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IS 108/ MR UK. A F0AH FHZAT 55 BT K 1 IE 2
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TFEATR S o RS AL S S, P 83 AL 38 ek
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Figure 1 Flowchart of the mental rotation task
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Figure 2 Flowchart of the spatial perspective-taking task
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Figure 3 Flowchart of the arithmetic task (left: exact arithmetic task, right: approximate arithmetic task)
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AT R T U, A F 6 52 0] 96 ik b 7 91
(gradient echo pulse sequence)iF{TEHi KA. i
FSH: B 3,39 ms, ik 5 A A
2530 ms, ¥ ffiou7°, PAMIE 256 mmx256 mm,
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TG Py 8 0 712 58 e 5 1R PR, DA 5 e 0 4
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B AT, K EHRAC s 5 MNIFRE 2 8] 7 5 £1(0,0,0)
BEATUCHE, I HIH#EAC R AIPCRfE—5k 2k L. (iil) A
H T UIMBUEH: 73 I K 5 (gray matter), )3T (white
matter), [i*E W (cerebrospinal fluid) =& (iv) f#
FHDARTEL(Diffeomorphic Anatomical Registration
Through Exponentiated Lie Algebra)5ikflEE 41
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51 U= 3 BT IS, SEAE R AN I E g AR B, DL il 4 e A
P B R A £ = S5 1R T SEE. R, TR
KIGAARFIAS T2, 4 “get_totals”matlab il A $& B AN 4
B2 K B R E AR B kAT 4. PSRRI
AR, A I AL B K 5T B A D R A kAT
Z #4581, SR 518 Fabsolute threshold mask-
ing=0.2RHEBR F1 S AN BT i 2808, I BLASE FH s
BENLIZ KL IE(GRF)HEAT 2 B ELAL,  Hor A 3R (voxel) K
PR E % N P<0.001, H%(cluster)KFB{E & A
P<0.05. #Ja, #7774 HISPML.IMAT A4 dpabi K i
Viewer B Bt A7 ot rT AL

144  F o471

RRNRFE AR I X 5THRERE IR R, K
FISPSS[#processififFidt 7/ #fr. B, K VBMAy
AT Y PR b 22 (] 7 PR 45 R i DX R A7 N — A B mask. 28
J&, A “get_totals” JIA S HUAEAN Bl 12 A A 7 [A] g
SERI X BUENE N B AR R, DIEHEE IR N A
&, DTSR E NN R, f)a, SIRUAEM R
H 1) 9% T8 F BootstrapidE AT H A 2 RS 36: 1 7 V24T
34T, FEAE 5000, A RN AE9S% BAR X 1) T
AL 0 B AEAE 25 (1 R R .

2 R

2.1 ZE RIS At SRR ) WOAH 5% 43 A

RS REoR, O ER . 25 AN
KPR IERF SR IE# R 2 53 IFAH X (=023, 0.33,
P<0.01), S5HE IEME R EE IEHX(E=0.21, 0.31,
P<0.01). X738 1 5 1HE B8 S A7 P B 2 A 56
RSCHERL 2 AR I 45 BRI, O HEIERE IEHRAFAE

BRI (.=3.14, P<0.01), FEEIEHIR. i
T B 22 R0 0 BB R B AR T R I AR AR B SR 2 R
(1=—2.95, —3.88, —3.70, P,<0.01). W %1

2.2 ZE[ERESI ATV SLRE S W 1) 43 B

N LA TR 23 [ B S0 B RE D sz, 4y i BA
KRB R AL IR SO AR &, DA, SRR
SCHARP AR &, LG BERERE IERR . A3 [ AR PR
WS ERARE R BB R EABA, k245 R 8K,
EFERI R R G, 2 AR B IE 2 22 E 1 7
TKE B IE 7 2(8=0.30, 1=4.12, P<0.001), 0¥ k% I
g 3 5 2 1F [\ 0O 5 B OE R R (6=0.23, 1=3.02,
P=0.003). iX—&5 BRI 2= [ s R B SRR %
DIREDG, OB 5 AN B RE ) B VARG,

2.3 ZE[RJRE ) At SRR T 0 S5 AN X 43 A

R FUAE [V RE IRV RE D I 2 B, SR FH [l
VA5 BT 2 AR T OB e e . DI AR EE . Al HRIAS
HREI AN IX . DA AR i, PR, 4K 5 AR AR
RAEE, LGB R IR A3 R AR IR
. EIERARSEIEfE AR E, Dadm
Aab 3 (1) B K 5T S5 A AR AR D R AR B g AT 22 EL Bl ) 43
Br. B BELI% AL IE (Gaussian random field, GRF)%%
7R [\] [X 35 (superior frontal gyrus, x=3, y=6, z=63;
cluster size=384, =—3.25, P<0.01, GRF corrected)H /K
JRARFR S o B e i IR R 2 0 35 AR O, AT /s
"F(left inferior parietal lobule, x=—51, y=—55.5,
z=22.5; cluster size=232, =-—3.82, P<0.01, GRF cor-
rected) X 38K T AR AR 5 23 [A]WL s R 4% TR 26 2 I 35 £
FHOG, AN SRR AR SR TR WA IS 2 HR IR R ki
X, 455K W3 FE4.

2.4 R ER T
IRNIR T (B Re JJ I a5 R0 i X . =% [l fg Al vt
HREIHIR R, KHSPSSHIprocesstdiff- it 17 H /A
ST, DA SFRFISCEE AR &, DR A
A 2 JER R 2 AP0 23 1) AL R SR A28 4 ) 0 2 P 45 g o X 460
AT AN R AR EUE R v B AR, LG R
T IR AN 25 (AU SRR IR AR AR &, 79l B
R SRR 2RI SR 2 O AR A A A, D
KI5, g5 R EIR, FERARTI R /N2 (B AR B
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F 1 BRI () R
Table 1 Correlation matrix () and difference tests among key variables®
1 2 3 4 5 6 7
1. PR -
2. 0.04 -
3. CHERE 0.07 —0.14 -
4. K5 0.10 —0.06 0.24%*
5. 46H 0.02 0.05 0.30%* 0.17* -
6. LB e 0.23%* —0.02 0.27%* 0.23%* 0.31%* -
7. AW AR —0.08 0.04 0.11 0.33%* 0.21%* 0.20** -
4 (M=SD) - - - 0.93+0.04 0.89+0.06 0.74+0.12 0.910.07
1 (MSD) - - - 0.93+0.04 0.89+0.05 0.67+0.12 0.92+0.06
t - - - 1.19 0.15 3.14%% —-1.01
Cohen’ d - - - 0.20 0.03 0.52 0.17
RN M+SD) - - - 0.92+0.05 0.87+0.06 0.65+0.11 0.91+0.06
PR (M£SD) - - - 0.94+0.03 0.90+0.05 0.720.12 0.93+0.06
t - - - —2.95%* —3.88%* —3.70%* —1.47
Cohen’ d - - - 0.51 0.63 0.59 0.24
a) *, P<0.05; **, P<0.01.
%2 ARSI EEE B EE
Table 2 Regression analysis of spatial ability on arithmetic ability”
L i
B t B t
1. P51 0.09 1.27 —0.04 —-0.57
2. e —0.06 —0.80 0.07 1.01
3. SCHERH 0.17 2.26% 0.25 3.31%*
4. VRS 0.10 1.31 0.23 3.02%*
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Table 3 Brain regions significantly associated with spatial ability (n=170, GRF corrected)
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Spatial abilities are typically categorized into small-scale and large-scale spatial abilities, with mental rotation and spatial perspective-
taking representing these two types, respectively. While prior research has explored the impact of spatial abilities on arithmetic skills,
most studies have concentrated on the relationship between mental rotation and exact arithmetic. The potential influence of mental
rotation on approximate arithmetic, the role of spatial perspective-taking in both exact and approximate arithmetic, and the neural
bases underlying these relationships remain unresolved. This study involved 173 university students who underwent structural MRI
scanning and completed tasks assessing mental rotation, spatial perspective-taking, exact arithmetic, and approximate arithmetic.
Behavioral results demonstrated that mental rotation was more strongly associated with approximate arithmetic, whereas spatial
perspective-taking showed a closer connection to exact arithmetic. Structural imaging findings revealed that gray matter volume in the
superior frontal gyrus was negatively correlated with mental rotation, which in turn influenced approximate arithmetic. Similarly, gray
matter volume in the left inferior parietal lobule was negatively correlated with spatial perspective-taking, which mediated its effect
on exact arithmetic. These results provide theoretical support for the dissociation between small-scale and large-scale spatial abilities
and align with the neural reuse hypothesis. From a practical perspective, they offer guidance for the precise intervention in arithmetic
skills development.

mental rotation, spatial perspective-taking, approximate arithmetic, exact arithmetic, neural bases

doi: 10.1360/SSV-2024-0372

1928


https://doi.org/10.1360/SSV-2024-0372

	心理旋转和空间观点采择对估算和精算的不同影响及其神经基础
	1材料与方法
	1.1被试
	1.2研究工具
	1.3研究过程
	1.4数据分析
	1.4.1描述性统计及回归分析
	1.4.2MRI数据的采集及预处理
	1.4.3VBM数据处理
	1.4.4中介分析


	2结果
	2.1空间能力和计算能力的相关分析
	2.2空间能力对计算能力的回归分析
	2.3空间能力和计算能力的结构脑区分析
	2.4中介作用分析

	3讨论

	The differential effects of mental rotation and spatial �perspective-taking on approximate and exact arithmetic, �and their neural bases

