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How does the landscape
uniformity in different forest
landscapes affect the visual
behavior and preference
evaluation intention of
participants—a case study of
forest landscape in northern China
(Liaoning)
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Huan Meng! and Tong Zhang*

!Landscape Planning Laboratory, Forestry College, Shenyang Agricultural University, Shenyang, China,
2College of Forestry, Shenyang Agricultural University, Shenyang, China, *Key Laboratory of Forest Tree
Genetics, Breeding and Cultivation of Liaoning Province, Shenyang Agricultural University, Shenyang,
China

Background: High-quality in-forest landscapes are very important when
landscape designers and foresters are planning and managing forest landscape
resources. Understanding people’s visual behavior toward in-forest landscapes
plays an important role in creating high-quality in-forest landscapes.

Methods: People’s visual information about in-forest landscapes with different
landscape uniformity (IFLDLU) was visualized and digitized by eye-tracking
technology and virtual reality method of picture, and the data were statistically
analyzed by MANOVA, one-way ANOVA, Spearman’s rho correlation analysis, and
linear regression in SPSS.

Purpose: This study aimed to discuss the influence of landscape uniformity on
people’s visual behavior, satisfaction preference, and re-viewing intention, and
to reveal the main reasons for the spatial cognitive characteristics of in-forest
scenes that arouse their visual attention and re-viewing intention.

Main results: (1) The landscape uniformity of the in-forest landscape (IFL) affects
people’s observation mode; (2) People’s visual attention differs across in-forest
landscape uniformity, as mainly reflected in visual span and pupil diameter; (3)
Overall, people prefer a cluster distribution of in-forest landscapes, for which they
have higher re-viewing intentions; (4) Spatial cognitive characteristics that arouse
participants’ visual behavior, satisfaction preference, and re-viewing intention
vary with the landscape uniformity of in-forest landscapes. Among them, many
spatial cognitive characteristics should be optimized in random distribution for
IFL, arousing higher satisfaction preference and re-viewing intention. Therefore,
when planning, designing, and managing in-forest landscapes, we suggest that
spatial cognitive characteristics should be improved and optimized based on the
landscape uniformity of the IFL to arouse participants’ positive visual attention,
enhance their place identity, make them “reluctant to bid farewell,” and further
arouse their place attachment.
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1 Introduction

With the acceleration of urbanization and the increase in forest
leisure demand, people’s cognition of forests is changing (Wilkes-
Allemann et al., 2017). Compared with the economic value of wood,
people are inclined to pay increasing attention to the recreational
functions of forests, including healthcare, leisure, and entertainment.
Meanwhile, forest tourism has gradually become a leisure activity for
people during their leisure time (Deng, 2009; Deng et al., 2013; Gao
et al,, 2020; Khachatryan et al., 2020; Wu et al., 2021; Shi et al., 2022).
Based on the statistics of the China People’s Network in 2021, the
number of forest tourists in China reached 7.5 billion during the 13th
Five-Year Plan period. In the second half of 2020, the impact of the
epidemic gradually weakened and the number of tourists nationwide
gradually increased to 84.2% in 2019, which not only promoted the
development of forest tourism in China but also made tourists start to
focus on higher quality and high-level forest landscape spaces (China
People's Network, 2021).

However, in China, most forest parks are developed from state-
owned forest farms with rich plantation resources, so early scholars
focused on studying in-forest landscapes in terms of tree growth
(Deng, 2009; Deng et al,, 2013). For example, Liu claimed that the
spatial structure of forests determines the competitive advantage and
spatial niche among trees, which greatly affects the health and stability
of the forest (Liu et al., 2014). The Voronoi diagram is used to study
forest spaces and their distribution patterns. However, whether
different landscape uniformity affects people’s preference evaluation
and which forest landscape elements can attract tourists visual
attention need to be further discussed.

As forest tourism develops and tourists pursue high-quality
landscapes, it is increasingly important to discuss the public’s demand
and preference for IFL and the spatial cognitive characteristics of
high-quality landscapes (Oku and Fukamachi, 2006; Wu et al., 2019;
Zhang et al., 2022). Previous studies have noted that arbor forest is
absolutely dominant in forest landscapes, and its area ratio is relatively
large, which means that to upgrade the overall quality of forest
landscapes, arbor forest makes a great contribution (Bosun et al,
2007). High-quality in-forest landscapes can increase the attraction of
a forest park itself, and after meeting the basic recreational conditions
of tourists, it can also make more tourists feel attached to the scene
(Wu et al., 2019).

Therefore, it is a subject worth in-depth study for planners and
managers of landscape resources to create high-quality in-forest
landscape spaces that conform to the public esthetic.

As Dachary-Bernard and Rambonilaza (2012) pointed out,
esthetics greatly influence people’s cognitive preference for landscapes
and their characteristics. At present, there are many studies on
subjective evaluation and these studies have mainly used
questionnaires and interviews (Chen and Qiao, 2015; Wu et al., 2021).
With the development of research, these methods overly rely on the
subjective evaluation of respondents, making their reliability relatively
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low (Daniel, 2001; Zhang et al., 2017a,b; Gao et al., 2020). Therefore,
scholars tend to use quantitative research and direct evaluation to
intervene in related fields. As the research of Dupont et al. (2015)
pointed out, eye tracking technology can quickly and accurately catch
changes in eye movement, such as pupil diameter and visual span,
when people observe landscapes or objects. Meanwhile, Sun et al.
(2018) pointed out that eye-tracking technology can be used to
explore people’s psychological activities and perceptions of scenes
when viewing landscape spaces. Compared with the subjective
evaluation method, the multi-module analysis technology represented
by eye-tracking technology can present more precise experimental
data from more dimensions, which is conducive to researchers gaining
a deeper understanding of the mechanism by which people and
landscape interact, thus providing a decision-making theoretical basis
for a high-quality landscape environment.

In addition, scholars have also proven that eye-movement
technology has become a mature technology that can be feasibly used
in landscape research (Zadegan et al., 2008; Wang et al., 2016; Fran¢k
etal, 2018; Li et al., 2020; Ding et al., 2022; Li and Huang, 2022). The
eye collects external information, and 80% of environmental
information can be obtained through the eye, thus eye movement is
the basis of external environment perception (Gratzer and McDowell,
1971; Huang and Lin, 2019). As early as the 1990s, scholars introduced
eye-tracking technology into research on landscape preference (de
Lucio et al., 1996; Duchowski, 2002).

Eye-movement technology and subjects’ cognitive preference for
landscapes usually depend on their perception of landscapes.
Eye-tracking technology is an important and effective means to study
landscape preferences. The degree of attention to the landscape can
help provide a deeper understanding of how people appreciate and
view landscape space (KKhachatryan et al., 2020). In other words, eye
tracking can be used to more accurately understand the factors that
attract people’s attention and viewing mode, thus helping designers
and managers better plan and manage forest landscapes (Amati
etal., 2018).

1.1 Landscape attraction

A study by Zhang et al. (2020) found that the visual heatmap of
the forest landscape was relatively scattered in the boundary of various
ecological elements. At the same time, when people view landscape
photos, they are more likely to be attracted by the main buildings of
the landscape or some prominent landscape elements (Guo et al,
2017). A higher fixation count and shorter average fixation time make
it easier to extract spatial information and search more. A higher
average fixation time of open landscapes means that it is difficult to
extract information. A uniform landscape is associated with less
fixation, saccades, and longer and faster eye movement, which
indicates that visual exploration is weak in landscapes with
monotonous characteristics (Dupont et al., 2014).
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Furthermore, the intensity of landscape design is significantly
related to visual quality (Xu et al., 2018). Landscape with proper
design density can increase people’s perceptions of visual beauty, and
landscape with moderate design intensity is more favored by Lothian
(1999), Kurdoglu and Kurdoglu (2010), and Wu et al. (2021).

In addition, recent research results show that people spend a long
time exploring the surroundings (top, bottom, left, and right sides),
while they spend a long time fixated on the center of urban parks (Li
and Huang, 2022). Plant form and species richness significantly affect
people’s fixation behavior, while the arrangement of plants has no
significant effect (Shi et al., 2022).

1.2 Landscape elements and landscape
facilities

Amati et al. (2018) pointed out that manmade objects
(lampposts, buildings, and benches) can be easily perceived and
viewed, even if they only take up a small part of the scene. Sun et al.
(2018) pointed out that advantageous buildings (such as pavilions
and garden paths) can attract tourists’ attention. At the same time,
when tourists view the plant community, the intersection of trees
and shrubs can produce more fixation, and the density of plants also
causes visual behavior changes. A study by Ding et al. (2022) found
that people prefer to fixate on plant leaves, followed by flowers and
fruits. Zhou et al. (2022) pointed out that people should spend more
time identifying complex elements and proportions of elements in
the process of place cognition.

1.3 Landscape perception

Wang et al. (2018) found that tourists mainly focus on buildings,
boundaries, places, and areas of the square. Research by Sang Ode
etal. (2016) showed that fences, grass, marginal areas, and pastures of
wooded vegetation attract the attention of tourists. Zhang et al. (2022)
confirmed that cognitive indicators such as color brightness, spatial
openness, uniformity, and layering of in-forest landscapes affect
people’s visual appeal to varying degrees.

In summary, we found that in landscape research, at present,
scholars mostly use eye-tracking technology to study landscape
attractiveness, landscape elements, landscape facilities, and landscape
perception (Gratzer and McDowell, 1971; Juristo et al., 2007; Chen
and Qiao, 2015; Huang and Lin, 2019; Gao et al., 2020).

On the other hand, Hands and Brown (2002) pointed out that
the number of colors and the diversity of landscapes are the main
driving factors that significantly affect people’s visual preference in
industrial wasteland landscapes. Kendal et al. (2012) confirmed that
the esthetic and visual characteristics of plants (leaf color, leaf shape,
flower size, etc.) significantly affect people’s preferences through
their subjective evaluation of garden plants. Huang and Lin (2019)
discussed the influence of people’s visual behavior on landscapes
based on landscape color, complexity, and preference. People’s visual
appeal is influenced by hue and chromaticity, and there is a certain
correlation between people’s preferences and color. People pay more
attention to photos with large color changes, especially magenta
mountain landscapes. Gao et al. (2020) found that landscape type
significantly influenced visual behavior and preference, while iconic
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elements and interesting landscape elements of scenes easily aroused
people’s visual appeal. Zheng et al. (2022) pointed out that the visual
attributes of green plants strongly influence people’s attention
preference. People have a high subjective rating for trees + shrubs +
grass, blue flowers, red flowers, pink flowers, broad-leaved trees,
and bamboo.

Research on the evaluation of people’s preference for landscape
spatial elements and their characteristics has gradually attracted the
attention of experts.

However, we think that the composition of landscape space
does not depend on only the type of space and its constituent
elements. The landscape uniformity also affected people’s cognition
(Deng et al., 2013). As Kaplan R. and Kaplan S. (1989) and Kaplan
S.and Kaplan R. (1989)pointed out, people’s visual attention to
landscape is closely related to the structure of the landscape itself.
Meanwhile, Wu et al. (2019) also verified that stands with different
characteristics (such as tree species, undergrowth density, and
layout) have different influences on people’s esthetic preferences. In
other words, people’s preferences for in-forest landscapes vary with
landscape characteristics.

Throughout the previous studies, scholars have done more
research on the environmental characteristics of forest landscapes and
people’s preferences for them from the perspective of spatial content.
However, how do the spatial structure characteristics (landscape
uniformity) of in-forest landscape space affect people’s visual behavior;
what spatial cognitive factors will affect the evaluation of people’s
satisfaction preference; and what is the mechanism among in-forest
landscape environmental characteristics, visual behavior, and
preference evaluation remain to be further discussed. The specifics are
as follows:

1 How does the landscape uniformity of the in-forest landscape
affect people’s visual behavior?

2 How does the landscape uniformity of the in-forest landscape
affect people’s satisfaction preference?

3 How does the landscape uniformity of the in-forest landscape
affect people’s visual behavior, satisfaction preference, and
people’s spatial cognitive characteristics?

Therefore, from characteristics of in-forest landscape

environment visual behavior-preference evaluation, this study

discusses the mechanism of the landscape uniformity of in-forest
landscape environment on people’s vision and cognition. Through
these analyses, planners and managers can grasp the preferences
and needs of participants for in-forest landscape, thus to better
plans and promote the effective utilization of in-forest

landscape resources.

2 Materials and methods
2.1 Research areas and materials

First, Cottet et al. (2018) pointed out that evaluations of perception
and visual behavior do not differ significantly between landscape
photos and actual scenes. Research using landscape photos has been
proven to be highly reliable by scholars (Huang and Lin, 2019; Zhang
etal.,, 2021, 2022; Shi et al., 2022).
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Study area location.
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Meanwhile, we hope that the experiment simulates the perception
of landscapes in real life as closely as possible and that the photos used
for the eye-movement experiment are as neat as possible to avoid the
edited or simulated landscapes from causing patterned eye movement
among participants.

Therefore, in our study, original photos of forest parks were
selected as experimental materials. After on-the-spot investigation
and screening, based on spatial representativeness and universality,
Shenyang National Forest Park, Heyi National Forest Park, and
Liberation Forest in Caohekou in northern China were finally selected
as the research objects (Figure 1). IFL includes coniferous, broad-
leaved, and mixed-forest landscape space.

Research by White et al. (2014) showed that landscape preference
is often influenced by weather and seasonal conditions. Therefore, all
the experimental materials (50 photos) in this study were collected at
a consistent time (maple season in 2020, sunny day, and morning),
with the same standard (height 170cm) and the same equipment
(Olympus EM5; Dupont et al., 2016, 2017).

In addition, for landscape uniformity, Hui and Gadow proposed
the notion of the uniform angle index (W;; Hui et al., 1999). According
to the value of W, IFLDLU can be divided into an even distribution
(W: <0.475), a random distribution (W: 0.475-0.517), and a cluster
distribution (W: >0.517). The calculation formula is as follows:

Frontiers in Forests and Global Change

W, means the angle index of the ith reference tree; n means the
number of adjacent trees of the reference tree, and n=4 in this article;
When the jth angle @ <72°, Z;=1; otherwise, Z;=0.

According to the above formula, we measured and statistically
analyzed the tree height, DBH, crown width, and coordinates (X, Y)
in our sample plot (20m x20m), and calculated the uniform angle
index of each sample plot by Winkelmass software. Finally, the 50
collected pictures are divided into three grades, namely even
distribution, random distribution, and cluster distribution. Among
10 experts and 20 non-experts, 9 representative photos were selected
as experimental materials (numbered A-I in Figure 2).

Finally, through Python, the distribution of trees (20m x 20 m) in
various plots is intuitively reflected by the Voronoi diagram of the
point set (Qin et al., 2008; Liu et al., 2014), see Figure 2.

2.2 Index selection

2.2.1 Eye-movement index

Average fixation count (AFC), average lateral visual (ALV)
span, average portrait visual (APV) span, average first fixation
duration (FFD), and average pupil diameter (APD) are five
eye-movement indicators commonly used in previous studies to
analyze whether there are statistical differences in the participants’
visual observation modes of IFLDLU (Sang Ode et al., 2016; Guo
et al., 2017; Sun et al., 2018; Xu et al., 2018; Wu et al., 2019, 2021).
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(A-I) represents the nine forest landscape scenes we have chosen. Because this picture mainly expresses whether each scene belongs to uniform
distribution, random distribution or cluster distribution. So, we have not introduced the nine scenes of (A-1) in detail. Meanwhile here (A-I) is more like
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FIGURE 3
Index of our study.

Questionnaire index

Part 1: Basic attribute

student number; gender; age, major

Part 2: Spatial cognitive feature

1) Landscape change:

RPS: richness of plant species; RLC: richness of landscape content;
NSI: near-far stereoscopic impression

2) Color cognition:

RCO: richness of color; BOC: brightness of color

3) Spatial cognition:

SPE: scene permeability; SUN: spatial uniformity; SHI: sense of

Part 3: Overall evaluation

SAP: satisfaction preference; RVI: re-viewing intention

Therefore, we also chose these as our eye-movement index
(Figure 3).

2.2.2 Questionnaire index

Our questionnaire consists of three parts (Figure 3).

Part 1: Assesses four basic attributes: the participants’ student
number, gender, age, and major.

Part 2: Refers to domestic and foreign research literature to
analyze the characteristics of the research object based on the
principles  of representativeness, and

designability (Berto et al., 2008), accounting for the characteristics of

comprehensiveness,

the survey space in this study and avoiding the psychological burden
on participants during the experiment, to establish an evaluation
system of spatial cognitive characteristics. We used a 7-point Likert
scale to quantify each spatial cognitive feature.

Finally, three first-level indicators of landscape change, color
cognition, and spatial cognition, and eight second-level indicators of
RPS, RLC, etc., were selected as the participants’ spatial cognitive
characteristics surveyed.

Part 3: The overall evaluation of every scene includes two secondary
indicators: SAP and RVL

Frontiers in Forests and Global Change

2.3 Experimental design

First, Blasco et al. (2009) proved that students’ esthetic abilities are
extensive and that it is representative and feasible to use students for
relevant eye-movement experiments. Therefore, we recruited 60
university students who had no eye diseases.

Second, the participants completed the eye-movement
experiment at the Environmental Psychology Laboratory A of
Forestry College of Shenyang Agricultural University. The
experimental materials were shown using PowerPoint (PPT)
projection, and the participants sat 3m in front of the projection. The
indoor environment is controlled to be noiseless and dimly lit to
ensure that the participants are not affected by the outside world and
can clearly observe the experimental materials. The experiment was
carried out by using a German head-mounted SMI Glass2
eye-movement instrument. Before the experiment, 5-point
calibration was used. The participant viewed one interference picture,
nine experimental photos, and nine blank photos via PPT, and single-
person eye-movement data were obtained at approximately 180s/
person. The specific experimental process, PPT playing diagram, and
participant experimental diagram are shown in Figure 4.
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process in the form of PowerPoint presentation.
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FIGURE 4
Experimental flowchart and experimental photos.

Finally, the participants who completed the eye-movement
experiment played the 9 pictures again and completed the
corresponding spatial cognitive characteristics questionnaire for each
scene in Environmental Psychology Laboratory B.

The above experiments were conducted after obtaining informed
consent from all the participants and were in line with the ethical statement.

3 Results

In our study, we recruited 60 undergraduate and graduate students
(18-24years), yielding 477 valid data, including 53 data for each
landscape uniformity subtype (Figure 5).
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For each landscape uniformity scene, we chose three plots as
experimental materials. Previous studies have shown that gender and
major can affect people’s visual behavior. Therefore, to eliminate the
differences caused by the interior of the landscape uniformity
(subtype) and the attributes (gender and major) of participants,
we used MANOVA to detect the main influences of landscape
uniformity subtype, gender, and major on the eye movement and
preference index of IFLDLU (Table 1).

We can see that the interaction effects of subtype, gender, and
major on each measurement index are not significant (p <0.05).
Therefore, in this study, we did not explore the impact of landscape
subtype, gender, and major on participants’ visual attention and
satisfaction preference.
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FIGURE 5
Participants” attributes of IFLDLU. EVD, In-forest landscape space with different layout of even distribution; RAD, In-forest landscape space with
different layout of random distribution; CLD, In-forest landscape space with different layout of cluster distribution.

TABLE 1 Interaction effects of subtype * gender * major of IFLDLU.

AFC ALV

(sig) (sig.)
EVD 0.797" 0.940" 0.628" 0.542" 0.977" 0.498" 0.168"
RAD 0.835" 0.878" 0.631" 0.811" 0.776" 0.351" 0.376"
CLD 0.502" 0.708" 0.530" 0.231" 0.993" 0.106" 0.174"

n, no significant difference; TIL, Type of in-forest landscape uniformity.

3.1 Visual behavior characteristics of
IFLDLU

We visualized the fixation point position and fixation duration of
participants viewing IFLDLU to obtain a map of the fixation point
spatial distribution and fixation sequence path of the landscape
(Figure 6). The following can be seen:

1 IFLDLU affects people’s attention. In even distributed IFL

space, participants’ fixation behavior is scattered (X: 1,500-
3,500 pixels; Y: 1,000-3,000 pixels), and the portrait viewing
range is basically the same as the lateral viewing range. When
appreciating the randomly distributed IFL space, the
participants’ fixation behavior is relatively concentrated (X:
1,500-3,500 pixels; Y: 1,500-2,500 pixels), mainly reflected in
the portrait viewing range. In addition, when participants view
the cluster distributed IFL space, their visual behavior is more
concentrated (X: 1,500-2,000 pixels; Y: 1,000-1,500 pixels and
2,000-2,500 pixels).

When participants view the IFL space, their visual behavior is
changed based on plant distribution.

2 From the viewing sequence, generally speaking, people present
three viewing orders when appreciating the IFL space: from top
to bottom (Figures 6A-2,A-3,B-2,B-3,C-3), from middle to
outside (Figures 6B-1,C-2), and from bottom to top
(Figure 6A-1).
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In addition, the fixation sequence presented different trends in
each landscape uniformity space. We think this is the result of the
characteristics of the constituent spatial elements.

From the viewing content, the random and even fixation points
are mainly concentrated in the part of the canopy, trunk, and under
forest, while the fixation points of cluster distribution of IFL are
concentrated in the canopy and foreground plants (Figures 6C-1,C-3).

3.2 Differences in visual behavior toward
IFLDLU

The visual data of participants viewing IFLDLU were analyzed
using the one-way ANOVA (Table 2). Table 3 shows that the
eye-movement index varies with landscape uniformity (p<0.05).
Participants’ fixation behavior differed when viewing IFLDLU, which
is mainly reflected in the indicators of ALV, APV, and APD (p <0.05).

3.2.1 From the mean visual span

ALV :RAD (627.326) > EVD (589.434) > CLD (579.511)

APV :RAD (387.602) > CLD (362.498) > EVD (334.602)

From these results, we can see that, overall, the ALV is larger than
the APV in three spatial layouts of in-forest landscapes. In the random
distribution, the ALV and APV of participants both show larger values
(627.326, 37.602), which are significantly different from even and
cluster distribution (p<0.01). Compared with the even distribution,
the APV of cluster distribution is larger (334.602 and 32.498), and the
ALV is smaller (589.434 and 579.511).

Overall, when people appreciate the IFL space, they are more
inclined to the “large-scale” horizontal visual processing mode.
However, due to the characteristics of the space itself, especially the
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FIGURE 6

Spatial fixation distribution map and fixation sequence path map of IFLDLU. (1) The fixation point spatial distribution map is formed by the fixation
points in the horizontal (X-axis) and vertical (Y-axis) and the fixation duration (Z-axis) of each fixation point in the scene. At the same time, we divide
nine forest landscape scenes into three categories according to the size of the angular scale, so three figures are finally formed. (2) The fixation
sequence path map is the participant’s fixation path when viewing the scene, in which 1, 2, 3, and other numbers represent the fixation order (the first
fixation position, the second fixation position...), and the size of the circle represents the fixation duration. In our analysis, it is found that even the
landscape scenes with the same plant layout will have different gaze fixation, so nine pictures are formed.

arrangement of plants, participants have large lateral and portrait
exploration visual breadth in RAD. This means that participants’
viewing mode tends to “overall processing” of the scene in RAD. In
addition, compared with the RAD, participants tend to view portraits
in the CLD, that is, they tend to view the vertical changes in the space.
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3.2.2 From APD

When participants view IFLDLU, their APD is different. This
means that their psychological load, cognitive level, and processing
load on the scene are different (p<0.05). Among them, EVD
(3.943)>RAD (3.167) > CLD (2.950).
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TABLE 2 Differences in eye-movement indexes across landscape uniformity.

10.3389/ffgc.2023.1243649

Overall difference (Sig.) 36.972" 598.757* 361.567%* 3003.943" 3.353%%:*
Different landscape layout

Even distribution (a) 37.168 589.434 V%) 334.602 0 c) 2668.846 3.943(cx)
Random distribution (b) 37.453 627.32604 <) 387.6020 %) 2718.563 3.167#)
Cluster distribution (c) 36.296 579.511®0#) 362.498 @) 3624.420 2,950 @ bask)
N 159 159 159 159 159

*Significant difference with p <0.05; **Significant difference with p <0.01; n, no significant difference. 589.434**% in the in-forest space of even distribution, where 589.434 is the mean value
of lateral visual span, and b indicates that even distribution has significant differences from random distribution; other values are interpreted in the same way.

TABLE 3 Relationships among landscape uniformity, eye-movement data, satisfaction preference, and spatial cognitive characteristics of the IFL space.

TIL RPS RLC NSI RCO BCO SPE SUN SHI
TIL 1.000 0.530%* 04577 0.064 0.512%% 0377 —0.124%* —0.316%* 0.018
AFC ~0.010 ~0.059 —0.032 —0.010 0.019 0.015 —0.088 0.006 ~0.060
ALV 0.009 0.043 0.106* 0.112% 0.070 0.032 0.053 0.076 0.051
APV 0.116* 0.150%* 0.156%* -0.013 0.121%% 0.031 -0.012 0.024 —0.039
FED 0.013 0.076 0.035 —0.002 0.044 0.042 0.104* 0.021 0.018
APD —0.178%* -0.071 —0.148%* -0.031 -0.088 —0.054 0.012 0.107* 0.022
SAP 0.090% 0.279%* 0.439%* 0.515%* 0.424%* 0.489%* 0.391%* 0.549%* 0.555%%
N 477 477 477 477 477 477 477 477 477

*Significant correlation with p <0.05; **Significant correlation with p <0.01; TIL, Type of in-forest landscape uniformity.

The participants show a larger APD (3.943) when viewing
EVD. When participants cognize the EVD, they have a heavy
psychological load and need to invest more energy to cognize the
scene, so the processing degree is relatively difficult. However, in
CLD, the APD is smaller (2.950), so the cognitive level is relatively
easy, and the processing load of the eyes in the process of recognizing
the scene is also relatively small. This may be because plants with a
cluster distribution are more concentrated than those with an even
distribution of an in-forest landscape.

3.2.3 From FFD

Although the FFD of participants is different when they view
IFLDLU, CLD (3624.420) > RAD (2718.563) > EVD (2668.846), there
is no significant difference (p >0.05). This shows that when participants
first appreciate IFL, their sensitivity to the space for IFL will not
be significantly different due to the change in landscape uniformity.

In the above analysis, we find a phenomenon: the difference in
information sources contained in the landscape uniformity space
affects people’s landscape

cognitive processing mode of

visual interfaces.

3.3 Satisfaction preference and re-viewing
intention for IFLDLU

A one-way ANOVA was used to analyze participants’ SAP and
RVI when viewing IFLDLU. In addition, SAP as the independent
variable and RVI as the dependent variable were used to analyze the
relationship between SAP and RVI of the space for IFL through linear
regression analysis (Figure 7).

Frontiers in Forests and Global Change

First, we found that participants’ overall satisfaction with in-forest
landscape space fluctuated within the range of 3.000-4.500, and there
were differences in participants SAP and RVI in the
IFLDLU. Participants™ satisfaction with the IFL space is not high,
which also indicates that the landscape quality of IFLDLU still needs
to be improved to various degrees.

Second, IFLDLU with high participants’ satisfaction has a higher
RVI, and there is a significant linear relationship between them (Adj.
R?*=0.618, Sig. = 0.000). Participants’ satisfaction with the space for
IFL is consistent with their RVI, and a higher SAP of the scene can
lead to a higher RVI. People prefer to view the landscape that they
think looks good, rather than those they dislike.

At the same time, from the average value of participants’ overall
satisfaction with IFLDLU, we can see that, participants tend to view
CLD (4.283, 4.113), and their satisfaction (3.686) and re-viewing
intention (3.491) in RAD are low.

3.4 Factors influencing visual behavior and
satisfaction preference of IFLDLU

We used Spearman’s rho correlation analysis to explore
relationships among landscape uniformity type, eye-movement data,
satisfaction preference, and spatial cognitive characteristics when
people view the IFL (Table 3).

First, the landscape uniformity of the IFL was significantly correlated
with visual span and many spatial cognitive indicators (p <0.005). When
participants view IFLDLU, the APV and APD of participants are mainly
affected by plant species, landscape richness, color richness and
brightness, permeability, and uniformity of landscape space.
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FIGURE 7
Satisfaction preference, re-viewing intention, and differences of IFLDLU. EVD, In-forest landscape space with different layout of even distribution; RAD,
In-forest landscape space with different layout of random distribution; CLD, In-forest landscape space with different layout of cluster distribution. SAP,
satisfaction preference; RVI, Re-viewing intention. *Significant correlation with p < 0.05; **Significant correlation with p < 0.01.

Second, the cognitive indicators that cause participants ALV
mainly include the richness of landscape content and the three-
dimensional sense of landscape; APV is mainly caused by plant
richness, landscape content, and color; FFD is mainly caused by the
sense of permeability; and APD is mainly caused by the richness of
landscape content and the uniformity of space (p <0.005).

Participants’ sensitivity to the scene is mainly influenced by the
sense of penetration. When participants view the space of the IFL,
they present a large ALV and APV. The stronger the three-
dimensional sense of the scene, the more participants tend to laterally
view the scene. The richer the plants and colors in the scene, the more
participants tend to portrait view the scene. At the same time, if the
richness of the landscape scene is too high and the space is more
orderly, participants will have a greater psychological load, thus
increasing the time spent cognitively processing the scene.

As there is a significant correlation between landscape uniformity
and cognitive indicators, ALV, APD, etc. (p <0.005), we analyzed the
correlation among eye-movement indicators, SAP, and other spatial
cognitive indicators of participants in EVD, RAD, and CLD. The SAP
of each IFL spacer was taken as an independent variable and RVI as
a dependent variable to explore the relationship between SAP and
RVI in each type of landscape uniformity (Figure 8).

First, Figure 8 shows that the spatial cognitive indicators that
arouse participants’ visual behavior and satisfaction preference are
different in IFLDLU. There is a significant linear relationship between
the participants’ RVI and SAP (Adj. R” is more than 60%, Sig. = 0.000).

Second, in EVD, RPS and APD mainly arouse changes in the
participants’ FFD and APD for the scenes, and the hierarchy of sense
itself has a significant negative correlation with APV (p<0.05). The
stronger the hierarchy in such scenes, the more they can arouse
participants’ small-scale portrait observation mode.

Therefore, it is possible to arouse participants’ positive visual
behavior and small-scale and local viewing mode by improving the
hierarchy, plant richness, and spatial neatness degree to increase
participants’ satisfaction with the scene and further arouse their
re-viewing intention.
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Furthermore, participants’ ALV and APV are mainly aroused by
the cognitive characteristics of each space in RAD (p <0.05). In RAD
with varied landscape contents, such as a strong three-dimensional
sense of the landscape and bright and transparent colors, participants
tend to observe and appreciate the scene laterally in a large range;
while in scenes with high plant richness, varied landscape contents,
rich and bright color, and strong uniformity, it will trigger a wide
range of portrait appreciation modes of participants or arouse/induce
people’s overall cognition of the scene.

This means that spatial cognitive characteristics such as RPS, RLC,
NSI, RCO, BCO, SPE, and SUN can be improved, thus affecting
people’s overall cognition of a scene, improving the SAP of the scene,
and arousing participants’ RVI.

In addition, SPE is negatively correlated with AFC, SHI is
positively correlated with ALV, and both SPE and SHI are positively
correlated with participants’ SAP in CLD (p <0.05). The SPE and SHI
of scenes can be improved to arouse participants’ fixation duration
and large-scale viewing behavior, thus improving participants’ SAP
and arousing participants’ RVI of the scene.

4 Discussion

Kaplan S. and Kaplan R. (1989) pointed out that two dimensions
of spatial configuration and content jointly influence people’s
landscape visual experience. Our research found that different layouts
of the IFL space can arouse peoples different visual observation
modes, which leads to differences in their overall evaluation of space,
and then affects their re-viewing intention or reuse of landscape.

People mainly arouse different visual behaviors through their
cognition of IFLDLU, so that they have a sense of identity with the
scene, which is manifested in their SAP for the scene. Then, they have
different degrees of dependence inducing different re-viewing
intentions. Meanwhile, optimizing the spatial cognitive characteristics

>«

of scenes can arouse participants’ “attachment” to scenes with

different layouts. In other words, people’s appreciation of the
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FIGURE 8
Relationships among eye movement index, satisfaction preference, and spatial cognitive characteristics of IFLDLU. *Significant correlation with p < 0.005;
**Significant correlation with p < 0.01; —0.163** indicate that SHI is significantly related to APV in even distribution of in-forest landscape, other values are
interpreted in the same way. AFC, Average fixation count; ALV, Average lateral visual span; FFD, Average first fixation duration; APD, Average pupil diameter;
RPS, Richness of plant species; PLC, Richness of landscape content; NSI, Near-far stereoscopic impression; RCO, Richness of color; BCO, Brightness of
color,; SPE, Spatial permeability, SUN, Spatial uniformity; SHI, sense of hierarchy; SAP, Satisfaction preference; RVI, Re-viewing intention.

landscape is a process of gradual understanding, and it is also a
process of gradual scene perception. Figure 9 shows the cognitive
mechanism of viewing in different spatial layouts.

Previous findings are consistent with some of our results of
this mechanism:

4.1 Information sources contained by IFLDLU
affect people’s visual processing mode

Attributes of scenes (type, shape, density, etc.) affect people’s visual
behavior patterns (Kaplan S. and Kaplan R., 1989; Liu et al., 2014; Wu
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et al., 2019; Gao et al., 2020). The plant structural characteristics,
growth status, plant coverage, seasonal changes, hierarchical structure,
and even the selection of characteristics of individual plants and
special plants affect participants’ visual behavior. In our analysis
results, people tend to explore laterally in EVD mode, and their visual
attention is scattered; in RAD mode, people’s attention is concentrated,
and they tend to overall process in “lateral + portrait” mode; while
when people’s attention is more concentrated, they tend to portrait
explore in CLD mode.

These findings may be due to the relatively uniform arrangement
of plants, single tree species (coniferous forest), rich exposed ground,
small shrubs, roots, and other interesting elements in EVD mode.
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FIGURE 9
Cognitive mechanism of participants viewing IFLDLU.
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Therefore, participants constantly laterally search for interesting
objects instead of enjoying the portrait changes of plants when they
view in-forest landscapes.

In RAD, plants are distributed in a concentrated way, and the
scene looks chaotic. Therefore, participants need to constantly laterally
explore and portrait search for information sources.

In CLD, plants are concentrated in layout with colorful broad-
leaved trees. Therefore, people’s attention to the scene is concentrated.
In addition, fallen leaves on the ground and portrait changes of plants
in the scene easily attract the visual attention of participants.

This is in line with the behavioral characteristics of people in
scenes in environmental psychology (“extensive exploration” and
“special exploration” models). People look for interesting information
in extensive exploration and understand the content of information in
special exploration (Hu and Lin, 2016). The distribution of visual
attention in the IFL space presents a “multiregional exploration mode”
(represented by RAD and EVD) and a “concentrated exploration
mode” (represented by CLD). Participants extensively explore
interesting information in EVD and RAD with scattered landscape
information, while they are willing to pay more attention and spend
more time understanding the contents and meanings of the space in
CLD. This point can also be explained by the finding that FFD is the
longest and the visual span is the smallest in CLD, while FFD is the
shortest and the visual span is the longest in RAD.

In addition, previous research has confirmed that visual
exploration is weak and cognitive difficulty is low for uniform
landscapes with monotonous characteristics (Dupont et al., 2014).
This is contrary to our results: participants’ cognitive load of scenes
present EVD (3.943) >RAD (3.167) > CLD (2.950). The reason for this
difference may be that, although the even distributed scenes look
monotonous, they are also rich in interesting elements such as bare
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ground, small shrubs, and roots, and the distribution is scattered.
Therefore, participants’ cognitive load of scenes will increase.
However, plants are concentrated and the components are single
(mainly the colorful trees in autumn) in CLD, so participants can
effectively identify and lock the areas of interest in the scene.
Therefore, it is a cognitive process with less load.

4.2 The higher the participants’ satisfaction
preference for the scene, the higher their
re-viewing intention

Previous studies have found that landscapes with poor spatial
structure have a negative experience effect. This means that a
disorderly environment is esthetically annoying (Palmer, 2004; Zhang
et al, 2021). Wu et al. (2019) also pointed out that participants’
preferences are influenced by the characteristics of stands. Similarly,
the “prospect-refuge” theory points out that if people can watch and
avoid an environment, it benefits their survival, and an environment
with the characteristics of a prospect is loved by Palmer (2004). People
like better lookout scenes, to a certain extent, because such scenes
allow them to see the surrounding situation, thus enhancing people’s
sense of security (Baran et al.,, 2018; Tabrizian et al., 2018).

This is consistent with our research results: people’s preference for
IFL is influenced by plant layout. On the one hand, all the IFL space
that we choose have certain prospect, but the prospect of EVD and
RAD is relatively poor compared with those of CLD. Therefore, people
present a high preference for CLD. On the other hand, people’s
satisfaction is the lowest in RAD because random distribution is
understood as disorderly landscape space to some extent (Wang
etal., 2022).
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In addition, the cognitive theory of emotion holds that people
make adjustments to adapt to the environment while accepting the
stimuli of the environment (Lasarus, 1991). On this basis, Bagozzi
(1992) proposed the self-regulating attitude and noted that people’s
attitudes toward a scene can be divided into three stages: the
assessment of the scene, the emotion toward the scene, and the
behavior in the scene. Liu et al. (2019) also pointed out that people’s
place identity will arouse their place dependence. This means that
increasing people’s satisfaction with the place can help stimulate their
place attachment, thus changing their attitude toward the landscape,
that is, increasing their RVI.

This coincides with our research results. First, our research shows
that higher participants’ satisfaction with the scene aroused higher
re-viewing intention. Second, we find that people’s cognition of scene
shows a process of “cognition — evaluation — emotional response —
emotional initiation” When people view the landscape space, it is a
process of recognition, thus stimulating the corresponding visual
behavior. The continuous process of cognition also involves scene
evaluation (place identity), which leads to different satisfaction
preferences. The cognitive process will also stimulate people’s
corresponding emotions (place dependence: make people’s attitude
toward scenes change from “gone forever” to “be reluctant to bid
farewell,” to arouse people’s attachment to the place emotionally), and
further influence people’s behavior, that is, arouse people’s re-viewing
intention (Figure 10).

Bourassa (1990) raised the possibility that people’s exploration of
scenes includes not only rational cognition but also some instinctive
perceptual cognition. However, in landscape scenes, we do not know
what role people’s emotions play in scene cognition. The cognitive
process of “rationality + sensibility” in the landscape will be an
interesting topic and worthy of in-depth discussion.

4.3 Spatial cognitive characteristics of
landscapes that are favored by and attract
people’s attention vary due to changes in
spatial layout and are affected by many
factors

There is a close relationship between visual esthetic preference and
landscape change. People expect to see, live in, and visit places for
which they have high visual esthetic preference, that is, beautiful
landscapes (Gobster et al., 2007). The “biophilia hypothesis” states that
abundant plants in forests are attractive to humans. Huang and Lin

10.3389/ffgc.2023.1243649

(2019) pointed out that high color change was positively correlated
with preference, and high hue and chromaticity change can promote
visual change. Our previous study also found that the cognitive factors
that arouse people’s visual appeal vary by scene (Zhang et al., 2022).
This phenomenon is also found in our analysis (Table 3; Figure 8).

First, the complexity (plant richness, landscape content, and
color), color brightness, permeability, and space uniformity of
in-forest scenes have higher participants’ satisfaction.

Then, in different spatial layouts, people’s visual attention and
satisfaction preferences are driven by different spatial cognitive
characteristics. However, regardless of the layout of a scene, their
visual attention and satisfaction preference for the scene are influenced
by multiple spatial cognitive characteristics.

The landscape space that is favored and attracts people’s attention
varies with spatial layout, and it is not the function of a single factor,
but the joint function of several factors. This means that in both urban
green and forest landscapes, the main factors that affect participants’
preferences and visual behavior are the result of multiple factors. In
the future planning and utilization of landscape resources, we should
balance various factors to improve people’s sense of experience and
even attachment.

Above all, we agree that people’s viewing mode of the IFL space
and their cognition and understanding of landscape space are
influenced by the layout of spatial elements. Meanwhile, people’s
understanding of landscape space is a process from “what is in space”
to “what is space” Of course, after people understand the landscape,
they appropriately enhance or weaken the characteristics of the space
itself, to make appropriate judgments on the satisfaction preference
and re-viewing intention of the scene.

4.4 Rationality and limitations

4.4.1 Rationality

First, regarding the experimental purpose, this study discussed the
relationship between viewers’ visual attention and cognitive evaluation
under different layout structures based on the spatial structure of IFL.

Regarding experiments, eye-movement technology is a
relatively mature technology that has been widely studied in many
fields. Meanwhile, the collection and design of experimental data in
this study are based on previous research, and appropriate
adjustments are made according to the particularity of the
experimental plots. The experiments are also carried out with the
consent of the participants.

Cognition Evaluate Emotional response ~ Emotional initiation
In-forest | piace Visual Place | Satisfaction | pace Place Arouse Re-viewing
Cognition . Identity Dependence Evoke .
landscape Behavior Preference attachment Intention
FIGURE 10
Cognitive mechanism of participants’ viewing in-forest landscape.
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Finally, some of our research results have been supported by
previous studies, and we further found that the spatial structure of
in-forest landscapes has different inducing effects on visual behavior.

Therefore, we believe that our experiment is feasible and repeatable.

4.4.2 Limitations

First, this study mainly discussed and analyzed the peak tourist
season in the north temperate zone (northern China): the maple
season. However, research groups should further analyze whether the
layout of different spatial structures affects viewers visual behavior
characteristics and re-viewing intention differently across seasons.
This will better reveal which structure of the IFL space is more suitable
for people’s viewing or is well received in a completely natural cycle.
This will also help managers of forest scenic resources expand and
publicize scenic resources and tourist markets more pertinently, to
achieve the sustainable utilization of scenic resources.

Second, this study explored the preference evaluation and visual
behavior characteristics of college students. However, as our previous
studies have shown, there are “professional effects” when discussing
the landscape. “Ten people ten colors” is an eternal problem that
designers need to face, which means that demographic characteristics
are inevitable variables. Therefore, it is interesting and meaningful to
explore the visual attention tendencies, preference evaluation, and
re-viewing intention of participants from different backgrounds when
the spatial structure changes.

Next, this study analyzes and discusses visual behavior and
preference evaluation based only on the IFL space. However, the
composition of forest landscape resources is diverse. Therefore, it is
necessary to further explore various types of element layouts or spatial
composition forms, which will help to further expand and deepen the
landscape field, especially natural landscape research represented by
forest landscape resources, which will contribute to the accurate
planning, design and sustainable utilization of landscape resources.

Finally, this study collected relevant experimental materials from
areal in-forest scene. Because of the strong naturalness of the in-forest
landscape, it is difficult for us to find sample plots with different
layouts under the same stand conditions during the sample plot
collection process. Similarly, it is difficult for us to find the same
subtype landscape space under different spatial layouts in the actual
forest landscape (for example, each spatial layout includes coniferous,
broad-leaved, and mixed-forest landscape spaces). However, it is easy
to find such plots in urban park landscapes. Therefore, in future
research, we will further search for such plots in urban landscapes and
conduct in-depth research.

5 Conclusion

In this study, in northern China, nine landscape layout IFL
subtypes in three spatial layouts of three forest parks were taken as
examples. From the relationships among visual attention, spatial
cognitive characteristics, satisfaction preference, and re-viewing
intention, we clarify the visual attention and satisfaction preference for
the IFL space with different spatial layouts, and the spatial cognitive
characteristics that affect them. The main results are as follows:

1 Interms of visual attention, spatial layouts of IFL affect people’s
observation mode. The fixation of the EVD is scattered, while
that of the CLD is concentrated.
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2 In terms of visual-behavior differences, there are differences in
arousing people’s eye-movement behavior when across types of
in-forest landscapes, mainly reflected in visual span and
pupil diameter.

In addition, although participants’ visual behavior varied
across IFL, there was no significant difference in the sensitivity
to scenes.

3 In terms of satisfaction preference and re-viewing intention of
the scene, overall satisfaction of the space of IFL fluctuates
from 3.000 to 4.500. Moreover, people prefer CLD and have a
higher expectation of re-viewing, and they tend to have the
lowest satisfaction with RAD, with a lower willingness to
re-viewing.

In terms of the main factors affecting visual attention,
satisfaction preference, and re-viewing intention, spatial
visual
in the

spatial

cognitive characteristics that arouse participants’
behavior and satisfaction preference are different
IFLDLU. That means there are some differences in
cognitive characteristics of optimizing the visual quality and
satisfaction preference of IFLDLU to arouse people’s higher
re-viewing intention.

These results show that when planning and designing the
landscape space of an in-forest scene, we should improve and
optimize the spatial cognitive characteristic according to the spatial
layout of IFL, to arouse participants’ positive visual attention,
enhance their place identity (satisfaction preference), and make
them “be reluctant to bid farewell” to the scene, thus improving
their place dependence (re-viewing intention). Spatial cognitive
characteristics of place should be improved to create high-quality
IFL with different layouts so that participants not only have positive
visual behavior and high satisfaction but also arouse attachment to
the place.
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