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Brain Activations on the Hypothesis—Generating and Hypothesis—
Understanding in Pre—Service Teachers not Majoring in Biology, Pre—
Service Teachers Majoring in Biology and Biologists

Yong-Ju Kwon - Jun—Ki Lee*
Korea National University of Education

Abstract: We aimed to examine difference between the brain activation pattern based upon hypothesis-
generating and hypothesis-understanding among the pre-service teachers not majoring in biology, the pre-service
teachers mgjoring in biology and the biologists using fMRI. We have designed two sets of task paradigm on the
biological phenomena: hypothesis-generating and hypothesis-understanding and thirty six healthy participants
(twelve participants per group) performed the tasks. The result was showed that 1) there were significant differences
of brain activation patterns in hypothesis-generating on the biologica phenomena among three groups, 2) the left
middle frontal gyrus in the part of DLPFC region was play an important roles of hypothesis-generating and make a
significant differences among three groups. The superior ability of biologists were based upon the activation of
middle frontal gyrus which has secondary integration of abstract information, and 3) there were no significant
differences of brain activation patterns in hypothesis-understanding on the biological phenomena among three
groups. These findings provided that scientist might be skillful in generating anew scientific knowledge.
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Fig. 1 Schematic representation of fMRI experimental design. The experimental paradigm was consisting of
28 trials. In this figure, a representative trial was presented. See the text for explanation,
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Fig. 2 Graphical renderings of the activations from basic comparison [hypothesis—generating vs. baseline
(red) and hypothesis—understanding vs. baseline (green)] of the pre—service teachers not majoring in
biology (A), pre—service teachers majoring in biology (B), biologists (C) (P < 0.001, FWE corrected). Yellow
denotes overlap between the two conditions.
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Table 1 Results of direct comparisons between BOLD signals evoked by hypothesis—generating and baseline
of undergraduate students not majoring in biology, undergraduate students majoring in biology and
biologists.

Talairach coordinates

Lobe Region of activation BA & Side 7, score . . ,
{(Hypothesis generation — baseline) — (Hypothesis understanding — baseline)}
Pre—service teachers not majoring in biology
Frontal Superior frontal gyrus 6 L 4,58 —6 7 o7
Middle frontal gyrus 9L 5.1 =40 1 27
6L 4.45 -38 -1 50
Precentral gyrus 6 L 4.89 -36 4 31
Parietal Superior parietal lobule 7L 5.04 -30 —62 44
Occipital Middle occipital gyrus 9L 6.12 —46 =59 =7
Lingual gyrus 18R 6.24 16 =80 -9
Cerebellum Culmen L 4,37 -34 —44 =21
Pre—service teachers majoring in biology
Frontal Middle frontal gyrus 6L 4.85 -32 0 48
9L 4.84 —46 8 37
Inferior frontal gyrus 9L 2.03 —40 18 18
Parietal Precuneus 40 L 4,46 -28 —66 42
Temporal Fusiform gyrus 37L 6.03 -36 —47 -13
37R 2.89 36 =47 -13
20R 5.67 34 -36 -17
Occipital Middle occipital gyrus 19R 6.77 30 =79 22
Biologists
Frontal Superior frontal gyrus 6L 5.79 -10 9 55
Medial frontal gyrus 6L 5.70 -4 14 47
Middle frontal gyrus 6L 5.83 -38 4 44
9L 5.25 -34 21 25
Inferior frontal gyrus 9L 2.90 —42 ) 24
46 L .26 -44 24 14
47 1L 4,90 -28 33 -2
Cingulate gyrus 32 L 0.07 -10 21 34
Parietal Precuneus 7L 6.01 -16 —68 42
Superior parietal lobule TR 5.58 26 -58 47
Inferior parietal lobule 40R 4.98 34 —52 45
Occipital Fusiform gyrus 19R 6.26 22 =71 -18
9L 2.90 =42 —69 -18
Sub-lobar Putamen L 5.21 =22 -2 4

BA: Brodmann area, L: left hemisphere, R: right hemisphere
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Fig. 3 Plots of percent BOLD signal changes during the hypothesis—generating on seven regions of interest
(ROIs) among three groups. Error bars represent standard error of mean, The different character indicates
significant difference (Scheffé's post hoc analysis).
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Table 2 Results of direct comparisons between BOLD signals evoked by hypothesis—understanding and
baseline of the undergraduate students not majoring in biology, undergraduate students majoring in
biology and biologists.

Talairach coordinates

Lobe Region of activation BA & Side Z score . . .
(Hypothesis understanding — baseline)
Pre—service teachers not majoring in biology
Frontal Middle frontal gyrus IR 4.83 42 9 35
Parietal Superior parietal lobule 7L 4.79 =30 -60 44
Occipital Fusiform gyrus 19R 6.12 30 =73 -13
Middle occipital gyrus 19R 5.87 36 =78 4
9L 5.69 —-28 -81 21
Cuneus 18 L 6.12 —26 -91 1
17R 6.01 18 -91 8
Cerebellum Declive R 4.93 34 =57 -14
L 4,49 -12 =79 -16
Culmen L 4,96 -34 42 -23
Pre—service teachers majoring in biology
Frontal Middle frontal gyrus IR 4.58 50 13 31
Precentral gyrus 9R 4,65 38 6 40
Parietal Superior parietal lobule 7L 5.12 =30 —60 49
TR 0.43 32 —62 49
Pecuneus TR 2.03 22 —67 ol
Inferior parietal lobule 40R 4.78 36 -54 45
Occipital Lingual gyrus 18 R 6.14 14 -84 -8
Cuneus 17R 6.02 20 -91 b)
Middle occipital gyrus 19R 5.67 30 -83 13
18 L 0.48 —-36 -87 1
Biologists
Frontal Middle frontal gyrus IR 5.36 48 12 40
46 R .20 42 18 18
Inferior frontal gyrus 9R 5.96 48 1 29
Parietal Superior parietal lobule TR 4.87 32 -54 47
7L .64 -30 —-60 o1
Occipital Superior occipital gyrus 19R 6.65 34 -76 24
Lingual gyrus 18 R 5.35 8 —-86 1
8L 5.21 -14 —88 -12

BA: Brodmann area, L: left hemisphere, R: right hemisphere
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Fig. 4 Plots of percent BOLD signal changes during the hypothesis—understanding on eight regions of
interest (ROIs) among three groups. Error bars represent standard error of mean. The different character
indicates significant difference (Scheffé's post hoc analysis).
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