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The rapid development of cities results in many public health and built-up environmental problems, which have vital impacts on children's growth environment, the development of children, and city contradictions. There is a lack of children being a main concern when constructing new urban areas or reconstructing old districts. Children's activity spaces tend to be standardized and unified (kit, fence, and carpet) “KFC style” designs, which leads to the urban neighborhood space and the environment being insufficient to attract children to conduct activities. Therefore, starting from the urban neighborhood space environment, this paper explores what kind of spatial environment is needed for children's physical activity and its impact on children's physical activity. Taking six residential areas in the Changchun Economic Development Zone as the research object, based on the theory of children's ability development and game value, this paper uses the Woolley and Lowe evaluation tool to quantify the impact of the theory on the urban neighborhood space environment and children's physical activity. It can be confirmed that there is a significant correlation between the spatial characteristics of an urban neighborhood and the general signs of the environment on the duration and intensity of the physical activity of children. The results show that: (1) the differences in children's ages result in differences in the duration and intensity of children's physical activity in the urban neighborhood space environment; (2) the open space factor of the neighborhood space has the most significant influence on the duration of children's physical activity; (3) in terms of the environmental characteristics, whether children can be provided with education and learning opportunities has a significant impact on the duration of children's physical activity; (4) there is a significant positive correlation between children's age and the duration and intensity of the physical activity, exercise type, and imaginative activity. These results show that the urban neighborhood space environment can affect the duration of children's physical activity. In future urban residential area planning and design, urban children can meet the self-demand of physical activity in the neighborhood space through the reasonable balance and combination of neighborhood space characteristics and environmental characteristics.
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INTRODUCTION

A large number of studies have focused on the link between child health problems and environmental characteristics, such as the impact of neighborhood spatial security on physical activity (1), and the report on the impact of low-income neighborhoods on youth physical activity (2). It mainly follows the logic of “spatial demand-influencing factor-planning strategy” (3, 4), and makes a systematic study on the demand and planning strategy of urban children's outdoor public space (5, 6). Western countries that have experienced earlier urbanization are gradually aware of the negative impact of rapid urbanization on children's physical and mental development. High-rise and high-density urban development has squeezed children's public activity spaces, such as outdoor playgrounds and green spaces (7, 8). The independent activity and physical activity levels of children in outdoor public activity spaces have decreased sharply in many countries (9–11). However, childhood obesity, cardiovascular disease, and psychological disease have increased significantly each year (12). A lack of physical activity is one of the leading causes of children's health problems. Health environment research has a long history (13, 14). In recent years, the neighborhood environment's impact on health, which is a microspatial scale effect, has received little attention (15, 16). Neighborhood space, as the closest to life space category in residents' daily lives, is also the primary place for children's daily activities, and thus the neighborhood space has a broad impact on children's physical and mental health (17, 18). According to the theory of children's ability development, Woolley defined the developmental themes of children's activity space as “environmental,” “physical logical,” “social,” “creative,” and “educational.” In outdoor activity spaces, children's social, emotional, cognitive, and mental health development can be promoted through game activities (19–22).

The opportunity to promote physical activity in a neighborhood environment means creating the environment. Through environmental construction, mobility can be reduced to promote deep-seated interaction and communication. The environmental perception is people's subjective feelings and psychological judgements of the surrounding environment and its changes and is the psychological basis of people's environmental behavior. Only through the cognitive environment can human beings guide their behavior through the environment. Children generate information via landscape stimulation through perception, generate cognition, and form a corresponding emotional reflection, which will affect the degree of engagement of children in physical activities. It is essential to understand the relationship between the neighborhood environment, children's physical activity, and their growth and development. The rationality and scientificity of neighborhood environmental activity space planning and design from children groups' perspectives can effectively promote children's physical activity. They will affect children's behavioral mode and health status in the future (23, 24), which are very important for their healthy growth.

With the rapid development of urbanization, urban construction has improved rapidly. Nevertheless, the development of children's playgrounds is relatively backward, and they are not adequately planned and allocated, reflecting the contradiction between children's needs and the urban development. The allocation of public resources in a fair and just society must be based on maximizing the interests of the weakest. As the lowest level of many groups, children should be the group that the government pays the most attention to when formulating public policies (25). Children's playground design tends to be instrumental and indoor as a socially vulnerable group due to their fundamental demands that are not easy to express (26, 27). For children, the urban outdoor activity spaces are hugely compressed. As children interact most closely, the physical activity status of urban neighborhood spaces has become an urgent research topic (28). To address the particularities of children groups, the security problems and responsibility of children's playgrounds are also reasons that children's playgrounds excessively rely on finished game facilities. Moreover, the spatial environment around children's residences is incredibly closely related to children's physical activity (29, 30), and the global positioning system shows that 63% of children's physical activity is near their residences (31). It has been shown that the community neighborhood space environment is the most essential outdoor activity space for children, and the space's environmental quality has also become the most critical factor affecting children's physical activity (32). Besides, Western countries mainly focus on single-factor investigations from the perspective of hygiene, focusing on children's health and physical activity levels.

This study was conducted to investigate the physical activities of children in the neighborhood space. Starting with the social attributes of children, this paper analyses the correlation between children's physical activity types and the spatial factors in their neighborhood and environmental factors to explore the needs of children's activities for the spatial environment.

Therefore, based on the theory of children's psychological cognitive development, the relationship between the urban neighborhood space environment and children's physical activity is quantified. Specifically, our aim is to explore the influence of the neighborhood space and children's physical activity from a microdesign perspective by quantifying the physical activities of children in neighborhood spaces.

In this work, we ask the following research questions:

Research question 1 (RQ1): Does the difference in children's ages affect the duration and intensity of physical activity in urban neighborhood spaces?

Research question 2 (RQ2): Among the spatial characteristics and environmental characteristics of urban neighborhoods, such as vegetation, are there relevant factors affecting the duration and intensity of children's physical activity? What factors are related to the duration and intensity of children's physical activity, and which factor has the most significant impact on the factors affecting the duration and intensity of physical activity?

Research question 3 (RQ3): Does the type of physical activity in children affect the conclusions already observed?



METHODS


Scope of Study

In domestic research, a “neighborhood” has no clear regional boundary in terms of spatial elements, so it usually refers to a neighborhood space defined by the community's administrative division. In the investigation and visiting process, it was found that the residents of each community do not flow frequently, and most of the activities are concentrated in the residential area. Therefore, compared with the community, the residential area is more in line with the concept of a “neighborhood” (15). In this study, the residential area is taken as the spatial unit of neighborhood research, and six residential areas of the Changchun and Technological Development Zone are selected as the research objects, as shown in Figure 1. They are the following: Fulin Jiayuan, Sade Xinyuan, Dongfang Wandacheng, Linhe Fengjing, Tiandi Shierfang, and Beihai Lijing. There are many residents and children here, and the residential area was built at an exact time. It has social and economic characteristics, reflecting the physical space environment surrounded by urbanization (28). Therefore, the research will help to obtain universal research results.


[image: Figure 1]
FIGURE 1. Location and scope of the study.




Research Method

Through field visits, the spatial notation method (33, 34) was used to observe the situation and form of children's physical activity in the neighborhood environment activity spaces, and the assignment method was adopted to assess the intensity of physical activity. First, children's activity intensity was divided into five levels: low, lower, medium, higher, and high. The values ranged from 1 to 5 (35) from low to high, respectively. The average value of children's physical activity intensity indicated that children were living. All types of activities occur in busy times. This value is relative. The higher the value is, the higher the intensity of the physical activity. Second, a questionnaire was designed to investigate the types and characteristics of children's physical activity in the study area, and the Woolley and Lowe assessment tool was used to evaluate the spatial characteristics and environmental characteristics of the neighborhood outdoor space (37). Based on the concept of children's activity game value and the research from many fields, the British researcher Woolley (38) proposed corresponding evaluation tools based on the relationship between children's space design and the activity value.

In the preliminary survey, it was found that most of the children who play independently on outdoor playgrounds do so most often on weekends. Therefore, this survey focuses on the weekend. During this period, there were large numbers of children and sufficient samples. After asking parents' permission and the child's consent we started these research activities. We explained our organization and identity to the interviewees (certificates and letters of introduction issued by the school), and ensured that all the information of the interviewees would only be used for this academic research and would never be disclosed through any means which made the interviewees fully trust our research team and then they authorized the research. Besides, fill in the questionnaire. We explained the reason and purpose of our research which aimed at exploring the influence of environmental and space on children's activities. Meanwhile, only one respondent was surveyed to elaborate and explain the problem. Therefore, both the children themselves and their guardians are willing to provide information, and the respondents' confirmation of the authorization of information is included in each questionnaire. During the questionnaire distribution, we distributed questionnaires one by one, filled them out, collected them, and then issued the next questionnaire which needed a number of volunteers conducting research together. In this way, the recovery rate of the questionnaire is guaranteed. At the same time, if the recruiters do not understand the contents of the questionnaire when filling in the questionnaire, the volunteers can give immediate and timely reply, which ensures the efficiency of the questionnaire. A total of 510 questionnaires were distributed, and 500 were recovered. Of these 500 questionnaires, which 498 were valid, and the effective response rate was 97%. The questionnaire content involves children's age, time, frequency, activity type, and evaluation of the spatial and environmental characteristics of children's activities in residential areas.



Research Object

Due to children's limited cognitive ability, only 4- to 15-year-old children were investigated and divided into three age groups: 4–7, 8–11, and 12–15 years old. The selection of the children as the research objects is based on the following two reasons: (1) According to the cognitive development theory of child psychologist Jean Piaget (36), the developmental concept of the interaction between children's psychological development and environment (37) defines this as appropriate, and children's physical and mental characteristics are shown in Table 1. (2) Four- to 15-year-old children have relatively healthy independence, and they have more opportunities and types of physical activities in which to participate. Game activities are the main activities of children in the age group, and they have a clear image and initiative in the process of playing (26). The diversity of activity types is more abundant, they can express their wishes, and the influence of guardians on children's activities is small (39). Children aged 8–11 and 12–15 were interviewed face-to-face, and questionnaires were used. Parents or child caregivers completed the questionnaires reviewing the neighborhood space's physical activities for the children aged 4–7.


Table 1. Characteristics of children's psychological development and their environmental needs.
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Reliability and Validity

Statistical Package for the Social Sciences (SPSS 20.0) was used to process the data to analyse the validity and reliability of urban neighborhood spatial environmental activities. The factors involved in the questionnaire were standardized with SPSS 20.0, and then reliability analysis was conducted. Reliability analysis was used to study the reliability and accuracy of quantitative data. When analyzing the α coefficient of the questionnaire (Cronbach's α coefficient), if this value is higher than 0.8, it indicates high reliability. The Cronbach's α coefficient of this study is 0.841. The KMO and Bartlett test are used to verify the validity. The KMO is 0.801 and >0.8. Thus, the validity of the research data is excellent. Therefore, it can be inferred that the questionnaire's validity and reliability are promising, indicating that the data are real and practical.




RESULTS


Data Statistics

As shown in Table 2, regarding age, the age frequency distributions of the three sample groups are not significantly different, which shows that the age distribution of children in urban neighborhood space activities is relatively uniform. Nearly one-third of the children in the sample had an activity duration of “more than 90 min,” accounting for 29.80% of the total. In terms of physical activity intensity, 61.20% of children's activity intensity was at high and medium-high levels. Furthermore, 39.00% of the activity time was in the “afternoon.” Besides, the proportion of evening samples was 38.20%, and more than half of the activity time was in the afternoon and evening. Additionally, the types of children's physical activities were statistically analyzed, as shown in Figure 2. We found that in the neighborhood space, the activity frequency of kicking a ball was the highest. The frequency of slide activity was the lowest; and the frequencies of rock climbing, swinging, playing hide and seek, painting, skateboarding, cycling, and the five other types of activities were not significantly different.


Table 2. Analysis of children's age, activity period, activity duration, and intensity.
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FIGURE 2. Proportion of physical activity types in children.




Children's Physical Activity and Neighborhood Spatial Relationship

In this section, we review the research issues. Analysis of variance (single-factor analysis of variance) was used to study the difference between children's age and the duration and intensity of physical activity. Therefore, we can answer research question 1 (RQ1). Table 3 shows that different age samples have a significant effect on the duration and intensity of physical activity (p < 0.05), which means that different age samples have significant effects on the different times and intensities of physical activity.


Table 3. Analysis of variance between the duration of children's physical activity and children's age.
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To answer research question 2, we calculated the correlations of the time and intensity of physical activity and the relationship between the intensity and the surrounding spatial environment. The Pearson correlation coefficient was used to identify the strengths and weaknesses of the correlation. Table 4 shows the results for the length of children's activities and the open space, different scales and types of space, vegetation, and the spatial characteristics of children's activities. There is a positive correlation between the physical boundary, and playable water and sand at a site. The physical activity intensity of children shows a negative correlation with the terrain, movable materials, the physical boundary of the site, and playable water and sand, which shows that these factors limit children's medium- and high-strength physical activities.


Table 4. Correlation analysis of the duration and intensity of children's physical activity and neighborhood spatial factors.
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Relationship Between Children's Physical Activity and Neighborhood Environment

The Pearson correlation coefficient was used to identify the strength of the correlation relationship between children's physical activity time and the neighborhood environment, as shown in Table 5. Among the factors related to children's physical activity time and the neighborhood environment, physical activity time was significantly negatively correlated with whether visual stimulation was used and whether education and learning opportunities were provided. This is a different answer to research question 2 (RQ2). Regarding the intensity of physical activity, whether the environment is challenging has a positive correlation and whether the space is attractive has a negative correlation with the intensity of activity.


Table 5. Correlation analysis of the duration and intensity of children's physical activity and neighborhood environmental factors.
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The Relationship Between Children's Physical Activity, Age, and Neighborhood Spatial Activity Types

Research question 3 (RQ3) questioned whether the type of physical activity would affect the duration and intensity of physical activity. As shown in Table 6, we analyzed the correlation between 14 types of children's physical activity. (1) The length of children's activities has a significant positive correlation with the types of activities, such as adventuring, performing programmes, and painting; and a negative correlation with the types of activities such as standing, sitting, and playing in a sandpit. (2) As for the intensity of the physical activity, it was negatively correlated with activities such as standing, sitting and playing in a sandpit and was positively correlated with cycling, playing football, playing hide and seek, exploring, giving performances, painting, rough-and-tumble, rock climbing, skateboarding, etc. Besides, we add that there is a significant positive correlation between children's age and swinging, sliding, cycling, playing hide-and-seek, exploring, playing in a sandpit, skateboarding, and other activities and negatively correlated with giving performances, painting, rock climbing, rough-and-tumble, and other activities.


Table 6. Correlation analysis of the types of children's activities.
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The types of children's physical activity are relatively diverse. Referring to the theory of availability and the description of children's physical game classification by Fjørtoft (3), the 14 types of children's physical activity are divided into four types: passive, physical, constructive and symbolic. They are shown in Table 7.


Table 7. Classification of children's activity types by Fjørtoft.

[image: Table 7]

As shown in Table 8, correlation analysis was used to study age; activity duration and intensity; and the passive, athletic, and imaginative types. The Pearson correlation coefficient was used to measure the strength of the correlation. The results showed that (1) there was a significant positive correlation between children's age and sports activities and a significant negative correlation between children's age and imaginative and constructive activities. (2) There was a significant positive correlation between physical activity and motor and imaginative activities and a significant negative correlation between the durations of physical activity and passive activity. (3) There is a positive correlation between the intensity of physical activity and the type of exercise and imagination. There is a significant negative correlation between the intensity of physical activity and the passive type and the construction type.


Table 8. Correlation analysis of children's activity types.
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DISCUSSION


Results of the Evaluation Tools

In previous research, we also studied the correlation between urban outdoor space and children's emotional and physical activities (11). The fairness of urban built-up environments for children is not high. The care given to children is insufficient (40). This study's main purpose is to explore the relationship between the spatial environment of the urban neighborhood and children's physical activity. The research shows that the relationship between the neighborhood's spatial characteristics and the physical activity of children can be evaluated following Woolley and Lowe. However, the evaluation results of the Woolley and Lowe assessment tool can objectively reflect the relationship between children's activities and space and show that there is a significant correlation between them. The results show a positive correlation between sports and constructive activities and children's age while there is a negative correlation between passive activities and the duration of children's activity. In terms of the duration and type of physical activity of children, the diversity of the spatial environment and spatial factors in urban residential areas promotes children's physical activity level. Simultaneously, it also provides more opportunities for children to choose their own preferred and suitable physical activities, enhances children's interest in activities, and reduces the possibility of children participating in passive physical activities (41). Besides, the influences of vegetation and the development space's elements on children's physical activity time are the most and second most important characteristics of neighborhood space; therefore, it is particularly important to ensure the equalization of children's activity space and green space vegetation in neighborhood space.



The Contradiction of Children's Activity Space

Since children's activity space tends to be a kit, fenced in, or PET, the excessive artificial design and uniform equipment and facilities in the activity field lack consideration of children's needs, limiting the level of children's outdoor physical activity. Therefore, the goal of the equalization of neighborhood space is to meet children's activities, emotional communication, physical development, etc. From the microdesign point of view, different from the previous study on whether the urban residential neighborhood space is child-oriented that showed that the main criteria include accessibility, safety, and employability (42), this study explored and analyzed the relationship among children's physical activity, spatial environmental factors, and children's physical activity types based on the spatial characteristics, environmental characteristics, and types of children's physical activity in an urban neighborhood. The diversity of neighborhood space environmental factors has a positive impact on the duration of children's physical activity, improving the quality of children's physical activity and allowing children to acquire the five abilities of “physical,” “social,” “emotional,” “creative” and “challenging” at the same time (43). The diversity also enables children to obtain pleasant feelings and rich experiences through physical activities, thus improving children's activities in the neighborhood space environment (43). In previous studies, we also confirmed that natural materials such as vegetation have a significant correlation with the duration of children's activity in the spatial environment. They can promote the duration of and intensity children's physical activity, and children with longer outdoor activity times have higher cardiopulmonary fitness (44) and better children's physical and mental health development (45, 46). However, there are few children's activity places with natural materials in the urban neighborhood space, which shows a significant deviation between children's own needs, the actual construction of the city and the habitual neglect and deprivation of children's rights (25).



Enlightenment on Children's Activity Strategy

Neighborhood space and its environmental elements play potential roles in children's activities, growth, and development. Based on the theory of mind (TOM) (47, 48), we can exchange our ideas, goals, and desires with others in activities and promote children's ability to make friends and socialize. Creating ambiguity in the spatial environment will enable children to explore more (49), which is the site's physical boundary index mentioned in the Woolley and Lowe evaluation tool. Therefore, the construction and design of children's outdoor space activity places need to consider children's unique attributes. Based on the interdisciplinary theories of children's psychology, environmental behavior, cognitive science, and development psychology (36), the national government should promote children-based policies and improve the construction of public space for children.



Limitations of Research

Based on the main relationship between the spatial environment and children's activity level, the results for the urban neighborhood spaces of other cities may be different due to economic and regional differences. Besides, most of the current relevant research on children's outdoor space design results from the perspective of children's psychological and physiological needs explores children's space needs at different ages and children's behavior development in different spaces while the research on activity intensity is relatively limited. It is hoped that our research can be used deeply explore the level of physical activity of children of different ages in different cities. This study is based on field surveys, questionnaire interviews, and direct observations. Although these qualitative survey data can be quantified, there is still a lack of instruments to detect the objective neighborhood space physical environment index and its impact on children's physical activity opportunities (9). Future research should be quantified using the objective indicators and the research precision and depth should be deepened.

Besides, we use Woolley & Lowe assessment tools in the environment and the space of two dimensions scores to add together in order to achieve the final evaluation score. Not only this way of statistics in statistical is easier to obtain the relationship between the two kinds of things but also the evaluation criterion that are included in the tool are applicable.It also can make more specific description for the environment and space specific, cause the angel to clearly understand of the meaning of the questionnaire, and let the results will be more credible. For the impact between the environment space and children's activities discussed in our study, it is more appropriate, and it is advantageous for the adynamic place of children and the score of value. This is of great reference significance to the establishment of evaluation criteria for the design of children's activity space. However, this evaluation tool originated in the UK, and to some extent has been influenced by the UK. If this tool is to be more widely used in the future, some evaluation criteria need to be adjusted and optimized.




CONCLUSIONS

The urban neighborhood space environment has an important impact on urban residents' physical and mental health, including children. This kind of neighborhood space environment in people's daily lives will affect basic well-being, such as health and safety, and the learning ability and development level of children.

In this study, the neighborhood space environment was used to explore the duration of children's physical activity, to study public space planning and design needs, and to ensure the allocation of children's activity space in the public space. Different from the traditional choice of the residential area surrounding environmental variables as the research area, we use the perspective of children to explore the impacts of the space and environment on children's physical activity and to explore the influence of several different characteristics on children's physical activity level. The aim is to shape and improve outdoor public space, create high-quality outdoor opportunities for children, make children healthier and more creative, and better integrate children into society.

First, regarding neighborhood space characteristics, vegetation landscape elements can provide visual aesthetic and interactive opportunities for children in outdoor activity spaces. There is a significant positive correlation between the duration of children's activities and the intensity of physical activities. Open space provides places for children's activities, group activities, and group activities, increasing the opportunities for children's extracurricular activities, thereby promoting children's physical activity level. Second, children's physical activity time can be prolonged by contacting the natural environment in the neighborhood space and providing children with the opportunity for operations or experimentation. Finally, regarding the types of children's activities, passive activities shorten the time of children's physical activities and limit the intensity of children's physical activities.
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