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Abstract

Plants play a very important role in landscape construction. In order to explore whether dif-
ferent living environment will affect people’s preference for the structural features of plant
organs, this study examined 26 villagers and 33 college students as the participants, and
pictures of leaves, flowers and fruits of plants as the stimulus to conduct eye-tracking and
EEG detection experiments. We found that eye movement indicators can explain people’s
visual preferences, but they are unable to find differences in preferences between groups.
EEG indicators can make up for this deficiency, which further reveals the difference in psy-
chological and physiological responses between the two groups when viewing stimuli. The
final results show that the villagers and the students liked leaves best, preferring aciculiform
and leathery leaves; solitary, purple and capitulum flowers; and medium-sized, spathulate,
black and pear fruits. In addition, it was found that the overall attention of the villagers when
watching stimuli was far lower than that of the students, but the degree of meditation was
higher. With regard to eye movement and EEG, the total duration of fixations is highly posi-
tively correlated with the number of fixations, and the average pupil size has a weak nega-
tive correlation with attention. On the contrary, the average duration of fixations has a weak
positive correlation with meditation. Generally speaking, we believe that Photiniaxfraseri,
Metasequoia glyptostroboides, Photinia serratifolia, Koelreuteria bipinnata and Cunningha-
mia lanceolata are superior landscape building plants in rural areas and on campuses;
Pinus thunbergii, Myrica rubra, Camellia japonica and other plants with obvious features
and bright colours are also the first choice in rural landscapes; and Yulania biondii, Cercis
chinensis, Hibiscus mutabilis and other plants with simple structures are the first choice in
campus landscapes. This study is of great significance for selecting plants for landscape
construction and management according to different environments and local conditions.
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Introduction

Environmental quality plays an important role in our life, which affects appeal to people’s aes-
thetic sense, and their physiological and psychological health [1]. People can perceive and eval-
uate the environment through sight, hearing, smell and touch, but visual perception is the
most important means [2]. Some scholars use the term “visual environment” to describe peo-
ple’s visual perception of the environment [3, 4], and many existing studies also use the term
“visual landscape” to highlight the visual attributes of landscape [2, 5]. The visual preference of
the landscape means the environment is conveyed by visual perception, and people form inner
perceptual feelings based on personal experience, needs, expectations and psychological state
[6, 7]. The range of landscape is very wide, encompassing everything from the macro- to the
micro-scale, from urban parks to plants [8]; plant organs can also be called environment.

Some scholars have focused on the landscape and explored people’s preference for different
landscape types or features. They have selected cities [9], parks [10], courtyards [11], green
spaces [12] and the river bank [13], among others, on as the research objects, and summarized
nine visual concepts [14] used to analyze the visual landscape features: naturalness, interfer-
ence, complexity, consistency, historicity, management work, horizon, image and time varia-
tion. In addition to the above landscape types, increasing numbers of scholars have done
much meaningful research on plant landscape preference. Plants are an important element in
the landscape, with the capacity to improve people’s mental and physical health. Any vegeta-
tion contributes to visual improvement [15], and is also an important element of environmen-
tal perception and preference [16], so it cannot be ignored. People often start from individual
plants [15], communities or plant configuration combinations [17], and study them from a
macro perspective. The structural features and systems of plants have an important influence
on how people interpret plants [18], so there are also some researchers who cut in from a
deeper direction to study the public’s preference for plant organs. Rahnema et al. [19] selected
eight ornamental plants with flowers or leaves, and used questionnaires to reveal the prefer-
ence and emotional perception of ornamental plants from the perspective of plant organ fea-
tures. Tarakci-Eren and Duzenli [16] took photos of designated angiosperms in different
seasons, and studied the preference level and cognitive differences of the colour changes of
stems, leaves, flowers and fruits of plants on the Karadeniz Technical University campus. How-
ever, it is worth noting that these scholars have not undertaken this study of plant organs as
the core of their research, so they have not systematically integrated people’s preferences when
organs are used as plant landscapes.

As early as several decades ago, scholars proposed that most people viewing a landscape
would determine the advantages and disadvantages of the landscape [20], and thought that dif-
ferent people would have different views when viewing the same landscape [21, 22]. Therefore,
in addition to the above-mentioned research on landscape preferences, some scholars pay
attention to the differences in the preferences of different individuals or groups for particular
landscapes. Most are based on age and gender [23], cultural background [24], professional
background [25] and familiarity with the research location [26, 27] as individual or group fea-
tures. In addition, landscape preference is not only influenced by people’s natural self-aware-
ness [28], but also impacted by the growing environment to a certain extent, so the living
environment is also a very important group characteristic. Yet there are currently few research
results. The differences in living environment span a wide range and can exist in different
countries. Some scholars have investigated the differences in preferences of people who live in
different countries and have different living environments for urban square design elements
[29]. There may also be differences in living environment within the same country. For exam-
ple, Luo et al. [30] took China as an example and compared local high school students in
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Xiamen and Xinjiang. Through the implementation of landscape livability and aesthetic pref-
erence tests, the landscape preference differences and their features and the assimilation trend
between the two groups of people were discussed. In some studies, the concept of “prototype
landscape” was used to distinguish people from different living environments. This concept is
the experience summary of settlers’ previous living landscapes [31]; Gong et al. [32] discuss the
influence of different original landscape types on the perception of the urban plant landscape.

The rural residential environment is an important part of livable and sustainable rural areas
all over the world. Planting trees can change the perception of landscape, and different tree
configurations will produce different responses [33]. With the development of social technol-
ogy and the changing rural economy, the configuration of the rural landscape is being redrawn
[34]. A campus is a miniature of the general trend of urban forest development. The College of
Botany, Landscape Architecture and Urban Design of The University of Pennsylvania in Phila-
delphia in the United States once made a comprehensive landscape plan for its campus, and
advocated the planting and cultivation of campus trees [35]. Hami and Abdi [36] also empha-
size the importance of vegetation, rest areas and waterscape for a campus landscape, because
students like campuses with natural foundations, landscape elements and places where they
can sit and rest. Study areas should be designed with vertical natural elements. However, the
best plants for landscape construction in the two environments have not been studied exten-
sively. We therefore decided to explore whether differences exist in people’s preferences for
particular plant landscapes in rural and campus living environments. Villagers and students
are the biggest landscape audiences in rural and campus environments respectively. They
spend most of their time in rural and campus environments, making them the best candidates
to study in relation to the two environments; we therefore chose to make villagers and students
the research objects of this study.

People’s attitudes, perceptions and preferences are closely related to the features of eye
movement, and people’s cognitive behavior can be analyzed using eye movement [37]. Eye
movement is the movement of the eyes when they receive external information, which mainly
includes three basic forms: fixation, saccade and pursuit movement [38]. Among these, fixa-
tion refers to aiming the central fossa of the eyeball at the stimulate target in order to get the
clearest image. However, the eyeball is not completely stationary when staring, and there are
still very small saccade movements, such as drift, tremor and involuntary saccade. The saccade
is the extremely fast movement of the fixation point, thus keeping the object to be fixed in the
central fovea area, in order to search for the stimulation target and obtain clear vision. Pursuit
movement refers to the movement of people’s eyes following a moving object [39]. People usu-
ally think they control eye movements, but in fact there are many eye movements that are diffi-
cult for individuals to control or even detect. The above three kinds of eye movements always
exist in people’s daily life consciously or unconsciously. According to statistics, 80 to 90 per
cent of the information people get from the outside world comes from vision [40], so eye track-
ing has wide application value in many fields [41-45]. This method has gradually matured and
is widely used in the study of visual landscape preference, especially in the forest [46, 47],
urban parks [10, 48] and rural landscapes [49]. As mentioned above, however, few studies
exist on visual preference using eye tracking experiments for individual plants and their organs
at a closer distance. For example, Zheng et al. [18] used the pictures of ornamental bamboo
stems and leaves as their stimulus materials for eye tracking experiments, and discussed peo-
ple’s preference types from stem colours to stem stripes, leaf stripes, stem variation types and
growth habits.

In addition to eye tracking, EEG technology has also been applied to landscape evaluation
and preference. The development of neuroscience over the last century has greatly enriched
people’s understanding of the bioelectrical signals emitted by brain neurons [50]. EEG is a
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physiological signal that uses physiological methods to measure nerve signals on the surface of
the scalp and record them. The patterns and frequencies of these bioelectric signals can be
measured by sensors placed on the scalp [51]. Different neural activities produce different
brain wave patterns, and different brain wave patterns emit EEG with different frequencies,
thus showing different brain states. The following are the frequency band divisions and the
mental state of the brain reflected by different types of EEG:

1. Delta wave: 1-3 Hz, in deep sleep, non-rapid eye sleep, unconscious state
2. Theta wave: 4-7 Hz, in the state of creation, memory, fantasy, imagination, light sleep state
3. Alpha wave: 8-12 Hz, in a relaxed but not sleepy, calm and conscious state

4. Low-frequency Beta wave: 12-15 Hz, in a motor-sensory rhythm—that is, a state of relaxa-
tion, concentration and coordination

5. Intermediate-frequency Beta wave: 16-20 Hz, in a state of thinking and clear awareness of
self and surrounding environment

6. High-frequency Beta wave: 21-30 Hz, in a state of alertness and excitement.

Many different psychological indicators can be obtained using this technique, which may
infer attention from the electrical signals of the brain [41]. EEG response reveals the difference
of electrical activity in the human brain [52]. The application of EEG mostly focuses on clinical
diagnosis and research in medicine [53, 54]. In recent years, scholars have also applied this
technology to other fields, such as driving a motor vehicle [55, 56], click intention of network
users [57], consumer preference [58, 59] and landscape evaluation [60, 61], but the influence
of plants on psychophysiological response has not been explored thoroughly [62]. When com-
bined with other instruments, EEG can provide more accurate results for participants’
response under stimulation [63, 64]. Therefore, some researchers have combined eye tracking
and EEG technology to discover people’s preferences and physiological responses to the land-
scape more scientifically and effectively [51, 65]. On the whole, however, the number of related
studies remains small.

This study combines visual and neural science technologies—eye tracking and EEG-to
study the preferences and differences of plant features between villagers and students living in
different environments to provide a basis for a discussion of the similarities and differences of
plant application in rural and campus landscape construction. We take plant organs as our
research core, choose leaves, flowers and fruits as plant landscapes, and extract their colour,
shape, size, type and other characteristics for research into preferences. The aims were to pro-
vide scientific reference suggestions for the selection of plants in landscape construction,
explore some new perspectives for landscape preference, and provide more reference data for
the combination of eye movement and EEG and the relationship between them.

Methods
Participants

There are two groups of participants in this experiment. One group comprises 26 villagers
(Mgge = 47.23, SD,q = 10.359) in Changkou Village, Sanming City, Fujian Province, with edu-
cation levels of high school and below. They have lived in Changkou Village for at least two
years and represent the group living in the rural environment. The other group consists of 33
undergraduates and postgraduates (Mge = 21.79, SD,g = 2.176) in Central South University
of Forestry and Technology, Changsha City, Hunan Province. They are sophomores and
above-that is, they have lived in the university for at least one year, representing the group
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living in the campus environment. The villagers in Changkou Village were organized to partic-
ipate in the experiment by the staff of the village committee with the consent of the participants
themselves, while the students in the university were recruited by the researchers through
social media software on WeChat to publish recruitment information in the university via
group chats. A total of 59 people participated in the experiment, including 20 men and 39
women, aged between 18 and 63 years. All participants had normal or corrected-to-normal
vision, no colour blindness or weak colour recognition, and all of them passed the eye move-
ment calibration in the experiment, meeting the experimental requirements. The experiment
obtained the informed consent of all subjects. The study was carried out in accordance with
relevant guidelines and regulations, and approved by the academic committee of Central
South University of Forestry and Technology. The data were analyzed anonymously.

Stimuli

It is considered effective to experiment with pictures as a medium [66-68]. The participants
need to watch a total of 123 colour pictures, of which three are warm-up pictures set to prevent
interference of the primary effect. The three warm-up pictures are first shown to the partici-
pants in the experiment, but their data are not included in any statistical analysis, and the
remaining 120 are experimental pictures to obtain valid experimental data. Each picture uses
depth-of-field mode of camera or fuzzy processing to ensure that one of the leaves, flowers or
fruits of a certain plant can be clearly and intensively displayed. These pictures reflect some
specific attributes of various plant organs, such as colour, shape, inflorescence, size, and so on
(Fig 1). For the sake of explaining the size of fruit, this study called fruit with a diameter greater
than 5 cm “large fruit”, that with a diameter of 3-5 centimetres “medium fruit”, that with a
diameter of 1-3 centimetres “small fruit” and that with a diameter of less than 1 centimeter
“micro fruit”. There are 52 species and 25 families of plants involved in the experiment, which
were selected under the guidance of botanical experts (Table 1). Images were taken by
researchers or downloaded from official websites related to plants, including the Institute of
Botany, Chinese Academy of Sciences (http://www.ibcas.ac.cn), and Chinese Union of Botani-
cal Gardens (https://www.cubg.cn). In order to reduce the interference of different tones on
vision, Photoshop CS6 software was used to unify the tones of the pictures without changing
the colours of plants.

Apparatus

The eye movement data are recorded by Tobii Pro Glasses 2 wearable eye tracker, which has a
wireless real-time observation function; its super wide-angle scene camera ensures that we can
investigate the natural visual observation behavior. The eye tracker uses pupil corneal reflec-
tion and binocular dark pupil acquisition technology to track the eye movement of the partici-
pant, and supports slip compensation—that is, the data error compensation when the
capitulum-mounted module moves slightly during the test-so the data quality will not be
affected. With the slip compensation technology and the sampling rate of 100Hz (four eye-
tracking cameras, each with a sampling rate of 100Hz), more accurate data will be obtained.
EEG data are collected by Mind Wave Mobile capitulumset equipment of the NeuroSky Com-
pany, which is connected to smartphone through Bluetooth. EEG data collected by equipment
are received and recorded by eeglID software, with a recording frequency of once every second,
and output in CSV format file. The equipment uses ThinkGear technology to amplify the orig-
inal EEG signal and filter out the interference caused by environmental noise and pulse and
muscle movement, to ensure a clear EEG signal can be collected. It measures EEG signals
through a sensor placed on the forehead and a reference electrode contact placed on the ear,
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Fig 1. Pictures of some plant organs used in experiments. (a) leaves. 1 is the leaves of Ginkgo biloba, which is sector, yellow and leathery; 2 is the leaves
of Diospyros rhombifolia, which is oval, green and paper-like. (b) Flowers. 1 is the flower of Cercis chinensis, with is raceme and purple; 2 is the flower of

Michelia maudiae, which is solitary and white. (c) Fruits. 1 is the fruit of Punica granatum, which is spherical, berry, red and large; 2 is the fruit of Pinus
thunbergii, which is oval, cone, green and medium.

https://doi.org/10.1371/journal.pone.0279596.9001

and obtains 3, 0, o, B, and y signal data, which are processed by an integrated chip. It then cal-
culates people’s current mental state in a digital exponential way by using the eSenseblem algo-
rithm, and obtains the quantized eSense indicators value, including attention and meditation.
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Table 1. The species, families and numbers of plants used in this study.

Number of family Family Number of species Species
1 Cupressaceae 6 Fokienia hodginsii
50 Metasequoia glyptostroboides
51 Cunninghamia lanceolata
2 Cannabaceae 20 Celtis sinensis
3 Aquifoliaceae 29 Ilex rotunda
4 Fabaceae 38 Cercis chinensis
5 Elaeocarpaceae 30 Elaeocarpus glabripetalus
6 Pittosporaceae 8 Pittosporum tobira
7 Juglandaceae Pterocarya stenoptera
8 Buxaceae 12 Buxus sinica
9 Hamamelidaceae 4 Liquidambar formosana
31 Distylium racemosum
43 Loropetalum chinense
10 Malvaceae 45 Hibiscus mutabilis
11 Calycanthaceae 13 Chimonanthus praecox
12 Magnoliaceae Yulania liliiflora
Michelia chapensis
15 Yulania biondii
23 Michelia maudiae
42 Magnolia grandiflora
47 Liriodendron chinense
49 Michelia figo
13 Oleaceae 11 Fraxinus hubeiensis
16 Ligustrum lucidum
19 Osmanthus fragrans
48 Jasminum mesnyi
14 Anacardiaceae 17 Choerospondias axillaris
15 Lythraceae 25 Punica granatum
39 Lagerstroemia indica
16 Rosaceae 2 Cerasus campanulata
26 Malus halliana
27 Amygdalus persica
36 Chaenomeles speciosa
37 Photiniaxfraseri
52 Photinia serratifolia
17 Theaceae 34 Camellia sasanqua
41 Camellia transarisanensis
46 Camellia japonica
18 Ebenaceae 14 Diospyros rhombifolia
19 Pinaceae 10 Pinus thunbergii
44 Pinus massoniana
20 Sapindaceae 7 Koelreuteria bipinnata
22 Acer buergerianum
32 Sapindus saponaria
21 Araliaceae 1 Fatsia japonica

(Continued)
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Table 1. (Continued)

Number of family
22

23
24
25

https://doi.org/10.1371/journal.pone.0279596.t001

Family Number of species Species
Berberidaceae 18 Berberis thunbergii
21 Nandina domestica
24 Mahonia fortunei
Mpyricaceae 40 Myrica rubra
Ginkgoaceae 33 Ginkgo biloba
Lauraceae 28 Cinnamomum japonicum
35 Fokienia hodginsii

The specific calculation formula is as follows:

Pa = (my 4+ nf + ta) x 100

Pm = (x0 + yo + zo) x 100

Where Pa is attention; ¥, f, and « are, respectively, the percentages of y wave, § wave, and
wave in EEG energy; and m, n, and t are the weight coefficients of y wave,  wave, and o wave,
respectively;

where Pm is meditation; 6, 8, and o are, respectively, the percentage of 6 wave, § wave, and
o wave in the energy of the EEG signal; and x, y, and z represent the weight coefficients of 0
wave, § wave, and o wave, respectively.

Methodology

Experiments were carried out in the laboratory of the Tourism College of Central South Uni-
versity of Forestry and Technology and in the meeting room of Changkou Village Committee.
To avoid inaccurate eye tracking and EEG acquisition caused by the participants’ nervousness
due to their unfamiliarity with laboratory instruments and the environment, and the influence
of external factors, before the experiment the participants sat in a comfortable chair and wore
the eye tracker and EEG detector at the same time under the guidance of researchers. They
then adapted and rested for a certain period of time until the discomfort was eliminated. In
addition, the experimental environment was controlled to be quiet, dimly lit with suitable for
temperature and humidity [69]. In the experiment, eye movement calibration was carried out
first, with the researcher instructing the participants to hold eye movement calibration cards
for calibration; the experiment was carried out only after the calibration was completed. The
experimental pictures were displayed in random order, and each picture was played for 10 sec-
onds, so the participants only needed to watch freely according to their daily viewing habits
[49]. The participants did not know the specific purpose of the experiment [70], and the exper-
iment process was lengthy, allowing the participants to pause at any time and rest for five to 10
seconds before continuing [22, 71]. After the experiment, the participants need to fill in their
personal details forms, and the researcher gave each participant a red envelope containing
cash to express gratitude.

Indicator selection

After the experiment, a large amount of eye movement and EEG related data were obtained,
and the indicator data suitable for this study needed to be selected according to the research
needs. In terms of eye movement, taking into account the consistent viewing time of each
image and the clearly defined area of interest (AOI), five eye movement indicators were
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selected in this study, including total duration of fixations (TDF), number of fixations (NF),
average duration of fixations (ADF), average pupil size (APS) and average amplitude of sac-
cades (AAS). Among them, total duration of fixations and number of fixations can be regarded
as a measure of attractiveness [72, 73] and can reflect the visual preference of participants [74].
The greater the attraction, the greater the value of the two indicators. The average duration of
fixations conveys to researchers the time taken for the participants to acquire and process the
information displayed by the stimulus. The larger the average of fixations, the greater the
information conveyed by the stimulus, and the more time needed by participants to under-
stand [75, 76]. The average pupil size reflects the visual sensitivity of participants to stimuli
[18]. The average amplitude of saccades reflects the range of information obtained. The larger
the amplitude, the clearer the picture features, meaning the participants could directly reach
the target area [77].

In terms of EEG, two indicators of attention and meditation were selected. The attention
indicators show the intensity of participants’ mental concentration, and mental states such as
distraction, trance, inattention and anxiety will reduce the attention indicators [78]. Medita-
tion indicates the mental relaxation degree of the participants, and there is a clear correlation
between increased levels of meditation and decreased brain activity. Mental states such as anxi-
ety, agitation and sensory stimulation will reduce the meditation value [78].

Data analysis

After the experiment, the data of participants with low eye tracking sampling rate were deleted,
and 24 valid data of villagers and 30 valid data of students were obtained, totalling 54. By delet-
ing the data with incomplete EEG data records or too many pauses, 17 valid data of villagers
and 25 valid data of students were obtained, totalling 42. The eye movement data were pro-
cessed in Tobii Pro Lab software based on leaves, flowers and fruits as AOI, and then the
required eye movement data was exported. For EEG data, first the data of the first 30s was
deleted when watching the warm up pictures, then the data of each experimental picture for
10s was intercepted, and the average value of all tested data per second was calculated for sub-
sequent analysis. SPSS 20.0 was used for statistical analysis, nonparametric testing and correla-
tion analysis.

Results
Eye movement data

Organs, species and families. According to the results of the Mann-Whitney U-test, on
the whole there are significant differences between villagers and students in five eye movement
indicators respectively (p<0.05). The students’ total duration of fixations, number of fixations,
average pupil size and average amplitude of saccades is much higher than those of villagers,
but the average duration of fixations is the reverse (Table 2). Multivariate analysis of variance
showed that there was no significant interaction between different environmental background
and plant organs and their features in eye movement indicators (p>0.05).

Table 2. Mean value of eye movement indicators of villagers and students as a whole.

Varieties TDF
Mean

Villagers 3.872

Students 5.109

NF ADF APS AAS
Mean SD Mean SD Mean SD Mean SD
11.32 7.519 0.371 0.348 3.950 0.990 4.250 2.020
16.89 8.267 0.321 0.181 4.264 0.725 5.425 2.119

TDF: Total duration of fixations; NF: Number of fixations; ADF: Average duration of fixations; APS: Average pupil size; AAS: Average amplitude of saccades.

https://doi.org/10.1371/journal.pone.0279596.t002
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With respect to plant organs, the eye movement indicators of villagers and students have
the same trend, and Kruskal-Wallis H-test results show that there are significant differences in
their total duration of fixations, number of fixations and average duration of fixations
(p<0.05), but no differences in their average pupil size or average amplitude of saccades. Both
groups had the longest total duration of fixations and the biggest number of fixations when
watching leaves, followed by flowers and fruits, while the order of average duration of fixations
was completely opposite, and fruits had the longest. On the whole, all the indicators of students
are much higher than those of villagers except for the average duration of fixations (Table 3).

In terms of species, there are significant differences between villagers and students in their
total duration of fixations, number of fixations and average amplitude of saccades respectively
(p<0.05), and the trends are basically the same. For the first two indicators, Photiniaxfraseri
has the highest value, Metasequoia glyptostroboides, Photinia serratifolia, Koelreuteria bipin-
nata and Cunninghamia lanceolata are also at the forefront. Meanwhile, villagers have higher
values of the indicators on Pinus thunbergii, Myrica rubra and Camellia japonica, while stu-
dents have higher values of the indicators on Yulania biondii, Cercis chinensis and Hibiscus
mutabilis, and larger saccades on Pinus massoniana, Acer buergerianum, Cunninghamia lan-
ceolata, Jasminum mesnyi, Choerospondias axillaris, Camellia japonica, and Sapindus sapo-
naria. In addition, there are differences in average duration of fixations among villagers
(p = 0.000<0.05) with higher values of Chimonanthus praecox, Pinus thunbergii and Diospyros
rhombifolia, and differences in average pupil size among students (p = 0.000<0.05) with larger
average pupil size on Pinus massoniana, Photiniaxfraseri and Malus halliana (Fig 2).

Like species, there are significant differences in families in total duration of fixations, num-
ber of fixations and average amplitude of saccades between the two groups (p<0.05). Fabaceae,
Mpyricaceae, Malvaceae, Araliaceae, Cupressaceae, Pinaceae and Theaceae are all in the fore-
front. Both groups have larger saccades in Anacardiaceae, Juglandaceae, Ginkgoaceae, Sapinda-
ceae, Cupressaceae, Araliaceae and Theaceae. There are differences in average duration of
fixations among villagers (p = 0.000<0.05), with higher values in Calycanthaceae, Ebenaceae
and Pinaceae. There are also differences in the average pupil size of students (p = 0.014<0.05).
The pupil sizes of Pinaceae, Ebenaceae and Calycanthaceae are larger (Fig 3).

Leaves. There are significant differences in total duration of fixations and number of fixa-
tions between the two groups in different leaf shapes (p<0.05). The highest average value of
the two indicators is aciculiform, followed by strip, cordiform and sector. The difference is
that the average value of the student group is also higher in the jacket-shaped leaves. In addi-
tion, the average pupil size of different leaf shapes is different among students
(p = 0.004<0.05), and the average values of aciculiform, strip and sector are higher still (Fig 4).
In terms of leaf texture, there is a significant difference in the total duration of fixations of vil-
lagers (p = 0.004<0.05), and the average value of leather leaves is slightly higher than that of

Table 3. Mean results of eye movement indicators of two populations on different plant organs.

Groups
Villagers

Students

Varieties
Leaf
Flower
Fruit
Leaf
Flower

Fruit

TDF NF ADF APS AAS
4.743 14.837 0.347 3.958 4.328
3.715 10.400 0.381 3.941 4.215
3.152 8.710 0.384 3.950 4.207
6.091 21.300 0.303 4.296 5.452
5.057 16.310 0.329 4.229 5.516
4.179 13.050 0.330 4.268 5.305

TDF: Total duration of fixations; NF: Number of fixations; ADF: Average duration of fixations; APS: Average pupil size; AAS: Average amplitude of saccades.

https://doi.org/10.1371/journal.pone.0279596.t003
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Fig 2. The mean value of eye movement indicators of villagers and students at species level. TDF: Total duration of
fixations; NF: Number of fixations; ADF: Average duration of fixations; APS: Average pupil size; AAS: Average
amplitude of saccades.1-52 respectively correspond to the species in Table 1.

https://doi.org/10.1371/journal.pone.0279596.9002

paper leaves. The average pupil size of students is different (p = 0.001<0.05), and the leathery
leaves are higher than the paper leaves (Fig 5). There is also a significant difference among stu-
dents in the average pupil size of leaves with or without leaf lobes (p = 0.027<0.05), and the
results show that the average value of leaves without leaf lobes is higher.

Flowers. There are significant differences between villagers and students in total duration
of fixations and number of fixations for different inflorescences respectively (p<0.05), with the
highest values of each indicator in capitulum, followed by solitary flower and panicle. The dif-
ference is that villagers have higher fixation time and number on cymes, while students have a
higher number of fixations on corymb. The average amplitude of saccades of villagers is differ-
ent (p = 0.039<0.05), with the saccade of corymb, umbel and solitary flower larger than that of
other inflorescences. Correspondingly, villagers and students have the longest total fixation
time when watching solitary flowers, followed by limited inflorescences and infinite inflores-
cences (Fig 6). There are differences between the two groups in the total duration of fixations
and frequency, and the average amplitude of saccades of different colours respectively
(p<0.05). The average arrangement of the first two indicators of the two groups is basically the
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Fig 3. The average value of eye movement indicators of villagers and students at the level of families. TDF: Total
duration of fixations; NF: Number of fixations; ADF: Average duration of fixations; APS: Average pupil size; AAS: Average
amplitude of saccades.

https://doi.org/10.1371/journal.pone.0279596.9003

same: purple is first, followed by white and yellow. But there are differences between the two
groups in saccade amplitude. Except for yellow and red, the villagers have the largest saccade
amplitude when they look at green, while the students have a larger saccade amplitude when
they look at pink (Fig 7).

Fruits. On the whole, compared with students, the features of fruit have a greater influ-
ence on villagers. In terms of fruit size, there are significant differences among the five indica-
tors of villagers (p<0.05). The total duration of fixations of medium fruit and micro fruit is the
highest, while the average duration of fixations of large and medium fruit is longer, and the
average pupil size and saccade amplitude of large and small fruit are larger. In the student
group, there is significant difference (p<0.05) in other indicators except for the average dura-
tion of fixations. Similarly, the total duration of fixations and number of fixations of medium
and micro fruit are at the forefront, and the average pupil size of large and small fruit is larger.
But the difference is that the average eye saccade of students to small and micro fruit is larger.

For fruit shapes, there are significant differences in total duration of fixations and number
of fixations between the two groups (p<0.05). The values of spathulate and reniform are the
highest, followed by the values of wing and spherical. There are also differences in the average
amplitude of saccades of villagers (p = 0.001<0.05), and the saccade amplitude of wing, spath-
ulate and spindle is larger. With regard to fruit types, there are differences in all the indicators
of eye movement among villagers (p<0.05), but there is no difference in average duration of
fixations and average pupil size among students (p>0.05). Villagers, as well as students, have
the most total duration of fixations and number of fixations when watching pomes, pods,
samaras and berries; the average duration of fixations and the pupil size of achene and aggre-
gate fruit are higher; and the average eye saccade of nuts, pomes and pods is higher. In terms
of colour, there are differences between villagers and students in average duration of fixations
and frequency respectively(p<0.05). Both groups have the same average result of colour, with
the highest values of black and red. There are also differences in average duration of fixations
of villagers (p = 0.001<0.05), and brown and green have the longest fixation time (Fig 8).
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Fig 4. The average value of eye movement indicators of villagers and students with different leaf shapes.

https://doi.org/10.1371/journal.pone.0279596.9004

EEG data

The digital indicator eSense, which is calculated and processed by eSenseblem algorithm, rep-
resents people’s attention level and meditation level with specific values between 1 and 100. In

Total duration of fixations Average pupil size
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Fig 5. The average value of eye movement indicators of villagers and students on different leaf qualities.

https://doi.org/10.1371/journal.pone.0279596.9005
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Total duration of fixations

this study, the values of the two indicators of the two groups are between 40 and 60, indicating
that their indicators values are in the general range-that is, the baseline range value. According
to the results of Mann-Whitney U-test, on the whole there are significant differences between
villagers and students in two EEG indicators respectively (p<0.05), and students’ attention
level is much higher than that of villagers, while their meditation degree is lower (Table 4).

Organs, species and families. On the two EEG indicators, the interaction effect between
different living environments and different organ types, species and families are very signifi-
cant (p<0.05). Separately, there are significant differences (p<0.05) between villagers and stu-
dents in organ types, species and families, except that there is no difference in students’
meditation degree on different organs (p = 0.280>0.05).

The results of Kruskal-Wallis H-test show that villagers have the highest attention
(M = 47.38) and meditation (M = 57.37) when watching flowers, followed by fruits and leaves,
while students are the opposite: their highest attention lies in leaves (M = 50.68), followed by
fruits and flowers. As to species, both villagers and students pay more attention to Magnolia
grandiflora and Fokienia hodginsii, while villagers also pay more attention to Choerospondias
axillaris, Liquidambar formosana and Pinus thunbergii, and students pay more attention to
Camellia japonica, Ginkgo biloba and Yulania liliiflora. There is no overlap in meditation
degree between the two groups. Villagers have a higher degree of meditation on Yulania bion-
dii, Koelreuteria bipinnata, Diospyros rhombifolia, Pinus thunbergii and Acer buergerianum,
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Fig 7. The average value of eye movement indicators of villagers and students for different colours.
https://doi.org/10.1371/journal.pone.0279596.9007
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Fig 8. The mean value of eye movement indicators of villagers and students on the features of different fruits.
Fruit sizes include small, micro, medium and large; Fruit shapes include wing, spathulate, spindle, ellipse, spherical
et al. Fruits include pome, pod, nut, drupe, berry et al.; Fruit colours include brown, green, red, atropurpureus, black
and yellow.

https://doi.org/10.1371/journal.pone.0279596.9008

while students have a higher degree of meditation on Magnolia grandiflora, Metasequoia glyp-
tostroboides, Sapindus saponaria, Myrica rubra and Jasminum mesnyi (Fig 9).

For families, students have higher attention and meditation on Myricaceae and Buxaceae,
with Ginkgoaceae, Pittosporaceae and Elaeocarpaceae also at the forefront, while villagers have
the highest attention and meditation on Anacardiaceae, Pinaceae and Ebenaceae (Fig 10).

Leaves. Multivariate analysis of variance shows that there are differences (p<0.05) on
attention in the interaction effects of different living environment with shape, colour and tex-
ture of leaves, but there are no differences in other features or in meditation. For leaf shape,
there are significant differences (p<0.05) between villagers and students. Both groups have
higher attention on jacket-shape and cordiform, and have the highest degree of meditation on
jacket-shape and strip. Villagers also have higher attention on aciculiform and strip, while stu-
dents have higher attention on sector and lanceolar. As to leaf colour, villagers have significant
differences (p<0.05) in attention and meditation. Red leaves have the highest mean value, fol-
lowed by yellow and green leaves. Students only have differences (p = 0.015<0.05) in attention,
which are followed by yellow, green and red. On leaf texture, there is a significant difference
(p = 0.004<0.05) in students’ attention. The paper leaf (M = 51.45) is higher than the leather
leaf (M = 50.30), contrary to the results for the villagers. But there is no difference
(p = 0.566>0.05) between the two leaf textures. There is a significant difference
(p=0.017<0.05) in villagers’ attention on leaf lobes. The average value of leaves with leaf lobes
(M = 47.05) is higher than that of leaves without leaf lobes (M = 45.30), which is consistent
with students, but there is no difference (p = 0.260>0.05) in students’ attention (Fig 11).

Flowers. The interaction effect between different living environment and all features of
flowers with regard to attention and meditation is significant (p = 0.000<0.05). In different
inflorescences, there are significant differences between villagers and students in the two indi-
cators respectively (p<0.05). Both groups have the highest attention on umbels, and the villag-
ers have higher average values for catkins, spicas and solitary flowers, while students have
higher attention on racemes, capitulums and cymes. In terms of meditation degree, the average
value is higher in spica and catkin. Villagers and students also have a high degree of meditation
in panicles and corymbs respectively. Furthermore, for the inflorescence types, there is only a
significant difference in meditation degree between the two populations (p<0.05), and the
infinite inflorescence has the highest value, followed by solitary flower and limited inflores-
cence. With regard to flower colours, there are significant differences between villagers and
students in the two indicators respectively (p<0.05). Villagers are more focused on pink, green
and yellow, while the students are more focused on red, purple and green. In meditation, the
villagers have the highest values of green, pink and white, while students have the highest val-
ues for white, red and green in turn (Fig 12).

Table 4. Mean value of EEG indicators and non-parametric test results of villagers and students as a whole.

Groups

Mean
Villagers 46.48
Students 50.23

https://doi.org/10.1371/journal.pone.0279596.t004

Attention Meditation
SD P Mean SD p
4.895 0.000 56.56 4.645 0.038
4.294 56.20 3.212
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Fig 9. The average value of EEG indicators of villagers and students in different species. 1-52 respectively
correspond to the species in Table 1.

https://doi.org/10.1371/journal.pone.0279596.9009

Fruit. Except for fruit colour, the interaction effect between different living environment
and other features of fruit is very significant (p<0.05), and there are significant differences
(p<0.05) between villagers and students in most features respectively. In terms of fruit size,
large fruit has the largest average value of the two indicators among the two groups. In terms
of attention, villagers pay more attention to medium fruit, followed by small and micro fruits,
and students pay more attention to medium, micro and small fruits. In terms of meditation
degree, villagers are highest on small fruit, followed by medium and micro fruits, while stu-
dents are highest on micro, medium and small fruits. With regard to fruit shapes, villagers and
students are more focused and relaxed on oval and spindle; third is wing shape for villagers
and reniform for students. For fruit types, villagers pay higher attention to cones, nuts and
aggregate fruits, and the meditation degree of samaras is the highest. Students have the highest
values of aggregate fruits and cones, and their attention and meditation degree of pods and
samaras are also at the forefront. In terms of fruit colours, there is no difference in the medita-
tion degree of villagers, but they focus more on brown, yellow and green. Students are similar
to villagers, focusing more on brown, yellow and black. In meditation degree, the values of
brown, black and red are higher for students (Fig 13).
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60
—
50
40
30
20
10
0
3 & 3 3 < 3 3 3 & 3
S S v S ks 2 & kS
&L'z, + b Q& r \@927 Qe? Q/ 5 z"@ &e _@(_z \\,b(g? @(Y’ b?? @(le? <& 6"51 éb(‘z Q'o& &(‘z _@@1’
; F & : & &
& \7;) e"?& Q\“ Q@” ) é{fo S é\%" o@& ¥ ¢ Q&Q & @*b P AN Q,g\\& PO & &
9 R A & SR N ¥
¥
. Attention-Villagers mm Attention-Students itation-Villag ditation-Students

Fig 10. The average value of EEG indicators of villagers and students in different families.
https://doi.org/10.1371/journal.pone.0279596.9010
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Fig 11. The average value of EEG indicators of villagers and students with different leaf shapes and colours.
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Correlation analysis

The Pearson correlation analysis between the five eye movement indicators and the two EEG
indicators showed that there was a strong positive correlation (p = 0.000, Pr = 0.96) between
total duration of fixations and number of fixations, a significant weak negative correlation
(p=0.015, Pr = -0.221) between average pupil size and attention, and a significant weak posi-
tive correlation(p = 0.028, Pr = 0.200) between average duration of fixations and meditation
degree.

Discussion
Visual preference and difference through eye movement

There is no significant interaction between living environment and local plant features in indi-
cators of eye movement-that is, living environment will not affect people’s eye movement fea-
tures when watching different plant pictures, which is consistent with the research results of
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Fig 12. The average value of EEG indicators of villagers and students on different inflorescences and flower colours.

https://doi.org/10.1371/journal.pone.0279596.9012
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Fig 13. The average value of EEG indicators of different fruit features between villagers and students.
https://doi.org/10.1371/journal.pone.0279596.9013

Luo et al. [30], who points out that the aesthetic preferences of Xiamen local high school stu-
dents and Xinjiang high school students in Xiamen for new and old landscapes tend to be con-
sistent. Besides living environment, Paraskevopoulou et al. [23] used eye tracking technology
to study the influence of seasonal colour changes of plants on patients with mental disorders,
and also found that age and gender did not affect the preferences of participants. We believe it
may be difficult to discover the specific impact of the environment on people only by using eye
movement indicators.

People prefer attractive stimuli, which lead to a longer fixation time and a larger number of
fixations [79]. At the same time, this study found that the two indicators have a strong positive
correlation, so they can jointly reflect the same phenomenon: the preference level of partici-
pants [80]. As for species, Photiniaxfraseri, Metasequoia glyptostroboides, Photinia serratifolia,
Koelreuteria bipinnata and Cunninghamia lanceolata have higher visual appeal, while for fami-
lies, both groups prefer Fabaceae, Myricaceae, Malvaceae, Araliaceae, Cupressaceae, Pinaceae
and Theaceae. In terms of organ types, both groups are most easily attracted by leaves, followed
by flowers and fruits. This is different from the research results of Rahnema et al. [19] and Yin
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et al. [81], which indicate that flowers are more attractive than leaves because the visual atten-
tion of participants is driven by many different factors that have nothing to do with subjective
and declarative preferences [41]. For example, Lindemann-Matthies and Bose [82] found that
the participants indicated in the questionnaire that they liked plants with large or colourful
flowers, but when they were asked to choose 25 kinds of local wild plants from 779 kinds to
create their favorite lawn patch, only one-third of the flowering plants were selected. Among
the different features of leaves, aciculiform, strip, cordiform and sector shapes have higher
preference rates. Lindemann-Matthies and Bose [82] also point out that leaf shape has a signifi-
cant impact on people’s preferences. Villagers prefer leather leaves a with stiff texture and
strong lustre, while students have no obvious preference between leather leaves and paper
leaves. Among the different features of flowers, capitulums, solitary flowers and panicles attract
the attention of both groups. Furthermore, they both prefer solitary flowers, followed by finite
inflorescences and infinite inflorescences. In terms of flower colours, purple, white, yellow and
red have higher preference rates. This discovery supports the results of other studies [19],
which show that red, purple and yellow have the highest preference rates. Among the different
types of fruits, the two groups prefer medium and micro fruits, and spathulate, reniform, wing
and spherical fruits have higher visual appeal. Compared with ellipse and oval shapes, they are
more prominent and unique in shape, and tend to arouse curiosity, which impacts visual
appeal [41]. Fruit types such as pomes, pods, samaras and berries have a higher preference
rate, and black and red colours are attractive to the two groups. Red can promote people’s opti-
mistic mood, while dark colours can produce a relaxed mood [83].

On the whole, students’ average duration of fixation is shorter than that of villagers, and
they can grasp the information displayed by the pictures more quickly, which may be influ-
enced by their educational background [27, 47]. There is no difference in species and families
among students, but Chimonanthus praecox, Pinus thunbergii, Diospyros rhombifolia, Caly-
canthaceae, Ebenaceae and Pinaceae show a lot of information to villagers, and they need to
spend more time to understand it. In terms of plant organs, although leaves have a high prefer-
ence, the most prominent feature of plants is the differentiation of flowers and fruits in differ-
ent seasons [16], so the various features of leaves will not affect the processing time of the
information they convey, and require considerable time. However, while the features of fruit
convey much information, this only affects villagers, to whom large and medium fruits convey
the most information, and achene and aggregate fruits need more time to analyse, as brown
and green fruits do.

The average pupil size of students is larger than that of villagers as a whole, indicating that
students’ visual response to stimulation is stronger. Different features of leaves have different
effects on students’ visual stimulation, and they are more sensitive to aciculiform, leather leaves
and leaves without leaf lobes. Various features of fruit have a greater influence on villagers.
Achene and aggregate fruits are highly stimulating and, like students, villagers are sensitive to
large and small fruits.

The average amplitude of students’ saccade is much larger than that of villagers—that is, stu-
dents can find and lock the AOI more easily, and have a more sensitive response to the stimu-
lation of plants, which corresponds to the difference between experts and non-experts
discussed by Pihel et al. [47]. Specifically, there are obvious differences among villagers’ eye
saccade. In terms of flowers, corymbs, umbels and solitary flowers are more obvious to them.
Yellow and red are more likely to attract the attention of the two groups, because red can stim-
ulate and distract visual attention [83], while yellow flowers can be used to create pleasant
places [84]. In terms of fruit, the features of wing, spathulate and spindle shapes are obvious to
villagers. At the same time, like students, nuts, pomes and pods are more prominent.
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Physiological characteristics and differences through EEG

We found a weak negative correlation between average pupil size and attention: when the par-
ticipants are stimulated by vision, the pupil response increases [85], while the mental attention
level decreases to some extent. This is different from the research results of some scholars [57].
The results also show a weak positive correlation between the average duration of fixations
and the meditation value, which means that when the participants need more time to receive
and process a large amount of information transmitted by experimental stimulus materials,
their average duration of fixations will increase [76], while the visual stimulus will decrease
and the meditation value will increase. It is understandable that the correlation between eye
movement indicators and EEG indicators is weak. Garcia-Madariaga et al. [86] mentions that
no connection exists between explicit preference measured by eye tracking and attention mea-
sured by EEG, while Vettori et al. [87] reached a completely opposite conclusion, pointing out
that eye tracking and EEG measurement are strongly correlated. Therefore, the correlation
between them needs further research.

On the whole, students’ mental attention level when watching plant stimulation is much
higher than that of villagers, which may be due to the influence of educational background [27].
Students might do some plant recognition activities during watching, while villagers simply
browse the pictures. Accordingly, students are engaged in more brain activities, and the mental
meditation degree is lower than that of villagers. There is a very significant interaction effect
between different living environment and various native plant features in EEG indicators. It can
be seen from the visual indicators alone that there is no difference between students and villag-
ers when watching plant pictures, and the addition of EEG further supplements and reveals the
real situation [76]. Therefore, there are in fact very different physiological reactions between the
two groups when watching. This is similar to the findings of other scholars. In the eye tracking
data, there is no interaction between the group and the stimulus types, but the EEG indicators
are the opposite, and the difference between the two groups can clearly be seen [87]. As to
organ types, when villagers watch flowers, the two EEG indicators are the highest, followed by
fruit and leaves, while students have completely different attention. For leaf colours, red leaves
can increase villagers’ attention and meditation, and green leaves have the lowest corresponding
value, but green leaves can improve students’ attention, while red leaves have the lowest effect.
In terms of flowers, besides umbels, catkins, spicas and solitary flowers also can promote villag-
ers’ attention, while racemes, capitulums and cymes can attract students’ attention. In this
sense, there is a significant difference between these two groups. It can be seen that obvious fea-
tures and bright colours can relieve the spirit of villagers [75], and improve their attention and
meditation, such as flowers with catkins or spicas and red leaves. On the contrary, relatively less
prominent plant features and simpler structure, such as large areas of green leaves and flowers
with racemes and capitulum, can increase students’ EEG values.

This study introduced two physiological technologies, eye tracking and EEG, which tran-
scended the limitations of the previous studies only from the perspective of ecology or using
subjective measurement methods. At the same time, it was found that different environments
would have certain influences on people’s viewing of plants. These not only provide an objec-
tive technical support for the selection of suitable plants in different landscape construction,
which makes the plant selection more rule-based and can even enable generalization, but also
provide a new research perspective for landscape preference-related fields.

Limitations and prospects

However, this study has some limitations. First, we have not completely covered all the features
of plant organs in the study. Future studies need to further improve the selection of
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experimental plants, in order to achieve full coverage of features as much as possible. On this
basis, it is necessary to use plant individuals, populations or communities as experimental
stimulation materials to make research closer to people’s natural observation habits. At the
same time, it is necessary to enrich more group samples in different living environments, to
provide scientific suggestions for the use of plants in the process of creating more different
landscapes. In addition, the EEG detection instrument used in this study is portable and sim-
ple, and its accuracy and synchronization with eye tracking need to be improved. More
advanced EEG data instruments should be used, which can monitor 14, 64 or 128 channels,
and can be directly connected with the eye tracker to synchronize more accurately in further
research.

Conclusion

In this study, villagers and students were taken as research groups, and their preferences and
differences on plant organ features were explored by using eye tracking and EEG technology.
According to the eye movement indicators, there is no obvious difference in preferences
between villagers and students. Both groups prefer leaves, especially aciculiform and leather
leaves, followed by flowers and fruits. Solitary flowers, capitulums and purple flowers have the
highest preference rates, and medium-sized fruits with diameters of 3-5 centimeters, spathu-
late, black and pome fruits have the highest visual appeal. However, the application of EEG
technology further reveals significant physiological and psychological differences between vil-
lagers and students when they watch the stimuli. On the whole, students’ attention is much
higher than that of villagers, while their meditation degree is the opposite. This study has cer-
tain significance for plant selection in landscape construction in rural areas and campuses in
China. We think Photiniaxfraseri, Metasequoia glyptostroboides, Photinia serratifolia, Koelreu-
teria bipinnata and Cunninghamia lanceolata are the preferred plants in both environments.
For rural areas, Pinus thunbergii, Myrica rubra and Camellia japonica are also highly recom-
mended, and plants with obvious features and bright colours are also suitable for rural land-
scape construction. On campus, Yulania biondii, Cercis chinensis and Hibiscus mutabilis are
recommended species, and plants without too-prominent characteristics and with simple
structures are also suitable for campus landscape construction.

Acknowledgments

We sincerely thank all the subjects who participated in our experiment, enabling us to success-
fully complete this research. We also need to appreciate all the students and teachers partici-
pating in the research, who helped the authors to process data and perform this research.

Author Contributions

Conceptualization: Yongde Zhong.

Data curation: Ningning Ding.

Formal analysis: Ningning Ding.

Investigation: Ningning Ding, Jiaxiang Li, Shuangquan Zhang, Hongling Xia.
Methodology: Yongde Zhong.

Resources: Yongde Zhong, Jiaxiang Li.

Software: Ningning Ding.

Visualization: Ningning Ding.

PLOS ONE | https://doi.org/10.1371/journal.pone.0279596 December 30, 2022 22/27


https://doi.org/10.1371/journal.pone.0279596

PLOS ONE

Visual preference of plants in different environments

Writing - original draft: Ningning Ding.

Writing - review & editing: Qiong Xiao.

References

1.

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

Velarde MD, Fry G, Tveit M. Health effects of viewing landscapes—landscape types in environmental
psychology. Urban Forestry and Urban Greening. 2007; 6: 199-212.

Daniel TC. Whither scenic beauty? Visual landscape quality assessment in the 21st century. Landscape
and Urban Planning. 2001; 54: 267-281.

Ribe RG. Perceptions of forestry alternatives in the US Pacific Northwest: Information effects and
acceptability distribution analysis. Journal of Environmental Psychology. 2006; 26: 100—115.

Yumin'Y, Xiaodong Z, Yingbi X, Haiyan Y, Xiang S. Assessing the visual quality of urban waterfront
landscapes: The case of Hefei, China. Acta Ecologica Sinica. 2012; 32: 5836-5845.

Schmid WA. The emerging role of visual resource assessment and visualisation in landscape planning
in Switzerland. Landscape and Urban Planning. 2001; 54: 213-221.

Zube EH, Sell JL, Taylor JG. Landscape perception: Research, application and theory. Landscape
Planning. 1982; 9: 1-33.

Zube EH, Pitt DG. Cross-cultural perceptions of scenic and heritage landscapes. Landscape Planning.
2015; 8: 69-87.

Naveh Z, Lieberman AS. Landscape ecology: Theory and application. Heidelberg: Springer, 1994.

Pazhouhanfar M, Kamal MS. Effect of predictors of visual preference as characteristics of urban natural
landscapes in increasing perceived restorative potential. Urban Forestry and Urban Greening. 2014;
13: 145-151. https://doi.org/10.1016/j.ufug.2013.08.005

Gholami Y, Taghvaei SH, Norouzian-Maleki S, Mansouri Sepehr R. Identifying the stimulus of visual
perception based on eye-tracking in urban parks: Case study of Mellat Park in Tehran. Journal of Forest
Research. 2021; 26: 91-100. https://doi.org/10.1080/13416979.2021.1876286

Stehouwer R, Visscher J, lverson N et al. Homeowner preferences for wooded front yards and back-
yards: Implications for carbon storage. Landscape and Urban Planning. 2016; 146: 1-10. https://doi.
org/10.1016/j.landurbplan.2015.09.001

LiJ, Zhang Z, Jing F, Gao J, Ma J, Shao G, et al. An evaluation of urban green space in Shanghai,
China, using eye tracking. Urban Forestry and Urban Greening. 2020; 56: 126903. https://doi.org/10.
1016/j.ufug.2020.126903

Hu S, Yue H, Zhou Z. Preferences for urban stream landscapes: Opportunities to promote unmanaged
riparian vegetation. Urban Forestry and Urban Greening. 2018; 38: 114—123. https://doi.org/10.1016/].
ufug.2018.12.001

Tong Ql, Wang Y, Wang W. A review on visual landscape study in foreign countries. Progress in Geog-
raphy. 2013; 32: 975-983. https://doi.org/10.11820/dIkxjz.2013.06.015

Zhao J, Xu W, Li R. Visual preference of trees: The effects of tree attributes and seasons. Urban For-
estry and Urban Greening. 2017; 25: 19-25. https://doi.org/10.1016/j.ufug.2017.04.015

Tarakci-Eren E, Duzenli T. Determination of the visual preference levels and perceptual differences in
the appearance of certain taxa in different seasons. Fresenius Environmental Bulletin. 2017; 26: 14.

Rafi ZN, Kazemi F, Tehranifar A. Public preferences toward water-wise landscape design in a summer
season. Urban Forestry and Urban Greening. 2019; 48: 126563. https://doi.org/10.1016/j.ufug.2019.
126563

Zheng J, Tarin WKM, Jiang D, Li M, Ye J, Chen L et al. Which ornamental features of bamboo plants
will attract the people most? Urban Forestry and Urban Greening. 2021; 61: 127101. https://doi.org/10.
1016/j.ufug.2021.127101

Rahnema S, Sedaghathoor S, Allahyari MS, Damalas CA, Bilali HE. Preferences and emotion percep-
tions of ornamental plant species for green space designing among urban park users in Iran. Urban For-
estry and Urban Greening. 2019; 39: 98-108. https://doi.org/10.1016/j.ufug.2018.12.007

Tang XM, Wang XR. Landscape visual environment assessment (LVEA): Concept, origin and develop-
ment. Journal of Shanghai Jiaotong University(Agricultural Science). 2007, http://en.cnki.com.cn/
Article_en/CJFDTOTAL-SHNX200703000.htm

Conrad L, Christie M, Fazey I. Incorporating people’s perception into landscape planning: Ethical chal-
lenges in dealing with diversity of opinion within a community. Nephrology Dialysis Transplantation.
2009; 27: 3516-23. https://doi.org/10.1093/ndt/gfs 128

PLOS ONE | https://doi.org/10.1371/journal.pone.0279596 December 30, 2022 23/27


https://doi.org/10.1016/j.ufug.2013.08.005
https://doi.org/10.1080/13416979.2021.1876286
https://doi.org/10.1016/j.landurbplan.2015.09.001
https://doi.org/10.1016/j.landurbplan.2015.09.001
https://doi.org/10.1016/j.ufug.2020.126903
https://doi.org/10.1016/j.ufug.2020.126903
https://doi.org/10.1016/j.ufug.2018.12.001
https://doi.org/10.1016/j.ufug.2018.12.001
https://doi.org/10.11820/dlkxjz.2013.06.015
https://doi.org/10.1016/j.ufug.2017.04.015
https://doi.org/10.1016/j.ufug.2019.126563
https://doi.org/10.1016/j.ufug.2019.126563
https://doi.org/10.1016/j.ufug.2021.127101
https://doi.org/10.1016/j.ufug.2021.127101
https://doi.org/10.1016/j.ufug.2018.12.007
http://en.cnki.com.cn/Article_en/CJFDTOTAL-SHNX200703000.htm
http://en.cnki.com.cn/Article_en/CJFDTOTAL-SHNX200703000.htm
https://doi.org/10.1093/ndt/gfs128
https://doi.org/10.1371/journal.pone.0279596

PLOS ONE

Visual preference of plants in different environments

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

Dupont L, Antrop M, Eetvelde VV. Does landscape related expertise influence the visual perception of
landscape photographs? Implications for participatory landscape planning and management. Land-
scape and Urban Planning. 2015; 141: 68—77. https://doi.org/10.1016/j.landurbplan.2015.05.003

Paraskevopoulou AT, Kamperi E, Demiris N, Economou M, Papageorgiou C. The impact of seasonal
colour change in planting on patients with psychotic disorders using biosensors. Urban Forestry and
Urban Greening. 2018; 36: 50-56.

Ren X. Consensus in factors affecting landscape preference: A case study based on a cross-cultural
comparison. Journal of Environmental Management. 2019; 252: 109622. https://doi.org/10.1016/].
jenvman.2019.109622 PMID: 31605910

Strobele M, Hunziker M. Are suburbs perceived as rural villages? Landscape-related residential prefer-
ences in Switzerland. Landscape and Urban Planning. 2017; 163: 67—79. https://doi.org/10.1016/j.
landurbplan.2017.02.015

Fu XY. Analysis of landscape preference characteristics of low familiarity users in urban public open
space. Urban Problems. 2018; 10(11): 1128.

Keskin M, Ooms K, Dogru AO, De Maeyer P. Exploring the cognitive load of expert and novice map
users using EEG and eye tracking. International Journal of Geo-Information. 2020; 9: 429. https://doi.
0rg/10.3390/ijgi9070429

Kaplan R, Herbert EJ. Cultural and sub-cultural comparisons in preferences for natural settings. Land-
scape and Urban Planning. 1987; 14: 281-293. https://doi.org/10.1016/0169-2046(87)90040-5

Kim S, Kim J, Kim B. Immersive virtual reality-aided conjoint analysis of urban square preference by liv-
ing environment. Sustainability. 2020; 12: 6440. https://doi.org/10.3390/su12166440

Luo T, Yang F, Huang L, Min XU. Where goes the homesickness? Contemplation on the results of a
comparative study on landscape preference between high school students from Xiamen and Xinjiang.
Chinese Landscape Architecture. 2019; 35:98—103.

Wang ZJ, Hu LH, Li SH. Investigation on influences of prototype landscape on people’s environmental
perceptions. Chinese Landscape Architecture. 2010; 26:46—48.

Gong P, Zhang L, Gu X. Influences of prototype landscape on people’s perceptions of urban plant land-
scape. Scientia Silvae Sinicae. 2016. https://doi.org/10.11707/j.1001-7488.20160908

Huang S, van den Bosch CK, Fu W, Qi J, Chen Z, Zhu Z, et al. Does adding local tree elements into
dwellings enhance individuals’ homesickness? Scenario-visualisation for developing sustainable rural
landscapes. Sustainability. 2018; 10: 3943. https://doi.org/10.3390/su10113943

Domon G. Landscape as resource: Consequences, challenges and opportunities for rural development.
Landscape and Urban Planning. 2011; 100: 338—340. https://doi.org/10.1016/j.landurbplan.2011.02.
014

Roman LA, Fristensky JP, Eisenman TS, Greenfield EJ, Lundgren RE, Cerwinka CE et al. Growing can-
opy on a college campus: Understanding urban forest change through archival records and aerial pho-
tography. Environmental Management. 2017; 60: 1042—1061. https://doi.org/10.1007/s00267-017-
0934-0 PMID: 28905095

Hami A, Abdi B. Students’ landscaping preferences for open spaces for their campus environment.
Indoor and Built Environment. 2021; 30: 87—98. https://doi.org/10.1177/1420326X19887207

Deng Z., Theories techniques and applied researches about eye-movement psychology. Journal of
Nanjing Normal University (Social Science Edition). 2005; 90-95.

Chen QR, Wang MJ, Liu HN, Tan DL, Deng Z, Xu XD. Combination of eye movement and ERP meth-
ods in language cognition: Theory, method, and application. Advances in Psychological Science. 2011;
19: 264-273.

Riggs LA, Ratliff F, Cornsweet JC, Cornsweet TN. The disappearance of steadily fixated visual test
objects. Journal of the Optical Society of America. 1953; 43: 495-501. https://doi.org/10.1364/josa.43.
000495 PMID: 13070111

Chen GP, Hu AX, Li YH, Yu HZ. Review of linguistics understanding based on eye tracking system.
Journal of Northwest University for Nationalities (Natural Science). 2011; 32:49-55. https://doi.org/10.
14084/j.cnki.cn62-1188/n.2011.02.006

Garcia-Madariaga J, Blasco Lépez M-F, Burgos IM, Virto NR. Do isolated packaging variables influence
consumers’ attention and preferences? Physiology & Behavior. 2019; 200: 96—103. https://doi.org/10.
1016/j.physbeh.2018.04.030 PMID: 29702121

Khan MQ, Lee S. Gaze and eye tracking: Techniques and applications in ADAS. Sensors. 2019; 19:
5540. https://doi.org/10.3390/s19245540 PMID: 31847432

Krieber M, Bartl-Pokorny KD, Pokorny FB, Einspieler C, Langmann A, Kérner C et al. The relation
between reading skills and eye movement patterns in adolescent readers: Evidence from a regular

PLOS ONE | https://doi.org/10.1371/journal.pone.0279596 December 30, 2022 24/27


https://doi.org/10.1016/j.landurbplan.2015.05.003
https://doi.org/10.1016/j.jenvman.2019.109622
https://doi.org/10.1016/j.jenvman.2019.109622
http://www.ncbi.nlm.nih.gov/pubmed/31605910
https://doi.org/10.1016/j.landurbplan.2017.02.015
https://doi.org/10.1016/j.landurbplan.2017.02.015
https://doi.org/10.3390/ijgi9070429
https://doi.org/10.3390/ijgi9070429
https://doi.org/10.1016/0169-2046%2887%2990040-5
https://doi.org/10.3390/su12166440
https://doi.org/10.11707/j.1001-7488.20160908
https://doi.org/10.3390/su10113943
https://doi.org/10.1016/j.landurbplan.2011.02.014
https://doi.org/10.1016/j.landurbplan.2011.02.014
https://doi.org/10.1007/s00267-017-0934-0
https://doi.org/10.1007/s00267-017-0934-0
http://www.ncbi.nlm.nih.gov/pubmed/28905095
https://doi.org/10.1177/1420326X19887207
https://doi.org/10.1364/josa.43.000495
https://doi.org/10.1364/josa.43.000495
http://www.ncbi.nlm.nih.gov/pubmed/13070111
https://doi.org/10.14084/j.cnki.cn62-1188/n.2011.02.006
https://doi.org/10.14084/j.cnki.cn62-1188/n.2011.02.006
https://doi.org/10.1016/j.physbeh.2018.04.030
https://doi.org/10.1016/j.physbeh.2018.04.030
http://www.ncbi.nlm.nih.gov/pubmed/29702121
https://doi.org/10.3390/s19245540
http://www.ncbi.nlm.nih.gov/pubmed/31847432
https://doi.org/10.1371/journal.pone.0279596

PLOS ONE

Visual preference of plants in different environments

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

orthography. PLOS ONE. 2016; 11: e0145934. https://doi.org/10.1371/journal.pone.0145934 PMID:
26727255

McGowan VA, White SJ, Paterson KB. The effects of interword spacing on the eye movements of
young and older readers. Journal of Cognitive Psychology. 2015; 27: 609-621. https://doi.org/10.1080/
20445911.2014.988157

Stevens E, Johnson AL, Leshner G, Sun F, Kim S, Eleanor LSL, et al. People in e-cigarette ads attract
more attention: An eye-tracking study. Tobacco Regulatory Science. 2020; 6: 105-117. https://doi.org/
10.18001/trs.6.2.3 PMID: 33816715

Dupont L, Antrop M, Eetvelde VV. Eye-tracking analysis in landscape perception research: Influence of
photograph properties and landscape characteristics. Landscape Research. 2014; 39: 417-432.
https://doi.org/10.1080/01426397.2013.773966

Pihel J, Ode Sang A, Hagerhall C, Nystrém M. Expert and novice group differences in eye movements
when assessing biodiversity of harvested forests. Forest Policy and Economics. 2015; 56: 20—26.
https://doi.org/10.1016/j.forpol.2015.04.004

Franék M, Petruzalek J, Sefara D. Eye movements in viewing urban images and natural images in
diverse vegetation periods. Urban Forestry and Urban Greening. 2019; 46: 126477. https://doi.org/10.
1016/j.ufug.2019.126477

Dupont L, Ooms K, Antrop M, Van Eetvelde V. Comparing saliency maps and eye-tracking focus maps:
The potential use in visual impact assessment based on landscape photographs. Landscape and
Urban Planning. 2016; 148: 17—26. https://doi.org/10.1016/j.landurbplan.2015.12.007

Thomas Z, Ramsy N, Michael I. A consumer neuroscience study of conscious and subconscious desti-
nation preference. Scientific Reports. 2019; 9: 15102—15102. https://doi.org/10.1038/s41598-019-
51567-1 PMID: 31641234

Ke LI, Gong C. Application of brain-computer interface in evaluation of trail’'s landscape. Central South
Forest Inventory and Planning. 2015; 34: 34—38+48. https://doi.org/10.16166/j.cnki.cn43-1095.2015.
02.009

Alexandra L, Monica R, Aleksandra S, Michael E. Pattern classification of EEG signals reveals percep-
tual and attentional states. PLOS ONE. 2017;12.

Kim K, Duc NT, Min C, Lee B. EEG microstate features for schizophrenia classification. PLOS ONE.
2021;16. https://doi.org/10.1371/journal.pone.0251842 PMID: 33989352

Nadja R, Kay J, Thomas K, Mara K, Martinus H, Werner S et al. Shifted coupling of EEG driving fre-
quencies and fMRI resting state networks in schizophrenia spectrum disorders. PLOS ONE. 2013; 8:
€76604. https://doi.org/10.1371/journal.pone.0076604 PMID: 24124576

Shahbakhti M, Beiramvand M, Rejer |, Augustyniak P, Marozas V. Simultaneous eye blink characteriza-
tion and elimination from low-channel prefrontal EEG signals enhances driver drowsiness detection.
IEEE Journal of Biomedical and Health Informatics. 2021. https://doi.org/10.1109/JBHI.2021.3096984
PMID: 34260361

Tuncer T, Dogan S, Ertam F, Subasi A. A dynamic center and multi threshold point based stable feature
extraction network for driver fatigue detection utilizing EEG signals. Cognitive Neurodynamics. 2021.
https://doi.org/10.1007/s11571-020-09601-w PMID: 33854641

Slanzi G, Balazs JA, Velasquez JD. Combining eye tracking, pupil dilation and EEG analysis for predict-
ing web users’ click intention. Information Fusion. 2017; 35: 51-57. https://doi.org/10.1016/}.inffus.
2016.09.003

Aldayel M, Ykhlef M, Al-Nafjan A. Recognition of consumer preference by analysis and classification
EEG signals. Frontiers in Human Neuroscience. 2021. https://doi.org/10.3389/fnhum.2020.604639
PMID: 33519402

Balconi M, Venturella |, Sebastiani R, Angioletti L. Touching to feel: Brain activity during in-store con-
sumer experience. Frontiers in Psychology. 2021. https://doi.org/10.3389/fpsyg.2021.653011 PMID:
33833724

DenglL, Li X, Luo H, Fu E-K, Ma J, Sun L-X; et al. Empirical study of landscape types, landscape ele-
ments and landscape components of the urban park promoting physiological and psychological restora-
tion. Urban Forestry and Urban Greening. 2020;48. https://doi.org/10.1016/j.ufug.2019.126488

Yuting W, Shujian W, Ming X. The function of colour and structure based on EEG features in landscape
recognition. International Journal of Environmental Research and Public Health. 2021;18. https://doi.
org/10.3390/IJERPH18094866 PMID: 34063616

Jiang M, Hassan A, Chen Q, Liu Y. Effects of different landscape visual stimuli on psychophysiological
responses in Chinese students. Indoor and Built Environment. 2020; 29: 1006—1016. https://doi.org/10.
1177/1420326X19870578

PLOS ONE | https://doi.org/10.1371/journal.pone.0279596 December 30, 2022 25/27


https://doi.org/10.1371/journal.pone.0145934
http://www.ncbi.nlm.nih.gov/pubmed/26727255
https://doi.org/10.1080/20445911.2014.988157
https://doi.org/10.1080/20445911.2014.988157
https://doi.org/10.18001/trs.6.2.3
https://doi.org/10.18001/trs.6.2.3
http://www.ncbi.nlm.nih.gov/pubmed/33816715
https://doi.org/10.1080/01426397.2013.773966
https://doi.org/10.1016/j.forpol.2015.04.004
https://doi.org/10.1016/j.ufug.2019.126477
https://doi.org/10.1016/j.ufug.2019.126477
https://doi.org/10.1016/j.landurbplan.2015.12.007
https://doi.org/10.1038/s41598-019-51567-1
https://doi.org/10.1038/s41598-019-51567-1
http://www.ncbi.nlm.nih.gov/pubmed/31641234
https://doi.org/10.16166/j.cnki.cn43-1095.2015.02.009
https://doi.org/10.16166/j.cnki.cn43-1095.2015.02.009
https://doi.org/10.1371/journal.pone.0251842
http://www.ncbi.nlm.nih.gov/pubmed/33989352
https://doi.org/10.1371/journal.pone.0076604
http://www.ncbi.nlm.nih.gov/pubmed/24124576
https://doi.org/10.1109/JBHI.2021.3096984
http://www.ncbi.nlm.nih.gov/pubmed/34260361
https://doi.org/10.1007/s11571-020-09601-w
http://www.ncbi.nlm.nih.gov/pubmed/33854641
https://doi.org/10.1016/j.inffus.2016.09.003
https://doi.org/10.1016/j.inffus.2016.09.003
https://doi.org/10.3389/fnhum.2020.604639
http://www.ncbi.nlm.nih.gov/pubmed/33519402
https://doi.org/10.3389/fpsyg.2021.653011
http://www.ncbi.nlm.nih.gov/pubmed/33833724
https://doi.org/10.1016/j.ufug.2019.126488
https://doi.org/10.3390/IJERPH18094866
https://doi.org/10.3390/IJERPH18094866
http://www.ncbi.nlm.nih.gov/pubmed/34063616
https://doi.org/10.1177/1420326X19870578
https://doi.org/10.1177/1420326X19870578
https://doi.org/10.1371/journal.pone.0279596

PLOS ONE

Visual preference of plants in different environments

63.

64.

65.

66.
67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Leighton J, Dalvit S. The branded mind: What neuroscience really tells us about the puzzle of the brain
and the brand. International Journal of Advertising. 2011; 30: 723. https://doi.org/10.2501/IJA-30-4-
723-725

Makin A, Poliakoff E, Ackerley R, El-Deredy W. Covert tracking: A combined ERP and fixational eye
movement study. PLOS ONE. 2012;7. https://doi.org/10.1371/journal.pone.0038479 PMID: 22719893

Akiba HT, Costa MF, Gomes JS, Oda E, Simurro PB, Dias AM. Neural correlates of preference: A trans-
modal validation study. Frontiers in Human Neuroscience. 2019; 13: 73. https://doi.org/10.3389/fnhum.
2019.00073 PMID: 30936825

Coeterier JF. A photo validity test. Journal of Environmental Psychology. 1983; 3: 315-323.

Dachary-Bernard J, Rambonilaza T. Choice experiment, multiple programmes contingent valuation and
landscape preferences: How can we support the land use decision making process? Land Use Policy.
2012; 29: 846-854.

Meitner MJ. Scenic beauty of river views in the Grand Canyon: Relating perceptual judgments to loca-
tions. Landscape and Urban Planning. 2004. https://doi.org/10.1016/S0169-2046(03)00115-4

Hollenstein N, Rotsztejn J, Troendle M, Pedroni A, Zhang C, Langer N. ZuCo, a simultaneous EEG and
eye-tracking resource for natural sentence reading. Scientific Data. 2018; 5: 180291. https://doi.org/10.
1038/sdata.2018.291 PMID: 30531985

Ding X, Yue X, Zheng R, Bi C, Li D, Yao G. Classifying major depression patients and healthy controls
using EEG, eye tracking and galvanic skin response data. Journal of Affective Disorders. 2019; 251:
156-161. https://doi.org/10.1016/j.jad.2019.03.058 PMID: 30925266

Orden KV, Jung T, Makeig S. Combined eye activity measures accurately estimate changes in sus-
tained visual task performance. Biological Psychology. 2000; 52: 221-240. https://doi.org/10.1016/
s0301-0511(99)00043-5 PMID: 10725565

Behe BK, Huddleston PT, Childs KL, Chen J, Muraro IS. Seeing through the forest: The gaze path to
purchase. PLOS ONE. 2020; 15: e0240179. https://doi.org/10.1371/journal.pone.0240179 PMID:
33036020

Behe BK, Bae M, Huddleston PT, Sage L. The effect of involvement on visual attention and product
choice. Journal of Retailing and Consumer Services. 2015; 24: 10-21.

Zamani H, Abas A, Mamin MK. Eye tracking application on emotion analysis for marketing strategy.
Journal of Telecommunication, Electronic and Computer Engineering(JTEC). 2016; 8: 87-91.

Guo F, Li M, Hu M, Li F, Lin B. Distinguishing and quantifying the visual aesthetics of a product: An inte-
grated approach of eye-tracking and EEG. International Journal of Industrial Ergonomics. 2019; 71: 47—
56. https://doi.org/10.1016/j.ergon.2019.02.006

Scharinger C, Schililer A, Gerijets P. Using eye-tracking and EEG to study the mental processing
demands during learning of text-picture combinations. International Journal of Psychophysiology. 2020;
158: 201-214. https://doi.org/10.1016/j.ijpsycho.2020.09.014 PMID: 33080289

Guo S, Zhao N, Zhang J, Xue T, Liu P, Shuai XU, et al. Landscape visual quality assessment based on
eye movement:college student eye-tracking experiments on tourism landscape pictures. Resources
Science. 2017; 39:1137-1147.

Hang H, Dong Y. An empirical study of deep learning content and its resource representation. Distance
Education in China. 2017; 57-63+80. https://doi.org/10.13541/j.cnki.chinade.2017.08.008

Charlotte H, Todd H, Kun G. Differential gaze behavior towards sexually preferred and non-preferred
human figures. The Journal of Sex Research. 2011. https://doi.org/10.1080/00224499.2010.521899
PMID: 20967669

Yadava M, Kumar P, Saini R, Roy PP, Dogra DP. Analysis of EEG signals and its application to neuro-
marketing. Multimedia Tools & Applications. 2017; 76: 1-25. https://doi.org/10.1007/s11042-017-4580-
6

Yin F, Bai ZY, He HC. A research into visitors’ landscape preference upon wetland plant community:
The case of Yanghu Wetland Park. Journal of Central South University of Forestry and Technology
(Social Sciences). 2013; 7:37—41. https://doi.org/10.14067/j.cnki.1673-9272.2013.02.028

Lindemann-Matthies P, Bose E. Species richness, structural diversity and species composition in
meadows created by visitors of a botanical garden in Switzerland. Landscape and Urban Planning.
2007; 79: 298-307. https://doi.org/10.1016/j.landurbplan.2006.03.007

Townshend TG. Therapeutic landscapes: An evidence-based approach to designing healing gardens
and restorative outdoor spaces. Herd. 2015; 40: 1-2.

Jang HS, Kim J, Kim KS, Pak CH. Human brain activity and emotional responses to plant colour stimuli.
Colour Research and Application. 2014;39. https://doi.org/10.1002/col.21788

PLOS ONE | https://doi.org/10.1371/journal.pone.0279596 December 30, 2022 26/27


https://doi.org/10.2501/IJA-30-4-723-725
https://doi.org/10.2501/IJA-30-4-723-725
https://doi.org/10.1371/journal.pone.0038479
http://www.ncbi.nlm.nih.gov/pubmed/22719893
https://doi.org/10.3389/fnhum.2019.00073
https://doi.org/10.3389/fnhum.2019.00073
http://www.ncbi.nlm.nih.gov/pubmed/30936825
https://doi.org/10.1016/S0169-2046%2803%2900115-4
https://doi.org/10.1038/sdata.2018.291
https://doi.org/10.1038/sdata.2018.291
http://www.ncbi.nlm.nih.gov/pubmed/30531985
https://doi.org/10.1016/j.jad.2019.03.058
http://www.ncbi.nlm.nih.gov/pubmed/30925266
https://doi.org/10.1016/s0301-0511%2899%2900043-5
https://doi.org/10.1016/s0301-0511%2899%2900043-5
http://www.ncbi.nlm.nih.gov/pubmed/10725565
https://doi.org/10.1371/journal.pone.0240179
http://www.ncbi.nlm.nih.gov/pubmed/33036020
https://doi.org/10.1016/j.ergon.2019.02.006
https://doi.org/10.1016/j.ijpsycho.2020.09.014
http://www.ncbi.nlm.nih.gov/pubmed/33080289
https://doi.org/10.13541/j.cnki.chinade.2017.08.008
https://doi.org/10.1080/00224499.2010.521899
http://www.ncbi.nlm.nih.gov/pubmed/20967669
https://doi.org/10.1007/s11042-017-4580-6
https://doi.org/10.1007/s11042-017-4580-6
https://doi.org/10.14067/j.cnki.1673-9272.2013.02.028
https://doi.org/10.1016/j.landurbplan.2006.03.007
https://doi.org/10.1002/col.21788
https://doi.org/10.1371/journal.pone.0279596

PLOS ONE Visual preference of plants in different environments

85. Steinhauer SR, Siegle GJ, Condray R, Pless M. Sympathetic and parasympathetic innervation of pupil-
lary dilation during sustained processing. International Journal of Psychophysiology. 2004; 52: 77—-86.
https://doi.org/10.1016/j.ijpsycho.2003.12.005 PMID: 15003374

86. Garcia-Madariaga J, Blasco Lopez M-F, Moya Burgos |, Recuero Virto N. Do isolated packaging vari-
ables influence consumer’s attention and preferences? Physiological Behaviour. 2019; 200: 96—103.
https://doi.org/10.1016/j.physbeh.2018.04.030 PMID: 29702121

87. Vettori S, Dzhelyova M, Van der Donck S, Jacques C, Van Wesemael T, Steyaert J, et al. Combined
frequency-tagging EEG and eye tracking reveal reduced social bias in boys with autism spectrum disor-
der. Cortex. 2020; 125: 135-148. https://doi.org/10.1016/j.cortex.2019.12.013 PMID: 31982699

PLOS ONE | https://doi.org/10.1371/journal.pone.0279596 December 30, 2022 27/27


https://doi.org/10.1016/j.ijpsycho.2003.12.005
http://www.ncbi.nlm.nih.gov/pubmed/15003374
https://doi.org/10.1016/j.physbeh.2018.04.030
http://www.ncbi.nlm.nih.gov/pubmed/29702121
https://doi.org/10.1016/j.cortex.2019.12.013
http://www.ncbi.nlm.nih.gov/pubmed/31982699
https://doi.org/10.1371/journal.pone.0279596

