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Frost, & Hopp, 1990)

o L 4 #NE® e i X ((Lindquist, 1989 ;
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;;'. BRAIN AREAS AND MATH SKILLS

Supramarginal Gyrus
Number-quantity association
D Calculation

p
Supplementary Motor Cortex
Motor coordination
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Sound -symbol associatiol

Angular Gyrus
n
Word problems/reading

Language Comprehension
©  Word problems

Wernicke's Area }

Parietal Lobe
Right: spatial awareness
Left: directional awareness
Right: Multistep problems/neglect
o Left: Number reversals

(5

Middle temporal lobe
Quantitative knowledge
Computation/fluency/word
problems




|1Q, Math ability and Brain Areas

Area

BA 7
BA 10
Cerebellum

BA 44

BA37

Function

positive correlation
with IQ.

positive correlation
with higher general
fluid intelligence

positive correlation
with math ability

Author
(year)

e Gray, Chabris, &

TN

'\ Braver (2003)

7w Hanakawa et al.,
’e‘éi 2002.
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(high school students) Reasoning Test
45 ST &53TD FMRI Function Difference in

(high school students) Emotional Pictures
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ST group (n=36) TD group (n=237)
Test t- value
M SD M SD T
Mathematics |58.97 2.05 44.51 £ 50 / 14.59**9\
Science 56.06 3.29 43.16 5.30 19.44™
FSIQ 120.76 7.08 106.34 |9.88 7,11
Nonverbal IQ 119.58 7.19 105.00 [10.50 6.87"
Verbal 1Q 119.75 7.80 107.21 10.01 \ 5.93" /
N

***n< 0001 ST FHHEELH - TD ¥4
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ST male ST female TD male TD female
Test/  |(N=16) (N=20) (N=20) (N=17)
group t value t value
M SD M SD M SD M SD
A N\ PN

Math 58.60 [2.50 [59.20 1.67/ —0.7% 43.05 |4.96 |46.24 5.94}/ —1.78\

Science |56.56 (3.01 |55.65 |3.63 (0.82 \42.65 6.36 [43.76 3.%0 -0.63

IQ 122.48 [6.38 [119.37(746 [1.32 g05.6 10.87 [107.08 8.%2 -0.42
}\gm—v 121.87 |7.01 [117.75(6.97 |1.76 2)03'7 10.32 |106.46 10.\§3 -0.78

VIO  [120.61 |5.89 élg'o 9.15\W ;(’7'3 12.28 [107.01 7-04\0-11/

ST B &4 » TD sl
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VBM) - [T 574 & FHAshburner DL Kz Friston 728 g H 2l
(Ashburner and Friston, 2000) - i H FHGood#E—F A {E(L

ke —Es 5 7 H4(Good et al., 2001) -

Rz Z855 (3D T1 weighted image and




118 1

VBM(Voxel based morphometry )

116 4

Design
Matrix ma{ 1
Parameter
* f Estimates
General Linear Model > Thresholding
— - model fitting Random field
- statistic estimate theory

Statistical
Parametric Map

Render Images
and Result

| group 2|
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|
Main effect: STM > STF

Cluster size Coordinates of the most Anatomical Location t-value

(>50) significant voxel

R Hemisphere

3038 22 .,5,-9 sub-lobar(ZK &), lentiform nucleus 5.74%***
(Z5ikH%), putamen(7ix)
30, -4, -5 sub-lobar, lentiform nucleus, putamen
26, -8, -11 limbic lobe(?&4% £.4%), parahippocampal

gyrus(3575 %)), amygdale(F5{—f%)
7085 22,-70, -35 Cerebellum 5.68****
14, -51, -41 Cerebellum 5.60****
22,-51, -45 Cerebellum 5.48****
178 16, 7, 18 sub-lobar, caudate body(EEikfES) 4 51****

STM B EEHE 440

< 0001 STF HFHEEL A4
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Main effect: STM > STF

Cluster size Coordinates of the Anatomical Location t-value
(>50) most significant
voxel

L Hemisphere

2566 -30, -8, -6 sub-lobar, lentiform nucleus, putamen 5.9Q9*x**
sub-lobar, lentiform nucleus, putamen 5.92%***
sub-lobar, lentiform nucleus, medial globus 4,83 ***
pallidus(& H k)

1613 -18, -70, -35 cerebellum 5.68****
-14, -49, -43 cerebellum 5.02%***
-12, -56, -41 cerebellum 4.86****
2646 -36, -61, -12 temporal lobe, fusiform gyrus(t&4k[=]), BA 37 5.56****
-14, -80, -1 occipital lobe, lingual gyrus 4.76*+**

s m o RS PEE), BA 18
-32, -59, -19 temporal lobe, fusiform gyrus, BA 37 4. 11%+**
58 -40, -33, 5 temporal lobe, STG(#_[-[7]), BA 41 4 .36%***
107 -18, 3, 16 sub-lobar, lentiform nucleus(Z k%), putamen 3.92%**
184 -53, -49, -13 temporal lobe, ITG(FE [=]), BA 20 3.85***

STM T & 8 53 4 4H
***n<.001 ****p<.0001 o
P P STF i & B4 4H
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Main effect: STF > STM

Cluster size Coordinates of the most Anatomical t-value
(>50) significant voxel Location

R Hemisphere

10642 38, -38,46 parietal lobe, IPL(TH ~/NE£), BA 40 6.25%***
-22, -43,67 parietal lobe, postcentral gyrus 5.93****
(& J19%[e]), BAS
36, -42,59 parietal lobe, postcentral gyrus, BA 5 5.88****
614 8,43, -26 frontal lobe, orbital gyrus(AE[=]), BA 11 B.4T****
20, 48, -21 frontal lobe, SFG(%E_[7]), BAll 4.60%***
22, 36, -22 frontal lobe, IFG(%H T~ [=]), BA1l 4 51 ****
82 4,-3,-15 Hypothalamus( T~ 1) 4,98****
-4, -3, -17 hypothalamus 4. 12%***
81 38,53, 14 frontal lobe, SFG, BA10 4,04****
50 24, -2, 41 frontal lobe, MFG(%E[=]), BA 6 3.46**
110 36, 60, -5 frontal lobe, SFG, BA 10 3.41**
26, 62, -6 frontal lobe MFG, BA 10 3.23**
42,54, -8 frontal lobe, MFG, BA 10 3.21**

*p<.01, #+p<.0001  STM ZUHE{EFEH
STF &2 440



Main effect: STF > STM

Cluster size Coordinates of the most Anatomical t-value
(>50) significant voxel Location

L Hemisphere

1845 -24, 36,-22 frontal lobe, IFG(%E T [5]) BA 11 6.22%***
-2,45, -26 frontal lobe, rectal gyrus(Ef%[a]), BA 11 5.00****
-4, 30, -27 frontal lobe, rectal gyrus, BA 11 4, 85****
92 -50, 12, 36 frontal lobe, MFG, BA 9 4.19
72 -65, -16, -13 temporal lobe, MTG, BA 21 3.75%**
54 -22,1,63 frontal lobe, SFG, BA 6 3.72%**
66 -51, -25, -4 temporal lobe, STG(#_|[0]), BA 21 3.50***
52 -2,-16, 27 limbic lobe, cingulate gyrus($17%5[4]) 3.22%*
, BA23

**n<. 01, **p<.001, ****p<.0001  STM EHHEEFE 440
STF EH&EEZ 440
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Male > female

Z=-58 mm ' " Z=' =38 mm
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fusiform gyrus(= ¥4 =) ~ STG(=f + =) »
ITG(=f ™ %)

lingual gyrus(=: 3 * ~ = ALK E L T ®)

cerebellum (= ~ %)

sub-lobar(z ~ + = *% ) ~ lentiform nucleus

(= ~ % 2,4 +%) ~ putamen(+ #+%) ~ limbic lobe
(+ B % 5 %) parahippocampal gyrus

+ %73 5 w) -~ amygdale(+ 2 =+%)

caudate body(+ & #8) ~ putamen(Z & +%) »
medial globus pallidus( = % ¢ %)

orbital gyrus(+ f=w ) ~
SFG(- %t w) ~ IFG(- %R~ ®) »
MFG(% 47 ¢ #) ~ IFG(2 41T ) -
rectal gyrus(= & % w) -

MFG(= % ¥ %)~ SFG(=

IPL(%- 78 ™ | ¥)
postcentral gyrus(+ {é #» & w)

STG(2 .+ )~ MTG(=f* w) ~

L w)

Hypothalamus(+ T 4L %)
limbic lobe( = if % /s &%)
cingulate gyrus( = 4= # )
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Reasoning Task




White Fixation Question Red Fixation

| 10 sec | 17.5 sec l
ﬁZ.S sec
When subjects see the red fixation, they
have to press the button to indicate which Response

one of four possible answers is the correct
answer (see Figure).



Examples of Items of

Varying Difficulty Levels

Difficulties

Numerical Reasoning

Figural Reasoning

Easy ltem
(D=.70-1.0)

128 -64 32 16 [] -4 2

9 -8 8 -6
@ @ @

H

71 Ay TIsx TH
€] €] ]

Intermediate
ltem
(D=.69-.39)

[0 92

52 46 42 56
0] €] @ O]

1 2 6 15 31

4
O 0O RO 4P

@ €] €] @®

Difficulty Item
(D=.38-.00)

5 15 35 75 [] 315 635

105 135 155 145
O] (€] €] @

P da G0 Bz

@ @ (€] @




Participants

JUNIOR HIGH SCHOOL STUDENTS

ST : Students recruited from math and science talented classes in Taipei

TD . Students recruited from regular classes in Taipei

|Q Difference between ST and TD |Q Difference of sex
N M SD t test Gender N M SD t test
FSIQ ST o3 136.83 9.292 6.776*** FSIQ  Male 14 139.00 7.049 1.433
D 90 10755 17.270 Female 9 133.44 11.642
PIQ ST 73 13206 6.745 7,207 PIQ  Male 14 135.07 4215 1.732
™D 20  106.80 14.962 Female 9 129.67 8.732
VIO ST 23 12001 oges SO VIQ  Male 14 13164 753 1040
™
20 10625  18.370 Female 9 12722 12.950

*xx)<,0001 s p>.05



ACCURACY RATES FOR

DIFFERENT DIFFICULTY LEVELS

task Numerical Figural

(20 items) (24 items)
group ST TD ST TD
N/M/SD M | SD | N| M | SD M SD | N M SD
Easy 0.890.13| 4 {0.85]0.22 088014 6 | 0.74 | 0.26
Inter- 050020 6 [0.49(0.24 0591025 6 | 056 | 0.27
mediate
Difficulty 0.2410.23|10(0.20 | 0.13 0231013 |12 | 0.22 | 0.11




STM-STF

Easy
L. Superior Frontal Gyrus, BA 9

R. Medial Frontal Gyrus, BA 10
L. Middle Temporal Gyrus, BA 22

STM-STF

STF-STM

Intermediate
L. Medial Frontal Gyrus, BA 9

Easy
L Cuneus BA18

L Postcentral Gyrus BA2
L Posterior Cingulate BA31

Difficulty

L. Inferior Frontal Gyrus, BA 45
L. Medial Frontal Gyrus, BA 6

R. Inferior Parietal Lobule, BA 40
R. Claustrum

Intermediate

L Thalamus, Ventral Anterior
Nucleus

L Inferior Parietal Lobule,
BA 40

Difficulty

L Inferior Parietal Lobule
BA 40

L Cuneus BA18
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STM>STF STM>STF STF>STM
Intermediate Difficulty Difficulty

R. Superior Frontal Gyrus, BA9
R. Inferior Parietal Lobule, BA 40

R. Caudate Body
L. Inferior Parietal Lobule, BA40

Intermediate
L. Inferior Parietal Lobule, BA40

Easy
L. Cunus, BA19

R. Medial Frontal Gyrus, BA8
L. Inferior Parietal Lobe, BA40

R. Postcentral Gyrus
BA3

Intermediate
L. Cuneus, BA18

Easy
R. Sub-Gyral, BA20

L. Cunus, BA18




e e s ~

: . STM> STF
Stage 4 P L e A .
- e G &

Stage 2
B S R

STM> STF

Stage 3
PERERRA - 45 - (R

Note. From “The Parieto-Frontal Integration Theory (P-FIT) of intelligence: Converging neuroimaging
evidence,” by R. E., Jung, & R. J. Haier, 2007, Behavioral Brain and Sciences, 30, p. 138.
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T3 g L g T
A W s po ke 7 gar FEFET e
gy 1 BEF RILNE Y A ¥ 471  3.31 630 .029
% k= FORRE
3.813
260 3.13 564 .035
2 BEF R iwrﬁcﬁréfh » Mg Yy 471 3.32 725 033
e 5 £
3.016™
260 3.16 673 042
3 FRITNRF I NEALF AR - F 471  3.11 750 .035
N 4.300™*
260 2.87 715 044
4 TRITEALEY I - 222 ki § 471  3.36 669 031
=1 33 %\ m °
? 1 < 3.264**
260 3.20 618 .038
5 T RSTARCmES RS AR T 471 3.09 793 037
g o & 2.763™
260 293 755 047

"p<.05, ** p<.01, *** p<.001
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1% Bl 7= ZE L ER

il o EAVEEE S A
T 6 AR ERT G R a4l T 271 3.05 766 35
i i 4 260 2.93 654 041
7 St ALY aB T 471 312 685 032
A e R - 260 2.95 687 oa3 3477
8 GMERW A B gAY FnL T 471 330 668 031
2 260 3.02 654 o4p AT
9 FOHRA R AR T 471 323 640 029
o - 260 3.03 608 o3 42877
10 TR AT BEREE Al T 471 313 708 033
TR - 260 2.99 658 oa1 26677
11 GHzEii ALgADE 9 471 3.14 661 030
FEAI g Rt 260 2.99 579 oz 31807
12 Agrp Hf T ARIEL 9 471 2583 793 037 oy
- 260 2.48 826 051

*p<.05, ™ p<.01, ™ p<.001
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1% Bl 7= FELLER

Ty 5 Ly T
SE L R s po e 7 gz FEFT g
Ak 13 oSt g MIRARAL > An FE T § 471 2.02 784 036
e 78 o = )
=% ‘ 260 2.78 733 045 2.335
14 s A A kAL 5 BABR > bw 7 471 3.01 796 037
Bﬁk/g&—% ra., o & Kk
" 260  2.80 720 o45 748
15 g B 2pRRE > Al fRp A F 471  3.18 718 .033
By ?‘_’ E«,é I/f" ° < *k
' 260  3.00 706 o044 282
16 A#atip e ik k kR o 9 471 3.45 620 029
_ 260 3.26 687 043 '
17 G% 4 k2 Ehemen o N p 9 471 3.31 659 030
AR RES e - 2.875™
260 3.16 671 042
18 i EEL GLAHY EARE ¥
22 EP R 471  3.29 638 029  3.969**

*p<.05, *% p<01’ KAk p<001



SPEEEEPEEEEE

1 Bl R B

Tz . M 2g T
SR HE i po e 7 g FEET e
Ak 19 An2BLEARAFEBEY L 7 471 3.33 659 .030 »
B 5. . 3.267
‘ 260 3.16 673 042
20 AnziLEgd EFERER ¥ 471  3.22 626 .029 B
v 3 + 260  3.00 631 039
21 P AR kG o HeE B g 471  3.05 825 .038
e e L 4.064™
260 2.79 837 .052
22 pwaAfRRpAEYeAEE 7 471  3.13 720 .033 2841
oo & 260 2.92 .659 041 '
23 A AEPER AR TER T 471 3.45 562 .026
S m;; 3 l’}:\’ E}i—\ L 4809***
260 3.23 508 .037 '
24 AR FRAEREBRHBAFE T
0 58 o 471 3.35 603 .028 2.574*

“p<.05, ™ p<.01, ™ p<.001



HPBEEEENE T2 EEE

B 5 FRIE R EE
pu N Txme gy FEET test
FVER 7 014  3.3906 53795 01779 1114
= 377 3.3570 47393 02441
ERCE Y 014 3.2516 54642 01807 1.196
= 377  3.2143 49412 02545
ARkdiE A 913 3.3096 53406 01767 679
- 377  3.2894 46483 02394
LE 7 913  3.3218 49245 01630 1.039
L

377  3.2936 42049 02166
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[-1est
o A TibE EFy

574 3.505 4613 0193 613
L
328 3.485 4943 0273
4 L iR ) |2
LEilk 574 3.338 4752 0198 -1.095
L
328 3.374 5019 0277
2 Y
AREIER T 574 3.221 6210 0259 -.884
<
328 3.258 5727 0316
BE % 5
574 3.5105 46720 .01950 -570
L

328 3.5292 48171 02660
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2.1% 13 1.4%
6.5% 17 1.8%
4.5% 18 1.9%
0.5% 7 0.8%
30.8% 82 8.8%
0.9% 14 1.5%
0.3% 8 0.9%
13.4% 106 11.4%
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FeR* R — BEERRLESR

Sexual
selection
I : rences in Sex differences in
Provimate biclogion the cogniive systems | mathomatical prob -
Mluo;\‘ocos s that suppont solving and geometry
(e.g., sex hormo habitat navigation
I; ' Sex differences in - dm“:m ”
Sex differences in perceived utility of m.%,':mam
s:'d: prdoms mathematics development
| Stereotypes and Sex differences in
mathematics course-
perceived competence taking and
related activities

| Geary D. (1996). Sex slection and sex differences in Mathematical abilities.
Behavior and Brain Science, 19, 229-284.
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