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Table 1. Comparison of the voxel-based brain activation ratios (%) resulting from visual stimulation with natural and urban

scenic views: one sample ttest (p<0.05).

Rural (26 cases)

Urban (14 cases)

Brain areas Anatomical areas

Activity (%)

Lateralization (%) Activity (%) Lateralization (%)

Frontal lobe Superior frontal gyrus 0.78 L 88.66 0.19 L 56.06

Middle frontal gyrus 4.16 R 45.30 3.33 L 27.90

Inferior frontal gyrus 12.31 R 5.60 20.08 L 59.49

Precentral gyrus 517 L 2511 7.52 L 70.63

Temporal lobe Superior temporal gyrus - - - 4.68 L 56.73

Middle temporal gyrus 0.35 R 88.89 1.83 L 23.63

Inferior temporal gyrus 16.03 R 5.65 238 R 35.37

Parietal lobe Superior parietal gyrus 15.28 L 49.25 10.80 L 61.37

Inferior parietal gyrus 417 L 65.66 2.86 L 100.00

Precuneus 2.70 R 4215 - - -

Occipital lobe Superior occipital gyrus 4244 R 2245 14.29 R 17.58

Middle occipital gyrus 67.05 L 13.23 4924 L 17.40

Inferior occipital gyrus 72.36 R 18.29 57.46 R 40.14

Fusiform gyrus 67.93 R 1.49 51.82 R 0.77

Calcarine gyrus 47.03 R 11.06 34.73 L 0.73

Insula Insular cortex 3.20 R 56.32 - - -

Limbic system Hippocampus 11.74 - 0.00 5.38 R 40.51

Parahippocampal gyrus 29.15 R 45.83 17.57 R 52.83

Amygdala - - - 117 - 0.00

Cerebellum Cerebellar cortex 23.95 R 11.71 16.78 R 7.53
CRBL), }3-F3](Inferior temporal gyrus, ITG), A-T+43]
A o} (Superior parietal gyrus, SPG), 3}4 3] (Inferior frontal gyrus,

2 . = )

1 ANZHE EAAE CE Moz IFG), d&llwlHippocampus, HIP), %4171 3] (Precentral gyrus,
PRC), 3¥}F+A3](nferior parietal gyrus, IPG), FZF3]
AA I€A 278 e w AAEFHS IS o] = Middle frontal gyrus, MFG), |4 <% (Insula, INS), AZ
7ol gt AEAANE oS3 2k 2026, 96.3%), B (Precuneus, PCU), A 73] (Superior frontal gyrus, SFG), %

AR, 3.7%).

SAERS %2 dle] Aol g APARE B9 2
Aol Bl okt ek gAY, 519%), B4H13
W, 48.1%).

| Aol Bl

2. A2t X130 of8t =] 552 &43
!

AA 2 gA} 270019 AELAT}E = A
& 2609k EAEAS WATY Ul T IFOZ U}
% gA 3] ok4-S v]azskdtl One sample t-test (p<0.05)
o]-g&lo] Azt Ap=oll o3t ti¥FIo A} F=
et Az, 2dF73el A BASHE o 33 (Inf-
erior occipital gyrus, I0G), ®-343](Fusiform gyrus, FUSI),
Z 3 73] (Middle occipital gyrus, MOG), Z7]3](Calcarine gy-
rus), &3] (Superior occipital gyrus, SOG), 3fn}s]
(Parahippocampal gyrus, PHIP), 4=%|3]7Z (Cerebellar cortex,

32 g o Al EA

= o e ot

ZF3](Middle temporal gyrus, MTG)o]9lom, &3] TAF
7oA e B = P AR} HAdellA] EAE
Holok 3t BEAFA6A A3k 9L sler3], W
FA3, T3, 2A3), A3, s3], 4x2)A4,
A, 4EA, TR, ok, 42T Superion
temporal gyrus, STG), A F73], 743, 3&F73, +F
73], AEA(Amygdala, AMYG), FAF3]0|9om, 53
AAdF73oAE LS F AW FSF3] 9 A=A A
43171 #2= 9lck(Table 1, Fig. 1, 2).

3. Adnt TAISE Zto| ArstE goE A Hiw

Two sample t-test (p<0.05)5 ©|&3slo] AAI TA|F7
Zke] Wiy 43} oS vlast A, EAF70l vlske]
A7 e Hoks wl AR FASE Bl g2 HA

o, FAFL, AR, Vg, FFR, FEF, Y3
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whole brain ref. Image

whole brain

ref. Image

Fig. 1. Brain activation patterns evoked by visual stimulation with still pictures demonstrating rural (a) and urban (b) scenic views.
Color-coded pixels on the activation maps resulting from the one sample t-test were scaled to the range between the

cutoff-threshold and the highest t-value (p<0.05).
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Fig. 2. Voxel-based brain activation ratios (%) resulting from
visual stimulation with rural and urban scenic views using the
one sample t-test (p<0.05) (“ * ™: represents no brain activation).
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Table 2. Differential brain activities between rural and

ost=Eel t M22& HM1s 2011

urban scenic views: two sample t-test (p<0.05).

Anatomical areas t-value MNI coordinates (x, y, z)
Rural > Urban
Insula 411 34 22 8
Middle frontal gyrus 4.02 32 45 8
Precuneus 3.90 —10 —64 54
Caudate nucleus 3.30 —18 12 24
Superior parietal gyrus 2.72 —14 -71 49
Superior occipital gyrus 2.56 -1 -9 19
Fusiform gyrus 244 42 —24 —24
Globus pallidus 2.13 23 —6 5
Urban > Rural
Inferior frontal gyrus 3.72 54 42 0
Parahippocampal gyrus 3.48 —18 —10 —28
Postcentral gyrus 3.17 —30 —30 72
Superior temporal gyrus 3.13 —45 24 —14
Amygdala 244 —22 -3 —25
Posterior cingulate gyrus 211 —4 —48 16
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AMYG/PHIP

FAHOE WHAR F Q7] Weleh? dwHoz 4
W8 045 GG ull F2 A - Y4 gl IF

=
=
el o

2t
b

o >
rob i ot o

Noox ROE

[ L Hu o

ns)
¥

("kﬂ, r—ﬂh m{o r_?_\,‘ o
oy = 8
o>

= o

Fig. 3. Brain activation patterns
obtained from predominance of
rural over urban scenic views (a)
and predominance of urban over
rural scenic views, which were
analyzed with two sample f-test.
Color-coded pixels on the activa-
tion maps were scaled to the ran-
ge between the cutoff-threshold
and the highest t-value (p<0.05).
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Neuro-Anatomical Evaluation of Human Suitability
for Rural and Urban Environment by Using fMRI

Gwang-Won Kim*, Jin-Kyu SongT, Gwang-Woo Jeong*T

*|nterdisciplinary Program of Biomedical Engineering, Chonnam National University,
T Architectural Engineering, Chonnam National University, TDepartmem of Radiology,
Chonnam National University Medical School, Gwangju, Korea

The purpose of this study was to identify different cerebral areas of the human brain associated with rural and
urban picture stimulation using a 3.0 Tesla functional magnetic resonance imaging (fMRI) and further to
investigate the human suitability for rural and urban environments. A total of 27 right-handed participants (mean
age: 27.3%3.7) underwent fMRI study on a 3.0T MR scanner. The brain activation patterns were induced by visual
stimulation with each rural and urban sceneries. The participants were divided into two groups as 26 subjects
favorable to rural scenery and 14 subjects unfavorable to urban scenery based on their filled—in questionnaire.
The differences of the brain activation in response to two extreme types of pictures by the two sample #test
were characterized as follows: the activation areas observed in rural scenery over urban were the insula, middle
frontal gyrus, precuneus, caudate nucleus, superior parietal gyrus, superior occipital gyrus, fusiform gyrus, and
globus pallidus. In urban scenery over rural, the inferior frontal gyrus, parahippocampal gyrus, postcentral gyrus,
superior temporal gyrus, amygdala, and posterior cingulate gyrus were activated. The fMRI patterns also clearly
show that rural scenery elevated positive emotion such as happiness and comfort. On the contrary, urban scenery
elevated negative emotion, resulting in activation of the amygdala which is the key region for the feelings of
fear, anxiety and unpleasantness. This study evaluated differential cerebral areas of the human brain associated
with rural and urban picture stimulation using a 3.0 Tesla fMRI. These findings will be useful as an objective
evaluation guide to human suitability for ecological environments that are related to brain activation with joy,
anger, sorrow and pleasure.

Key Words: Functional magnetic resonance imaging (fMRI), Brain activation, Rural, Urban
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