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Abstract

:

Due to rapid urbanization, high-density cities have become a dominant human habitat, and sustainable urban development has become a key concept in urban governance. Thus, it is important to understand the impact of visual elements in urban architecture on stress to make accurate and practical planning and strategies for healthy and sustainable living environments. We examined the designs and features of building facades that alleviate stress and identified measuring metrics for stress relief in viewers. We selected 20 Taiwanese-style public buildings for the examination. To understand the relationship between architecture and stress relief, 70 participants were interviewed in a semi-structured method after showing images of the 20 buildings. We used the semantic differential method and a 7-point image scale to rate stress relief from various architectural styles. The participants found the use of multiple materials or lighting in public buildings interesting but not stress-relieving. A greater amount of cooler and heavier materials made of iron in the building exterior increased stress. This finding offers insights into planning and developing sustainable and psychologically supportive urban environments.
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1. Introduction


City planners and society increasingly recognize the importance of the ecosystem in sustainable urban development. Spaces require services related to the ecosystem for recreation, aesthetics, and spiritual experiences [1]. Therefore, it is essential to evaluate the aesthetic elements that impact the delivery of cultural ecosystem services in architecture. These factors are distinct from others as they demand on-site experience and directly affect human well-being [2].



Stress Reduction Theory (SRT) is a theory of environmental psychology that explains the relationship between environmental exposure and mental stress [3]. High-density cities have become dominant in urban habitats worldwide due to rapid urbanization over the past decade. Research suggests that high-density urban landscapes are more oppressive than low- or medium-density urban landscapes [4]. In this study, we examined the public buildings in Taiwan, focusing on stress relief and perceived safety. In this research, office workers from high-stress groups were interviewed after work to find (1) what public building features citizens like, (2) if the preference is consistent in different visitor needs (e.g., overall preference, stress relief, and perceived safety), (3) if diverse materials and building envelopes are important factors influencing user preferences, and (4) if importance varies based on different needs, such as stress relief and perceived safety. Different preferences are expected for public buildings related to different needs. Thus, we hypothesized that a variety of materials and building facades are important influencing factors depending on citizen needs.




2. Quality of Life and City Sustainability


2.1. Correlation between High-Density Cities and Mental Stress


In urban development, quality of life is defined in three dimensions. The first dimension relates to personal aspects, such as overall happiness and satisfaction with the city. Therefore, individuals hope to fulfill their physiological needs such as drinking, eating, and sleeping, as well as obtain necessities such as housing and adequate income. Therefore, we examined the collective dimension of an individual’s social and economic position in the community [5,6]. This dimension refers to a sense of belonging to society, which is positively or negatively related to an individual’s social circumstances [7]. Additionally, the material dimension is defined as goods and services in sufficient quality and quantity [8]. Access to goods and services of sufficient quantity and quality enables individuals to meet their needs, including transportation, health, education, leisure, and culture [9]. This discussion will cover the city’s offerings.



Ulrich et al. [10] proposed SRT and argued that natural environments reduce mental stress while artificial environments induce it. Although this theory has been referred to by researchers, its application was controversial in artificial environments, with most focusing on natural environments or materials. The theory suggests that urban density is positively correlated with mental stress. In urban areas, individuals are frequently exposed to buildings, which substantially impacts their mental well-being.



Architecture is crucial in populated cities and contributes to depression [11]. Although many studies have examined the effect of natural elements in cities on citizen stress, none have yet explored the potential correlation between artificial elements in cities and mental stress. According to Asgarzadeh et al. [12,13], individuals essentially have a form of negative psychological stress. Crowded environments can weaken people’s self-control, leading to mental stress [14,15].




2.2. Quality of Life and Architectural Development


The definition of quality of life in an urban environment varies depending on the country, region, and the physical and social circumstances of an individual [3]. Although such statements often refer to residents’ satisfaction with their city, the assessment methods can vary. Researchers use qualitative methods and scales to measure personal perceptions and satisfaction. Quantitative methods are also used with indicators such as wealth, affordability, health, quality, and safety of access to services. Urban quality of life indices derived from these methods differ according to measures of an individual’s ability to survive and thrive as a result of the economic, social, and urban solutions provided by the city [3]. The quality of life is greatly influenced by the quality of the city. Therefore, it is important to ensure that cities are well-organized and designed to promote the well-being of citizens. Cluttered cities can exacerbate psychological stress among residents.



At the socioeconomic level, studies attribute the quality of life in urban environments to the provision of an economic, social, and urban framework that is conducive to human activities. Tan et al. [16] have suggested that the quality of urban life improves with changes in social development, which increases opportunities for high-paying jobs or changes and enables individuals to afford or pursue better housing and other facilities, thereby improving their quality of life [17]. Interest in post-work quality of life is growing. Thus, after-work classes and yoga practices for relaxation are increasing. Additionally, cultural, spiritual, and community attachment are important in determining the quality of urban life. Local traditions and architecture enhance the vitality of urban life and increase personal satisfaction [3]. Simultaneously, a strong sense of community attachment enhances social cohesion and resilience to maintain urban sustainability and quality of life [3]. This, in turn, affects the competition and comparison of urban architectural appearance. Ultimately, a livable city depends not only on economic factors but also on the mental well-being of its residents, better access to various social services such as hospitals and doctors, and a generally well-educated population [3]. Therefore, under such circumstances, the improvement in the urban environment becomes even more important.




2.3. Visual Complexity of Buildings


The term ‘message’ has different meanings depending on the context [18]. In the case of buildings in the city, changes in appearance convey the design concept. In neuroscience, the term is often used to refer to stimulus encoding, decision making, and memory storage. In an urban context, what citizens see can be interpreted as a form of messaging, such as the appearance of buildings and crowded streets (Figure 1). This can lead to psychological stress for individuals. The brain receives messages from multiple sensory channels to process stimuli. The key challenge is to capture people’s attention with only relevant information. Objectivity must be maintained, and subjective judgment must be excluded. However, it is worth noting that information that does not meet this standard is behaviorally relevant. This highlights the complexities and pressures that communicating large or complex messages can have on public reception.



The term ‘visual complexity’ in architecture refers to the level of detail or intricacy that influences people’s perception [19,20]. This means that excessive details enhance visual complexity but they also overwhelm the viewer with too much information. Berlyne [21,22] has suggested that a high degree of visual complexity holds people’s attention for longer periods. However, it is crucial to balance visual complexity and the amount of information presented. Therefore, it is essential to present information clearly and concisely, avoiding sprawling descriptions and complex terminology. Nasar [23] defined visual complexity as ‘diversity’ and evaluated the visual quality of residential scenes through surveys based on objective assessment. It is important to use precise terminology when discussing visual complexity and avoid decorative language. In other words, the more complex the appearance of a building, the longer citizens pay attention to it, and the greater the psychological pressure to be caused. This is because the brain requires more time to process complex information.





3. Methodology


3.1. Survey Method


Various studies confirmed that exposure to a natural urban environment led to positive changes in mood and stress reduction as well as a lower heart rate compared to the built environment. Thus, it is needed to make the building relieve the pressure on the citizens. Due to the purpose of the present research and the basis of existing theory, we adopted experimental methods to investigate the stress-relieving building facade.



In past research, we used experimental methods to obtain the subject’s views on the decompression structure to obtain the participants’ feelings. Therefore, in this study, we used the same research method to examine the impact of the quantity of building materials on high-stress people. For each of the 70 participants, we analyzed their perceptions of stress relief and pressure and investigated how each perception was related to previous and subsequent thoughts and external stimuli. The decompression index of 30 buildings was evaluated through the Decompression Building Scale.




3.2. Participants


To examine the influence of building exterior materials on individuals experiencing high levels of stress, we analyzed the impact of building materials on psychological stress. We recruited 70 Taiwanese office workers, aged 35 on average, with at least 5 years of work experience (Table 1). Semi-structured interviews were conducted individually in the same room. During the interviews, each participant was shown ten architectural images aimed at relieving stress and was interviewed for forty minutes. The selected sample buildings were shown, and participants chose buildings they had seen in person, online, or in their daily lives. These public buildings are located in Taiwan, a culture familiar to the participants.



We asked 10 experts in architectural design to select representative and relatively stress-relieving buildings from these two types of buildings (Table 2). We used a stress index scale (Health Promotion Agency, Taiwan Ministry of Health and Welfare) to select 10 office workers who showed a stressful lifestyle from the previous 70 participants (Table 3). These 10 participants selected 523 stress relief-related adjectives during a KJ method screening process.




3.3. Procedure


We obtained the subject’s views and feelings on the decompression structure by collecting data on buildings with Taiwanese cultural characteristics for investigation (Figure 2). Each participant was assigned to observe two types of buildings (buildings with more than three materials and less than three materials). Participants chose one of three constructive conditions including (1) no stimuli available (after observation, participants were given only a brief overview of the building’s design, e.g., location, building name, and designer’s name), (2) restricted access to stimuli (participants have access to the stimulus search tool, but only once per session, i.e., using web pages to retrieve material), and (3) unlimited access to stimuli (we used the search tool multiple times within the access time limit). Then, we studied the stress-relieving architectural choices for the participants. We asked for the judgment of the participants in a short period to obtain the true feelings of the participants




3.4. Data Analysis


If individuals are exposed to a high-stress environment, either in their personal or professional lives, they may experience cognitive overload and fatigue due to the abundance of visual information. This information can be overwhelming, particularly during the initial stages of reception. Similarly, excessive information, such as overly complex building designs, can cause stress for residents, especially when these elements interact. Simpler buildings are easier to handle and provide a stress-relief effect for residents. In this study, 70 participants assessed stress by using the Stress Index Scale provided by the Department of Health Promotion, Ministry of Health and Welfare, Taiwan. Ten participants showed high scores for stress in the Jiro Kawakita (KJ) method. The top five words expressed by the participants were ‘comfortable’, ‘kind’, ‘friendly’, ‘simple’, and ‘fun’ (Table 4).



These two types of buildings have a massive amount of exterior materials. After discussions with experts, more types of different materials were defined to assess the degree of viewers’ stress.



In testing, we first selected people who visited test sites (Figure 3). In total, 70 participants (40 women) were office workers. We briefed the evaluation process and asked the participants to choose an adjective or preference to express their feelings about the images to reduce the chances for them to assess the scale of the buildings. After the participants saw the slides for 60 s, they rated the degree of stress reduction (Figure 4). The test results showed that most participants believed that the fewer materials used in the building’s exterior, the more stable and relaxing they felt. The more natural the material was, the more comfortable they felt too.





4. Discussions


The buildings in cities are shaped by perception-based characteristics such as material, color, shape, form, light, and size [24]. Materials show details [24,25], encapsulating contours and compositions [24,26,27]. Colors reflect the structure of different tones in the scene [24,28]. Material, shape, and color are considered to be the most basic visual elements that represent the built environment [28]. According to Lynch [29], the shape, color, and arrangement of urban environments contribute to the formation of clear and useful mental images, including details such as materials and shapes.



During the COVID-19 pandemic, architectural types were especially associated with stress relief. People’s emotions are affected by what they see. Excessive material on the exterior of buildings increases the amount of information, which affects the emotional response of the people. During COVID-19, people were forced not to move around the city. If they saw buildings with many materials from the windows, it affected emotions and reactions. When they walked around, they were more affected. Therefore, people consider the current development and urban form for the judgment standard that is affected by the spiritual interests of citizens. Architecture relieves stress and improves mental health if it is designed with consideration for the spatial environment [30]. It is required for buildings to create a positive atmosphere especially for patients as visual surroundings can significantly impact their mood.




5. Conclusions


Currently, over 50% of the world’s population resides in urban areas globally, and the number will increase to 70% by 2050. Despite the increase in urban building and population density, living in cities is linked to higher risks of mental health issues compared to rural areas. For instance, individuals living in cities have an almost 40% higher risk of depression, which is double that of schizophrenia. Anxiety, stress, and isolation are more often observed [31]. This indicates that cities need to exert the most significant psychological pressure on individuals from a social, cultural, or economic perspective. The most immediate form of pressure is visual. Therefore, when creating environments, designers must consider design elements that reduce the impact of external factors on the reception of information.



This study was conducted based on the experience of the participants and their perceptions of building materials. The findings in this study suggested that buildings with excessive decoration and detail are fascinating but cause stress. Too many decorations on buildings overwhelm people with excessive information. Thus, multi-feature visual complexity is required for urban renewal. For instance, when renewing historical streetscapes, the principle of preserving urban memory is required. Instead of reproducing each element in an imitative manner, multi-feature visual complexity is used for buildings, facilities, or furniture to maintain a similar level of complexity by using surface materials with similar textural complexity. It is important to consider the residents’ well-being. In the past, urban architecture was often developed solely according to the designer’s aesthetics but emphasis was put on functionality and livability recently. It is necessary to include more designs and materials. The building must be isolated from its environment to conduct more organized experiments. We used software to remove things other than buildings in images. The participants were influenced by environmental impressions when judging materials were changed. Therefore, they had different opinions based on their imaginations. However, it was still possible to examine the stress-relieving building’s materials. That is, individuals’ judgments of material changes depended in part on their mood. There are various emotions involved in these judgments being affected by changes in the environment.
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Figure 1. Taipei Performing Arts Center building’s exterior with a variety of materials. 
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Figure 2. Study procedure. 
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Figure 3. Twenty test buildings. 
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Figure 4. Measurement results of two types of buildings. 
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Table 1. Participants in this study.
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Demographic Item

	
Number

	
Proportion (%)

	
Demographic Item

	
Number

	
Proportion (%)






	
Gender

	
Male

	
30

	
42.9

	
Age

	
20 or below

	
2

	
2.9




	
Female

	
40

	
57.1

	
21−30

	
26

	
37.1




	
Profession

	
Government Official

	
19

	
27.1

	
31−40

	
30

	
42.9




	
41−50

	
8

	
11.4




	
Administrative

	
18

	
25.7

	
50 or above

	
4

	
5.7




	
Project assistant

	
11

	
15.7

	
Highest Education Level

	
Junior High School or below

	
3

	
4.3




	
Business

	
3

	
4.3

	
General and vocational High School

	
12

	
17.1




	
Self-employment

	
3

	
4.3

	
Post-secondary School

	
7

	
10




	
Stewardship

	
1

	
1.4

	
University/College

	
39

	
55.7




	
Others

	
15

	
21.4

	
Master or above

	
9

	
12.9











 





Table 2. List of experts.
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	Code
	Personal Profile
	Code
	Personal Profile





	A1
	Mr. Du; Age: 55−60

Occupation: Distinguished Professor
	A6
	Mr. Ho; Age: 65−70

Occupation: Emeritus Professor



	A2
	Miss Yang; Age: 50−55

Occupation: Associate Professor
	A7
	Mr. Liu; Age: 45−50

Occupation: Executive Officer



	A3
	Mr. Zhang; Age: 40−45

Occupation: Associate Researcher
	A8
	Mr. Pan; Age: 40−45

Occupation: Associate Professor



	A4
	Miss Lin; Age: 40−45

Occupation: Architect
	A9
	Miss Kong; Age: 40−45

Occupation: Environmental Designer



	A5
	Miss Chen; Age: 45−50

Occupation: Director of Design Company
	A10
	Miss Zhang; Age: 35−40

Occupation: Executive Officer










 





Table 3. High-stress assessors.
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	Code
	Personal Profile
	Code
	Personal Profile





	B1
	Miss Shen (Tainan); Age: 30−35

Occupation: Project Assistant
	B6
	Mr. Lee (Fengshan); Age: 40−45

Occupation: Government Administrator



	B2
	Mr. Xiao (Kaohsiung); Age: 35−40

Occupation: Professional Soldier
	B7
	Miss Zheng (Yunlin); Age: 35−40

Occupation: Administrative Specialist



	B3
	Miss Chang (Pingtung); Age: 45−50

Occupation: Public Servant
	B8
	Miss Young (Hsinchu); Age: 45−50

Occupation: Scholar



	B4
	Miss Chen (Taipei); Age: 45−50

Occupation: Subject Teacher
	B9
	Mr. Shen (Pingtung); Age: 45−50

Occupation: Firefighter



	B5
	Mr. Zhong (Keelung); Age: 40−45

Occupation: Education Staff
	B10
	Miss Wang (Taichung); Age: 45−50

Occupation: Company Senior Personnel










 





Table 4. Top five attractive feelings.
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	Adjective
	Votes
	Related





	Comfortable
	101
	Satisfied, Easy, Cozy, Cheerful, Quiet



	Kindly
	80
	Safety, Peaceful, Amiable, Gentle, Benevolent, Beneficent



	Friendly
	73
	Nice, Kind, Heavenly, Steady



	Simple
	68
	Bright, Plain, Still, Pure



	Fun
	39
	Happy, Colorful
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