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 FE DEESERUENREE LRSS B S AR, SR T S AT BRI R R B, B TR R
(ALFF) M DS DI REE IR SFO) A BT i, BRITEIEPERL = ) U L A I bILe o 25 R A0, sl T 9iaali: ) .
ISR, B BT SO R HRER R, ZE I IETAIT(Left media prefrontal cortex, L-mPFC) A4 /MigHT M (Right
cerebellum) ) ALFF {H8 . #E—LIIREEHI T B, SR I HTAUA BSR4 5 mPFC AL (Cuneus)Z [H]
PP RE R B 2 2 TE A DG, S5 R0 mPFC X TR A W 45 v [ R L A R BEAE T, HLTE i L R 8l
PRI R B 38 1) mPFC 5 H i X A I RIER G5 SR S o

KR B, Bl UREHR L, NIETE, (RRIE, DhREEE

SEE Bs42

1 55

B3 PR SR GRS R TE © A R 256 1 B il
L U Z A R SRR T Sl T 7 A A AU R
SR A (A B 7 i i B, 2 NSO A
#4219 5 77 (Hennessey & Amabile, 2010; Jung
et al., 2013; Sternberg & Lubart, 1993), #2H n] @&
BIRTHIITLR, BT DOBOR B 22 i 0F 58 35 TA 3 TR
(1) R 1) 3 M T 4 1) i A OC B 4 10 4 (Allabbasi
& Cramond, 2018; Alabbasi, Paek, Cramond, & Runco,
2020; Hu, Shi, Han, Wang, & Adey, 2010). [W]5i4&
JE SRR IE T, B E AR I L BRI, L
KAV RE 75 IR figf e 1) 5145 32 F2 (Gilhooly, Fioratou,
& Henretty, 2011; Holman, 2018)., Getzels 155 J# [n]
AL RS 7 AR i D 7 s 1 O e BRI 4 Y
B, IFIA A BT P A 8 AR A U T A P 1Y ) R
B2 A S () L B (Getzels, 2011), E A BFFEHE M

s H 3: 2019-12-20

A5 SR R 27 A X ] R e R B I R 2 AL i
17T KE#H R (Aziz- Zadeh, Kaplan, & Iacoboni, 2009;
Huang, Fan, & Luo, 2015; Jung-Beeman et al., 2004;
Kounios & Beeman, 2013; Qiu et al., 2010; Subramaniam,
2008; Wu, Knoblich, & Luo, 2013; Xue, Lu, & Hao,
2018; Zhao et al., 2013; 47 3CHk 5§, 2018), {H[n]
PR AP — R B A Ty, BRI A A
7% IR 2 B WA 1A FROCTE (Alabbasi & Cramond,
2018; Reiter- Palmon & Robinson, 2009; Tong et al.,
2013; WK, #PE%%, 2015),

X 3 P SR DA RO T R i R A B
TR — DA, A AT B3k M ) 4
AT T 1% 248 & (Dietrich & Kanso, 2010; J&FF, jifi
AR, 2005) BORH WIS T 15 02 i S AN [
R T OB OR B 1) R L ) OB 3R . Aol
L PRl B A A B ) R 45 (Runco & Okuda,
1988), 27 Skl 1] 50175 52 0 B A= 5l ) AL 7 5 (2%

* HFK HRFEE S TH (31470981; 31771231), #HE #BA A S F2EMF 5 W H (19XIC190001), H k& #L R & 5 H (19YB026),

L AR AR g A4 A RIRBOHRI 5T H (2019RWF003) .
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HLE, 5RPEAK, 2005), B AR B ESE(Runco,
Illies, & Reiterpalmon, 2005), SE¥kF B A H 1548
(RN, sk, ZEIR, 2006), 45K R4 ) R 55
FIZEFYAS KL 0] 3115 5% (Lee & Cho, 2007), 77 J&ZIH]
U B AT e ) I B (MR A, KBS, 2011), I
T R A 35 RN P =X ) B4 5% (Cheng, Hu, Jia, &
Runco, 2016)ZE A5 LbF5Y . S5 &I, [R5
JE ) LR Y B OGS R 2R, O 5 A0 R 2 3K Bl K
L HUKSE . BTSSR AN S A8 BRI M ]
BB H P2 B0 (Cheng et al., 2016; Lee & Cho, 2007;
R 4, 2017)0t04h, AFIAMEIRE ) (B o7, &
AN, SU/ANGR, #h5E, WRIEHI, 2015). AASEHFEE(Z:1E
M, HTSF, 422, 2010; Paletz & Peng, 2009) . 1
£ MFNHL(Chen, Hu, & Plucker, 2016; & 157, J&
£%,2010), “#M 55 (Han et al., 2013; Jia et al., 2017)
A ) P ) R B ) PN AR e R 2R

C A W FE 6 A 36 1 ) R $ S g TA o R 45 T
TR AR, BAFAE— SR, B, M
S MOELRE, O SCE MR DR L R G
PR IV 1 2 R AT P ) A L N 46 (Hu
& Adey, 2002; Hu et al., 2010; Higkss, & 1F, #k
428 2002; Torrance, 1966), BN %t G&E B 1)
ARVE . A, BRI Z R T BN Z 1Y {3
Vi . SCF B R 5O T E 1) (] 8 S5 AF 5 ) s
] G R (BRI, #8955, 2011; Runco et al.,
2005; Runco & Okuda, 1988; Torrance, 1966), #i/b
ol FH B SR B A S S DR TR S A T A
A5 R A P A AR T IR 2 —, PR R
PERE J1 YR 47545 (Sternberg & Lubart, 1993; R
B, BRYT, K POAK, 2008), HAHEL TR ME R & HE
SEVZREIN G, B BE A ] 350 B B A AR
AN AR B EPERE T7, 2B R A A A )
f4:}%(Okuda, Runco, & Berger, 1991), LTI, #KiT
B PE R A A R, e R R 7R B P 1)
R B M BTL T R FH O 5 ) s e S 4 AR o
A A 2R B S A R

B [n] BRI 5T 2 NS A LR H e A A8 )
(G 2, B PE AR AR i 780y . de R A v R 4
IR R AT (B IR TR, 1999), Bl Al 12— d)
I AERE R i BAR R I, RO R R A
PRI SE, BV A BT S RN A (B AR A SR B
(BT, #2595, 2015), 2 SR 70k o 7
%) B B [y B (Hu et al., 2010), Ward A A fdi 52 4=
T A 3k R 2% W B 3 S 18 X6 B e L A

FIWETE, PRHHESE RN & WA S br, A &R
AAFRUEE (Ward, 2007) . [ N 2% 25 5k POR S (5K BROAR,
HIZHE, ERYL, 2012; AFF 4%, 2011) WAL T BLSL AR i
Hh & R A B B2 i B S A G ) 1 DN R 2 1 3
FIRRE K BRI S ) AR, R T, ARBIFSEIA
Sy al DR R ) ) A R R AR A S, s R
U b A I B e SR ) S0 T R A AR S AR
)BT e [ A2 L A T H

“TRAE A 28 BRAE TA S A AT A T X (7] 817 358
AR5E ) AR A 5] U5 5 i i s 1) O O AT RAE, O
TEAH I A B 1% [R]85 [) N A T4 2R o A 2RAE R) el 25
[i) PR I [R] RN B D7 vk, S BEAE O KP4 ) v 2%
RAE YA RAE, HEATEGH A )82 0], f 2[R
AR Lo (Kaplan & Simon, 1990), “Ji B34 175 7 H
Ve IUITA A 4 [R) A A e 5 388 RS AE AR Ry ik, ml DAAESR
T JC G AH BAT N AETE SCE B JFRIAT B B & T,
FIR AT W B e R), K I B vh Bl 6l &5 i e &
5 Bz BBl eh, AT E A E i 1 1] 25 [
GRPIBR 2, 2012)0 ML, EEPHPFQ017)4E TFAE
e e RN JE A SR R BRAS, NH E AA R e
(9 Ff Bt O, WCAR B4 U N T 30 A i R 22 e W
B3 S, R AT AU R A S A s, Bt R
GG ] AN MERE, ERGRIE R R AR 20
T AR B B0 A B o e T AR o LA AR S R AU
AR PE AL (R A RE, O 58 180 T SE 8 A A
SR E A AT S RIE

B P T A0 e e 2 UE W) 2 — TR A i 2
S ZANF T, W KA [ X TE] 5 ) g AR
(Aziz-Zadeh et al., 2009; Jung-Beeman et al., 2004;
Kounios & Beeman, 2013; Luo & Niki, 2003; Qiu et
al., 2010; Wu et al., 2013; JusEHs 4§, 2014; 423
i 45, 2016) . TEANTE M) A, £ 1#HFE(2013)
{685 FH kg HL 53 #7775 (electroencephalogram, EEG), 4%
SRR IR A T 1A 1 1 3 PR 27 ) 2 s 43 4K
sy, HAETA . Brh IXAAE 20 o i, B
B3 A 2 [ U 1% 7 A A T 7 57 400 o] 42 o S AR
SHREE R SEOCHEG X 2 . BPHTEA(2013)
K H Dy fig P 4 He 4z i 15 4% KR (Functional Magnetic
Resonance Imaging, fMRI), #EiRk2% % B 1 35 H 1)
B R 4 ) AL TR o 25 2R ¢ BIRS 1) ki 1X. Ay 2 )
BOARTEL . ZE st . 220 GORAX . A /N R 22
M ge R[], Tong %5 A (2013)2K S LAY 7 B 481+t
TEA TC IR B R S R B R B IR 1, 45 2R K
IR 1) Rt o D 2R S 2K A0 ) ik DR R AL AE B T
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mERA L EEE(2015) R A C LA AR (Event-
related potential, ERP)% P & €1 & PRl 0] 542
MRTEFTFEPE AT S5 TH I P 3 s e i L A7 7E
WEZESR, UEMAT TARICIZ A At FBE & R ik T
B ARSCR T R, T RN R, IR A R
PO R A vE o R BRI SR X T R A A i
PR )RR ) A9 AS BB A B, (i TAESE S
KPR TFBE AL S AR REZ, 3
FBORAG B S5 RARMEAR B EUE RN S, B PER: IR
R A L e s = 5 Bl2E A T2l
il BB FEAT e ZE R (5A 1L, w262, 2015),
R, AT R, 0 e 5250 AT 55 PR Y
ki 53 AR B AR 58 B 3 1 [m) R 1 ) A 22 ML b A
JL LB,

S A5 T R R IR AR B AT DL s A Ab
TENFUE S RAS R Ay A & ph 2205 l(Biswal, Yetkin,
Haughton, & Hyde, 2010; Zuo et al., 2010), X,
T BAZAE S 2, DU 12 A e AR B R A
T AR A HOBIR AR S5 5, RS BT H AR E Y
Y AN TA] 0 B 5 R i K R s S = R
(Buckner, 2012; Fulwiler, King, & Zhang, 2012), &
T B AR AL IR G AR, AR 2
S 50 O 3 M R A i e S WL BEA TR, E—E
FREE B LW T B3 1 AN TR A R B AR 1 R ki
HAt . Takeuchi %5 A (2012)f I3 T Ff 1 55 10 12,
2 ) BE % $% (Resting state functional connectivity,
RSFC)/3HT 771k, 25 5 & B AR AE & Bl B - AT 55
B LG PN A A RS 1 ] 22 R RSFC 5
JER R E MG, Wei 5 A (2014) % BLHE 2 i & H
A JEL AR 3000 56 1% 53 K55 oA 00 T e R e [l 2 ] Y
D REIE LR 52 W2 IEHIC o Chen 28 A (2014) 4 fF
ARG — LRI, MRTER]E MR 5 1 143
H5 U iy A H [l RSFC 58 B &2 35 A
X, HASRA NG 35 PR X H O RAFAE A0
7 AR A5 N (2016) 25 45 2K Jey #8 — B (Regional
homogeneity, ReHo) FI L il #i% i (amplitude of low
frequency fluctuation, ALFF)/rAr Jrik, 4558 &M~
AR 2% 5 W n) g e 1 1E B 2R 5 26 DN I A Y
ReHo I ALFF {H 5 W EMC . ©APT5TESCRH
BT M A E DRI T R IR R K T
PR K BE R I RE 42, BOCEM KX N H &
BOLD (Blood oxygenation level dependent)fs 5 f)
JR RIS SRR, i DA S A AN R AR B X TR
PEEAER AL SRR R . MAh, AR FEAS

FH RO AR AT 55 | QN3 1 st 1) 45 R & Bl ]
FEFR DL S0 A R HR 2R A0 3 PR SR A I AL, R A
B3t M [ R 1 1 P A TR T

ALFF %1 0.01~0.08 Hz i B N T A #5555 1
W RAE BB RN B MAR R BOLD 1550
BE, MRS BE B T 2 MARLEFEARAET A
KA SK R (Zang et al., 2007), EAMYAED
JREARAS R AR, 38 B8 S Bt A AR ) 86 25 5+,
SRR Tz B R A 2 B R TS S A A
FEAR(Wei et al., 2013), ELA 5K ALFF FIZFh
INFNRE ST, A b 0T RS #fos BE 2= B A 0, tein
TAEICIZ (Zou et al., 2013), EMRBPHIE %4,
2015), Bif/R 2576 BR9E (He et al., 2007)% . RSFC [
IO P 2 AN (6] il DX 22 [] ) 1] 2 1 284 5 1) o 3 P R
TR DX B 4 A P R VE T, T E O L
B PE R 0 i I 25 48 7R ANEEAT R R I S FE AR 4
PR, B IT R 28 R 2% 1 VRS B B e bR
(Mennes et al., 2010), ZJ kT &) Z H Tk
INHIBE JIWESE, L anflid& /) (Takeuchi et al., 2012)
S LT DA S B FloRE A B 22 5 i X 22 ) 1Y)
WZR, itk 44 ST (Hahn et al., 201 1)FIARAE
(Zeng et al., 2012)%% . [AAH#i ] ALFF (Bt B&H A&
55 RSFC (ORI X A5 5 1 B ), ml LA s H
ST 1) R W B P ] R 9 K Wik P S A 1Y 1)
Ae4H 4,

CAMFIT R, Q0 M ] AR 1t
(B R LB ST B 7 A L JE AR B 45 e
J EAFTE R Gu 22 5 (Tong et al., 2013; 8] 7 4F,
2015; F1H47, 2013; J&%5E, 2015). P BN
TR A 7 A PR () 2 L X, ELAVE AR
85777 0 A 5 FE BN ST NS ) A SR 2 i R (Beaty
et al., 2014; Chen et al., 2014; Fink et al., 2010; Kounios
et al., 2006; 'z, 3kFFF, 2006; Shamay-Tsoory et
al., 2011; Talati & Hirsch, 2005), #i#itt, FeA TN
WA AR A9 ALFF (B AT RE 2> 5 B3 PERR 4 ) U 1Y
AX. WA, BATFIE LRI, PIONETEVE A BN
DR 28 FRAZ 0o 1 i, 55 RO I 4 LAt 4y 55 T e i 432
SR I Y R A B BE M AR b R E AR
(Takeuchi et al., 2012; Wei et al., 2013), #2241
Sgint | TR0 A % % Y08 OC & (Jung et al.,
2010; Limb & Braun, 2008; JLiEEE, XI5, Tk,
2010), Fiith, FRATEEE PIIHTE A AT ORI
T PR 2 (] R M A LR P A RS
BERT I (Takeuchi et al., 2012), TR (5253
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HE AL FEAHSC) (Gansler et al., 2011)5F ZRIA K257
2] B T 3 e P 2 I S IR A DG

Tk ek, AMFST LR S A ) RE G 3
PR AR HF Y ALFF Fl RSFC PFlHE R, EEUA
A AR B S AR TR ) B B R A AU R R
HH [ A S A4 L, DARR IR EOIRES TR K ) & 0%
5005 MR S 22 R SE R
2 ik
2.1 #ik

Wt LTSRS 107 AR R¥F4E S5
WF5E, MR 3 2k shEdi it Ripik, &5 104 &
PR CE AR 19.26 £ 0.99 28 H T IER 4T,
Hf B 32 ACEEAERR 19.66 = 1.15 %), ik 72
ANCEYIAER 19.08 £0.85 %) WG FEA R A
H, R G* Power 3.1 (Faul, Erdfelder, Buchner, &
Lang, 2009)% /4347 Post hoc i1 IR 46 (effect
size (f%)=0.25, a = 0. 05), 455 57~ power = 0.99,
KRR BT A S 55 W80 IEL 1B,
TOHKG th M S0 AT RSN s, B H R R R e,
SIS HTA T SIS AR, B AR RS, H
HEFBAREFRZER, REH BN LT . B
IKAEFA N A e AT S0, SRJ5 B A DR %
A, TR RS R 4 TS Y iR
5SS TG R FAL B S 0 T 2R AR (B B
S
2.2 IR

A 3 PR ok 2 ) R4 L A Rk T v e BB 5
HIW 9 N EH T IER L8 G ST, 2017). S5
HRHIE S B} 2% K BB ek S 061 7 3 4 L T ke, T A B
LRI BB L B AR S R R L L U R Y
Ao BRI E RS OP S I S . A
— B RS ] 0 TH () SRR i R M B R
THEESEE AR 1 ARG

UG R BA RS NMTE, WwRATE
FEEHIR AT RER M KA, TR L5 R T
EMEBATE, X2FTREMRTRANALE.

IHIR) . 4o o] i 2 R F 3 0 50T 2 G 3 8
524119 A7

JRAL: RAVEIT ERGEHIE, A—bR 8N EHE
F—HATH P ER, CHhEBRE TG, BFREK
SE7 R

LT RAFFEAR TR S K BRAE, SR LE S
S A 2 S SEE % [R] U1 58 R0 TH [ B s CEUAE AR ) ),

B e A 4 0] R B8 T $ s 1) 07 2O AT SR AE, JF
TEAH L R 1 () R (R A T4 R . an SRR AR R
BB 3 ) R T L A TTOKOF [n) A B], 48R F
AR 2 4 [A) BB AE, X B D) AT BE 4 S 850 1 ) At
TP Sk A v g oAb 5 A 555 b i B 1 SO Y
Ja ZVEAE R, IR S EE B R, W54
B H A 85 A1 35 P 7] A FT BB (Holman, 2018,
Kaplan & Simon, 1990; =}/, 2017; 5KEKAR &,
2012)o W55 28 & By [R] R B3 AT DA S | &A1 X6 4
() R %) JEL 2 R ALY () i B o TH T A 3 SR A
R EF EESRE R, BeafEn BEA T E
P 7 B R R, T DA A AR R R A TR A A
G S HHE A BRI RS ], i 2 4 B mT DAY
B A A Bk B R 1 K F- 23 8] SCRg AN AR EE B T [A)
{1y 1R ) /AN X i L P

B 1 P B 2 e W 0] 4 H R R} i o] gk
& B FNH )T 5 | A B e i ] s ], 2 =540
it (0] 5 i) ) RE T o Y N 3k e TH T ) S 4 e 3
SR T AN T E BRI AR, vRA T LR
WOBHE AR 83008 1 AN 2 o R 5 Jr feff PR A 52 56 4
L PREUZEAG O g ) TR, I8 ] T A A
(FEFHE, 2017). CAWFFRRM, A 800 R R Y
bl 85 A PR A i B oG i 2, SRR
b2 WY In) L b4 R BB 5 7E — 2 2 BE 1 F) £
PRSI A 3 v 1 R R S AR, BT — R AR
P oAb, MWFARRIEHPE TR AR W 5 T
AR B TOHFERE S L WY R 42 0 B E 22 R 10
F, VR AN E R, 45 R kBN
2 51 T MR A A0 I R L 3 R TR R
T, S5 At — A L PR rh 3k T S g bkt
A R (FEFHPE, 2017),
2.3 ITABEBHNBESITMN

KM E-prime {4 58 UL 50 M REAY 2 A2 5 5
M. HECAMRE LU AR (REE 5,
2008), ABFFEAE S TR HAI<O XF 97y ] JE Rl —
P& H ) 0 B BB 5 56 10 35 AR B B 7 A A%
PR KA AILE . BRI . B A s h e
EIEM A, BIRES, BRIy 0.5 s, KRIEHE
FLEIL 9 AR, oA 40 e e R AU A k), 3R
fift J5 F 18, HEE Bk RN — AN B ARE, A
JFR R R L2 28 60 s, A2 H shBkE) T —1-,
HEEIE TR R, 42T R BE R h  FRR
WM A, BIKET, NHEFEFS 0.5 s, BEE
Rt AL B 9 A a) BUIE 5L AN IH [R]85 T
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I AT J52 £ HH OB AU R T IRDEE, 60 s Jm IRlEUfR B2
FUTH RS R T S B A 3R, RO e 4R EAR
P 2 BUDUFAOR 'S T AR B R R, 5 Se i1
B, PR REATT — AR, R R B oE 4
R IA] RS B A TH R, SEg AR Ak 1 s

PRI

TEFIW

_— %J s

B sSeseime A

e T RARFE AR P 5 <P RS B H 1T 1
B 3 PR A ) BB L AL R A OF 6 B fE (Kaplan &
Simon, 1990; FKEAM 4, 2012), ANRZEZEXTIH
ﬁmm$iii%ﬁﬁf%%EE%L,WMﬁ
/%ﬁmﬁﬁ@Twmmﬂﬂflﬂ fhn . andar s 5
%WEQWH@Z#ﬁL%%ﬁMﬁﬁ%7ﬁO
415 AR SN G 25 F 1H [n) 81y 152 2 1) ] R 5[]
e 46 M Ak H e vk, BABsirE, #ln.
A7 B4 K A A8 3 KR A2 I R a3 K2 /)
ﬁiﬁﬁz fEd ke 31 1 4 WERBRBEA Y
25 T 1H %) [a) 2 1] HLB H 0% [) A A A — 2 1Y 1)
e E B R R, B A s e, i
e ATRARTHRRE B HE, 1E/MT A A O aE B ek
o /AT DUAE A ) fe i T A, 2 )5
KRR ? T 2 4o HE kR Y LR R RS
ﬁ%0§ﬁﬁﬁﬁﬁﬁ@mtﬁﬁmwﬁ;%ﬁﬁﬁﬂ
Al HE R R FR AR A 2 A A E o R H
%K HATE Y LR sy, R e 4T
W IH AN G, Bk R R Y Tl s [R], B2 B A0
PR TR 8 A 0P (R R LR sy, R
R FIE A% 30 Ao SR o 4 Bl R R SRR R, T
555 HARFHOC R A 802, B2 A (B TRl R
24 BESHERESILIE
H R AR IR AR VE]F 3.0 Tesla 43k
ﬁﬁﬁi{%?ﬂ%’”@((&emens Medical, Erlangen, Germany)
FAG o A FHBCR IR BN T H 2R /D 3k 5 5l
KA BT HE . T, b s s L
FINREE, ) B BBCT i B 1) 4w i 4, DAkt S A iR

b 4 S Wy A B e A RS T R RS e A
i AR A ORI R RS E TiOhs, TEREAS T
PR AERS S, PIIRR S (Wang et al., 2011),
K FH 4 ki ~F- TR B2 1% 1447 9] (gradient-echo
echo planar imaging, EPD)JEATHIH, HXHIMSE
. H A (repetition time, TR) = 2000 ms, [A]%
Ff ] (echo time, TE) = 30 ms, J< ¥ ffi(flip angle) =
90°, FAMEF (field of view, FOV) = 220 mm x
220 mm, JZ)E(thickness) = 3 mm, JZ[d]ff(slice gap) =
1 mm, RZE K/ Nvoxel size) = 3.4 mm x 3.4 mm X 4 mm,
FAHSE [ (acquisition matrix) = 64x64, F1H B [A]
N8N AR, JLFRAT 242 AN]SR
T Matlab “F-5, {31 DPARSF (Data Processing
Assistant for Resting-State fMRI soft ware, http://www.
restfmri.net/forum/DPARSF) 5 4 X # 4§ 3 17 4b #H
(Yan & Zang, 2010), HARLRINT . (DR &FHEE
PEE TR, AR SA PMASEEAEhER
WOREE; ()% AR 1) DICOM Kl i 4y vl 3k 47
3BTRS NIFTT B ks X5 (3)20 T3R8 E g ek
EIE, SIBRHET 10 4B R) 22 955 Hs, IF& 20 03 ke
FE BCPE HE AT B[R] )2 42 1E (slice timing) . Sk sl IE
(head motion), MIEEFEs KT 3 mm FFsshiEd 3
JE BB s 3 Sl B ) JF 2B A B (4)
% DARTEL (diffeomorphic anatomical registration
through exponentiated Lie algebra)l4b ¥ f5 2 HE br
AL 3] MNI (montreal neurological institute)by i %S
[V, AREALE AIARA/IVE 3 mm x 3 mm x 3 mm;
G)FFH 6 mm FiF# (full width at half maximum,
FWEWﬁ@@ﬁﬁ%%%@ DIHE B L, (6) BE
ARAVRATRN /oy A M ) 5], AT R MRS o
2.5 GZitoh
ALFF (1150 A4 . R REST (Resting-state
fMRI data toolkit) T_Efi(Song et al., 2011), 4Kk Zang
SENQOO BT T, M Al — AR A I ]
JF A T B I AR g T X A S D 3 ) 0T THT
7, S EIERN TR SRS IR . [F
B, AR AE 0.01~0.08 Hz 22 [a] A4 55 AR
HEAT-Y, BN ALFF{H. A 7k BniEfeiy B i,
P RENARZR Y ALFF (EFR DL 23 (EA/E 0 —fb Ab B,
RIS M ZRAEILIY ALFF {5 (Biswal et al., 2010).
SRR A a PR 2 0] R B8 0 5 A R IR Y O
R, ARUFFAE I TR Z WP 5 225007 75 1 (voxel-
wise analysis of covariance, ANCOVA)IE1T 443
Br, 8. PR IG5, B3 MR ) E R
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O BN RS AR e, f ] £ 0 2R P [F] )H (multiple RO IR) U Y LR IR T Z2on A A3 M, OB SR AR

linear regressions) >RAail (] R4 4340 5 ALFF )
KFR, BEEL R LTS FDR (topological FDR)
KIE, @EMEKEHN p < 0.05 (two tail) (Chumbley
& Friston, 2009),

RSFC Wi+ Mo AT, [FFER ] REST T A,
BT RS AT 5k, s Bl LABFSE T ALFF
b 2R G B ik DR A s P R i B S A BT 2R LS
Hk B i ) 2 AR A NN A (mPFC, X = 0,
Y =54, Z = 8) (Beaty et al., 2014; Whitfield-Gabrieli
& Nieto-Castanon, 2012) A8 248} [X (region of interest,
ROI), I DUESHR X A A5 B0, HENT —A- 2P
6 mm MIEl, IHEFEWT . BT, PRI
R XS BT A R R B I [R5, [R5
FBT . WA A 6 >k sh S50V JC B S AR 5t
7INE; Hk, H voxel-wise A& Hrikit B &4~
P55 5 A ik LAt ik DX 2 [0] B AH OC R 5L, IR AE G
FHBr 134 2 e (Fisher's r-to-z transformation).
e, MHZ e RIS, R 5 TE %
i, BIEVERR AR R o RO B R i, 3t
S RE TR B S O3 PERF A ) R L B AR oG,
— 2P B R A TR R A 1) I 4% 3% 4 1T L 2 T
B PR PR I RE ) . 0 A R IR R 2200 40
b FDR #IE, WEMAKFH p < 0.05 (two tail)
(Chumbley & Friston, 2009), ffi fl G*Power # {411
2 0 RN S B 25 3 B 800 2 (Faul et al., 2009).
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PRGUAE (R0 FRUE RS 5 A0 1) ol 25 B0E A OC, f
1A P i ) TG AT R S TR A IR 4
S, A JCOC A, R G A i AR PR
W 1T} 22 AN A5 32 P DR SR A7 G . Daarsaud 55 AR
P30 Dl AT 55 TR0 T R i e 2 L], 25 2R
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U RN o 7 WS B = el B i e N SR AR =
i AR BTSSR e AR G

b2 15 Bl B 0 T3 B A A 45 A B A — > 4k
] 3 — AR RS AU A, v6 O g i B
(27 55, 2014; 8 17, #2695, 2015), A
GERI, AT EARANIE S B it UL Mz 3
W), Blefis o 22 M b BT B2 B30 (Gilbert
et al., 2010; Luo et al., 2013; O’Boyle et al., 2005;
LTRSS 4%, 2010), AR/ i I 2 4 B A L
] i AT 55 i DL B 500G ki X (Ferstl & Yves von
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Abstract

Creative thinking, which refers to the process by which individuals produce a unique, valuable product
based on existing knowledge, experience, and multi-perspective thinking activities, is the cornerstone of human
civilization and social progress. As an important part of the creative field, scientific inventions in particular
require individuals to break the existing state and build new things in the process of creating them. Therefore,
the use of real-life examples of scientific inventions to explore the cognitive neural mechanism of creative
thinking has become a focus of recent research. There have been many studies of creative problem solving,
especially regarding its neural mechanisms. However, less attention has been paid to the issue of problem
finding. Hence, the present study employed resting-state functional magnetic resonance imaging (rs-fMRI) and
scientific invention problem-finding materials to identify the neural substrates of the process of scientific
innovation problem finding.

In the present study, nine scientific innovation problem situations were selected as materials. Each problem
consisted of three parts: (paradoxical) problem situation, (misleading) old problem, and heuristic prototype. The
modified learning-testing paradigm was used to explore the brain mechanisms of problem finding. Participants
were asked to find a new problem based on the given problem situation and old problem in the testing phase after
learning all the heuristic prototypes in the learning phase. A total of 104 undergraduates (mean age = 19.26 + 0.99)
were enrolled in the final experiment. The rs-fMRI data were acquired using an echo planar imaging (EPI)
sequence from a 3-T Siemens Magnetom Trio scanner (Siemens Medical, Erlangen, Germany) at the MRI center
of Southwest University. We used both the amplitude of low-frequency fluctuation (ALFF) and resting-state
functional connectivity (RSFC) to measure the local properties of rs-fMRI signals, and then investigated the
relationship between ALFF/RSFC and individual differences in scientific problem finding.

After controlling for age and sex, the results of multiple regression analysis showed that individuals with a
high rate of useful problems had higher spontaneous brain activity in the left medial prefrontal cortex (L-mPFC)
and cerebellum. Functional connectivity analysis further found a significant positive correlation between the rate
of useful problems and the mPFC-Cuneus functional connectivity.

Based on these results, we infer that: (1) The mPFC plays an important role in the process of scientific
innovation problem finding. It might be responsive to two aspects: one involved in breaking the thinking set and
forming novel association and another associated with the extraction and processing of working memory. (2)
The cerebellum and the cuneus might be separately involved in the inter-semantic allocation of attentional
resources and divulging.

Key words creativity, scientific innovation problem finding, mPFC, AIFF, RSFC





