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Rural communities have become a hot topic in academic circles because of their graceful natural environment and great healing potential. However, existing research still lacks attention to the street space in rural communities and rarely considers its integrated visual and soundscape design in terms of their effect on public health. As a result, the healing potential of rural community streets cannot be fully used in design practice. Relevant audiovisual materials were collected from a field investigation in four rural communities in southwestern China. Based on these data, the subjective and objective healing index data of subjects under comprehensive audiovisual conditions were collected and analyzed through laboratory experiments. The results revealed that type of street space affects healing potential, and the artificial–natural enclosed and natural semi-enclosed streets are the street types with the best healing effect. When the total sound pressure level was 55dB(A), the sound combination with birdsong accounting for 70% had a significant positive effect on improving the healing effect of rural community streets. In contrast, the sound combination with birdsong accounting for 50% or less had no significant effect on improving healing. The subjective healing perception of street space in rural communities was significantly positively correlated with aesthetic preferences. There was also a significant correlation between subjective healing perception and physiological index data in the audiovisual combination. This research explored the impact of different types of street space and sound combinations on the healing effect of rural community streets in an integrated audiovisual environment and provided a scientific basis for the healing landscape design of rural community streets in an integrated audiovisual environment. It was expected to provide new ideas for the construction of rural community landscapes, including acoustic landscapes, to promote physical and mental healing.
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INTRODUCTION

As the scale of cities increases, psychological stress and environmental deterioration have seriously threatened urban residents' health. People tend to get close to the natural environment to recover from stress (1, 2). Rural communities' beautiful natural scenery and quiet acoustic environment are the main characteristics of rural communities that distinguish them from built-up urban areas (3). This also results in rural communities having better healing effects than urban environments, making them an ideal place to which urban residents can travel to restore their physical and mental health (4). Streets are the leading basic service facilities for production and life in the vast rural areas. With continuously increasing construction, their status and role in the development of the entire rural community have become increasingly prominent. However, most rural community streets are still dominated by basic functions such as ensuring traffic in the planning and design process, which ignores their healing potential (5). It is worth noting that there are indeed some roads in rural communities that do not match the definition of urban streets in the usual sense (6). According to the actual situation of rural communities, the streets explored in this study refer to open public linear spaces that meet transportation needs, and whose spaces mainly include the space surrounded by the bottom interface and the side interface, and can be perceived as a whole space.

With the emergence of the soundscape concept, the research scope of the acoustic environment has expanded from traditional noise control to multidisciplinary research (7). Related studies have found that the study of the healing potential of the environment by visual perception alone cannot provide comprehensive guidance for actual landscape design (8). Research on integrated audiovisual environments, including soundscapes, could improve the impact of the real environment on people's body and mind (9). Research on the healing potential of rural community street landscapes in an integrated audiovisual environment can provide a scientific basis for the planning and design of rural community street landscapes and meet the aesthetic and healing needs of the public through multisensory experience.


Street Healing Environment

The theory of healing environment was an important experimental psychology research result from the perspectives of reason and experience (10). Linked with empirical design, attention recovery theory (ART) (11), proposed by Kaplan, provided strong support for the view that the environment has a healing effect. ART argues that the healing environment has four characteristics: being away, fascination, extent, and compatibility, which represent the four-stage gradual influence process of the environment on people's emotional and cognitive recovery (11). Natural landscape elements are considered important indicators for predicting the potential of environmental healing. At present, most research on the healing environment focuses on natural green spaces or green spaces in high-density urban environments (12–14). In recent years, because of their natural characteristics, the streets have received attention from scholars for their potential healing effects. Shao et al. researched urban commuter streets and found that “terrain undulations” and “green plants” could promote subjects' healing experience; elements such as buildings, walls, and cars would hinder subjects from obtaining healing perception to varying degrees (15). Jiang et al. and Xu et al. found a positive correlation between green visibility and healing potential in urban life-type streets through virtual media studies such as images and that the more open the street interface, the more attractive it was (16, 17). Mohamed et al. proved that different kinds of trees near urban streets reduced subjects' negative psychological states of stress, fatigue, confusion and anxiety in different ways (18). These studies have discussed in detail the factors influencing the healing effectiveness of streets in the context of the landscape's visual elements, but most of their research focuses on a single type of street in a high-density urban environment, with less attention paid to the street environments of rural communities, much less to the study of different types of street healing environments in rural communities, making it difficult to summarize the methods for enhancing the healing potential of various types of streets in a targeted manner.



Audiovisual Integrated

Research on the healing environment from the perspective of visual or auditory perception has found that natural visual features (such as water, trees, flowers) and natural auditory features (such as birdsong and the sound of running water) has a positive predictive effect on the healing potential of the environment (9, 19). However, the environment is an ecological entity that includes landscapes, soundscapes and human (20), and its effects on human health and wellbeing also accumulate through a variety of sensory pathways. In particular, the interaction between vision and hearing has a significant impact on the healing potential of the environment. Previous studies have found that visual stimuli affect the comfort and preference evaluation of soundscapes, and vice versa (21, 22). For example, the evaluation of soundscape with visual landscape is significantly higher, audiovisual stimuli associated with nature are thought to have better health benefits than visual stimuli alone (9), and natural landscape elements can improve the quality of residential restoration and reduce traffic-related annoyances by visually identifying and screening noise sources (23, 24).

Sound recognition and classification has become indispensable to research on the integrated audiovisual environment, and its impact on the healing potential of the environment cannot be ignored. In natural parks, traffic noise had a negative impact on the beauty, preference, naturalness, and security of the scenery (25), whereas birdsong was considered the natural sound that most enhanced environmental aesthetic preference and healing perception (26). The interaction between traffic noise and birdsong has also attracted academic attention. Birdsong has been proved an effective way to improve soundscape quality, especially in reducing noise damage to health (7). In addition to the type of sound, loudness is also an important predictor of restorability. Sound pressure level (SPL) is a common physical quantity for sound loudness measurement (27), with a direct effect on noise-induced annoyance; and within a certain SPL range, different sound types can play a certain role in intervention. For example, when traffic noise increases, louder birdsong can effectively improve soundscape quality, but when the traffic noise exceeds 57.5dB, annoyance increases as birdsong SPL increases (7). The interaction between the sound type and the SPL has been shown to have a certain impact on the environment's healing potential, but existing research lacks further discussion on this aspect.



Research Questions

In addition, controversies remain in the current healing environment research based on the integrated audiovisual environment. For example, some studies have pointed out that a higher green viewing rate causes people to overestimate the perceived loudness of noise (28). This is contrary to the conclusion, in a large number of published research results, that greening can alleviate noise annoyance (29). This may be because experiments in real environments are affected by many uncontrollable factors; the use of controlled laboratory experiments can provide a realistic and immersive audiovisual reproduction system to avoid such problems. The reproduction method based on audio external playback and virtual image is more realistic and reliable for overall soundscape quality, sound-related attributes and environment-related spatial attributes. Therefore, this research has been conducted in the laboratory to improve sound type and SPL processing precision and reduce the influence of other factors.

In view of the above discussion, the main research questions of this study are as follows:

(1) What are the differences in the subjective perceptual evaluations of different types of rural community streets?

(2) How does the interaction between sound type and sound pressure level affect the subjective perception evaluation of rural community street environments?

(3) What is the relationship between visual aesthetic preference, auditory subjective loudness and subjective perception of healing in rural community street space in an integrated audiovisual environment?

(4) What is the correlation between subjective healing perceptions and objective physiological data?




MATERIALS AND METHODS


Study Area and Photographs

Street pictures have the advantages of convenient operation and strong experimental control. It has been proved that there is no significant difference from the experimental data when viewing the actual landscape (30–32). The photographs used in this study were taken in four rural communities in the Pidu District of Chengdu, Sichuan Province, China (Figure 1). After field investigation, the rural street environment was divided into nine types according to spatial openness and street interface elements by five experienced landscape architects. These include artificial enclosure, natural enclosure, artificial–natural enclosure, artificial semi-enclosed, natural semi-enclosed, artificial–natural semi-enclosure, natural–artificial semi-enclosure, artificial open, and naturally open type. Artificial enclosure, artificial semi-enclosed, and artificial open were the street landscape types with a higher degree of manpower in rural communities. The two sides of their interface were composed of buildings, walls, or hard pavement, but the height of the buildings on both sides of the street in the rural community is about 3–8 m, much lower than that of the urban buildings, and the building density was also lower.


[image: Figure 1]
FIGURE 1. Study area and the location of nine different types of streets.


Artificial–natural enclosure was a type of landscape with a moderate degree of artificiality. One side of the street is surrounded by buildings or walls, and the other side is surrounded by trees. Artificial–natural semi-enclosure and natural–artificial semi-enclosure type referred to one side of the street surrounded by buildings or trees, and the other side was open farmland or square. Natural enclosure, natural semi-enclosure and naturally open had the lowest degree of manpower. Compared with urban streets, farmland was a unique interface element of rural community streets.

According to the above classification, nine rural community streets in the study area were selected as the research objects, and field photos were taken in May 2021 when the weather was clear and haze free (PM2.5 < 100). Shooting took place in the morning and afternoon, between 9:00 and 11:30 and between 13:00 and 16:00. The Nikon D7500 SLR camera was used to shoot street photographs. The camera was placed on a stand with a height of 1.5 m. The shooting angle was parallel to the road surface, and the position was centered on the sidewalk. The shooting maintained a horizontal frame and a certain depth of field to capture the main features of a given scene. A total of 312 photographs were taken. After excluding those that did not meet the requirements, 119 candidate street photographs remained, including 15 sheets of artificial enclosure streets, 15 sheets of natural enclosure streets, 12 sheets of artificial–natural enclosure streets, 13 sheets of artificial–natural semi-enclosure streets, 17 sheets of natural semi-enclosure, 15 sheets of artificial–natural semi-enclosure streets, 12 sheets of natural–artificial semi-enclosure streets, 10 sheets of artificial open streets, and 10 sheets of naturally open streets. These photos were imported into Adobe Photoshop 2019CC software to remove the text, symbols, and other irrelevant factor in the photographs. The brightness, color saturation, and contrast of each photograph were adjusted for consistency to eliminate the perceptual deviation caused by the photographs itself. A representative photograph of each landscape type was selected by five landscape architects. Their criteria included good photographic quality and wide differences between different types of street space. Finally, nine photographs were selected as experimental materials. each of which represents one rural community streets type (Figure 2). Because this research aimed to explore the differences in the healing potential of different types of rural community streets at the visual level, the street photographs with the most typical characteristics were selected rather than the strongest or most attractive landscape photographs.


[image: Figure 2]
FIGURE 2. Pictures of the different street types taken in study area.




Sound Collection and Combination of Audiovisual Scenes

In this study, birdsong and traffic noise were recorded by field investigation. Mono source audio was recorded near the source without interference from other sounds. The recording were placed on a tripod 1.5 m above the ground and more than 3.5 m from other reflectors. No rain, snow or thunder and lightning occurred during the measurement and acquisition period, and the wind speed was <5 m/s. Although an analysis based on sound level measurements was not the main objective of this research, sound levels (dBA) were also recorded in order to obtain a guidance of the physical sound levels at the rural community streets. To accomplish this, a total of 9 sampling points were set up, all located within 5 m of the research objects, and the measurement time for each sampling point was 10 min (33). The average of the LAeq values measured at 9 sampling points was used as the final rural community street environmental SPL, and the LAeq value is 55dB(A). The two audio clips with the best recording effects were imported into Adobe Audition CC2017 software and processed into clear and complete audio with the same frequency. Finally, the two sound audios were combined according to different sound pressure level ratios, and three composite sound audios composed of two sound types and three SPL were interactively combined (Table 1) for 30 s each (34). The SPL calibration of the above audio was done using Zhaohua Electronics CRY318 artificial ear wearing SONY 1000XM4 noise reduction headphones. During the calibration process, the volume was adjusted using Adobe Premiere so that all sound signals were close to 55.5dB(A).


Table 1. Sound combinations.

[image: Table 1]

The nine visual images and four composite sound combinations extracted by the survey were combined one by one in Adobe Premiere software, and finally 36 sets of audiovisual scene videos were obtained as control experimental materials. The duration of each set of videos was 30 s.



Participants

Luo et al. used college students as research objects in the research on the perception and restoration of rural blue-green space and obtained good results (35). Therefore, college students who had been under chronic stress and sub-health conditions for a long time were selected as the research objects of this study. Posters on campus were used to recruit students meeting the following requirements as participants in this study: (1) between the ages of 19 and 26; (2) in good physical and mental health, without alcoholism, smoking, or other bad habits; (3) no major recent life changes; and (4) normal vision and hearing.

Studies have found that people are more likely to experience healing when they are alone (36). Participants in this experiment were asked to participate one by one, and there was no external interference during the experiment. Fifty-seven people were recruited for this experiment, including 28 males and 29 females, with an average age of 22.6 ± 1.7 years old. During the entire study period, participants were asked to avoid drinking and vigorous physical activity. The experiment was completed in approximately 40 min. The study was approved by the local ethics committee of the College of Landscape Architecture, Sichuan Agricultural University, China; all subjects voluntarily participated in the experiment.



Measurement of Participants' Perception
 
Subjective Evaluation Questionnaire

The subjective evaluation questionnaire of this study consisted of three parts: the visual aesthetic quality (VAQ) of visual perception of landscape, the tranquility rate (TR) in auditory perception, and the restorative components scale (RCS). VAQ, defined as “beautiful and striking” (37), was rated using a 5-point Likert scale (ranging from 0, “totally disagree,” to 4, “totally agree”). “Quiet” and “Noisy” were used to describe the two ends of the tranquility rate (ranging from 0, “very noisy,” to 4, “very quiet”) (38). The RCS developed by Laumann et al., used as an evaluation tool for subjective healing perception in this study (39), consisted of four dimensions: being away, fascination, extent, and compatibility. Four items suitable for street environmental assessment were selected as a short modified questionnaire (40) (Table 2), and subjects used 0–4 points to describe the degree of agreement between each question and their actual perception. The score of each dimension was obtained by calculating the average score of 57 subjects, and the average of the overall scores of all dimensions was taken as the overall healing perception score of each audiovisual scene.


Table 2. The restorative components scale used in this experiment.
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Physiological Indicators

Pulse and blood pressure measurement with the OMRON HEM-7124 portable blood pressure meter (41). When the human body was in a relaxed state, diastolic and systolic blood pressure decrease, whereas in a high-pressure and tense state, diastolic and systolic blood pressure increase. At rest or relaxation, the parasympathetic nervous system becomes more functional, pulse becomes slower, and blood output at each stroke decreases. When the individual is in a state of high tension or stress response, sympathetic nervous system excitation increases, parasympathetic nervous system excitation decreases, and the body shows a rapid pulse.




Procedure

The experiment was carried out in a laboratory that was ventilated, quiet, and soundproof with no visual disturbance (Figure 3). In addition to the participants, a staff member was present in the laboratory. The staff did not need to communicate with the participants during the experiment. Images and audio and informative information were presented in the slideshow.


[image: Figure 3]
FIGURE 3. Experimental scene [(a) the participants was waiting in the waiting room to rest and fill in relevant information; (b) the experimenter is conducting the experiment].


The experiment was carried out May 22–27, 2021. The daily average temperature and humidity during the experiment were 24.3 ± 2.3°C, 76.2 ± 9.9%. The participants were randomly divided into groups of ten. Participants received an email 1 day before the experiment containing experimental precautions and process details. This helped participants to complete the experiment smoothly and reduced field data collection errors. On the day of the experiment, the participants arrived in the experimental lounge to sit and wait for 10 min and fill in the written informed consent form and personal information. Afterward, the participants were asked to sit in front of a blank computer screen in the laboratory and wear noise-canceling headphones and a portable blood pressure monitor, and the staff measured the participants' initial heart rate and blood pressure. During the experiment, the participants first watched nine silent photographs and then experienced 27 groups of audiovisual scenes with added sound combinations. All scenes were presented in random order. Each photographs and scene were displayed continuously for 30 s (30), and subsequent scenes were displayed after an interval of 1 min. During the interval, the participants were asked to rate the VAQ, tranquility rating (TR) and RCS of the previous scene, and the staff measured the participants' heart rate and blood pressure and recorded them (Figure 4).


[image: Figure 4]
FIGURE 4. Flow chart of single-person experiment for visual landscape and auditory soundscape evaluation.




Data Analysis

SPSS 22.0 was used to process the obtained data in this study. Reliability analysis was used to test the internal consistency reliability of the data from the 57 subjective evaluation questionnaires obtained in the experiment. Multivariate ANOVA was used to analyze the differences of subjective evaluation results under different street types and sound combinations in rural communities. The Kruskal-Wallis test was used to analyze the effect of street type and sound combination on the participants' physiological indicators. Finally, Pearson correlation was used to explore the correlation between VAQ, TR, RCS, and physiological index data of street space in rural communities under audiovisual interaction.




RESULTS


Internal Consistency Reliability

Cronbach's alpha value was used to measure the internal consistency of all subjective evaluation scales in the experiment. It is generally believed that Cronbach's alpha value >0.801 represents good consistency within the data (32). Between-group reliability test analysis showed that the RCS under visual photographs stimulation and the RCS under combined audiovisual stimulation had high internal consistency. Specifically, the Cronbach's alpha value of the questionnaire evaluated under the visual image stimulus was 0.925, and the Cronbach's alpha value of the questionnaire was evaluated under the audiovisual combination stimulus of 0.913.



Influence of Street Type and Sound Combination on the Subjective Perception Evaluation of Street Space in Rural Communities
 
Difference Analysis of Street Type and Sound Combination on the VAQ

Multivariate ANOVA showed that different street types and sound combinations had significant effects on the VAQ of street space in rural communities, and there was no interaction between street types and sound combinations (p = 0.96 > 0.05).

As shown in Figure 5, the average score of VAQ of all types of streets in rural communities was super-moderate (>2 points), indicating that the overall landscape condition of rural community streets was good, but there were significant differences in scores among different types of streets. Specifically, the VAQ score of artificial–natural enclosed (V3) streets was the highest (3.26 ± 0.84), which was significantly higher than that of all types of streets except natural semi-enclosed (V5) streets. Followed by natural semi-enclosed (V5) streets, its score was significantly higher than other types of streets (3.22 ± 1.08) except for that of artificial–natural enclosed (V3) streets and natural enclosed (V2) streets. Artificial semi-enclosed (V4) streets (2.86 ± 0.98) and artificial–natural semi-enclosed (V6) streets (2.86 ± 0.93) had the lowest VAQ evaluation, significantly lower than natural enclosed (V2) streets, artificial–natural enclosed (V3) streets, natural semi-enclosed (V5) streets, and natural open (V9) streets.


[image: Figure 5]
FIGURE 5. Comparison of visual aesthetic quality (VAQ) for different street types (A) and different sound combinations (B).


And the overall VAQ evaluation (3.39 ± 0.68) of the street images with the S1 sound combination was significantly higher than that with silent images only (3.24 ± 0.78), whereas the score of street images with S2 sound combination was significantly lower than that with silent images only (3.02 ± 0.77). Street images with S3 sound combination scored the lowest (2.42 ± 1.17). Results revealed that the VAQ evaluation of street space in rural communities was significantly improved by the sound combination with 70% birdsong but significantly decreased in the sound combination with 50% or less birdsong.



Difference Analysis of Street Type and Sound Combination on Auditory Subjective Loudness Evaluation

Multivariate ANOVA was used to explore the influencing factors of TR of street photographs in rural communities. The results showed that both street type and sound combination had significant influence on the TR of rural communities, and there was an interactive relationship between street type and sound combination.

Simple effect analysis was used to explore the interaction between street types and sound combinations. It was found that the participants' TR for artificial–natural enclosure (V3) streets was the highest (3.32 ± 0.82) and significantly higher than that of artificial enclosure (V1) streets, artificial semi-enclosed (V4) streets, artificial–natural semi-enclosure (V7) streets, and artificial open (V8) streets when viewing photographs without sound. The TR of artificial semi-enclosed (V4) streets was the lowest (1.79 ± 1.25) and was significantly lower than that of natural enclosure (V2) streets, artificial–natural enclosure (V3) streets, natural semi-enclosed (V5) streets, natural–artificial semi-enclosure (V6) streets, and naturally open (V9) streets. After S1 was added, the TR of natural semi-enclosed (V5) streets was the highest (3.16 ± 0.85), but it was significantly higher only than that of artificial semi-enclosed (V4) streets and artificial-natural semi-enclosure (V7) streets, whereas the TR of artificial-natural semi-enclosure (V7) streets was the lowest (2.18 ± 1.09), significantly lower than that of natural enclosure (V2) streets, artificial–natural enclosure (V3) streets, natural semi-enclosed (V5) streets, natural–artificial semi-enclosure (V6) streets, and naturally open (V9) streets. After S2 was added, the TR of natural enclosure (V2) streets was the highest (2.04 ± 1.24), significantly higher than that of artificial semi-enclosed (V4) streets (1.37 ± 0.98). In the context of S3 sound combination, street type had no significant effect on TR of street space in rural communities (Figure 6).


[image: Figure 6]
FIGURE 6. Comparison of different types of street TR.


For street types other than artificial semi-enclosed (V4) streets, there was no significant difference in TR when viewing images without sound and adding S1 sound combination (Figure 7). All types of street photographs combined with S1 had significantly higher TR than those combined with S2 or S3. The TR of all types of street photographs combined with S2 were significantly higher than those of S3. In conclusion, the sound combination with 70% bird song (S1) improved the TR of street space in rural communities more than other sound combinations (S2 and S3) and brought people more peaceful auditory experiences.


[image: Figure 7]
FIGURE 7. Comparison of street TR under different sound combinations.




Effects of Street Type and Sound Combination on Subjective Healing Perception

Multivariate ANOVA was used to analyze whether different types of streets and different sound combinations differed significantly in subjective healing perception of street space in rural communities. It was found that different types of streets and different sound combinations had significant effects on the evaluation of RCS of street space in rural communities and that there was no interaction between street types and sound combinations.

The questionnaire results (Figure 8) showed that the RCS score of artificially enclosed (V3) streets was the highest (2.42 ± 0.88), which was significantly higher than that of all types of streets except naturally enclosed (V5) streets. The score for natural semi-enclosed (V5) streets was 2.30 ± 0.91, significantly higher than that of other types except for artificial–natural enclosed (V3) streets. The lowest RCS score was found in the artificial semi-enclosure (V4) streets (1.81 ± 0.98).


[image: Figure 8]
FIGURE 8. Comparison of RCS scores for different street types (A) and different sound combinations (B).


The RCS evaluation of the street photographs with the S1 (2.26 ± 0.69) was significantly higher than the score when only watching the photographs without sound (2.35 ± 0.83), whereas the street photographs with the S2 were significantly lower than the score when viewing the silent photographs was (2.10 ± 0.80), and the street image that added the S3 sound combination had the lowest score (1.28 ± 0.92). The results showed that the sound combination with 70% birdsong (S1) could significantly improve the subjective healing perception of the street space in rural communities, whereas the sound combination with 50% birdsong or less (S2 and S3) had a significant negative impact on the subjective healing perception of the street space in rural communities.




Effects of Street Type and Sound Combination on Objective Physiological Indicators

The Kruskal-Wallis test showed that neither the street type nor the sound combination in the rural community had a significant effect on the participants' pulse, whereas the sound combination had a significant effect on the participants' systolic and diastolic blood pressure (Figure 9). The data demonstrated that no matter what sound combination was added, the participants' systolic and diastolic blood pressure were significantly lower than those who only watched the silent photographs, but no significant between-group differences were found for the three sound combinations.


[image: Figure 9]
FIGURE 9. Comparison of systolic blood pressure (A) and diastolic blood pressure (B) under different sound combinations.




Visual Aesthetic Quality (VAQ) and Subjective Healing Perception

The results of Pearson correlation showed that when viewing the artificial–natural enclosed (V3) street photograph Under silent conditions, there was no correlation between the VAQ and the scores of “fascination” and “compatibility” factors. After the addition of S3 sound combination, the VAQ of natural semi-enclosed (V5) streets was not correlated with the evaluation of the four healing factors. In the rest of the audiovisual combinations, there was a significant positive correlation between aesthetic preference and various factors of RCS (Table 3). Overall, for all audiovisual scenes, there was a significant positive correlation between VAQ and total score of RCS. It showed that the VAQ of rural community streets was a positive predictor of subjective healing perception.


Table 3. Pearson's correlation results between VAQ and evaluation of RCS.

[image: Table 3]



Tranquility Rating (TR) and Evaluation of RCS

When viewing the silent artificial–natural enclosed street (V3) photograph, there was no correlation between TR and “Fascination.” But in other audiovisual combinations, there was a significant positive correlation between TR and various factors of RCS (Table 4). The TR of all audiovisual combinations was significantly positively correlated with the total score of RCS. Therefore, the TR of street space in rural communities was also an important predictor of subjective healing perception.


Table 4. Pearson's correlation results between TR and evaluation of RCS.

[image: Table 4]



Subjective Healing Perception and Physiological Indicators

Based on the above results, it was found that the sound combination had a significant effect on the participants' physiological indicators. Canonical correlation analysis was used to explore whether there was a relationship between subjective healing perception and physiological indicators under the influence of different sound combinations. The results showed that there was a significant correlation between evaluation of RCS and physiological index data in the street audiovisual combinations except for the silent street photographs. When the street photographs were combined with S1, the higher the evaluation of the four factors in RCS, the smaller the participants' pulse rate and the higher the systolic and diastolic blood pressure. When street photographs were combined with S2, with the increase in the evaluation of the four factors in RCS, participants' pulse rate and systolic blood pressure decreased and diastolic blood pressure increased. In the audiovisual combination of street photographs combined with S3, participants' pulse rate and diastolic blood pressure decreased and systolic blood pressure increased with the increase of “extent” and “compatibility” factor evaluation scores. The opposite was true when “being away” and “fascination” increased (Table 5).


Table 5. Results of canonical correlation analysis between RCS evaluation and physiological data.

[image: Table 5]




DISCUSSION


Influence of Streetscape Type on the Subjective Perception Evaluation of Streets in Rural Communities

There were significant differences in participants' VAQ and RCS score for different types of streets. Specifically, the VAQ and RCS scores of artificial–natural enclosed streets and natural semi-enclosed streets were significantly higher than those of other types of streets. Literatures had pointed out that a more visually perceived natural landscape element in the streetscape would bring better physical and mental healing effects (42). The rural cultural imagery and farmland could increase to the rural landscape preference (43). The more obvious the characteristics of the rural environment, the more it can make people feel far away from the daily life of the city (being away), attract people's attention and interest (fascination), and arouse people's rich thinking and association (compatibility) (35). This study further proved that rural community streets with enough greenery, local characteristic structures, and farmland landscape could significantly improve people's visual aesthetic preference and healing perception. Unexpectedly, although artificial buildings were defined by many studies as landscape elements that have negative healing impacts (44), participants rated the artificially enclosed rural community street in this study as highly preferred and perceived it as healing. This may have something to do with the pleasant street aspect ratio (45), because rural communities have much lower building density and height than cities, which makes them visually more open, natural, and attractive, rather than stressful and oppressive.



Effect of Sound Combinations on the Subjective Perception Evaluation of Streets in Rural Communities

The sound combination had a significant effect on the subjects' visual aesthetic preference, subjective healing perception, and blood pressure. Compared with the silent images, the VAQ and RCS of the subjects were significantly improved, and their blood pressure was significantly reduced when they experienced the audiovisual combinations related to S1. Participants reported significantly better healing sensations when stimulated by nature-related sounds rather than silent images of urban green spaces (9). This study went a step further and found that even in the presence of traffic noise, louder birdsong could significantly improve the healing properties of streets in rural communities. However, when the proportion of bird song decreased to 50 and 30%, the VAQ and RCS score of the scene presented by the same image gradually decreased below the scores of participants observing the silent image. The masking effect of sound should explain this conclusion. Hao et al. demonstrated that bird song does indeed have a masking effect on road traffic noise (32) and can distract people from the type of sound (46). However, this masking effect is significantly reduced when the noise is louder and people's attention is again focused on sound type. Noise often makes people anxious or irritable, which counteracts the therapeutic effects of the environment. While birdsong seems to provide a positive healing experience in either space (31), and traffic noise is the unmistakable “ambience spoiler,” when the two become a composite sound, the situation must be discussed separately. Through quantitative empirical study, this study indicated that adding low-volume birdsong (50% or less) has no significant effect on the healing potential of rural community streets and did not improve the noise environment.



The VAQ, TR and Evaluation of RCS

The population's aesthetic preferences play a crucial role in the relaxation and healing experience (47). Previous studies have pointed out that visual aesthetics should not simply be associated with the healing effect of the environment (48), but audiovisual perception elements should also be considered as important restorative characteristics of aesthetic value (9). This study proved that there was a positive correlation between the healing perception evaluation and aesthetic preference evaluation of different audiovisual combinations in rural community streets. Moreover, with the increase of the proportion of birdsong in the sound stimulus, participants' healing perception evaluation and aesthetic preference evaluation of the same street photographs increased, and vice versa.

Green space is said to have a significant positive correlation effect on environmental TR (49), and a good visual environment can reduce the perceived sound level by as much as 10 dB (50). This study demonstrated that subjective auditory loudness was influenced by visual and auditory interaction, and the higher the VAQ of the street, the quieter the sound perceived by people. At the same time, when the proportion of traffic noise in the sound combination reached 70%, the visual environment had no significant difference in the participants' evaluation of subjective loudness, which decreased significantly compared with other sound combinations. This finding might indicate that in future environmental planning and design, we should consciously enhance street beauty degree and avoid artificial noise in rural communities so as to create street spaces with restorative potential.



Physiological Indicators and Evaluation of RCS

In empirical studies on environmental therapeutic efficacy, physiological index data and subjective evaluation were usually combined as the reference standard of environmental healing effect. For example, in the forest recovery study, VAQ was not significantly correlated with eye tracker indicators but had a significant linear correlation with the tranquility rate (TR) (31). Through the canonical correlation analysis between physiological index data and RCS evaluation, this study pointed out that there was no correlation between physiological index data and the evaluation of the RCS when participants only viewed street photographs. In the case of combined audiovisual stimulation, there was a significant correlation between the physiological index data and evaluation of the RCS. Generally speaking, the greater the proportion of birdsong in the audiovisual combination, the higher the evaluation score of the RCS and the lower the pulse, but the blood pressure showed a non-linear trend, possibly because the factors affecting blood pressure are more complex (such as age, sex, and body mass index) (32). Subsequent studies should investigate different populations in detail.



Implications and Limitations

Empirical studies using a simulated environment with a combination of photographs and audio proved effective, but participants' responses to the landscapes shown in the photographs may be limited by their imagination. Therefore, we suggest the use of VR technology in future quantitative research on the impact of multisensory experience on mental health. In addition, in the context of China's efforts to develop rural community construction, exploring the spiritual recovery needs and preferences of people from different demographic backgrounds is of irreplaceable importance, and studies on participants across broader social and cultural backgrounds are still needed to confirm the validity of the current findings. Finally, the use of two-voice composite audio might be too ideal for a realistic environment. In future research, different types of sound stimuli could be considered to enrich research results (such as other common rural animal sounds), and the finer sound combinations would be considered. Introducing more sophisticated physiological measurement equipment in future research to detect changes in people's physiological and mental states may also be possible.




CONCLUSION

As an important aspect of creating a healthy public environment in rural communities, improving street visual landscape and soundscape quality can improve the healing effect of rural community, thereby bringing great health and wellbeing to people. This study indicated that natural landscape factors, rural cultural imagery, and natural sounds can significantly enhance the healing utility of street spaces in rural communities. The data showed that streets with sufficient natural landscape elements and unique rural cultural intention had a significant positive impact on people's visual aesthetic preference, subjective environmental loudness perception, and healing perception. The therapeutic efficacy of street images in rural communities increased significantly with the addition of compound sound with 70% bird song and then decreased gradually with the decrease of bird song and the increase of traffic noise. Therefore, this study points out that the therapeutic effect of rural community streets can be improved by enhancing the rural cultural intention of streets and planting green plants, improving people's visual aesthetic preference and reducing subjective sound loudness. In addition, the soundscape in the streets of rural communities can be optimized to improve the therapeutic efficacy of the streets of rural communities by increasing the proportion of sound levels of birds with positive therapeutic efficacy. Qualitative and quantitative research results complement each other to improve scientific nature and reliability and may also promote more interesting findings in future research.

In view of China's unique national conditions, the rapid development of urban and rural integration in China, and the background of the new national spatial planning, our study provided new insights into the construction of a healthy public environment in rural communities from the standpoint of audiovisual integration. Therefore, designers of future rural community street spaces should consciously provide bird habitats, form beneficial therapeutic landscapes through site optimization and plant screening; and sound the horn to reduce noise in the street environment, so as to give greater play to the healing effect of the audiovisual experience of rural community street spaces.
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