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Abstract: National parks are important natural reserves of high ecological value, and the visual
perception of national park landscapes is closely tied to the degree of protection that the natural
resources within national parks receive. Visual cognition has a direct impact on public consciousness
and plays an increasingly important role in national park management. Most techniques and methods
previously used to study visual behaviors are subjective and qualitative; objective and quantitative
studies are rare. Here, we used the eye-tracking method to study the visual behaviors of individuals
viewing landscapes within the Qianjiangyuan National Park System Pilot Area to assess the visual
and psychological mechanisms underlying public perception of different landscapes. The effect of
landscape type on visual behaviors was greater than that of color diversity and degree of spatial
confinement and was mainly related to the characteristics of landscape elements. The public preferred
recreational and forest landscapes with high ornamental value, whereas rural and wetland landscapes
tended to be neglected given that perception of these landscapes required additional information
to facilitate interpretation. When landscape colors were uniform and landscape spaces were more
confined, the fixation duration was longer, and instant attractiveness was stronger. The effects of
subject background on behavioral preferences were examined. Females were more interested in
the whole landscape, whereas males focused more on the parts of the landscapes with prominent
humanistic architectural features, complex colors, and open space. Art students generally preferred
landscapes with strong humanistic attributes, whereas students majoring in forestry preferred
landscapes with strong natural attributes.

Keywords: national park; eye-tracking; landscape aesthetics; visual behaviors; landscape architecture

1. Introduction

National parks were born out of a change in the aesthetic appreciation of nature
in Europe and the United States in the first half of the 19th century. They are managed
by countries to aid biodiversity conservation and are highly valuable for the ecosystem
services that they provide [1], including provisioning, regulating, supporting and cultural
ecosystem services (such as aesthetic, spiritual, and recreation). National parks in China
started late and are currently in the exploratory stage, facing various problems including
the fragmentation of cross-regional management, uncertainty in the value of ecological
assets, and lack of ecological compensation. In order to build a unified, standardized, and
efficient national park system with Chinese characteristics, 10 pilot areas of the national
park system have been established. Recently, an increasing number of studies have ex-
amined the complexity and systematic nature of national parks [2]. These studies have
shown that national parks cannot be effectively managed when the ecological value of
natural resources is made the exclusive focus of management efforts [3], as the percep-
tion of the public and the form of public participation also have significant effects on
the system construction of national parks [4,5]. Consequently, an increasing number of
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landscape studies are examining human perception, with a focus on natural elements and
the study of the physical perception and psychological cognition of the public [6-9]. This
is consistent with contemporary ecological studies emphasizing the need for human and
cultural activities to be integrated into ecological studies to ensure compatibility between
humans and nature [10-12] and reflected by the themes of major conferences, such as
the 100th anniversary of the British Ecological Society. Landscapes in national parks not
only embody ecological, cultural, and social functions but also have significant visual
features and aesthetic value. The visual features and aesthetic value of national parks are
the product of the specific historical stage and social civilization, and are based on the
ecological value. The evaluation of visual features and aesthetic value needs to ensure the
extensive participation and perception of the public [13]. Most studies of national parks
have had an ecological focus. However, with the development of science and technology,
there is growing interest in the study of humans and their perception, visual behaviors,
and perception of national park landscapes [14].

In China, ecological protection is the primary but not the only objective of national
parks. According to existing studies [15], aesthetically pleasing landscapes tend to receive
greater protection compared with less aesthetically pleasing ones regardless of their ecologi-
cal value. In other words, the aesthetic value of a landscape is tied to its degree of ecological
protection. However, this relationship has not been given thorough consideration in the
context of ecosystem management [16,17]. The aesthetic value of landscapes in national
parks is based entirely on human perception, but the perception of landscapes can also
be affected by human activities. Most of the challenges associated with the management
of national parks stem from the fact that there are often multiple, opposing management
goals. These goals are generally associated with the different ecological functions sought
by different stakeholders. For example, the purpose of leaving branch fragments after
cutting wood is to promote forest regeneration, but many perceive a landscape with wood
fragments as messy and dirty, which affects the psychological perception of national park
visitors [18]. Hence, the effect of national park landscapes on public visual behaviors and
cognitive processes, public preferences of different characteristics, and the incorporation of
human landscape perception into national park ecosystem management are both outstand-
ing scientific problems in current landscape research as well as practical problems for the
management of national parks.

The idea of visually evaluating landscapes was first proposed in the 1900s. A variety
of approaches can be used, including expert, psychophysics, cognitive, and experiential
approaches. The subjective psychophysical approach [19], including scenic beauty esti-
mation, the law of comparative judgment, and semantic differentiation (SD), is the most
widely used. Most recent studies have examined the factors affecting visual quality [20],
the relationship between landscape pattern indexes and visual quality [21], and the visual
quality of forest landscapes [22,23]. Most studies have conducted visual quality evaluations
on the landscape scale and community scale; by contrast, few studies have evaluated the
most important sensory dimensions. Visual behavior is the behavior generated when
people watch or observe the external environment, including a series of complex visual
information processing such as searching, discovering, distinguishing, identifying, confirm-
ing, and memory searching [24]. Visual behavior analysis is an important content of visual
quality evaluation. It has been used as an important index to measure the effectiveness
of the construction of national park and has become an interdisciplinary subject that has
received wide attention. Recent research based on the theoretical principles of psychology
has explored landscape visual perception [25], but the objectivity and accuracy of eval-
uations could be improved through the use of more advanced methods and technology.
This is the main deficiency of current research. The eye-tracking test mainly explores
viewers’ inner psychological activities or cognitive processes by recording and analyzing
their eye movement during observation [25]. This technology is widely used in psychology,
advertising, industrial product design, and other fields and has been gradually applied to
the fields of urban planning and ancient villages; an increasing number of studies have also
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studied differences in the visual behaviors among different stakeholders [26,27]. However,
few studies have examined the visual behaviors of individuals in the context of national
parks. The eye-tracking analysis method is a powerful landscape research tool. To a large
extent, eye-tracking indexes can effectively reflect the subjective feelings of the public when
observing the national park landscape and objectively measure the visual behavior charac-
teristics of the public. For example, Nordh et al. studied the impact of urban landscape
on the recovery of public attention through eye-tracking technology [28]; Zhang used the
eye-tracking analysis method to explore the objective effects of forest visual landscape and
forest soundscape on human physiology [29]; and Dupont et al. applied this technique to
the field of participatory planning and design and explored the influence of professional
knowledge on visual perception [26].

Here, we analyzed the visual information processing of the landscapes of Qian-
jlangyuan National Park System Pilot Area using the eye-tracking test. This study provides
a visual assessment of the national park landscape at a micro scale (i.e., immersing oneself
in the park and observing the nearby landscape). We conducted tests to explore the effect
of national park landscapes on visual behaviors. In addition, we studied the effect of
subject background on visual behaviors and characterized the visual and psychological
mechanisms underlying the perception of national park landscapes. In summary, four
hypotheses are proposed in this study: (1) Different landscape types affect public visual
behavior; (2) different color diversities of landscapes affect public visual behavior; (3) differ-
ent degrees of spatial confinement of landscapes affect the public visual behavior; (4) group
characteristics affect the public visual behavior.

2. Materials and Methods
2.1. Background

The Qianjiangyuan National Park System Pilot Area (hereafter referred to as the
“Pilot Area”) is one of the 10 pilot national parks that was approved by 13 government
departments (e.g., the National Development and Reform Commission of China) in 2015.
Located in Western Zhejiang Province (28°54'-29°30" N, 118°01'-118°37' E) and at the
junction of Zhejiang, Anhui, and Jiangxi Provinces, the Pilot Area has an area of 252 km?
(Figure 1). The Pilot Area is a nationally important area for ecological preservation and
water conservation and consists of the former Gutianshan National Nature Reserve, the
former Qianjiangyuan provincial scenic spot, and the former Qianjiangyuan National
Forest Park, including the ecological areas within these reserves (mostly ecological public
welfare forests). The Pilot Area has the world’s most well-preserved large-scale low-altitude
mid-subtropical evergreen broad-leaved forest, which is a typical transitional zone linking
plants of Southern and Northern China. The Pilot Area features one of the world’s few
large areas of pristine natural secondary forest and a natural ecosystem representative
of the local region. The Pilot Area covers the Suzhuang, Changhong, Hetian, and Qixi
townships, including 19 administrative villages and 72 natural villages, and has a total
population of 9744. The Pilot Area is not only rich in natural ecological resources, but the
residents of local communities also contribute agricultural and forestry products unique to
East China; in addition, local cultural traditions are important among the local villagers.
Thus, the Pilot Area has the characteristic features of the local natural and cultural heritage.
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Figure 1. Location of the Qianjiangyuan National Park System Pilot Area.

2.2. Method

This study employed the eye-tracking test method, semantic differential method (SD
method), and K-means clustering algorithm.

The eye-tracking test is a method to infer the psychological process of the subjects by
recording and analyzing their eye movement data [30]. In this study, a Tobii eye tracker
was used to capture and record eye-tracking data of subjects viewing pictures of landscapes.
Visual analysis was then conducted, and the visual behavior mechanism of the subject
was examined.

The SD method is a psychological measurement method proposed by American
psychologist Charles Egerton Osgood (1916-1991), in which a psychological score of the
subjects is obtained by allowing them to report their perceptions on a verbal scale. The SD
method often selects multiple pairs of adjectives to represent the psychological feelings of
the evaluation project, which is conducive to the quantitative evaluation of color richness
and spatial airtightness in this study [31]. In this study, landscape color and landscape
space of national parks were evaluated using the SD method with a five-point Likert scale
(2,1,0,1, 2). Ascore of 2 shows that the participants prefer the right adjective, while a
score of -2 indicates that subjects more frequently chose the adjective on the left (Table 1).
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Table 1. Evaluation items and description of SD method.
Index Score & Adjectives Description
o <2 Y 1 2 Is the color of landscape reflected in this
Color diversities of landscapes * t - ) . e
Usifomi Diverse picture diverse or unified?
Degrees of spatial confinement of - p 0 ! . > Is the landscape space reflected in this
the landscape Confined Open picture closed or open?

The K-means clustering algorithm is a clustering analysis algorithm and an iterative
solution method; the goal is to find a cluster center that represents a particular region of
the data. The K-means clustering algorithm was used to classify the Pilot Area landscapes
according to different classification standards. According to landscape type, the photo
samples were divided into forest landscape group, wetland landscape group, rural land-
scape group, and recreational landscape group; according to color diversity, the samples
were divided into color diversity group, color neutrality group, and color unity group; and
according to spatial confinement, the samples were divided into the space-confined group,
semi-confined group, and open group.

2.3. Procedures
2.3.1. Sample Materials and Processing

In this study, there are several main considerations for the acquisition and selection
of images. First of all, through several field investigations and in-depth interviews with
local villagers and tourists, the research group selected typical scenic spots and landscapes
that can reflect the regional characteristics of the national park for photography. Second,
the research group took the photos from 8:00 a.m. to 10:00 and from 15:00 to 17:00 p.m. on
sunny days to ensure the consistency of objective conditions such as sunshine, light, and
weather to the greatest extent.

A total of 369 photos were taken, and 53 representative photos were used in the
experiments, which were labeled T1-T53. In terms of the selection of representative photos,
First of all, the research group eliminated some dim or blurry photos. Then, the research
group invited 15 experts from the fields of ecology, forestry, landscape architecture, tourism
management, and ecological management to screen together. The samples consisted of four
landscape types, three color diversities, and three degrees of spatial confinement. Three of
the photos were used as preheating photos to avoid the primacy effect. Preheating photos
refer to the unselected photos (316 photos) that were randomly selected in order to provide
subjects with a landscape overview of the test area. These photos were placed before the
evaluation photos as interference photos. The primacy effect refers to the influence of the
information input at the first impression on the subsequent cognition of the object in the
process of cognition. In the change of public visual behavior, the public’s impression of the
first national park landscape sample is likely to affect the evaluation of subsequent image
samples. In this study, a blank control was set between the experimental images, and the
blank control time was 15 s to ensure that the fixation position of the eyes of the subjects
when viewing different images remained consistent to the greatest extent. In addition, in
order to ensure the randomness of the image samples viewed by the subjects, this study
altered the order of the samples and did not inform the subjects, who only knew the general
content of the experiment.

2.3.2. Selection of Subjects

The subjects were randomly selected through volunteer recruitment in order to ensure
that the results were more accurate. The interviewers selected college students as public
representatives, mainly because college students generally have a certain travel experience
and aesthetic perception. Conventional psychological experiments with more than 30 sub-
jects are generally referred to as large-sample experiments. In this study, 96 undergraduate
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and graduate students from Renmin University of China and the Chinese Academy of
Forestry with “normal vision and naked or corrected visual acuity above 1.0” were used
as subjects. Excluding invalid data, a total of 64 sets of data from subjects were collected.
There were 25 male subjects (39%) and 39 female subjects (61%) (Table 2). Subjects had
bachelor’s, master’s, and Ph.D. degrees, but most had only bachelor’s and master’s de-
grees. Nineteen of the subjects were majoring in art (e.g., traditional Chinese painting, oil
painting, and design), 26 in forestry (e.g., forest silviculture, forest genetic breeding, and
forest protection science), and 19 in other majors (e.g., business administration, finance, and
Chinese language and literature), accounting for 30%, 40%, and 30%, respectively. There
were 29 subjects from the eastern region (Shandong, Anhui, and Zhejiang), 11 subjects from
the central region (Henan and Hubei), and 24 subjects from the western region (Gansu and
Sichuan), accounting for 45%, 17%, and 38%, respectively. The reliability analysis results of
the SD questionnaire data showed that Cronbach’s alpha value was 0.786, which indicates
a good reliability. Overall, the data collected were reliable.

Table 2. Information of the subjects.

Project Group Number of Subjects Percentage (%)
Male 25 39%
Gender Female 39 61%
Undergraduate 26 41%
Education level Master’s degree candidate 34 53%
Doctoral candidate 4 6%
Eastern region 29 45%
Place of origin Central region 11 17%
Western region 24 38%
Art major 19 30%
Major Forestry major 26 40%
Other major 19 30%

2.3.3. Eye-Tracking Test

A Tobii Pro X3-120 screen eye tracker (sampling frequency = 120 Hz) and two
ThinkPad X1 laptops (LCD display resolution 1920 x 1080, screen size 14 inches) were used
for visual tracking tests. The experiment was carried out in the landscape laboratory of the
Chinese Academy of Forestry. The external influence conditions (such as light and noise
conditions) of the experiment were well controlled to ensure the stability of the experiment.
The main experimental procedures were as follows: (1) the subjects sat at ca. 60 cm in front
of the eye tracker screen with their eyes facing the center of the monitor, and the administra-
tor explained the purpose, process, and requirements of the experiment. (2) Before testing,
a calibration was performed to adjust the seated position of the subject to ensure that it was
stable. (3) Three preheated photographs were presented without the subject’s knowledge,
and then 53 experimental photographs were presented at random. The subjects were asked
to stare at the screen in front of them and avoid squinting at the screen. The eye tracker
then began to collect the eye-tracking data until the presentation of the photographs ceased
(Figure 2). Based on the characteristics of psychological experiments, the contents of the
photographs, and previous studies [24,25,32], each photograph was presented for 8 s to
ensure that the subjects had enough time to view its contents while also minimizing the
fixation time (in colloquial terms, time of activity stimulating the fovea of the eye) and
saccade time (in colloquial terms, the time of rapid movement between fixations).
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Figure 2. Principles of the eye-tracking technology.

2.3.4. Selection of Eye-Tracking Indexes

According to psychological and behavioral research [33], the main forms of eye
movement behaviors are fixation, saccade, and following. This experiment requires the
subjects to remain still to observe the sample photos. Hence, eye movement behaviors
consist of fixation and saccade behaviors. Based on previous studies [34-37], along with the
landscape characteristics of the Pilot Area, we used the fixation duration average (FDA),
first fixation duration (FFD), saccade velocity average (SVA), saccade amplitude average
(SAA), fixation frequency (FF), and saccade frequency (SF) as the eye-tracking indexes (see
Table 3).

Table 3. Eye-tracking indexes for landscapes in the Pilot Area.

Eye-Tracking Index Abbreviation Definition and Meaning

The index value is obtained by dividing the fixation duration by the
Fixation duration average FDA number of fixation points, which represents each fixation duration of the
(ms) subject for the National Park landscape. The longer the FDA is, the harder

the subjects tried to understand the landscape of the national park.

The duration of the first fixation point in the area of interest, which
First fixation duration FED indicates the first fixation velocity of the subject for the national park
(ms) landscape. The shorter the FFD is, the faster the national park landscape

can attract the attention of the subjects.

In the process of saccade, the average value of the peak value of each
saccade. This index represents the range of subjects” access to the
SVA landscape information of the national park and reflects the distinctness of
the landscape characteristics of the national park. The faster the SVA is, the
less attractive the information between fixation points is to the subjects.

Saccade velocity average

(/s)
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Table 3. Cont.

Eye-Tracking Index

Abbreviation Definition and Meaning

Saccade amplitude average

©)

This index reflects the range of the subjects” access to the landscape
SAA information of the national park. When the index is large, the fixation
point of the subject can more easily reach the target area.

Fixation frequency
(count/s)

The ratio of the number of fixations to fixation duration reflects the degree
FF of interest and importance of the fixation area. The greater the FF is, the
more interested the subjects were in the national park landscape.

Saccade frequency
(count/s)

The number of saccades per unit time represents the subject’s visual search
behavior for the national park landscape. The larger the SF is, the greater
the visual search volume of the subjects, and the less distinctive the
national park landscape features.

SF

2.4. Data Processing

After the experiment, the eye-tracking data were extracted with Tobii analysis software,
and the data were statistically analyzed using Excel 2010 and IBM SPSS Statistics 21.
The thermodynamic diagrams and path diagrams generated by the eye tracker were
imported into Adobe Photoshop CS 6 and Illustrator CS 5 for image processing. The
eye movement thermodynamic diagrams were used to show the visual attractiveness of
different landscapes to the subjects and the attention of subjects to different landscapes,
and the fixation track charts were used to reveal the observation position, observation time
sequence, and fixation duration of subjects for different landscapes.

3. Results
3.1. Eye-Tracking Data for Different Landscape Types in the Pilot Area

According to the landscape type classification, the numbers of forest, wetland, rural,
and recreational landscapes were 16, 14, 14, and 9, respectively. In order to effectively
analyze the eye-tracking data of different types of landscapes, first of all, the authors
conducted a variance homogeneity test (F-test) on the eye-tracking data. The results of the
variance homogeneity test showed that there was no significant difference in the variances
of each group at the level of a = 0.05; that is, the variances were homogeneous, which
met the conditions for further multiple comparisons. Then, the authors used the least
significant difference (LSD) method to conduct further multiple comparative analyses. The
eye-tracking data of the four types of landscapes were analyzed using single-factor analysis
of variance (ANOVA) (Table 4). The results revealed significant differences in the FDA, SVA,
SAA, and SF among the four types of landscapes. The values of the eye-tracking indexes
varied among the different landscapes of the Pilot Area. The FDA of the forest landscape
significantly differed from that of the other three groups of landscapes. The differences in
the eye movement characteristics between the forest landscape and recreational landscape
were greater than the differences between other groups. The FDA (231.30 ms) of the forest
landscape was the longest, SVA (104.84 °/s) was the fastest, and SAA (2.47°) was the
largest. Moreover, the FFD (203.26 ms) of the recreational landscape was the longest, FF
(1.49 count/s) was the largest, and SF (0.77 count/s) was the largest.
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Table 4. Effects of different landscape types in the Pilot Area on eye-tracking indexes.
Eye-Tracking Indexes FDA (ms) FFD (ms) SVA (°/s) SAA () FF (Count/s) SF (Count/s)
Forest landscape 231.30 + 18.22a 202.67 £ 22.30a 104.84 + 8.26a 247 +0.21a 1.40 £ 0.12a 0.63 £ 0.11b
Wetland landscape 207.02 + 18.79b 195.08 £ 19.51a 104.61 £ 8.15a 246 £ 0.27a 1.43 £ 0.15a 0.71 + 0.09ab
Rural landscape 212.45 + 26.04b 196.56 £ 33.74a 102.45 £ 12.26ab 2.42 £ 0.35ab 1.38 + 0.16a 0.69 £ 0.11ab
Recreational landscape ~ 213.06 + 20.10b 203.26 £ 35.32a 94.30 4 14.78b 2.19 £ 0.46b 1.49 +0.13a 0.77 £0.17a

Note: data = mean + SD (standard deviation), n = 64; data with different letters on the same line are significantly different. “FDA”
represents fixation duration average; “FFD” represents first fixation duration; “SVA” represents saccade velocity average; “SAA” represents
saccade amplitude average; “FF” represents fixation frequency; “SF” represents saccade frequency.

Forest landscape

A sample from each of the four groups of landscapes was selected for study (Figure 3).
In terms of eye-tracking heat map, the visual excitation area of the forest landscape was
distributed close to the image center and diverged around the visual center. The visual
fixation range of the wetland landscape was relatively concentrated around the wetland
and water body. Rural landscape generally has multiple visual excitation areas, and the
number of fixation points of agricultural elements such as farmland and tea garden is large,
and the distribution is relatively dense. The focus of recreational landscape was the most
concentrated, and the area of visual excitement was scattered and mainly concentrated in
stone tablets, wind and rain pavilions, sculptures, and other artificial landscapes, especially
artificial elements with words. In terms of eye-tracking path trajectory, the first focus of
forest landscape was generally located at the junction of different plant communities, after
which the focus moved up and down and then back and forth. The gaze path of wetland
landscape followed the flow direction of the river system. The gaze path of rural landscape
mainly followed the trajectory movement of forest-farmland—forest. Landscape structures
such as inscriptions and stone carvings play an important guiding role in the path trajectory
of recreational landscape.

andscape

Wetland landscape Rural landscape Recreational landscape

Figure 3. Visualization of eye-tracking data corresponding to different landscape types.
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According to previous research experience, we initially extracted six eye-tracking
indexes for research. However, according to the results in Table 3, the change trends of
some indexes are very similar. Therefore, before further analysis, the six eye-tracking
indexes were analyzed by Pearson correlation analysis (Table 5). FDA was significantly
correlated with FFD, SVA was significantly correlated with SAA, and SF was significantly
correlated with FF. The results showed that the pairings of these three groups of indicators
were highly consistent. Therefore, the three indicators of FFD, SAA, and FF were eliminated
in the subsequent analysis of this study. The subjects were divided according to gender,
place of origin, and major. The independent sample t-test method and the LSD method in
one-way ANOVA were used to test the mean value of the three eye-tracking indexes (FDA,
SVA, SF) in order to reveal the psychological mechanism underlying the public perception
of landscapes.

Table 5. Pearson correlation analysis of the eye-tracking indexes.

FFD SVA SAA FF SF
FDA 0.640 ** 0.240 0.269 0.202 0.110
FFD 0.217 0.254 0.275* 0.215
SVA 0.959 ** 0.205 0.170
SAA 0.247 0.218
FF 0.802 **

Note: * represents p < 0.05; ** represents p < 0.01; “FDA” represents fixation duration average; “FFD” represents
first fixation duration; “SVA” represents saccade velocity average; “SAA” represents saccade amplitude average;
“FF” represents fixation frequency; “SF” represents saccade frequency.

There were significant differences in the SVA of forest, wetland, and rural landscapes
among different genders (Figure 4). Compared with males, the FDA was longer, SVA faster,
and SF larger for females. Subjects from different places of origin significantly differed
in SF for forest landscapes; FDA, SVA, and SF for wetland landscapes; and SF for rural
landscapes. Subjects of different majors significantly differed in FDA and SF for wetland,
village, and recreational landscapes.

BMale B Female HER B CREAWR BFM 8AM G0OOM

FDA (ms)

SVA (°/s)

SF (count/s)

grest
landscape lan scape lan

a

Rle r¢ational est Wetland ral creational rest ﬁtland ral Rlecrgational
cape scape landscape scape

scape lan cape lan cape landscape landscape langscape lan

Figure 4. Eye-tracking data for different group characteristics based on multiple landscape types. Note: “ER” represents

eastern region; “CR” represents central region; “WR” represents western region; “AM” represents art major; “FM” represents

forestry major; “OM” represents other major. Data with different letters ("a

and "b") are significantly different.
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3.2. Eye-Tracking Data for Different Color Diversities of Landscapes in the Pilot Area

For color diversity, the Pilot Area landscape was divided into the color diversity
group, color neutral group, and color unity group. The color diversity of the color diversity
group, color neutral group, and color unity group decreased successively according to the
K-means clustering results. The numbers of samples in the color diversity group, the color
neutral group, and the color unification group were 11, 26, and 16, respectively, accounting
for 20.75%, 49.06%, and 30.19% of all samples. In the color diversity group, the cumulative
number of samples of the color neutral group reached 69.81%, and the overall Pilot Area
forest landscape color was relatively rich and diverse.

The eye-tracking data of the three groups of landscapes were analyzed by one-way
ANOVA (Table 6). There were significant differences in FDA among the three groups. The
FDA (207.30 ms) was the shortest, FFD (187.09 ms) was the shortest, and FF (1.3 count/s)
was the smallest in the color diversity group. The SVA (101.60 count/s) was the slowest,
SAA (2.37°) was the smallest, FF (1.43 count/s) was the largest, and SF (0.72 count/s) was
the highest in the color neutral group. FDA (228.77 ms) was the longest, FFD (207.41 ms)
was the longest, SVA (103.53 count/s) was the fastest, SAA (2.44°) was the largest, and SF
(0.64 count/s) was the smallest in the color unity group. Additionally, the eye-tracking
indexes also differed among the different groups. The FDA (228.769 ms) of the color unity
group was the longest, which was significantly different from that of the other two groups.
The neutral color group (213.47 ms) was the second longest, and the color diversity group
(207.30 ms) was the shortest.

Table 6. Effects of different color diversities of landscapes in the Pilot Area on eye-tracking indexes.

Eve Tracking Index FDA FFD SVA SAA FF SF
ye lracking Indexes (ms) (ms) ©/s) ©) (Count/s) (Count/s)
Color diversity group 207.30 + 22.36b 187.09 £ 27.59a 102.44 £ 13.66a 243 £ 0.42a 1.39 + 0.16a 0.70 £0.11a
Color neutral group 213.47 + 23.14b 199.17 £ 27.54a 101.60 £+ 11.11a 2.37 £0.34a 1.43 4+ 0.15a 0.72 + 0.14a
Color unity group 228.77 +17.79a 207.41 + 23.94a 103.53 £ 9.50a 244 +0.25a 141 +0.12a 0.64 £ 0.10a

Note: data = mean £ SD (standard deviation), n = 64; data with different letters on the same line are significantly different. “FDA”
represents fixation duration average; “FFD” represents first fixation duration; “SVA” represents saccade velocity average; “SAA” represents
saccade amplitude average; “FF” represents fixation frequency; “SF” represents saccade frequency.

A sample from each of the three groups of landscapes was selected for study (Figure 5).
In terms of eye-tracking heat map, the visual excitement area of the color diversity group
was scattered; the subject line of sight was mainly far away. The visual excitement area of
the color neutral group was clustered. The focus of the subject was mainly the humanistic
landscape element, and the eye movement path was greatly affected by tone. In the color
unity group, the visual fixation range of the landscape was relatively concentrated, and the
attention was mainly concentrated in the trunks of the trees. When the color was uniform
and harmonious, the effects of simple colors on visual behaviors were low, whereas the
effects of morphological characteristics of the landscape on the visual behaviors were more
pronounced. When the landscape color diversity is high, the visual behavior is greatly
affected by hue, saturation, and brightness. When the color is uniform, the effect of color
on visual behavior is low, while the effect of landscape morphological features on visual
behavior is more significant. In terms of eye movement, the gaze path of the color diversity
group was affected by landscape brightness and saturation. The eye movement path of the
color unified group was mainly affected by landscape elements but was less affected by
hue, saturation, and brightness.
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Color unity landscape

Figure 5. Visualization of the eye-tracking data for different color diversities.

The average values of the eye-tracking data by gender, place of origin, and major are
shown in Table A1. The results show that: (1) there were no significant differences in FDA
and SF in the color diversity group, color neutral group, and color unity group between
genders, but there were significant differences in SVA between genders in the color neutral
group and color unity group. (2) There were significant differences in landscape SF in
the three color diversity groups among subjects differing in place of origin, and the SF of
subjects in the central region was the fastest. The FDA and SVA of the color neutral group
and the SVA of the color unity group also significantly differed among subjects differing
in place of origin. (3) There were significant differences in FDA and SF in the three color
diversity groups among subjects with different majors. The FDA of subjects majoring in art
was the longest, the FDA of subjects majoring in forestry was the second longest, and the
FDA of subjects with other majors was the shortest. In addition, the SF was significantly
higher for subjects majoring in art than in subjects majoring in forestry and other majors.

3.3. Eye-Tracking Data for Different Degrees of Spatial Confinement of Landscapes in the
Pilot Area

According to the degree of spatial confinement, the Pilot Area landscape was divided
into three groups: the space-confined group, spatial semi-confined group, and open group.
The spatial confinement of the space-confined group, semi-confined group, and open group
decreased, and the numbers of samples in these groups were 26, 17, and 10, respectively,
accounting for 49.06%, 32.07%, and 18.87% of the samples. The cumulative number of
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samples for the space-confined group and semi-confined group was 81.13%; the overall
space of the Pilot Area landscape was relatively confined, and the forest canopy density
was high.

The eye-tracking data of the three groups of landscapes were analyzed by one-way
ANOVA (Table 7). There were significant differences in FDA and FFD among the three
groups. In the confined group, FDA (223.02 ms) was the longest, FFD (211.01 ms) was
the longest, FF (1.46 count/s) was the smallest, and SF (0.70 count/s) was the largest; in
the spatial semi-confined group, SVA (105.51 count/s) was the fastest, SAA (2.48°) was
the largest, FDA (205.98 ms) was the shortest, FFD (183.54 ms) was the shortest, SVA
(99.58 count/s) was the slowest, SAA (2.36°) was the smallest, FF (1.38 count/s) was the
smallest, and SF (0.68 count/s) was the smallest. The values of the eye-tracking indexes
also differed among the different groups, and there were significant differences between
the space-confined group and the other two groups. For example, the FFD (211.01 ms) of
the space-confined group was the longest, followed by the semi-confined group (190.20 ms)
and the open group (183.54 ms).

Table 7. Effects of different degrees of spatial confinement in the Pilot Area on eye-tracking indexes.

Eye Tracking Indexes FDA (ms) FFD (ms) SVA (°/s) SAA (°) FF (count/s) SF (count/s)
Spatial confined group ~ 223.02 +20.76a  211.01 +26.14a 10137 +10.27a 2.38 + 0.29a 1.46 + 0.12a 0.70 + 0.13a
Spatial Ser‘;il'confmed 213.67 + 24.54ab 19020 £20.07b  105.51 + 11.20a 2.48 +0.33a 1.39 + 0.15a 0.69 + 0.14a

Spatialgoper}?l group 20598 +21.10b 18354 £27.64b  99.58 + 12.58a 2.36 + 0.41a 1.38 + 0.16a 0.68 £ 0.11a

Note: data = mean £ SD (standard deviation), n = 64; data with different letters on the same line are significantly different. “FDA”
represents fixation duration average; “FFD” represents first fixation duration; “SVA” represents saccade velocity average; “SAA” represents
saccade amplitude average; “FF” represents fixation frequency; “SF” represents saccade frequency.

One sample from each of the three groups of landscapes was selected, and the analysis
of visual behaviors showed that the visual excitation area was relatively concentrated in the
space-confined group. Furthermore, the visual range was larger, scattered from the center
to the surrounding area, and was in the form of a concentric circle extending outward. The
eye movement path of this group was shorter, and the starting point and end point of path
movement were more concentrated and had fewer scattered points. The line of sight of the
semi-confined group was greatly affected by the spatial characteristics, and the visual path
moved along the junction of the landscape elements, resulting in the generation of multiple
stopping points, and the path was clear. The visual range of the open group had specific
cluster characteristics, and the visually exciting area was in the long-range, middle-range,
and close-range areas (Figure 6).

The mean values of the eye-tracking data of the three groups of landscapes were
compared according to subject characteristics (Table A2). The results showed that: (1) there
were no significant differences in FDA and SF between genders in the three landscape
groups, but there was a significant difference in SVA between genders in the space-confined
group. The SVA was significantly higher for females than for males. (2) There were
significant differences in SF of the three groups, SVA of the space-confined group, and FDA
of the space semi-confined group among subjects differing in place of origin. (3) There were
significant differences in FDA and SF of the three groups and SVA of the space-confined
group among subjects with different majors.
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Figure 6. Visualization of the eye-tracking data for the different degrees of spatial confinement.

4. Discussion
4.1. Effects of Landscape Type in the Pilot Area on Public Visual Behaviors

There were significant differences in FDA and SF of the four landscape types, indi-
cating that landscapes could be designed with different themes in a way that would help
viewers obtain more landscape information faster and more effectively, enhance visual
satisfaction, and thus increase the attractiveness of landscapes in National Parks to the
public. The effect of landscape types on public visual behaviors was strongly related to
the characteristics of landscape constituent elements. The characteristics of the Pilot Area
forest landscape are distinct, and the large-scale low-altitude mid-subtropical evergreen
broad-leaved forest is aesthetically pleasing. The development of the forest tourism in-
dustry has resulted in the construction of several recreational facilities. Consequently, the
fixation duration of the forest landscape and recreational landscape is long, and the instant
attractiveness is strong. However, because the wetland landscape and rural landscape
have no abrupt points, the fixation duration of these two types of landscapes is generally
short, the degree of visual attention is low, and the instant attractiveness is relatively weak.
Research on eye movement behaviors in advertising [38] showed that if subjects gaze at a
certain part of a photo for a long period and several times, their interest in this part of the
photo increases. The eye-tracking indexes indicated that the forest and recreational land-
scapes received the most interest. Li et al. [39] conducted a study of tourist visual behaviors
using photography and eye-tracking tests and showed that the public was attracted to
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natural landscapes with superior ecological conditions. They concluded that recreational
landscapes have high ornamental value, which is consistent with the results of this study.

4.2. Effects of Color Diversity of Landscapes in the Pilot Area on Public Visual Behaviors

When color diversity increased, public attention and instant attractiveness decreased;
when the color diversity decreased, public attention and instant attractiveness increased.
The public prefers landscapes with uniform colors and harmonious tones because this type
of landscape increases viewer comfort. The work of Gong et al. [40] examining the effect
of colors on the visual search efficiency of icons also supported this point. The effect of
color unity on the visual search efficiency of the public was clear. Thus, optimizing the
construction of the landscapes of the Pilot Area requires matching landscape color elements,
optimizing landscape color patterns, and highlighting different seasonal color changes.
Regardless of the strength of the color contrast of the landscape, when the public observes a
sample image, the first fixation point is generally located in the center of the sample image,
and then the line of sight moves back and forth along the visual areas of interest with
different brightness levels. The public thus mainly perceives the entire landscape as the first
fixation point. Although eye tracking is useful for exploring the location of observation,
other indicators that can more directly characterize psychological activity, including the
galvanic skin response (skin conductance activity) and electroencephalograms, are needed
to understand the behavioral mechanism underlying the visual representation.

4.3. Effects of Spatial Confinement of the Landscape in the Pilot Area on Public Visual Behaviors

As the degree of spatial confinement increased, the instant attractiveness of the land-
scape to the public increased. The Pilot Area forest is rich in resources, and forest cover
reaches 81.19%. Landscapes with high degrees of spatial confinement are also high in
canopy density. Thus, the landscape planning of the Pilot Area should emphasize the
protection and rational utilization of forest resources as well as highlight the forest char-
acteristics of the Pilot Area. Additionally, the visual thermal form of the confined group
can be summarized as a concentrated radiation type, and the shape is in the form of a
concentric circle extending outward. While the landscape forms of the semi-confined group
and open group generally had two or more visual fixation points, the thermodynamic
forms can be classified into strip type and cluster type. In this study, the eye-tracking data
were used to characterize the visual behaviors, which provides new insights applicable to
landscape visual quality evaluation. Nevertheless, there is a need for more research to be
conducted in this area in the future.

4.4. Effects of Group Characteristics on Visual Preferences

Compared with male subjects, the FDA of female subjects was longer, the SVA was
faster, and the SF was larger. For example, males have a longer FDA for the recreational
landscape and the open group compared with females, and males also have a greater SF for
the color diversity group. Li et al. [41] analyzed the visual behaviors of a campus landscape.
They found that females tended to prefer natural landscapes, whereas males preferred
humanistic architectural landscapes, which is consistent with the results of this study. As
the Pilot Area landscapes are dominated by natural features, females were more interested
in the Pilot Area landscapes. Analysis of the effect of place of origin on visual behaviors
revealed that subjects from the central and western regions had longer FDA, faster SVA,
and larger SF compared with subjects from the eastern region. This indicates that subjects
in the central and western regions paid more attention to the Pilot Area landscape. Analysis
of the effect of visual behaviors revealed that art students preferred landscapes with strong
humanistic attributes, such as rural areas and recreational landscapes, whereas students
majoring in forestry preferred landscapes with natural attributes, such as forests and
wetlands. Additionally, the SF of art students was greater than that of students of the other
two majors, indicating that the eyes of art students more intensively scanned the Pilot Area
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landscape, which might be related to the fact that art students possess less knowledge
of ecology.

In sum, the public prefers landscapes with uniform and harmonious colors, clear
dominant tones, high canopy density, and certain cultural characteristics; landscapes that
do not receive as much attention are those with various colors and low canopy density.
This suggests that the public’s visual attention to landscapes in national parks is related to
the characteristics of the constituent elements of the landscape. The visual focus of artificial
landscapes is often more prominent compared with natural landscapes, and the FFD is
longer, especially for artificial landscapes (e.g., stone tablets, gates) with text [42]. Guo
et al. [43] conducted a visual perception analysis of the mountain tourism landscape in
Eastern China. The results showed that people had lower instant attractiveness to natural
landscapes such as mountains, waters, and clouds, whereas temples, Taoist temples, and
hotels had higher instant attractiveness. Their conclusions are also consistent with the
results of our study. A comprehensive analysis of the effect of the type, color diversity,
and degree of spatial confinement of landscapes on public visual behaviors demonstrated
that forest ecological elements, recreation and leisure elements, harmonious and uniform
landscape colors, and spatial confinement with high canopy density contain more landscape
aesthetic information and are thus more likely to promote changes in visual behavior and
visual interest. However, the public’s interpretation of vernacular architecture elements,
river wetland elements, complex color elements, and open space elements requires some
preliminary information. Due to the limited duration of our experiments, visual interest in
the above landscapes was difficult to arouse, which is a finding consistent with previous
studies [26]. Cultural dimension of public perceptions can also affect the visual evaluation
of landscape. Stephenson constructed a cultural value model to study the landscape of
New Zealand communities, and his findings suggest that part of the power of landscapes
lies in how they represent and make visible multiple cultures [44].

It is worth noting that most of the studies on eye-tracking analysis are based on pho-
tographs, mainly because the experiments conducted with photographs are more operable
and less costly than the outdoor experiments. Although relevant scholars have proved
that the experimental results are highly consistent [30,37,39], the number of photographs,
shooting techniques, and other factors will still cause a certain degree of deviation in the
national park landscape images. Therefore, photographs cannot completely replace the
actual landscape, and the experimental form of photographs has some limitations. In
future experiments, eye-tracking tests can be combined with 3D, VR, and other virtual
technologies. If the subjects participate in eye-tracking tests in a virtual reality scene,
more accurate evaluation results will be obtained. Additionally, psychologists have shown
that eye tracking can enhance our understanding of the public perception of landscapes
and provide an effective approach for revealing the psychological mechanism underlying
human brain information processing. However, additional experiments are needed to
establish the effect of landscape visual quality on mediating these psychological changes.

5. Conclusions

The eye-tracking indexes measured in this study revealed the eye movement charac-
teristics of subjects viewing different landscapes within a national park and explained the
mechanism by which landscapes affect public visual behaviors. Specifically, we found that:
(1) compared with color diversity and degree of spatial confinement, the effect of landscape
type on visual behaviors was stronger, which was mainly related to the characteristics of
the constituent elements of landscapes. (2) Subjects preferred recreational landscapes with
high ornamental value and forest landscapes, wetland landscapes, and rural landscapes
with superior ecological conditions. Preliminary information was required to interpret
certain landscape elements, as otherwise these elements could be easily overlooked. When
the colors were more uniform and harmonious, the fixation duration of subjects and the
instant attractiveness increased. When the landscape space was more confined, the fixation
duration of the public and the instant attractiveness increased, and the SF was greater. (3)
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Appendix A

Subject background can affect visual behavior preferences. Females were more interested
in the Pilot Area landscapes, whereas males were more interested in landscapes with
prominent humanistic architecture, complex colors, and open space. Art students generally
preferred landscapes with strong humanistic attributes, whereas students majoring in
forestry preferred landscapes with strong natural attributes.

The National Parks of China are in a critical early stage of development. Although eco-
logical protection is the primary goal of the National Park system, public visual perception
of landscapes in national parks is closely tied to the effectiveness of ecological protection.
Public participation has become a trend in national park management in many countries.
For example, the mechanism of public participation runs through the establishment, plan-
ning and decision-making, management, and operation of national parks in the United
States. Among the scientific research projects approved by Yellowstone National Park
every year, nearly a quarter are completed by foundations and other social organizations.
Hence, in the process of Chinese National Park construction, public perception of landscape
aesthetics needs to be factored into management decisions. In addition, both “top-down”
and “bottom-up” planning of national parks should be promoted. Visual landscape quality
is necessary for landscape planning and policymaking, and the public’s preference for
landscape visual behaviors could affect the effectiveness of landscape conservation and
restoration. This study provides information that could aid conservation management
of National Park System Pilot Areas and the sustainable management of landscapes in
national parks following the completion of the pilot project.
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Table Al. Eye-tracking data for different group characteristics based on color diversities of landscapes.

Eye-Tracking Indexes Landscape Groups Gender Average Sig. Place of Origin Average Sig. Major Average Sig.
Male 204.847 ER 197.367 M 209.689
A R S B -
Male 207.992 ER 204.561 M 221.630
FDA (ms) Color neutral group Female 216.835 0.332 ‘(/ZVIF{ ;ﬁzg? 0.012 (A)ﬁ %égggg 0.000
Male 224.083 ER 220.843 ™M 236.473
I L T B e
o Male 92.506 ER 93.647 M 100.912
R L - S I A
Male 92.943 ER 94.123 M 100.972
SVA (°/s) Color neutral group Female 106.099 0.001 \?VI;{ }8222; 0.047 gﬁ 19066;6782 0.077
Male 89.481 ER 91.993 ™M 104.560
Male 0.722 ER 0.635 M 0.754
Color diversity group Female 0.689 0.550 \S:VII{{ 82?2 0.017 éﬁ 82;? 0.000
SF (count/s) Color neutral group Maki SZZ 0.185 EIE 82% 0.000 E\I\//II 8;23 0.000
Female . ’ ! ’
| Male o R 0565 ™ O
e T L I

Note: “ER” represents eastern region; “CR” represents central region; “WR” represents western region; “AM” represents art major; “FM”
represents forestry major; “OM” represents other major.
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Table A2. Eye-tracking data for different group characteristics based on degree of spatial confinement.

Eye-Tracking Indexes Landscape Groups Gender Average Sig. Place of Origin Average Sig. Major Average Sig.
Male 216.622 ER 219.409 M 223913
Spatial confined group 0.204 CR 224.599 0.732 AM 241.938 0.000
Female 226759 WR 229.075 OM 195072
Spatial semi-confined Male 207.385 ER 194.183 FM 229.173
FDA (ms) P 0.391 CR 225.003 0.018 AM 215.688 0.001
group Female  217.500 WR 237244 OM  1835%
Male 208.873 ER 201.736 FM 213.483
Spatial open group 0.712 CR 206.939 0.780 AM 221.089 0.006
Female 204441 WR 214.635 OM  174.846
Male 86.512 ER 90.814 M 103.492
Spatial confined group 0.000 CR 107.358 0.000 AM 103.836 0.021
Female  108.944 WR 113.056 oM 93.942
Spatial semi-confined Male 100.495 ER 98.808 FM 99.744
SVA (°/s) P 0.124 CR 112.124 0.386 AM 113.942 0.074
group Female 108.577 WR 105.712 OM 105069
Male 90.804 ER 90.829 FM 102.184
Spatial open group 0.136 CR 106.503 0.167 AM 100.847 0.421
Female  104.755 WR 103.834 oM 93.060
Male 0.663 ER 0.610 M 0.746
Spatial confined group 0.156 CR 0.792 0.001 AM 0.762 0.000
Female 0.719 WR 1.660 oM 0519
Spatial semi-confined Male 0.694 ER 0.625 FM 0.758
SF (count/s) P 0.839 CR 0.778 0.018 AM 0.756 0.000
group Female 0683 WR 0.599 oM 0.495
Male 0.628 ER 0.622 M 0.704
Spatial open group 0.164 CR 0.779 0.006 AM 0.784 0.000
Female 0.704 WR 0.556 oM 0.493

Note: “ER” represents eastern region; “CR” represents central region; “WR” represents western region; “AM” represents art major; “FM”
represents forestry major; “OM” represents other major.
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