Functional Neuroanatomy Associated
with Natural and Urban Scenic Views in
the Human Brain: 3.0T Functional MR

Imaging

Gwang-Won Kim, MS*
Gwang-Woo Jeong, PhD*2
Tae-Hoon Kim, MS*
Han-Su Baek, MS*
Seok-Kyun Oh, PhD*
Heoung-Keun Kang, MD?
Sam-Gyu Lee, MD?

Yoon Soo Kim, PhD*
Jin-Kyu Song, PhD®

Index terms:

Functional magnetic resonance
imaging (fMRI)

Brain activation, Natural, Urban,
Surrounding environment

DOI:10.3348/kjr.2010.11.5.507

Korean J Radiol 2010;11:507-513
Received December 8, 2009; accepted
after revision April 30, 2010.

!Interdisciplinary Program of Biomedical
Engineering, Chonnam National
University, Gwangju 500-757, Korea;
Departments of Radiology and *Physical
and Rehabilitation Medicine, Chonnam
National University Medical School,
Gwangju 501-757, Korea; Departments of
“Wood Science and Engineering and
*Architectural Engineering, Chonnam
National University, Gwangju 500-757,
Korea

This work was supported by the Grants of
the Korean Ministry of Education, Science
and Technology (The Regional Core
Research Program/Biohousing Research
Institute) and the Chonnam National
University Hospital Research Institute of
Clinical Medicine (CRI08060-1).

Corresponding author:

Gwang-Woo Jeong, PhD, Department of
Radiology, Chonnam National University
Hospital, Chonnam National University
Medical School, 8 Hack-dong, Dong-gu,
Gwangju 501-757, Korea.

Tel. (8262) 220-5881

Fax. (8262) 226-4380

e-mail: gwjeong@jnu.ac.kr

Korean J Radiol 11(5), Sep/Oct 2010

Objective: By using a functional magnetic resonance imaging (fMRI) technique
we assessed brain activation patterns while subjects were viewing the living envi-
ronments representing natural and urban scenery.

Materials and Methods: A total of 28 healthy right-handed subjects underwent
an fMRI on a 3.0 Tesla MRI scanner. The stimulation paradigm consisted of three
times the rest condition and two times the activation condition, each of which last-
ed for 30 and 120 seconds, respectively. During the activation period, each sub-
ject viewed natural and urban scenery, respectively.

Results: The predominant brain activation areas observed following exposure
to natural scenic views in contrast with urban views included the superior and
middle frontal gyri, superior parietal gyrus, precuneus, basal ganglia, superior
occipital gyrus, anterior cingulate gyrus, superior temporal gyrus, and insula. On
the other hand, the predominant brain activation areas following exposure to
urban scenic views in contrast with natural scenes included the middle and inferi-
or occipital gyri, parahippocampal gyrus, hippocampus, amygdala, anterior tem-
poral pole, and inferior frontal gyrus.

Conclusion: Our findings support the idea that the differential functional neu-
roanatomies for each scenic view are presumably related with subjects’ emotion-
al responses to the natural and urban environment, and thus the differential func-
tional neuroanatomy can be utilized as a neural index for the evaluation of friend-
liness in ecological housing.

uman beings have an instinct to maintain a good quality of life in terms of

food, clothing, and living environment. Recently, people are more than

ever interested in constructing ecological architecture, natural parks, and
green fields to get cheerful and eco-friendly surroundings in urban centers (1, 2). Since
the eco-friendly factors contribute much to improve our quality of life, people prefer
the comfortable living environments free of physiological fatigue (2, 3). Kaplan and
Kaplan (3) asserted that the beauty of nature enhances the interest and concentration,
and also reduces the fatigue and stress in our daily life.

Researches on various fields are going on exploring the impacts of the natural and
urban environments through various psychological and physiological methodologies in
combination with statistical verifications (4-8). These findings suggested that natural
environments not only lead to psychological stability such as a calm mood, but also to
help in reducing stress. When people look at the natural scenic views, physiological
indices such as heart rate, blood pressure, and so on, tend to normalize (4-6).
Therefore, living in a nature-friendly environment acts as naturopathy and is a primer
for crime prevention and improvements in self-control (7, 8).
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The conventional physiological measurements for the
evaluation of biocompatibility include the galvanic skin
response, heart rate, blood pressure, and electromyogram.
Since the 1980s, the electroencephalography (EEG) has
been used to access the electrical activity of the localized
brain cortex associated with natural and urban environ-
ments (9, 10). Ulrich (9) reported that subjects shown
urban and scenes produced more alpha (relaxation)
activity when viewing nature scenes. High alpha
amplitudes are associated with lower levels of physiologi-
cal arousal as well as feelings of wakeful relaxation.
However, the authors did not report specific brain areas
associated with natural and urban scenic viewing.
Although these studies have provided information regard-
ing the impacts of the natural and urban environments
through psychological and physiological methodology, the
neural mechanisms associated with the brain activation
with natural and urban environmental viewing have not
been identified. Recent advances in the neuroimaging
techniques such as functional magnetic resonance imaging
(fMRI) (11), which makes use of the blood-oxygenation-
level-dependent (BOLD) signals from the brain, enable the
identification of the neural centers related with the brain
function. An fMRI is based on an MRI technique made
sensitive to changes in the state of oxygenation of
hemoglobin. This non-invasive technique allows us to
examine neural mechanisms underlying mental activity
like perception or cognition, as well as emotions such as
joy, happiness, anger, or sorrow (12-15). The central
nervous system plays an important role in inducing
emotion via the surrounding environment. Therefore,
neuro-scientific evaluation for the surrounding environ-
ment in the human life is very important.

whole brain

ref. Image

In this study, we utilized the BOLD-based fMRI
technique to identify the brain centers associated with
natural and urban scenic viewing in humans and compare
the different activation patterns. The goal of this study is to
determine how the natural environments lead to beneficial
influences on emotional status in terms of the neural
mechanisms.

MATERIALS AND METHODS

Subjects

The subjects were selected on the basis of age and
educational level. A total of 28 volunteers, consisting of 16
males (age range: 25-29 years; mean age: 26.9 + 1.2
years) and 12 females (age range: 20-38 years; mean age:
27.8 &+ 5.5 years), were included in this study. All the
subjects were right-handed with no history of neurological
or psychiatric illness. The subjects were informed of the
procedure and matters that required attention prior to the
experiment, and written informed consent was obtained.
After completion of the fMRI study, each subject was
asked to rate their emotional status while viewing the
natural and urban sceneries on a 3-point scale: 1, suffocat-
ing; 2, accustomed; 3, comfortable. The study was
approved by the Chonnam National University Hospital
Institutional Review Board (IRB).

Visual Stimuli

The visual stimuli were presented in a block design
fashion. The visual stimulation paradigm consisted of three
times rest condition and two times activation condition,
each lasting for 30 and 120 seconds, respectively. The
natural and urban scenic views were presented for 3

whole brain ref. Image

Fig. 1. Differential brain activation patterns between natural (A) and urban (B) scenic views resulting from two sample t-test. Color-coded
pixels on activation maps were scaled to range between cutoff-threshold and highest t-value (p < 0.05).
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seconds each and repeated two times during the activation
condition. The rest conditions were a thin white cross mark
in the block background screen. Prior to the {MRI
examination, a total of 10 subjects were each requested to
pick up 20 natural and urban scenic views from a pool of
300 pictures. Pictures for visual stimulation were collected
for every 20 natural and urban environment scenic views
related to human habitation from a variety of Web sites on
the World Wide Web. Natural scenic views included
themes such as natural landscapes, mountains, natural
parks, forest, and so on. Urban scenic views included
themes such as city landscapes, tall buildings, and so on.
The average illuminance levels of the natural and urban
scenic views were equivalent. The illuminance levels were
measured with a digital illuminance meter (Illuminance
Meter, Tektronix, Beaverton, OR). The visual stimuli were
generated on a PC and projected via a liquid crystal
display (LCD) projector onto a screen located on the head
coil in front of the subject’s forehead. Subjects viewed the
screen through a mirror attached to the head coil.

MR Imaging and fMRI

A functional MRI was performed on a 3.0T Magnetom
Trio MR Scanner (Siemens Medical Solutions, Forchheim,
Germany) with a bird cage head coil. The functional
images were acquired from 25 transverse slices parallel to

an AC-PC (anterior commissure to posterior commissure)
line using a gradient-echo echo planar pulse sequence with
the following parameters: repetition time (TR)/echo time
(TE) = 2,000 ms/30 ms, flip angle = 90°, field of view
(FOV) = 22 x 22 cm, matrix size = 64 X 64, number of
excitations (NEX) = 1, and slice thickness = 5 mm, giving a
total of 4,125 images. In addition, two phases of dummy
scans were supplemented to circumvent unstable fMRI
signals, for a total acquisition time of 330 seconds. Also,
high-resolution anatomical images, T1-weighted images
(TR/TE = 500 ms/8 ms), and T2-weighted images (TR/TE =
3,500 ms/88 ms), were acquired with the following
parameters: FOV = 22 X 22 c¢m, matrix size = 192 X192,
NEX = 2, slice thickness = 5 mm, and slice gap = 2 mm.

Data Preprocessing and Analysis

Functional images were analyzed using the SPM99
software (Statistical Parametric Mapping 99, The
Wellcome Department of Cognitive Neurology, University
College London, UK). At first, images were realigned
within and across the scans to correct for head movement.
Next, whole-brain normalization was applied to transform
all images according to the Montreal Neurological Institute
(MNI) template and each volume was resliced with 2 mm?.
Normalized images were then smoothed with a spatial
Gaussian filter with an 8 mm full-width-at-half-maximum

Table 1. Differential Brain Activities between Natural and Urban Scenic Views

Natural over Urban?

Urban over Natural®

Brain Areas MNI Coordinates MNI Coordinates
t value t value
*y.2) *y.2)
Frontal lobe Superior frontal gyrus 24 53 14 497
Middle frontal gyrus 29 49 28 3.78
Inferior frontal gyrus -46 25 -11 3.89
Parietal lobe Superior parietal gyrus 16 -65 55 3.66
Precuneus -11 -62 57 5.10
Temporal lobe Superior temporal gyrus -56 -12 5 2.54
Anterior temporal pole -46 24 -15 4.64
Occipital lobe Superior occipital gyrus 23 -81 29 2.17
Middle occipital gyrus -18 -102 -1 4.25
Inferior occipital gyrus -23 -98 -9 2.70
Insula Insular cortex 41 17 -2 2.55
Limbic system Anterior cingulate gyrus 6 14 29 3.19
and basal Globus pallidus 27 -6 2 3.06
ganglia Putamen -15 8 -7 2.81
Caudate nucleus 20 24 2 1.96
Parahippocampal gyrus -20 -7 =27 3.81
Hippocampus -19 -6 -21 2.63
Amygdala -21 -3 -25 2.60

Note.— “Natural over Urban = predominance of natural scenic view over urban view, "Urban over Natural = predominance of urban scenic view over

natural view, MNI = Montreal Neurological Institute
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(FWHM). Next, the activated areas were identified by a
multiple regression analysis of the time series of the MRI
signal intensities in each voxel. The reported coordinates
identify the voxel with peak activity within the cluster of
activation. The preprocessed date was analyzed using the
standard general linear model (GLM) approach of SPM99
with the boxcar model. To analyze the individual BOLD
signal in a voxel with a dimension of 2 X 2 X 2 mm, an
independent t-test was performed in the rest and activation
conditions. Statistical activation maps were obtained for
the contrast of ‘natural versus rest’ and ‘urban versus rest’.
This analysis was performed in order to identify brain
areas with an increased BOLD signal while viewing the
natural and urban scenery in relation to the rest periods.

For the group analysis of natural and urban groups, the
differential activation maps, which correspond to the
contract of natural versus urban and the urban versus
natural, were obtained from the two sample ¢-test.
Significant activation maps for these contrasts were identi-
fied by a whole-brain analysis with a statistical threshold of
p <0.05.

RESULTS

The questionnaire results evaluating the subjects’
emotional status by self-report, while viewing the natural
scenery were as follows: comfortable (93 %), accustomed
(4%), and suffocating (4%). On the other hand, the results

Putamen
Globus pallidus

Precuneus

of subjects exposed to the urban scenic views were as
follows: comfortable (0%), accustomed (50%), and
suffocating (50%).

Figure 1 shows the differential brain activation patterns
between natural and urban scenic views, which were
analyzed by two sample #-test (p < 0.05). The predominant
activation areas in natural scenic views in contrast with
urban views consist of the superior and middle frontal gyri,
superior parietal gyrus, precuneus, basal ganglia, superior
occipital gyrus, anterior cingulate gyrus, superior temporal
gyrus, and insula. Conversely, the predominant activation
areas in urban scenic views in contrast with natural scenic
views consist of the middle and inferior occipital gyrus,
parahippocampal gyrus, hippocampus, amygdala, anterior
temporal pole, and inferior frontal gyrus (Table 1) (Fig. 2).

DISCUSSION

The aim of this study was to compare the differential
brain centers associated with psychological preference
between natural and urban scenic views by using the
BOLD-based fMRI. Our questionnaire results are consis-
tent with previous studies (6, 16), which suggested that
people generally have a preference for natural scenic views
over urban views. We assume that such emotional status
and behaviors are connected with the activation of the
specific brain areas.

In our current study, the predominant brain activation

Anterior temporal pole

Amygdala

Parahippocampal gyrus

Fig. 2. Brain activation on sagittal (x), coronal (y), axial (z)-planes demonstrating full details of predominance of natural (A) and urban (B)
scenic views, resulting from two sample t test (p < 0.05). SFG = superior frontal gyrus, GLO = globus pallidus, ACG = anterior cingulate

gyrus, IFG = inferior frontal gyrus, MOG = middle occipital gyrus
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areas following exposure to urban views in contrast to
natural scenic views were observed in the middle and
inferior occipital gyri, parahippocampal gyrus, hippocam-
pus, amygdala, anterior temporal pole, and inferior frontal
gyrus. These results were partly similar to the findings of
Lane et al. (12), who had shown the brain activation
associated with unpleasant emotion in healthy women
using PET (positron emission tomography). They suggested
that unpleasant emotion was associated with significant
increases in the occipito-temporal cortex, parahippocampal
gyrus, hippocampus, and amygdala. In addition, Paradiso
et al. (17) suggested that unpleasant stimuli induced the
activation of the amygdala and visual cortex in contrast
with the pleasant stimuli. In our study, the primary visual
cortex and its adjacent areas, which consist of the middle
and inferior occipital gyri, showed higher activities in
urban views compared to natural views. However, the
superior occipital gyrus showed a higher degree of activity
in viewing the natural scenic view. The fMRI studies (13,
18, 19) suggested that the primary visual cortex played an
important role in visual information perception, and the
visual association cortex showed greater enhancement of
signal intensities during the processing of emotional
pictures. Moreover, increased activity of the primary and
association visual cortex was found in the
unpleasant/pleasant pictures comparisons (12, 17). It
should be noted that the activation of the common areas of
the visual cortices evoked by both natural and urban scenic
views were eliminated by the statistical analysis with the
two sample ¢-test. Moreover, assuming that viewing the
urban scenery leads to an increased emotional arousal
compared to natural views, the activation of the middle
and inferior occipital gyri noted in our study could be
related to a greater arousal level than for mood valence,
including pleasant or unpleasant.

We also observed the activation of the parahippocampal
gyrus, hippocampus, and amygdala with urban views only.
The limbic system, including these areas is related with
emotion excitation and affective behavior. The hippocam-
pus and parahippocampal gyrus play the important roles of
perception, memory, and recall by visual stimulus (12, 20).
In addition, activation in the parahippocampal gyrus and
amygdala are associated with recall and re-experiencing of
emotional distress as well as distraction for visual stimuli
(21). In particular, the parahippocampal gyrus is implicated
in the encoding of complex visual pictures (22, 23). The
activation of the parahippocampal gyrus noted in our study
may reflect encoding of the perceptual aspects related to
the visual complexity of urban environments. The
amygdala is one of the most important structures in the
evaluation of brain activation with negative acquirement
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and the expressions of anxiety, fear, aversion, and unpleas-
antness. In our study, the amygdala was activated by urban
scenic viewing only. Various studies with humans and
animals have suggested that the amygdala responds to
aversive stimuli (12, 14, 18, 24). The subjects’ self-reported
ratings supported that the subjects felt suffocated when
viewing the urban scenery compared to than the natural
scenery. Siebert et al. (25) demonstrated that normal
participants experienced negative emotions from negative
visual stimuli, whereas Urbach-Wiethe patients with no
amygdala did not experience negative emotions from the
same negative stimuli. Such evidence supports that the
brain activation in our study may be due to an underlying
original nature related to unpleasant emotion while
viewing urban scenic views.

The activation of the anterior temporal pole was induced
by the urban scenic view only. The anterior temporal pole
has reciprocal connections to the amygdala, hippocampus,
and prefrontal cortex (26). This area is activated during
subjective emotional responses (27), which are associated
with negative emotions, including anger (28, 29) and
unpleasantness (30). This finding is correlated with self-
reported ratings of their unpleasant emotions in viewing
the urban scenery over the natural scenic views. Activation
of the anterior temporal pole may be related to the
appraisal process of negative emotional reactions induced
by urban views. The hippocampus, parahippocampal
gyrus, amygdale, and anterior temporal pole showed
greater activity when exposed to urban scenery, which
may be due to the specific role of these areas in processing
the unpleasant emotional arousal than the comfortable
arousal induced by natural scenic views.

Contrary to the parahippocampal gyrus, hippocampus,
and amygdala, the anterior cingulate gyrus, which is also a
part of the brain’s limbic system, showed greater activity
for the natural views. Activation of the anterior cingulate
gyrus in our study is typical for mood induction elicited by
recall or imagery, as well as during emotional tasks with
cognitive demand (31, 32), and is presumably caused by
the regulation of tasks with cognitive and affective
components when viewing the natural environment. The
parietal lobe is often associated with visual and spatial
attention. The precuneus is activated when paying
attention to a visual, and is also related to episodic
memory which generates a visual image during the
stimulus (33-35). In our study, the superior parietal gyrus
and precuneus were activated while viewing the natural
scenery. These results suggest that the subjects showed a
tendency to be more concentrated in viewing the urban
scenic pictures than the natural scenery, and they did not
pay attention to higher visual processing of unpleasant
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emotion when viewing the stuffy urban scenic pictures.

Another interesting finding in our study is the activation
of the insula, which is one of the internal components of
the limbic system. The insula showed significant activation
in the natural scenic views in contrast with the urban
scenery. Some previous neuro-imaging studies (36-38)
have demonstrated that the insula is related to a variety of
emotional functions. In particular, the insula is preferen-
tially involved in the evaluative, experiential, or expres-
sive aspects of ‘internally generated’ emotions (37, 39).
Also, Bartels and Zeki (40) found significant activation of
the insula when viewing the preferred pictures.
Conversely, other studies (41, 42) suggested that the insula
responded to negative emotional stimuli such as pain and
trauma. Thus far, activation of the insula in natural scenic
views remains unclear. The basal ganglia include the
globus pallidus and caudate nucleus, and its activation is
observed in response to happiness-induced recall (38, 43)
and pleasant pictures (13, 18, 44). In our study, this area
was predominantly activated when viewing the natural
scenic pictures only. These findings suggest that the activa-
tion of these areas reminds of past experienced memories
or recollection by paying greater visual attention to the
natural views than the urban scenery.

In our study, the predominant activation areas of the
frontal lobe for natural scenic views in contrast with urban
scenery included the superior and middle frontal gyri.
These areas play an important role in emotional cognitive
processes and are thought to be sensitive to the approach-
withdrawal emotion specifically (12, 15, 17). The inferior
frontal gyrus, another significant area in our study, showed
greater brain activity in urban scenic views than natural
views. This area may be related with the decision-making
and emotional processes associated with urban views.
Kross et al. (45) suggested that the rejection sensitivity is
associated with a significantly greater level of activity in
the inferior frontal gyrus related to self-monitoring. Lane
et al. (13) also suggested that the distraction was associated
with activation of the inferior frontal gyrus. In particular,
the combination of the prefrontal cortex and the limbic
system is very important in its brain structure and function.
This cortex has a high number of interconnections with the
limbic system and thus plays a role in the regulation and
expression of emotions and feelings when viewing their
favorite or least favorite scenic pictures.

Our current study has some limitations. The human brain
perceives a plethora of sensory information of the
surrounding environment. However, our study dealt with
only the visual stimulation with no regard to other
olfactory and auditory stimuli. In addition, we evaluated a
subject’s emotional status with a self-report while viewing
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the natural and urban scenery. We did not measure the
arousal level of the pictures and the physiological indices
reflecting heart rate and blood pressure in this study.
Therefore, it is unclear whether the activation areas were
related to high or low arousal elicited by natural and urban
scenic views.

This study dealt with the evaluation of differential
activation patterns of the human brain in response to
natural and urban scenic views. The brain activation
patterns are presumably associated with personal prefer-
ence of the scenic views, reflecting a given subject’s
emotional status and feelings based on psychology. These
findings can be utilized as a neural index for the assess-
ment of objective preference of the living environments on
human habitation.
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