M3 0B 20245 $£69% %24 H:3492~3514 ¢ OPIER2E) 2okt
RRADWEHZ: WASHIEEE SCIENCE CHINA PRESS
CrossMark

& click for updates

IS ZJINARIEERE A58 (2012~2022): TOAEIRINE AR e 22

= 1,2*¥ ¢ 1,2 3
ek, BB, KE
1. A E B B OB T T R s 500 %, L5 1001015
2. HEREERE R LR, JUat 100049;
3. JLRtImYE A Al E i W B R b, Jbat 100875
* &R, E-mail: weigx@psych.ac.cn

2024-01-08 Wik, 2024-02-17 4181, 2024-03-15 #57, 2024-04-01 M8k ¢
REFERARF R AT 2030 — iRk 5 28 HF 98 5 R T H 2030(2021ZD0200500)F1 FE 52 H AR #5442 (31671163) ¥ A

A% HE R R SOR By E Y, Bt 2R A B G A e B i R e T bR B — AT R I B, AT
AT REARLRETHERLRE, G X THREZANE—FRE. BHTHFRET ZNREN Ty iR 1,
FTREBERHENMRATAWENYE, EREHERETH . RURERAETH. RENMBAAELEREN
EHRERIALDEERBEAC, MEARMEER., R ENF A, KEFHE, B0 @RI,
BT R L EFEAMERMIET ARRA T AL EELTERNEZER. S FEFH A M ERFN
BB R B IZ AT A XA R0 BoA L R ARy Ak 5 ) R4 AR R XN FERRBANMEKZ RS
HHE RN, FAlFEL R & R — 0 QI fo KRR P B IME R AL sk, RS IR, 38 5 R
TR FMSE, o ATHRRR, AERFHF LB At ERFNHRR.

Kl Emh, B, R EROR, B H AR, B REOR

iz FNFI 4 Rl 2% (sports and exercise neu-
roscience) &/ IRE F I SRl AR A8 Sl
A, 00T RIS ST o (LG B AR Bl
SBAR A SE BAR )X RGN I DI BE W 25 St PR R
fm. 20124E 84, BRI ARER R R C T
AR FE AR TF Bk A i 1, TG A T A
ISR, R, 1258 AOAB Y Bk T
“OIPRFT S R RE LHAT A TR AE L LUS,
SRIAR B Z A A ORI ) KRGS T & T H—4
RNy DR O > €y R S 1w E - N bl s S E i D
T B AN AR SRR R B R T YRR,
WL FRE TR E RS sl GBS N AR SR C B0 3R
SRR LR RSN X . 2 AR R —22
SCEERF 5 Tk A B> 5 T 5 Y s & e B

FEHKSRIFIN, Br T B2 80K E SIS,
PACO A1 B B B R 15 1 82 AR
G RNTIRLE — [ R EE R Z A ARV, Ao &
RGO BE Y. A B DA R WU 55 D DA
BRI S HAR AR, IR D TE (e
G2 PRI, SASEVGRI T, FEA R —
FRYTERRFE, TRFA TS SRR B SR, do2 A
AR DR R R R R, AR
M 7 B PR, A4 A5 A - 2 M ) I 2 LR IR, DAY
BOARHY <R ANPUE™, HSCRE T 0B 5 B
9 E BN REAR, DA A A i B AR Sl ok AR ST
HYEL, SRR RIE— DR, N, BRI H
FINHBIE F5k: H—. N UM AZ B 5k
LERIRIEER, SRGEE TUGRI T ECRIN G, 5

2024, 69: 34923514, doi: 10.1360/TB-2024-0034

SRk Bmk, 35 M, M. B E AR R AT ST(2012~2022): 104F B 5ok R, Blegiii, 2024, 69: 3492-3514

Wei G X, Ge L K, Lin X. A decade of progress in sports and exercise neuroscience from 2012 to 2022: A review and perspectives (in Chinese). Chin Sci Bull,

© 2024 (PIEREE) Atk

www.scichina.com


https://doi.org/[object XPathResult]
www.scichina.com

T NN 2 B R RO B R S L R SR
AR BRI BRI, 45 = N2 B B AR
IR AT S, T LA, YT AL BRI
SR ORI T — At O B 2 I SR 2 O RIF 5 T 1)
WMATHERE. LY. MR, BE%. AL
R op s B BN 2Rl B st A Bl R
FENG, RIF NSNS ST R (58 S A2 >
A 1 B B BB R . — P 0 B AR 204 ) S A
ML B AEAIE RS OB R A L. R
T B AGE SR A B AR S B B RS B, X e
PSR — AFR R SR LR UG 3EA . HIt, AHF5
W, IR B34 S AT 37 B RN
B BN 2Rl B TFSY T 2 e R A
ZIIVER, HLINTESE RGBSR, 4% Lis s i
AW BFSE R, S 104F0 2 30 HE T H s b A v
(AR, SRR A2 5] 2R 0 XA 0 BB ) R Y
W, WEESERGHTESEE. BsiEL. B
oS AL 25 5, R R E N X e P S Sh
R 1 PR O AR AT, PSR G 1 &
PREBER 2 0 LB 75 /045 B R A X 27l S 45 4 T3
VE. DR, ARHCTHALSARY, B3l 2R 2
JE H B NS T B BT A A BT
TERE R4, BFFEE 56 T HHRIE Sh ALl
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1.1 B (EEG)

EEG/2—FP M 3k B 3R 210 5% Kl 8 G FL T 3y
AR, BhgplE flnRE 2 EZ T H. EEGIES
ST R ik Bz J2 4 28 5T 0 [R) A5 /L 3 3l 0 & HE AR 4
MITIUR S S il f FiL), B A v T EEERNZR G
P RIESCR AR, EEGRI LIS A8, 0. av B v5F
W, EMSAMARREER. KRB B, R IISER
DA EYIRER. EEGH LU T2 W FPTAL 25 b i e
Yo, WAT AR KGR DhBeNG3h. ILsh, EEGABE
I3z W T IsiFL4E M (brain-computer interface, BCI)H;
A, S8 KNS5 5 MBI A IIACH., SRR
SREEIAR R B
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B 1 BRI Rl R RAE AR (2012~2022).  IBIAKIRN R BOBT S R IR BOR SR BOR,  Horh i RIS EoR £ 2 A1
$5/i5i L %] (electroencephalogram, EEG). ZH{4-#H ¢ {i (event-related potential, ERP). Z5A4a Il AEMEILIR M5 (magnetic resonance imaging, MR1/
functional MRI, fMRI)FIZIHEEM:ITLISMEREH AR (functional near-infrared spectroscopy, NIRS); KRy A 3= B A1H5 22 /i ) 4 (transcranial
magnetic stimulation, TMS)FI£2 i H §il 3 (transcranial electrical stimulation, tES). 7£ S5 3Bk U A DA N 2 )2 R B8 R AR T BT B R
PR G0 IR, LA S RS KOERL. TESE R A AR RS th, AP TE 2 sV S al T, SifERae
>, 1BEERL, BAPGRAMZR B ZRAE T, RS sARMEREEI AR D, @5 IBE IR T BRI 211052 2RISR E,
WIITHRE A R R, PRI T AR 22 5 B ARBLTIRIT S, B B ARAVE R 5 I T IR B OOl 8 5 BT 50, T ] B T N T3 RR IR BTN

Figure 1 Development framework of sport and exercise neuroscience (2012-2022). Research in sports cognitive neuroscience typically employs brain
imaging and modulation techniques. Commonly used brain imaging techniques include Electroencephalogram (EEG), Event-Related Potential (ERP),
structural or functional Magnetic Resonance Imaging (MRI/fMRI), and Functional Near-Infrared Spectroscopy (fNIRS). Brain modulation techniques
mainly include Transcranial Magnetic Stimulation (TMS) and Transcranial Electrical Stimulation (tES). In the field of physical activity/exercise,
cognitive neuroscience primarily focuses on the effects of physical activity and exercise on attention, memory, inhibitory control, and emotions, and
their brain mechanisms. In competitive sports cognitive neuroscience research, researchers pay more attention to action observation and anticipation,
motor skill learning, motor imagery, sports decision-making, and neurofeedback training. In future research in sports cognitive neuroscience, it is
suggested to consider the complexity and dynamic characteristics of brain activity under sports situations, to develop towards open science, to carry out
brain mechanism research based on individual differences, to take the body as a breakthrough point to carry out body-mind-brain integration research,
and to move towards a new era based on artificial intelligence

1.2 SHFAHSRIBHL AL (ERP) 1.3 IR IR (MRI/EMRI)

ERP2 H1 il a0 O H R R 5 & ny B 284k, 2EEG
SRS 7 S 75 W ol = W S =1 0 121675 21 SN (30 N L
BIPERRE AL, 2R IR EZMSE T 2. ERP
AT SE R S 2 A, Iigas . Foe. R, Il
10 Tk #HSUCRME 255, LAHR I ERPRLSY,
faP300. N400. FERf: 7125 fk(contingent negative var-
iation, CNV). ZKHE ) (mismatch negativity,
MMN). 45iRAMH &7 (error-related negativity,
ERN). J2/iiAH K £ % (feedback-related negativity,
FRN). Ml iFEHL{ (late positive potentials, LPP)%%.
ERPIAFFE AR HE T BRI RN, PL A AAIL
SEHFNFH PRI S AR DG SR (1 & Je.
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AR Y M KK i (blood  oxygenation level depen-



F 1 BINMMEREE ARSI AR R

Table 1 Summary of common brain imaging techniques used in sports cognitive neuroscience
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o3 4~8 Hz, 5005 IR EIRAS . SR AR
L AR FE AT X
i e - 0.5~4 Hz, SIREEREIR. iCHZIUR . 4 4¢m
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P300 250~500 ms, 5 A IEAL 50 2h 5%
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H%
PEBETE T AR IB(CNV) 260~470 ms, SHUAE X
ERP E554 SLEPETIE(MMN)  150~250 ms, -5 5% L0038 P i) S50 S 0 o6
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N B P P (80D
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P By
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DIREIEHEE(FC) T e T W2 52 11 A
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a) PEBfiPE 7148 fk (contingent negative variation, CNV). At 4 1 I (mismatch negativity, MMN). 481 AH G 71 (error-related negativity, ERN). %
TR & £ (feedback-related negativity, FRN). Bill]1E Hi {3 (late positive potentials, LPP). {EA45i#i k1 (amplitude of low-frequency fluctuations,
ALFF). JaiiB—3 Pk (regional homogeneity, ReHo) A4 H: (functional connectivity, FC). %A LZLZE [ (oxy-hemoglobin, HbO2)HIJji & 1141

7 H(deoxy-hemoglobin, HHb)
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dent, BOLD){5 %, A7 2455, nT LARZE KK 7E#E
SUIRZE T 1 M 480K A2 Ak, SRR AN [m] DX 3522 8] )
MRS, Kk, FEFREsm AT &b %
R = S PN VAN 15 S RN D SRS R Y Ik
AR % YR iF (amplitude of low-frequency fluctuations,
ALFF). H SRR IF (fractional amplitude of low fre-
quency fluctuations, fALFF). Jajil— &P (regional
homogeneity, ReHo). ARG IIHEZEHE (voxel-
mirrored homotopic connectivity, VMHC)5.

1.4  DJRETELLLAMEIEE A ENIRS)

fNIR S —FR] T £1 6 i K jz J2
1l 214K 1 (oxy-hemoglobin, HbO,)F i & ML 2L % H
(deoxy-hemoglobin, HHb)EAFfLAGHIZ AL~ 4R,
AT LR WA 28 T sl RN 30 ) 2 AR . P 2l
N2 FECEAAY RGN, SIS EHbO, VB R IK
FIHHbYE EEHI I, INIRSECAT AR, EH#ER G, BA
JEARANE . F R A S 50 % P AR
PORXBEFOLH, &GN T ILE . BE AL
NBERI DI RE R ITE, A SGE S-INAIF R G, S
EINIRSAFIESS [A]3 HER AR BE IR B ALK, Ho %z
kbiz s TR R, (AR IS —FITE 24 %40
EA MR AR AMZ R,

1.5 SfRGAIE(TMS) MR HHUET(LES)

TMSJE TR ZEER, B RF Nk #5175 5
RN B J22 B e, AT AR AN [ B 2805, 5
I H bRk X B 4 ay sl il Ah, TMSE 2l 1
— PR T RR B B e M Ae ik, DA RRIBURE 2 1)
FE LRI X 22 (37 B 82 T 5., TMSHT ZRP2eAl, dn
Jik i SR i (single-pulse TMS, sTMS). Xk 4
PR B (paired-pulse TMS, pTMS). & ik 28 i
H i (repetitive TMS, rTMS). I ATk h 2 1 )
# (controllable pulse parameters TMS, ¢TMS)F1iNHRHR
2[R (deep TMS, dTMS)%E. TMSEHA R A4S
]33, AT LUE ORI E G IX, B — & RIFE,
FEASE IR, 555 KR 5.

£ F B B 38 (transcranial direct current stimula-
tion, tDCS)JEtESH HFTR ) 12 s S H R
tDCSIH o 75k Je bl PR R AR B i, R AP
LR, TR E 53 52 T B AR RN B 2 1 4 A PR 1Y
F#Y. t(DCSTER. L. H#fE, mEAX TTMS, H
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random noise stimulation, tRNS)J& 7 ZMFIFRHI 412
TR R, BT B A Sk B b 1F 5% A8 A
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B AE

Zi I, TMSHItDCSZPIFPAS R AER APE I #28
PR, BN 2R % R PR a7 FIE
B, A AR HME. RIESR H B,
AT LABERE B I BRI T X5 I ) o 2 A 452
2 BRSNS N e Rl

BTG S ARG — R AT R, TREE TNH
sl B RS =R raen) 7 N Y AN B S S di 121 P N1 B3|
W AE 8. FEATT H, FRAT] e R (a R AT
EYRTE sl SRR SR A RS IR E
AR B R 2 S S [R]A DA 8 ph 28 B 2 32 3 (1
b= SN Tar VAN 1 E o N 5 2 W 7| A4 B= S NI 54
HX AR B OLES D4, lAEAN BENW
INHIP R R B, TE XS oT v, BHIARYE SN
BEAEE I NI BE . BBy WIS R
POl e 7 LA SR I 25 55 0 R 2] T AR,
AR, FARIE B/ EHARTE 3l 5B i ARE(UN B R 2276
BIE . BEEIAHIBERS . SRR BEAA) A A 5T 1 e 2 —
AN T, BRSO SGX TR M. AR
HARA T Z IR R TR AR XA~ A

2.1 SikiEEh S

JLEE AR I 2 A T SR RN & i ) S
Brig, iX—Br B i ) 52 S RS FAE TS O N R
M. 3T HA, SEFE NS LE S /DR & 8 E 1
WF9E, a7 TR E G 35 KIGE5 4 F T ser X &, i,
faf 2 Generation R H (19— A G ST I8 25 T 108844
JLE, S50 IAE104 B B A s it 5 142 B Ay
A= REARFRABE A BTRE M OCIR, 1M SR FR 1S A
5 )L B IR 00 B RS s . SRIE TR E B
73— F ARt & 8, JLEM BRE SRS
HERE & B 2IEMHE, RN 255 W 5005



(fractional anisotropy, FA)RYHE S 4/ HR
(mean diffusivity, MD)JFEIE". SutFms, 315
T /DA % J&(adolescent brain cognitive develop-
ment, ABCD)AYRIL[E R PRI H 7347 T 600044
WIAE DR, & e I B RIS BT LA
EIUGEMLTT R R BE M E R R R R, s
MILEIEHENE . ROR . BRERRE . Ak, BRTES)
IO TT DA B8 R R 28 F A, S BT AR AT
oA . BRI IR,  HE T AR E R 2L
(body mass index, BMI), M [fii o] BBV S5 (AR EE XA
ST AT 201248, v RS0 4 5%
T22246~18% JLEE DA, BEAT TR B B e it
gE. BRI, BHRTE SN S KK 2 R il X (th s
Ml rf g e VA RN AL A 8 T AH S X)) 25 44 AT T e &
BEUIAE, I HARBERE 1 3 5 KAl 84 2 )
AATE R

Rl A A, IATIRE . KIGZE K/ N
JRTEREMEAR 2 T T R, (B RAR S 20 S, DA
FZAL I T 42 B (Scaffolding Theory of Aging and
Cognition, STAC)IA A, K EHAA Al 88k, nl LI i 27
AP 22 I 25 (I 728 ) R G2 fife 2 AR Ik 548 B ) g
FsZIE, TR THAFIRE . NSk, iz 8h 5 =05
AT LA T CR ", BT, ©A KR RFIE
SET BHARTE B RS 3l T 6 AR 45 44 F D) RE Y
FEMAER. an, 42 30 m] LIS s Joe i i o DX s S A i
Zihr, HOINATART AN SRER, oo T e, AR
B R ERIA R 28 FAH AT I 48 D REIE 4. eAbh, Rz
GG B SIE N BAE N KR BARTE B, X
AR NI A B e A 3 T g0k, AdE Iz G0
SRR, FRARAR | [0l ReHo, RRARARTIRZE . ERIA
PR 245 55 RUEE ) 265 1 FALFF.

2.2 SRS

1 & (attention) 20 PRI S B B RN — & X R 19 T8
S8R, BRI A S R R A RE T, 12
FHERRE S R B ST A RE W O, T R A 1%
KIMAW &R, 7~102 0 & BIRE, 11~15% #1H &
JRZENS. RE BT LET R MEZE . A
RS A8 FH A PR I 1 5944 5 /D AFEAEPosner£k R =
ok, ZER LI, ARV BARS D, miE )
EABIPEER oA FRME R FAE shid, (A, I
EAE AR e 2R B TERPHIUIRR T A

YA S S AT . R T ] =R
L8 DIReRysZm. BRI, 1o 8o R BT S
HPATER AL, A b m] S T AL
P3YRAFSE Y. BeAh, 9 H BV F BRI RE A 4R 5
8~9% JLETE M TR 55 R, BEATA M FT&int
RTS8 Bz J2 s ).

TR T R ARG R o0 e, (RIS B 1% 7 S48
GyTE I SO R BT EAREE R AT R 2
1S HE, MR R TE LB B R K B o84, JuH
SRR B £ B R fiF (attention  deficit hyperactivity
disorder, ADHD)JLEEHEIA. KT MFFE A3, (ARBTK
- 1 T ADHD ) L 28 i 5 A il B 1 0/a LU TR /DS, B
ol T EA s T A AR . B e
K, 30 miniz 5 T AW IEIRADHD JL # 5 7 796/8
Lfl, RUIZEZ3hiet% i ADHD )L Z I 50 b i Al
e ipe e Al TR A B K. AT
W4 3R], ADHDJLE T EEERIRE /I # 25 (N2, P3
W S, MRS T 00T LA BT 1k R ) R G
16U, Bt ADHD L3 53 M S RTFIT DhiE %, B
Hiiiz s Tt 7 —2f 25 AUEdE, Bz s Thin]
AR A0/ L (", SsR AT B &M 2% 3, {2
PEVE B EIRAMEC, PmE

TERAE N WA A TSRS . 8l
JIFRIG 0 S REAH G, 1O RBELC R A A T
SHR P I Y [ 8 L B 31X P3bIe . %
BIEEGRIFE R, O i B s (1438 IR i B Al
1 Bz J2 . 3 3 2 CRIECRTT B BefetR 25 AFp 22 I ] ek 2>,
THCIRASD R BUBUARIG ), XA T E NSRS
{45 I B AT S4B SRR BE R IR bdh, AR R I,
KA T R G 2 AT M2 R I 5 72
L [nl B R . ZE AT ReHoRR A, Al b o 5
[ ReHoM A 512 3B 3h T TF ot — A5 Mk T 18
XSGR ALE]. Fan, —IEEGHITEERM,
FUiz By a] AR A0 T AT 55 O RONEIRE, 1S NP3 004
R IR R B, AR 2R T AT AR SR AR R
UNIUESESaE =N i I =L ol =1 S VAN
IX IR AE AL B S P g B Y. A IR T
BRI A, b AR RIS B LR S
ISR B2 B RE A VR AT 55 SO BL i oL, fH rp 45
A 7 AT L S5 67 far A B s P AT 55 A B R R g 13 A
MR B2 S A s ), AR R AT, MR 45 14 1Y
iz gl U m iRy, BE R G ) SRR s s ] RE 4
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S PP AL,
2.3 Bk Sidic

1612 (memory )& 7E Kl AR B FIRAF AL 5 1Y
DR, R AN I A A B B Tt £7
R R, JLE R DR IR e R R
IIAFIRE ). A ZARTE ., HRiA s Bt e
MRIFEZR T 9FI10% AR A BOK-F JLELEICIZAE 55 b
(R BL2E 5 5 R Mg M i 6 220 mR K F L
(9~102 )43 BB R NN T Eh AR FR IR 4 i 1C R BH, I
OB B AR —E BB AR T AR BT AITAE G142
RIZIEH KR, TR AN 2 S5 R0 K shint,
VS =R TRN VAR 1 i (X (3% N S - R N P
Vi A AL [l BH A L s R KT 7 A AR R R,
T o6 VA B T /D AE BRI 454 B R AR 7). i e 2 3
PR, IRE IS BEL 5 M KA b HricAZ iy =X, i
TR BT 22 1 75 /D AT AT g e 8 5 22 0 R 9 5 2% >0
FIRPE. S BB B B ISR AR DS R R A SE T3
et aAb. i, SV iz sl s b T s
AT 55 B AREUR DX A 28 s, SR . 5 [l
L P AL, S S ST IR L i T AR
042, HESE UM TR I o 72 D3R =5 FIRUM /M 9 8 .
AR AN ZR AT DA3G s 2= )L B AT 1-back 55 47
AMHE 45 AR 2 X s Y. Kz sl T Lk
HHEMELEMN TR, BARFI R O st
& 2 FAFU S5 AR O H 57 b BB R ) i G IR A A
fk.(initial contingent negative variation, iCNV)".

e IR R AR oy E AR . AT b
LR, ARz BN ZR AT DA A AT SRR fin
2%, ARG T A S IR FRR G 1~ 24 B s, A
I 3 HATAZ D RERY, — I T TR AF 5 o 75 R L
AR, R I 25 > R R e o 5 98 224 i )
MR REAAR T2 B 1Y, 5 — I AMRIBF 5 I %
I, 128 RS I8 A] DA 9 A NI S AP 0 RiG 45
M2 E R F S S DRI, XA RIS 1012
RERY R A R, BRI S22 4, Fiit s
SR ZAE NICAZ IR 5 — DG X, — TR
ERP-NIRSHE A HARMBFF AL, 12J8 Kz T
TR b 2 58 = A TARICAC RN AT s &M i %5
TG AKOF, FF BLAERE D n-back{T55 3R], P3YRIE
RN B SHCIZ AR R, WA BRI AR,
SAMHML, 18 shH & F ANTEICI gt B Bolg¢
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SIFEAFURN AU Sz J5 5 vy 139 S 38038 LA R iy 43 - 1] B
HITIREIETE, TEKEZR By BOWL SR 21 T v B HIE 45 52 Jo 15 4
SRR EAh, B URTE SR AR N IC AL fE
FIA s sy F G R B, S RErET M 22
Je 5 I B AL P 184 T L i Y o 288 5% BT (brain-
derived neurotrophic factor, BDNF)/K-(Ea# )& IFAH
S XRFBCIZAE S, 38 S AR AR TF-A
Tz s Ban, AW R, 128 EN TSk
HIEFENFIEICIZRe it m, S5iEE Mg L
A R Bk A] R i SR ARG, b A [A]
TCIZ ek 5 T X 48 R PR T P 7 22 2 i) ) 32 42
SR B — IR & I, 18 SRR
TAEICIZ R Rk ZE R B T BE P Sz St i ol
Bz g X &t m/ AR B R B AR DL
HFPR 22 [ /B2 F I B VAR P AR VR, A i/
FRR A 1B o (AR AR AT BB 2 v e B B AT B
AN TARICAZAE I AR o S e 1,

2.4 ST Eh S

PP VR — R SERb A AL, FEEE R TR
LE R TERAF Bsk AR, LA X S w5 8 T
AOSZ . BT B IS LR Al T (activation likelihood esti-
mation, ALE)JC/HTHE/R T 12 Sl el 41 il 45 il 1 # £2
ML, B2 T 102 i ph 2% A, AdE - [ml
BEEGH . A L E. BEATe . BEareb. RBRE. Edn
i Sl 1 I =y [ b 1 s T B N & T
2% BRIA R FILE P2 ST R I, e R ] Bk
1z B0 ] R SO SO B, IR N2 R
BRI, WA I A—EUNEEE, RIS
SRR % shygn, - ELAE b =g o B 32 Sl ] i g
TN EC R R T e, AR 1 o 2 o %) 5 e A
2]

LA, 3z S0 45 il 5 i A AR A 25 55 o,
HIFFE LT 2 W ER R X AN [V AT T A 20 il 2 o6 11
SO, R, TEARRRER D, T HIE 55 (I Flan-
kerfE:55) N, —BUERMFA K IP3bIE S B4R T4
—EGRA, AE TP AR 2R SRR R P R R X — 22
SR E LRI, TEEIE SIS, RS
HRAR ) BB I P3bTE o)) L AR R R T, I B,
T B AR BHA T R N I HIBE T 0. A
MR, 3BT H AR PRI A ) O VR AR
THM. H—REER RN, 15 minth SR A Fiz



Al A5 | 2 /0 4ERE30 min g # il 4E  pekcss, (HAREEE
NTEIZ BN 5 1 25 e IR A o 2 10 - ii 224 A it )
T I R e 2 0 s e ),

Xz S AR R R A d s, AR R
B, SIARFUKTRLEO~102) ML, S EFK T
[F] i A\ FEFlanker{F-55 iy S5 A I il fas il e g, RIS
HAS M BCARARAAFRTE AP0 R4 23 Sy X 520
AETAJN R A 36 S AT S s, (H TR A ST B0
IRV 57 7% % i B R s R e B 1Y —mig
A2142Z 5F MG KR, JLERH(<124 )iz 5)
Z 50T DLIE [ 0 LS AR 36 i e O A ae . JFH
XA SCIE AT LA a5 i 22 oo [l i i AR Aok R, 5 dn i
T2 . 7tk 35 M 45 (cingulo-opercular, CON). 2RIk
2% (default mode networks, DMN)ZEFI FNITNHEZEFE T
R MM FEREAR . B BURERRCRIE N, DL
BR M) B PR IR B 3 TR T AR AR A
42 o B0 i3 T S A shi s Y, A0 e B
FRER . 2oL LR A R s M s A 5 T
ARz S, ARG R T R 28 AR AL E XH4F
BRI S 2w, S5RER, 8RR T HinT
DAEE G AR v S 30 4 AR DGR TR0R, BB FER
N F Rz i s,

et B, G e T R B TR
AR B, AR ZAE A L, R
HAEAN AR A 55 B AN TR) S5 A B3R B SR S
). AR I B, I 2R 0 2 A8 AR rh s
i (central site, Cz)P300IE(H Ik fiE KT 45K (fron-
tal site, Fz), 1P RS KU I 22 28 48 A A
XS, 5y —BH AR BoR, S8 T KR
BTN, S5 IG5 P35 LU 555 R
TR SC I Pe s i AR 3, B 1A S A iy ok
RE SRR R EARCT b, STEIB A ZE T HAT LA 3
P& 5 24 N FEFlanker {45 A —8U5 M T RV, 3
IR 148 A LT3R FKOFP, —fgridis i, 2tk
iz BT LABE m MAR R I FE BE T, SR A Ay
RIS RN 38 O R 225 MU T B )2 T
PP P 22 T TE B ), Tk S A AT I R I A2
i,

2.5 BIRGEhSTEY%

FRT A R UESE T B R iz g+ Hocd
TR, AR BRI B, 21 44

KA OB, X T RE- 575 I RN A TR A K
TEXAI ], AR IE Eh 5 B B R IX IS 25 A
L A AR PR S G R GE (A A SRR
W2, H25 A L H 2517 4% 6 By
W RS A T, FEOTDAEAERL A T
T PEANTE A L B TS Sl Az 31 F0AT DA 5 i
WSS R RE AR 2 i S8k, fe kRS A
IRRUE J I 2 (RN TIE 19 265+ BRI 190 288 01 g Jo 30 ¢ 3%
SRR G MoEsE, BEMNGE [ BN RGN A R
AFRRRER], SR A I TIRE ). — eSS
W EE BRI R X — (B, filin, Ao, #
SR B AR 5 rh A5 B 12 2 5 [ A 15 I8 R
Ak, Zomint B SAH AR A B SR AR
W Z IS, BAERIZLEE, RO T
FHOU W R, AR IR S A A
R B IEAOC, M7 1128 B —Fim G 1
B2 BALC BRI S, A A
BT SR A S, T I — T MR I 0 %
B, 30 minZ A IS S RENE UGE T IR A AR
o2k, HX R e SHERT -5 A% Z B DI RE i+
(A7 .

KT BSR4 L], FRTA 2R A S Bk,
R ik i A - D00 £ A58 55 OB BEIE . s - 00 1 A
YA, ZEMIRTA MK BT S IEMEIR AR, A
i e KBTS PR A R, s sh 2 gl
RAEMRTAIHHOE N, SBO™ A B4 RO, XU
PN, Xz sl i RO 2 PR R AR EAR P R4S
o — R THTBI B HATRZ2E SRR R (s
el AFRMBERR. BIET), Rnashi
ARG R N SZ AR5 S, 0T B R T ik
RGP, KA 255 B iz s AU A AT B2 J=
BNy, A B =R B N B R 25 5
O R R 1Y 22 5 2% i 28 O IB v 1 SC B AR A AR
P R 2 BB S U A — AL S T A
L HAWAS 25 AR DG X 2 [A) D RE S e MR 0 265, 75
BB TR LA S T BB AR, n, 5 S A
HL PN BT LA S A s 3l B IS, 72
s - 5 22 1) 3% B 2 I nT LTEAz s A R 1
. PTG, ad Eas sl e I g
TEAN B e RS- G B RE R G TR, A A
FAR I X S 1 S SR B, AR AR L
U 2 B T e e B AR AR, IER )R 5
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A=K 2 1] T RE Ve 4ok R i A <00 B T it
(SRS, HAB AN X B AEAZ 8l 5 16 45 3K 25 b A FE
FRERL. Bian, o SFam 58 i 4202 gl o] DAZRff 1 1 4,
IR AT ] X 302 0 B IR s/, Hrtings: >
HS5AEG M, AR5 T g e Y ), Ry b
o SR 1YLyl WVAN 13 o S EZ- Sl 1 I B> Rt [ ] S R Sy
VR A Rl | T 1L 20 e S AR = )i =X v <]
B BRI 25 1 R0 IR P KA A A - G % (R ) R % 4%
HESE ST BURTI . R ANSEAL IS B,

P R i T ] 3k O 2B B, MR TP R
AR A LR, A R R NT.6% . B AE
B FNIE BT TAT DL sE AR TEUE BB IS RS i 42
ML, —I AT 2 B, SRS 58 fE—IRK
W B BRI KB Y, BB ol a2l BIIEAY
TE RN, AbTHE B BRI, MRS L
SE EROHON . AR, IR A R e e,
T —T AT R, Sk s S RE NS I e R
FEIEH RTAIE A PR (I A R (o e (e, T
EATRTAIT A RBEAE), RIS 46 s hn, - B0
WG, Tk A TR T 2R A,
JEE B T A R R A I sl S S R R Xk
() REE LRI, B ARYE ST AR X Al S, 7ER
S 2 SIS shAE A, AT I AR EE Y
iS5 WRTBM-4A S KB E 222, 1, o
5k B AT B ] LU B 14.67 % 1 20138 3 i AR R AL
N, FTRE S R 2 s L S HE A L ik 5 A
¥ T3 1] Y Al e s A A S0,

TIEAE RN e R SR A S — KRR, MR
R T Ay, LB R 6.8% . AT S —
T A 2 R B ZE B AE, 95 B -3 % ) 45 4584
SEEMEZN. 1B AN — R TIAE 2GR T ik, Tl
DR BRAMAICAE £ A0 R 25480, SRS AR DG X T BE, 14
TRV Sh A AR A s gk, BRI 255 32, $
IR Z N TACR, Azl 33k, e EAT M 1 By
Peks, EZEANABR LY. SHIMARL IR, B8
b REAEIRIT S5 ARG A SRAEAE, FEEATRIT K )2 /il
s 22 M RIS E N S5kl Zebmic i B,
] REAE M ARAEIE S 7 ROH ST, X TFAE A AR E
AR BT H0AR, B RiF s as5ie it A—a8L —Iixf B~
TIHR B3 At B X B ZH 0017 8 R A8 s T WA i 5%
RIR, FELHS T PIARBLH A 7 ALFF =, 451
N HNARAL ARG A3 AE B B o A, (BRI
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SALFFAL A0 CT . S5 —Imrse ik 3, 128K
Wiz s THE, IARA S 5 R I KT M FE % K
TR AR e cRh 2% ST R 5 R AR
X B, TR FEARREREA L.

RBRUL, BHARYE sh RS sh T e I 5 R R
HRBE. 3BT — 1] DL SR A A R Y
gEfg g, EETER ARIEEES; —Jr i, &
b rTaeiE L B R A R S T 2% R S S
ZEMi DX, M r= e s . KT AR IR RAAE, &
WRYE sh Az s A s T B AR, SR,
XFF BN IAR, WFRas I A—E XL 45 8 3R
IR T IR AL 12 Sl An el 532 ma 17 28 1 ph Ze AL ) el
aetE, (HIR(TIETT 28 ZEdE Rk E— PR R XA
. RRE T TR BRI AL, Wi EERiE s T
Wrak, DLz sl me i g 00 AR 22 5 [l JBAT s 2F—
A,

3 FEHAEINAFMERAIES

SRR R MR A RIEERNRE 2
3l 5 L8510 SRS BB AR, SER AR E s )
IR R R Lk, R T AKizshHine
KT, TEAST R, JRAT] AL ) 5L RN D¢
MERERPEE. B Tias RERZ NP EE, AT
AL JIF, 1 SR A T X R 128 Bl 3 3 A A G
gk FI D) Re R e R, MR T s Bh R
BABETE. SRR T 0 FEH A TR T
W, X AL 2 3 B R 5 YINGAE R
OB 2 D1 3 N ZR5E T Z R AT SRy 5 1k 2 S ok 4R
FESINESE 2T BUSEIR. AER 3 Fir A AR BIE 98 K 22 f Tk
Wk, g T A REFNBENS L. BT T
H s R B OBRRE S AN ], AR5 E A A T 4R
XTIZ S R IFE R oAy LAY | SR R AR 22 1 L0 B
RE I TERIR.

3.1 hfiEiHES: 2] (motor learning)

IR RE Y > SZ AR 1938 3 s E BT Y 1z B AR
KATREST, ALHEXT T 2% > SRR IR FR SRR 2 >,
X R T B B 2 /NI A SO AR P i b 22 11
Z 5. ORI B2 2] R 2205 SO R] 8 KA pf 28 ML
SpampinatoFlCelnik! s BfEHE b % ] (975 153 M I
fip FEF4EIRAY2~ > (error-based learning). 5®{bE:>]
(reinforcement learning). fifi FI{K#5i2% > (use-dependent



learning) F1IA % H (cognitive strategies).

BARME, FETHRA 2RI 18 I TR G5 R
WA A TBIE 2] . e ERiz 3)) 5L AR 4 A ]
Yol ERFOFIERE RS IE T — R30I B 5 A
B BT IMRIFIIFFT &R, /M (cerebellum) ZE 4 1= 3K 3l
f 2 S R b S AR A S R A OO TR /NG
AIRETE R THER M I hin M E LM MA. X
TMS I FE AL R JE TR R ST B/ MK 9 2 SR AL 152
UEIESE, 76 HTMS IR NI 3R, 3505 1/ E2 )2
VIDRIVIIVIN A 15 B Am ™, i 15 5 40 i 7 3
WS pIE B AL T AR 2 ST A 7. SRk
6 (AR5 T3 Bl 2 LI A 2 2 D) 137 B S 1ok 2 >0
A EITE, DIRISRR IR, FECHZE T (ba-
sal ganglia) B I\ HTE SRR IR 2: > il 2] 1 OCHEAE
H, FEIEANZT M) Pz 8 1 2 (primary motor cortex,
M 1) [R] (1) 32 422 fi 0 30 o 92 o 22 2 e ) RO ) sh AR iR A T
BT R ST AR S, 6 THE S BOR YL, R
R G R SERA TR, fEZ o i, 5
AN —E REAS BRI Y S i, (RU2AE 3 B HZ s Z il
25> Bt oA 2 S5 B VER B, X FhahPE ek
SRR o e TR 27 1 ) IR g e B, AR
Hior ) HMIUA . TRt & B, i HDCSH M1
TR, TR INZRE Fs shic i iR aa e Ok
BRI R — RN BRI IR
W BTG S), HUEHXT S ER e I AN
AT A, RIS 52 0 S A B T AP ML
ZE|ZM, B HETCR L, AT H N EE 32>
5T SR A a2 B LR T — A TTRERY
AHOG M DX MR A K2 )2, EBA RS B2 >
RIEEFEEAEN, JUHIEAE T ZEH A R WG (] 5
e

3.2 g% (motor imagery, MI)

BHRGZRE—MZIRESEHN. SIS OERE.
TERXMRAE T, MR R AT A A © B RsEAT
R Sl P R AT, (EOFASEBRE AT, 24
SCUERTFEUEN], 23R GRReR et st figs: ~,
RETHSfERER T SEEE . SifERCRF R, JFE
F R3S BRI, G 3 5O B Y
FHETTR. IR GA SRR, B Tiash R LM
(IR . BIERRZ)FERR AN CE— AR
5= AR Z AN, Guillot¥ N WR iz s R 50 N

TSAYERE: (1) Hshi(vividness), FE52 00775 WiEEEE A1
EAREE: (2) HERIYE(exactness), 455 Briz B AH
UIFRRE; (3) 21 (controllability), Fe4 & REARLAE
il HEIAYERE; (4)R ] — 2 (temporal congruence),
REETRES LPRIIE 3 & AR R —EG (5) AT
P (ease), RERLIE HLtE 241K . HERIRYIZ SR G A A 171
18 B R BN LA — B2 S ARl 2R 22 1
B KRS TEE R, 12 3h R A RIS At
AT R BCF AN XS, BARTS, Arissh i)z
(premotor cortex, PMC, 43U T~ 7] (inferior frontal
gyri, IFG)FI#h3ciz 5l [X (supplementary motor area,
SMA) I AT Ge iz sh R E s R SR A
o TR XA FETR R . T5 /A, inferior/superior
parietal lobules, IPL/SPL)f1%% | [7](supramarginal gyrus,
SMG)Al R Hizsh R Z R G, BiRmzsik
NFA 5, JRARIEE B )2 (somatosensory  cortex) NI BE#5 B
MATESEI T RGO EAZ A OB, Ak, i 22
(cingulate cortex). /Mgy FEJEEHHZE T (basal ganglia,
G RRE . TS HER) WIS ) R E ok s,
Filgueiras5 A\ HE— 2 6 ot 2 5 ML B R K 42 43 5
17 T ALERTT T, AL LA 2N 4%,
i Bk R B Tz sh 2 (PMC) . Hi iz 3 X
(SMA). HRIAJRRGE 2 T0UR /T8 /Nt (IPL/SPL) FiE
JERRZE T Th Y R A
Sy Eed S0 pews Eag ML U= SRINSIELEZE SN
Hardwick® A7 EXT400£ 418 31 2 G HLE ST
(movement execution)AHSC N SE G A TIC BT 5
K, 1BEhRE Mz PATTEM G 3h EATR KRR E
. XU, BRSSPI TIRA AT REA AL
L8 TS, LS U B 2 I 1z s AR sk, LA
FERZAINIR R ING K 2 T . B A ERRY, IR E
B 7 R G ] S8 M AR S B R R R b AT BT A
™. BB ARIZ SRS G ILBRAS S AT LA 0 245
(R H RIS AN, R TE s MR IEA
PRI BHATE SN, AR I B3R myad fEd, A4k
ST s A I R, MAR 2R s T s
R IMBIE R L2 R, WEREHEA., KL H
FE. REIRE . REBESNRM LR tean,
WRG F LG B, AR DX B X
FUBLRTI, T BT R F B Kia sAH S5 A AT
TN, AR AN S SR ST R A X A
WL HIAIR, RN T2 s RE A G @ RN £
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AR, VRS2 S5EMAMAZE R, 183RE kb BT
FENyits R Ak, BRI X iE shaR 5 1
WA TP sa P A U, T tofe /D HAR & By
MR, AR LSR8 B RGAE Ry —Fh
B, RIS RS e T HIIRRCR, LR it
R X AR 1L

3.3 shfiEM%%(action observation)Sah{ il (ac-

tion anticipation)

VAR 5 NS K EAAIRE S, B U
G2 TE R IR AR, BT, A5 ALEIC/MTx
FIVEMEE LR HEAT T IHAT, RIS R 2K, 3540
T, FREs KR MRS IEE R fiE
X, TR/, TR dhsepiml, Ty, o g
BRI R W38 VA L B R P o,
WU BTSN Z, TR /NN, LS El s
FA L R R BB 2R P R LR L AR
R RERE 3 R FHERIE 21 5 B R S5 H TR,
TEAATT AR SR RIER  HEBRAE 45 v (BRI 8 1) HEA 7507
ZEREI AR SIE B4 T R IS S X . /I
T3 b/ N R, T ELICRISO 5 0l R
TexPN AT AR TR A TR I 25 i A f e —
SERRRE [ — B0k,

EHVE T —Fh S S e AR, 8 S AR
B SR ) BRI B 15 B, IR 4G 5.
B W BOWEEFIHTI A AMA Xt ) 4T R, IERE3h
VETUMIXHE 2 RS B & 6T, ARS8 B
UF A SE0 S B, —TgaRg 1, B3 L RAETUIT
SR TR T, I ELPIE A 2 F
FHAAERF 2R i, e BT SR, LR
Wi- TR -RE G SR, S B A 55 SRR
W], B A AR AN X B IO, o
AR R 2. P B I . I 30 X R A2 30 i 20
TR OCTE. (ERFSEF g, L SR T KOs
I SR — B R AR, Bl, A B UG
SR FVETUY], FFRRLERN IS T — B A 2RI
Wi, SHTFMLL, PBERE ZEEBU LR p 2B
IR PR I AV 1 S8, DA % 5 A G DX (A
JE AT K2 2 R s R 1. 12 RS BRI
5, I EAESETIT 5 20 4R 55, ATt N2
P g AT PSR IR ALY, RS AR T AR ST
W FEeh, YIRS SV WA 25 5 2 ] Y 6 2
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AR, LIONIES R RIS 5 s, A
W B, TESEBUAE S5 b, IERHIINT, ZORAIE,
Fe i JEenE 12 2l B2 J2 M0/ NG B4 33 AR DR T e B

S H AT, s SRS B A L,
SR R L 2 G Sh VRS I 28 AR R X 2R,
AT AR B/NET RER S S T XA d e, Hit, 7E3)
PETUYI R, 25 DX ey ) T AR A it — 2P B

3.4 8@t (decision-making in sports)

SR R T AMARTE S 2218 45 b A 2R 2 Y g
e FE AN RE. R R TR T
BRES . RZERWFOET L2 R
AL XX PERT T AR £ S iz B
R R R SOSE PR AUXUE i P PRk, R T
— MR, RE NSRS IR AT R KR A
WA —.

H T, A e B i S i e SR A 5 v, o
ZRTERE TR G TR 422 5. Tenen-
baum % A\ LS S A N T BE, A (1) i
BRI R . RPN, (2) BORAIR
PAEPERTEL; (3) AT AVEAGBTEL, X BRI SR
ERER

Smith "3 ¥ 45 W B 10 4 28 1 A LR AT T 45
B, LA TXEER. PIEEK. BERSEE IR G
R, AL R, LRIEMER BRI 7R
MG RS, QAR IEZZ M) T E/TICR /N
INR A, BRI, A ST Z IR 45 SRATY R A A — S —
. BARK LI SR I S PR iz s I B, Rk
HRHEET L FAAAES K. B 1ok A ISR 2 I A ST IE
P, PR ENIR 2R IR S AR K 58 T1E
HER I By 2200, R, £ 5 g T b
S R BT ], X — I G REFR R HRIR (quiet
eye)[%]”.

TEPRE B, Du AP Kis sl 25z
BB MALETC /M kB, & RB0E T4 T
[l (inferior temporal gyrus, ITG). K [Fl(sub-gyral)
AL R 2] (middle occipital gyrus, MOG); 4
XPE 2, 4G4 #H [l (middle temporal gyrus,
MTG). #H [EI(MOG). 7 (posterior lobe), #i il
W [Fl(lingual gyrus). ZEfillZk I [l (supramarginal
gyrus). AR Bl (fusiform  gyrus). SUIIRE T [0 (in-
ferior occipital gyrus, I0G). WWHELEL, ML THF, &



FAETE R PRAT S50, A7 B /DU R it 220/ ivg
e s S I SR S K I 7 A e ¢ rinead [ET K S S P
FREAHICIG DX, 220/ N -5 32 sl i 5 fliz gl 2% >
A, e ) iz SR A B A B AN T
REAOC. I, B FAESATORSRAT S5 1), Al RERE 2462
HZWRe R EM G BALRE . AT 5 b, X
— 5 R 5 Z HI R S R B AT AT BY B,
18 ) DL ANWTHB X ST A5 S UEAT IR, IEIPAL
SETATE SEPRIEOL, X —17 R AT GEA A N R T Y
H4077 JZJZ (anterior cingulate cortex, ACC)Z 5. £X
AR HIZE, FigR TR RSUIOR R RE ST, DA
A S5 AR s 55—l B AR — b i oy (B ek 2%
RIE).

BAR TR AT A R T — R IR A
ZMESE, HIRKER WS8R S A R A 1) S 90 PR v 58
R, BbXT BSLE S s P B S AR R T B
FEJI kB, FE IR B R, R, BBk
RAEG PN NISR A S A 25 5. TR, Ak Aght
T LAELN R IILA A —A- T e G 7 a2
M5, ML TR AT ZE8, BT et iir
BT WA S PR I, SRR R L S
.0 B LR BRI, AR RIS
Ji— A Re ST el 4 XEEG IR 4, 7EH
T 3 IS A O B HEA T DR SR AR 28 SRR R

3.5 e illgE(neurofeedback training, NFT)

R 2 (RPN R I 5 H A K ki
P2 LG B 2 [RIAEAE SR . AS[RI A FEL s (NS 0
Flodh) 55 e B IERAT B3z S sl A i R A .
I, BT ARSI TG S S AMAR I X R, R

S E B I L TS S T, DA R R AR ER
PR, BRIk, NFTSRA W R bl 2R —Fh,
I ST A AZ N 4 A L 35 B B AR 7 1) A A
RS, Wz )IE X B O R HE1 T 5 - B 3%
P, TR AT AR, NFTRENS B3R it 5255
TR F RV R (R o FngE HE O R D)), I
HETTHETHE ShF B, BB R 2984 T k. 7
NG AR Y, EEGS 35 T HA v i it [a] 2 %
FMEHENE, fEBshSUNFTH R E) 72, Wi, A
SCHE S A AIETEEGIINFTH AR,

FEFEEGHINFTA JLFN T3 5 =K. S b s —Ff
2 )28 H i (slow cortical potentials, SCP)iJI|Zk. @i

Xf B J2 BT AT iz i RIEOR #5471 %%, Land-
ers®E AV FLBX B SCP I 32 30 50 B 2R 45
W, RAAABCREER(T3. THREEGR RIS, s
T TR g s s R 5 — A=, R H
Hi R WL —A, 2 AT EEIZRRT, ARAE ST
N GEH R U — B AL I, 5 10 %
JERIGIX, FEARYE SRR IE A TAHRIZR. A [R] T SCP
YRR E XA Z AR, X MINF TS X 43 B
HATHVEI XN SR, WA BB A SMR, . BHIOYE.
o, SMRFlal X ia 3l iz s R LA L. 5
BIIIBFSE 2B, X SMRIYNFTII AL T i R Rk,
M ERAEER TR s A 12 Sh B, (Rt BFTE R
S EISMRAE S HF fi R ILAI LS R, MR A ISMRAEZE T
128 3 B AR S B AR S el T
SRR S TR, VIRt T sz s B 1O i S R 0,
WA HE T K-z sh B 2 Ze s a7, R
P HEVE FH I35 PR BIAE Gruzelierss A1) S 1512 5
GUode b, i TR 55 Az 3l 2 18] Y 22 50 AR v
PIHIREE B BOE SEATHERS, SN % &2 Z L (7
POV ZMETEAN A2 S, — 202204 ) T AR
W= tean, A BUE FEEGEE 734 (per-
sonalized event-locked EEG-Profile), i i 1Ak M4 7E 5k
AIRNF AT 55 P TR T B A R 22 R A DG I e |2
BN, S RIA DGR S . Ams%E AN i AR 45
EEGIEITE, 4k 444 2 538 0k 3 e A ) w4 - KA
ARASET AL SHRIE, JE T O TH e TAE
MR AINGTT, IF R R T T A B R R ER
LR R RAEAT R B

TEHAR T SUSINF TR B i S i A 1 AR
MZRRPERTSE. BRI, AT AT T 45 R R,
NETX BUEEEGEHFA /NG i, I 82 30 5 1Y
B RIA /N Ao RO ek R
i AN /N, ENFT B TS AL
SR (1) Ko sl s/, (2) AaFemiig il
2505 (B an B I 2R M DX R ) 26 S KK, MELUTBCAE
BT ILEL (3) TEHAB U ANF TR H, — 285 %
(8] 53 B AR (MR 78 UR B B 2 A F
{ER I A HAR G iz FH 2252 sl 4.

3.6 LB TP

B FH TR Tl WA TR s sh R, H
I3 5 L 1z 3 s B O (B R )
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L TEET R gk, EE S AR KRR
G bR, TEANEIR L RGBT M 22 55T, 1)
n, FEMETESAY, Bk T 2R L RK-F TR, El
ZES AT, ZEMRT B AR AL T B R T2
5, PRAT T MR — etk A R I LA Kz S R Y
ST B A i ik, PR, AR SC i 32 Aol AN 7E
R E R, T ER- T LR T —
ST S T SR, AR SCHEX Se IR R T
2 3R -

MACR BN (neural efficiency hypothesis, NEH)
B FR A O IR SRR (psychomotor - efficiency
hypothesis, PEH), f&iZ 403k A 7] B B i IR, MBS A
N, LRWHTIEMEIRB A E SRR B
RETTHAE, DI AF s sh R, TS M EReRik
A (1) HAES AR IERHE L (2) 5TRMER
A FHAH DG X IR A Al vk, 1L 585 T DX A
Sy (1) TEMESHIBTARTRLZ SR, £ K B ph Z80%
ACERAR; (2) RS A C 8RR SRR IrigFEr
ZRe AR (3) TeLEEbRIE ST S HHAE R M g it
HEY, A B RiE s & B R T NEHRRE, B4
— PR R, XA RIS K,
1] FUR R I E (ER 5 3 B0 B A O X)) B
PERIDREIRGR Y, SRR BRR BT I A 2
el /DB idi (transient hypofrontality hypothesis, THH).
7340, NEHAS THHUL 32 2| — LU 503 (Y B G, —SBmifse
SEI R I, ARAE S8 B IRE B A 4145 B, NEHS5 THH
WhSEREfs 4 N S IR MRS, (HXES A A MERE
KEF, BHRATHRATHZH L ZE. Wgigi,
WRENEHM ZETHHAS I ANIE H T AT oL, B, #F5E
B4 T P 2GR E i (neural  proficiency
hypothesis, NPH). XFBUEIAN, XF AR, 2
FPPHERATE S K0, BRI T S A Z80%; X+
R BRBPERIE SISk U, & RN %R B
W e e il Y X T SAMER  ] B OG
Z, Filho% N\ X S FEEGRIBIFFE ) T 40 W45 SRR 1,
CNEM R iz g RN, vJae 2 REEM. T
*hFER, HARFRIR: Rfis shRMM S5 ZE T
o O A 3G, U HAR I T HirA i 1 155 ool AR 07 25
b X5 T RIFERIAE 55K 1, £ R R MAH BT T o
Jickl. LifiSmith!' '3 —EXFEEG. fMRIFINIRSHY
NEHWFRHAT T 2538, AT, AF9E45 RAE SR 32
FE T NEHA R, (ANEHM RS 232 3352 80 1 R
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Ji B SNRE R EAAR S S B N, T B AR
B EARST.

2y B i (neural expansion hypothesis, NExH)
SRR SR, A BRI ETE S
BTG 2. BT R EMLA R, 1754 T 206X
W25, 4Tz 3. BilalicZ AR HIMRI
RAGH LR T 25, KBRS
HRA WS, (R LR BOE W . [RIE, PIAERRE
TR S ], H R R KBS T A
e a], FEBLH P AR AR S Kim & A
FKHMRIZGHIFRSE TR S & FZ T 5 5 i
R, KIS FREDEAEAN FEIB B X 380 0 DX R i 145
ARDCRILH TG ), %A1 R E IR HIEER, X
— RILESR SNEHA—3, (HJ2 505 B i 2
—2. HHT, NExHHINEHA H 135 I USRS B,
KRBT R — R G X A3, G55 1 52 2%
R ESER R NE RN S 5H AR
2B A4

M T AR i (specialized processing hypothesis,
SPHYIN R, LM REE 2 SA W E, s TR
SE A X (BB P 2% ), DA T4 A b 52 M 4 55 ) AU TR0 Ak
PSR, RS RS e, T s s Rk
i B AARRRE R & 1] Ak 3L Rewi SR G DXy JK Jo
AT, s sh s 2 22 AT S BT 3 1
2 WE RIS 51K E 12 32 ULl B B 0 i 22 0 2%
a19]

N HBIERE 15 (internal models hypothesis, IMH)IA
SR G E Ak R 1 B 3 S ADUAE OG5 i R S A
(Lehanitsn . BERS. EEAE) M (LanshfE. JIEE.
FIR MRS, kRS TELrEsZM ™. Han, Balser
25 NCURHIMRERTE T FERFIHERR % 5208 T & k07
[ra] IS () X5 3, A A LG T8 T, & R /-
28 (R I/ NI 2R (0 0TS T 5, & SR AT T 100
PR N ER SRR i DR AT 55

4 AR

4.1 ARPEEARL ARG B )i A Eis )
INER Rl G o F R Je
AN B TAZ A 28 Te AL T HHI 2 i 2t

I, AT MR T SRR AW 1L, A Ak
IPN L R S T B N S I RS R i IEE 7]



FHER, IF HORWAZ 3% > fZR i s . X Fh i 2t
FIAEL M3 1 R G s R AW I T R 2l R
ki ) e LT, 8 A S — 20 B A S RO A 2
TR 25 TAER, ZERIRIREE b SO el & A i 2.
BT, i FRE S BUR T & IR Kk 282 120 L
T I, DR Hii 19X 4% 1) A 8 2 R 2% 0% B ik (49 T
AE O 28 R HE B A Bk 2 2 e 1) W 2 50 ) RN S8l 11
TEREILIR AR PR R R IR B, BT 55 M 380G
DA (& 5 AR 2 B Rk 20, A
FIXF 2 i X A D BE AT I AR AS T 241, 4R
1M, MNBGEAER A8l )1 R 88, HXTANRREEAE LY
M A A — A Ak TARRY, tedn, — iAo
23175 A BAT T A MG B T2 FARE A pp 2205 5,
IX R A5 R A B 2 R N i AT 1 R ) A
P A S RO 2% 7 B IR REEATIESE,
h H R B H PR A 5T 45

R, 2 BlA 0 A 2 2 0 Sl 2 i ke (1) Bk 2 )
R, ST AR 28 R G RFE T RAESL N, IARBZ B)
AT R K 7™ A 8 5 W AT BEAAAE A AT BN 4,
2 25 22 [R) <3 3 (R AR ARUME R S PR R, 5T
5375 J8IB S AT N ) Z2 R LA RO ki BT AT 1 55 2k
P& AR AR USR] B2 Bk, e, MARTIE] 551
1) S LB E A S 4] Wi Bl 0 K D g % 2h s i), 38
KERYERE . Lyapunovi§ %8, Kolmogorovhii. LZ&E 4%
BE, B X PRI R/ NI RE ;5 AE 2445 BB Y
RSP EDIPALE 5% Jrd S e ik e SIVPNI VA
DM ReiG sh2A8 4k, W2 M B T WA Y
JEREAEIR, WA, RERY. RAEBRERKE. &
JRAR L TR AN R R R A A T AU RS A %)
I6]. 3 S e AR LR PR IR AN 25 S 1 i AR A, A
ST RE S U b AR 7 K AN ] X Bk 2 8] () &2 24 30 0
FRIE, At — 25808 Bl 5 e R Y T AR [ SRR
EHERH

4.2 SERPRRERIE L A I IF IR

E104F, 25 FHE ey al # 2 P fEHLa R BRITST
HAAB A BRI A RRBEBN N
HREMREAEHLT, A BT T4 — A e
IE EE, LR IEE e B AT TR [ A LS
E.DIRE AR TEE TR 2R ROR S
fppeiE . TR R A TR R —, TFR
A LA AR R A R T AR B2 BT TR E Y

T A [F]. 20214E 111, BRG EEBHSCAHS L T (IF
RREEATY A, RETFRBIT (A RILH
FE Rl E R ARG, IRRHEIE T R 241 0 &
Hir. 20234F, mAEOHAS R TAAEE R S7E L
LR IEE I, BT GO TRcR 2
TRNEIL) . X EEAE I AEE: (1) 180 BE2EF 5T BT
WL SL B P SRR TR B &, SEI Rl i A
FIAFFIE; (2) SZHRAES ORI PIIE 20 & AT LATRED
AIERAFFZHR; (3) B FAEM G RTIE T B,
DIBSINBF I B, (4) 76 A I R s AR vk 1
BH BT, sRPVHLGE SR R RN, EFFGnT
I n] g ) n] B AR n] 3 R A R A
B ATHE SO (5) PR SUs il 2 B S
TR G, IE T E. Ststrl. BdEgmis .
MBI SRR AR RS 55 LS SC R sl A SE B X5
NTF

HELZATRFARGI ST, B A 2Rl A7
AR K o R PR IR A A B, ST i e
13z SN SR TR A 6. BARIZERE T LA
g (1) @nis s\ Rl2E IRl 2A T, Ho
FFGEE ST N FFEE R R KRBT 6, T8 2 RHaisk i 15
Tz R AR OB R B mim g i 7, b=
IS E SR A N e Y N S S S
(2) FIHODBEZE. IRIREE 2. MRz 40ek i i
T3, YA AR ST H B RS (AT S ), R
i, RERHEIIE, (3) BIELE s &R
SRR S ARE T RS, R I AR U T
T HAE, RIS ATER ikt i 6, — iRkt
FRUEAL AR T 5., P ab BRI R 5, e 2
ODREARYME; (4) Mz s 2Rl E S Rl
BRI TR E S oL, SEBZ L R, 2
B IREE, R s A 2R B A T 2 B
Ayl ATERAE AN AT S A R, SR TR BRI
{ELRISZIR 75 (5) FE 507 FHC B2 R I ol 4l ) 797 ED
A5, WNIFRFRENAIE S, HEshBHIE R A Pk -
HOREUR 2380 (6) MGt E TR, aam
BN A FSR AR, AEOHF R 5. B
2, JFHORLA RO% S BhiZ 408 B BT 2 IR 16 A
W BARIE . BT 18RS R R
ANFIFRAT, SRAE—Fh 43 B TF Rl 22 ORI RS, sk
BHIFRR &2, (R TG E T Z R RR2EDME,
e SRR ) AL ) e .
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4.3 JFRIET A2 R AL

T, RS R T ARSI AR A K R
BREIERHRERZ K, BEER AR E R
AR B A S R e, BFSE i T
WG G R 2, RAMATERER b BT b i
RS A57 A 8 R A T e T e, Se BRI
— J AR 10 220 T R SRR f - g,
— R SEAATAAE PR T MRS B AEA R 28} 2 450,
DI TSR, (A3 5CER R, “HE YR LN &
B INFIBFFEE R v AR ) 64 B B2 B 4, oA
PR SRR T pn e, Hrb— I E BTN
RN Rt ST R T e TR R R T SC
e Bt o) IRME SIAR K B R TR R A T R S8, AT
o AN TR AF B )L 2 e T A 7 33 AN [ 0 i) BB ) 478
T, BB F I H AR F MR AT DL R 22
SENTFTENES, 1 BRI G 7 A BBS % I
FIHE . R, A B SR

BEAh, 5538 BN HI A 2R B LA 5 — 2 e 3
R —E R EAA 2 RS, e, ERE R
th, BERE SR A B WAL NMA L R R, 1E
AR A TR FARE KR 22 5. LB
W25 AR@EIR2E S CTEs s R M. B
L B EESE AR R R E L. Bt Ak, MA
TENR T . 23 A AT INHAE ). 1548 5 Ik
Moo SEHSFT BRI —E M2 S B EA
S, XS BRI 25 S SR YR — A e R R Y
SR, 3 — BRI PR T AN R ER B B 2 5] 2 i Y
FE AR, YR PR B AT UA M OGTEE e 2]
AR BPAE [E— R AN MK, RIS ES T
RREBRETFITR), KUHEE RS T HEA L. flifi]
1EF A R U T A SRV 25 0T, A B
RGO E R GEN A HFda. EAFEA. R
). MEREMZERG T4 TR, LT
BRI, MRS IZ R (B R W BEEREE |
PSS RGBS, FEIETFIZ MR P IR
RI2%7, T ScERS s kA AMA ka7

1B BN 2B BT AR R B 2 R R B, 1Y
DIt~ 18 it 3 oz s 7 o NG 7= A 5
4 R AL S B S B ST T 0, RT3 TC T8 2 SR R R 0 1
e, WRBERIIIT, HBFTE MRl s e T
iR TR AR B A — R L. SR, 7E KM B AR K R
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AR, AR &R R AR sh Ak, MR KR ss
B —ERr e Fban, S TR A A A TR A R A
30 min, 2305 TS B IE SN AEA T o2 R B
SEANTR], M A4 A O G DX 52 BRAS ] B A SR A e o
[FIRE, 44 N5 BAF N s shFRe 2 B 2 )
BN TR g R gA, FE X iz BT 45 6 I 1 KA R 1iE
XA R B 22 55 I T e sl . X el FAMA
25 R AN — SO 5T & B B RS sl a2k}
SETFSE PR —AMEAS G BLIR. %45 H /7T
PR A 25 R 2 ot O A 9 265 R A AR —B0E S
MRZEEMEREE. X B AR 45 SR N R A e
I A9 RS P 5 A SRk AE S, FRBEAE
BETSY A BN FH T 28 R G RIS A B R &2 v,
EE XA TR A AN A] SR FH— A 00 AL 0 32 sh T+ 10y
R, HFWRAZ IR BIRYTY, N2 A R S
IS QeI 3N = [ I S 8 P2y S R 3 S |
FRFHUF SRS, BFRERSZEILET DFEN
KIBHRZEALTAEMEN. b T RKRBEERIAE
R 2R A 2R ORI R, BR T T S ENRAEA
NBETT 2= A0 HARRHIE . REBURRIE LA RISE,
BT ELLGE G KM K B W) 22 S e S T A B X i A
BRI IR A, VRFEERFTAT TS
AR AR S

TEVTTSEGT, W% FEA AR PR 28 5] B35 b 38
HAEH. sahZsml. JrARnE il e, iz s
B AR AR P[] 45 7] B AR A O 1) A8 F L 2 X
PR S F AT RE = B 2 . Ak, kAR iz BT
T AT RE 5 B REE B AL T7 AN B X SE B T, FETG
ik N = Y T S S VR B9/ DR a1 A s o]
e AFREE, MEER S RAN TR, Il
BRI, PRI, W] LA FEAE DR AR A i fr (] B 3 I
oY,

4.4 SRERRLOBLS KIG R AR IR 1

I E B A SOK LRI 1B i #)0
B S B S 1 e N W O i D) S IR Y K
IR, T BRI e B R 2ot TR s sh H ki )
R ER. B Mg e 20229047 R K26
S R B, T8I — 2 TE K & 1] 4 B A
ANERshErgoe, EEmAEH. T F
AR IR, X P e NSNS B2 ) R
)5 T B W o R XY fEiEEh S, £MIE



R, BgRMAILEsS T 5ENg. SaEA X
A R R Sh RS A Tl R ey, e i sl
SRR, SIVERCRES: > B IER AR T 5 — Stk
KB, W BERIEERI RS BT 55 T, (655
BN ZAE N B IE A W, Al iz s X
T b Ny /NI AE. SX SER RS AN BLHIER] T
M AMNKS S R E RN, TR EE A
BT & BIPESR A T A 1 ROR .

T, R T PR U 5 TR X A
I LA BAE IR R P B ETT I — R AN RIS, AN
T2 I A i PRI 2 A BORZ o BRI . R4
WFTEE K IS T2 SCRAMARS 8 B I IEA 5 5 /8
SRR AP 538 B il Az AR L
IS DR RIS g BERIRE 55 2 7 THIAZ LR A
tean, feisshid i, RINEEGK A 2 M EHR G
B, TR I8 2 B R T4, BT s 1A
XHE S5 58 U BUHPE AR, LU AT 55 LA A A 07 53X
SEN, RN RAEIZ B 2 4. ok SR A 3o 0 By ¥ 1 1)
A 3RS (A UL P 82 57 R g R i ) A A 28 0% T B A AR
FAUOL PR, PSSO A AR TR 1 3 0
%, [ R i S R BLACE, W, 18
IR ki 1 N ey 1o SR T S R R T L U
7—Jiih, WESZ R — R SR OB RN
WRoe, SRIE T BRI A K L 02 Sl A AL L e
RRIFERL. AR BTFEE TS T s sh R B N K
SRR, W T — RN R BEEHERY, ik T
SIS T A, AT 7E S FREREE A A B B BT,
i 5 RAR AL PR R, RRER DR A AR 2 Y
b A, LRI T2 B RS,
FR T X SE B L KA O IR N2 A5, M
AT ALz SR iz shiy. 25 L, RSz — 1
U OB GER AR R T BB IS B DR R
18 BRI 2} 27 B U AT 1) 5 18 A DA IR 25 0t
W, WY B A B R aGE ST A B,
P E B AR AR T o NSz a7 ol e i)
USRI YA

4.5 N LEREITGI DI —AAEHF 7R BT
UTAER, Mg~ o RBES: ) 58 N TR RE AR &L
42 AR O B0 B A U e A U i
PRS2, R TNk R 2L . TR T,
18 BRI R A U I R B A SR BT AR

P R AR 52548 LA K 0 7 it T 45 D7 TG AL 28 T iR
KN TR fefi B H AR #E AT RGEMESTRAE . i,
AR, W R G G bl ae 2% > AR B 2 )
R, DL RGE JUAE 0 LA M5 5 JF & 056 = Ak
22 W) 25 A5 AR -k wp i 22 ) 285 75 i Bl 3 G M ML T
(MI-BCDE AT TR H, BIZE A BAREARE
N 3 H e v DL SRS B R BR A,
{B7E 12 B FIAE 5 DL Sz sh it O g b XU o AR
ORI B A A 4P A BT U B
E

XTI R BIHER, FEis Sl HTph 2Rt
S, RGPS = T R vk, AT
PEERL A B IR R R, AR KNG SR E 1T R
ZIRIMSE R, MRS SE s shi A 205 8. 7
Fetn, ARShEAE L RTIR ShIE i s, M4 IBa#E an
TEAL S . RS R] AR B, IR B s i FL /N AR
P, DI MAR S TE N RS RS — B EOR, TR B2
PEIR R LN TSR SN )z, AR nl
IR JBE 27 2T H AR AU S 3012 P 25 A5 A Xk B ] 7
IR SR AT 02, RERETE—E R EX R
TR NBE(Uniz 3l & 2 kA T EA 0l B i R 1) Ao 2, 3
SERIEGY Ry TN AR 2 12 ) R IR AL TR A R A
WARIE.

AN, % £ (wearable computer)Zi&ia H T
BN L ARIREAR L Bl % 42 DA S b 2R Y
SRR, SEIUGHRER 0 AE AR B 2 TR
AR, PR RS Bl RN EAG A e A 5 O B M A S 4
HAt AT, FER BRI, & s 12
G RER TR EMHEAR . BT IR, O3fE
AR IR ARIRER A X SR A i X B AR R A
PEATWEI, OB sl 8 shisf ] LGz s 6 far 55,
NS BRI Bl AT i A iy ax sl g il AR
AT B S AR SRS B KT, FERR ARE(LEE
HAE BAEN BRATH T IRRIET 1255 KM
Z I oG R AR T TR B ) G AT e, 1z 3 fig
SN SRl N 12 sh A T8 RE A BT 4. X
—HORAT DL R F s 2B AP RS, H
T2l RPN S5z s T AE s . FEME |
RS Z B RERAE BRSO B S5 22 RGP
WEIARITT T, Bl BIAALSE A S (virtual  reality,
VR)FEN I Z ARG, 5 B B8 s s g2 > IS
KIS 3B 07 B J 52 6T
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With the advancement of brain imaging technologies, sports, and exercise Neuroscience has entered a new phase of
development under the influence of embodied cognition theory. This transition has led to innovative changes in research
methods and techniques, resulting in a more focused approach to research themes. The structural and functional changes in
the brain induced by physical activity directly impact the adaptability of individual behavior. The facilitative effects of
exercise on cognition, emotion, and sociability have been identified with specific neural representations in localized brain
regions, circuits, networks, or overall brain architecture. Physical activity and exercise interventions are found to enhance
the structure and function of the prefrontal cortex, promoting neural plasticity and improving cognitive abilities such as
attention, memory, and inhibitory control. These benefits are particularly pronounced during critical periods of cognitive
development in children and adolescents, as well as during cognitive decline in the elderly. Additionally, exercise can
strengthen the structure and function of the prefrontal cortex and its control over the limbic system, enhancing emotional
regulation capabilities. It may also directly influence emotional brain regions through bottom-up processes. Besides its role
in physical and mental health, exercise also plays an irreplaceable and important role in the prevention of diseases,
maintenance of brain health, and treatment of brain diseases. In the realm of competitive sports, the development of
cognitive neuroscience has delved into the potential neural basis for athletes’ exceptional performance. This includes
exploring brain activity during motor learning, representation, observation, and decision-making processes in athletes, and
attempting to explain the neural mechanisms of differences between experts and novices. These insights provide theoretical
support for sports training and talent selection. Furthermore, a deeper understanding of sports and exercise neuroscience
has propelled the evolution of sports training science, advancing from traditional physical and psychological training to
include neural training. Future research in exercise cognitive neuroscience should fully recognize the highly complex non-
kinetic characteristics of the impact of physical behavior on the brain. It is essential to emphasize the influence of
individual differences on diverse outcomes when interpreting research findings. Special consideration should be given to
the value and role of the body as an agent in psychological and brain functions. Moreover, in the era of big data, an open
science approach should be adopted, integrating artificial intelligence technologies to meet the new challenges that
digitization brings to exercise cognitive neuroscience. This integration will not only enhance the field’s methodological
toolkit but also expand the horizons of research, allowing for more sophisticated analyses and interpretations of the
complex interactions between physical activity and brain function. The convergence of these disciplines heralds a
transformative era in which the boundaries of our understanding of the brain-body relationship are continually being
redefined, offering exciting prospects for both scientific discovery and practical applications in enhancing human health
and performance.
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