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2L 29 79 A 1E HakdlE

Sol, 6+1=7) S A& ANFHL FA

I+

S5 E(tightly matched) 22| EA4] 27|

z=
o
=
o
o
g & & v A 2] 24e £A9 7]
kel
5
=
o

o 2 d7dde A A 24
Aol Allstsint. 714 21dM = 3

S 2ol ANE AR BANE S

=
2 74

@ NF A 57k AEA oA E AT
= 319

3

AT olgatel N@AA ANHL. W
o Qewd wg AL 5L F5 W

o
A3

fMRI X2 & ¥ 43 A1 A7) 3
B & 2H(Tesla)?] General Electrics(GE) Signa 7]7]
(General Electric, Milwaukee, WD)Z o] &3}
TR o
commissure-posterior commissure) S QAT 7Y
o Wus BPeAEE 3 ke 4% A

AW £7 40 mm, AH 712 05 mm)E g
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volume, ©]3} B-E)& Attt 44 dd7
A el a3 RUIR = 2 5, TE
= 30 ms, flip angle = 80° 1 interleave, field of
view = 20 cm, matrix size = 64 x 64, in-plane
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A5Hm AT G4Ee] AR SRl 2E M BE0l T ¥ J9e A0 A5 5
A8 dolxe] Bl BAS FE A% 8Y  FGnerior cemporl lbool ALKAH 44, (2
@M 25 B N AP 289 7 3 TR 9D dud Aol wAde
312 BAS9T o] W, B4 BAE E 0 20 wuslm gt g9elth) Azte] FE
Wk ¥ B A Eoldh WAL AE 3 = 23hdz vlwaled 33 AT Aol
9] 7} - S F(ensorimoron) W BA M G ujap] ¥ o] FAE ¥ G P
=9 pHEle] Beldt & 9rE gal 279 7 F=(frontal pole)s X3 AAFY,
Zh grxoldl Al 21E ARSIk (BA WS =5 (medial temporal lobe)ol] ]2+ 3f
AN obgE tiFEe] g4l E & e vk divt FH 94, 5 TG 4 o7,
o S ol gl EAE AlASHIE) A FA o] Bprecentral gyrus), 4] H(insula) 0]

T3 shde] St wet Al B4 2ol & Atha® 4B). (S S5 sfivtst @livp 5

T 4. = I K20 ofgh Alzhnt A = 7F 23 24 24 Zoh Alztn Ae =4 210 23 4F
A 2oH(A), AlZke| FEHB)7L 7ololskict. ofshAnt Blwstod 3sHA RSt Aloi, (SH =iz} g
wstof) S ZAOIM = 30| SVIE = PP FET WF FFY0IUCHAY 4A). Alztel Faat
%, 2sidn} H|wsto] 33HA RS Aol = 20| S7tet H A2 Het siofet oo ¢ nE, =5
FYYe 7t ot S olAeH(a 4B)

- 183 -



sh=alelatsin] ¢ olx 2 M2
2. AMZHIAL, 2AF AE)3f Ay =ZA(GIM, EX =) 7] 28 AF &8 U A)Zke] =S LERH
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>
2 Al
A9 Planum Polare 3.52 42 2 22 38,20
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E 3. G F7ol ot Alziel FET SN Zziol Chet AlZkel FEI, A FAL Azle| 28 ME A8 EID} olF
29| Uizt A due U 5 gYn 2E £F
=2 Hoigt
E2)s 3] 49 -
EER ¥ g o (MNI 23, mim) BA
T 4
X Y zZ
Frontal Pole 8.07 1243 -28 56 24 9/46
Superior Frontal Gyrus, Para-cingulate Gyrus 651 8607 2 30 46 8
Precentral Gyrus 633 4455 -32 -8 62 6
23} 4
Lateral Occipital Cortex (inferior division) 5.1 257 -44 -88 0 18, 19
G - 54l
z7) Caudate nucleus 4.95 3366 20 12 12 N/A
> Cingulate Gyrus(posterior division) 4.74 3250 -6 -28 36 23
1A A9
@A - EA Supramarginal Gyrus(anterior division) 4.56 234 -62 -30 42 2, 40
Z7) Inferior Temporal Gyrus(temporooccipital part) 3.56 133 48 -56 -4 37
Inferior parietal lobule, Lateral Occipital
3.36 178 42 -60 44 39
Cortex(supetior division)
Temporal Occipital Fusiform Cortex, Cerebellum 3.26 232 -30 -66 -22 19
Occipital Fusiform Gyrus, Lingual Gyrus 5.35 1728 -12 -88 -20 18
Frontal Pole 431 1192 24 50 22 9, 46, 8
Cuneal Cortex, Visual cortex V2 4.29 150 14 -74 24 18
27 4%
24 24 Superior Frontal Gyrus 4.12 1867 6 42 38 8,9, 6
> Caudate nucleus 4.10 226 14 18 4 25, 11
2L A
3 49 Middle Frontal Gyrus 377 526 36 30 388, 46,9
A4 21
Thalamus 3.61 139 -2 0 10 N/A
Temporal Occipital Fusiform Cortex 3.53 152 38 -46 -18 37
Superior Frontal Gyrus 3.44 139 -20 6 66 6
Precentral Gyrus 6.14 3995 -32 -16 64 4, 6
Superior Parietal Lobule, Postcentral Gyrus 5.93 -44 -40 58 40, 2
Precentral Gyrus, Superior Frontal Gyrus 5.63 -26 -10 72 6
23 A9 Precentral Gyrus 4.69 284 -54 0 36 6
oAl =4 Inferior Frontal Gyrus 3.35 -58 16 24 9, 4
> Precentral Gyrus, Inferior Frontal Gyrus
12 A3 293 -58 6 26 6, 9, 44
= (pars opercularis)
24 22
Middle Temporal Gyrus, temporooccipital part 3.73 137 58 -52 0 21, 37
Middle and Inferior Temporal Gyrus
3.34 48 -58 -2 37
(temporooccipital part)
Middle Temporal Gyrus (temporooccipital part) 3.2 62 -60 -2 37
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20| ¥ g 2] (MNI 23, mm) BA
T % "
T X Y Z
Occipital Pole, Visual cortex V2 6.43 819 -20 -96 16 18, 17
Occipital Pole 5.39 1591 22 -90 30 18, 19
I}(I:E:;ocampus cornu  ammonis, Temporal 5.02 543 40 - b "
Inferior Temporal Gyrus (posterior division),
Temporal  Fusiform  Cortex  (posterior 4.95 510 -44 -32 -18 20
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B ewe] Precuneous Cortex 4.78 452 -14 -44 8 29
K Middle Temporal Gyrus (postetior division) 4.76 253 46 -30 -6 21, 22
Temporal Occipital Fusiform Cortex 4.20 288 48 -46 -20 37, 20
Cerebellum 4.10 1069 14 -36 =24 30
Thalamus 4.06 309 2 -6 2 N/A
Lateral Occipital Cortex (inferior division) 3.88 250 -52 -64 10 37
Postcentral Gyrus 3.48 199 42 -18 48 3, 4
Middle Frontal Gyrus 3.38 138 -36 26 48 8,9
whg A7k
Temporal Occipital Fusiform Cortex 4.12 140 -38 -48 -12 37
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Longitudinal Changes in Brain Activity Related to Maturation
of Children’s Arithmetic Skills and Cognitive Strategy Use

Soohyun Cho

Department of Psychology, Chung-Ang University

Acquisition of basic mathematical skills during early elementary school years serves as a critical foundation
for mathematical development in adolescence and adulthood. The present study examined longitudinal
changes in children’s behavior and brain activity during mathematical problem solving. Over a 1 year
interval, children became more accurate and faster at math problem solving. Children who performed

rd

worse at 2™ grade showed greater performance improvements at 3™ grade. Children who were lower in

retrieval use for problem solving showed greater increase in retrieval use after a year. We found significant

nd rd

over-additive increases in activation from 2" to 3™ grade for Addition vs. Control problem solving in the
anterior temporal cortex important for semantic memory. Individuals with greater increase in retrieval use
had greater activation increase in the lateral prefrontal cortex and the fronto-parietal attention network.
Performance improvements were positively correlated with activation increases mainly in the medial
temporal lobe and the ventral visual stream. These findings indicate that the development of mathematical
problem solving is dependent on the contribution of the fronto-parietal top-down attention and medial
temporal lobe memory systems. In addition, higher order visual cortex in the ventral visual stream known

to be important for visual symbol recognition seems to contribute to accurate and efficient math problem

solving.

Key words : memory, math, fMRI, children, longitudinal study
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