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HIGHLIGHTS

» Analyzes individuals’ pleasure
level based on virtual reality
and EEG technology

» Pleasure level reaches the
highest under the scenario with
60% panoramic GVI

« Extremely high panoramic GVI
may lead to negative emotions

» Landscape with carefully
designed panoramic GVIs can
improve one’s pleasure level

KEYWORDS

Green View Index (GVI) is a core indicator to measure urban quality. Identifying proper ranges of

GVI has become a significant proposition in Landscape Architecture to design environments that can
increase individuals’ pleasure level. However, quantitative research on the pleasure level impacted by
varied GVls is still inadequate. This research explores the changes of pleasure level through EEG data
collection and questionnaire survey under panoramic scenarios with different panoramic GVIs, which
can represent more environmental elements than two-dimensional images. By adding shrubs and trees
gradually, this experiment precisely set five scenarios with the GVI changing from 0 to 30%, 60%, 90%,
and 0. Research results show that 1) individuals’ pleasure level dropped to the lowest when they first
enter the scenario with a panoramic GVI of 0, but when panoramic GVI increased from 0 to 30% and
to 60%, the pleasure level increased and finally researched the highest; 2) in an environment with a
panoramic GVI of 90%, individuals’ pleasure level significantly reduced, while some participants self-

reported the sense of fear and oppression; and 3) when shifting panoramic GVI from 90% to 0, the bright
and open space increased participants’ pleasure level. All these findings reveal that individuals’ pleasure

level reached the highest under the scenario with 60% panoramic GVI; extremely high panoramic GVI
may lead to negative emotions; and landscape with carefully designed panoramic GVIs can improve
one’s pleasure level. Future research may probe into the relationship between GVI and individuals’
pleasure level from more perspectives to provide reference for the design, optimization, and evaluation
of outdoor urban greening.
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1 Introduction

Priorities for contemporary urban construction in China are given
to urban quality improvement and management towards beautiful
cities'". Meanwhile, the quality of green spaces outweighs the
speed of their development, significantly driving improvements

of the urban environment'”, In indicating the effect of greening
efforts, green view index (GVI), which evaluates visual greenery
from the pedestrian’s perspective, is receiving more attention
than other commonly-used indicators such as green space ratio™.
Earlier research in the 1980s showed that an environment with
GVI of over 25% was relatively satisfying; when GVI reached 50%
or more, users would feel satisfied". Recent research employing
GVI analysis of real scenes and satisfaction questionnaire also
proves that streetscapes with GVIs of 20% ~ 40% were regarded
acceptable by participants, and streetscapes with a GVI of over 40%
may please most of the participants'®. Moreover, the environment
with a comparatively high GVI is conducive to emotion regulation,

I71, while access to green spaces is also

(8]

especially to calming down
beneficial to both physical and mental health™, and the quantity of
green spaces was positively related to human health. However, the
optimal GVI range that can provide reference for urban greening
needs further research efforts.

Research methods used in GVI studies are being improved,
benefitting from technological advance. Some research employs

[101~113] ith cameras that simulate human

photographs and models
visual angle. However, the measured GVI and green area using two-
dimensional materials may be inaccurate due to bias from perceived
differences in visual angles or experiment environments'*. In
recent years, researchers begin to introduce virtual reality (VR) in
GVI measurement. For instance, Xu leiqging et al. studied the GVI

in VR scenarios of urban streets, and concluded that the higher

the GVI was, the more fascinating the streetscape would be'™.
Huang Qiuyun et al. constructed three VR scenarios with varied
visible greenery ratios (using cross-view screenshots to calculate
the number of pixels associated with vegetation) and measured
skin conductance levels, founding that grassy environments had
the greatest effect on positive affect"®. However, most existing GVI
research stimulating human visual angle—horizontally 120° and
vertically about 50° up and 70° down—may neglect pedestrians’
slight body movement such like looking up and down and
glancingm]. Thus, panoramic images covering more environmental
elements such as leaves overhead and grass by feet can be used

to better simulate humans’ actual viewshed™®. Also, being able to

adjust GVIs (and even to simulate extremely high GVIs rarely seen

in real environment), VR scenarios created through simulation
modeling will solve the problem that regular photographs can
hardly fully represent GVI changes of a same site. Other studies
prove that no significant difference exists between indoor and

91 and the visual

outdoor visual evaluation on a same landscape
effects are being reinforced by the advance of VR technology to
create virtual natural environments matched the real for people to
recover mentally'””. Now VR technology has been widely used in
psychological research due to its efficacy in stimulating different
emotions”". Combining VR technology, simulation modeling
can be utilized to explore the effect of varied panoramic GVIs on
individuals’ psychological states and emotions.

Pleasure—a comfortable state for humans—is a general
indication of positive emotions and related concepts are widely
explored, usually by means of questionnaire survey, emotion

(221~241 Dye to difficulties in sample collection in such

modeling, etc.
research, things like limited sample size and subjective disparity

of participants may all impact the validity of outcomes®. One
solution to this deficiency is utilizing Electroencephalogram (EEG),
which detects electrical activity of brain cells, to indicate emotional
changes™. Emotional changes measured by EEG, comparing

to other physiological signals, can hardly be feigned or misled.
Therefore, EEG can more accurately indicate individuals’ perception
of environments'*”’,

This research evaluates individuals’ pleasure level in VR
scenarios of varied GVIs by combining EEG experiment and
questionnaire survey, hoping to provide reference for the
construction and improvement of quality urban greening and living

environment.

2 Research Methods

2.1 Participants Recruitment and Experiment Conditions
Due to the complicated and time-consuming preparation,

this experiment invited 21 healthy undergraduate and master

students (11 males and 10 females who were all right-handed®

28), All the participants

and with no history of mental illness
majored in Landscape Architecture, Urban and Rural Planning,
and Architecture, and had certain understanding of formal beauty
and aesthetics knowledge. The experiment was conducted in the

laboratory for environmental behavior studies at Anhui Jianzhu

(@ Right-handed participants are left brain dominant with similar brain structure and state.
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University, where the temperature (15°C), humidity (50%), and
acoustic (20dB) conditions are constant. Participants were not
allowed for taking excitant or pungent foods/drinks such as alcohol
48 hours before the experiment®”.. From November 29 to December
27 of 2020, 21 pieces of raw data were collected, of which 3 pieces
were deleted due to electrode disconnection or signal fault. Finally,
18 valid pieces of EEG data were obtained, 10 from males and 8
from females. Both the ex-ante evaluation and ex-post assessment
by G*Power software showed that the power was 0.63 under

a sample size of 18 and a medium effect size, proving that the
experiment results were reliable.

2.2 VR Panoramic Scenario Setting

In this experiment, participants were asked to watch VR
scenarios of varied GVIs in an indoor environment, which avoided
the disturbance of light, wind, and noise on EEG signal acquisition.
Videos used in the VR system presented panoramic images. Via this
way, the panoramic GVI can be accurately measured.

1. Panoramic images of scenarios S1(S1-2), 52, S3, and S4, and their corresponding panoramic
material channel diagrams.
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Four panoramic scenario images with different GVIs were
created through simulation modeling. The model built in the
experiment was rendered with software such as Mars, which
can support precise design of environmental elements including
roads, buildings, and plants to simulate typical urban green space
environments. Ratio of the extracted green pixel amount to the
total pixel amount of the panoramic image was used to measure
the panoramic GVI. The experiment can adjust the model to control
error in GVI setting lower than 1% (Fig. 1). The pre-experiment
results indicated that no obvious change of EEG signal existed when
GVI slightly changed; a significant fluctuation of EEG signal can be
observed when it changed by 30%. Therefore, by adding shrubs and
trees gradually, this experiment precisely set four scenarios, namely
S1/S1-2 (GVI 0, roads without plants), S2 (GVI 30%, a savanna
scenario with roads, lawn, shrubs, and scattered trees), S3 (GVI
60%, an urban green space with trees and shrubs in a medium-level
greenery), and S4 (GVI 90%, a large number of trees and shrubs). All
of the panoramic images were displayed in a length-width ratio of 2:1,
sequentially from S1 to S2, S3, S4, and S1-2.

The video of each panoramic image was played in a VRG Pro
headset, with both 3- and 6-minutes versions. Based on pre-
experiment results, the 6-minute mode was finally chosen because
a longer version would allow participants to better adopt the VR
environment so as to lower bias.

2.3 EEG Data Collection

EEG rhythms are brain waves with the same frequency, change
period, and recurrence. Brain waves normally range from 1 to
30 Hz and can be divided into Delta, Theta, Alpha, and Beta waves.
Particularly, Alpha wave ranges from 8 to 13 Hz, the hallmark
frequency of the normal awake and relax brain; while other
waves usually occur when individuals’ being sleep, overworked,
stressed, and excited””. It has been proved that positive evaluation

[31][32

is associated with the activation of Alpha waves. I Many
studies in China and other countries have employed relevant EEG
rhythms to evaluate individuals’ pleasure level and other positive

B31~B61 o measure the comfort level of microclimate

emotions
factors via changes of the power spectral density of individuals’
Alpha waves"”). Basing on previous findings, this research took
Alpha waves as an indicator to measure individuals’ pleasure level.
EEG device used in this experiment was wireless EEG electrode
caps (EMOTIV EPOC Flex 32 channels) with a sampling frequency of
128 Hz. Altogether, 7 EEG electrodes were placed under the 10-20
International System. The sampling electrodes were Fp1 and Fp2

(frontal lobe), Cz (parietal lobe), P3 and P4 (occipital lobe), and the
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Table 1: Self-reported pleasure level evaluation
Pleasure level Score Emotional experience
Not pleasant at all 1 Physical fatigue, agitated; want to remove the VR headset
Not very pleasant 2 Physical and mental fatigue; difficultly finish the experiment
Neutral 3 Not agitated, not comfortable; calmly finish the experiment
5 Somewhat pleasant 4 Comparatively enjoyable
=
g Very pleasant 5 Very comfortable; eager to stay in the VR scenario
3
reference electrodes were A1l and A2 (bilateral earlobes) (Fig. 2). 3 Data Processing and Ana]ysis
After wearing the EEG device and applied EEG cream to reduce the
impedance under 1 k(), the recording of EEG data started. 3.1 EEG Data Processing
After wearing the VR headset, participants were asked to keep This research processed and analyzed 90 pieces of raw EEG data
their eyes closed for 2 minutes to calm down (Fig. 3); Then they using MATLAB and its plug-in EEGLAB.
watched VR scenarios S1, S2, S3, S4, and S1-2 in sequence; After 1) Pre-processing data by EEGLAB through electrode
this, they removed headsets to rest with eyes closed and filled out positioning, high- and low-pass filtering, power frequency filtering,
questionnaires, which process can reduce the impact of visual artifact removal by independent component analysis, segment
fatigue on EEG signals (Fig. 4). threshold, etc.”®.
2) Inputting the pre-processed data to the study module
2.4 Questionnaire Survey of EEGLAB, converting the time domain data into frequency
The questionnaire survey collected participants’ information domain data by Fast Fourier Transform (FFT) algorithm, and then
(gender, age, profession, family background, etc.) and feelings to drawing the average frequency domain maps of EEG rhythms
varied VR scenarios. The latter utilized a Likert Scale (5-point), under scenarios S1, S2, S3, S4, and S1-2 (Fig. 5). As the frequency
requiring participants to rate their pleasure level in each GVI domain analysis can present the distribution of items at different
scenario (Table 1). The variance analysis result of 0.698 (p > 0.05) frequencies, power spectrum results obtained by the algorithm can
proves the homogeneity of variance in the questionnaire survey. directly represent changes of EEG signals.
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Table 2: Reliability analysis of EEG data And 3) EEG a value (i.e. EEG pleasure level, ranging from 0 to
YR scenario Elecrrode CITCvalne :cloe.fflcu;nt.after R 100) was obtained by extracting the data in the unit of dB (digital)
eleting the item from MATLAB by taking the logarithm (base 10) of the power
Cz 0.485 0.861 spectral density via the study module. The reliability of the sample
Fpl 0.461 0.863 size was tested by Cronbach’s Alpha coefficient (a coefficient
S1 P3 0.622 0.857 hereafter), and the results (Table 2) showed that the EEG data had a
pa 0.675 0-855 high reliability (0.868)%.
Fp2 0.662 0.858 s . . . .
P In addition, this research normalized the data with linear
Cz 0.435 0.863 function to eliminate the dimensional influence between EEG a
Fpl 0517 0.862 value and the questionnaire results by converting the original data
S2 P3 0.267 0.869 into values within the range of [0, 1]. The normalization formula is
P4 0.312 0.868
Fp2 0.539 0.861 i} X Xy
norm —
Xmax — Xmin ' (1)
Cz 0.604 0.858
Fpl 0.248 0.868
$3 P3 0.653 0.856 where x,,,,, is the normalized data, x is the original data, «,,,, and
P4 0.665 0.855 0.868 X,,,, are the maximum and minimum values of the original data set,
Fp2 0.356 0.865 respectively.
Cz 0335 0.866 3.2 Analysis of Multiple Groups of EEG Data and Questionnaire
. Fpl 0.358 0.865 Results
4 P3 0.197 0.871 .
This research took the mean value of Alpha wave power for
P4 0.288 0.867 . o . .
Fp2 0.185 0.869 further analysis to eliminate the subtle differences in rhythm
between electrodes. The averaged frequency domain map produced
Cz 0.413 0.864 by the study module of EEGLAB can clearly show general changes in
Fp1l 0.186 0.870 spectrum frequency (Fig. 6).
51-2 P3 0.486 0.862 Then, this research used SPSS 24.0 to analyze the 90 pieces
b4 0486 0.862 of EEG data of pleasure level (EEG a value) and 18 pieces of self-
Fp2 0.242 0.868
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Table 3: Independent-samples t test for normalized results of EEG pleasure
level under varied scenarios

S1 S2 S3 S4 S$1-2
S1 1 2.37* 0.02** 0.83 0.80
S2 1 1.75 0.26 0.40
S3 1 0.55 0.51*
S4 1 0.01
$1-2 1

NOTE * means p < 0.05; ** means p < 0.01.

Table 4: Independent-samples t test for normalized results of self-reported
pleasure level under varied scenarios

S1 S2 S3 S4 $1-2
S1 1 15.52%** 0.39%** 11.72%** 8.96**
S2 1 14.06*** 0.07* 1.35%*
S3 1 15.13%** 12.74%**
S4 1 0.95
$1-2 1

NOTE * means p < 0.05; ** means p < 0.01; *** means p < 0.001.

Table 5: Pearson correlation test for normalized results of self-reported and
EEG pleasure level under varied scenarios

Self-reported pleasure level EEG pleasure level

0.970**
EEG pleasure level 1

Self-reported pleasure level 1

NOTE ** means p < 0.01.
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items with the same letter are with no obvious difference and items with different letters are with obvious differences.

6. Anintegrated average frequency domain diagram of all electrodes

7-1. EEG pleasure level results under scenarios S1, S2, S3, S4, and S1-2.

7-2. Normalized EEG pleasure level results under scenarios S1, S2, S3, S4, and S1-2.

7-3. Self-reported pleasure level results under scenarios S1, S2, S3, S4, and S1-2.

7-4. Normalized self-reported pleasure level results under scenarios S1, S2, S3, S4, and S1-2.

EEG and self-reported pleasure level under varied scenarios were
tested by independent-samples t test and Pearson correlation test.
The results are shown in Tables 3 ~ 5.

4 Research Results and Analysis

4.1 EEG Pleasure Level Under Varied Scenarios

Figure 7-2 and Table 3 show that scenarios with normalized
EEG pleasure level from high to low are S3, S2, S4, S1-2, and S1,
indicating that the EEG a value increases as the panoramic GVI
grows until it reaches 90%. Meanwhile, significant difference exists
between scenarios S1 and S3 (p < 0.01); differences exist between
S1 and S2, S3 and S1-2 (p < 0.05); but no significant difference is
found between other pairs of scenarios.

4.2 Self-reported Pleasure Level Under Varied Scenarios

Figure 7-4 and Table 4 show that scenarios with normalized self-
reported pleasure level from high to low are S3, S2, S4, S1-2, and S1.
Further, there are very significant differences between S1 and S2, S1
and S3, and S1 and S4 (p < 0.001), as well as significant difference
between S1 and S1-2 (p < 0.01), implying that participants’ pleasure
level under scenario S1 differed largely from other scenarios.

LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS
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4.3 Comparative Analysis of EEG and Self-Reported Pleasure
Level Under Different Scenarios

Both results of EEG and self-reported pleasure level indicate
that participants had the lowest pleasure level under scenario S1
and the highest under scenario S3. Furthermore, as shown in Table
5, the EEG pleasure level has a significant positive correlation with
the corresponding self-reported one (p < 0.01), i.e. the physiological
signs corroborated the self-reported results by participants.

Under scenario S1, the EEG rhythm power of participants
dropped the most (Fig. 6); the normalized EEG a value was lower
than 0.3 (Fig. 7-2); and the self-reported results implied that
participants felt fatigue.

Under scenario S2, participants’ EEG pleasure level (p < 0.05,
Table 3) and self-reported pleasure level (p < 0.001, Table 4) were
significantly improved. This suggests that environments even
with small amount of vegetation may significantly increase users’
pleasure level.

Under scenario S3, participants’ EEG pleasure level reached the
highest (Fig. 7). Results under scenarios S1, S2, and S3 suggest that
participants’ pleasure level positively correlates with the panoramic
GVI. Moreover, participants were emotionally stable when being
exposed to scenario S3 with moderate amount of greenery, and
feelings such as “relaxed” and “comfortable” were reported. No
visual fatigue was reported under this scenario, and their pleasure
level increased significantly in a short period of time.

When coming to scenario S4 filled with densely growing
vegetation that blocks out sunlight, participants had a strong sense
of oppression. As the viewing time increased, some even self-
reported the sense of fear, indicating that the panoramic GVI of 90%
obviously discomforted participants. Under this scenario, both the
EEG and self-reported pleasure levels declined, significantly lower
than those under scenarios S2 and S3 (Fig. 7). The quiet laboratory
environment (SPL < 20dB) may also make participants more

anxious, resulting in uncomfortable feelings such as insecurity™"*’,

4.4 Influence of Scenario Changes on Individuals’ Pleasure Level
Participants’ self-reported pleasure level under scenario S1-2
was obviously higher than that under scenario S1 (p < 0.01, Table 4,
Fig. 7-3), though the two scenarios had the same GVI (0). The same
variation can be found in the EEG pleasure level results (Fig. 7-2),

but the difference was not significant. This might be a result

of the scenario change: when under scenario S1, the virtual
scene was new to participants; while shifting from scenarios S4
to S1-2, the bright, open space with a lower GVI can help relieve
participants’ tension and fear.

VOLUME 10/ ISSUE 2 / APRIL 2022
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[t can be found from above results that extremely high or low
panoramic GVIs can neither improve individuals’ pleasure level; and
shifts of panoramic GVIs, from high to low, may elevate participants’
mood. Thus, compared with a landscape site of an unchanged GVI,

a landscape with carefully designed multiple panoramic GVIs can
effectively improve individuals’ pleasure level.

4.5 Time-Frequency Analysis

The time-frequency analysis can clearly show the power spectral
density of EEG signals under different scenarios and help identify
fluctuations. After deleting the bad data over the first 10 ~ 30
seconds for headset adaptation, the time-domain EEG data were
input to EEGLAB. In the generated time-frequency domain diagram,
the heat color represents the intensity of EEG a value—the darker
the blue (red) color, the lower (higher) the EEG a value (Fig. 8).

The panoramic videos were made by a panoramic image, the both
ends of which were connected. Participants remained seated for more
precise EEG data collection. The time-frequency domain diagram
under scenario S1 indicates that participants had a comparatively
high pleasure level due to their being curious and expectant (EEG a
value presented in yellow). After this initial stage, the diagram showed
a stable pattern, indicating that the EEG a value was little changed
under this scenario. From 160 to 200 seconds, the middle period
of the experiment when participants exposed to an environment of
road pavement, the EEG a value decreased significantly. This implies
that VR hard facility would reduce individuals’ pleasure level.

After breaks, participants successively experienced scenarios
S2,S3, S4, and S1-2. Verified by the time-frequency analysis results,
participants who were now familiar with the experimental flow had
no obvious mood swing in the first tens of seconds. Under scenario
S2 with more vegetation than S1, there were clear segments in the
diagram; the EEG a values lowered when participants watched
shrubs and hard pavement areas from trees. Participants’ overall
pleasure level under scenario S3 was higher than under other
scenarios—when watching green spaces, the EEG a value increased
(in yellow); when watching pavement areas, the EEG a value dropped
(in blue). Under scenario S4 with the highest value of panoramic
GVI, the diagram pattern is similar to that of S1, where no obvious
fluctuation was found. Finally, under scenario S1-2, participants’
pleasure level was significantly increased: over the first 30 seconds,
the EEG a value was high (in dark red); then the diagram shows a
similarity with that of scenarios S1 and S4. These results imply that
participants’ pleasure level increased quickly when experiencing a
shift from the scene with dense trees and shrubs (S4) to a wide, open
environment (S1-2).
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4.6 EEG Brain Mapping Analysis

EEG brain mapping analysis result (Fig. 8) illustrates that under
scenario S1, EEG a values of Fp1, Fp2, Cz, P3, and P4 were low in
general (mainly in dark blue). With the increase of panoramic GVI,
the brain mapping shows the following characteristics.

1) The diagram turns from dark blue to dark red or yellow,
indicating the increase of participants’ pleasure level from
scenarios S1 to S2 and to S3; From scenarios S3 to S4, the EEG a
values decreased significantly.

And 2) when participants experienced different scenarios, EEG
a values of frontal lobe (controlling an individual’s mental function)
and occipital lobe (controlling visual function) changed obviously,
while that of parietal lobe (controlling somatosensory function)
changed little. This indicates that changes in different brain regions
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were similar to those under different scenarios, and the frontal and
occipital regions were stimulated more obviously.

5 Discussion and Conclusions

This research analyzed individuals’ pleasure level changes
under VR scenarios with varied panoramic GVIs by integrating both
methods of EEG data collection and questionnaire survey, aiming at
discovering proper GVI ranges for green space design. Considering
that at present panoramic GVI is a new and less-explored indicator
in planning and design, this research did not conducted an in-depth
theoretical review about it. The results showed that individuals
had the lowest pleasure level under the scenario with the GVI of 0.
When GVIincreased from 0 to 30% and to 60%, the pleasure level
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increased and researched the highest under the scenario with a
GVI of 60%. This is consistent with previous findings by Zheng
Lingyu et al.*" and Ke-Tsung Han"? that participants’ space
satisfaction of urban parks reached the highest under GVIs of
30% ~ 60%. Therefore, it is suggested to include the panoramic GVI
of 60% into design guidelines for green space that can help enhance
users’ experience.

Urban green spaces are fundamental for citizens to connect with
nature, and quality green spaces and undergrowth can reduce the
risk of mental diseases and strengthen people’s benefits of physical
and mental health™***, Studies based on physiological sensing and
VR technology also prove that even in an artificial environment,
the site of augmented natural characteristics can bring restorative
experience to users'*”!, However, few studies explored the threats
to health caused by excessive greening. This study found that in an
environment with a panoramic GVI of 90%, individuals’ EEG and self-
reported pleasure levels were both significantly reduced, revealing
that an extremely high panoramic GVI may lead to negative emotions.
This study also discovers that changed panoramic GVIs in a certain
environment can improve individuals’ pleasure level. Thus, green
space planning and design may employ strategies such as introducing
spaces with designed GVIs to enhance users’ pleasure level.

Difficulties in this research include complicated, time-consuming
sample and data collection, EEG experiment process, and data
processing. Regarding the sample size, 18 is valid as proved by
previous studies”?*’'®%, This paper displays an experiment
that probes into an emerging research interest with integrated
methods and available data. Future studies should find a balance
between experiment timeliness and complexity, and explore the
influence of the disparity of individuals’ background (professions,
ages, education levels, etc.), so as to better reveal the correlations
between panoramic GVIs and individuals’ pleasure level.
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