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7 £ B B = 82 JN 1500 TR AN % -

g 7!

B

B RS ThRE R IRIA T

mEE 2 !

(YK O BEBE, W 518060) CERIITIEH X T f224s, Bl 518107)

B OB s B Bk RO 4 OV IAERTTE R B, R fRIE KR, 7R R R
REEHRTE N AR RIZEBIECAAT 55 h AR B0 S o ASHIESY B EAR I B0 f s w0 A U T Bl L]

FEFEHI 2 RS, TRE ) 92 A MERBAE N, LR EROKOE | B FIRMAE T . B R IERCEE S
FIVE S5 h iR LA T 1IN A AT o A5 SR B, TR 1R S B RE R IR, MR e Bk S
HAERA S AR 55 T B ST B3 SASG . W S S D BERE IR B i) A R B, A DK F B T
5 A DN 5 =2 18] 4 D R 1 42 508 B8 T LA T A MR R S, FLZ I REIE L2 b At 1 ReA R 5 5
FRES RS BIBIRISC X SRR, KA TR SR DX (T A Y475 R LA SC A DXk % ) 2 4 Fr) AR ELA T RT

RESE A SR IE T IR LS U 55 B 22 2l

KR BrafE, Beatt i, wE SRR AR, TN, ik

SZEE  B849: G44

1 55

B2 A5 TR A AR TE T X B 55 B A G
T BT T AL S A RVE Rk RS AMENE 2E, 2
— A ATz PR TR AR BUK T 1Y 45 R (Asheraft,
2002; Ashcraft & Moore, 2009), H{2FHE & ™ B il 4
HNRKRRE, fEAEMZEH, e IR R
EATECAAR S5 0, 5 U e £ (A 7] Je J2) Fak
I CAn o 5 ) A G 89 i X3 2 i 2 5 O (Lyons &
Beilock, 2012); 7ECHRJZ M, 15 805 £ BT X 4L
YRS HRVMERE R, X —sm IR RS 4 iR
NG NN 2 o S s R R e DS
(Ashcraft et al., 1992; Lefevre et al., 2004), & T k¥
ARERY LN 8 et il 1 2 P N B S B Y O
wEM ], Sl kR 2E A OGNS St (Pizzie & Kraemer,
2017), ANHE A k47502 06 S (g e xk . BRI
¥:45) (Choe et al., 2019), % Al GEFZ M HE vk

W5 F 2 2022-06-16

#(Daker et al., 2021),

o 0 A TR R A U B A T B A AT 55
A SR o S TG B S . JERTE S R B, TE
I ECE AR R R K R, 5 AL BRI 25 AR DG 1Y
4K (amygdala) ¥ 15 231455 (Young et al., 2012);
5555 82 W AR G A 4077 18] B2 )2 (cingulate  cortex)Fll
55 B A2 R DG B ik B (insula) 30 B 25 4 0
(Lyons & Beilock, 2012). 7 i1 25 i 9 4% 3 2 1
6 B[] I, 50 g 8 45 R OC By IR Py A
(ventromedial prefrontal cortex, VMPFC) 5~ 1%
5] Fi%) 3% $22 7 . . 25 1458 (Young et al., 2012), 2 [ #it
LI NN A AR I Z W5 R, AR 2
(Y B 2% 0 AT 55 347 25 W00 XU K 7 B T i
(horizontal intraparietal sulcus, HIPS) (Dehaene et al.,
1999; Piazza et al., 2007; Santens et al., 2010). i
B f B AR AR X S8 580 I TAR DG i X, ik
i XA 153 - 34) (Intraparietal Sulcus, IPS)AITT ZMillFif

* YT RS RE S HFHHR1(20200803154243023), [ A ARBHE R4 (31900779, 32171013)F1 % HE Ik Bl 2% G157 AF 52 B (2023 SHIBS0003)
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#int Bz JZ (dorsal lateral prefrontal cortex, DLPFC)H
B TR D) 5 2 DRk 55 (Pizzie et al., 2020), Young %5 A
(012) MM FE W & B, TEHEAT BT, miey
FRIEJLETE IPS b0 o B 25 55 T R4 .
B2 M A RN TR B2 Sk A B Bl B A A
PR AHE G R o R TH5 G & 09 = (B 35 i |
Tk st . A AR M B R IR B R — e
RES N R R L3 R SR e is B E
2 K& H E A AE A (Rittle-Johnson & Siegler, 1998;
Rittle-Johnson et al., 2001), ZCFMESHHRA B HA
TGNE K B SR AL R IR, RO e PR T 5 A
PRI IERE LA REIE B S AR S5 4 . TR R T 23R
TE A GR F AR 25 Fh B AL R Rl B BT > 15 1
B FRVERE 11 (Maclellan, 2001) & AR &2 3 1
Fenlt, R RERMA T, FA TR AR B Y S A
S, MEA e R TR s . Rk, B
FERCE RSO AR A N T B S 285
eI R, Bee ML K 5 R TE S i
HNRAESS T ) R B AE 10 2 UM OC (Barroso et al.,
2021; Hembree, 1990), —W#F5Ex H [ F itk 316 44
6 & JLEHAT T 0 8 A PR PEAL, KB
RS HTRAT 4 5 8 s 45 TEOK O 2 1 25 17UFH 5 (Ching
et al., 2020). WAL, AHFFEHE I, X2 gEATE XS
B P R 2T 85 A R R AT B2 AR B KT
(Khoule et al., 2017),
RAEMAIT TR T 5 IR S 5e i
AR RIZ R OC R, 1 E X L 2B A5
AT AR 25 1 o R BILT )2 T AR Be A5 T B 3R AT 3
— 2 PR AR 2 AR TS A R I L, JF S B X
P Hl T A 2 T T SR AR R B FIE T . AR
K # 5 3 T) B8 #E 3t IR W18 £ R (resting-state
functional Magnetic Resonance Imaging, rs-fMRI)#&
ARV ES3E9io8 A RV E o2 g SR AW | IMINEOR ey '
A R — R S AR, R T
12 AR B R T £ JE (Kazelskis et al., 2001),
eV, JE I R ) e 1 B AR PR KT R ] Y
HER ARG E . Ko da ih, §EARET By i 4
HASPE K- (blood oxygen level-dependent, BOLD)
=55 AR B (< 0.1 Hz) S5 RAMAR AAG FRE
Y75 5P (di Martino et al., 2009; Oathes et al., 2015)
AU 68 7 (a0 — B i AR FE)AH E (Xu et al.,
2016). i, AHFEH A rs-fMRI 878 807 £ &
SECAREE AR R L RIAATE M 2 0] . C T4k
MRS R AR = 5 R B, BeE i S s

I A BTG T 0 A S T AH SC B ik DX, 8T
T e SO A G R A DX, AE AT [l
(Inferior frontal gyrus, IFG)#F1Z: M5 7 7] (middle
temporal gyrus, MTG) (Liu, 2017; 2019; Zhang et al.,
2012)0 ASFFE RS ] of 5 1 K /40 4 Tl i X
AN — e v S T i DX 7 280 A 2 TR TR K P R B
B R P DR E .

AHIF GRS R T8 75 1 R 00 5 A 5T B 56 4T 55
e PPAk A A A B R AR K, R B SR
BAETHIR R REEHAE O, I Hr Hoflr £R
JEIK P 5 B S AT 55 R BLZ [\ 1 56 R S H
MU . BEFREC N 452 b, TEREHTZ
PEREIEAKOE . B 01 518 LR RE T S, B0y
FEIEATS SR BR A% T ) FIUIN A AE B0 A T 5
R, p)2 i b, BRI S ECA S R
I A0 ik DX R /88 5 22 18] B ) BE i 4 T RE 5
11 RN Z TAAFTEAR G

2 ik
2.1 #ik

K G-power #f4:(Faul et al., 2009)315 7 %1,
IR AR R (0.3)FF E 111 MR, THRIREA
111 A, RFH%F 48 B % (shortened Mathematics
Anxiety Rating Scale, sSMARS, Alexander & Martray,
1989) I 4% it —tk 25 45 J& i 5% (State-Trait Anxiety
Inventory, STAI, Spielberger et al., 1983) il & fir 4
55 NGB £ RO R 12 A TR o HERR R
J A B8 ROIRAS A B8 SR (STAT 4T > 100 41 11
BT, 100 BB ABINS 5 TR .
HRAE rs-fMRI AL BRES IR, HEBR 8 44 3k Al lie % £ 2 >
L5°HCP IR > 1.5 mm MR, 3t 92 Akl
BRI A JGEL53 8T 4RI N 18~23 2 (M =20.91 %,
SD = 2.33, &t 43 N). M SBFEMIIIESR, ¥h
ART, TP aOR ARG s . ABFTE I (bR
FEE ) MBS T, SBIR R BEAEB
B2t 2 2 (1B BT AZ5 : CBDCS202112140035)
e, BT AT w2 S 4 .
2.2 IAFIT AN

AT R T TR AR IR 1Y SR B 56 1Ak A
R BCEAAE PR, SR AR o SO 6 A o
5 R O A N 0 A T SRR SR 1O
221 EARFRENE

1200 55 FH T TP Al A A XoF %650 2 AR 8 2R T A 3 fe
SRR, FEASE 5 MR AR FEL G | 45



970 1N H

L

55 %

B WEGEN | BREZEN DL Sy i b 45 S
Yo Ay TR S T | A B A R R
b sem, SR ERIB AR E BT 4]
an, 2 BLASHnE 7 B AUR AR, B T A W
LA TR IEM, A ER R QR HE iR P
HOLE 1A), 3£ 40 MK, #OAFTAE 3 38N
TR AHEHAEZE . 56 R SO B, 159508 o
2.2.2 RENCIEX NS

IS TIPS w0 i F R ae 1, DAHERR
X—J AR, BT, fERh a2 — A
SERE ), WORATE EN BRI A R kSIS
() ) SEL AP 3 ) 25 i, 36 R 5 0 N A ) 4% Q7
PEREA M By i) 2 <P R (UL I 1B) o3t 120 AN lik,
RATAE S 08 SUHROSUEAES .
223 FFFIEEFEHEENE

TN 56 A By SCHR VW 1 R 0 595 (1998) B it |-
e, T IEAR AR — B J7, DAHERR X —
TR, BRH, RRh SRR AR
I, O EAR Y K R N ERL, 7R 6~8 4>
TR rp 1R 1 ) TR SR SER MR R 1R 43, T B
AT A ERECLE 10). #lFEAE 10 438P Py 3P
NAEHAEE

BUR BN P B IY , ZRAE

v X

ZRAFH () WA

BT AT g s R (A BB (B
T SIS, (C)AR T 75 R R A B 562

2.3 LIGRIE
SCESRT, P TE LR F o B R R e R

(SMARS) S Rl —tRAS M2 JE = F (STAD) . STAI 1443
AN 100 73 YRS Z IIARIA T 00 56 A i 2 25
ILPRFAAN o DT I 3 0 45 5 T AR B RO SRR S B
W55 . R SO AR TS & A R . A7 I 5
H — 44 FE 7R 22 1% B ] P A 00 a7 v A b 5
B o BT A 2 8 R S I B 3 ot AR RO PR C IS R G
(Online Psychological Experiment System, OPES)”
(www.dweipsy.com/lattice) [ glic 5% . TEHI LR B H
AR R B A% G S 0 2 bR, WOl e gl &
M FE IR LR IR T, AR REARAE ] PAT HR 5 1k
RS . SRR R, R iE L,
T2 8 434
2.4 IMREREIRBIERE

LS IIRAE AP 1] F Prisma 3.0T #%
WEILIRAAR HATHE R . RJTUBEBE 1751, 8
i =HEIR T ARG A o BE PR BOR B, 345 =40
PRREEEIMG, S8k HE B A (Repetition time,
TR) = 2300 ms, [FJA}[E](Echo time, TE) = 2.26 ms,
5% ff (flip angle) = 8°, 7 (field of view) =
232 mm x 256 mm, #RFF5EFF (acquisition matrix) =
232 mm x 256 mm, JZJ&(slice thickness) = 1 mm,
R ZE K /N(voxel size)=1mm x ] mm x 1 mm, K]
Hofs B2 RT 98 T2 ASL w6 ~F- T A%y 91 R A i L 2 0
RERIR, BAASHON . EEME = 1500 ms, [1J%
BfE] = 30 ms, BFEM = 70°, #3% = 192 mm x
192 mm, FRAGHEME =94 mm x 94 mm, A KAx L
R 46 2, 2R 3 mm, KEK/N = 2.04 mm x
2.04 mm x 3 mm,
2.5 fMRI #E 42

i B IMRIEE 5 1] DPABI 4K (http://www.
restfmri.net/forum/DPABI) # 17 1l 4k # (Yan et al.,
2016). S BT A ks DICOM H4i#: 4 NIFTI
W 4515 RH DARTEL FikanEI K. A
FIARARR . BES, DHREIGCR TN T 2D R T : 1)
BRAT 10 /S &S a9 EdE; 2)dEf T ]2 AL 1E (slice
timing); 3)H A5 1R 5 DI RRAR XS 555 4) k4T 25 [H] 5 ifE
1k (spatial normalization), % [B] b5 Ui fk J5 1K K N
3mm x 3 mm x 3 mm, ¥ EUZECHERIFRE MNI
(montreal neurological institute); 5)f~F- (smoothing)
(TFEIFWHW] = 6 mm); 6)iE1T L 15 5Lk
(detrend); 7)23k3h, WIAFE HIEE S, 0115
RS . B[S 5 (Fox et al., 2005)F1 24 4~3k
SECHRI RIS R 6 ksS4, f/ij— A
S 6 Sk B SRS 12 SRR A9 J7 50 (Friston
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et al., 1996; Yan et al., 2013); 8)4 i JiE % (band
filter), JEIEIEFFEIH 0.01~0.1 Hz,
2.6 HESW
2.6.1 N BLHEPK X (Regions of Interest, ROI)
KT AR G AR 58 B, AHX 807
TR, BCEAEREE AR AN AR R B AR T
T T i SC/AREE N T X (Can ZE ) MTG i 22
NEXB IFG); MMiAHXT F— il O T, $es A& min
o D R R A ] T i X IPS) (Liu et al.,
2017; Zhang et al., 2012), & F X LEFTIADFSE, i
SCEPIAHIN T2 M AE M) MTG FnZEMAEFS TFG,
2% () B0 0 T A i DX 3 ) — 000 3 ) Jn T Y ot
A3 MBI 5T F S 3 T R BN 7K S BE T 94 (TIPS
5 rHIPS) (Boccia et al., 2014)/E A AR B 57 0 JE 4 ik
DX (A i SO BORIE LR 1 518 2),

1 BMBREMRODER
ki X424 Bk MNI 445 [x, y, 2] LK 5
ZeMKFEBE TR YA (IHIPS)  [—-34, —54, 46]  (Boccia et al., 2014)

HMKBETR VA (HIPS)  [32, —56, 52]  (Boccia et al., 2014)
ZEAE R B (MTG) [-58, —44,0]  (Wuetal, 2012)

ZEMINER T Bl (IFG) [-46, 28, —4]  (Binder et al., 2009)

¢ IHIPS rHIPS & 2y
< [34,54,46] 32, 521 -
»MUXCE - 4 \_Hﬁ\'.,‘a,
".,.‘.4 AL £ # . ; ‘&'

B2 PUAS BRI X (ROD) AR BR A s 2 A

2.6.2 EF#FE(Seed)HIINEEZE ST AEIEN
GEPS i

PIEE R 4 4> RO g TREM 25 70 At B M1 15,
2 AR s MNT AR AR Hroty, B4 6 mm 1)
BRIK, IR R A XS N 2 TR] At
DX 3 1) 5 R S T E 3% $2 (Resting state functional
imaging, rsFC). ¥ il — M J115 70 Mk 5 Hoae R 8
Ja, W R ATAR S R R I 5645 53 2 [a) A5 AH

KT o 3 xRS ROL 43 SR AT AH [R] ) 4Bt o &%
SAdi FH = W BEHLY% (Gaussian Random Field, GRF),
RZ K p < 0.005, H. cluster K p < 0.0125 (£ 1E
Hl p < 0.05) (% B fEBEATIEIE .
2.6.3 WIS

AT RS AR B0 TR 26 1 K ik B RE %
BABFEESHEARFH S R Z R P H
EM, B8 R EOKAE S A As i, BRI R B
SRR, TR sFC S5FPF i Ui hg
35 5 EOR R A OC R A X, 4R X s
i DX P 244G T+ 28U E S A A8 B Bootstrap 5 i
AT BAR IR Y TS A0, i a8 2k 5 S il o
it 23800 S R oA, 408 e 2 A AR R A
TH ROV B9 B A5 X (CT) e AU TiX—J7
% (Preacher & Hayes, 2008), ¥ Bootstrap Pt 1%
FE R 5000 PRIz AT H A RO A B o

3 4

31 THER

SIOA I GRS 45, A A T 56 Y 2
IR 1 25 B A9 U 56 1) PN 75— 01 (o) PP 93 R B0
22 2.0 B T 50 1 PN — Bk A A T 3 A2 Y R (0.7 1~
0.84), HFER SR EIRS 508 6739 +
32.39 f1139.29 = 8.41 [MJ{H + PriE2E]. MAIREE .
WA R T I A PR B (K-S K )25 SR mT 0, — JA A
D56 (9 7553 B AN TE S 4345 o B RS AH SC K 35 e W,
AR JFHL Y RIS BRI KO 2 B AR =
—0.26, p = 0.008), FEI IR IEK T, HEHGE
T — B 1155y 5, B0 B e =
~0.29, p = 0.004),
32 fMRI&ZR
3.2.1 ROIZEEHEEEIHIE

S3AARELT A4 ROT 5 7 401 3 4~ ROT Z []
DR, 1588 90A7E 4 X ROI Z [H] T fE i
HECE 16 KiER) . RIFLOFIHESR T A
(frame-wise displacement, FD) #5248 &, K 16 &
A 5 B 5 B R DR AR SR OR 5%, & BLA )
HIPS 5 22l MTG Z [] i ) 8 14 422 58 B 5 3R Jir 34

F2 ARG HRER ST

pLREY gy M (SD) 1843 Pt £ e Jig IEAMRLE K-S K1) NH—BHERE (0
B AR T 56 18.98(5.87) 5~32 -0.16 -0.74 p>0.05 0.84
e E i
TV SC 5 PR 40.43(7.68) 13~56 —0.43 0.59 p>0.05 0.83

AR5 T B 2 55 30.40(6.76) 12~51

1.45 p>0.05 0.71




972 1N B

55 %

L

SR FEMKCRKIE p < 0.001), HANRGE, 242
HIPS M FlF ik, =3 Z [ FC 55 AR R H L 57
A E (r=0.35, p <0.001); PAZEM MTG HFh+
SR, ZFZIE FC 53R R B R4 1) A OC i 25
(r=0.34,p<0.001), Fibg5H 204 FDR KIEJ5 13
B XKW, AW IR RO 55HAR
JE BB o0 T 22 ) P A A DR
322 ETMFAMINEEEREETNIT AR

T i — B I 6 A S B AR SR A Dl
T, ARl ERUN HIPS . 2l IFG FIZEM MTG H
T DX 1 ) i o 2 1L 5 R B4 43 22 ] ) i A
F, Cluster /KM IE)G, X &L M HIPS K
Ff—F sSURSF, A 00 A 5 (WL MINT [45, 3, —12], r =
—0.41, cluster size = 368)5 5 A J 3l i 55 5t i & 111
A XF 4 4> ROI AR TR ZR K p < 0.005,
cluster 7K p < 0.0125 (p < 0.05 RH 1F) 1Y B 47
Z IR IE o 85RO — 30 B DUA M HIPS
NFEF S S T A OGRS, 158 —N B EAY cluster (1§
{E /5 MNI [45, 3, —12], » = —0.41, cluster size = 368)
(WL 3)e

A, 3BT XU HIPS  ZE ] IFG A1 =]
MTG HFhF X 1) D g 3% H2 5 5 £ B K- Z 1]
FIAH S o 255 B . FEAIXUN HIPS . Z2l] MTG
I R TR % Bz R B £ R O A O,
PAZEMBERS IFG 5 45 M ToUAk 28 S 4b (W {E MINT [33,
—66, 45], r = 0.43, cluster size = 230)[ TN fEEHER
JFE 505 £ TEOKOT 5t 3 TR AE G o X4~ ROI Y45
R AR ZE K- p < 0.005, cluster 7K p < 0.0125

K3 fMRI SRR BE (A) A DK & 5 45 0 HIPS A1 2. 2% 1 fE

LY SIES

(p < 0.05 KRALIE)WBE #1728 AL E, #&IE
Ja 45 R A —3
323 HASH

TEA I HIPS SAFh 7 iy DI REIE 2 I vh, $2 I
BB Bl B AT 24 IR RS A
At AEREM, AN 54 M HIPS Z R Y)6EE
F 5 B TR B2 £ JEOK P 5 550K J 3 ) R L 2 [A) L
B REARANER., ESHEISKE BR a J2 D%
(t =218, p = 0.032), b FEHEEC = —4.75, p <
0.001). MA TN &G, WEM c HIR(l=-2.63,
p=0.009)E AR B E(r=-1.79, p=0.076), BIHi7E
P 1V YIHESE 7 18] i F8 (frame-wise displacement,
FD)J&, AR 0% EAMBRE YR a
BRAR 2 (= 2.03, p = 0.046), b [E72 10 & (1 = —4.28,
p<0.00)JNAHAERIG, ZHMREN c iR =
—2.47, p = 0.015) AP 3 (1 = —1.74, p = 0.085) (UL
K 4),

J T HBREE B, 2R T T 2
voxel K- H A3 HT . i Wager 46(2008, 2009)
It & By T H A1 “Mediation toolbox”, LLEF £ &K
o AAR R X, FAREEP SRR Y, A
HIPS ShFp SR fgiE K b A s i M, i
7K #4743 H1(Single level mediation analysis), FDR
A TE 1 (5 R T oA & B0 35 i 4 SR o e I R AR ARl oK
KIE p < 0.01 B, & I— AL T4 MK 5 1Y cluster
(I{H MNI A2 #1[45, 0, 3], cluster size = 297, & il
o= 6.91). XA BSRRLE DMK 35 B BRI
Goit i M, (Ao — 5 T SE R Ab 58 T F5E 1

0.4

rHIPS 5 Insulajd] B R Z 12
03 ®
L ] L ]
L ]
021 .
L ]
s ° ' « °
01 ~. 8° o
L ] * - L]
- \\. oo
= L ] = L 1lJ L ]
0 '::}\ el ..' oo
. o. .\\‘o : o
0.1 o ® ...o\\‘f
h o;‘.\
-02F
e L el T =0
A4 e
—03 °*
L ]
-04 F
-05 ; ' ' '
0 10 20 30 40

ERE; (B)WG % 547 I HIPS =2 8] A Bh AE 1% 2 5 8 AR R 3
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rHIPS Insula
patha DB pathb
t=2.18 t=-4.75
= <0.001
p=0.03 path ¢ p
t=-2.63
. p=001 N
Her A i SRR
t=-1.79
P>0.05

R P A ES

AERE . BEAh, AT BB IRITIRAE AR [ T R
BB AR, K BUREAE N A A A
TR, Z5REM ¢ BREARE(E = -0.071,
p=0.481) . FRWIFF P TE 53R S 2 (A A7
F A

H T 7E D BE I 1 TR 5 B0 £R RO B AR G
Frh &3 T LUAMBESS IFG R Fh i 8 Tk 22 A
b B DI BEE FE 5 RO A R BOK- P AR R B A oS, T
FATHE— L IAE T 1% 4% D RE % 12 7 REAT o 4
Astd, TEAEMINERR TFG SARh 5 ri iy S fE 118 v,
S B PO TIAL S A B B TS5 TR
Ve Az i, DI R BOKF o A8, DUROR
Jir B By DA A i AT A AN T o SRR,
ZeMHER T B XFG 5547 M TR 52 5 Ak 22 1] £ D i
T 12 5 AR RO fR BOK 5 B R B 2 [ B A A
EFA 2%

4 g

AT R 55 8 2R3k 0 R R S 56 48 T
AR SR B AR R B S R R R O, R4S
AR SRR IR THCA BB S B S
AR B2 18] 1) 5 28 B ARG w22 ML, LAHS Bl
FATE 4y Mo B T BCA R S e R s RBLZ 1]
K HR . AT oME I SR SRR —2, ik
ST R FE TR RE RS O 1) TIUI A 7R R R
55 R RIRI . 2R m L, KA SRR A
[T A A4 HIPS -5 45 R 15 45 AR 5 1 i X A ) fiki
5 22 6] 1) B RE 3 42 5t JEE 5E 4 P T R SR TR P
SR MRS TIR R B 2 6] B9 56 2R o SR WV A ik
X (HIPS)-5 £5 JE I DX 80 A ot £ [m] e m] E J2 2
PR TER M A S AR R AR A B 2l . AR
ORI, TERCH S FIUUE S Ry T, 35—
FBETE: SO T A iR DX -5 35 A S B R B 2 () AN A7 A AT
Kf, SECABRIER WA, A0 HIPS Fp
TR I REIE AR 1K P OR S B R SR B OK P TE 42
7K LA SE, AT BB I i T By fR B X

§S RN R U P S R G o= [T o 1A e O S
X5 9 B SR s, DALY ATE 42 ki 7K SF- LB B8 FE
PEEER, X — DAL 4 IR KF R A 0 A i 45 2R rh gk
— LA H] TR, BIrR A R00AE FDR ACIE R B R
TARIRFNRE, MARKIE p < 0.01 BT AT LITE
Ak V- Bk HIPS-ik & 3 % 5 807 £5 18K 7 B A
KRR, LHAEEAR NS S B IR Z B rh
M.

DA G T X0 502 A PRI 24 e T 1) O 5
REMAH . B, A 058k 90 i B0 f i MATE
FE AT AR S, AR OGS, R
¥ 515 MU G (DLPFC) 22 [a] i D g i F2 th (2. 3%
A (Pizzie et al., 2020; Young et al., 2012), {HF31E
IR, A LA A R R AR PR 2 1) S BRI X
(Bishop, 2007; Paulus & Stein, 2006; Somerville
etal., 2013), fEEMQEWHADEZNHBR S, —&
SN 2Bl B P BGRZI R A BN,
PO R A FR SR IG Iy OB . SERTpE R,
26 ] RE T 2L 30 A i IR Ok B A N 7R A JURRSZ 1 i R
ARG I YRR AR IS, MOnT 5 £ AR 50 (Hartley &
Phelps, 2012; Paulus & Stein, 2006), [R|f}, £ EE
5 rh el B BAN TS > 15 28 B AT RS R T Ak i ——
HIA I 22 50 B89 2 85220 (Bishop, 2009; Kim &
Whalen, 2009). A<HF57 o & LAY & Bos £ AR
Mk &5 5 HIPS Z IR SIREE R H, nIfe2m T
G 82 XoF 5iR 1 0 A PR S i LA Rk BE LR o A T
AN TE AR S BT 55 (R AN B R

IR T0U N V) (IPS) 8% )42 TA by o B A% 0 i
HERAE R G, I8 SBUE 5 507 ) R A e i)
L% X (Ansari et al., 2006; Cohen Kadosh et al.,
2005; Eger et al., 2003; Nieder & Dehaene, 2009;
Pinel et al., 2001), LAA:AYHFSEHLENIE T 808 b B
5B TR ) A BRI Y HIPS (Liu
etal., 2017), AT RIS BRI ECEAES
PG AR B SO, (B2 58I R B
X RA K, PlTFEEEMRAITHEARTRHA
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The neural mechanism of the impact of mathematical anxiety on the math
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Abstract

Math, the basic tool for technology and engineering, is fundamental to professionals in Science,
Technology, Engineering, and Math (STEM) fields. Math anxiety is a negative emotional response that is
characterized by avoidance and feelings of stress and anxiety in situations involving mathematical
reasoning. Math anxiety in students has been suggested to dampening learning and mastering of
mathematics.

Among various math skills, the ability to do conceptual knowledge of math has been confirmed to be
significantly and negatively correlated with math anxiety. As an essential type of knowledge in
mathematics, conceptual understanding is defined as an implicit or explicit understanding of the principles
that govern a domain and of the relationships between units of knowledge in a domain. Neuroimaging
studies have shown that the regions of the brain needed for processing mathematical conceptual knowledge
might differ from those needed for other types of math such as calculation or basic numerical processing.
Doing conceptual knowledge of math reportedly activated brain regions that are related to numerical
processing, such as the bilateral intraparietal sulcus (IPS), as well as brain regions associated with general
conceptual knowledge processing, such as the left inferior frontal gyrus (IFG) and left middle temporal
gyrus (MTQG).

Although the correlation between conceptual math skill and math anxiety has been confirmed at the
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behavioral level, the neural mechanism remains unknown. Previous studies found that in people with high
math anxiety, brain regions related to negative emotions were found to be more active during the numerical
tasks, while regions related to emotion regulation and the processing of numbers and calculations were less
active. In addition to hyper-activation of the emotional network, brain regions that govern mathematical
tasks, showed reduced activation in people with high math anxiety.

To address the neural mechanism that allows math anxiety to impede the processing of conceptual
math, we used resting-state functional magnetic resonance imaging (fMRI) to determine how brain activity
is related to the effects that math anxiety has on the performance of problems that test conceptual math
knowledge. (1) we selected four regions of interest (ROIs) that were considered as important neural
substrates for processing arithmetic principles in a previous fMRI study. We performed correlation analysis
between the seed-based FC maps and the performance of math conceptual knowledge to construct neural
pathways that process math conceptual knowledge. (2) we utilized mediation analysis to investigate the
relationships between math anxiety, the performance of math conceptual knowledge, and the possible
neural pathways. To avoid numerical formats that would likely induce confounding math anxiety, we used a
verbalized arithmetic principles task.

After excluding trait anxiety and state anxiety abnormalities, as well as participants who exceed the
criterion of head motion during scanning, 92 healthy adult university students (43 females), aged 18-23
years (M =20.91, SD = 2.33) were left for the data analysis. After controlling for the extraneous factors such
as language and intelligence, the partial correlation results showed a significant negative correlation between
mathematical anxiety and performance on conceptual knowledge of mathematics (» = —0.26, p = 0.008),
which replicated the findings of previous studies and confirmed that mathematical anxiety did inhibit
individuals' learning and acquisition of conceptual knowledge of mathematics. The functional connectivity in
the resting brain of individuals was correlated with different levels of mathematical anxiety in the functional
connectivity between the horizontal segment of the right intraparietal sulcus and the right insula.
Furthermore, this functional connectivity fully mediated the correlation between the level of mathematical
anxiety and the performance of mathematical conceptual knowledge. These results suggest that the
interaction between mathematical/computation-related brain regions (e.g. the horizontal segment of the
intraparietal sulcus) and anxiety circuits (e.g. the insula) may be the neural basis for the negative effect of
mathematical anxiety on the performance of mathematical conceptual knowledge.

Keywords mathematical anxiety, mathematical concept knowledge, resting-state fMRI, intraparietal sulcus, insula





