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Abstract: The study mainly investigates the visual attention behaviors of the visual elements of the
urban overlook from the viewpoints of residents and tourists, so as to screen the visual elements that
receive visual attention from spectators, and to assess the aesthetic evaluations of these visual
elements, and then to explore the influence of the aesthetic evaluations of different visual elements
of urban overlook landscapes on the psychology of place identity. This study collecting eye-tracking
data from 30 residents and tourists and data from 237 questionnaires to verify the differences in visual
behavior and place-identity emotions of different visual elements and to explore the correlation
between landscape visual perception and place identity. The results show that: (1) Residents and
tourists exhibit the same visual behavior when viewing the same landscape images, but there are
significant differences in their place-identity psychology. (2) There are significant differences in the
visual behavior of different visual elements in landscape images. In particular, the visual elements of
landmark buildings have significant visual attractions, but the proportion of landmark buildings in
visual elements is low. (3) The visual aesthetic evaluation factors of 13 landscape elements, including
the color vividness of landmark buildings, the color vividness of water, the color vividness of
mountains, and the color vividness of landmark buildings, have a significant impact on the sense of
place identity in historic districts. In addition, the method of combining eye-tracking and
psychometric measurement used in this study can effectively evaluate the urban landscape visual
experience. The research results help to understand the attractiveness of important landscape views
in historic districts and provide data support and reference for the visual control and protection of
historic district landscapes.

Keywords: visual elements; place identity; landscape; population differences; historic districts

1. Introduction

With the rapid growth of the global urbanization process, the urban population density is
increasing dramatically. The landscape views in historic districts are blocked by modern tall
buildings. In the face of the decline in the quality of the visual environment caused by uncontrolled
rapid urban development for urban heritage protection, UNESCO has proposed the theory and
methods of urban historical landscape (Centre, n.d.). However, the perception evaluation of
important landscape views in historic districts remains an urgent problem in the coordinated
development and protection of historic cities. Constructing a visual environment aesthetic evaluation
system with perception as the core has become a major research topic in the field of urban historical
heritage protection and planning in recent years (M. Liu and Nijhuis 2020). The use and satisfaction
of urban landscape architecture physical space mediate the psychological health of the public
(Hadavi 2017). The construction of the aesthetic evaluation system of the visual environment with
perception as the core has become the core research issue in the fields of urban architecture, urban
landscape architecture and planning in recent years (Q. Liu et al. 2021), and visual perception
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accounts for approximately 80% of all types of human perceptions, and the visual system is the most
important way for humans to obtain external information (Gholami et al. 2021). The evaluation
results of the study on urban streets and buildings also provide a corresponding basis for the visual
control of urban landscape architecture (Fu et al. 2023). In the changing urban landscape, we need to
understand which elements in urban landscape architecture can attract the attention of viewers from
urban viewing platforms and the psychological impact of their aesthetic evaluation of the visual
elements of urban landscape architecture on place identity.

2. Literature Review

With improvements in ergonomic technology, eye-tracking experiments provide a scientific
means to explore human emotions based on physiological indicators (Scott et al. 2017), Such
experiments can help identify visual behaviour characteristics and patterns in people’s perception of
publiclandscape visual element [8]. In urban park landscape architecture research, based on the fixed
time and counting of eye-tracking experimental data, it was found that the proportion of landscape
architecture elements affects the evaluation of the landscape architecture space (J. Li et al. 2020), and
in terms of mountain landscape architectures, it was found that artificial visual elements attract more
attention than natural elements(Guo et al. 2021). In the field of forest research, it has been found that
the visual behavior of the public towards the elements is different due to the different spatial elements
of the forest landscape architecture (Zhou et al. 2022). In summary, most scholars focus on visual
perceptions and behavioural preferences in relation to landscape architectures such as forests,
mountains and urban parks. However, the association between the perception of physical visual
elements of the environment and the effect of place identity is very limited [12], However, the
mechanism by which the objective environment that generates visual perception evaluation affects
the viewer’s place identity is still unclear. Most of the research on the public’s perception of urban
landscape architecture focuses on comparing natural and artificial visual elements, while ignoring
the differences in evaluation objects [13]. In this study, due to the length of stay and purpose in the
historic district, the public is divided into two main groups: residents and tourists. We explore the
differences in visual behavior of different populations towards the important view landscapes of the
same historic district. Therefore, the following hypotheses are proposed:

Hypothesis H1. Different populations have different perception behaviors towards important landscapes and
different landscape elements in historic districts.

Topophilia is the emotional connection between people and the natural environment in which
they live (Brian F. Blake 1974). In the 1980s, environmental psychology introduced the concept of
“place identity” —the ‘socialized self in the objective world’. The theory of place identity has been
empirically studied in relation to urban living space and tourist space, and in terms of theoretical
dimension, established studies have confirmed the correlation between place identity and familiarity,
sense of belonging, environmental preferences, intimacy, cultural atmosphere and stimulation of
former memories, etc. Rather than existing on the same temporal plane, identification processes drive
other affective and conative elements that underlie people attachments to physical environments
(Kyle, Jun, and Absher 2014). People’s aesthetic evaluation of the visual environment is an important
link between them and the environment. Most of the research on place identity and emotion around
the environment uses the interview method to evaluate people’s emotional tendencies visit the
environment (Tenzer and Schofield 2023). In a crowd of people looking at the landscape architecture,
residents and tourists engage in social interactions, and their perception of the urban landscape
architecture and culture has a significant impact on their urban place identity [17]. The psychology
of place identity has a positive impact on the resilience of the urban landscape architecture (Menatti
et al. 2019).

Since the 1980s, the evaluation of visual quality has mainly focused on the aesthetic evaluation
of visual perception, and the evaluation object changes from a single nature evaluation system to a
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pluralistic human-nature emotional relationship evaluation system. In recent years, street view
images have been used to evaluate visual quality through research methods such as machine learning
and deep learning (Zhao, Lu, and Lin 2024), and the experimental approach to assessing the specific
role of the visual and auditory environment in the city in influencing human emotions (Jiang et al.
2021). However, the impact mechanism between visual aesthetic evaluation and place identity is still
unclear. We explore the differences and impact effects between the aesthetic evaluation and place
identity of different populations towards the important landscapes of the same historic district.
Therefore, the following hypotheses are proposed (Figure 1):

Hypothesis H2. There are differences in the place—identity emotions of residents and tourists towards the
important landscapes of the same historic district.

Hypothesis H3. There is a significant impact relationship between the perception evaluation of landscape
views in historic districts and place—identity emotions.

Viewers
@ Residents
@ Tourists
Hypothesis 1 Hypothesis 2
The visual behavior is The identified emotions
significantly different. is significantly different.

Q Methods g

@ Eye-tracking experiment
@ Visual Aesthetics Scale

: Place Identit
!Evaluatnon of @ Place Identity Scale y
Visual Elements @ Trigger @ Environmental
memories Preferences
@ Artificial visual elements @ Sense of @ Cultural
belonging Atmosphere

@ Natural visual elements
@ Intimacy @ Familiarity

=

Hypothesis 3

There is a significant positive correlation.

Figure 1. Conceptual framework between crowd, visual element evaluation, and place identity.

3. Method

3.1. Study Scope and Stimulus Images

Located on the southeastern coast of China, Macao has the highest population density in the
world (‘Statistics -- Statistics and Census Service’, n.d.). It has a urban history of more than 400 years.
The Historic Centre of Macau and its buffer zone are located in the core area of the city, accounting
for 12.9% of the area of the Macau Peninsula. Its urban form has a unique and super —compact style,
especially in the Historic Centre of Macau (Zhang, Lai, and Jim 2017).

The purpose of this study is to define the landscape views of Macau based on the overall urban
planning of the Macau Special Administrative Region [23]. Viewing points are selected by using the
planning vision, the public vision of on—site research, and the corridor distribution. According to
the category of observation objects, it is divided into 4 themes, and there are 12 important view
landscapes in total (Table 1).
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Table 1. The viewpoint and main visual elements seen from the observation decks in Macao.

d0i:10.20944/preprints202503.0723.v1

Th d The Main Visual El ts of th
eme an No. Sight Direction Viewing Objects ¢ Viamn Vishal Biements of the
Quantity Environment
L ks, low-ri ildi high-ri
From the Fortress to the  Architectural aﬁdfnar 5 JOWTHISE bu1.d1§gs, 1BRTISE
A-01 . ] . buildings, skyscraper buildings, green plants,
Ruins of St. Paul’s heritages .
A. Landscapes of water, mountains, roads, etc.
archltectural . From Fortress to White . Laﬁd?narks, low-rise buqdl?lgs, high-rise
heritage and sites  A-02 Urban greenings buildings, skyscraper buildings, green plants,
. L Pigeon Nest Park .
in the historic water, mountains, etc.
district From Guia Fort and . Landmarks, low-rise buildings, high-rise
. Architectural . g
A-03 Lighthouse to Tap Seac heritaces buildings, skyscraper buildings, green plants,
Square & water, mountains, roads, etc.

From Bishop’s Hill
B-01 Observation Deck to the
Inner Harbor Waterway

Landmarks, low-rise buildings, high-rise
The inner harbor buildings, skyscraper buildings, green plants,
B. Landscapes of
the inner harbour,
outer harbour B-02
and water
systems

water, mountains, etc.
Landmarks, low-rise buildings, high-rise

F Bishop’s Hill Church
rom Bishop’s Hill Churc buildings, skyscraper buildings, green plants,

i 1
to Sai Van Lake Sai van lake

water, mountains, roads, bridge, etc.
From Guia Fort and
B-03 Lighthouse to the Outer
Harbor

Landmarks, high-rise buildings, skyscraper
The outer harbor buildings, green plants, water, mountains,
roads, bridge, etc.

L lowri T ioho
From Guiyang Mountain The city district andmarks, low-rise buildings, high-rise

-01 ildi ildi 1
C-0 to Nam Van Lake and skyline buildings, skys‘craper buildings, green plants,
water, mountains, roads, etc.
C. Landscapes of . s . .
L . Landmarks, low-rise buildings, high-rise
the historic From Fortress to Inner The cityscapeof =~ o
o C-02 . buildings, skyscraper buildings, green plants,
district style and Harbor City port area
urban skyline water, etc.
y . The landscapes Landmarks, low-rise buildings, high-rise
From Main Fortress to s S
C-03 . between urban buildings, skyscraper buildings, green plants,
Guia Fortress .
highlands etc.
From the Nam Van Lake toThe Church of Landmark buildings, low-rise buildings,
D-01 the direction of the Church Our Lady of high-rise buildings, skyscraper buildings,
D. Landscapes of of Our Lady of Penha Penha green plants, mountains, water, etc.
high point From the Sai Van Lake to The Church of Landmark buildings, low-rise buildings,
landmark D-02 the direction of the Church Our Lady of high-rise buildings, skyscraper buildings,
heritage in the of Our Lady of Penha Penha green plants, mountains, water, etc.
historic district From the Lotus Square to . Landmark buildings, low-rise buildings,
. . Guia Fort and ) . .
D-03 the direction of the Guia high-rise buildings, roads, green plants,

Lighthouse Lighthouse

We categorized the main visual environmental elements seen from each observation deck. The

mountains, etc.

classification of buildings was based on the height of the buildings according to the latest version of
China’s Unified Standard for Civil Building Design [24]. Buildings with a height of no more than 27
m are low-rise buildings, buildings with a height of 27-100 m are high-rise buildings and buildings
with a height of more than 100 m are super high-rise buildings. We classified the landscape
architecture views according to the viewing objects and summarized the main environmental visual
elements (Figure 2, Table 1).
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Figure 2. Schematic diagram of the division of sight lines into the landscape architecture.

Landscape photographs can be used as input for eye-tracking experiments and can effectively
replace the visual perception of the real environment (L. Liu et al. 2022). Moreover, the use of
photographs as stimuli for eye-tracking experiments can eliminate the influence of any external
conditions, such as light intensity and seasonal changes (Gao et al. 2021). Therefore, experimental
images were taken in similar weather conditions using a Canon RP camera with a 16 mm lens, and
the height of the photographer’s eyes was approximately 1.4 m. A total of 168 horizontal landscape
architecture images were taken from observation decks in Macao, and five experts were invited to
classify them. The experts selected certain images that were then encoded. The size of the images was
standardized, with a length-to-width ratio of 16:9. The resolution was 6000 x 3374 dpi. Because the
weather was an uncontrollable factor in the environment, research on the perception of the sky’s
visual elements was not within the scope of this study, and the sky in the images was uniformly
replaced by a white area (Figure 3).
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Figure 3. Distribution of important sightlines in the Historic District of Macao.

3.2. Eye Tracking Experiments

3.2.1. Participants

During the study, 30 members of the public who had visited observation decks in Macao were
selected and divided into two groups, residents (n = 15) and tourists (n = 15), according to their
purpose in visiting and the length of their stay. Two eye-tracking experiments were conducted at the
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lab. All participants saw the image samples for the first time, and all had uncorrected or corrected
visual acuity of 1.0 or higher with no colour weakness or colour blindness. The participants were
aged 20—40. Their academic majors were architecture-related (n = 12) and non architecture-related (n
= 18), and they had professional backgrounds in industrial design, physics, chemistry, computer
science, fine arts, etc. The participants were allowed to freely view the scene, as this is the most natural
and common way to view the landscape architecture (A. S.-H. Huang and Lin 2020).

3.2.2. Experimental Protocol

Considering the interference effect of light on eye-tracking experiments, the experiment was
conducted in the laboratory. Curtains were used throughout the experiment to block out outdoor
light sources, and the laboratory light environment was adjusted and controlled by internal lighting.
The eye-tracking experiments were conducted with the aid of the Tobii Pro Fusion, manufactured by
the Swiss company, and images of the experimental material were displayed on a 23.8-inch screen
(1920 x 1080 dpi, 600 Hz) in the lab.

To begin, participants were in a laboratory with a capacity of more than 40 people, and the
experimenter explained the purpose, procedures, and requirements of the experiment to the
participants individually before the start of each eye movement experiment, with no conversation
between participants. Once participants understood the experiment, they were invited to sit in a
comfortable chair and were assisted by the experimenter in calibrating the eye-tracker to make sure
that it was calibrated accurately, and then nine sample images of the study site were displayed. Each
image sample was displayed for 20 s with a 2 s gap between images between images, was used to
alleviate eyestrain and ensure visual focus adjustment.

Each session lasted approximately 30 min, with approximately 4 min of introduction and
preparation before the experiment, approximately 6 min for the eye-tracking experiment and
approximately 20 min for the questionnaire content (Figure 4).

Y
Prepare 1 Select: = : . . 1
Experimental 1 e R Select experimental Photo preprocessing Classification of |
Materials I subjects photos expenimental photos 1
e e e e e e E e e E e e e e e e e e e e e e e e e EE e, e e e, —,—,—,—, e = = | I—— -t
i L e T
1 I :
i ! Intreducing the sightlines B |
Experimental " of the Historic Centre of Calibrating eye trackers ——— View 12 images EIl G .t.he ey |

Process 1 questionnaire
| Macao !
. | _l_ [
- LEEEEE e e e H
! 1
! 1
\ Eye tracking device obtains experimental data Correlationand regression analysis :
Collect I X X 1
Experimental ! Total Fixafion Duration | Time before First Fixation Indicators for evaluating the 1
Data : wvisual elements of the landscape I
1 | Fixation Count | | View Counts | :
I The role of landscape assessment | 1
: | First Fixation Duration | Average Fixation Duration in influencing place identity :
! 1
L o Y e e e e T .I. _____________________ Coococoooooodloococoococo oo R
B e e ESECCCLLEEEEErEr e s bt SR

1

Anal 1 Tobii Pro Lab{Screen based) SPSS 21.0 Software SPSS 21.0 Software :
Exper:?nr:ita\ 1 Eye movement Differential analysis of eve Conduct aone-way - Regression Relationships of |
o 1 data heatmap T e R ANOV A for the six eye Landscape Element Evaluations on |
: populations movement indicators Place Identity Emotions |
1
! | | | 1
H |
1 1
Experimental : Differences in visual behavior of Differential visual behavior of The role of different visual element 1
Result M different populations towards the different visual elements in the evaluations in influencing place :
\ same landscape same landscape identity h

Figure 4. Step-by-step diagram of the eye-tracking experiment.

3.2.3. Drawing AQOlIs
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The relationship between visual behaviour and the visual environment was explored using areas
of interest (AOIs). The AOIs in the samples were determined according to the main fixed elements of
the images in order to analyse the spatial and visual elements of the image samples used. The visual
elements in the environment around the the observation decks in Macao were divided into features
such as landmarks, low-rise buildings, high-rise buildings, skyscraper buildings, green plants, water,
mountains, roads, and so on (Figure 5).

A-01 A-02 A-03

B-01 B-02 B-03

C-01 C-02 C-03

D-03

] Landmarks [ Low-rise buildings [0 High-rise buildings | Skyscraper buildings [ Water [] Mountains

[7] Green plants [0 Roads E Installations I Transportations [ Characters

Figure 5. AOIs images.

3.2.4. Data Index Selection

Gaze-point location indicates the coordinates of the point of interest that the subject focuses on
in a single picture; gaze frequency indicates the subject’s interest level in the area of interest in a single
picture; gaze duration indicates the subject’s difficulty in perceiving the difficulty of a landscape
architecture feature; the values of gaze frequency and gaze duration are considered to be
attractiveness (L. Liu et al. 2022). To explore the visual behaviour characteristics of the residents and
tourists in relation to the AQIs in the images, a number of eye-tracking indicators were analysed. Six
indicators were selected to study the visual perceptual behaviour of the participants —total fixation
time (TFD), fixation count (FC), time before first fixation (TFF), time to first fixation (FFD), average
fixation duration (AFD) and view count (VC) ([27]. Table S1). These metrics were used to identify the
characteristics of viewer visual behaviour towards visual elements of the urban overlook landscape.
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3.3. Visual Aesthetics and Place Identity Scale

3.3.1. Questionnaire Design

After the eye-tracking experiment and retrospective interviews, the same nine real-life images
used in the eye-tracking experiment were used to evaluate the aesthetics of different visual elements.
The colour labels of the visual elements were divided by the AOIs, combined with the dimension of
place identity, the degree of identification of tourists and residents was psychologically measured.
The questionnaire took the residents and tourists as the subjects and preliminarily screened the visual
elements according to the distribution of eye movement. Moreover, we invited six experts in the field
of architecture to classify and describe the visual elements of the overlook landscapes, and we
selected eight evaluation indicators —the proportion of coordination, form richness, neatness and
aesthetics, colour vividness, change difference and so on—to evaluate the visual aesthetics of the
landscape architecture viewed from urban observation decks (N. Li et al. 2022).This was combined
with the five-point liker-style Psychological Scale of Place Identity, which was used by the residents
and tourists (Boley et al. 2021),it consisted of statements or questions followed by five answer
statements (Supplementary Materials: Table S2).

3.3.2. Participants

A total of 250 participants were selected at observation decks in Macao, including 30 participants
from the eye-tracking experiment, and 250 questionnaires were distributed, 225 of which were online.
The questionnaire collection was from 1 November 2023 to 30 December 2023. A total of 237 valid
questionnaires were collected, with a response rate of 94.8%.

3.3.3. Data Analysis

The data were analysed using SPSS 21.0 (IBM Corp., Armonk, NY, USA) and plotted using
Origin 2022 (OriginLab Corp., Northampton, MA, USA) and Adobe Photoshop (Adobe Inc., San Jose,
CA, USA). The procedure was as follows.

(1) One-way analysis of variance (ANOVA) was used to analyse the differences in the visual
behaviour indicators and to determine the differences between different groups of people on the
same viewing platform for the same image and different visual element eye-movement indicators.
An independent sample ¢-test and univariate analysis were conducted, and H1 was verified.

(2) The visual aesthetic evaluation and psychometric measurement of different scenes were
carried out using the questionnaire data. Reliability and validity analyses and an independent sample
t-test were carried out to determine the psychological differences among different groups of people
in relation to the place with the same overall landscape architecture. The aim was to verify H2.

(3) Correlation analysis and multiple regression equations were used to determine the
correlation between the aesthetic evaluation indexes of different visual elements and place identity,
and H3 was verified.

4. Results and Analysis

4.1. Eye Tracking Heat Map Distribution and Analysis

The eye-tracking data collected using Tobii Pro Lab (v1.194) were analysed to generate an eye-
movement heat map of the images, and the most important visual elements according to the residents
and tourists were analysed and screened using notation (Z. Li et al. 2021).

Taking the thermal distribution of Figure A-01 as an example, the visual elements of landmark
buildings, high-rise buildings, super high-rise buildings and water systems in the figure have a high
degree of attention; the colours are dark red and orange-red, and the ‘e’ symbol is used. The lower
buildings and mountains are considered but are not obvious. The colours include light green spots,
and the ‘@’ symbol is used. Green plants and roads do not receive significant attention. There is no
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heat distribution and no light green spots, and the ‘O’ symbol is used. Taking the heat distribution
of Figure A-02 as an example, there are no visual elements of landmark buildings in the figure, and
the “)X” symbol is used. The explanation of the identification situation for other heat maps is the same,
and the visual elements corresponding to the visual hotspots in the image are identified similarly
(Table 2).

Table 2. Eye-tracking heat distribution of different types of viewing platform viewing landscape images.

NO. A-01 A-02 A-03

Residents
eye tracking
experiment
heat map

Tourists eye

tracking
experiment
heat map i( e -
landmarks e mountains © landmarks X mountains ¢ landmarks e mountains ©
Hot spots low-rise water o low-rise e water X low-rise water o
P buildings buildings buildings
correspond . . | D D
. high-rise green high-rise green high-rise green
to visual - o T J © 4 © ©
features buildings plants buildings plants buildings plants
sk}./sc.raper o roads o sk}.lsc.raper o roads Y sk}.lsc.raper roads o
buildings buildings buildings
NO. B-01 B-02 B-03
Residents
eye tracking
experiment
heat map
Tourists eye
tracking
experiment T e
heat ‘ :
eatmap B . APTEE .- =
landmarks X mountains © landmarks e mountains o landmarks X mountains o
Hot spot low-rise o ¢ R low-rise . ¢ . low-rise R ¢ R
Ot POt buildings warer buildings warer buildings warer
correspond . . . o o
) high-rise green high-rise high-rise green
to visual . © . © greenplants © . °
features buildings plants buildings buildings plants
sk}'lsc.raper e roads N sky.lsc‘raper o roads o sk}'rsc‘raper roads .
buildings buildings buildings
NO. C-01 C-02 C-03
Residents
eye tracking
experiment
heat map

Tourists eye
tracking
experiment
heat map
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landmarks e mountains © landmarks e mountains © landmarks e mountains o
Hot spots low-rise © water ° low-rise water o low-rise e water X
P buildings buildings buildings
correspond . . | D D
. high-rise green high-rise green high-rise
to visual . © . o . © greenplants ©
features buildings plants buildings plants buildings
sk}./sc.raper o roads o sk}.lsc.raper roads o sk}.lsc.raper o roads Y
buildings buildings buildings
NO. D-01 D-02 D-03
Residents
eye tracking
experiment -
heat map

Tourists eye

tracking
experiment T e e 1 T
et map S e
landmarks e Jlandmarks e mountains e landmarks e mountains °
low-rise low-rise low-rise
Hot spots buildings © water ° buildings water © buildings X water X
correspond . . . . . .
. high-rise green high-rise green high-rise
to visual 1 . . e greenplants e
features buildings plants buildings plants buildings
skyscraper skyscraper skyscraper
buildings roads X buildings roads X buildings X roads °

® This element is of significant concern. © This element has attention, but is not significant. © The image has this

element but does not receive attention. ) indicates that the feature does not appear in the image.

Comparing the eye-movement heat distribution maps of residents and tourists, the visual
elements that residents pay attention to are more concentrated, and the focus is on the visual center
of the image and the visual elements of the buildings with a regional identity. Meanwhile, the visual
elements that tourists pay attention to are more scattered, but the attention paid to different visual
elements tends to be consistent. Looking at the heat distribution map of the landscape architecture
image eye-movement experiment performed on the observation decks in Macao, the visual elements
concentrated on are landmarks, skyscraper buildings, high-rise buildings, water and other visual
elements, and the colors are dark red and orange.

Using the eye-tracking heat map and the visual element markers corresponding to hotspots, a
preliminary screening of visual elements was carried out. The visual element of roads was marked
with an ‘o’ symbol and an ‘)<’ symbol in the nine images, indicating that the residents and tourists
paid less attention to roads. We screened out landmark buildings, low-rise buildings, high-rise
buildings, super high-rise buildings, water systems and mountains. Seven visual elements, including
green plants, were used to support the ANOVA and the results of the perceptual identity
questionnaires.

4.2. Perceptual Behavior of Visual Elements

4.2.1. Visual Behavior of Different Groups of Viewers

The eye-movement index of one image was randomly selected from the landscape architecture
images viewed by each group on the observation decks, and six eye-movement indicators of the
residents (n = 15) and tourists (n = 15) were analysed. Finally, the eye-tracking experiment data for
the three landscape architecture images of A-01, B-02 and C-02 were selected as the data sources.
According to the experimental results for different groups of participants on the same observation
deck (Supplementary Materials, Table S1), SPSS 21.0 (IBM Corp.) software was used to perform an
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independent sample t-test (Figure 6, Supplementary Materials: Table S3), and the significance of the
six visual behaviors in the two groups was compared.

* residents

20 - 3
* tourists

15 4

Data for 6 visual behaviour indicators

—l— L.

O I I | I I
FC TFF vC TFD FFD AFD

Figure 6. Viewers’ visual behavior data for different landscape architecture elements.

From the data in Table S3, the F-value (i.e., the Levene F-statistic) has a p-value > 0.05 for six
variables, and these six eye-tracking data all show the same variance. In the two-tailed test, the p-
value is also >0.05; combined with the F-statistic, this suggests that the visual behaviour of the two
groups towards the same landscape architecture elements has no significant difference, and the visual
behaviour characteristics of the same view are maintained.

4.2.2. Eye Movement Indicators of Different Visual Elements

A multivariate model with the proportion of visual elements as a covariate was used to analyse
the influence of the visual element types on visual behaviour and to determine the differences. Again,
we selected the eye-tracking experiment data of A-01, B-02 and C-02 as the data sources and used
SPSS 21.0 (IBM Corp.) to conduct a one-way ANOVA for the six eye-movement indicators of seven
visual elements in the landscape architecture image: landmark buildings, low-rise buildings, high-
rise buildings, super high-rise buildings, water systems, mountains and green plants. We then
conducted a least significant difference multiple comparison test and obtained statistical data results
(Figure 7, Supplementary Materials: Table 54).
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Figure 7. Viewers’ visual behavior data for different landscape architecture elements. (** Represents p < 0.01,
which is significantly correlated at the 0.01 level. * Represents p < 0.05, which is significantly correlated at the
0.05 level.).

From the data in the Table S4 and Figure 7, it can be seen that among the eye-movement
indicators of the visual elements of different landscape architecture images seen from the observation
decks, the TFD and AFD showed a significant difference at the 0.01 level (p <0.01); the three indicators
of FC, FFD and VC showed a significant difference at the 0.05 level (p <0.05). There was no significant
difference in the TFF (p > 0.05).

Of the eye-movement indicators of the different visual elements, the visual elements of super
high-rise buildings and landmark buildings had the strongest significance. From the perspective of
the AFD and FC eye-tracking indicators, the mean values of the visual elements of super high-rise
buildings and landmark buildings were higher. This indicates that it was most difficult for
participants to extract data from super high-rise buildings and landmark buildings, as this required
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a greater cognitive load. The overall trends of the FFD, TFF, AFD and VC eye- tracking indicators are
essentially consistent with the TFD trend, and they are also consistent with the distribution results of
the eye-tracking heat map.

In summary, the analysis of the eye-tracking indicators revealed differences in the data of the
TFD, FC, FFD, AFD and VC among the visual behaviour indicators of the viewers when looking at
urban landscape architectures (p <0.05). Therefore, we can verify that H2 is valid.

4.3. Questionnaire Data Results and Analysis

4.3.1. Questionnaire Validity Test

The data of 237 questionnaires were imported into SPSS 21.0 for reliability and validity testing.
The reliability of the four dimensions of the questionnaire was monitored, and a Cronbach’s a value
of >0.7 was found, indicating that the overall reliability of the questionnaire was good. A Kaiser—
Meyer-Olkin (KMO) test revealed a KMO value = 0.978 > 0.8 and a p-value (Sig.) = 0.000 < 0.05 with
high significance. The questionnaire passed the BART spherical test of the KMO check sum.

4.3.2. The Psychological in Place Identity of Different Groups of Viewers

A total of 237 questionnaires were used as data sources to divide the participants into residents
(n=126) and tourists (n=111), and an independent sample t-test was used to compare the significance
of the identity psychology between the two groups visit the same landscape architecture and place
(Figure 8).

g residents

tourists

Psychological measurement of Place Identity

3.3 T T T T T T T

Environmental  Trigger Familiarity  Intimacy Cultural Identity Sense of
preferences  memories at phere responsibility  belongi

Figure 8. Viewers recognized the psychometric results at the scene of the view. (** Represents p <0.01, which is

significantly correlated at the 0.01 level. * Represents p < 0.05, which is significantly correlated at the 0.05 level.).

Looking at the data in the Figure 8, among the seven measurement indicators of place identity
emotion for nine spots on the landscape architecture, the mean value of the resident group is greater
than that of the tourist group. This indicates that the average value of residents’ place identity
emotion relating to the landscape architecture is higher than that of tourists. However, based on the
independent samples f-test, the six place identity sentiment indicators’ p-value > 0. 05 However, the
familiarity index < 0.05, so there was a significant difference in the familiarity index in the place
identity between residents and tourists in the process of viewing the same landscape, and there was
no significant difference in other indicators.

4.3.3. Psychological Correlation with Place Identity

In order to verify the validity of H3, a two-variable Pearson correlation analysis was carried out
between the aesthetic evaluation scores of the different visual elements of the landscape architecture
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seen from the observation decks and the psychological dimensions of place identity; the results are
shown in Figure 9. Moreover, the aesthetic evaluation indexes and data for visual elements with a
direct correlation with the psychology of place identity were screened out (Figure 9, Supplementary

Materials: Table S5).
. . . .
Measurement dimensions of place identity
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Figure 9. Biased correlation analysis of aesthetic evaluation of visual elements and place identity. (** Represents
p <0.01, which is significantly correlated at the 0.01 level. * Represents p < 0.05, which is significantly correlated
at the 0.05 level.).

From the results in the Table S5 and Figure 9, we can obtain the following conclusions:

(1) There were 10 visual aesthetic evaluation indexes with a 0.05 level of significance for place
identity psychology and 6 visual evaluation factors with a 0.01 level of significance for place identity
psychology.

(2) From the perspective of the visual element categories, the aesthetic perception of green plant
visual elements had the strongest psychological correlation with place identity (0.754); the intimacy
correlation coefficient between the colour vividness of green plants and the psychological dimension
of place identity was the highest (0.834); and the number of evaluation indicators with a correlation
between water visual elements and place identity psychology was the highest. There is a significant
positive correlation between natural visual elements and place identity.

(3) From the perspective of the evaluation factor categories, the visual aesthetic evaluation index
of decorative sophistication and the psychological correlation coefficient of place identity were
negative. Therefore, the visual aesthetic evaluation of decorative sophistication had a negative
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correlation with place identity psychology. The correlation coefficients between the other significance
evaluation factors and place identity psychology were positive; therefore, the seven types of visual
aesthetic evaluation indexes (e.g., proportion coordination, form richness, neatness and colour
vividness) had a positive correlation with place identity psychology.

(4) Among the 16 aesthetic evaluation indexes of visual elements that correlated with the
psychology of place identity, the correlation coefficients of the colour vividness of green plants and
the colour vividness of water were >0.7, indicating that there was a strong positive correlation
between these two items. The correlation coefficients between the remaining 14 visual element
aesthetic evaluation indexes and place identity psychology were within 0.3-0.7, indicating that these
14 aesthetic evaluation indicators had a strong correlation with the psychological notion of identity.

4.3.4. Multiple Linear Regression Results and Analysis

In order to verify the most common visual elements that affect the psychology of identity and
their significance in the landscape architectures viewed from different urban observation decks,
multiple linear regression analysis was used. The dependent variable was the identity attitude, that
is, the ‘sense of identity with the city’. The independent variables were the data of eight visual
elements and 56 visual aesthetic evaluation indicators corresponding to each visual element, and the
model summary, ANOVA results and coefficient results (Table 3) were obtained, and the following
equation for the multiple regression equation is obtained.

Y =0.573 x x1+0.316 x x2+0.515 x x3+0.169 x x4+0.617 x x5+0.223 x x6+0.799 x x7+0.094 x xs+
1.021 x x9-3.10

Table 3. Multiple linear regression model data table.

Non-Normalized Stanfie}rd
Coefficient
Y X t p-Value
Standard
B Beta
Error
(constant) -3.10 0.159 20.401 0.009
landmarks vividness of color X1 0.573 0.037 0.425 15.663 0.000
high-rise . dness of color Xz 0.316 0.025 0.271 12.608 0.000
buildings
skyscraper . dness of color Xa 0.515 0.040 0.391 12.750 0.000
buildings
Place proportional 0.169 0.028 0.162 5.991 0.001
dentit water harmonization
! y vividness of color Xs 0.617 0.036 0.470 17.340 0.000
. proportional 0.223 0.029 0.245 7.806 0.000
mountains harmonization
vividness of color X7 0.799 0.024 0.628 33.048 0.000
morphological 0.094 0.024 0.100 4.010 0.007
green plants richness
vividness of color Xo 1.021 0.028 0.978 37.009 0.000

From the results of the overall regression model data given in the above table, the following
outcomes can be delineated.

(1) F =14.251 and p-value = 0.009 < 0.05, which means that the model shows significance at the
level of 0.05. It passes the F test and is linearly correlated with the dependent variable. Thus, the
model is verified.

(2) The adjusted R? takes into account the number of arguments used to predict the target
variable and can determine whether adding new variables to the model will increase the fit. The
adjusted R? value was 0.726, indicating that nine influencing factors could explain 72% of the change
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inidentity psychology. Thatis, 72.6% of the attachment emotion was caused by these nine influencing
factors, and the model fit was average.

(3) The Durbin—-Watson (D-W) value = 2.006, which is close to 2, indicating that there is no
autocorrelation and that the model has data independence.

According to the significance and correlation coefficients of the independent and dependent
variables, the following conclusions can be reached.

(1) Among the independent variables, the color brightness of green plants (p = 0.000 < 0.01, B =
1.021), the color vividness of mountains (p = 0.000 < 0.01, B = 0.799), the color vividness of water (p =
0.000 < 0.01, B = 0.617), the color vividness of landmarks (p = 0.000 < 0.01, B = 0.573), the color
brightness of skyscraper buildings (p = 0.000 < 0.01, B = 0.515), the color brightness of high-rise
buildings (p = 0.001 < 0.05, B = 0.316), the proportional coordination of mountains (p = 0.001 <0.01, B
= (0.223), and the morphological richness of green plants (p = 0.007 < 0.01, B =0.094) were highlighted.
There was a significant positive correlation between the evaluation factors of these nine visual
elements and identity psychology.

(2) The correlation coefficient of the evaluation of decorative delicacy is less than 0, but the p
value is more than 0.05, and the correlation coefficient is less than 0.3, therefore, although there is a
negative correlation between decorative delicacy and the identity of place of each visual element, the
influence is small. Overall, the results of multiple linear regression are consistent with the results of
correlation analysis.

5. Discussion

5.1. Visual Aesthetic Evaluation and Psychological Verification of Place Identity

In the analysis of the eye-tracking visual behaviour data, the public showed a strong interest in
and visual preference for artificial elements, particularly recognizable landmark buildings and
skyscraper buildings, which provides support for similar results obtained in research on visual
preference behaviour relating to mountain landscape architectures (Guo et al. 2021). In previous
studies, the perceptions of a landscape supporting autonomy, relatedness, and competence are
associated with identification, dependence, and emotional connection with that landscape (Landon
et al. 2021), and the proportion of artificial visual elements in the urban environment of the historic
urban area is much higher than that of natural visual elements. However, the visual aesthetic
perception of natural elements such as water, mountains, and green plants has a more significant
impact on the psychological perception of place identity, which is also supported by the study of
visual perception among different groups of tourists (J. Huang et al. 2022) and cyclists (He et al. 2021).
It has also been shown in studies of visual perception in different populations that people experience
a more positive psychological impact of natural landscape elements (Deng et al. 2020). From the
visual behaviours to emotional cognition, the viewers display great subjectivity in expressing
different emotions.

The most important feature of the landscape in the Historic Centre of Macao is the diversity of
colours, and the most common colours in urban architecture and landscape architecture in 60 districts
of Macao were identified through eye-tracking experiments and data collection (Pohsun Wang et al.
2023). The results show the effect of color vividness on the psychological meaning of different visual
elements. According to the eye-tracking data and questionnaire data of different populations, the
artificial visual elements in the landscape of the historic urban area accounted for the main
proportion. Landmark buildings and supertall buildings are more visually appealing to the public.

For the landscape of the Historic Centre of Macao, although the eye movement experiment
found that the visual behavior of different groups of people towards the landmark buildings is
significant and visually attractive, compared with the photos of the Guia Mountain in the Outer
Harbour Waterway in the 50s of the 20th century, as shown in the Figure 10, it is found that the
important sight of the Historic Centre of Macao is affected by the super high-rise buildings, and the
proportion of landmark buildings in the picture is relatively small or even less than 1%. The
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lighthouse landmark can only be seen from a wide location, and the former outer harbor cannot be
seen from the Guia Lighthouse. In 2008, the Macau government promulgated the first visual
landscape control regulation after the inscription of the Historic Centre of Macao as a World Heritage
Site, “Setting the Maximum Allowable Altitude for Buildings to be Constructed in the Area Around
the Guia Lighthouse”, which set the height limit for buildings around the Guia Light-house at 60 m
and relaxed to 90 m in 2015, but UNESCO warned against this, and finally the developer cooperated
with the government to take the initiative to reduce the height of the building and abandon the height
of 90 m [23]. In this study, the analysis of visual behavior and the measurement of place identity
provide data support for the control of building height within the important line of sight in the
historic urban area.

Photographed in 1950 Photographed in 2024

Figure 10. Comparison of the Guia Lighthouse in 1950 looking towards the Outer Harbour. (Image taken from
1950 “Macao in 19th—20th Century Postcards”).

5.2. Limitations and Future Work

While this study uncovered an interesting phenomenon and provided a new perspective on
enhancing urban identity, there are some limitations. In future research, it will be necessary to greatly
increase the number of subjects and include subjects from different cultural backgrounds, social and
economic classes, and geographical regions to strengthen the universality and representation of
research results(W. Liu et al. 2025).

In future work, there is a need to explore in more depth the differences in participants’ affective
attitudes related to their own identity features in the environment. Previous research has found that
women are more interested in the landscape architecture as a whole, whereas men are more
interested in parts of the landscape architecture with prominent human architectural features,
complex colours and open spaces [37]. In addition to using eye tracking, wearing physiological
sensing devices, carrying GPS location devices, and human behaviour recognition are all useful
methods for capturing behavioural data. These behavioural metrics data can be processed by artificial
neural networks and visual quality models can be built to support decision making. Therefore, future
research will require deep intersections with other disciplines to provide data to inform landscape
architecture theory development and guide urban overlook landscape architecture planning and
management.

6. Conclusions

During the eye-movement experiment of viewing the landscape architecture images of Macao
seen from the observation decks in Macao, there was no significant difference between the visual
behaviour of residents and tourists looking at the same landscape architecture images. However, in
the analysis of the behaviour data of different visual elements in the landscape architecture, the TFD,
AFD, FC, FFD and VC showed significant differences (p < 0.05). It was found that the eye-movement
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behaviour related to the visual elements of landmark buildings and super high-rise buildings was
the most significant, indicating that H1 is valid.

According to the analysis of the psychological measurement questionnaire data of residents and
tourists viewing the same landscape architecture from the same platform, We know that the average
level of place identity is higher than that of tourists, and there are significant differences in familiarity
indicators (p < 0.05), indicating that H2 holds true.

Combining visual aesthetic evaluation and identity psychometric results, By correlation and
multiple linear regression analysis, buildings, thevaluation of visual elements of high density cities
in Macao is related with site identification, And the color brightness of green plants, the color
vividness of mountains, the color vividness of water, the color vividness of landmarks, the color
brightness of skyscraper buildings, the color brightness of high-rise buildings, the proportional
coordination of mountains, and the morphological richness of green plants. The nine evaluation
factors of visual elements show a significant positive correlation with the psychology of place
identity. Regarding the visual evaluation factor, there is a negative correlation between decorative
refinement and identity psychology. However, the influence effect was not significant, indicating that
H3 holds true.

This study is of significance in improving viewers’ perceptions and evaluation of urban
landscapes. Using an eye-tracking experiment, the visual elements of building facade and street style
that were the most important to the public were extracted, and combined with the evaluation of the
visual elements, an aesthetic evaluation of the landscape architecture seen from existing observation
decks was performed. The ability of the visual landscape architecture to stimulate viewers” sense of
urban identity was explored using a place identity psychological scale, and the research results can
serve as a basis for urban landscape architecture planning and tourism management. In future
research on the visual environment of architecture, eye-tracking experiments can be applied to virtual
reality scenes to compare viewers’ evaluation of the visual environment of the landscape architecture
before and after a change.

Supplementary Materials: The following supporting information can be downloaded at:
www.mdpi.com/xxx/s1, Table S1: Eye-tracking indexes for different landscape elements. www.mdpi.com/xxx/s2,
Table S2: Visual aesthetic and place identity evaluation scale. www.mdpi.com/xxx/s3, Table S3: Average of
resident and visitor eye movement indicator data. www.mdpi.com/xxx/s4, Table S4: One-way ANOVA of eye
movement indexes for different visual elements. www.mdpi.com/xxx/s5, Table S5: Coefficient of correlation
between visual perception and place identity.
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