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Abstract: The style and overall urban texture of historic districts embody rich social and
cultural values. Therefore, how to make relevant environmental elements effectively
perceived visually has become the key to protecting and displaying historic streets. Based
on this, the non-subjective eye movement data and subjective impression of the subject were
collected through an eye-tracking experiment and semi-structured interview. ErgoLAB
was used to generate eye-tracking metrics and heat maps based on eye movement data,
and ROST-CM6 software was used to generate word frequency and emotional degree
data for interview text. Through comparative analysis, it is found that the subjective
and objective evaluation indexes of the subjects tend to be consistent in general, but the
visual behavior characteristics of different environmental elements’ types are different. The
greater the variety of elements involved in visual perception, the longer the time required
for participants to identify the relevant elements. The extent of element distribution also
influenced differences in visual perception. Additionally, visual perceptions from partial
elevation views and overall human perspective angles were largely similar, with distinctive
elements attracting more interest. This study has an exploratory nature, and its findings
contribute to the preservation and enhancement of the visual quality of historic districts.

Keywords: historical and cultural district; eye-tracking; semi-structured interview;
environmental element

1. Introduction
With the rapid development of the economy and society, the preservation of historical

and cultural districts has increasingly become a focus point of public concern. As an indis-
pensable component of urban public life, historical and cultural districts not only provide
shelter for residents through their integrated urban fabric but also profoundly define the
cultural connotation and historical identity of local communities [1]. Consequently, the
contribution of the overall urban texture and architectural heritage of districts is crucial to
their social and cultural values, as well as the visual quality of the landscape [2–4]. His-
torical and cultural districts possess distinctive urban characteristics and historical value,
attracting considerable tourist interest [5]. Serving as an “interface” between people and the
environment, they establish the foundation for the perception, cognition, and evaluation
of the surroundings by both residents and visitors [6,7]. Therefore, by enhancing the envi-
ronmental elements’ visual quality of historical and cultural districts, we can strengthen
people’s perception and recognition of these areas, effectively revitalizing their vitality and
optimizing their conservation and utilization [8].
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Vision is the primary pathway through which humans acquire information about the
external environment. Eye movements serve as behavioral manifestations of visual infor-
mation processing, and their metrics can reflect the holistic cognitive process of perceiving
external information [9,10]. To understand people’s visual perception of historical and
cultural districts, eye-tracking technology must be employed. Eye-tracking technology
is a technique that detects and records eye movements to track gaze positions. Utilizing
specialized equipment such as eye trackers and image-processing algorithms, one can
precisely measure gaze direction, fixation locations, and eye position relative to the head.
Currently, the most commonly used eye movement metrics include fixation metrics, saccade
metrics, and pupillary metrics. Fixation refers to maintaining visual focus on an object for
a certain duration. Fixation metrics include first fixation duration, fixation count, and heat
map. The longer the gaze time, the more it indicates that the object can attract the subject’s
attention [11,12]. Saccades represent the rapid movement of gaze from one fixation point to
another. Saccade metrics include the saccade count and average saccade count. Pupillary
metrics reflect changes in pupil diameter due to shifts in observer interest, including mean
pupil diameter, maximum pupil diameter, and minimum pupil diameter [13,14].

In recent years, eye-tracking technology has been widely applied in fields such as
medicine and consumer psychology [15,16], revealing individuals’ attention focus and
information processing by analyzing eye movement records and fixation points and pro-
moting development and innovation in multiple areas. In architecture, the application
of eye-tracking technology from a non-professional perspective offers a new approach to
studying the built environment. Yin et al. combined traditional restorative scale question-
naires with eye-tracking to identify that green plants, people, and vehicles are important
streetscape elements affecting the healing nature of the street and established an exact
correspondence between street elements and healing nature [17]. Fu et al. combined
questionnaire data with eye-tracking and concluded that the visual elements of the arcade
buildings and the street style of a small park in Shantou were correlated with local identity,
and the recognition degree of windows was the highest [18]. Lisińska et al. concluded
that when people observe, they perceive the observed photo as a complete object, and the
perception is based on its shape, light, color, and texture [19]. In their study of the visual
behavioral characteristics of rural architectural heritage, Li et al. believed that characteristic
elements attracted more visual attention. Visual behavior characteristics are related to area,
relative area, distance from the center, and the perimeter [20]. Deng et al. used eye-tracking
technology to reveal that for the architectural cultural heritage of southern Fujian, locals
pay more attention to the patterns and shapes, while non-locals pay more attention to the
characters [21].

This is mainly used in researching the restorative streetscape and tourists’ sense of
place in streets, as well as evaluating the visual quality of streets and traditional villages,
showing a trend of increasingly diverse research directions. By studying the quantified
eye movement indicators and combining them with subjective evaluation methods, such
as the Semantic Differential (SD) Method, the Analytic Hierarchy Process (AHP), and
Scenic Beauty Estimation (SBE), researchers can conduct analyses of interest distribution,
attention preferences, and emotional arousal levels in urban streets and in traditional
village architecture. Although the research on the protection and development of historical
and cultural districts is extensive, studies focusing on historical districts dominated by
commercial operations and delving into their unique environmental elements’ visual
perception characteristics are relatively scarce [22,23].

Research in this field urgently needs to be expanded to more comprehensively address
how to shape and preserve the visual identity of historic districts within commercial areas,
thereby enhancing their cultural ambiance and heritage continuity. This experiment primar-
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ily integrates objective quantitative metrics from eye-tracking technology with subjective
semi-structured interviews, mitigating some limitations of traditional survey methods.
This approach facilitates a deeper analysis of participants’ psychological responses and
influencing factors during observation [24]. We aim to ensure that while the commercial
value of historic and cultural districts is utilized, their overall value can be better perceived
visually and preserved [25].

Therefore, our study mainly investigates the following questions:

Q1: What are the visual cognitive patterns and distribution characteristics when people
observe different types of environmental elements in historical and cultural districts?

Q2: Are there discrepancies or correlations between subjective interview data and objective
eye-tracking metrics regarding visual cognition across different types of environmen-
tal elements in historic and cultural districts?

2. Materials and Methods
This study primarily consists of two parts: an eye-tracking experiment and semi-

structured interviews. The eye-tracking experiment captures participants’ visual perception
data regarding the value characteristics of a historical and cultural district using the Tobii
Glasses 3 wearable eye tracker. After completing the eye-tracking experiment, participants
underwent semi-structured interviews to obtain their subjective perceptions and evalua-
tions on whether they recognized the district’s value characteristics. In this section, the
experimental data generation process is detailed, including a description of the material
acquisition and research methodology steps taken in order to lay the foundation for data
analysis, as shown in the methodological flow chart (Figure 1).
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2.1. Study Area

This study was conducted in the Xining historical and cultural district in Taishan
County, Jiangmen City, Guangdong Province, China (Figure 2). Taishan County is a
renowned hometown of overseas Chinese in China. Its central towns and small urban
areas have undergone modern municipal improvements in the Republic of China, showing
typical regional features with arcade buildings as the main feature. In 1924, Taishan
County was granted by Sun Yat-sen to implement local autonomy. The urban texture of
the Xining historical and cultural district is highly distinctive. It was planned as a new
urban district of the county town, adopting a grid layout to integrate the originally separate
Xining Market and Ximen Xu (West Gate Market) outside the old county town. Roads
and buildings were uniformly standardized in planning and construction, with all old
structures along the streets demolished and replaced by commercial arcade buildings,
merging the original “one town, two markets” pattern into a cohesive development. As
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the essential route connecting the old urban area and the Xining Railway Station, the
Xining historical and cultural district experienced rapid urban expansion driven by robust
overseas Chinese investment in commerce. Within the district, arcade buildings with
diverse Western-style facades stand in great numbers, showing a unique blend of Chinese
and Western architectural charm, and it is still the most prosperous part of Taishan County,
gathering many important public buildings and residences of prominent people. The
district also preserves many buildings with modern architectural heritage, such as the
Tianqiao Building, the church, and the Taixi Business Council, while traditional buildings
remain well preserved.

Buildings 2025, 15, x FOR PEER REVIEW 4 of 16 
 

a new urban district of the county town, adopting a grid layout to integrate the originally 
separate Xining Market and Ximen Xu (West Gate Market) outside the old county town. 
Roads and buildings were uniformly standardized in planning and construction, with all 
old structures along the streets demolished and replaced by commercial arcade buildings, 
merging the original “one town, two markets” pattern into a cohesive development. As 
the essential route connecting the old urban area and the Xining Railway Station, the 
Xining historical and cultural district experienced rapid urban expansion driven by robust 
overseas Chinese investment in commerce. Within the district, arcade buildings with 
diverse Western-style facades stand in great numbers, showing a unique blend of Chinese 
and Western architectural charm, and it is still the most prosperous part of Taishan 
County, gathering many important public buildings and residences of prominent people. 
The district also preserves many buildings with modern architectural heritage, such as the 
Tianqiao Building, the church, and the Taixi Business Council, while traditional buildings 
remain well preserved. 

 

Figure 2. Location of the study area. 

Therefore, the Xining historical and cultural district has both a regular grid layout 
and a road layout formed by the connection between the old and new cities at the urban 
texture level. Public buildings and arcade buildings demonstrated the prevalence of the 
combination of Western-style facades and traditional architecture during the Republic of 

Figure 2. Location of the study area.

Therefore, the Xining historical and cultural district has both a regular grid layout
and a road layout formed by the connection between the old and new cities at the urban
texture level. Public buildings and arcade buildings demonstrated the prevalence of the
combination of Western-style facades and traditional architecture during the Republic of
China period, presenting extremely high typicality and representativeness. Their visual
quality was unique and could be regarded as a model of the development level of county-
level cities in China at that time. The Xining historical and cultural district has always
existed as a new commercial development area, which can better realize our hope that
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the commercial value and overall value of the historical and cultural blocks can be better
visually perceived and protected. In view of this, we have chosen it as the study area to
explore how its environmental elements’ visual perception characteristics influence and
shape people’s perceptual preferences, providing new perspectives and insights for the
conservation and utilization of cultural heritage.

2.2. Experiment Preparation
2.2.1. Photograph Selection

Research indicates that with the advancement of photographic imaging technology,
using photos as observational objects can effectively reflect real-world scenes while facili-
tating experiment execution and modifications [26]. In the eye-tracking experiment, static
visual stimuli were selected from photographs of the Xining historical and cultural district
captured via drone and smartphone that best represented the district’s value characteristics
and visual quality. To better observe and identify spatial visual perception, four groups
of photos were chosen, depicting the following: urban texture, public buildings, arcade
buildings, and partial elevation. Photos of urban texture and partial elevation were taken
using a drone. Photos of public buildings and arcade buildings were captured at their front
elevations using a smartphone at an approximate eye-level height of 1.60 m to simulate a
natural human viewing perspective. From the collected images, 16 of the most representa-
tive photos were selected as observational stimuli, ensuring comprehensive coverage of the
district’s overall environmental elements’ visual perception.

2.2.2. Participants

We selected 30 undergraduate and graduate students (15 males and 15 females) from
a university in China with different majors, aged 21 to 25, as the participants. All subjects
had never been to the Xining historical and cultural district in Taishan County, saw the
samples for the first time, and had an uncorrected or corrected visual acuity of 1.0 or higher
and normal color acuity. Before the experiment began, the participants were told the overall
experiment process in detail, and the importance of collecting eye movement indicators
was emphasized.

2.3. Procedure

The experiment was carried out in a bright room to eliminate the interference of
outdoor light sources and was carried out in the form of a PowerPoint presentation. After
the participant wore an eye tracker and calibrated it, the warm-up pictures were played
to eliminate interference from the participants’ eye movements. Then, four groups of
experimental photos were played according to urban texture, public building, arcade
building, and partial elevation. Each photo was played for 10 s with a 4 s interval, and with
an 8 s gray image at the end of each set to alleviate visual fatigue; the playback time lasted
for nearly four minutes (Figure 3).
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2.4. Data Analysis

The eye movement data were processed by Ergolab software to extract the required
indicators. The eye movement data results were imported into SPSS26.0 for statistical
analysis. Semi-structured interview data were analyzed using the textual analysis software
ROST-CM6.

2.4.1. Eye-Tracking Metrics Selection

We analyzed the characteristics of the visual behavior of those viewing the historical
and cultural district from the perspectives of fixation and saccade, including Fixation Count
(FC), Average Fixation Time (AFT), Saccade Count (SC), and Average Saccade Count (ASC).
Table 1 shows their specific meanings. Heatmaps were also generated to visualize each
participant’s attention distribution.

Table 1. The meaning of eye movement metrics.

Metrics Abbreviation Basic Significance

Fixation Count (N) FC
The fixation count refers to the number of all fixation points during fixation.
A higher number means that the amount of information is too large, and it is

difficult to identify all of them in a short time.

Average Fixation
Time (s) AFT

The average fixation time is the average duration of all fixation points during
fixation. The longer the average fixation duration, the more difficult the

information processing is.

Saccade Count (N) SC
Saccade count refers to the number of saccades in the staring process. The

more the number of saccades, the more information in the area, and the
difficulty in identification.

Average Saccade
Count (N/s) ASC

The average saccade count is the average saccade count per second. The
higher the number, the more the factors are affected when searching for the

next fixation point, and the more information in the region is reflected.

2.4.2. Semi-Structured Interview Data Analysis

ROST-CM6 is a software developed by Wuhan University in China for Chinese text
processing [27]. It integrates visualization technologies of text mining and content analysis
and can perform a variety of text analysis functions, including text segmentation, word
frequency statistics, social network construction, semantic network analysis, and emotional
tendency analysis. At present, it has been widely used in China’s domestic policy texts, the
optimization of tourist attractions, spatial image perception, and other multidisciplinary
fields [28–30], and has become an important tool for in-depth text analysis.

The semi-structured interview was processed using this software. The interview data
were imported into ROST-CM6 software, word segmentation was carried out, and the
feature words with high frequency (top 50%) were extracted to obtain the word frequency
analysis results. The higher the frequency of a single word, the more effectively it reflects
the consistency of the subjects’ cognition of the photo content. Meanwhile, the ranking of
word frequencies intuitively reveals which terms are more generalizable and better capture
the core features of the photos.

Additionally, emotion analysis was conducted based on the text content to determine
the observers’ preference level for the photos. The emotion analysis function of ROST-CM6
was used to assign emotion scores to the text data of each subject. A score greater than
5 represented the positive evaluation and positive emotion of the reviewer on the visual
perception type of a certain group, a score less than 5 represented the negative evaluation
and negative emotion of the reviewer, and 5 was the median, that is, neutral emotion.
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3. Results
3.1. Analysis of Eye-Tracking Data

Paired-sample T-tests were applied to examine and compare the mean values of the
eye-tracking indicators (Figure 4). It indicates significant differences in the participants’
observations when viewing the different scenes in the historical and cultural district,
including FC, AFC, SC, and ASC (Tables 2–5).

Table 2. T-test results of fixation count (FC) for different types of carriers.

Metrics Correlation Coefficient t-Value/Significance Level p-Value

Group Urban texture Public buildings Arcade buildings Partial elevation

Urban texture 1 8.649/0.000 (**) 7.602/0.000 (**) 5.722/0.000 (**)
Public buildings 1 −0.658/0.516 0.671/0.508
Arcade buildings 1 0.940/0.355
Partial elevation 1

Note: ** Correlation is significant at the 0.01 level (two-tailed).

Table 3. T-test results of average fixation time (AFC) for different types of carriers.

Metrics Correlation Coefficient t-Value/Significance Level p-Value

Group Urban texture Public buildings Arcade buildings Partial elevation

Urban texture 1 −0.203/0.841 0.247/0.807 −0.384/0.704
Public buildings 1 0.423/0.675 0.492/0.626
Arcade buildings 1 0.046/0.964
Partial elevation 1

Table 4. T-test results of saccade count (SC) for different types of carriers.

Metrics Correlation Coefficient t-Value/Significance Level p-Value

Group Urban texture Public buildings Arcade buildings Partial elevation

Urban texture 1 5.336/0.000 (**) 3.079/0.005 (**) 3.741/0.001 (**)
Public buildings 1 −2.140/0.041 (*) 0.820/0.419
Arcade buildings 1 1.735/0.090
Partial elevation 1

Note: ** Correlation is significant at the 0.01 level (two-tailed); * correlation is significant at the 0.05 level.

Table 5. T-test results of average saccade count (ASC) for different types of carriers.

Metrics Correlation Coefficient t-Value/Significance Level p-Value

Group Urban texture Public buildings Arcade buildings Partial elevation

Urban texture 1 1.672/0.105 −0.334/0.741 1.231/0.228
Public buildings 1 −2.065/0.048 (*) 0.317/0.753
Arcade buildings 1 1.289/0.208
Partial elevation 1

Note: * correlation is significant at the 0.05 level.

3.2. Analysis of Eye-Tracking Heatmaps

In order to further explore the visual perception of participants’ focusing range when
observing photos, this study applied heatmaps to conduct a more intuitive analysis, which
could more quickly identify which part of which elements could attract more attention
(Table 6). Eye-tracking heatmaps can reflect the participants’ browsing and fixation in the
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photo, as well as which areas of attention are more concentrated and the overall distribution
of one’s gaze.
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3.3. Analysis of Word Frequency

By using the word frequency analysis function in ROST-CM6, semi-structured in-
terview content was imported to obtain high-frequency interview data words about
four groups of spatial perception types (Figure 5).
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3.4. Analysis of Emotion Degree

The statistical results (Tables 7–10) show that in the partial elevation type, the vast
majority of participants held positive evaluations, with a ratio of positive to negative
emotions at 29:1. This suggests that when only the decorative elements of a partial elevation
are displayed, the whole elevation effect is further enhanced, creating a sense of visual
comfort. Additionally, in the public building type, the ratio of positive to negative emotions
was 4:1. Although general emotional intensity accounted for over half of the positive
emotions, moderate and high-intensity negative emotions were absent. Highly positive
emotions were primarily related to the windows and roof decorations on the upper part of
the public building facades, which were perceived as aesthetically harmonious.

Table 7. Semi-structured interview (urban texture) of emotion analysis data statistics.

Emotional Type Number of
Evaluations Proportion (%) Emotional Intensity Level Positive

(N)
Negative

(N)

Positive 17 56.67 Low (5, 15], [−15, 5) 11 12
Neutral 0 0 Moderate (15, 25], [−25, −15) 4 1

Negative 13 43.33 High (25, +∞), (−∞, −25) 2 0
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Table 8. Semi-structured interview (public buildings) of emotion analysis data statistics.

Emotional Type Number of
Evaluations Proportion (%) Emotional Intensity Level Positive

(N)
Negative

(N)

Positive 24 80.00 Low (5, 15], [−15, 5) 15 4
Neutral 0 0 Moderate (15, 25], [−25, −15) 7 0

Negative 6 20.00 High (25, +∞), (−∞, −25) 2 2

Table 9. Semi-structured interview (arcade buildings) of emotion analysis data statistics.

Emotional Type Number of
Evaluations Proportion (%) Emotional Intensity Level Positive

(N)
Negative

(N)

Positive 17 56.67 Low (5, 15], [−15, 5) 6 11
Neutral 0 0 Moderate (15, 25], [−25, −15) 7 1

Negative 13 43.33 High (25, +∞), (-∞, −25) 4 1

Table 10. Semi-structured interview (partial elevation) of emotion analysis data statistics.

Emotional Type Number of
Evaluations Proportion (%) Emotional Intensity Level Positive

(N)
Negative

(N)

Positive 29 96.77 Low (5, 15], [−15, 5) 7 1
Neutral 0 0 Moderate (15, 25], [−25, −15) 15 0

Negative 1 3.23 High (25, +∞), (−∞, −25) 7 0

4. Discussion
This study conducts an analysis of the visual behavior of observers in the Xining

historical and cultural district, providing unique insights into four types of spatial visual
perception based on the results of eye-tracking experiments and semi-structured interviews.

The observers exhibited significant differences in FC and SC for urban texture visual
perception compared to the other three types. Specifically, FC showed statistically sig-
nificant differences (p < 0.01), with the t-values of the correlation coefficients being 8.649,
7.602, and 5.722, respectively, when compared to the other three types. Similarly, SC also
demonstrated significant differences (p < 0.01), with t-values of 5.336, 3.079, and 3.741,
respectively. These results indicate that observers spent more cognitive time processing
urban textures. However, no significant differences were found in AFC or AFT between
urban texture and the other three types. Therefore, this suggests that the visual perception
of urban textures involves more diverse environmental and spatial elements compared to
the other types, offering a greater number of points of interest that capture attention and
requiring longer processing time to identify relevant features [31].

In addition, there is a significant difference in SC and ASC between public building
type and arcade building type. Among them, the two types of results showed p < 0.05 in
SC, and the t-value of the correlation coefficient was −2.140. In ASC, the results of the
two types showed p < 0.05, and the t-value of the correlation coefficient was −2.065. The
most exciting elevation of public buildings is mainly concentrated in their visual center
formed by symmetry. The arcade buildings have different architectural forms and their own
characteristics are widely distributed from the second floor of the arcade to the top, which
have gorgeous decoration. There is no obvious visual focus, which causes the increase of
SC. Therefore, in terms of SC and ASC, there are significant differences between public
building types and arcade building types [32–34].

From the eye-tracking heatmap results, it can be concluded that in terms of urban
texture, participants tend to focus significantly on roads and streets, while roofs with
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more vivid and noticeable color blocks also attract attention. In contrast, homogeneous
textures, lacking distinct focal points, draw the gaze toward the visual center. Moreover,
the participants paid certain attention to the junctions formed by roads and the places with
strong perspectives and vanishing points while ignoring the buildings on both sides of the
roads. As for public buildings, the participants focused on the places with concentrated
elements and decorations and also looked at the plaques on the buildings to identify the
functions of the public building. For arcade buildings, the observations mainly focused
on the spaces above the second floor and the overhanging plaques on the ground floor,
and the observation of the plaques is the same as that for public buildings, which are used
to identify the functional attributes of the ground floor shops of the arcade building. The
observation of the second floor and above of the arcade building and the decorations of
the balconies and windows above the second floor are the manifestations of architectural
value characteristics, with the detailed and ornate carvings and concave and arc-shaped
balconies and corridors being the focus of attention [35].

As for the partial elevation, the first image shows that the participants primarily
focused on the central vertical elements, including the windows, decoration, and plaque
bearing the name “Church.” The second image draws attention to the protruding pavilion
at the center. The third image leads observers to examine the plaque, the columns on
the balcony, and the railings, while the fourth image concentrates on the central column,
the window on the left, and its carved decorative details. The eye-tracking heatmaps of
these four images are generally consistent with the results from the previous two groups
of human-perspective heatmaps. This further supports the conclusion that these visually
perceived elements urgently require preservation, as they are crucial for maintaining the
architectural value and characteristics [36].

In the word frequency statistics table of urban texture, the frequencies of “regular”,
“roof”, and “trees” are 19, 18, and 15, respectively. It shows that the participants’ perception
of urban texture is regular, and the grid layout of roads and streets is straight. However,
at the same time, due to the presence of large areas of trees and blue factory roofs that
attract people’s attention, there will be deviations in the observation of elements [37–39].
The frequency word statistics table of public buildings shows that the frequencies of
“architecture”, “attract”, and “color” are 24, 12, and 11, respectively. The word frequency
statistics of public buildings reflect that the participants have a relatively high degree of
attraction and evaluation towards the color of the building itself and the roof part. “Red”
and “church” have even shown that the color itself has the highest degree of attraction for
people. The word frequency statistics table of arcade buildings shows that the frequencies
of “bottom”, “architecture”, and “window” are 16, 15, and 15, respectively. The frequency
word statistics of arcade buildings express that most subjects have a relatively high attention
to the ground floor space, and the frequencies of other parts such as the roof and windows
are unified and evaluated as the overall arcade building style being unified and coordinated.
The word frequency statistics table of partial elevation reveals that the frequencies of
“window”, “decoration”, and “pavilion” are 24, 18, and 18, respectively. This proves
that when certain elements are magnified, people will indeed pay more attention to the
decorative details.

In the emotional degree analysis, the intensity of emotions of different urban texture
types is generally similar. In the arcade buildings group, the moderate and high degrees of
positive and negative emotions are relatively high. Positive evaluations mainly involve
the decorative style of the art and local details of the arcade buildings themselves, while
negative comments mainly focus on the disconnection between the first floor space and
the exquisite facade space above the second floor, as well as the unsympathetic handling
relationship between the new and old parts, resulting in a distinct boundary demarcation.
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5. Conclusions
This study provides valuable insights and references for preserving the characteristic

values of historical and cultural districts and enhancing spatial visual perception. This
study found a high level of consistency between the objective metrics of the eye-tracking
data and the subjective semi-structured interview, indicating that visual cognition across
different types of environmental elements in historic and cultural districts consistently
elicits positive emotional responses.

While certain limitations exist, this experiment highlights the influence of differ-
ent types of environmental elements on observers’ visual attention. Relevant govern-
ment departments should consider leveraging these spatial perception patterns to im-
prove visual quality. Specifically, this research offers the following conclusions and
optimization strategies:

Firstly, in terms of urban texture, buildings in historical and cultural districts should
try to maintain the uniformity of the original style. The roofs should abandon iron roofs
with overly striking colors, which are particularly prominent in the eye-tracking heatmap.
It is necessary to avoid disrupting the overall harmonious beauty. Secondly, the T-test of
eye-tracking data also clearly reveals the unique advantages of urban texture in attracting
attention. Compared with other types, its complexity and regularity show more significant
differences, which emphasizes the importance of deeply exploring and protecting the urban
texture of the district and enhancing the subjective perception of visual quality [40,41].
Furthermore, our focus should go beyond merely enhancing the visual experience of
walking and comprehensively cover all aspects of the district planning to ensure the
harmonious integration of historical features and modern functions. As Chan said, it is
necessary to focus on improving the objective characteristics of the community, as well as
taking into account people’s perceptions of the community environment and their attitudes
towards walking [42].

At the road level, homogenized and regularized road surfaces offer a smooth passage
experience but they also tend to draw the observer’s attention to the road itself, causing
them to overlook the buildings on both sides. Therefore, the optimization strategy of roads
should focus on enhancing their overall aesthetic appeal, including the use of textured
paving, elaborately designed local embellishments and greenery, creative structures, etc. As
for irregular roads, they have the ability to enhance the display effect of building facades.
Therefore, special attention should be paid to the meticulous creation at the intersections
of streets and alleys, as well as the preservation and presentation of the individuality and
artistry of the building facades around them.

Last but not least, at the architectural level, public buildings received the highest posi-
tive subjective evaluations [43]. Xing’s research also supports this conclusion that a unique
visual impression should be shaped for each public space. These emotional responses
are an important part of tourists’ travel experiences and directly affect their emotional
attachment to heritage sites and subsequent behavioral intentions [34]. Meanwhile, as the
most important component of the partial elevation, the position and design of signboards
are equally crucial. Interestingly, the experimental data and semi-structured interviews
show that people will identify the functions of the building to enhance the overall visual
experience. For example, an arcade building complex has long facades along the street and
each has its own characteristics. In the eye-tracking experiment data, their ASC and SC far
exceed those of public buildings, highlighting their unique visual charm.

Consequently, conservation efforts should prioritize the protection of second floors
and above for each arcade building. Visual perception analysis, based on eye-tracking
heatmaps and semi-structured interviews, indicates that special attention must be given
to strict preservation and restoration of windows, decorative elements, and architectural



Buildings 2025, 15, 1554 13 of 15

focal points. However, the first floor of arcade buildings, due to disharmony between
newer constructions and upper levels, scored poorly in the emotional analysis. In order to
improve this situation, we should restructure first floors that have been added or newly
built and enhance their distinctive features. This will help tourists identify the information
of the shops and ensure that the overall style is harmonious while maintaining modern
commercial functions.

Furthermore, this study also has some limitations. The samples in this study were
all from university students and postgraduate students on campus and were not grouped
according to age or academic level. The research population was not expanded either, and
so these two classifications would affect the experimental results [44,45].

Future research can further explore the use of eye-tracking devices in field experiments
to eliminate the guiding problem caused by the possible shooting perspectives of photos. At
the same time, it can enable participants to be present on the scene or adopt virtual reality,
resulting in different experimental outcomes [46]. At the same time, multi-sensory methods
can also be employed for experiments, using equipment such as EEG to measure and record
the physiological activities of people, thereby enhancing the accuracy of objective data [47].
In this way, we can better reflect the real situation through the experimental results, more
effectively improve the quality of spatial visual perception in historical and cultural districts,
promote the protection of the districts by the government and the public’s perception of
historical relics, preserve local characteristics, and respect sustainable development.
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47. Chynał, P.; Sobecki, J.; Rymarz, M.; Kilijańska, B. Shopping Behaviour Analysis Using Eyetracking and EEG. In Proceedings of
the 2016 9th International Conference on Human System Interactions (HSI), Portsmouth, UK, 6–8 July 2016.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1038/s41598-024-85009-4
https://www.ncbi.nlm.nih.gov/pubmed/39789079
https://doi.org/10.1016/j.landurbplan.2024.105291
https://doi.org/10.15292/IU-CG.2019.07.016-021
https://doi.org/10.1016/j.ufug.2017.12.013
https://doi.org/10.3390/app14188227
https://doi.org/10.22452/jdbe.vol18no1.4
https://doi.org/10.1080/00167428.2020.1715800
https://doi.org/10.3390/buildings15070998
https://doi.org/10.1007/s11116-019-10062-2
https://doi.org/10.1080/13467581.2023.2229410
https://doi.org/10.35784/odk.1273
https://doi.org/10.1016/j.culher.2023.12.002
https://doi.org/10.1016/j.scs.2023.104929

	Introduction 
	Materials and Methods 
	Study Area 
	Experiment Preparation 
	Photograph Selection 
	Participants 

	Procedure 
	Data Analysis 
	Eye-Tracking Metrics Selection 
	Semi-Structured Interview Data Analysis 


	Results 
	Analysis of Eye-Tracking Data 
	Analysis of Eye-Tracking Heatmaps 
	Analysis of Word Frequency 
	Analysis of Emotion Degree 

	Discussion 
	Conclusions 
	References

