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Abstract. With the cross-application of psychology, design and other multidis-

ciplinary disciplines, the research method of combining artistic and scientific 

thinking has become a new trend. As a technical means to objectively reflect 

visual concerns, eye movement experiments have been gradually applied to the 

study of landscape visual perception. This study aims to explore and analyze the 

visual preferences of students for different landscape elements on a university 

campus through eye movement technology. By analyzing the gaze hotspot map, 

the main gaze areas and points of interest of the subjects when viewing different 

landscape photos were identified. Combined with the data of gaze time and dis-

tribution of gaze points, the study evaluates the visual preference and cognitive 

process of the participants on the campus landscape, and provides a scientific 

basis for the design, optimization and evaluation of the campus landscape. 
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1 Introduction  

Campus is an important place for students to study and live, and a beautiful, clean and 

harmonious campus environment has a direct impact on students' physical and mental 

health and learning efficiency. This study takes the campus landscape of Yanbian Uni-

versity (Yanji Campus) as the study area. Yanbian University (Yanji Campus) is lo-

cated in Yanji City, the capital of Yanbian Korean Autonomous Prefecture in Jilin Prov-

ince, close to the Changbai Mountain Range, with a unique natural environment [1] . 

Tsinghua University Campus Landscape, [9] the study also used eye movement technol-

ogy to select representative landscape photos of Tsinghua University campus for ex-

periments, and explored the visual cognitive processes and preferences of the subjects 

by analyzing data such as gaze hotspot map and trajectory map. The study verified the 

feasibility and reliability of eye movement technology in landscape visual perception 

analysis. 

In landscape research, eye movement technology is widely used in landscape visual 

perception analysis, landscape preference evaluation, landscape spatial planning, etc.,  
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providing objective and accurate data support for researchers [2]. Eye movement exper-
iments analyse the visual attention, gaze time and gaze trajectory of subjects to land-
scape elements by recording their eye movement data when viewing landscape pictures 
or field scenes, so as to reveal the visual cognitive process and law of the subjects [3]. 
The results of the experiment can provide scientific basis for landscape space planning 
and design. The eye movement experiment has objectivity, real-time and accuracy, 
which can objectively record the subject's visual cognitive process, reduce the influence 
of subjective factors, and reflect the subject's visual behaviour in real time, providing 
immediate feedback for the researcher [4]. 

Therefore, taking the campus landscape of Yanbian University (Yanji Campus) as a 
research site, this study attempts to explore the reliability of visual perception and inner 
"realism" reproduction using eye-tracking technology, and to analyse the subjects' vis-
ual perception of the landscape through hotspot maps. 

2 Eye Tracking Technology 

Eye Tracking refers to the tracking of eye movements by measuring the position of the 
gaze point of the eye or the movement of the eyeball relative to the head [5]. Modern 
eye trackers use the ingenious method of reflecting an invisible beam of infrared light 
back from the subject's face [6]. Since the retina in the eye absorbs visible light and 
reflects infrared light, the retina reflects infrared light of longer wavelengths better than 
the rest of the eye. This allows the eye-tracker to determine the location of the blockhole 
without special image recognition [7]. 

The eye-tracking device can record the eye movement data of people when viewing 
the campus landscape, such as gaze point, gaze time, and sweeping path [8]. Researchers 
can analyse the viewers' eye movement characteristics, such as the length of gaze time 
and the speed of scanning, to determine which landscape elements are more attractive 
to people's attention, so as to assess the overall design effect of the landscape [9]. Anal-
ysis of Visual Perception of Campus Landscape of Yanbian University (Yanji Campus) 

3 Questionnaire 

Before preparing this questionnaire, we first conducted an in-depth study of the satellite 
map and roadmap of Yanbian University (Yanji Campus), and based on the functional 
layout and building distribution of the campus, we divided the main activity routes in 
the campus into two main categories: study routes and living routes. Learning routes 
are closely focused on academic activities and cover key learning places such as col-
leges, teaching buildings and libraries, while living routes focus on students' daily life 
needs, including dormitories, canteens, playgrounds, life service centres and major en-
trances and exits.
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Fig. 1. Satellite picture of Yanbian University (Yanji Campus) and the location of the entrance 
and exit gates 

Through enquiries, we obtained information on the most frequently chosen gate en-
trances and exits by students, of which Gate 3 (Fig. 1) was widely chosen by most 
students due to its convenient location (close to major transportation stations, dormitory 
areas, living centres, etc.). Cafeteria 1 and Cafeteria 2 were chosen by more students 
because of their proximity to the teaching buildings and dormitories. The West Teach-
ing Building and the Polytechnic Training Building are favoured by students because 
of their diversified courses, complete experimental facilities and strong learning atmos-
phere, making them the most frequently visited teaching buildings. Combined with the 
division of study routes and living routes, we asked students about the routes they take 
most often in their daily life. These routes not only reflect the students' daily activities. 

In order to assess the impact of campus landscaping on students' activity experience, 
we specifically asked students about their satisfaction with the landscaping of their cho-
sen activity routes. By collecting subjective ratings from students, we were able to get 
a sense of which areas of the landscaping were well received by students and which 
areas had room for improvement. This section was one of the centrepieces of the survey, 
and by asking students directly about their highest and lowest satisfaction locations 
across the campus and why, we were able to gain insight into their true needs and ex-
pectations. This feedback will be important in guiding the future planning and devel-
opment of the school. 

The questionnaire was distributed online to students and graduates of Yanbian Uni-
versity (Yanji Campus). A total of 104 questionnaires were collected. 

3.1 Research Process 

3.1.1 Experimental Route Selection. 
Before confirming the experimental area, all the routes in the campus of Yanbian 

University (Yanji Campus) were subjectively divided according to the study routes and 
living routes. Combined with the results of the online questionnaire, it was found that 
the part of the red circle (as shown in the figure, i.e., Route 4) (Fig. 2) is the route that
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most of the students will take for both life and study, with a large amount of foot traffic 
in normal times, which is more valuable for the study than the other routes. 

Fig. 2. The region selected for this experiment 

3.1.2 Photo Selection. 
From September 2023 to July 2024, the author selected the original camera of Apple 

13promax mobile phone and photographed the campus landscape in four seasons of 
spring, summer, autumn and winter at various important landscape nodes on the cam-
pus of Yanbian University (Yanji Campus), such as the Qinxue Building, the student 
dormitory, the library, and the cafeteria. Combined with the selection area of this ex-
periment, according to the selection principles of photo light, shooting angle, and sea-
son (Table 1), five representative photos were finally selected for the eye-tracking ex-
periment (Fig. 3, Fig. 4). 

Table 1. Photo features of this experiment 

Sample No. Season Viewpoints Landscape Features 

Photograph 1 Summer 
The vanishing point is obvious and in the center of the 

picture 
Most elements are homogeneous 

Photograph 2 Winner The vanishing point is not obvious Elements overall grayish tones 

Photograph 3 Winner The vanishing point is not obvious Elements overall grayish tones 

Photograph 4 Summer The vanishing point is not obvious More colors, more complex elements 

Photograph 5 Summer 
The vanishing point is obvious, but not in the center of 

the picture 
Most elements are homogeneous 

Fig. 3. Photos of this experiment
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Fig. 4. Location of the photos of this experiment 

3.1.3 Experimental Equipment and Laboratory Personnel. 
The experiment was conducted using an EyeSO Ec30 telemetric eye-tracking device 

with an eye movement sampling frequency of 30 Hz, connected to a 21-inch Hewlett-
Packard display with EyeSoStudio software running. A total of 39 subjects, 21 males 
and 18 females, with normal corrected visual acuity and no colour blindness or colour 
deficiency, were tested in this experiment. All subjects were highly educated with a 
bachelor's degree or higher. 

3.1.4 Pre-Experimental Preparations. 
Before conducting the eye movement test, the researcher coded five images in the 

software EyeSoStudio and categorised the images and set them for a viewing time of 
10 seconds. To avoid errors in the experiment, all subjects were not allowed to do any 
pre-checking of the images taken in the experiment before the experiment was 
launched. Since each person's height is different, before the quiz, each person had to 
adjust his/her seat, height, and the lens of the eye-tracker in order to find the most suit-
able position for him/her. 

3.1.5 AOI Area of Interest Delineation. 

Fig. 5. AOI area of interest delineation 

In eye tracking research, AOI (Area of Interest) data refers to eye movement data 
within a specific area pre-defined by the researcher on the visual stimulus material be-
ing observed (e.g., pictures, videos, web pages, or campus landscapes, etc.) [10]. These 
areas usually contain key objects or information in an experiment or study, and the 
researcher analyses eye movement data within these areas to gain insights into the sub-
ject's visual attention allocation. AOI is used to analyse metrics such as the subject's 
gaze retention time, the number of gazes, and so on, in order to learn to solve the process
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of visual attention and processing [11]. In this study, the AOI area of interest is divided 
based on seven indicators, which are signs (road signs, road signs, slogans, etc.), vehi-
cles, pedestrians, buildings (materials, shapes, colours, etc.), paving (materials, pat-
terns, colours, etc.), facilities (street lamps, barricades, railings, bins, etc.), and vegeta-
tion (types, colours, and morphology) (e.g., Fig. 5). Among them, pedestrians and ve-
hicles are set as interfering factors, and the data in the research results are not consid-
ered as valid data. 

3.1.6 Experimental Procedure. 
Firstly, set the basic information of the subjects such as name, age, gender, and ed-

ucation level. 
Second, each subject's eye tracking was corrected before the experiment began. On 

the instrument's display, the researcher pressed the "calibration" button to start the cor-
rection. When the subject's gaze fell on the blue circle, if the speed, direction and posi-
tion of the subject's gaze were consistent with the blue icon, it meant that the subject's 
vision met the requirements and the eye-tracking test could begin. 

Third, subjects first viewed a picture on the screen of the eye-tracking device for 10 
seconds each, and when they had viewed five pictures, the test was complete. 39 sub-
jects were tested successively according to the above procedure until all 39 had fin-
ished. 

Fourth, after each trial, we did a short interview with the subjects and asked them to 
recall the scene to ensure the correctness of the eye movement test results. 

Fifth, at the end of the experiment, 39 subjects tested eye movement index data, 
hotspot maps, etc., produced by EyeSoStudio, the data analysis software with the eye-
tracker. 

3.1.7 Experimental Results. 
In the present study, we explored the motivational factors affecting visual preference 

for landscapes through the hotspot map (e.g., Fig. 6), total gaze time, total (focus) gaze 
time, total (sweep) gaze time, and other oculomotor metrics of the eye-movement ex-
perimental data (e.g., Tables 2 and 3), in combination with the AOI region of interest 
data (e.g., Table 4). Hotspot maps are mainly used to reflect what subjects do when 
they navigate and gaze at stimulus materials. This hotspot map is also known as eye-
movement heat map or eye-movement hot zone map, which reflects how much atten-
tion the subject pays to a particular landscape. In the hotspot map, different colours 
represent different gaze intensities. The red colour represents the area with the highest 
concentration of browsing and gazing, indicating that the participant stays in the area 
for the longest time and pays the highest attention; while the yellow and green colours 
represent the area with less eye gaze, indicating that the participant's attention is rela-
tively low. Through the hotspot map, the researcher can visualise the distribution of the 
subjects' points of interest and attention in the stimulus materials, thus assessing the 
attractiveness of the landscape and the design effect. (e.g., Table 3)
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Fig. 6. Hotspot Map 

Table 2. Meaning of eye movement indicators 

Eye Movement Index (EMI) Basic Meaning 

Total gaze time (milliseconds) 

A longer total gaze time (milliseconds) usually indi-
cates that the subject has a higher interest in the area 
or needs more time to process the information. This 

may be because the area contains critical infor-
mation, complex content, or content of particular in-

terest to the user. 
The proportion of gaze time (%) further reflects the 

Proportion of time spent looking (%) ual stimulus material. If the percentage of gaze time 
is higher for a particular region, it indicates that the 
subject's attention is more focused on that region. 

(A longer total time of (focal) gaze indicates that the 

Total (focal) gaze time (milliseconds) 

Proportion of (focal) gaze time (%) 

usually means that the area has a higher informa-
tional value or attractiveness for the subject. 

The proportion of (focal) gaze time gives us an idea 
of what proportion of all gaze activities the subject is 
focusing on the focal region. A high percentage usu-
ally indicates that the subject has a special interest or 

focus on the focal region. 
The total duration of (scanning) gaze reflects the fre-
quency and intensity of scanning behavior. Longer 
“scanning gaze times” may indicate that subjects 

Total (sweeping) gaze time (milliseconds) 

Proportion of (sweeping) gaze time (%) 

are scanning more frequently or more deeply be-
tween areas, which may be related to their behavioral 
patterns when searching for information, understand-
ing complex scenes, or evaluating multiple options. 
The proportion (%) of (sweeping) gaze time reflects 
the strategy employed by the subject during visual 
search. If the proportion of scanning gaze time is 
high, this may mean that the subject prefers to ac-
quire information by quickly scanning rather than 

gazing at a specific area for a long time. This strategy 
may be suitable for scenarios where a large amount 

of information needs to be quickly skimmed or a spe-
cific target needs to be found.



Disappearance point is located on the right side and is less

 95Gaze Preference Analysis of Along-Street Scenes            

The area of high concern in Photo 1 is the vanishing point in the centre of the picture, 
and the main level in the composition is divided by the horizon line, the road on both 
sides has a guiding visual continuity, and the landscape elements on both sides of the 
road have the "sameness", i.e., there is no special colour, shape, or other distinctive 
appearance, so that the junction forms the main area of concern for the visual percep-
tion. Therefore, the junction forms the main area of interest for visual perception. 

In both Photo 1 and Photo 5, the area of highest attention, other than the vanishing 
point, is the red eye-catching sign. Since the vanishing point in Photo 1 is located in the 
centre of the picture, and the vanishing point in Photo 5 is on the right side of the pic-
ture, the vanishing point is less directional than the vanishing point in Photo 1, and the 
red banner section has a larger area, so the most highly visible element of the landscape 
in Photo 1 is the vanishing point, and the landscape element of the next highest level of 
attention is the red banner. The highest degree of visibility in Photo 5 is the larger area 
of the red slogan, and the next highest level of attention is the vanishing point in the 
photo. 

From the data in photos 2 and 3, apart from distractions such as people and cars, it 
can be analysed that if the colour and material of the glass is more prominent in the 
building area in the picture, it means that this area has a higher point of interest, fol-
lowed by the vegetation and the sky. The colour material of this space contrasts strongly 
with the other grey-toned elements, creating an intriguing area with its coordinated 
shapes, colours, shadows and textures. 

Photo 4 is the most visually preferred landscape element. The landscape elements in 
Photograph 4 include the sky, buildings, vegetation, and road paving, with the buildings 
on the back side of the photograph, and the building to the left having a distinctive 
spherical shape that makes it stand out more among the surrounding buildings. As a 
result, the prominent spherical building becomes the landscape element with a higher 
attention point, and the vegetation, the sky, and the road pavement all have a relatively 
low attention point. In addition, Photo 4 is a colourful and contrasting campus land-
scape image with red and blue paving, sky and vegetation, which gives a strong visual 
impact effect, while the focus of the respondents is on the very different buildings, thus 
the prominent architectural detailing becomes the element with the strongest attention. 
In addition, apart from the specially shaped building facades, the texture and colour of 
the landscape in the foreground area is more clearly recognisable due to the effect of 
visual proximity, thus creating a test result where the foreground area has a slightly 
higher degree of attention than the mid-range area. (e.g., Tables 5) 

Table 3. Analysis of findings 

Sample 
No. 

Highest area of 
concern 

Secondary view-
ing area 

Visual Characterization 

Photograph 
1 

Vanishing Point Red Slogan 
The vanishing point is centrally located and a strong visual 

guide; the red banner is eye-catching but small in size 

Photograph 
5 

Red Slogan Vanishing Point directional; the red banner is large enough to be the main 
focus of attention
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Table 4. Eye movement index data 

Total Gaze Duration (Spotlight)Total Gaze Duration (scan)Total Gaze Duration

Sample No. Time (milli- Time (millisec- Time (millisec- Time (millisec- Time (millisec- Time (millisec-

Photograph 1 

seconds) onds) onds) onds) onds) onds) 

5999.154 68.18% 2926.769 32.92% 899.897 10.90% 

Photograph 2 5883.154 68.00% 2956.333 34.35% 1046.923 12.70% 

Photograph 3 6575.333 74.51% 2938.333 33.46% 915.179 11.18% 

Photograph 4 5542.59 64.17% 2483.718 28.53% 1160.949 14.63% 

Photograph 5 6100.231 71.06% 3010.179 34.97% 992.41 12.23% 

Table 5. AOI Area of Interest Attention Ratio 

Sample No. 
Construc-

tions 
Plant Cover Pavement Utility Symbolize People Vehicle 

Proportion % Proportion %Proportion %Proportion %Proportion %Proportion %Proportion % 
Photograph 1 12.43% 32.20% / 1.21% 5.40% / 2.13% 
Photograph 2 19.24% 38.17% 2.30% 2.84% 0.21% 6.37% 5.48% 
Photograph 3 21.11% 49.66% 1.97% / 0.42% 5.58% / 
Photograph 4 12.95% 40.26% 11.88% 4.17% 0.44% / 3.67% 
Photograph 5 9.00% 31.61% 4.49% 2.92% 10.79% 1.40% / 

4 Conclusion 

The attractiveness of campus landscape lies in its diversified landscape elements. Ar-
chitecture, vegetation, people and so on are the core elements of campus landscape, 
each of them has unique visual characteristics and functional value, and together create 
a colourful campus environment. The interaction and integration of these elements 
make the campus landscape more vivid, interesting and layered. The results of the eye 
movement experiment reveal the distribution of people's visual attention in the campus 
landscape. Landscape elements such as buildings, vegetation and people attracted 
higher attention because of their uniqueness, aesthetics or functionality [12]. In contrast, 
background elements such as the sky and roads, while contributing to the overall land-
scape, do not usually become visual focal points. Therefore, in campus landscape de-
sign, attention should be paid to directing and distributing visual attention through de-
sign techniques so that important landscape elements can stand out and become visual 

Photograph 
2 

Architectural 
area glass 

Vegetation and sky e 
The color and material of the glass in the architectural ar-
as stand out, contrasting strongly with the grey-toned ele-

ments. 
Photograph 

3 
Architectural 

area glass 
Vegetation and sky 

Similar to photograph 2, there is a clear visual preference 
for building colors and materials 

Photograph 
4 

Spherical con-
struction 

Vegetation, sky 
and road paving 

The unique shape of the spherical building stands out with 
rich colors and strong contrasts, forming a strong visual 

impact effect
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focal points. The analysis of landscape visual preference shows that factors such as 
colour contrast, light and dark relationship and unique form have an important influence 
on people's visual preference. These factors can enhance the visual impact of the land-
scape and improve the attractiveness and aesthetics of the landscape.  (e.g., Tables 6) 

(1) As an important part of the campus landscape, the design, style, colour and layout 
of buildings can significantly influence people's visual experience. The high levels of 
attention shown in the experiment may reflect the centrality of buildings to the campus, 
both functionally and aesthetically, which attracts a great deal of visual attention. Fac-
tors such as the form, material and colour of the building may be responsible for at-
tracting visual attention. Buildings with distinctive colours or unique shapes are more 
likely to attract attention. 

(2) The experimental results show that vegetation also has a high degree of attention, 
which may be related to the natural and relaxing feeling that green vegetation brings to 
people. The lushness, species diversity and colour scheme of the vegetation will affect 
its visual appeal. 

(3) Characters have higher attention in campus landscapes, which may be related to 
people's social attributes and curiosity. People tend to pay attention to other people's 
behaviours, expressions and dynamics in order to obtain information and communicate 
their emotions. In the campus environment, students' activities, teachers' lectures, and 
tourists' visits may become hot spots of visual attention. 

(4) The sky, as an expansive backdrop to the campus landscape, is similarly weakly 
noted. This may be due to the fact that changes in the sky are relatively slow and im-
perceptible. However, changes in the sky's colour, light and shadow can still have a 
profound effect on the campus landscape. 

(5) Road paving is a link between areas of the campus, but it also has a relatively 
low attention span. This may be due to the fact that paving is often seen as a means of 
access rather than a visual focal point. However, factors such as the design, material 
and width of road surfacing still have an impact on the walking experience and visual 
perception. 

(6) Landscape elements with greater colour contrast are more likely to attract atten-
tion and interest. This may be due to the fact that colour contrast enhances visual impact 
and makes the landscape more distinct and vivid. 

(7) The handling of light and dark relationships is crucial to the visual effect of the 
landscape. Appropriate contrast between light and dark can create a rich sense of hier-
archy and space, making the landscape more three-dimensional and interesting. 

(8) Landscape elements with unique forms often become visual focal points. This is 
because they break the regular pattern of form and bring a sense of freshness and curi-
osity. 

Table 6. Visual Preferences in the Campus Landscape 

Form Elemental Descriptive 

Primary An important part of the campus landscape, design, style, 

Gaze Ele-
ment 

Construc-
tions 

color and layout significantly influence the visual experi-
ence. Buildings with distinctive colors or unique shapes are 

more likely to be noticed.



Plant cover

Landscaping provides a comfortable space for relaxation.
The degree of lushness, species diversity, and color scheme
affect visual appeal. Vegetation that is colorful or has a vari-

ety of shapes and forms tends to be a focal point.

A link between areas with a low level of attention. Often
seen as a means of passage rather than a visual focal point.

Landscape elements with larger color contrasts are more
likely to attract attention and interest, enhance visual impact,

and make the landscape more distinct and vivid.
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Pedestrians 

Higher levels of attention are associated with social attrib-
utes and curiosity. Attention to others' behaviors, expres-

sions, and dynamics to obtain information and communicate 
emotions. Student activities, teacher instruction, and tourist 

Elements Of 
Weak atten-

tion 
Heavens 

visits are hotspots. 
Weak attention span as a broad background. Changes are 
slow and imperceptible. However, color and light changes 

have a profound effect on the campus landscape. 

Road paving Factors such as design, material and width influence the 
walking experience and visual perception. 

Landscape 
Visual Pref-
erence Anal-

ysis 

Color con-
trast 

Relations 
between 
light and 

dark 

Treatment is crucial to the visual effect of the landscape. Ap-
propriate contrast between light and dark creates a rich sense 
of hierarchy and space, making the landscape more three-di-

mensional and interesting. 

Unique 
Morphology 

Landscape elements with unique shapes are easy to become 
visual focal points, breaking the regular pattern of forms and 

bringing a sense of freshness and curiosity. 
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