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ABSTRACT. The purpose of this study was to investigate brain activation pattern and functional connectivity during conver-
gence thinking based creative problem solving and chemistry problem solving to identify characteristic convergence thinking
that is backbone of creative problem solving using functional magnetic resonance imaging(fMRI). A tMRI paradaigm inducing con-
vergence thinking and chemistry problem solving was developed and adjusted on 17 highschool students, and brain activation
image during task was analyzed. According to the results, superior frontal gyrus, middle frontal gyrus, inferior frontal gyrus, medial
frontal gyrus, cingulate gyrus, precuneus and caudate nucleus body in left hemisphere and cuneus and caudate nucleus body in
right hemisphere were significantly activated during convergence thinking. The other hand, middle frontal gyrus, medial fron-
tal gvrus and caudate nucleus in left hemisphere and middle frontal gyrus, lingual gyrus, caudate nucleus, thalamus and culmen
of cerebellum in right hemisphere were significantly activated during chemistry problem solving. As results of analysis functional con-
nectivity, all of areas activated during convergence thinking were functionaly connected, whereas scanty connectivity of chemistry
problem solving between right middle frontal gyrus, bilateral nucleus caudate tail and culmen. The results show that logical thinking,
working memory, planning, imaging, languge based thinking and leaming motivation were induced during convergence thinking and these
functions and regions were synchronized intimately. Whereas, logical thinking and inducing learning motivation functioning during
chemistry problem solving were not synchronized. These results provide concrete information about convergence thinking.

Key words: Convergence thinking, Brain activation pattern. Functional connectivity, fIMRI, Chemistry problem solving
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Table 1. The result of pre-test for convergence thinking tasks
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Convergence thinking steps

Task subject

Exploration  Design lmplement
Rusty nail I F r
Thermos E E E
Lnplugged refrigerator P G T
Remove fish smell P I r

E: cxcellent, G: good, F: iair, P: poor
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Figure 1. IMRI tash paradigm lor convergence thinking: (A) Procedure of IMRI stimuli, (B) Main task stimuli of stepl. Exploration

(left), step2. Design (center), step3. [mplement (right).
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Fignre 3. Brain activation pattern during convergence thinking.

Table 2. Brain activation regions during convergence thinking.

Regions BA (L/R) Coordinates Z-value
Frontal lobe
Superior rontal gyrus 6L =21 1y 38 3.55
Middle (rontal gyrus oL -3 -8 61 3.54
Middle frontal gyrus 8L =30 25 43 3.67
Middle frontal gyrus 46 L -45 31 25 2.92
Inlerior frontal gyrus 441. 48 10 28 307
Medial frontal gyrus 81 12 34 40 270
Parictal lobe N
Precuncus 7L 6 65 32 293
Oceipital lobe
Cuncus 30R 9 -71 10 5.64

1.imbic lobe

Anterior cingulate gyrus - 321 -6 16 43 278
Sub-lobar

Caudatc body -L -12 2 25 292
Caudalc body -R 13 4 28 2.69

of 4] BAdo] vhupylet Wt 214 RG] 7] g
(Precuncus)yit, §-& F5E9 7] AHCuneus), BI1TE 2]
EShs *10] W Anterior cingulate gyrus)ol] 4] = &H4lo] Lhel E%
o ] @] 3] A sk ol Al { - 2-9-F0] vl A A (Caudate nucleu
body)oll 4] ZH4Jo] LhebiT).
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Tuble 3. Braim activation regions during chemistry problem solving

Regions BA (1./R}) Coordimates Z-value
Fromtal lobe
Middlc lremtal gyrus ol. 39 5 52 4.73
Middlc frontal gyrus 6R 27 2 49 3.90
Mcdial frontal gyrus 6L -3 15 49 453
Occipital lobe
Lingual gyrus 18R 12 -74 -8 6.01
Sub-lobar
('audate body L -0 10 13 3.22
(Caudate body R 9 10 13 2.96
Caudate tail L -27  -35 7 3.29
Caudate tail L -18 32 19 3.30
Caudate a1l R 30 -35 7 5.50
Thalamus R 15 -17 19 3.00
Cerebellum
Culmen R 6 38 -29 2.96
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