (SKiud dk5 zge 5 Il Ny (cie glsel 6oS pr siulate g jbline @yl Saud
oS o9 opl dngy Ao a5l 3 86 cos |, T F dF (PR Jols (a5 5| (g pams aiols (S50 (Saus oS Jb > s IF oPF
Sl g 1y 550 (Siwd 95 90 ibey o blie 5ol lis |y cullad jlalixe ol 381 IF b )3 Lo o )lasl M5y ¢ oS 55 (St
e 33 o 3 et mas clpusilKe Ylain] dl o 03l gmon 51 Ky By oS 5 (Sond &S and o L5 sl oyl
Sogd Siwd 503 C o T PF sy o el boline Liliél el gnd (Siud 00 salin golie o5l 5 W zge 5

aiald i 3game cpl b L Joliee cudled L2l C g T ol o ks oSy (S Lol b J3 5t cow |, PT g C.T F slys
25 (S 8 Jlo 3 iy gn 3 3> 45T (S g nd (St ol Sl (S 2 osore (S 5 (S 3 58k o

fY



Y 7
@ q’j/&;’d"b)d)/uf&uuv

o8 ol&ulily
University of Gom

S ast Sy Saus ol cunle p ol LB al ol 5,5
Oingh golt b bl pl aS (VF) 20 0 Ly Zlgel Culld inli8l &4 i (o yed 51 (U (Siws Siol38l a7 sl lis Ve o A) o, Ken
Cllad (Rl cnl by oo S5 4 )y Slstien (So5d (S Lulpd cod 65550 9 Slin (g 0 W cdld Rl a5 ol
(Y+¥Y) o) Ken 4 VS adlas il Nt ylps o S 0Sles bais gly (05800 mas piag Slpe muaslSe saiadlis by
S a5 Jlo g3 sl olyon (655 o Slin (g 0 W Zlgel cdled (i3l b iwd (Siwd 50,8 (555 (VoY) o) en o Ty
Jlé oSl ¢ Sowd alisco glgil 48 conl o e basl cpl 5ed 0 (laibal-c3S10 (Slg )3 15 Zlgel @)ad iuliél cel b
Sl 3y90 53 pols sloadl b MolS oS ol 45 395 0 ] iulial sl g (Siwd g W zgo oy LialS el nd (Sius o
Oial38l b aad (s a5 5,8 aoli 15 (YY) hKen 5 T sl addlas . (YA ¥V) 3l cillae  Sins ilisce glgil 5 Wl zlgel joloto
Db > edonlin oSl b guen o Canl olyon (S w2y 0 Wl Zlael el ials g Slio oly 0 W gleel el
b o 4 ras byt 5 Slintn 48 (A8 3590 )0 (V1)) GhlSen 5 (o 4Bl 0gday () adloo (03 (Siud lp ol
b Clbllan ol (s (g 3 5 () (St Ll 5o (i s 8 Jold) Sl o 1y 15 Sl 81 o8 gy ol ol
G50 g Sl (Ale 0 glool cullad Jolize (158l 4 yoxie (S8 Siwd a8 0l LS 56 (VYY) o) Ko g JL,8 (slaassly (V)
gk gl yogMe (YY) )15 JolS' Slgean (S0 58 (K (sl epole ingly 53 oddosnlie (gilo Jub (NI L aomsts (] &S 3948 oo
Ty oo iy (i 3 15 i8] Jols 85 63505 (55 (S 3 (S it 5 et 5501 (YY0) oS 5 g s
& (1S F (s 2y90 p> o> yimgd 5,84 pasie (saidl b oSl ul (VY) 092 Ly ) jbliae S (g (838 e 2S sble )
gk slaadl b dasMe oS psbplen mde (Ui (a2g JB pgmed (il (S50 (2l S jete g 29000 (Sla U Sl (LIS
gmed (nl D) Slyan diaj pl 3 ey CliET L (@2 F JB jobods (S elgl 5l (U (5320 gl Dl (6981390 55 p2l
(Sl SIS Jsie & 28155 o (5500 Cled (slogSI 8 35 18T 45 ) AL S o Ty s gy (sloaly el s ale
258 )18 o3lamal 3)90 ()85 ) (Siud ilises Elgl (65 9 gl (ooletel JB g e

sl g s L;\;ylmwi”‘.ﬁ\ el jo dl"}’.s (eas slaal S alises Jsal 5l 2 oS ol ‘_’j Lo ddlllas "):{‘ C"L’
o= S > sblie )3 W Zlgel aialy ialS b olyen Sliw (slasg) )3 15 zlgel clled yiol3él sals o ind (Sowd bl b j> 35,05 o
b Dgd ol fo piB 5l 5edyS (Sl Wl g 15 Zlgel lojen Ll Bl 5l cglie 0oL Slowes (Sind ¢ blio ) paind
23S ke g oo Olpsd LB H0 a5 aad o L 1) 063 ol wae (giludled oo Jitue (glodsd lgie s Sy (s
b (Sind Candg dus i a3 o L @SSl cunss il cuenl Pl ads 93 5l Clanlie ol ol o yalas jie jl ol bl
Wy dl).s L;H-A)L.ﬁ L;"'Lc' dL.m Lm..eb U”I c<\§o1 £9° Lol )].))95).3 u_"-)lf C;w.ohw‘ 9 WL.O )1 &))9191)‘3&#4& dl.tbji.sl.w.’ )l odlasiwl
4 Wlge Sy son 3 e Spadls ol S8 @ gl wald (S5 CBLiL g aped Cupde 1 (g slacile,
by i (YOA) e 5 1555 (slaaidly « Jolde )5 doloeiy byt (Siws I bU SYMB] 51 60Kt g 0l pased slaaoly b
e (FY) 39505 (P05 ()l 455290 Glacdled (b )3 (e 5 (65550 (Siud 423 (1ol 53 Slee alS sl (and (Sus
5 275 by 5 628 Sl ((Sind g9 ()Kbj)9 Oylee gaw (b)yg £ 4 Sl BiSte Cliid @S 3 (2gumenl
al 3 Skos i (Sind oo sl g pesee (Siom oxims ol Jelse ol il b e baosls oo

! Gebel
2Tran
3Su

4 Habay



Y O)LN:J (Y‘ 0)9.) ‘\\°~b

s . el
u’//}u’l'/’}/,iu’ IR

University of Qom

syl Wile (BLily) Jelge gy Jgbo )3 b gogesl ol il olize aile (Jalss 51 (53l 41 Ol pob g (slacadgie |
2 oyl g0 o)Ll I ogail v > cnpes ) il g0 (63,8 Slacglis ol g (Sj il dagygel plos] b lyasl
Jolis o) cnl o9 odlitsl (g siaplles (lo ) j1 2945 oo ey (S35 9 (62,8 Soglis [y S (ol o] (sl sty
Solsyl JUS (PSPl 5 oribn Bl Ja mpl as 13y 588 b laspe (lap] oy 28k) 5 GEib)ly s
bl oo Sofgl s
P9 o0 dpog e (gladid ) ()IK55 )9 3,8es 5 (sjae glgel 550 S Sand Sl oy (sl ©restl Sllas plos] (yioren
Slllhae 53 395 00 ey (idgR (nl )3 02d odalie (S F (K plote (oS (s lapuslSe )0 Grosd jslaie 4 (ppinan
asis o Lise FMRI LLas cés s EEG jloj s oS 5 b wlgs o il 3,500, () -39 o2lizl FTMRI 4 EEG 340 51
Slogeysn o (o (st Sl Wlo (6,50 JIS b Jolse ) 1S alolis (55585 yob 421y (oS (g5 ol Jgano (s
slue plapiags (i ebly (Siud S Gapie @lp 6538 GbgSl Bl 4 Slgi oo 15 L)) (a3 G olls 5 (il
2,8 dinlgd onl8 ol (63,8 Sy Shg elel g )85559 1 (Siud Copde g (aped Glaaely (ALl )y (olio e
S5 o
I a8 s o i bodly sl | Siws calisee glgil 4 gusly j5 Jbliee 3l wae slapled LS Lingh oyl s
Solite (emas la)lgjle ouiSOLIL & a8 e Sl I lojag (5300 (S SI Cld (oSl (oS 55 g (o o 2D) (s JB
St 85 Liopllss gy 41 e gl 4 sl o] Bl g ol )yl adlln ol (Sad clocS e b dgalye
Cbog s dnwg clp ale cluo S5 o ot claadl .l aslyy Ll ) So5de jdcuas o adls b oSS
o JSSgy gt Caz )3 odil Slilbe (gl 1) atoj tmgdy il 2ygl wal® el sloaslyy (b g (Kiud oo dlio) ) (29
LIS o (5)lee slo)5))9 3 0, 8kes (giludig (Sow 4 B> (Sl g 4B Lo lgan as s daled e slalilie
o by
) obiyg )Lib Ll > jie Bl (slapuslSe Sl (shte S o St glyil plote sl I ae i &)l L adllaa )
ol 22 &8 WS o ol ) lofag (5300 Cllad oS mae i onpty S lsis 4 (oS5 (Std & amd o (LS laatly amd
S Sy e 3 39290 Ll Sli oo it i cnl 25 o0 Gl 23 1y (ol (BT (Sl yly ( BU @lie Aty parasS L e
Dyl wblp wac (laguslSo p e CMNe dawg (gl |y Ao g a3l Jgie |y b9 5
W Ol
5b e SSRILREC-2312-2582 ol 0 1 55 o> olie
OB s 5 &8 ;Lo
)l o ]y pingh Culgue (Jol Bt g g wdly SLSy Sl 2l Jolpe 3 pole Jiagh Bty
o o>
By 68 Wl 31 48,5 By g s odlizl (Hgoyd 5 )05 cooges i 3 Jlo (ol e S n ) pdls g, 53
Lol gl
&be o)l
Sl @lie (5l dllie cpl ¢Sty bl pl
S 31wl
oSl L3S o JalS5 g ) olKutlej] Jelge cpmiomen 28 (6 )So Lingly el pll 3 45 oodlgls 5 lye cSi55g dan 5
Pdien 6l ol oo 5255

FF



Y O)lAM:J (Y‘ 0)33 ‘\\°~b

s . el
J/./JJC:'J//JJ)/W&UU:/

&bo

https://doi.org/10.22089/spsyj.2021.11198.2223 (0N))F ¢ 1éjyg swlid, sl colellas, JuiSan

lodog 5 jale (K055 )3 (205 (Gl pgal £95s 5 @iple) 2 b (S B (VFY) g (B 5 e B s o] @i

. https://doi.org/10.22089/SPSYJ.2019.7382.1788Y¥-Ys (¥£))F « nisyg owlii ) clellos, &1)8

(ol b gl ol dolialogd. al jale i w8y 5 (> 3,8kes 5 Sadyyg SBigel (VF0Y) p it 5 g sl

. https://doi.org/10.32598/SJRM.13.6.32713-a¥-\3-Y (5) 11

. https://doi.org/10.22038/jpsr.2020.38361.19118V-48 (V)9 o sisilyr 5 Sl pole dlxo, Jlguds yg3

References

1.

10.

11.

12.

13.

14.

15.

Ghasemnezhad, M., Aghdaei, M., & Farsi, A. (2021). Effect of physical and imagery training under mental fatigue
condition on cognitive effort among basketball novices. Sport Psychology
Studies, 14(51). https://doi.org/10.22089/spsyj.2021.11198.2223 [In Persian]

Hancock, P. A., Desmond, P. A., & Matthews, G. (2017). Conceptualizing and defining fatigue. In The handbook
of operator fatigue (pp. 63—73). CRC Press. https://doi.org/10.1201/9781315557366

Heidarzadeh, A., Hosseini, F. S., & Tofighi, A. (2023). The effect of body fatigue on the timing and imagery
vividness in skilled and semi-skilled karate athletes. Sport Psychology Studies, 12(44), 23—
36. https://doi.org/10.22089/SPSYJ.2019.7382.1788 [In Persian]

Walsh, M. L. (2000). Whole body fatigue and critical power: A physiological interpretation. Sports
Mediicine, 29(3), 153-166. https://doi.org/10.2165/00007256-200029030-00002

Ishii, A., Tanaka, M., Yamano, E., & Watanabe, Y. (2014). The neural substrates of physical fatigue sensation to
evaluate ourselves: A magnetoencephalography study. Neuroscience, 261, 60—
67. https://doi.org/10.1016/j.neuroscience.2013.12.049

Meeusen, R., Van Cutsem, J., & Roelands, B. (2021). Endurance exercise-induced and mental fatigue and the
brain. Experimental Physiology, 106(12), 2294-2298. https://doi.org/10.1113/EP088186

Wang, Z. (2024). The neurobiological mechanisms of mental fatigue: Implications for cognitive performance and
recovery. Journal of Cognitive Neuroscience, 7(5), 226.

Hogan, P. S., Chen, S. X., Teh, W. W, et al. (2020). Neural mechanisms underlying the effects of physical fatigue
on effort-based choice. Nature Communications, 11, Article 4026. https://doi.org/10.1038/s41467-020-17855-5
Mortimer, H., Dallaway, N., & Ring, C. (2024). Effects of isolated and combined mental and physical fatigue on
motor skill and endurance exercise performance. Psychology of Sport and Exercise,75, Article
102720. https://doi.org/10.1016/j.psychsport.2024.102720

Ghojazadeh, M., Farahbakhsh, M., Sahrai, H., Beheshti, R., Norouzi, A., & Sadeghi-Bazargani, H. (2024). The
activity of different brain regions in fatigued and drowsy drivers: A systematic review based on EEG
findings. Journal of Research in Clinical Medicine, 12, Article 20. https://doi.org/10.34172/jrcm.34638
Bestwick-Stevenson, T., Toone, R., Neupert, E., Edwards, K., & Kluzek, S. (2022). Assessment of fatigue and
recovery in sport: Narrative review. International Journal of Sports Medicine,43(14), 1151-
1162. https://doi.org/10.1055/a-1834-7177

Rubio-Morales, A., Diaz-Garcia, J., Berchicci, M., Morenas-Martin, J., del Campo, V. L., & Garcia-Calvo, T.
(2025). The mental fatigue induced by physical, cognitive and combined effort in amateur soccer players: A
comparative study using EEG. Journal of Functional Morphology and Kinesiology, 10(4), Article
373. https://doi.org/10.3390/jfmk 10040373

Xie, N., Zhang, X., & Lu, C. (2025). An exploratory framework for EEG-based monitoring of motivation and
performance in athletic-like scenarios. Scientific Reports, 15, Article 26156. https://doi.org/10.1038/s41598-025-
05420-3

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). GPower 3: A flexible statistical power analysis program
for the social, behavioral, and biomedical sciences. Behavior Research Methods,39(2), 175—
191. https://doi.org/10.3758/bf03193146

Dong, S. Y., & Lee, S. Y. (2012). Understanding human implicit intention based on frontal electroencephalography
(EEG). InThe 2012 International Joint Conference on Neural Networks (IJCNN) (pp. 1-5).
IEEE. https://doi.org/10.1109/IJCNN.2012.6252753

Fo


https://doi.org/10.22089/spsyj.2021.11198.2223
https://doi.org/10.22089/SPSYJ.2019.7382.1788
https://doi.org/10.32598/SJRM.13.6.3271
https://doi.org/10.22038/jpsr.2020.38361.1911
https://doi.org/10.22089/spsyj.2021.11198.2223
https://doi.org/10.1201/9781315557366
https://doi.org/10.22089/SPSYJ.2019.7382.1788
https://doi.org/10.2165/00007256-200029030-00002
https://doi.org/10.1016/j.neuroscience.2013.12.049
https://doi.org/10.1113/EP088186
https://doi.org/10.1038/s41467-020-17855-5
https://doi.org/10.1016/j.psychsport.2024.102720
https://doi.org/10.34172/jrcm.34638
https://doi.org/10.1055/a-1834-7177
https://doi.org/10.3390/jfmk10040373
https://doi.org/10.1038/s41598-025-05420-3
https://doi.org/10.1038/s41598-025-05420-3
https://doi.org/10.3758/bf03193146
https://doi.org/10.1109/IJCNN.2012.6252753

Y b)l&uﬁ (Y‘ 0)’3 ‘\\°~A

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

s . el
U//”U/L'/”/”L}/ IR

Stroop, J. R. (1935). Studies of interference in serial verbal reactions. Journal of Experimental Psychology, 18(6),
643—662. https://doi.org/10.1037/h0054651

Smith, M., Coutts, A., Merlini, M., Deprez, D., Lenoir, M., & Marcora, S. (2016). Mental fatigue impairs soccer-
specific physical and technical performance. Medicine and Science in Sports and Exercise, 48(2), 267—
276. https://doi.org/10.1249/MSS.0000000000000762

Barzegarpoor, H., Amoozi, H., Rajabi, H., Button, D., & Fayazmilani, R. (2020). The effects of performing mental
exertion during cycling exercise on fatigue indices. International Journal of Sports Medicine, 41(12), 846—
857. https://doi.org/10.1055/a-1179-8326

Slimani, M., Znazen, H., Bragazzi, N. L., Zguira, M. S., & Tod, D. (2018). The effect of mental fatigue on
cognitive and aerobic performance in adolescent active endurance athletes: Insights from a randomized
counterbalanced, Cross-over trial. Journal of Clinical Medicine, 7(12), 510—
517. https://doi.org/10.3390/jcm7120510

Goudini, R., Zahiri, A., Alizadeh, S., Drury, B., Anvar, S. H., Daneshjoo, A., & Behm, D. G. (2024). The effects
of physical and mental fatigue on time perception. Sports, 12(2), Article
59. https://doi.org/10.3390/sports 12020059

Moradi, H., & Shahbazi, M. (2024). Neurofeedback training on motor performance and gaze behavior of skilled
pistol  shooters. Bimonthly  Scientific-Research  Journal of Rehabilitation Medicine, 13(6), 1094—
1107. https://doi.org/10.32598/SJRM.13.6.3271 [In Persian]

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/].jesf.2022.04.001

Cheng, S. Y., & Hsu, H. T. (2011). Mental fatigue measurement using EEG. In Risk management trends.
IntechOpen. https://doi.org/10.5772/16376

Cuchna, F. M., Blair, P., Herrick, J., & Collins, S. (2024). The effects of mental fatigue induced by the Stroop test
on muscular endurance performance and neuromuscular activation in Division III female athletes. International
Journal of Exercise Science, 17(4), 1540. https://doi.org/10.70252/LEDA1951

Garcia-Pérez, J. A., Pérez-Soriano, P., Llana, S., Martinez-Nova, A., & Sanchez-Zuriaga, D. (2013). Effect of
overground vs treadmill running on plantar pressure: Influence of fatigue. Gait & Posture, 38(4), 929—
933. https://doi.org/10.1016/j.gaitpost.2013.04.026

Bailey, S. P, Hall, E. E., Folger, S. E., & Miller, P. C. (2008). Changes in EEG during graded exercise on a
recumbent cycle ergometer. Journal of Sports Science & Medicine, 7(4), 505-511.

Gebel, A., Busch, A., Stelzel, C., Hortobagyi, T., & Granacher, U. (2022). Effects of physical and mental fatigue
on postural sway and cortical activity in healthy young adults. Frontiers in Human Neuroscience, 16, Article
871930. https://doi.org/10.3389/fnhum.2022.871930

Su, M., Li, W., Peng, F., Zhou, W., Zhang, R., & Wen, Y. (2022, November). EEG-based mental fatigue detection
using CNN-LSTM. In 2022 16th ICME International Conference on Complex Medical Engineering (CME) (pp.
302-305). IEEE. https://doi.org/10.1109/CMES55444.2022.10063316

Tran, Y., Craig, A., Craig, R., Chai, R., & Nguyen, H. (2020). The influence of mental fatigue on brain activity:
Evidence from a  systematic review with  meta-analyses. Psychophysiology, 57(5),  Article
e13554. https://doi.org/10.1111/psyp.13554

Sun, H., Soh, K. G., Roslan, S., Wazir, M. R. W. N.,; & Soh, K. L. (2021). Does mental fatigue affect skilled
performance in athletes? A systematic review. PLOS ONE, 16(10), Article
€0258307. https://doi.org/10.1371/journal.pone.0258307

Goodall, S., Howatson, G., & Thomas, K. (2018). Modulation of specific inhibitory networks in fatigued
locomotor muscles of healthy males. Experimental Brain Research, 236(2), 463—
473. https://doi.org/10.1007/s00221-017-5142-x

Ghorbani, M., Ghazalian, F., Ebrahim, K. H., & Abednatanzi, H. (2020). Neural response of cortical brain during
high intensity interval pedaling induced fatigue in women cyclist. Journal of Paramedical Sciences &
Rehabilitation, 9(1), 91-99. https://doi.org/10.22038/jpsr.2020.38361.1911 [In Persian]

Habay, J., Van Cutsem, J., Verschueren, J., De Bock, S., Proost, M., De Wachter, J., ... & Roelands, B. (2021).
Correction to: Mental fatigue and sport-specific psychomotor performance: A systematic review. Sports
Medicine, 51(7). https://doi.org/10.1007/s40279-021-01478-x

12


https://doi.org/10.1037/h0054651
https://doi.org/10.1249/MSS.0000000000000762
https://doi.org/10.1055/a-1179-8326
https://doi.org/10.3390/jcm7120510
https://doi.org/10.3390/sports12020059
https://doi.org/10.32598/SJRM.13.6.3271
https://doi.org/10.1016/j.jesf.2022.04.001
https://doi.org/10.5772/16376
https://doi.org/10.70252/LEDA1951
https://doi.org/10.1016/j.gaitpost.2013.04.026
https://doi.org/10.3389/fnhum.2022.871930
https://doi.org/10.1109/CME55444.2022.10063316
https://doi.org/10.1111/psyp.13554
https://doi.org/10.1371/journal.pone.0258307
https://doi.org/10.1007/s00221-017-5142-x
https://doi.org/10.22038/jpsr.2020.38361.1911
https://doi.org/10.1007/s40279-021-01478-x

