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Abstract: The technological leap in the digital age has triggered a higher demand for
emotional experiences. Since vision has long been recognized as the most important
source of information for people to perceive the city, the visual characteristics of the urban
built environment have an important impact on the emotional experience it creates. This
study takes the facades and external environments of the representative urban public
building category, museums, as the research objects, to explore how different types of built
environment elements that make up the museum'’s facade and surrounding environment
affect the people’s emotional experience by affecting the urban visual quality. Tobii Pro
Fusion devices and emotion scales are used for the collection of multimodal data. A total
of 298 participants aged between 20 and 25 were recruited to participate in the experiment
voluntarily and 229 valid data were finally obtained. The results show that different
types of museum facades and external environmental elements have different effects
on visual quality and people’s emotional experience: (1) Interactive elements show the
most significant impact on visual quality and emotional experience. (2) The impact of
artificial elements on visual quality is related to their size and spatial composition on the
museum facade. When artificial elements have uniqueness, regionality, and symbolism
associated with the museum, they are more likely to trigger people’s emotional experiences.
(3) Visual quality is significantly correlated with people’s emotional experience through
both preconscious and conscious emotional cognition. The results reveal the impact of
different types and characteristics of built environment elements on the visual quality of the
urban environment and proves the important role of visual quality in students” emotional
experience, further illustrating that designing and creating a good visual environment is
conducive to promoting a humanistic urban environment. Meanwhile, this study also
promotes a method of urban visual quality research and evaluation from an emotional
perspective, providing a more scientific and objective way for the intervention of “emotions”
in built environment research.

Keywords: urban visual quality; emotional experience; museum facades; eye tracking;
emotional scale; multimodal data

1. Introduction

With ever-changing digital technologies deepening and expanding in people’s daily
life, digital living has become a common state worldwide. Though high technologies
have brought convenience to people in all aspects, long-term immersion in a virtual
environment makes them increasingly demand for more emotional experiences in real
urban environment [1,2]. As urban public buildings and their surrounding environment
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consist of important nodes of urban environment, they have become the main space
for people to carry out public activities, and naturally become an important material
basis for people to gain emotional experiences and establish attachment to urban built
environment [3-5]. Meanwhile, previous studies have shown that vision accounts for more
than 80% of the information when people perceive the surrounding environment [6], so a
high-quality urban visual environment has become an effective way to enhance people’s
emotional attachment to the city [7,8]. As an important carrier of a city’s history and
culture, urban museums make an important contribution to its surrounding urban visual
environment [9,10]. It is worthwhile to study and evaluate the visual quality of museum
facades and their external environment as well as their emotional influence on people.

In recent years, under the guidance of Beijing’s planning to build a “museum city”
from 2023 to 2035, urban designers, architects, researchers, as well as governors are concen-
trating more on the design and research of urban museums [11-13]. Many museums with
unique appearances have gradually become landmark in the area, influencing and driving
the development of the surrounding urban environment. It is precisely because these public
buildings with unique cultural characteristics pay special attention to their appearance
in design that they become important factors affecting the urban visual environment. As
the central axis of Beijing has gradually become an important world cultural heritage,
the Olympic Park museums in its core area have also become typical representatives of
Beijing museums, making them an appropriate research object for this study. However,
existing research rarely focuses on how their built environment characteristics affect urban
visual quality, let alone related explorations from the user’s emotional perspective. On
the one hand, this may be due to the pluralistic and complex characteristics of emotion
itself [14,15], and on the other hand, it is difficult to comprehensively and objectively
describe these characteristics using traditional qualitative methods such as observation and
interview [16,17]. Emotions are the basis of human behavior, and emotional perception
plays a key role in the physical and mental health of individuals [18]. Visual perception
of urban public space is an important way for people to obtain emotional attachment to
urban environment, so quantitively exploring the relationship between urban visual quality
and people’s emotional perception is of great importance. The maturity of ergonomics
technology and emotion measurement methods promoted by multiple disciplines provides
an opportunity to solve this problem. For the former, various ergonomic equipment that
can collect and respond to human multi-dimensional perception in real time has provided
a way to explore people’s eye movement and reveal people’s possible emotional experience
in the process to a certain extent more objectively and scientifically [19-22]. For the latter,
emotion measurement methods promoted by multiple disciplines to quantitatively measure
the dimension, degree and intensity of specific influencing factors of people’s emotion have
been widely used in various emotion-related studies [14,16-18,23]. Although emotion is
complex and its definition is not unified in different disciplines, relevant scholars believe
that it is still possible to summarize the universal and regular emotional models [16,24-26].
In the field of built environment design and research in the past several years, the effective-
ness of the above method has been confirmed in multiple studies on small-scale buildings,
medium-scale urban public spaces, and natural and urban landscapes [27-31].

The purpose of this study is to explore how different types of built environment
elements that make up the museum’s facade and surrounding environment affect the
viewer’s emotional experience by affecting the urban visual quality. This study selected
three representative urban museum built in past two years in Beijing central axis museum
group to explore the urban visual environment they create and the emotional experience
they bring to people, including The Chinese Traditional Culture Museum, the Museum of
the Communist Party of China, and the China Science and Technology Museum. Due to the
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limitations of experimental space and access control of colleges in the post-pandemic era,
the participants finally recruited in this study were college students aged 20-25. In addition,
previous eye tracking studies on visual preferences of landscape space showed that whether
the participants studied spatial design-related majors would affect their attention to spatial
elements [31-33]. Therefore, the major of the participants recruited in this study were
also included in the latent variables of individual differences. Based on the research
purpose and combined with the specific characteristics of the three selected museums, the
built environment elements are divided into three categories, artificial elements, natural
elements, and interactive elements, and the following research hypotheses are proposed:

(1) Participants have different visual behaviors and preference on three different kinds of
elements consisting of the museum facades and surrounding environment, which can
be shown in both AOI heat map and eye-tracking indicators.

(2) Looking at the facade and surrounding environments of the three museums composed
of different elements will affect students” emotional experience, and different charac-
teristics of elements may have different effects on both emotion state and tendency,
which can be shown in the related emotional scales.

(3) Different visual elements and their different characteristics may have different effects
on participants” emotional experiences, and these effects may also be related to indi-
vidual differences. Participants majoring in spatial design may exhibit different visual
preferences and emotional experiences than others.

2. Literature Review
2.1. Research on the Influence of Urban Visual Quality on People’s Emotional Experience

The visual quality of the built environment has long been concerned by architects,
urban planners, and landscape architects intentionally or unintentionally considering the
importance of vision for people perceiving surrounding environment [7,34-42]. Among
them, the visual quality of the built environment is considered to directly determine
people’s aesthetic experience and has gradually become a recognized index for the aesthetic
evaluation of the built environment [36,37,41,42]. Based on this, a series of design theories
and methodologies originated from visual quality have been developed by both designers
and researchers. For example, Kevin Lynch’s classic study of the image of a city aims
to explore the relationship between objective urban form and people’s subjective place
identity, and the five elements of good city form proposed emphasize the value of visual
quality [43,44]. Meanwhile, the core of some postmodern architectural theorists’ critique
of modernist cities and architectural homogeneity such as Rem Koolhaas’ Delirious New
York also mentions its lack of visual appeal and even causes people’s negative feelings [45].
With the intervention of interdisciplinary theories such as psychology and sociology in
the field of built environment research, the aesthetic effect of the environment based on
visual perception has a more scientific and objective theoretical basis for the emotional
impact on people [26,42,46,47]. Since the early 20th century, psychologists have been using
mathematical approaches and developing empirical research to advance the understanding
of the influence of environmental aesthetics on people’s emotions [48-50], and during the
mid-20th century, these methods were widely welcomed and used in both environmental
design and research [51,52].

Until now, it has been widely recognized that the visual quality of an urban envi-
ronment greatly affects people’s emotional experience. Among them, the attention and
research on the natural elements and their characteristics of urban environment are the
most in-depth and extensive [51-54]. Natural settings such as parks with trees, water, and
vegetation are proved to be of great influence on people’s emotion from various aspects,
including emotional healing research [53-55], positive emotional triggering research [56,57],
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etc. The effectiveness of using photographs as stimulus materials for visual-based emotional
perception studies has also been widely confirmed by these studies [58-61]. For example,
Ulrich found that looking at photographs of natural scenes had fewer negative emotions
and more positive emotions than looking at urban scenes without trees [62]. Herzog et al.
asked participants to evaluate photographs of different urban or forest environments and
chose where they liked to rest most after mental exhaustion [63]. Meyer-Grandbastien
and colleagues demonstrated the psychological recovery of visitors within urban green
spaces using natural pictures as stimulus [64]. However, there are few studies focusing
on the correlation between the visual quality of the built environment features of urban
spaces and public buildings, especially from the perspective of people’s emotional expe-
rience [31,65]. It can even be said that existing research results have not surpassed the
attention of the abovementioned 20th century architects to the impact of building facade
form and composition on people’s perception and emotion, which contribute a lot to the
visual quality of the urban built environment [66-68]. Therefore, this study takes museums,
an important type of public building that constitutes the city facade, as an example to study
the impact and internal connection of its facade and external environment on people’s
visual perception and emotional experience, thereby exploring the possible influencing
factors of urban visual quality from an emotional perspective and supplementing the
deficiencies of existing research. The abovementioned mature method of studying the
relationship between visual quality and people’s emotion of natural environment based on
pictures provides a methodological reference for this study.

2.2. The Definition and Application of Eye Tracking in the Study of Urban Visual Quality and Its
Emotional Traits

Since the visual system is the most important channel for human beings to obtain ex-
ternal information, eye movement is considered to be the most effective means in the study
of visual information processing [6,69,70]. As far back as the Middle Ages, people began
to use instruments to make simple observations and experiments on eye movement [71].
In 1901 Dodge and Cline developed the first accurate, non-forced eye movement tracking
device [72]. The concept of eye tracking was first developed in 1930s, and was used in the
fields of psychology, aerospace-related dynamic analysis, and commercial advertising in
early days [73]. Later, it gradually entered the research on human perception. For exam-
ple, it had been used in the study of the visual perception development of children [74],
the visual attention allocation of aircraft traffic monitoring and avoidance [75], and the
influence of auditory information on the audience’s visual cognition during the viewing
of TV commercials [76]. At the beginning of the 21st century, the development of optical
sensor and the improvement of computer technology to process complex image information
in real time have promoted the rapid development of eye tracking technology, which is
then widely used in multi-field research to explore people’s perception, cognition, and
behavior related to emotion [59,71,77-82]. Most of the visual stimuli used in these research
studies were static two-dimensional images, and their effectiveness has therefore been
widely confirmed.

Specifically, eye tracking devices track eye movements by measuring the position of
the fixation point or the movement of the eye relative to the head. The indicators that
characterize eye movements are divided into two categories: time and space. The former
includes fixation time, saccade time, saccade latency, follow-up movement time, and ret-
rospective time, while the latter includes fixation point, number of eye movements, eye
movement trajectory, heat map, etc. [80]. Changes in pupil diameter can also be recorded
and measured simultaneously. As these indicators can quantify the visual attention and
cognitive process of the human eye, researchers can study people’s psychological process by
recording and analyzing eye movement data to obtain relatively reliable results. It is more
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objective than the traditional built environment research methods and has been widely
used in the study of natural environment relating to perception, restoration, and aesthetic
evaluation in recent years [51,62,63,77,83-85]. Among them, the most common use of eye
tracking is to assess the restorative components of urban parks, such as cognitive load
preference for different vegetation, water space and plants, and eye movement behavior in
natural scenarios with different degrees of recovery [85,86]. There are also some studies
based on the natural environment that combine eye tracking data with other modal data
to explore the characteristics of human perception of the environment more thoroughly.
For example, research on landscape aesthetic effect, visual quality, and soundscape space
evaluation combining subjective questionnaires and objective eye movement data [83],
or tourism map design research using both wayfinding and eye tracking experiments to
mining users’ perception needs for the spatial sequence of the park [85]. These studies
provide a mature reference for the use of eye tracking technology in environmental percep-
tion and environmental evaluation. In addition to the natural environment, eye tracking
technology has also been used to study more complicated urban environments to evaluate
their visual quality in recent years. For example, several studies explore the differences in
visual appeal of different street components with the help of the Tobii eye tracking platform.
The results show that people usually notice the infrastructure such as buildings, roads, and
sidewalks in the streetscape first, then the cultural landscape of the streetscape such as
shops, billboards, and parks, and finally the people and animals [87]. Some studies use eye
tracking to assess the urban visual safety and visual pollution of different kinds of street
facades [88]. Meanwhile, some studies combine eye tracking and subjective questionnaires
to evaluate the aesthetic quality of a city skyline [89]. To a certain extent, these studies have
shown that different artificial environments can affect urban visual quality and people’s
emotional perception. However, the application of eye tracking technology in the study
of visual quality of urban artificial environment is still less than that of the natural envi-
ronment, especially the part that focuses on emotional experience. Moreover, most of the
existing studies on the urban artificial environment focus on large-scale urban areas or
streets, and there is a lack of discussion on the characteristics of single building facades
and smaller-scale building components. At the same time, emotion, as the highest human
need, is an important part of the aesthetic effect of evaluating the visual quality of urban
environment, and relevant quantitative research is urgently needed.

Meanwhile, since different eye-tracking indicators are thought to reveal people’s emo-
tional tendencies to the environment and the degree of attraction to the environment, and
neuroscience studies have shown that emotional arousal causes pupil changes by activating
the autonomic nervous system [82], eye tracking has become one of the important modal-
ities for quantifying people’s emotional perception. Some researchers have coupled eye
tracking data with questionnaires, scales, and other physiological data according to differ-
ent research questions to more comprehensively explore people’s emotional perception
of the environment [31,80,83,85,87,88]. In this study, Tobii Pro Fusion and Tobii Pro Lab
were used to collect and analyze people’s eye movement and its emotional traits when
viewing the three museum facades, and the PAD scale was used to simultaneously collect
the intensity and dimension of people’s emotional perception. Coupled analysis of these
two modalities was conducted to explore the relationship between urban visual quality
and emotional perception. Hopefully, the results will provide useful enlightenment for
museum facade design and further urban visual quality improvement.

3. Materials and Methods

With the help of Tobii Pro Fusion eye tracking devices and emotional scales, multi-
modal data that can reflect people’s visual preferences and emotional experience character-
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istics of the three museum facades were collected. Tobii Pro Lab was used to record and
process eye tracking data and generate series of visual AOI heat maps based on the AOI
drawn according to the research purpose. SPSS was used to perform descriptive statistics
and difference analysis on the data collected from the emotional scales and eye-tracking
experiment, as well as correlation analysis between specific environmental characteristics
on the emotional scale. By comprehensively analyzing the above eye tracking data and
emotional scale data, the relationship between the visual quality of the museum facade
and surrounding environment and people’s emotional experience can be further explored.
It is hoped that the results can improve the understanding of the relationship between
visual preference and human emotional experience from a theoretical perspective, thereby
providing a reference for built environment design and evaluation methods for improving
urban visual quality concerning people’s emotion and truly promoting the creation of a
humanized urban environment.

3.1. Research Objects: Three Landmark Museums in Beijing Olympic Park Museum Group

Located in Chaoyang District, Beijing, the Beijing Olympic Park Museum Group along
Beijing central axis is an important area for Beijing to promote the construction of a “City
of Museums”, reconstructing the northern end of Beijing’s central axis. The museum group
consists of three distinct museum buildings: the Chinese Traditional Culture Museum,
the Museum of the Communist Party of China, and the China Science and Technology
Museum (Figure 1). The three museums selected in this study form the Beijing Olympic
Park Museum Group in terms of location, so viewing the pictures of the three museums
at the same time is pasted into the real city visual experience. At the same time, the
specific characteristics of the three museums are different, so it is possible to better study
the different effects of real environmental elements on the visual quality and human
emotional experience.
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Figure 1. Location of three museums taken as research objects.

The Chinese Traditional Culture Museum was designed by the architects von Gerkan,
Marg, and Partners (GMP) and opened to public in 2022. It is designed for the display
of China’s cultural heritage and is believed to be an important component of the new
cultural quartier in the Olympic Green in Beijing. In line with the theme of the museum, the
architectural design of the museum is inspired by traditional Chinese cultural elements in
terms of structure, materials, and form. The building comprises three distinct dimensionally
and structurally coordinated parts: the plinth built with light-colored Xiu Shi granite, the
glazed intermediate area, and the copper-colored main body floating above. The structural
pattern employed in the curtain wall facade of the main body relates to the patterns and
structures found in Chinese stained windows, which is woven from aluminum profiles
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with a matte copper coating. The light and shadow space created by the curtain wall in the
interior further reflects the translation of the ancient Chinese architectural window and the
atmosphere of the Chinese interior space.

The Museum of the Communist Party of China (CPC) is a museum specially devoted to
permanent and comprehensive exhibitions of the Party’s history. It was officially completed
on 5 May 2021. Its architectural design responds to the guiding spirit of General Secretary
Xi Jinping, to create a sacred hall, a spiritual home for Party members, an educational center
to guide the public to follow the Party’s instructions, and an authoritative institute for
Party history research and publicity. Therefore, compared with the other two museums in
this study, the museum building of the CPC is full of historic connotations. For the overall
design of the space, the museum imitates the Chinese character form of “gong”, which
looks like a horizontal H. It means worker or labor in Chinese to imply that the Chinese
Communist Party is the vanguard of the Chinese working class, Chinese people, and the
Chinese nation. For the structural design, the museum adopts the traditional colonnade
structure to reflect the essence of Chinese architecture: upright and square, simple and
grand. The facade is paved in a traditional way with off-white masonry.

The China Science and Technology Museum is the only comprehensive museum
of science and technology at national level in China. It was initially built in 2006 and
opened to the public in 2009. As a museum adjacent to the venue area of the Beijing 2008
Olympic Games and built at the same time, its design was not only expected to reflect
the characteristics of a museum of science and technology but should also follow the
Olympic motto “Green Olympics, Scientific Olympics and Humanity Olympics”. Therefore,
composed of a slew of building block-like concrete blocks that articulate with each other,
the structure of China Science and Technology Museum is featured like a Lu Ban lock, or a
magic cube, symbolizing that science is an endless process of “unlocking” and “discovering
secrets”. The materials used were more modern then the other two museums in the
group, including stainless steel cladding panels with different textures and green glass
curtain walls.

It could be said that the shapes and facades of the three museums selected in this study
have their specific external characteristics, and they all consciously use different symbolic
techniques to express the characteristics of the museums in the design and construction,
trying to attract people’s attention at first glance. In this way, they provide a suitable
case study to study the relationship between the urban visual quality created by museum
facades and human emotions.

Photographs of the facades of three museums were used as experimental materials in
this study. The photographs of the three museums were all taken on 5 June 2023 from 5 a.m.
to 7 a.m. using a Sony ZVE10 digital camera, and all photos are of the same resolution of
2560 x 1440 pixels and show the main facade of each museum, with the proportions of
sky, land, and buildings as consistent as possible. To keep people’s attention on the facade,
Adobe Photoshop 2019 was then used to manipulate the three facade photos, erasing
traffic lights, pedestrians, and adjusting the sky conditioner to the same color tone. The
experimental stimulus materials therefore consist of three processed photos, with Sample 1
being the Museum of the Communist Party of China, Sample 2 being the Chinese Traditional
Culture Museum, and Sample 3 being the China Science and Technology Museum. In the
three samples, the building occupies the main part, and the stimulus material contains the
visual elements of the building and the visual elements of the surrounding environment.
By analyzing the H (hue), B (brightness), and S (saturation) of the processed images, the
natural elements of the three samples are similar in these three indexes, which ensures that
the impact of ambient differences on the experiment is minimized.
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3.2. Participants

Since the laboratory where the data are collected is located in Beijing Forestry Uni-
versity, off-campus participants need to register and make an appointment in advance,
which affects the recruitment process of diverse participants to a certain extent. In ad-
dition, due to the limited time available for eye tracking devices, in order to ensure the
smooth progress of the experiment, participants were recruited from the school. A total
of 298 participants were recruited to participate in the experiment voluntarily, including
249 females and 49 males, aged between 20 and 25. All the participants had normal vision
and were not informed concerning the purpose of this study. Information on the level
of education and major was obtained from participants, as previous studies have shown
that people who study environmental design related majors (urban planning, landscape
architecture) may have a different visual focus on the pictures of the built environment
than others. Informed consent was provided to the participants prior to the experiment.
Participants were informed of the experimental procedures and all agreed to provide their
eye tracking data for further analysis. Participants were allowed to stop the experiment
at any time. Meanwhile, according to previous eye tracking experiment, the numerical
composition of the group was sufficient, and the results could be considered representative.
Combined with the criteria of Tobii Pro Fusion and the emotion scale to determine whether
the collected data were qualified, 229 valid data were finally obtained by removing the
test data with an eye tracking sampling rate of less than 80%, unqualified eye movement
calibration, and blank abnormalities in the eye movement and scale. The final number
of participants with valid data used for analysis was therefore 229, with 193 females and
36 males. The specific distribution of genders and majors is shown in Table 1.

Table 1. Participants’ distribution according to gender and major difference.

Environmental Design Related Majors Other Majors
(Urban Planning, Landscape (Economics, Chemistry,
Architecture) Mathematics, Forestry)
Original Participants with Original Participants with
Participants Valid Data Participants Valid Data
Male 22 16 27 20
Female 115 89 134 104

3.3. Experimental Protocol

The experiment was conducted in a laboratory specially arranged for eye-tracking
at Beijing Forestry University from August to September 2023. The experimental area is
surrounded by five white baffles that were 0.8 m wide and 1.8 m high, creating a relatively
private and relaxing experimental environment for the participants. There was a height-
adjustable chair, and a computer monitor equipped with a Tobii Pro Fusion eye tracker
placed on the table in the area (Figure 2). The chair allowed for participants of different
heights to flexibly adjust their sitting height, ensuring that the eye tracker could accurately
capture eye movement behavior.

For the test, the Tobii Pro Fusion (250 Hz) eye tracker attached to a 21.5-inch monitor
with a resolution of 1920 x 1080 pixels was used to record the participants’ eye movement
data. The eye tracker used in this study was a Tobii Pro Fusion (Tobii AB, Danderyd,
Sweden) with dimensions of 374 mm X 18 mm x 13.7 mm and a capture speed of 250 Hz.
The eye tracker was mounted on the underside of the laptop screen and linked to the
computer via USB. Tobii Pro Lab (Tobii AB, Danderyd, Sweden, version 1.207) software
was also installed on the computer for device management, data calibration, and subsequent
data analysis. The specific experimental process is as follows (Figure 3).
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Figure 3. Experimental process.

After signing the informed consent form, 298 participants underwent the eye tracking
experiment and emotional scale measurement one by one. Participants were guided to
sit in the arranged enclosed experimental area. An examiner sat outside the area on the
participant’s left hand side to give participants necessary guidance before and after the test.
At the same time, the examiner observed the process of eye tracking through the second
screen to prevent various complications in the data collection process.

The protocol began with the eye tracking experiment. After the confirmation of
participants’ personal information, participants were guided to adjust the height of the
chair and their sitting position to ensure the distance between their eyes and the screen
was about 60 cm. Following the guidance of the examiner, the eye tracker calibration was
performed for each participant. The calibration program selected in Tobii Pro Lab was
a five-point calibration mode with the best trade-off between data quality and time cost,
until the calibration results “Calibration accuracy” and “Calibration precision (SD)” were
less than 0.4. If one of the two eyes was not detected by the eye tracker, the participant
was excluded. Therefore, the participant was asked to look at the points indicated by the
examiner during the calibration, as detecting each of the eyes during the whole test is of
vital importance to guarantee the validity of data.

The test was performed under normal lighting conditions after the calibration. In
order to make the experiment clear to the participants, three grayscale pictures that do not
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cause strong mood swings were selected before the formal experiment and participants
were asked to simulate the operation of switching images of the experiment (Figure 4).
The instructions for both practice images and formal experiment images were written in
white background images, and Tobii Pro Lab was used to arrange them in the right place
to guide participants to conduct simulation operation and subsequent formal experiment.
In addition, to reduce the impact of additional variables, a fixation point was presented
after the instruction image and before each stimulus image, so that the center of the eye
movement behavior of each participant was in the same fixed position (the center of the
screen) when the participant started looking at the stimulus. To ensure this, the “advance
on” in Tobii Pro Lab was modified to 1 s so that the screen would automatically jump from
the fixation to the experimental stimulus image when the participant fixated continuously
on the central fixation for 1 s.

Operation simulation pictures

The Museum of the Communist Party of China ~ The Chinese Traditional Culture Museum The China Science and Technology Museum
Stimulus photos of three museums processed by Adobe Photoshop for the experiment

Figure 4. Operation simulation pictures and stimulus photos used in the experiment.

When participants felt they had a complete understanding of how to conduct a formal
experiment, they were asked to move on to the formal experiment. Once the experiment
began, the aforementioned three processed images of the museum facades were randomly
played as stimulus materials (Figure 4). Participants were asked to switch to the next image
only after they felt they had carefully observed and understood the exterior features of
the three museums depicted in the three images, including the forms, materials, colors,
structures, and surroundings of the museum building. Participants were guided to conclude
the eye tracking experiment with a closing sentence written on a white background. The
data were recorded objectively by the eye tracker.

After the eye tracking experiment, participants were asked to fill in emotional scales
consisting of the PAD emotional scale and emotional attachment scale of specific environ-
mental characteristics based on the feelings of the three pictures they had just observed.

3.4. Data Collection and Analysis
3.4.1. Eye Tracking Data Collection and Analysis

The eye tracking data collection and analysis process were performed in Tobii Pro
Lab and consist of three parts: AOI drawing according to the research question, real-time
recording and export of eye tracking data, and analysis of eye tracking data.

As the research aims to explore the visual quality promoted by building facades
consisting of different kinds of elements and their influence on people’s emotion, combined
with the characteristics of the stimulus material, the elements contained in the image
were divided into three categories to illustrate the areas of interest: artificial elements,
natural elements, and interactive elements. Artificial elements included architectural visual
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Pictures as stimulus materials

elements (e.g., wall without texture, wall with special texture, glass), and street environment
visual elements (e.g., roads, fences). Natural elements included vegetation and sky, and
interactive elements included text and logo. Based on this, the AOI of the three images
are shown in Figure 5. The heat map generated by Tobii Pro Lab could then be combined
with this AOI partition to analyze the characteristics of specific eye tracking metrics on
different elements.

Area of interest (AOI) AOI category and representatives

The Museum of the Communist Party of China -Wall /”\ .:: |

e n mwwl

Road
——

Fence

Figure 5. AOI and related representatives.

Once the experiment had been performed on all participants, all recordings could
be reviewed in Tobii Pro Lab. Tobii Pro Lab recorded the overall characteristics of eye
movements, such as the duration and trajectory of each participant’s eye movements when
they viewed three images of the museum’s exterior, as well as specific eye movement
indicators selected especially for exploring the relationship between the visual quality
created by the chosen city museum and people’s emotion. To achieve this, this study
selected four eye tracking indicators that are thought to be able to reflect or reveal a
person’s emotional experience. Its connotation and its relationship with emotions are
shown in the Table 2. At the same time, the software automatically records the sampling
rate of each participant’s eye movement. In this study, data with a sampling rate greater
than or equal to 80% were selected for follow-up analysis to ensure the reliability of the data.

Then, the data for each participant were automatically exported from Tobii Pro Lab to
Excel (Microsoft® Office Excel 2011, Microsoft Corporation, Redmond, WA, USA). The data
with a sampling rate of less than 80%, the calibration failure data, and the blank anomaly
data were cleared, and finally 229 valid data were obtained. Social science statistical
software packages (SPSS 20, SPSS Inc., IBM Corporation, Somers, NY, USA) were used to
analyze the overall characteristics, specific differences, and correlation analysis results of
the data. The mean and standard deviation of the four eye tracking indicators were used
to describe the participants” overall eye movement feedback to different environmental
elements. As the results of the Kolmogorov-Smirnov test showed that none of the four
eye tracking indicators were normally distributed, Mann-Whitney U was selected for the
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nonparametric test to assess whether there were differences in the eye movement indicators
of different participants to different environmental elements, as well as whether there
was any influence from the participants” major relating to environment design or not.
A p-value < 0.05 is considered statistically significant. Spearman correlation analysis was
used to analyze the correlation between different factors, different study subjects, and eye
tracking indicators.

Table 2. Eye tracking metrics chosen in this study.

Abbreviation Unit Full Name and Explanation
Total duration of fixations; total duration of fixations inside the
TFD s . L. .
AOI/picture; reflects cognitive attention
NEF n Number of fixations; times of participants fixation on the AOI;
reflects visual information processing
FED s Duration of first fixation; the duration of the initial gaze at this AOI;
reflects visual initial processing
TFF s Time to first fixation; time taken to perceive the AOI (area of

interest); reflects speed of attraction

3.4.2. Application and Analysis of Emotional Scale

As the generation of human emotion is a complex cognitive process that is difficult
to generalize simply, the emotion model is mostly divided into discrete emotion model
and dimensional emotion model [24]. The discrete emotion model divides emotions into
several independent elements while the dimensional emotion model pays more attention
to the interaction and association between the above elements, which is more suitable
for this study to explore the characteristics of interaction between people and the built
environment. Among the dimensional emotion models, the PAD model, consisting of three
dimensions, pleasure, arousal, and dominance, has proven effective in measuring and
interpreting a person’s emotional state. It is suitable for different cultural backgrounds, and
has the advantages of being fast and intuitive, as well as having good fault tolerance and a
wide range of applicable types, which meets the research purpose. Based on this model,
Mehrabian et al. developed the PAD Scale to measure emotional values [90]. Subsequently,
the Institute of Psychology of the Chinese Academy of Sciences has summarized a set of
Chinese simplified PAD scale suitable for Chinese environments, which have been proven
to have good structural validity and applicability and are widely used in many fields and
disciplines in China [91]. In addition, in order to further explore the influence of specific
characteristics in the artificial, natural, and interactive elements contained in the research
object on people’s emotional experience, this study also constructed a scale of emotional
experience degree of specific environmental characteristics.

e PAD scale

This study used the PAD scale (Chinese version) to quantitatively evaluate the impact
of visual quality on people’s emotional perception on the facade of urban museums and
correlated it with the results of the aforementioned eye tracking data. At present, the appli-
cation of PAD scale in the fields of architecture, urban design, and landscape architecture
is relatively rare, which is closely related to the lack of systematic research on people’s
emotional perception in the study of the built environment. However, the value of the PAD
scale has been widely demonstrated in the adjacent field of multidisciplinary emotional
design research [92-94]. Therefore, this study also hopes to verify the effectiveness as
well as shortcomings of the PAD scale in quantifying people’s emotional experience in the
study of the built environment and promote the development of methods for the study of
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emotional attachment between people and the built environment. The specific application
of the PAD scale is as follows:

As the participants recruited were all Chinese, the PAD scale used in the experiment
was a version of the simplified PAD scale suitable for the Chinese context, which was
summarized by the Institute of Psychology of the Chinese Academy of Sciences. The Cron-
bach’s « of P, A, and D are 0.95, 0.83, and 0.78, respectively, according to the aforementioned
research, which validates its reliability. Developed from the PAD emotion model, the scale
included three dimensions, pleasure-displeasure, arousal-non-arousal, and dominance-
submissiveness, each of which had 4 items and was a 9-point semantic difference scale.
Each item was composed of pairs of adjectives that represented different emotional states,
and the emotions expressed by each pair of words were opposite in their dimension, while
the other two dimensions were basically the same. Participants were asked to rate their
emotions according to which emotion was stronger and how intense it was. The score on
the item from left-to-right is scored as “—4” to “4”, and when marked in the middle, it was
scored as “0”. The final dimension score was the average of the 4 item scores that measure
that dimension. Since there are half of the inverted items (negative descriptions) in each
dimension, the score for each dimension is calculated as follows:

P=(P1—-P2+P3—P4)/4
A= (—Al+ A2 - A3+ A4)/4 (1)
D= (D1-D2+D3—-D4)/4
After further experimental research, the Institute of Psychology of the Chinese
Academy of Sciences obtained a reference table of 14 basic emotional PAD values (Table 3).

With the basic affective PAD value, it is possible to assess the emotional tendency and the
degree of inclination of the person.

Table 3. PAD scale.

Serial Number Emotion -4 -3 -2 -1 0 1 2 3 4 Emotion

P1 Angry Interested
P2 Pejorative Friendly
P3 Painful Delighted
P4 Infuriated Excited
Al Sleepy Sober

A2 Calm Excited
A3 Relaxing Interested
A4 Restrained Surprised
D1 Controlled Mastered
D2 Compliant Dominative
D3 Humility Proud

D4 Affected Influential

Specifically, PAD emotional tendency referred to the degree of sparseness between the
measured emotional state and the 14 basic emotions, which could be spatially expressed as
the distance relationship between the measured emotional state and the spatial coordinates
of the 14 basic emotional states. The coordinate distance of the emotional space can be
calculated by the Euclidean distance algorithm, and the minimum distance is the biased
basic emotion.

Ly = \/(P— pn)’+(A—ay)*+(D—du)’n=[1,14,n € Z )

L, is the distance between the 14 basic emotion coordinates and the measured emotion
coordinates; P, A, and D are the values of the measured emotion coordinates; and py, a,,
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and d,, are the coordinates of the 14 basic emotion coordinates (Table 4). The magnitude of
the distance value reflects the degree to which people’s emotion is inclined to the 14 basic
emotions. Among them, the basic emotional type with the smallest emotional distance
from the participants is considered to be the emotional tendency of PAD after watching
stimulus pictures.

Table 4. P, A, and D values of 14 basic emotion coordinates.

Serial Number Basic Emotional Type P Value A Value D Value
1 Joy 2.77 121 1.42

2 Optimism 2.48 1.05 1.75

3 Relaxation 2.19 —0.66 1.05

4 Surprise 1.72 1.71 0.22

5 Gentleness 1.57 —0.79 0.38

6 Dependence 0.39 —0.81 —1.48
7 Boredom —0.53 —1.25 —0.84
8 Sadness —0.89 0.17 -0.7
9 Fear —0.93 1.3 —0.64
10 Anxiety —0.95 0.32 1.02
11 Contempt —1.58 0.32 —0.63
12 Disgust -1.8 0.4 0.67
13 Resentment —1.98 1.1 0.6

14 Hostility —2.09 1.00 1.12

In addition, the values of P, A, and D can be used to further analyze people’s emotional
state (Table 5). Among them, pleasure (P) reflects the availability and friendliness of the
object studied. When the state of pleasure is high, people may have fluent thinking and
judgment and be able to choose the environment that they truly prefer. When people are in
a certain state of arousal (A), it is conducive to concentration, and people may also be more
easily attracted to and interested in the environment, but if the arousal degree is too high
and the duration is too long, people will be prone to fatigue due to long-term high mental
concentration, so the positive and lower level of arousal is more conducive to improving
people’s emotional experience. For example, the emotion of loss is negative, with a lower
level of arousal; anger, on the other hand, is negative, with a higher level of arousal.
Dominance (D) refers to whether the observed environment is controllable for people, and
the higher the dominance, the lower the people’s cognitive load and learning cost, that is,
the higher the degree of access to or interaction with the environment. For example, fear is
a low level of dominance because it is difficult for people to control their fear.

Table 5. Emotions in the three-dimensional pleasure-arousal-dominance (PAD) space.

Exuberant (+P+A+D) Bored (—P—A—-D)
Dependent (+P+A—D) Disdainful (—P—A+D)
Relaxed (+P—A+D) Anxious (—P+A—D)
Docile (+P—A—D) Hostile (—P+A+D)

e Emotional attachment scale

Combined with the research question and the characteristics of the studied muse-
ums, the emotional attachment scale consists of 11 items, including material, color, nat-
ural elements, form and structure, privacy, diversity, sociability, territoriality, playability,
uniqueness, and changeability, to describe the material, social, and variable characteristics
of the studied museum and the surrounding environment as comprehensively as possible
(Table 6). The scale is measured based on a Likert scale method, where 1 point indicates
no emotional experience of the specific characteristic while 7 points indicate very strong
emotional experience. The Cronbach’s « of the scale calculated is 0.95, which proves its
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reliability. Meanwhile, its validity and utility for the study of people’s emotional experience
of the built environment have been confirmed in previous studies [26,27,93]. The average
value of each characteristic is used as a proxy for the intensity of the participant’s emotional
experience. Combined with the median score of this scale, when the value of the result
is greater than 3.5, the emotional experience is considered to be obvious. Meanwhile, the
higher the value, the stronger the emotional experience. SPSS is used to assist in data
collation and calculation in this process.

Table 6. Emotional attachment scale of specific environmental characteristics.

1 2 3 4 5 6 7

Material

Color

Natural elements
Form and structure
Privacy
Diversity
Sociability
Territoriality
Playability
Uniqueness
Changeability

3.5. Research Framework

This study is an exploratory quantitative study based on the coupling analysis of
multimodal data. Based on the research objectives, the logical framework of this research is
shown in Figure 6.
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4. Results and Discussion

4.1. Eye-Tracking Results Analysis: Visual Quality Promoted by Urban Museum Facades
4.1.1. AOI Heat Map Analysis: Overall Visual Quality of Museum Facades Based on
Fixation Characteristics of Different Elements

The AOI heat maps are used to visualize the position and distribution of fixation points
in the three stimulus images representing the three museum facades (Figure 7). Previous
studies have shown that areas with denser fixations reflect higher attention and interest of
participants to a certain extent, thus contributing more to the visual quality of the urban
environment they represent [31,70,85,87]. Therefore, in the results of the AOI heat map,
the differences in the visual behavior of the participants on different built environment
elements of different museum facades intuitively reveal the impact of related elements on
urban visual quality.

Iy
[T | sl

The Museum of the Communist Party of China  The Chinese Traditional Culture Museum The China Science and Technology Museum

Figure 7. AOI heat map results.

Specifically, the heat map results show that the elements that participants pay the
most attention to in the three museum facades are all interactive elements including text
and logo, as the heat map of such elements on the facade of the three museums is dark
red and orange-red. This shows that when people look at the facades of the museum,
the elements that can directly convey information on the exterior of the building attract
their attention and may raise more interests. This result further supports the conclusion of
previous studies that the identification elements such as text have a significant impact on
visual quality, and their value in the urban environment seems to be more prominent than
their role in visual interaction with books and industrial products [31,70,80,85].

Compared with the interactive elements, the artificial and natural elements of the
three museum facade pictures do not have very concentrated fixation points. For artificial
features, the heat map shows that participants are attracted to unique materials, colors,
or relatively small and more prominent facade components. Meanwhile, the parts with
uneven changes or spatial transitions are also more likely to be noticed by participants.
These are shown in green on the heat map. On the one hand, this confirms the conclusion
that the material differences in the design of facades are conducive to promoting their
attractiveness [41,42,87], and on the other hand, it further emphasizes the important role of
the spatial characteristics of building form on visual quality.

As for the natural elements, although they are not the elements contained in the
museum facade itself, they have become an important component of the urban public
environment together with the facade, and thus also affect the role of the museum facade
in the visual quality of the city. A large number of theoretical and empirical studies on
the visual quality of cities have confirmed the emotional healing effect of natural elements
on people [34,62,77,85,86]. The heat maps reveal that the proportion of natural elements
may directly affect people’s attention to this element; for example, the stimulus picture of
the Science and Technology Museum gathered more fixation points than the Party History
Museum and the Arts and Crafts Museum, which may be closely related to the denser and
more proportional plants in the picture. The important influence of natural element area
on visual quality has also been mentioned in previous studies of landscape perception [77].
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The AQOI heat map provides an overall attraction state of the museum facade to partici-
pants, and the impact of specific elements on visual quality and emotional perception needs
to be further analyzed in combination with the specific data of eye movement indicators.

4.1.2. Eye-Tracking Index Analysis: Effect of Different Facade Elements on Visual Quality

With the help of SPSS software, descriptive statistical analysis and an ANOVA test
were performed on four selected eye movement indicators that were more relevant to
participants” emotional experience, so as to explore the influence of different museum
facade elements and surrounding environment components on people’s visual preferences,
as well as the commonalities and differences between the three chosen museums. Based on
this, their impact on the visual quality of the city was further explored. At the same time,
the influence of participants” gender and major on visual preferences was also discussed.

The descriptive statistical results (Table 7) and difference analysis results (Table 8) of
the four eye tracking indicators together provide a detailed description of the differences in
the visual characteristics of different urban environments and their specific components on
people’s visual experience.

Table 7. Descriptive statistical results of eye movement indicators of different visual elements.

Eye Movement Indicators

Specific AOI
Visual Elements CI:ecéoiy TTEFF (s) FFD (s) NF (n) TFD (s)
Mean SD Mean SD Mean SD Mean SD
Walls 1.95 3.574 0.194 0.144 21.665 14.324 5.899 4.486
Elements of - =) 0 5.13 4464 0208 0121 9539 10218 2505  2.787
Artificial the building .
Unique elements 4.333 4.949 0.207 0.098 10.354 9.201 2.754 2.742
elements
Elements of  Road 4.091 9.018 0.06 0.119 0.576 1.434 0.153 0.465
the street Fence 7.099 7.676 0.165 0.16 2.084 2.797 0.593 0.923
Plant 3.799 4.006 0.196 0.135 10.122 10.119 2.716 2911
Natural elements
Sky 4.813 8.896 0.082 0.136 0.876 2.097 0.227 0.665
. Character 1.184 2.363 0.263 0.269 10.943 8.308 3.387 2.74
Interactive elements
Logo 1.939 4.638 0.115 0.156 3.298 5.263 0.937 1.593

Specifically, the indicator TTFF (time to first fixation) described the length of time it
took for people to notice the stimulus and was thought to be an effective reflection of the
visual attraction of the stimulus to a person. In general, the shorter the TTFF, the faster the
person paid attention to the stimulus, which proved to a certain extent that it was more
visually appealing [79]. The results show that there are significant differences between
TTFFs of different elements (Tables 7 and 8). In general, the interaction elements had the
shortest TTFF, meaning strongest primary visual attraction to people, and the attraction
of text was particularly obvious. This is consistent with the results of AOI heat map, and
also supports previous research [31,69,70]. At the same time, the standard deviation of
TTEFF of text was also the smallest, indicating that there was little difference in the degree
of attraction to different participants, that is, its influence on urban visual quality may be
more universal and important. This showed that text might significantly affect people’s
emotional experience in the creation of urban visual environment, which has not been
emphasized in previous studies relating to urban visual quality, and was necessary to be
paid attention to in design. The second smallest category of TTFF was the museum facade
wall, which corresponded to the maximum area of each museum facade. Therefore, it
was likely that the reason why it was more noticeable was related to its largest area. This
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also corresponded to the result that the TTFF value of the fence element was the largest,
which may be difficult to pay attention to because it occupied the smallest proportion of the
area of the picture and was relatively fragmented. To a certain extent, the influence of the
building and its surrounding environment on the urban visual quality was closely related
to the visual area occupied by the built environment. Combined with previous studies,
this conclusion is valid for different types of elements, and at the same time quantitatively
confirms the rationality of classical design theory. At the same time, the results of difference
analysis reveal that the three museums with different external environment characteristics
composed of different elements also have significant differences in the TTFF results, which
further confirmed findings from previous studies showing that the spatial combination of
built environment elements may significantly affect people’s visual experience [65]. From
the perspective of individual differences, the results of difference analysis showed that
gender and major both had a significant impact on the results of TTFFE, but the influence of
major was relatively small, which is different from the conclusion of some researchers that
environmental design students may show different visual attention to spatial elements than
others [33]. The results may indicate that the first visual attraction of the external space of
the museum to people is more derived from the physiological feedback of the preconscious.
But due to the imbalance in the proportion of male and female participants in this study;
the influence of gender needs further discussion.

Table 8. Difference analysis results of eye tracking indicators.

TFD (s) FFD(s) NF (n) TEF (s)

Overall Difference 0.000 **  0.000**  0.000**  0.000 **
Difference among different visual elements

Artificial elements (A) 0.000**  0.000 **  0.000**  0.000 **
Natural elements (N) 0.000 **  0.000 **  0.000 **  0.000 **
Interactive elements (I) 0.000 **  0.000 **  0.000**  0.000 **

Difference among different museums

The Chinese Traditional Culture Museum (CTCM) 0.000 **  0.000**  0.000**  0.008 **

The Museum of the Communist Party of China
(MCPCQ)

The China Science and Technology Museum (CSTM)  0.000 **  0.000 **  0.000 **  0.008 **

Difference among participants of different major

0.000 **  0.000 **  0.000 **  0.008 **

Participants in design related majors (D) 0.047*  0.059 0.478 0.827
Participants in non-design related majors (ND) 0.047 * 0.059 0.478 0.827
Difference among participants of different gender

Male (M) 0.003 **  0.894 0.000 **  0.000 **
Female (F) 0.003 **  0.894 0.000 **  0.000 **
n 229 229 229 229

* Significant difference with p < 0.05. ** Significant difference with p < 0.01.

The indicator FFD (first fixation duration) described the duration of the initial gaze at
the studied stimulus and represented the initial visual processing, therefore serving as an
indicator of how much an aspect of the stimulus initially attracted attention. It was believed
to be particularly valuable when used alongside TTFF. According to previous research, the
shorter the TTFF, the longer the FFD, meaning that the stimulus is more eye-catching and
might contribute more to urban visual quality. Based on this, character was clearly the most
visually appealing, which is consistent with the conclusions of previous studies [87]. The
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FFD of glass and unique elements of museum facade was also longer, but its TTFF value
was larger at same time, indicating that people might have been interested in the glass
of the building facade and the unique facade elements when they saw it, but the speed
and degree might not be as strong as the interactive elements such as character. People
seem to have spent more time paying attention to the decoration of the building’s skin,
probably because the decoration provided a wealth of visual information, as mentioned in
relating research [41,42,87]. The shortest urban environmental elements of FFD were roads
and sky, and their TTFF data were also larger, indicating that the visual attraction was
relatively weak, and the impact on urban visual quality was relatively small. Meanwhile,
the standard deviation of the FFD was relatively small, indicating that the FFD values
for each element were more consistent. Combined with the results of difference analysis,
different elements and their combining of different museums’ environment have obvious
effects on the FFD results, but the gender and major differences in participants do not
show significant differences in FFD; this is a discrepancy with the results of previous eye
tracking studies conducted on the design major students. To a certain extent, this shows
that students generally showed similar cognitive patterns and information processing
speeds when dealing with urban visual elements. Meanwhile, gender influence needs
further discussion because of the imbalance proportion of participants in this study.

The indicator NF (number of fixations) described times of people fixation on the AOL
In the case of consistent AOI, a greater NF was believed to indicate a stronger interest in
the corresponding AOI, which might reflect a stronger visual attraction and emotional
experience. The results show that there are significant differences between NFs on different
elements and different museums. Specifically, the NF of the wall was significantly larger
than that of the other elements, which was more likely due to the fact that the AOI of wall
occupies a significantly larger area in the stimulus picture than the other elements. The NF
of characters, unique elements, and plants was also larger, while characters account for
the smallest AQI area, indicating that it had the strongest attraction, which was consistent
with the results of its TTFF and FFD and previous research. Combined with the relatively
large SD values, it showed that different people might have different visual experiences
of these three types of elements. The results proved the empirical design theory that the
unique consideration of facade materials and decoration in the architectural design and
the configuration of surrounding natural plants can effectively enhance its contribution
to the urban visual quality [42]. In addition, the results of difference analysis showed
that the NF value of different genders was significantly different, but different majors did
not have a significant effect on the NF value, which may indicate that people’s interest in
different visual elements of the environment outside the museum is also more affected
by preconscious physiological characteristics than acquired experience or education. This
complements what has not been mentioned in previous studies.

The indicator TFD (total duration of fixations) describes total duration of fixations
inside the AOI and reflected people’s cognitive attention. According to previous researches,
when the AOI was the same, the longer the TFD, the higher the attention to the corre-
sponding AOI, which might reflect that the elements corresponding to the stimulus have
a stronger effect on visual quality and may trigger stronger emotional experience. There-
fore, excluding the effect of area, the characters still showed the strongest visual appeal,
followed by plants and unique elements. The results of TFD had similar trend to NF, which
correlation was consistent with previous eye tracking studies [77,80,81,83].
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4.2. Emotional Scale Analysis: Emotional Experience Triggered by Observing Museum Facades
4.2.1. Analysis of PAD Emotional Scale

According to the formula, the calculated P, A, and D values are shown in the Table 9.
Combined with the table data and the Euclidean distance algorithm shown in the formula,
the emotional tendencies of the participants after viewing three pictures of the museum’s
exterior and environment can be determined.

Table 9. PAD values of all and different kinds of participants.

P A D

Mean SD Mean SD Mean SD
All participants (n = 229) 1.713 1.193 0.072 1.191 —0.264 1.129
Gender Male (n = 36) 1.688 0.976 —0.215 1.049 —0.326 1.119
difference Female (n = 193) 1.718 1.229 0.126 1.208 —0.253 1.130
Major Design-related (n = 105) 1.742 1.254 0.077 1.187 —0.268 1.135
difference Non-design-related (n = 124) 1.679 1.117 0.067 1.195 —0.260 1.122

As is shown in Table 9, the overall PAD values for all participants were 1.713; gender
differences and major differences had no significant impact on the positive or negative
value and size of PAD values. However, due to the large differences in the sex ratio of
participants, this result needs to be further explored. Specifically, the P value is positive,
indicating that the content of the experimental pictures brings positive emotional experience
to the participants; the A value is positive, indicating that the participants are in an excited
state when watching the pictures during the experiment; and the D value is negative,
indicating that the participants have a weak sense of control over the scene and are in
an affected state. According to Tables 3 and 4 in Section 3.4.2, the emotional model of
the results corresponded to “gentleness” and the emotional tendency corresponded to
“dependent”. The former reflects the participants’ stable emotions and attitudes towards
their current situation and emotional state, while the latter reflects positive emotional
experience, higher neurophysiological activation levels, and lower individual control to
a certain extent, indicating that the participants have developed trust in the environment
they are viewing. These emotional reactions reveal to some extent that the museum’s
facades and surrounding environment successfully evokes participants’ positive emotions,
which not only provides a new application scope of the PAD scale in the study of the built
environment, but also to some extent provides relatively objective and scientific evidence
for the empirical conclusion that museums and other cultural buildings have important
emotional value for people in classical research [52,67,92].

According to the Formula (2), the spatial coordinate distance relationship between
the emotional state of males, females, design-related students, and non-design-related
students was calculated (Table 10), respectively, and the affective tendency of the students
was “surprise”. Combined with the values of PAD in the above Table 9, it can be found
that the mean value of P of different genders and majors is greater than 0, which indicates
to a certain extent that males, females, design-related students, and non-design-related
students may feel happy because of the novelty, uniqueness or grandeur after viewing
the facade and the external environment of the museum. According to previous studies,
this pleasure may not be directly caused by the “surprise” itself, but by the cognitive or
aesthetic experience triggered by the emotion of surprise [93]. For the value of A, the
mean value of male subjects was abnormally less than 0, indicating that the surprised
emotion obtained from watching the pictures of stimulus materials did not trigger the
physiological and psychological activation of the male group, which may be related to
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the relative emotional stability of men on the one hand, and may also reveal the gender
difference in visual preference on the other hand. This is similar to the conclusion of
previous studies that gender differences significantly affect the emotional experience of the
same subject [1,3,16,17]. However, since the ratio of male to female subjects in this study is
affected by the overall male and female ratio of recruiting university, the validity of this
conclusion needs to be further explored. The distribution of D value was similar to that of
P value, which was less than zero among participants of different majors, indicating that
the emotion of surprise was related to the lack of control or predictability of the observed
situation. Meanwhile, the specific values show that men’s emotions are more affected than
women’s, which may indicate that men have a higher degree of trust in the environment of
stimulus performance, but because men are a minority among the participants, this result
needs to be further explored in follow-up studies.

Table 10. Results of the spatial coordinate distance relationship.

Serial Ln Emotional
Number Alll  Male Female Design-Related Non-Design-Related Type

1 2290 1.740 1.410 1.466 1.453 Joy

2 2365 2097 1771 1.827 1.813 Optimism
3 1.575 2.692 2564 2.603 2.550 Relaxation
4 1.709 0550 0.266 0.306 0.302 Surprise

5 1.081 2573 2535 2.562 2.503 Gentleness
6 2.001 2819 3.009 3.001 2.945 Dependence
7 2664 3.023 3.134 3.140 3.079 Boredom

8 2773 1.628 1.776 1.774 1.715 Sadness

9 2937 0.661 0.912 0.886 0.846 Fear

10 2697 1468 1.612 1.610 1.552 Anxiety

11 3539 1.877 1.678 1.724 1.679 Contempt
12 3.646 1.602 1.448 1.489 1.437 Disgust

13 3926 1.063 0.817 0.868 0.828 Resentment
14 4139 1543 1.249 1.305 1.278 Hostility

4.2.2. Analysis of the Emotional Attachment Scale of Specific Environmental Characteristics

If the above PAD scale results provide the participants” overall emotional tendencies
after viewing the three photos of the museum’s facade and surrounding environment and
the impact of major differences on them, then the environmental characteristics emotional
attachment scale specifically reveals the extent to which the material and non-material
characteristics that make up the museum’s exterior environment affect people’s emo-
tional attachment and their internal mechanisms of action from the perspective of the
built environment.

The results of correlation analysis (Table 11) show that both the material and non-
material characteristics of the museum’s exterior environment significantly promote the
overall emotional attachment. Non-material characteristics have a stronger effect in pro-
moting emotional attachment, as the correlation factors of four of the characteristics are
greater than 0.550, which partly confirms the conclusion that the non-physical social char-
acteristics and activities carried by architecture may have a greater impact on people’s
emotions than materiality [67]. Among them, the diversity and playability have the most
significant positive effect on emotional attachment among all characteristics (the correlation
factors are 0.632 ** and 0.649 **, respectively, both greater than 0.600), which to a certain
extent shows that the diverse characteristics and possible playability of the museum’s
exterior environment perceived by the subjects through vision can effectively trigger their
emotional attachment to the environment. This conclusion is rare in previous studies
based on the natural environment. There is also a significant positive correlation between
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diversity and playability, which to a certain extent indicates that diverse external environ-
ment characteristics may promote users’ expectations of its fun. Meanwhile, according to
the results, uniqueness also significantly promotes emotional attachment, and correlation
analysis shows that it is significantly positively correlated with the form and structure of
material characteristics, which to a certain extent shows that the external space, surface
structure and spatial form of the museum are important reasons for its uniqueness and thus
trigger the emotional experience of the subjects. In comparison, among the non-material
characteristics, changeability has the smallest effect in promoting emotional attachment,
and the correlation analysis results also show that changeability is not strongly correlated
with other characteristics. On the one hand, this may indicate that the visual characteristics
of the three museum exterior environments do not significantly reveal their potential for
change. To a certain extent, this proves the value of physical perception to emotion in the
experience of architectural space as mentioned in embodied design researches [17,18]. On
the other hand, it may also be related to the fact that the stimulus materials of the three
museums in this study are static two-dimensional pictures.

Table 11. The results of correlation analysis of attachment to specific environmental characteristics.

1 2 3 4 5 6 7 8 9 10 11 12

1 Overall 1

attachment
2 Material 0.548* 1
3 Color 0.526* 0.347* 1
4 Natural elements 0.510** 0.198** 0.389** 1
5 Formand 0.587* 0.440* 0358* 0274* 1

structure
6 Privacy 0.406** 0.242* 0.067 0.092 0.129 1
7 Diversity 0.632* 0.273* (0.232* 0.209* 0.371** 0.224* 1
8 Sociability 0.468* 0.125 0.130* 0.147* 0.140* 0.123 0.266** 1
9  Territoriality 0.454* 0.229* 0.146* 0.202* 0.191* 0.019 0.125 0.342* 1

10 Playability
11 Uniqueness

12 Changeability

0.649* 0.241* 0.287* 0.236** 0.310* 0.151* 0.425* 0.271* 0.197* 1

0.590** 0.239* 0.225** 0.276** 0.407** 0.126
0.578** 0.198** 0.199* 0.185* 0.212** 0.279* 0.318** 0.244** 0.093

0.386** 0.019 0.356** 0.340** 1

0.424** 0.221* 1

* p <0.05 (2-tailed), ** p < 0.01 (2-tailed).

As for material characteristics, the results show that the four types of characteristics
significantly promoted the establishment of emotional attachment in the three museums
(the correlation factors were all greater than 0.500 **), which to a certain extent confirmed
the high visual quality of the external environment of the studied museums. Among them,
form and structure have the strongest driving effect on emotional attachment, which once
again proves the value of the architectural features of the museum’s facade in triggering
emotions through vision as mentioned in series of previous studies [42,87]. At the same
time, form and structure show a significant correlation with materials (0.440 **), further
indicating that materials have a major influence on form and structure. That is, the facade
forms of the three museums reflect the mechanical properties of the materials to a certain
extent, and the architectural exterior design that reveals the characteristics of the materials
is conducive to the viewer’s emotional experience of it. This has been repeatedly mentioned
in a large number of architectural theories and practices, and this study objectively supports
it in a quantitative way [66,67].
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4.3. Coupling Analysis of Multimodal Data: Relationship Between Visual Quality and
Emotional Experience

By comprehensively analyzing the above eye tracking data and emotional scale data,
the relationship between the visual quality of the museum’s outdoor environment and
people’s emotional experience can be further explored.

In general, both the PAD scale and the emotional attachment scale of specific environ-
mental characteristics indicate that people had significant positive emotional experiences
after viewing the three museum exterior pictures, and the emotions were in a comfortable
and stable state. This proves to a certain extent that the facades and the external urban
space of the three museums have created a good environmental visual quality. On the basis
of the results of previous studies on the visual quality of building facades, it provides a
more specific building type supplement.

Specifically, the environmental features that have the most obvious impact on visual
quality are interactive material elements such as text and logos, which is consistent with
previous studies. Although they occupy a very small area in the pictures of the museum’s
external environment, the eye tracking data and AOI heat map distribution both prove
their strongest visual appeal. And as visual elements that trigger people’s thinking and
consciousness, interactive elements usually define the identity of the museum, thereby
strengthening the degree of emotional attachment between people and the museum by high-
lighting museum’s non-material features such as diversity and uniqueness. Combined with
the significant role of non-material features in the establishment of attachment according to
the results of the emotional scales, it can be further inferred that the stronger the visual ap-
peal of environmental features, the stronger the degree of emotional experience may be, and
the greater the impact on the overall visual quality they may have. This also complements
the possible bias in the conclusions of previous studies with single-modal data.

The materials, structures, and the way they are assembled in the facade of the museum
building also show a significant impact on the visual quality. In general, the FD in the eye
tracking data and the significant correlation between material and structure and attachment
in the emotional scale data both prove that the facade of the museum building studied
has improved the overall visual quality of the city streets where they are located and thus
brought people a positive emotional experience. Among them, the AOI heat map, TTFF,
and FFD all show that the unique decorations in the facade and the parts with spatial
concave and convex changes always attract more visual attention. Combined with the
emotional scale data, it can be inferred that the use of these unique materials and the
three-dimensional volume changes in the facade may promote people’s attachment by
triggering their expectations for diversity and changeability, thereby improving the urban
visual quality contributed by the museum facade. In addition, the eye-tracking results also
show that the area of facade materials has an important impact on visual quality. This is
consistent with previous studies showing that just because a single material used in a large
area has many visual focus points, this does not necessarily make it attractive [31]. Subjects’
overall stable and positive emotional state revealed by the above PAD scale illustrates the
role of the visual integrity of the facade in creating visual quality from another perspective.
These multi-dimensional data together show that the area ratio of the color, material,
and spatial structure of the building facade significantly affect the viewer’s emotional
experience, thereby affecting the visual quality of the urban environment. Although this
has been confirmed in previous studies based on the natural environment, it has more
practical and methodological value for the design of the built environment.

In addition to the abovementioned characteristics of the museum building facade,
the research results also show that the natural elements around the building also have a
significant effect on the emotional experience it triggers, because people always take the
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building and the surrounding environment as a whole into their field of vision through
visual perception. The eye-tracking results show that the trees and the sky, which occupy a
relatively small area in the museum pictures, still attract more gaze points, and the results
of the emotional attachment scale also reveal a significant correlation between natural
elements and colors, which once again confirms the role of natural colors in promoting
emotional experience shown in previous studies, as well as the value of the city’s blue sky
rate that people can perceive to the visual quality of the urban environment [54-56].

4.4. Limitations and Future Prospects

In addition to the above results, this study still has the following limitations that need
further exploration:

First, two-dimensional images were used as stimulus materials in the study of the
visual quality of the three museums, which was limited by the way Tobii Pro Fusion is used
to collect eye tracking data, needing to be fixed at the bottom of the screen; although the
researchers controlled for variables such as angle, light, and weather as much as possible
during the shooting process, the real space of the museum facade and the surrounding
environment may have had different effects on visual perception than two-dimensional
images, so the representativeness of the conclusions for the real built environment needs
further discussion. With the maturity of portable wearable eye trackers, future research can
be extended to real-world built environments.

Second, the subjects participating in this study were all college students, and the
number of males was significantly smaller due to the imbalance in the ratio of men to
women in the school itself. Because of this, the results of this study cannot be generalized
to the entire population. The difference in emotional feedback on visual quality among
different groups and individuals needs to be paid attention to in the future, both in gender
difference and age difference.

Third, in the experimental design of this study, visual perception is measured by eye
tracking devices first, and then emotional attachment is measured by scale, and the logic is
unidirectional. However, the process of people viewing environmental elements in a real
urban environment and gaining emotions may be cyclical or mutually influential, so it is
necessary to further explore the possible impact of emotional perception on visual quality.
At the same time, the diversity in data modalities and the depth of coupling analysis need
to be further strengthened.

Finally, the case of this study comprised three city museums in Beijing. In the future,
the relevant methods can be applied to more types of urban buildings and spaces to expand
the depth and breadth of the research.

5. Conclusions

In summary, this study reveals the impact of different types and characteristics of built
environment elements on the visual quality of the urban environment using three newly
built urban museums in Beijing as an example, and proves the important role of visual
quality in people’s perception, cognition, and emotional experience, further illustrating
that designing and creating a good visual environment is conducive to promoting people’s
emotional attachment to space, thereby creating a humanistic urban environment. Tobii
Pro Fusion and semi-structured emotional scales were used for multimodal data collection
and analysis, which at the same time led to the establishment of a method of urban visual
quality research and evaluation from an emotional perspective, providing a more scientific
and objective way for the intervention of subjective and complex “emotions” in built
environment research. The results of the eye-tracking AOI heat map, eye-tracking index,
and emotional scale comprehensively confirmed the original hypothesis of this study, that
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is, different types of museum facades and external environmental elements have different
effects on visual quality and trigger people’s emotional experience to varying degrees.

Specifically, from the perspective of the built environment, the analysis results based
on the feature type can be condensed to guide the visual quality improvement and design
of future museum buildings. Among them, interactive elements show the most significant
impact on visual quality and emotional perception and are not affected by their smaller
visual perception area. This reveals that urban visual elements that trigger people’s thinking
and cognitive processes are not only conducive to enhancing the visual appeal of building
facades but can help promote people’s emotional attachment by emphasizing the diversity
and uniqueness of built environment. The degree of influence of artificial elements on
visual quality is related to their size and spatial composition on the museum facade as
well as their non-material characteristics such as uniqueness, variability, and diversity.
Meanwhile, the increase in visual points does not mean an increase in attraction or a
deepening of emotional experience; when the artificial elements consisting of the museum
facade have a concave-convex relationship or have a certain symbolic meaning to the
museum content, it is more likely to trigger the viewer’s emotional experience. As for
natural elements, although the vegetation around the museum does not occupy a central
position or a large area in the three museum photos, it has a relatively obvious impact on
the overall visual quality of the environment. Meanwhile, nature-related colors are proved
to significantly promote people’s emotional experience.

Meanwhile, from the perspective of people’s emotional experience, the above different
elements exert different effects on the visual quality created by the museum facade and its
external environment, which is significantly correlated with people’s emotional experience
after viewing relating pictures. Combining the multimodal data results, it can be found that
this correlation is established in this study in two ways: preconscious emotional perception
and conscious emotional cognition. The former is mostly caused by material elements
and characteristics, and the degree of influence is related to the area of the element and
whether it comes from nature; generally speaking, the larger the area and the closer the
element is to nature, the more obvious the impact on emotional perception. Among them,
the impact of area is directly related to the size of the field of view, and the impact of
nature confirms the emotional value of Biophilia experience, which is consistent with the
conclusion of previous studies that even viewing natural pictures can achieve emotional
healing. The latter is derived from human cognitive processing, so the signs and texts that
can trigger people’s thinking process are the most obvious visual elements that affect this
kind of emotional experience. In this case, the generation of emotions is often not affected
by the visual area occupied by the elements. In addition, material characteristics such as
materials, structures, and forms may also trigger people’s emotional experience through
non-material characteristics such as the uniqueness, territoriality, or potential changeability
they express. This experience also comes from the role of thinking, such as the sense of
place identity brought by the use of material forms that conform to the identity of the
museum, or the novelty brought by the unique structural design. The conclusion not only
provides a reference path for constructing an emotionally oriented architectural and urban
space design method but also serves as a logical framework for evaluating the emotional
attachment strength of the existing built environment.
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