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AT (19934F) AR AHEL, FHOCELBIE I 1 iE =4
o BR TR, O3 5738 2 1 M
JER, WVF 2P SR YE R 4w LN EE B A U RS A Y
W, AT A YK 2 ER 7 U R R R BRI A 2
SR R PR IAEN[8,9]. IRy
FEEJE R, B I B I R AN % ) 2 B O
PRI 57 AR L L SR R 57 I R T BB H AH %
Ja R A

PR TR Ay F =l T AT, st B BRE
57 ARG FL RAE 100 2 AE R L& 51 TR E 1)
HRyE. 19174, BHEIEELOH 222 3 Raymond Dodge
A S IE  CIRANN O BRI 57 IO ATL 3 2 78 KT T N 49
R710]. BREEASE, R 1002 FE R AMTARKSS J1, O
PRI 57 1) 7 A T B A 24 R LA 00 AT B A S8 — 1)
HS[11]. HATCZREH 1 UM A [F] A8 R O B
57 FEIATRE ST N, FEAFEREILIL (underload
theories) [12,13]. %YL (resource theories) [14,15]
MNP HIFES (motivational control theories) [16]. J&
PRI, ERZEILGFIITH, 72K A4
R RS N R E RS, RS
PATRE 1A 2 %2 BTG R AEE R TP [12]: B UE 310 TR
KU T BRI TOTRN. 5 ok E B R 78 i FE T FE 00 PRAA
FIEIE R ALK [14,15]; KurzbanZE[ 16152 H (1B HLE%
AR S RIS TUHE R RESR, BAME, Wk
PAT IR ER AT &, B2 FEE TOTH K
IR FE[7]0

AILE IR E A2 N E R, B G A AR EOR
RN S i 32 42 2 1 SRR DR o BRRE 55 [P 40 28 AL 1) i A 3 AR
171, M FEAR R E 5 B O EE 5 LA . AR
=R

(1) X RO BRI 55 FF QI (1) 4 22 ReAR 22l T AT
TR RIE, I B 7 IX SR ST T2 R R AR )
B 711 R BR 5

(2) XA B Mt AT 1 RN, R
255 ) e AR R AT ) T AR I 55 T % S T WL 5

(3) XA IR0 R 5 i 34432 B AH B 9 1) oy Sk i
1T TR, HAE fibhe 7l o ae &% )y k45
NGRS e RS T S

2. DR FBEEZEFRR

B P B BORIED, BORZE KB TR 2

R 22 AR BRI FCTOT 1 s ARFAE A S AT P Rh 22
MU AR5 ] 2 a0 O3 55 A & SAR A 5T

2.1. ik s A

HF WK (EEG) KBHeMn TR m, mH
X2 535 AT AR EEAR, BRI s AATT DA 700 2
e R 2 7730, 1A, EEGEA B IR 733
R, BT EEGHCHR 55 0T 7 2 B TR 7E 54T 5540 G
HENEh AL B BFFTRIL, TOTRUS G N2 T2
IEAEBHAT M EEGHE A FAF A G LA, (ERP) KA R
Wik, B, BEEGE S Rafiiiy (418~10 Hz) F1OM
W (Un4~7 Hz) R & i A B8 A6 95 55 7K S R B4 i 2. 2%
WK [18-20]0 1T adity i ) S A AH O 25 R 20 M s it
T B AR R R AT S5 e A B A [21],
R SR RG22 TR, 6~10 HZUHT A 38 AR AT
AE 15 g U R 45 VR IR RIS A 96 [22,23]. —SEHFFLIE 3R
B, EKTOTL FEREEMEAE| S EAE (BT -
13~30 Hz), Tfi fisi HL &I BAoL s (1) 3% 31 5 W\ 0 A% %5 ) A
K[24], XFhREREFLR O RE L T R IAAREEINRE, LA
R 7E A5 VR PR B CR 37— IR AT BE 71[19,25]. 7EERP
o, N AT B SFIRAS I, A iR A s AR
KBJERPL ST HIMRAE 035 PRAI, [ 79 557 R3S AT
S54RI RS ) R BE[18.,26]. (E BT I — s S &,
Borghini Z£[27][RET T &FxF AT 5 AI7R 452 3 L 7E O B
7 A RO B 57 4 1) 40 Ao 28 A A 5 A8 (b7 00 1) R S A
F, RIEBCREZ B KB 7R T EEGH 6. Ofladi
TR, R 2 AR OB G OB S IR A
PERRREFE; X — 2R ST i 4 F b MHT ) # B I
W T B sz AE TR R AR N AR B A TO TR i #1252
FEL A BV B (R £

2.2. The MR %A%

T FE 4R A 5 Ak ) FH I 4 2 s B BT 51 K
B4 I3 B o (R e AR, mT LA g v s 3R AT B4R N S
E. SEEGREGHARMLIL, AESZ PR, XT
O BRI 55 500 (1) i [X 2 A B A B R AR %5 . Lim%§ (28]
TE20 minkF #1182 & AT 55 WA, A8 A 3h ik B g b id
(ASL) HEFEDhReMEREILIR UG (IMRD Kl 7 B[R] 4
K The &1k, KRIMTEATLS 5ERUGE, Bt 07 =
ATF X R IR B (CBF) 35 ksb . thah, 5
U AT A W 25 CBF AR A6 5 30T B /0 1 T B S 42 14 AH
Ko TEIX—WFFLLE R Ea B, Gui%[291K FH 2L



SEEG BT IT 1 20 minkE iz 208 A 55 ) S K P
¥ (BOLD) MRANEs) (ALFF) WGEE, 25K,
H5AESH CEGIRES KEEMEt, 255 E4%E
EFPREST) BRIAE A I ALFF 2 ZBEE, ke
i HEALFFR Z 3. A AR, IRt K
PUAERE SRS, AR5 55 F0HT B2 20 A 0 i 4 - B
Ji ) ALFF R] FH T P 32 40 Bl Jo AT e 0 T B R E
W2, XA X T4 ALFFR &, %20 min
1F55 W AT LLTRUH M $AT Be 71 « fdlt, Nakagawa
S5 [301H FH — 220 F A A [R) 7 52 A A B A s R0 R 5 3 2
F157 BT 55 W FE O3 A Amf X TO TR I T R . &
KR, BT LAERIMRIBFT, 5K 2 BKHES
Sy XA CRLASA . B, L ARITI RS WS R %
557 TR X 5B T BRI G, (R /)N o R o it 2 30 L
W 3 1K) 5 90 57 AH DR RIS PR BRAIG . bbb, 7 P i DX B TR
TRERZTAEM (RIS e 244 T o i DX 3 14 [
RFE 2D, XAReB T 7 RGN ATH, ZR500H
T2 Ml R P R B CALERF A N P47 [30]

2.3, hAEMER AT A i A

THREVEIE LT AN R (ENTRS) I i 4 %
F2 49 % 600~900 nmif 1 4 e BL AT FO O 1, WA T 3 45
R 37 20 2 I T T A I 4R L 40 1 A A 1
B SINREREFER AR AR, th S — i P 1
VL) B BSOS R W 28 TE 0 B0 1 A8 N TR B A AR
R Tiao[3114E i H—TRHF S8, ) il T A 20 41
etk (ENIRS) W FCHTE 52 ot 1 LR 30 715 ) V.54 h
n-back (Win=2) TAEICIZAES FOFRE LR 2 1A
%R, SRR, MRS (S B ST 4 %
R0 A PG RR 2 M5, 22 9 I 0 7 5 0 7 ]
DL A9 55 45 2K FA 28 AE A K5 254 . Dee Joux 25 [32]4
Fi ENTR SH A 5 B0 i A7 21 R4 4 1 P AL B2 TO TR
TR, [ R AL 45 Rk i 2 2 BR A A FE PR B 25
I, 3042 B S5 S T Il B 1k S8 P B TO TR 0L
Wi % R FE 2 . Deerosiere % [33]0F50 T 4125 4261
SEEIN X 55 K TO TR AP & e o AT FE e fk
2 TR B AR IR T 3 B 52 O TR B A8 A 5 B R
HFRENL AT IR (DR, 5% AIE 7 B S0 25 SR
AES 5@ ENIR SR 7 32 B S0 X 1 Ly 5h 7
A, G RRBIZETOTRS MBS, H AR Fi A5 TH
DSR2 P FH S I, 3 5 SO [32] 7 f 1 7 4
S BRI b, BERRIEARE T R R RO A R

3

WA s XTEBN ) E G0, Bon T — M LLEshE S i
AR BT XK IE R TOTAE G I = J6k 2k . &ift, Chuang
55 [34]45 A EEGHIENIR SHF 7T 1 25 B3 57 ik 2 v 19 1f ik
B 1HREE, AT IR Rz 5T A ) A e B A ) 1S
s [FIEFA . WIZEan X . TR A4 Bz 30 X 4R
EER N, XL IS DIAE ENTR S5 45 SR B0
[F[31,32,35]-

2.4, IEWFRETFENWZ R A

IEHF RS ENE Z AR (PET) & —Mx
W FARU T AR B AR o 75BN SR HH 1 3 A D 2
TEAE R AP 2 e AR P A IR (U & S b
Rl ey ek ) R A L VA P s AN N IS i FU )
AR AR TR R SR AR AT AR RN SR, S
F 35 Bh ARG I . Paus5: [20]7F 74 £ 304760 minfr ik 2 5k
{£45 9, FIHPETXCBFIX Bt 4T 7 M. &5 ko,
YENTOTIIRE ) CBFAE B 2 v 11 R0 43 X 4 I 35 1 1%,
AR EERI i & TR . CoullZ5 [36]18
T ARM R RGP SR FEEE R IMES)
Stof B B A 5 P DK T i 247 G 00 00 2 17 4 A T
R CBFIIARAL . 455 5 3CHER[2014H — 2, BIE AR 1k
R4, AT RE 235 T BRI RIS A4 B 55 A A1 A0 245
CBFUk /b, 1B AT %5 %A KISt 2 7 [36].
£ CBFEQAZ R SRYR,  Strum5E [3 71062 58 41 2% [\ PETHF
FOAT T 84, RIBIPAAEE — AL T4 3R 1 #
My TR FE A T 2, SR R R OR R AR
HE R R BRI EESE . Ik, TOTHEK & S35
AHOG XS CBF Y 2 T B4, [ B £ i 5 220 0 1 11 PR A1 o
I, TajimaZ5[38 K FHPETH AR#E—5 0 B T 5%
57 B 2 AT P 0 HEE 90 R i [X 3k

2.5. AR R AT 5 2 AR S IE M A b

T SC s 25 1) B 9 v 3l 5 SR FH 1 2 R AR B Ay A T v
Chn W 5% L2 i DX 30 55 0 1 AR A 100 ), T R X
S8 2 V) P A B e R 7 S5 PN 8% ) e B AR SR SRS R
BB, RKFEE ERREN[39]. RiE4Rs
JCLAEZS (B B8 [40], — AN FREETER /I FELE
PSR, FEAREE PR il K S 48 0 1 R AR VR B
Ik, TIIX LR 2 T0 o0 A T AN Kb . O3 57
PERT KRS W X, AH R B AR 22 HLARIAR 7T e G465 =) B A0
AR AR 4], TE SO I — R O T 0 3R 55 Fh 2 ML
FISCFE A, TshiiZE[42]3E H 0 BRI 57 AN J AT 55 4 5%
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06 DX R SRR, (R 3 52 2100 B A 32t DA K A ) 2R S 1
W, XIS R G 55 HH ORI X PR3 3l LR A
HUEF IR XL R IR S5t 1 AR B ik
AHEE, 100 T 13 ZH M1 2 23 BT T 98 0o BB 57 ek 22 AL 1) 11
AT .

3. LM ERE A

B ML BN B AL B BRI A R, R TR
BN SR e o T B AT J 1 — A RO FA A LT 42
FIRI2% [17]. BRI 22 BB 5T DA DR I 3 42 Kk o
FZe (5 SR . DYREALFANE BB & i A B Al . i Y
ZEEWR—ERmNT AN S, SRR IARERE
PA K 50 O Fe v 3RAS 17 2 KR [43]. N TET
iU BRI 55 FH O W0 2% AL 2540 L FL S, AR 8
XF o ) 2% A0 P 1 EAT T3

17364F, Fi LA BRA IR T F A1) “ B e s
EWF7 L B OO B SN, 2 SR RO B
FREER RN . FigR M T ERE
P R 28 30 41 G5 A IO R 0 T 7 . 19984F, Watts Al
Strogatz [441K M 18 73 M 5 B W 7T 1 75 W BT 2k HU)
PR IR 2R S5 R, R INAZ I 25 S5 1) LUKy 8 T AT 4121
PRFR R B AN 42 R 15 BRI R 2 AL P Al AT TR I A
KA IR E SO “/P T P48 o IR G RN AR T
ISR — 2R, HUERUE TS T R 2% R4 M A D RE
FR R 25 Bk ORI T A R, Herp R E A IR T 2

Recording Node

Structural network

DTI tractography

Parcellation atlas

R dha B MR RV ANT R B
BN R GUR IO 2R 7 5 E AT AR LA L A7 AE
HERER, HHZEERGEIEAT AT AR AL

3.1 K X % 1 2 ST

ki D% 24 EH — 2T SRV AT 2 TR R T B L .
JRUBE T i 19 4% P 49 R 88 5 2 7 R M DX 3k Bl A% k2%,
MRIF ()R [X 3 (ROT). EEGEUI % & (MEG)
FR) LR B A i A 8 A 1) i PRk 7 %2 (450 M A B
g R v I /0 1B/ A% AE B [46-48]. BT IEIE MR
St X 4> FIHESR[49]. DhReERE B IK[50,51 /15T 2
B BUR ML A8 % ) 7 R AL[52], F 2 LRI &
PR T A G5 R 0O TR AR, fE— T
BT 7T A, ArslanZs[S3]1R Gl Eb i 1 3 T AN [A) v
P (1K) B SE T 7T, R BB ol o X 4 F 9 H AT IE B = —
PRI E I RS T R . ST AR S X7kl g
S5 R I £ (A A () Jg itk [ 547, TRtk 28 130k AN [ i P
TR FT 45 R ] R AT VAL, DU i S ]
AT SN AT B 7R

5 R0 T PR YT R SOME T, 0 B B 1 P RN
Ry i A B OB 4. Bltn, LA LOSRIE T A FE
HAH KM EREE A %R, DhRedEsal R RE s
[55,56]c & Aa) i %ok I Ko AN [i] X 32 ] (18] o 71 Joid 41 46
W, EEELREGK R G (DTD #HTIEE. ThEeE
FENF I 23 1) A P A0 118 R i 4% X 3 23 A1 X 30 ] ) Bk
151 K8 P i B R Ve ) 1 N N e 2 O 4

Edge Brain network
ﬁ
SogR SFGmedL-R
fa)
= N
3 ‘W“’VVV J\/VVI\U"\/\/\’W
v/ ; Correlation
2
0 100 200

o5 Cga CB1 Oz CR2 Rt s
N\prveeg/
PPN P03 PGz Q105 *p3
2Aecy

PO7

o1 02

Oz
EEG Channels

Scans

Effective network

B, O R RS M e . IR I N R e i fE . SOG:  FAL¥E; SFGmed: i L[Hl, PIMEEsy; LEIRG AL LFL .



FRYE MR U AT 4 1 (4510 ARIE 2041 T R AN [H) 5
W, DhRe AT DR Wi X R 2 14 B3 A 26 1 19 #F T A
F, CAEAS AN A R B EAE R [57]. DR SR E Bk
AN XIS 7 — A X IR E Bk 2 e, SR 2
M TEEG / MEGIE 5 /34T [45]. AHOC 48 IEFEA0 R
FE W 1.

BT 3R R 2 b, i EUE R T LU T
BCE Ol s B stk CEmSAER D 347
53 [56]. 4 AA I 285 v 0 AN R T DR R 135 27 4 R 1T
KNI P SR, T 7 T A R 8] SR o 28 v 3 () AR T
DL 7R A AS [ i X 3% Bl A SG HE  K /e —AE AL 25
LB RN BB R BALIEMIL (081, J8H w] LLZE N
BN 2% |32 B AS [8) 9 BB AT A E AR SE B, KT
€ BUH RN NIERIDAFAE, RZWRRFEBEDAAFAE
[58-60]. [FIEF, %4z A7 LIS I A2 & A7 7 7 [ (S
BT IXAr[61]. BARFETAEWE R g5 BT U A
7] WX 28 HEAT R, (B H AR 2 iR 7 1 T0 7 B A D
HERRI I AT A [56]. J3— U7 TH,  HE T I [A] 43
EEG/MEGICR, M 22 A R R ¢ 2 S5 AN [A] il &
54 AT DL (6 b ) S ) TR SR X 4% [62] o

A 11 X % e e G 4R S P (BRAR AR B ) R,
HAAT BRI A, FEREIR N, 2t
R A v s o AT BTN

3.2. Wit #r

B o b B fESR AL &P e B v, TR
Z R TRy AN s I vAN < Kl T ERZA 20 A T N
B 2RI 57 BT AT AR 4 ) — e X 2 S BT S 4L
(RD. XTERSH LB HEMPEEA XTSI
R £RIR[55,56,61], AR ATEOGR. A, iR
o BT 43 A ARV ) S BN R, AT A S FH AH G PR R R 3K
f T HF[56,63-66]. 5 ZiF M A4, 1EHAREIELRE
o, RS S BT S ROV % R B N 2 R IR 4/
TAEARIZ . DR SR 2 /AR R SR 2D, BT AR I 2
REME SR F AR B 0 A 5K

4. DIBE S HIEBR IR

201844 A, FRATTH A “.OHE 55 /TOT” A1 “Jig
HE” 7E Web-of-Science Ui B rhE T2, KT 99
AR TR S BRARIS TR 55 SR A I AR T K 45

T http://webofknowledge.com/WOS.

5

MR [67,68) LB M k4252, H H R AN 28 AL A
UL TR AR TOT S AL 1O BRI 55 /& 15 23 48 3006 25 14 5088 o
DRI, AR SC 32 B O 3E DA Fi e A DO BR% 57 1 D) R i%E
A B D HERRR A T AR RN AR B
HIEE AR 381 7 S UG AR R 57 5 R VG I T i 50, FRAT I &
15 3 29 5 WF 98 A R [27,29,39,41,69-93], iX LEHF 5% i
FIRR T AT BN IE . R2FZE T T 0 ELE 57 I Th
ReiEE AR S E .

4.1. EEG &l YER Fu 4

Ten Caat®5[91]3: T =% FEEEGHE Y T —Fh £ 45 oK
SRR IC (FUD J5vk, XFFidsk 7 sont & 40+
S5 IEEGHM, AT DLURE fr it e e HLas (A E R . X
HROR R T ARG - P SIS W T (KB B AT S ) i
ROFRE S, W FU IR R, 98 55 80N B
Wi i FELA 5 o AR AOEE. (1~3 Hz). H4b, 458 Bk
K BIFUAL T~ 9% 55 41 50 i 5730 F0 S 38, A AL T 98 55
MM JEHE. SRMEE T RMBEFL[94], MK IMEEG
() Dy ZE AR T MR AE 2 AP EBL R AR R 25 G 0, 1 B O 3L
X EEGHI D Z AT BA 2 M52 . W It 71 25
RIREZ R RREFEARYEANF S, Ho sk
[O1EA EDRIFEAL (54, METCHR[94]1126%4
FEA AT REAEE R MAZ R . ClaytonZ [76]H0l kK%
TR R TR B R IRG I ZEIR, LR R T
i AE 5 0 oy B RE S BAT 55 Hh 1) B
MBI 7E R, BEETOTHIZE K, KFEThAEIER:
AR FF B A R KPS B OCE B EM . B, R
TR P SCHR (28] I SR 58 BT (20 min #)4 1iE 302 bk
fE45), FMh A& BT B TOTAH G (I ek 22 [39]. 45 3
RII, AR oI 0 HEL T A I 4% AR5 A1 19 420 K 3 48
WME 54T RS RIKF N BEM . HAEl
e, BATRIBIX i DhaeiEd: (E2) fEA 45k
PN I 5 9 o R P B 3G i R EUARXS BR AR AL, 1% R B
BRI T MR M A SR IS 45 5 [20,36], Ak
T, B2 0400 00 3 38 1 1 2 3 N B S R T
H Ko AN, KA T A A RO AT 55 [ 741 AL
2 [ 78,9519 57 W Stk T T SR AL LA
SR A

TEINFUE S5 35 O BRIE 55 Sz ge b, Wt 70 i
T BRI (R PAT B B A TS, AT 5 Fh
e Ve R S R AT 55 (39,8 1] AT E BAT 55 [41,96]
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K1 Bt MESHoe L EEER

Property type

Network properties

Measurement and meaning

Global properties

Nodal properties

Clustering coefficient, C

Characteristic path length, L

Small-worldness, o

Global efficiency, £,

Local efficiency, E,

Modularity, Q

Nodal degree, Np.,,

glob

oc

e

Nodal strength, N,

Betweenness centrality, BC

Nodal efficiency, £,

nodal

The clustering coefficient measures the extent of local clustering or cliquishness of a network. A network
with a higher clustering coefficient indicates a more segregated network topology.

Characteristic path length is the average of the shortest path length between any pair of regions in the
network; it measures the overall routing efficiency of the network. A network with a low characteristic path
length indicates high efficiency of parallel information transfer.

Small-worldness is a summary measure of small-world properties, which is estimated as the ratio of
the clustering coefficient to the characteristic path length after both metrics have been standardized by
normalizing their values with those of equivalent random networks.

Global efficiency measures the global efficiency of parallel information transfer in the network and is
inversely related to characteristic path length.

Local efficiency measures the local efficiency of the network, which is estimated to be the mean of the
global efficiency of the subgraph of the neighbors of node i.

Modularity is a fundamental concept in system neuroscience, which refers to an optimal partition of a brain
network into smaller communities with dense connectivity within modules and sparse connectivity between
modules.

Nodal degree is the number of connections that link the node to the rest of the network. The degrees of all
the network’s nodes form a degree distribution, with a random network resulting in a Gaussian distribution.

Nodal strength is the sum of edge weights that link a node to the other nodes in a weighted network.

The betweenness centrality of a node is defined as the number of shortest paths between pairs of other nodes
that pass through the node; it captures the influence of a node over information flow between other nodes in
the network.

Nodal efficiency is defined as the inverse of the harmonic mean of the shortest path length between this
node and all other nodes; it measures the importance of a node for the information flow within the network.

A TARICAZATS5 97,9815 . HHRSLIGAHLL, #HAR(ESS
BRI EATSS, Wi g, Hod FE o Bl TG ] AL
AR AT 17 FRAE 55 T IR B PR, 5 O X BRI RE )
FLOHR G ERRAR . N T D0 O E Y IR Z L
fil, FATRSGH LR T R phg &5 %% (PVT) 18
FOFMABEALL 25 B AT 55 [ 7 11355 K 1) O BRRE 55 TEAT N 52 A 48
R BT T A (Rl AEAT MR IT T, FRATTHE AR 57
PRI N HR I T BH 5 (O B 57 RO, 3 T 36 UE X
PR Y Q5 O R 55 1A e . TERR A AR BT
T, FRATR PV TAE %25 Gih 2 [a) i L D) i D9 28 A7 LE AN
[F RIS ASEA0L 2 B 2% At S 00 T 9 4% PRV REAE B 42
KRR EREG 1P VT A ARFAE 2% 42 K B
R PR T DB T E M AL, A 4
HH O B A7 AR IX — SR B R 2 O B 57 (AR T AR . AR
OO FRIE 55 AT IRER S, OB far T LA SO R BN %N
BEUR TR AT AT 55 52 B i 75 10 B RE I /KT [99]. 1A
HULIEERE AR IR, OB RIT S5 R I 2 ] S “ {3
UJE”[100,101156 & (BRI EAR AE 55 R I T E A& 1O
FRAA AT, o O R S RAT SR D, X — I
RGO HE 57 RS FS [12, 1 3]F R JRFLS [ 14,157,
FPEBorghini®s [ 27 15 i —FS R, o B 471 ff 0o B

I8 57 2 [AIAFAE B2 nl I R AR DG VE B mT DLod i A il —
RANVEIE S MBS — SR AT A . O BT T
or 7 S B S R B A FL B A S, i an e RLid i
VAT O HE ] PR R B AR AT 55 R, (RN AT 25008 0 3
P = . A, AL LR, LEE
af RNAL A NARAS, 1 B 5 B BAAAE N AT S5
O BRI 55 96 [102-104], FF O F A 17 (I EEGIEE
P, AV T —FhR 5 AR A7 [R]85 PR VP Ak DA a0 32
BAar R 23 AT AESE[105,106], 7 SAFRAT] ik i e $2 Y
FAAT55 v B EE GREHARFAE T 48 SIS AT 55 40 3L 471 A
SrIRMI AT ATYE[107], Z I TR g 00 38 47 fif PR A 7E
SEBRA PR AR E IR B8 T — e AR

4.2. fMRI 78 M 70 45 3

Giessing®5[108] K H — AN # #.1) Go/No-Go Fr4kiF
BAMES, MR TERE TR T, SERIMELSEI
AR KNI RE B4 . 25 BB RTEPATRE ST N A Th RE
o ) £ 25 B Mk L R R B B R TO TN . BEAT,
SR JE T AT 55 2 AN Ty e A ) £ 1) f A1 4H 21
BA BN, R A SR A 25, H
PRI B T BN 277 A 5 B 1 A T e 9 28 4 4



¥ o X —HWE TGS RIGTE T M DR8N 28 S 50E AN 259
VEF 125380 AR bR B BIA 8 . 20134F, ZHIAH)
WEFLN SR EE T MATE O ERR 97 RS NI R RE 11
25, DR SR v REONHAT 55 58 i i 2285 i DX 4% (1)
BRI [95]. S RERHAMKRIPAT ARMEFREZER .
ZEERFFE —MEN, BIANMR R RS AR
AL TR 5 1) — 5 2 TO TR [ R] 12 [109]. - 573 4b,
L DS, Dhas i M 48 45 AT 55 10 AT I A BE R
%, (HBEE TOTH K 2 IMA M T IEREHR . GuisE[29]
TE PR 205 57 5 K00 Th R X 28 502 A SR R DX 3 if, - 1
ALFFiR 1| 5 520 BRI 55 5200 (R R X 380, Ao AT & 30 R
WA U 4% (1) ALFFAE B &5 R F%, i i 1) ALFF AR U 32
FFt . EBE S DI REERE A, 3D R IS
SEE, a0 a] Rz RN R A R S5 2 [ ) 6 A %
PR BRAG. fERIE A B, GuiE[29182 T TOT
BN BT 25 TE TRV FIAT 55 7 ) I 2 3 i . 54, FRATITE B
VT B FE[72] R B H, R FH i T e DX 6% D A e [ A ke
P DX 8% Fi b & A TOT 4 18] D) REABE B 1 X 2% 1R 4 M ARFAIE
JRIATIN X R e X 2 48 A5 B A B S ) T e ), X —
KINE SCHR [29] M 82 45 SR8

4.3. {NIRS i@ P 71 45

T, XuZE[70]1# FH ENTR SH I 5238 3 78 L PR 2
R AR IR S K B TR AR AL 25 T B PR RS Bl . R AT AR
T 6B ) /NI AR T RIS I AR AT RH T DA 7 i T
RE B2 I B AN [R5 1 o 75 60 minASfbl 25 I 1) 5% J5 B B
R4 [ )2 X 358 0.6~2 HZzF10.052~0.145 HZ# B, LA Az
B 5% )2 X 15,0.021~0.052 HzAM L P /N3 A T 1 B B R

0.22
0.20
0.18
0.16
0.14
0.12

(b)

7

B, BeAh, BIAH K JZ X 350.6~2 HzF10.052~0.145 Hz
BBL, PLRE BN 7 JE0.021~0.052 HZAR BL P (1) /N i kAL
AT R R, Mz, BRI ThRe R Ul O HE
I 55 RN D RE B A AR B 52, G 52 e wi A - R
2, VLKA 5 )25 iE 8 5 2R 2 T M EAL .

4.4 JETT 5y I I T

Br 7 BRSO T LR ST I EHA BT AL, BTN LS
TR Th BE B 9 55 R RN 4 R AE, SR8 T4
NI o S 2 . BATTHE LR AOAIE 72 R — Fh &5
GIReEE N 2 A ER T (MVPA) R SCHRE H &AL
(SVMD BJ7IESEICERE 57 B A 3328 100K 20 min
[FIPVTAESS 53 AN BAL) s Dh e 45 B, o AT S min
MRFESRES, BG5S minfCRBEFTIRE, REAWE
BUF I R R (BL.5%IMHERG 2. 77.8%I1 R Al
85.2%MIRF D A, TATVRI 73 HA w X 55
(R D REEFRAE IR 57 IRAS N W PR, 2E— B30k 7 LUE
EEGH 7t H 28 45 # (1) 2B A1 I HHERATT SO T 1)
REIEFE 0 3 AR AT 1 gk (711, R 7 53 8 i )
EPRIE TR B EL A DT R E T4, SR T 43 ) 2
BREL (RBF) [FSVM4) 288 Fl 7 51 /Mt Ak 2% ) T st
T8, @REY, EWMAERETIREST (30 min
PVTAHI60 minf 48125 3 ) #RHLAT T 48 & 1) o e i R
(>90%). Ak, FRATEKRI T W8 AS[F () ) R E 4y
AIE, 6B IX b 2% A T B R AG AN [R] IR 55 AH DG 2 L
(F3). Li%[75]F) F EE G 422 40 B 11 5 KR AE (B 42 H
— P 2 A~ EE Gl iE A I 55 I 1 B 5 v . 07150
9N EEGIEIE 2 (8] (1) BAS B A AR P, IX 4k

Label Coordinates (x, y, z) Cortical regions
BA9+46.L (-21,57,27) Dorsolateral prefrontal cortex
BA9+46.R (21, 60, 23)

BAS.L (-34,31,41) Prefrontal cortex/frontal eye fields
BASR (29, 27, 46)
BA6a.L (-7, 3, 65) Premotor cortex/supplementary
BABa.R (9, 6, 63) motor cortex
CMA.L (-9, -6, 44) Cingulate motor area
CMAR  (6,2,29)
BA6.L (-32,-1,57) Premotor cortex/Supplementary
0.26 BA6R  (33,-3,57) motor cortex
SMAp.L (-5, -13, 63) Supplementary motor cortex
024 suapr (6 12 68)
0.22 MIL.L (-47,-9, 49) Primary motor cortex
. MILR (59, -2, 25)
0.20 MIH.L (-35,-28, 62) Supramarginal gyrus
. MIH.R (32, -29, 63)
0.18 SIH.L (-43, =35, 57) Supramarginal gyrus
SIHR (35, -43, 60)
0.16 MIF.L (-11,-34,71) Primary motor cortex
MIF.R (3, 33, 69)
0.14 BA5.L (21, -65, 58) Superior parietal cortex/somatosensory
BASR (20, -63, 62) association cortex
0.12  Ba7L (-21, -85, 33) Superior parietal cortex/somatosensory
BA7.R (23, -84, 36) association cortex
BA19.L (-11,-97,10) Associative visual cortex
BA19.R (21,-93, 13)

E2. 20 min PVTSEE A5 minflfRJ5 5 mind$i ) 20 006 B2 0IRES (a) FESTIRA (b)) NEEGH RM:DhfgE K GURS] (Reproduced

from Ref. [39] with permission of Elsevier Inc.,© 2017),
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I R AT R T X S R . g5 R
I B KRR B A5 982 55 R FE ) B3 o IR
AT TS e B AT 9 57 Il . Arico®E[110]%) T
TERBE R I RBCIR S GBS/ 57) 1 T A4
&, WAEEYE )z, EEE T PR AN O BERES 1 R AR R
FRARFIFH T3 ML 5 ST HoR o W 70 ik T F1
EEGHEAT 0o BRARZS W I 1) 5 7 O SR, I8 S R R T 9
CIRVN: gyifsas

4.5, P 55 PR AL IR I 1 R I

HEA ARSI RY, &SRB RRIETIKE
WA 278, B AT DUFE — 58 F%2 FE B 3 s\ 20 R
[5,111,112]. %A1, AHELT H B 41 0.0 2% 57 1
T, A RIE 57 I B AE R HLHAR R A NI A [113].
9T IR FUIR ST o 190 28 $1 F 4 53 1R 2, 7 B il 1) — T
WEFC 4], AT —NH A B PBT B R Ees (Ld
—Br B g AdE R R ED SR T DR 1 B 4 b
JiiE (B4, SRR, B P IRRE R SEES A AEAT 55
SR i DA I 2 AR A [41], X5 DG T ¥
57 I D RE B4 A — 3. HARBIE 57 52 ma i X, 3R
AT IR J5T T R X 455 5 oy 52 3100 B 55 I R . 53
Gb, M TFERAARERSZIGH, g iR i Seis 4 3%
WS 55 R B 2 2 D5 . FRATT AR SR 42 1 A
FEXTZ R ILEAT T ke [41], BIARERFK[113]. /K
SOVE T [TLTRIAR B 5] N ESF [R] [ 114755 U8 15 [8 2% # v] B
SRSMIE S K AR RE . B4, LimAIKwok[115)%F %

PREI X TOTHIFZ BT 7 — I = B FT, K
PREC AT RIS 2 A E B I R . Ak,
RossZ5E [11414] 1 B 1 minf AR B SN ] X6 557 Pk
SHsem, KA A RS FIHE BAR BN X TO TR
BAF B B JE 2] DA [B] IR S 8 458 1 FE R 7T 9%
SR A R e BARMTESS & 5 N R R R
A S 56 HR AR R IR 3 AT S, (L i PO 265 119 Je 30 4
ZHIL TR EAER, XFEEERT RS FE T
JR R EFAEAT S5 e R W T R, T AR R JR BB AL
FAFUAIRFF[39,96,108]0 T34k, e M5 [m] A1 A5 ] To i (X
7 RSB R IR SN ERHR S AR B e . 1%
AT A RS SCER[TIB3IRBUHE [E], K AR RS S8 A 11
B RR G Fe A A B RS INE 5%, & T HRl
Bk Z % 57 IR A S HLRIBE AT, TSR] DR FH 4TI 1) 55
ST I RS A PR R s B R — PR R DR R FRAT]
HAE 7T &5 2R

5. iR

BT K D REEE A ST S 4, R IAE R 57 IR
T, REESEEE ST EES CEERBREKE
ATREAR IR 42 R R4 [39,41,71,74,95,96,108],  SCHK[88]4)
G, R R BB (R REAR R
[41,71,74,88,95,108]) (F2). 4 /mfL c TAEZS R FLiL
[401IAR, 5 ZE A4 Ja A MR 1 I 48 S A v TR AT 5%
TR MR GIERER I AR, 2 AR AT S5 Th R
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B4, AW 7R AL A Bt BF 704 ST 45 AT IR o 5N A A JSODR S et O R 557 6 A2 IO P o Pl P SR o (10 2 i 3o 4 0 e 22 e 7 22000 (IX
B RN o LUATE 55 B Ja, B BORURE R B A2 15 51 NI AR D 0T 55 i J5 # J2 25 0 T BB I 285 Hh i DX 77 s R I e B 25 TR . Ca) J 35 1) DX BR300 i
X5 (b) 2B BN X 5 Ce) 28 HAE FH 2880 S 16 B 60 99 28 J=3 B R AE 7 51 s HL AT Ik 38 A8 HL AR ) DX 48 (K 5 B8 40 A S o AE (d) e INS: i 595
SFGdor: # L[Hl, M4y PUT: 5%4%; THA: Efifi; CAU: FAR#Z; HIP: #W5IX; PAL: #[EK; 10G: #L F[E; ORBinf: A RN[El, HRHE
#4ys FEG: MR, PHG: #5550, SFGmed: # L[ml, PWESSy; PCL: Timthge; TPOmid: ik, rHlal&E% (Reproduced from Ref. [41]

with permission of Elsevier Inc., © 2018).

R R IR I H T AT H OB BT R (14,151, 1
A PR J0 8 Y5 1 =5 A B RN RE T B8 S ok 5 B 4% 11
B VERRR SR T G o . BRATIAE Bl 98 55 TR A AL
(41,7410 MR, (ERFEE ST 55 4l N K IR BN,
i 1 2% A I T B AR, aX e — 2D SRR T B R
W, VLTSS AR B B AT BERE BT XA KA
SR RS TR R, ISR AR L 2 300 %% 7 952 55 B WL 52 2]
OEEEZY g

ZAUEE B R BRI A 45 . 9% S8 9 4% A e i -
JUEA R 50 BRI 57 0%, AR SCHR[116], AR 2 38R
I X 48 1) 1 B0 20 SRR T 2 X 48 1 = SR A, 1
S ) 2485 1) A7 B R ) BRSO 28 Ry R N % . El T
SN ERAEE R % 5 E S, @ IANE L —FIE
ST IR 85 5 2 N6k I IO 55 DR 25 T A DX 3 P T s F oA
LRI PN N AT S IEF ML . Bk, AT ER AR
K] 245 (4] F0 28 178 2 1 5 5 50F A/ P B AR OV BRI (R 4
B ORA) BERAR[113]. GuifE[29)42 HAEHET &
T RATSET, SR N 4 = JErE BRI A Al R B
Ay ) R P AR 22 I DR R T B M S5

F 1) B IE R R4, DX TOTRON B 23k /. AR
RO E R B IR R A [117], BN TOTS i FER
IR AT SRR 118], % % U5 FH 400 ) BR DA 5
28 WIS DA R A 33 AT 55 1F n) I 28 7 80 AT 1 BT 55
[119]. UbAl, TOTRUN A G WA 45 N TS0, 35210
W& R R, BRI S, BRIMSE K I 28 A R 2 1]
HH T TO TR 1T A7 B2 K ) A G PE[29] FEIT SN —
TR [417H, FRATT A BT OT A8 55 M (14 oG X355 1k 3
OYARTE R R XI5k, Z R ILE— 2 SR T UK AR - k-
B 5T BRI AT RE A X 57 SRR IR — W . X — IR AE
SR o A5 Ot CAnBERRRI<E ) [1201F80 2 Mihe (g
PR F7 LR A0 2 R MR (12179 JC A & .

K2 BV 53 B Fia b BT X 4081 s R 42120 TR 5
H, Bk, RATSEFEESAHITE, M RHRA
HE . #2751 7 MEEGHIME 518 B MR IWF 7T H i
Pl f) 22 b 4 s s ik . AR, G B AL AT
S ) e DI 0 P v R R B[S 3], TR FH AN [E] 15 R
X7 AT RS AN F OB T4 1 T [54]. Rk, 7R 2k
— BB 5T 2 M 2 AR R R T 5 S E I 4, DA
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Ref.

Experiment

Recording

Node definition

(node number)

Edge definition

Network measures®

Main findings

[108]

[96]

[29]

[41]

[93]

[72]

[94]

[90]

(88]

[39]

[74]

Go/No-Go

Visual vigilance

PVT

Visual oddball

PANAS-X

Visual oddball

Visual vigilance

Visual oddball,
mental arithmetic,

and switch task

Sleep deprivation
and simulated

driving

PVT

Visual oddball

rsfMRI

fMRI

rsfMRI

rsfMRI

fMRI

rsfMRI

EEG

EEG

EEG

EEG

EEG

AAL (477)

AAL (90, 442)

Spherical ROIs

AAL (90),
HOA (112), and
Craddock (200)

ROIs (630)

HOA (112)

Functional units

32 channels

19 channels

Wavelet correlation

Wavelet correlation

Correlation
coefficient

Correlation
coefficient

Wavelet coherence

Correlation
coefficient

Coherence

Directed transfer
function

Synchronization
likelihood

64 channels and 26 PDC

ROIs via source

localization

64 channels

Phase lag index

NS, Al ol
FC™, D, Eyg,s
T l
Ely, and Ejoqy
A SV i il
Str, D", Eglob’ Eloes
and EY

nodal

Str

!
CT, LT, [ Elglobs
E}., and E!

nodal

Flexibility

Density

FC'

FC

Degree!, C', L', &',

I, and o'

FCN.S,’ CN'S‘, LTj

NS.
L1

g

N.S.
and o™°

L' o E

glob>

E}., and BC"

Disintegrated network topology during TOT
Nicotine improved network topology

More integrated network topology during task
performance than in resting-state

Disintegrated network topology during TOT
Substantial inter-subject differences in behavior
performance and network topology

Reduced ALFF in the DMN with increased ALFF
in the thalamus

Pre-test resting ALFF of PCC and MePFC
predicted performance decline

Reduced anti-correlation between the PCC and
right MePFC

Disintegrated network topology during TOT
TOT-related reduced nodal efficiency in subcortical
areas

Short mid-task break did not improve behavioral
performance yet showed positive effect in
recovering local efficiency of post-test network
Dynamic network flexibility was correlated with
fatigue

Modular analysis of functional connectivity during
TOT

Predict the effect of mental fatigue on cognitive
ability using inter- and intra-modular metrics
Widespread significantly increased coherence with
TOT

The increase of neural activity and connectivity did
not lead to more efficient performance

Distinct directed connectivity alterations among
different EEG bands

Functional coupling of the frontal, central, and
parietal brain cortical areas correlated with the
change in mental fatigue level

Increased degree and clustering coefficient with

a decreasing trend in characteristic path length

in theta, alpha and beta bands during a 36 h
experiment

Significant correlations between network metrics (in
theta, alpha, and beta bands) and blood parameters
(including Creatinine, Urea, and RBS levels) were
revealed

Significantly increased path length in brain
networks constructed from both sensor and source
space

Asymmetrical pattern of cortical connectivity (right
> left) in frontoparietal regions during TOT
Disintegrated network topology in the fourth block
of the task in comparison with the first block

Short mid-task break improved global integration
of task brain network
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Node definition

Ref. Experiment
(node number)

Recording

Edge definition

Network measures’ Main findings

[94] Simulated driving EEG 32 channels

[71]  PVTand EEG
simulated driving

64 channels GPDC

[70] Simulated driving fNIRS 6 sources and 8
detectors

coherence

Ordinary coherence  F' (ol DegreeT, ',

Wavelet coherence ~ FC*
and wavelet phase

Increased coherence in the frontal, central, and
L'y, and A, temporal regions

Increased clustering and characteristic path length
in most frequency bands

A development of more economic but less efficient
topology during TOT

ctPvire 11 and

o and simulated driving, with increased C and L in

Distinct network reorganization between PVT

simulated driving but only increased L in PVT
Using limited number of functional connections as
features to classify mental fatigue achieves high
accuracy (> 92%)

Significantly reduced functional connectivity in
PFC and motor cortex

Adverse influence of mental fatigue on the
cooperative mechanisms between PFC and motor
cortex

AAL: automated anatomical labeling atlas [46]; HOA: Harvard—Oxford atlas [47,48]; Craddock: Craddock’s functional atlas [50]. PVT: psychomotor vigilance
test; PDC: partial directed coherence; GPDC: generalized PDC; PCC: posterior cingulate cortex; MePFC: medial prefrontal cortex.

“Abbreviations of network metrics: FC: functional connectivity; D: physical distance; Str: connectivity strength; y: normalized clustering coefficient; A: normalized

characteristic path length. The superscript arrow indicates the development trend of the network metric due to mental fatigue, while, N.S. indicates non-significant.

RAFHE NA T NR . Ah, v AR ZH 5 (i
meta-connectom4;#7[122,123]), il Xt 2 i 4T 4%
BT RE SIS B INMER . B LE R, W& IS A
KA MAG TR ERN H WS 2, EAA AR RIATH
OB 55 f AL B DA TR A 0 K B B K 3

6. 4518

AR T W IERE A R R, R 2B
Xt 7 O BRI 57 AP e AL AT B EANE . A A SCREN
FEIR 57 9T S0 X 0 T PR AL AR O R R TN B3 SR L7
Bo HARSE R OB 7 LR N E R &,
XS 98 55 7 R KA B R iR EUR I 24k . FEER
TR (R 8 TR0, AN T H BRI O vk RE e 45 B
FRA T e o 7 o B 57 (R A 2L o BRATTARAS e
LA AT DA W% 55 ¥ AE R e AL, 3wl AR E &
(1) 3 B e s S B o B 575 1) L B AGEDU «

L)

ABEFEHHITL RS “ | AR T avED.

e RS Ak AR T BT 4 (2018QNAS5017, 2 7 b
1) FEZRERE2EE 4 (81801785, T AME) ¥
Bl o AR 38 308 2 IR T In 35 1] 37 K 25 ot S I v 42 ) 2
WA I AR /N S HF (R-719-001-102-232,
2 T Nitish Thakor). AHF 5T 8 4 43 2 57 hn 3 B F &6
(MOE2014-T2-1-115, #%F Anastasios Bezerianos) 1 I
FEWHEERIEA 7R (17YF1420400, %7579
(RIS HF
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