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Abstract

:

Urbanization promotes the development of human civilization but brings great challenges, such as air pollution, lack of water resources, and environmental damage, to the natural environment. Water conservation effectively alleviates the lack of water resources. Existing studies mostly focus on water conservation behavior in urban areas and overlook rural areas. This study takes rural residents in Chengdu as the research object and selects four villages to conduct empirical research and fill this research gap. A total of 165 valid questionnaires are collected after face-to-face interviews. First, descriptive analysis is used to analyze the current situation of rural residents’ water conservation behavior. Second, exploratory factor analysis and the binary logistic regression model are used to explore the relationship between building characteristics, water conservation attitudes, and water conservation behavior. The results show that (1) the rural residents’ water conservation attitude plays an important role in water conservation behavior; “environmental values” is the most significant factor, followed by “saving money and joint participation;” (2) rural building characteristics such as layout of the kitchen and shower facilities significantly affect the water conservation behavior of rural residents. Based on the analysis, several suggestions are made for building a new water-saving rural area in Chengdu, such as strengthening the publicity and education of water-saving behavior and subsidizing water-saving facilities. This research provides a theoretical basis for local government departments to formulate relevant policies and serves as a valuable reference for the protection of water resources in other rural areas.
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1. Introduction


Water resource plays an important role in people’s life [1]. However, the global water crisis is increasing daily with rapid urbanization and a growing population [2,3]. China is one of the countries with the poorest per capita water resources in the world. The per capita water resource was only 1971.8 m3 in 2018 [4], accounting for one-fourth of the world average [5]. Water pollution, water scarcity, and flooding are the top three water resource challenges in China [6]. Groundwater is overdrawn by 10 billion cubic meters annually, but water supply always cannot meet demand [7]. The lack of water resources has seriously affected people’s life not only in the urban area, but also in the rural area. For instance, more than 300 million residents in rural China have no access to safe drinking water [8]. Thus, research on the water shortage problem in rural China is of great significance.



Water conservation efficiently alleviates the challenges of water shortage [9,10]. This issue has gained much interest from practitioners and academia. There are various determinants affecting water conservation behavior. Several researchers argue that socio-demographic factors help predict water conservation behavior [11]. Some studies suggest that economic incentives, such as price control, are effective in encouraging the saving of water [12]. Several others propose that psychological characteristics, such as attitude, are critical determinants of water conservation [13,14].



Many studies believe that degree of urbanization will affect the water conservation behavior of residents [15,16]. Existing research focuses more on developed urban areas and less on rural areas [17]. In the past decades, the Chinese government built many infrastructures in rural areas, such as roads, hospitals, schools, and sewage treatment plants, which have greatly improved the living standards of rural residents. Moreover, the demand for water resources in rural areas is growing. China’s rural areas face several challenges, such as lack of water conservancy infrastructure, huge gap in the water quality between urban and rural areas, and scarce water supply [18]. Therefore, it is imperative to investigate the water conservation behavior of rural residents.



Therefore, this study takes rural residents in Chengdu, China, as the research object and investigates the influence of various determinants on water conservation behavior using exploratory factor analysis (EFA) and binary logistic regression. Based on the results, several policy suggestions are made on the planning, construction, and management of rural water resources in Chengdu, which can also be promoted to other regional governments.



The rest of the study is organized as follows. Section 2 reviews related studies. Section 3 introduces the research design and data collection. Section 4 describes the empirical analysis results and discussion. Section 5 concludes the paper.




2. Literature Review


The water conservation behavior of residents is complex and mainly affected by socio-demographical factors, water conservation attitudes, and building characteristics.



2.1. Socio-Demographic Factors


Related research shows that the socio-demographic characteristics of family and individual can significantly affect domestic water consumption. The influencing factors include income, age, belief, gender, family population size, etc.



Many scholars have studied the relationship between household income and water consumption. The results show that the higher the income, the higher the water consumption [19,20]. High-income families often have more water equipment, such as dishwashers, washing machines, swimming pools, and outdoor garden watering facilities, than low-income families [21]. Their daily water demand is much greater than that of the low-income cohort. Fan believes that high-income groups have a greater capacity to pay, and their water fees only account for a small part of their total income. Thus, they are not sensitive to the regulation and control of water prices and are more likely to waste water resources [22].



Social variables such as age, household component, and education affect water usage as well. Foreign studies have found that the water consumption of families with numerous teenagers is generally on the high side, which is mainly because the water consumption of teenagers to pursue more comfortable living habits is much greater than that of older adults [23]. Studies in China also show that older adults are usually willing to take more active measures to save water mainly because they have a stronger sense of saving than the young [24]. The water consumption of residents of different races or faiths is also quite different [25], and that of collectivist families is relatively lower than that of other families [26]. Females are the main users of domestic water; thus, their behavior largely represents that of the whole family. As the manager or maintainer of the family, women often use more water than men. They usually take more active measures to save water [27]. Numerous studies show that the greater the number of permanent residents, the lower the per capita water consumption [28]. Chen and Xu [29] also proposed that the total household water consumption and the proportion of the educated family population have a significant correlation.




2.2. Water Conservation Attitudes


People’s attitudes also affect people’s behavior [30,31]. Over the years, many researchers attempt to understand the rationale of the behavior from the fundamental psychology. Theory of planned behavior [32] has been a leading model. This theory describes that an “individual makes behavioral decisions based on rational considerations,” which implies that human behavior is a complex result of behavioral intention, attitude, and self-efficacy [33]. Attitude, which is defined as “strengths of beliefs about consequences of behaviors and evaluations of such consequences” [34], plays an important role in determining people’s behavior [31,35]. Different environmental consciousness or water-saving attitudes will lead to different water-use behaviors [36,37]. Generally, the stronger the environmental awareness, the lower the water consumption. Household water consumption is higher with an insufficient or incorrect understanding of environmental awareness [38]. Based on 728 questionnaires collected in Bulgaria, Clark and Finley [39] testified that awareness of future water shortage and a positive environmental attitude have a significant influence on water conservation behavior. Willis and Stewart [40] found a significantly positive relationship between general environmental attitudes and water conservation behavior through field experiments and questionnaire surveys in Australia.



Previous research argues that pricing control is an efficient way to motivate water conservation behavior, that is, multi-tier pricing mode. Multi-tier pricing divides the water consumption of residents into several levels, and different water prices are set in each stage [41]. Average water prices increase with the progression of the stage. Increasing water price has been widely proven effective in reducing domestic water consumption [42]. However, more current research has found that water attitude is much more influential than price control. Hu [43] pointed out that the effect of water-saving publicity is more evident than that of water price on water-saving behavior. Mu and Zhang [44] found that compared with price regulation, residents’ water-saving awareness plays a more important role in water-saving behavior based on survey data of 5000 Beijing residents in 2010. Chang [45] proposed that people could be led to save water through publicity and education, for example, using radio, banners, posters, or flyers. Related research shows that water conservation attitudes are vital to water conservation behavior.




2.3. Building Characteristics


Characteristics of housing, such as age, density, size, location, and the number of taps, have a great effect on water consumption. Generally, the larger the house, the greater the amount of water that will be used. Studies have shown that low-density buildings tend to use more water than high-density ones because they have more landscaping [46]. Kumar Chaudhary pointed out that water conservation is related to the residents’ perception of landscape/outdoor benefits. The more beneficial their view, the higher the possibility that they will adopt water conservation behavior [47]. Huang and Huang investigated several communities in Shanghai by principal component analysis and found a significant difference between house price and house age on water consumption [48]. The water consumption of ordinary or low-price communities is significantly lower than that of high-price communities.



In summary, precious, scarce water resource has attracted many scholars to focus on the research of water conservation behavior, but a few research gaps remain: (1) Most of the existing research focus on developed areas, lacking attention to developing counterparts. The economic development level and residents’ awareness of water conservation are dissimilar, which need to be differentiated. (2) Domestic scholars’ research on water resource conservation and utilization mostly focuses on urban areas. Research is difficult, and the literature on rural areas is relatively limited due to the scattered residents. (3) Existing research mainly focuses on residential water consumption and the domestic water quota of urban residents [20,49]. Their focus is more on economic incentives, regulations, and socio-demographic characteristics. Therefore, this study aims to explore the influences of building characteristics and water-saving attitude on water conservation behavior after controlling the socio-demographic variables and provide theoretical implications for constructing sustainable rural areas.





3. Research Design and Data Collection


3.1. Sample Village Selection


The subjects of this study are rural residents in Chengdu, China. Chengdu is one of the pilot areas of urban–rural integration in China and has a wide range of rural areas, with 52 towns and 2658 villages. After conducting the pilot survey, the final selected typical sample villages should meet two conditions:




	1.

	
The villages need to be connected with tap water because this research studies the water-saving behavior of residents, which is measured using water-saving appliances (water-saving faucets, water-saving toilets, and water-saving washing machines). Such water-saving appliances need to be used with tap water.




	2.

	
The research team has good communication with the selected typical sample villages. Carrying out household interviews and comprehensive questionnaire surveys in rural areas is difficult, and the attitude of village cadres and the trust of villagers are important. Therefore, a good communication channel with the local community must be established. The research team solves this problem as follows: (1) At least one undergraduate student originally from the sample village must be willing to participate in the survey and act as the contact person. (2) The village cadres are contacted in advance; they accept and are willing to support the research group for the on-site survey. (3) Villagers’ attitude toward the household questionnaire survey must be determined, and the village will be selected if most households welcome the research group.









Based on the above principles and preliminary selection, four villages around Chengdu were finally selected as the sample villages. These villages are Jin Ning Village in Pidu District, Tian Du Village in Xinjin County, Wu Xing community in Pujiang County, and Hua Guo Village in Longquanyi District. The specific geographical location is shown in Figure 1.



The selected villages are all new villages built in recent years. The specific investigation area of each village was limited within a circle of 1 km from the village center due to the complex topography of rural areas and the large difference in size, as shown in Figure 2. The original map was downloaded from the Qiaofeng map, and ArcGIS 10.2 was used to depict the land for buildings. In Figure 2, the village center is set as the center of the circle, and the research area is within a 1 km radius. The solid black line is the village road, and the pink area is the construction land.




3.2. Data Collection


3.2.1. Questionnaires


The questionnaire was refined after the preliminary investigation and field visit. It was mainly divided into four parts: socio-demographic factors, building characteristic factors, water conservation attitudes, and water conservation behavior. Except for the specific questions in the first part, all the other parts adopt multiple-choice questions.




	(1)

	
Socio-demographic factors. These factors mainly include the number of permanent residents, gender, age, annual income, and education level [50]. The basic information of the family and individual is an important part of the questionnaire survey. On this basis, we can understand the different backgrounds of the water-saving behavior of rural residents in Chengdu. Moreover, we can study the specific attitude of villagers with different levels of income and living environments to water-saving behavior.




	(2)

	
Building characteristic factors. These factors mainly include house size, building age, lighting and ventilation conditions, number of faucets and toilets, and the length of time for hot water to come out of the shower and kitchen. The water-saving behavior of residents is closely related to the structure, age, and size of houses [51]. Through the study of building information, we can determine the influence of various building characteristics on the water-saving behavior of villagers through the study of building information. Accordingly, building houses reasonably can effectively promote the water-saving behavior of residents.




	(3)

	
Water conservation attitudes. Specific questions involve personal attention to environmental issues, understanding of water resources, environmental control concept of water resources, and other attitudes and perception issues. Environmental attitude is initially considered a tendency of subjects to environmental behavior [52]. Therefore, this study mainly reflects the psychological tendency of the interviewees to save water through the expression and questions of water-saving-related attitude. This part contains 25 questions, and details of the measurement are presented in Table 5.




	(4)

	
Water conservation behavior. The water-saving behavior involves many indexes that are difficult to quantify. The use of water-saving appliances can greatly reduce the domestic water consumption of residents and play a good role in water saving; thus, it can be taken as a representative. A study in the United States, Australia, and the United Kingdom has shown that the water consumption of households equipped with water-saving appliances such as water-saving toilets, water-saving faucets, or low-flow showerheads has been reduced by 9%–12%. If all of the existing household water equipment is replaced with efficient water-saving equipment, water consumption can be reduced by 35%–50% [53]. Geller and Erickson [54] found that water-saving appliances can significantly reduce water consumption. Roccaro and Falciglia [51] proposed that technical support has a significant effect on water saving, including installation of water meters and implementation and popularization of water-saving appliances. Therefore, using water-saving equipment is selected to represent water-saving behavior and works as the explanatory variable in this research.









From the above, all the main indicators of the questionnaire and their measurement can be shown in the following Table 1.




3.2.2. Data Collection


Data collection mainly went through two stages: pilot survey and formal questionnaire survey. The team conducted a pilot survey in January 2018. According to the pilot survey data, the validity of the questionnaire was verified, and the questionnaire was improved and modified. A formal survey was conducted in August 2018. In each village, two researchers formed a team. Considering that most villagers in China’s rural areas have low education levels, they may not be able to understand the questionnaire correctly. Thus, this survey adopted one-to-one and face-to-face interviews. Moreover, our team contacted the village committee or the leader and sought their help to motivate the villagers before the questionnaire survey. In the sample villages, random sampling was adopted for the household survey. Rural households were randomly selected. If a selected rural household did not agree to participate in the survey, the researchers randomly turned to others. Each villager received a reward after completing the questionnaire. These measures helped increase the reliability of the questionnaire.




3.2.3. Sample Component


In this survey, 200 questionnaires were distributed, and 186 questionnaires were finally collected because the interviewees gave up answering during the survey. After double-checking, 21 invalid questionnaires were discarded, 165 valid questionnaires were obtained, and the effective sample rate was 82.5%. Details are shown in Table 2. The final questionnaires consisted of the following: 39 in Jin Ning Village, accounting for 23.64%; 50 in Tian Du Village, accounting for 30.30%; 39 in Wu Xing community, accounting for 23.64%; and 37 in Hua Guo Village, accounting for 22.42%. The basic data show 621 households in Jin Ning Village, 1376 households in Tian Du Village, 554 households in Wu Xing community, and 781 households in Hua Guo Village. The proportions of households in the sample village are 6.28%, 3.63%, 7.04%, and 4.74%, respectively. Thus, the distribution of the questionnaires is reasonable and representative.





3.3. Descriptive Analysis


3.3.1. Socio-Demographic Variables


In terms of socio-demographic factors, this study starts from two dimensions: individual and family. The statistical result of the original data is shown in Table 3. From the individual perspective, the number of women in this survey far exceeds that of men, accounting for 69.3% of the total mainly because most male villagers work outside or in farming, whereas most of the female villagers stay at home. In rural areas, women are often responsible for household living, laundry, and other work. Their water-saving behavior can represent the overall water-saving behavior of the family. The age distribution of the respondents is representative. Respondents who are over 75 years were strictly removed during data processing because respondents who are very much advanced in years may have problems with the questionnaire. The education level of the respondents is mainly junior high school, accounting for 43.6%, followed by primary school and senior high school (or vocational high school, technical secondary school), accounting for 22.4% and 8.2%, respectively. Respondents with an education level of junior high school (or vocational high school) and above are few. For individual annual income, distinguishing between individual and family income is not practical because most of the income of rural residents comes from the planting industry, which is run by the entire family. Thus, only the annual family income is considered.



The number of permanent family residents is mostly distributed in the range of 2–5, accounting for 95%. Most of the families surveyed are three generations living together, accounting for 50.3% of the total, followed by two couples living together with their children, accounting for 24.8%; the proportion of couples living together with their parents or living alone is very small. The highest percentage of the educational level of family members is high school (or vocational high school, technical secondary school), followed by undergraduate and above, junior high school, junior college (or vocational high school), and primary schools.




3.3.2. Building Characteristic Variables


Building characteristics have a significant influence on water consumption. Thus, the questionnaire survey specifically investigates the information of the houses where the respondents live. Related variables include house size, house age, lighting, ventilation status, number of faucets and toilets, and the length of time for hot water to come out of the shower and kitchen. The preliminary analysis results are shown in Table 4. The house size is mainly concentrated in 100–180 m2, accounting for 65.4%. The house size of a few large families is much beyond the average level because many newly built houses in rural areas are distributed according to the number of registered permanent residences. The villages in this survey are newly built rural areas in recent years, with a house age of fewer than ten years. The water for the shower, washing dishes, and clothes is the most important and largest proportion of the villagers’ domestic water consumption. A large amount of hot water is used in the shower or washing dishes. Generally, a large amount of water is wasted because the water heater is very far from the water outlet. According to the survey, the average time for hot water to flow out of the shower faucet varies: 41.2% takes more than 60 s, and only 19.4% of the users can use hot water within 15 s. The situation improves for the hot water usage in the kitchen: 22.4% of the users wait for more than 60 s when using hot water, and 29.7% of the users could use hot water within 15 s. If we can reasonably plan during the construction of the house and control the distance between the kitchen, shower, and the position of the water heater, we can greatly reduce the waiting time for hot water and save water. Most of the rural houses are built by the residents themselves, so no high-rise buildings in the countryside block the sunlight. Thus, the villagers generally think that the lighting and ventilation conditions of the houses are good: 81.2% think that the lighting conditions are good or very good, and 84.9% think that the ventilation conditions are satisfying.




3.3.3. Water-Saving Attitudes Variables


We can basically understand the respondents’ water consumption behavior and various influencing factors through a descriptive analysis of water-saving attitude-related factors. Table 5 shows four attitudes with an average score of more than “4,” namely, X6, X8, X14, and X15. The standard deviation of these four indexes is less than 0.8, which shows that the respondents have good values of respecting nature. Although the scores of the four influencing factors X1, X2, X7, and X16 decreased, their scores are all between 3.5–4 points, and their reflected ecological values are almost the same as those reflected by the previous factors. By contrast, the average scores of X17 and X18 are the lowest and less than 2.5, whereas X25 only has 2.68, which shows that the local farmers have a serious lack of awareness of water-saving equipment and a lack of publicity and education on water-saving equipment from the local government. The scores of X5, X9, X11, X12, X13, and X3 are also low, all between 2.5–3.0. These scores show that the local rural residents have certain limitations in the sense of moral responsibility for the environment. The local rural residents generally have good ecological values but often behave badly in terms of their interests. In addition, the scores of other remaining indicators such as X21, X22, X23, and X24 are all around 3.5, which shows the herd mentality of rural residents; the positive water-saving behavior of others will promote their own water-saving behavior.






4. Results and Discussion


4.1. Exploratory Factor Analysis (EFA)


EFA extracts the representative common factors from multiple variables. Its basic purpose is to use a few unrelated factors to describe the relationship between multiple variables and reduce information loss during transformation as much as possible [55]. First, the validity of “water-saving attitude-related factors” in the questionnaire was tested. The Cronbach’s alpha value, which measures the internal consistency from 0 to 1, is 0.620. The larger the value, the better the consistency. A value larger than 0.6 indicates that the questionnaire is reliable [56]. Factor analysis results show that the Kaiser–Meyer–Olkin (KMO) measure of sampling adequacy index value is 0.740, which reflects the relationship between simple correlation and partial correlation coefficient among variables. The larger the KMO value, the more common the factors among variables, the data are more suitable for factor analysis. Generally, the KMO value needs to be greater than 0.7 and significant. The KMO value shows common factors of the original matrix, and the data have a certain correlation; thus, the data are suitable for conducting EFA. In this study, the principal component method was used to extract the factor whose eigenvalue is greater than 1. The final extraction factors total seven, and the total variance rate of interpretation is 62.034%. The composition matrix after rotation is shown in Table 6.



According to the distribution of each factor, we obtained seven common facets, thus reducing 25 statements into seven factors, which are more representative.



F1 (environmental values) includes X6, X8, X14, X15, and X16. This factor can be regarded as a person’s worldview that reflects his/her belief about the relationship of humankind with the natural world [3]. It shows how the residents care about the importance of the environment. This fundamental value determines the potential behavior he/she is going to take.



F2 (self-responsibility) includes five indicators: X1, X2, X4, X5, and X7. This factor reveals the residents’ self-awareness and responsibility for the environment. Protecting the environment is not only paying more attention but needs real actions. This factor transfers the above-mentioned value into the individual’s duty and responsibility.



F3 (life habit and self-control) contains five statements: X9, X10, X11, X12, and X19. The view of control is divided into external control and internal control. The group with the view of internal control thinks that its behavior can affect the current situation and change problems, or its behavior is meaningful and worth doing; external control holds the opposite view [57]. This factor shows the interviewees’ perspective about lifestyle change and the intention to contribute to water conservation.



F4 (water conservation appliance) includes four indicators: X13, X17, X18, and X25, and represents the importance and the application of water conservation equipment. Carragher and Stewart [58] recorded average day diurnal water consumption patterns of 191 households in Australia and examined the different influence of water stock (e.g., taps, showerheads, and clothes washers) efficiency. Lee and Tansel [35] found that the implementation of water efficiency devices provides a positive synergistic effect on actual water savings. The use of water conservation equipment is one of the most observable, practical ways to save water, but the respondents do not usually pay attention to the use details of water equipment.



F5 (external incentives) includes X22 and X23. This factor can be interpreted as follows: external information, such as media publicity or the social norms, will influence the individual’s choice of water conservation. Media campaigns have been verified effective, especially in the short run, in advocating people to save water [59]. Related research shows that people’s behavior is semi-consciously selected to conform to social environments [19]; thus, the surrounding peer pressure will affect their own water conservation behavior. However, the negative factor loading (-0.648) indicates no effective policy to pressure the energy conservation behavior of rural residents, which is consistent with item 21 (X21).



F6 (knowledge transfer) includes X3 and X21. Measurements of publicity, education, and policy requirement about water conservation can be summarized as the knowledge transfer [33]. It is verified to be an efficient way to provide information to raise environmental awareness and change attitudes and resource-consumption behavior [60]. This factor seems more effective in the short-term water conservation campaign. For a long-term effect, more feasible actions or instructions and repeated publicity can enhance efficiency [61].



F7 (money saving and co-participation) includes X20 and X24. This factor measures two different perspectives. One is the economic incentive in water conservation, which has been proven most efficient and direct for people considering taking water conservation action. Another can be interpreted as peer pressure. Peer comparison significantly influences human behavior. Based on a field experiment covering 3896 households in California, Bhanot [62] found that even peer rank about water usage has a different effect on higher- and lower-usage groups, but the comparison between peers helps motivate people to save water. The negative factor loading (−0.678) indicates that the purpose of saving water for rural residents is not to save money.




4.2. Multicollinearity of Variables


Multicollinearity may cause low significance levels of various spatial variables [63]. Therefore, the multicollinearity of the independent variables must be studied. The variable expansion factor (VIF) was used to test for multicollinearity in this study. When the VIF value is high, a particular explanatory variable is likely to be represented by a linear function of other explanatory variables; thus, multicollinearity problems may occur in the model [64,65,66]. The VIF values of the explanatory variables are considerably low, as shown in Table 7, thereby indicating that no multicollinearity problem occurs.




4.3. Binary Logistics Regression


In this research, the dependent variable is whether rural residents select to buy water-saving appliances. It is a binary variable, and its value is either 1 or 0. Thus, binary logistic regression analysis is used. The independent variables include socio-demographic factors, building characteristic factors, and water-saving attitude-related factors. In this model, the chi-square value for the Omnibus test is 145.771 and significant (p < 0.001). Moreover, the -2lnlikelihood value is 81.483. The Cox & Snell R2 and Nagelkerke R2 are 0.589 and 0.785, respectively, which indicate that the fitting degree of the model is good. At the same time, and the estimated results of the model are shown in Table 8.




4.4. Discussion


According to the significance of the influencing factors in Table 8, there are several factors related to the water-saving behavior in rural China.



F1 (environmental values) has the most significant effect on whether residents buy water-saving appliances. This factor passed the 1% significance test and has a positive role in promoting rural residents to adopt water-saving behavior, indicating that groups with a correct understanding of environmental values are more willing to buy water-saving appliances mainly because individual behavior is affected by his/her own consciousness. Thus, different environmental values will lead to different water-use and water-saving behaviors. The research of Corral-Verdugo and Bechtel [38] also confirmed that the water consumption of a group with a strong environmental awareness is often lower than that of a group with a weak environmental awareness, and a group with the view that “water resources are inexhaustible” will consume more water than other groups.



F4 (water-saving appliance) has a significant positive influence on water-saving behavior. The components of F4 are “Taking water-saving measures will not change my personal lifestyle and habits,” “The water-saving equipment I want to buy is not much more expensive than ordinary equipment,” “The technology of water-saving equipment is more mature currently, and I can skillfully use it,” “I usually pay attention to the use details of water equipment.” The more mature the water-saving appliances, the less expensive they are, the less they change people’s habits, the more people are willing to use water-saving appliances. People’s attention to water-saving appliances can also lead them to use water-saving appliances. This conclusion is easy to understand and consistent with existing research results [51,54].



F5 (external incentives) has a significant negative effect on water-saving behavior, which is extracted from the information of “Information from newspapers, TV, and other media will affect my decision of taking water-saving action,” and “My family, friends, etc. will affect my water-saving behavior.” This result shows that the external interference of water-saving behavior is not conducive to the residents’ taking water-saving measures. It also shows that the public does not have a unified view on adopting water-saving behavior, and the positive effect of adopting water-saving measures is weak. Therefore, the national water saving also needs more effective policy guidance, popularization, and publicity [54].



F7 (money saving and co-participation), which also passed the 1% significance test, has a positive effect on residents’ purchase of water-saving appliances. Residents who hold the two views of “I take water-saving action because I can save money” and “There are too few people around who pay attention to water-saving, I need more people to help and participate together” are more willing to install water-saving appliances. The statement, “The reason why I adopt water-saving behavior is that I can save money,” shows that economic cost plays an important role in the water-saving behavior of residents. Residents who hold the view, “There are too few people around who pay attention to water-saving, and I need more people to help and participate together” are more willing to buy water-saving devices, indicating that such groups have a certain sense of collectivism, which is also related to the social background of traditional human society in rural China.



Household population information influences the water-saving behavior of respondents. First, the size of the family population significantly negatively affects the water-saving behavior of the respondent because the water-use behavior or habits of family members has a direct effect on the respondents, and national water-saving consciousness is not good at present (as discussed above). The more educated the residents are, the more willing they are to conduct water-saving behavior, mainly because more educated residents are more likely to have the correct environmental outlook and awareness of water and water conservation. Considerable literature studies have shown that groups with a high education level will have a strong awareness of water and energy conservation [3,50].



Water heating time from the shower or the kitchen also motivates the residents to buy water-saving devices. The longer the time to produce hot water, the greater the amount of water wasted. This may promote the residents to take more active action to save water. This phenomenon also shows that the residents are subconsciously not willing to waste water. The waste of water resources will increase the water cost, which will promote the residents’ awareness of water conservation to a certain extent. When building houses in the future, we can re-organize the distance between the water heater and toilet and kitchen faucet because a reasonable arrangement can effectively reduce water consumption. House age also has a certain role in promoting the purchase of water-saving appliances. The older the building is, the stronger the willingness of residents to purchase water-saving appliances. This finding is due to the rather low construction quality of the buildings in rural areas compared with those in urban areas. Those built environment factors shed light on future house construction.





5. Conclusions and Suggestions


Based on existing literature and empirical analysis, 165 questionnaires were collected from four rural areas around Chengdu by face-to-face questionnaire surveys. This study further used descriptive statistics, EFA, and the binary logistic regression model to analyze the water-saving behavior of rural residents interviewed. The main influencing factors of the water-saving behavior of rural residents in Chengdu were systematically analyzed. The main conclusions and suggestions are as follows.



For socio-demographic factors, the variable “education of the interviewee” is significantly positively related to water conservation behavior, while the household size significantly negatively affects water conservation behavior. This finding is consistent with other studies, indicating that people with a high level of education are more likely to have a correct environmental perspective and awareness of water and water conservation, and national water-saving consciousness is not good at present. During the site interview, we also found that the major responders are female. They are the main forces for daily water use. Thus, targeted education to those female residents will increase the effect and have a better influence on water conservation behavior.



For building characteristic factors, house age and the installation of certain appliances affect the way the residents adopt water conservation behavior. The older the house is, the larger the possibility that the residents will install water-saving appliances. Several appliances affect the residents’ water conservation behavior as well, especially the water heater. The longer the time to produce hot water from the kitchen or toilet, the higher the tendency of residents to take water-saving action because they can reduce water consumption and save money. The economic concern is quite important in their daily life. Thus, the local government can make a more suitable arrangement or design of the new communities in rural areas. Better design, namely shortening the distance between the water heater and the taps, would help save water. More education or publicity about water-saving appliances can be promoted in rural areas. The building age is usually larger for those who are not moving to a newly constructed community. Good advertisement could increase their desire to install water-saving appliances.



For water conservation attitude, EFA was used to extract seven common factors from the original 25 statements related to water conservation attitudes. Binary logistic regression shows that F1 (environmental values), F4 (water-saving appliance), F5 (external incentives), and F7 (money saving and co-participation) are the most influential factors. For F1, different environmental values lead to different water-use and water-saving behaviors. When respondents value the importance of the environment, they would take more active actions to save water and protect the environment. For F4, the regularization and popularization of water-saving facilities can promote residents to adopt water-saving behaviors. Residents’ attention to water-saving facilities will encourage more water-saving behavior. For F5, external incentives such as media information and family members’ water-saving behaviors significantly negatively affect the interviewees’ water-saving behaviors, mainly because the social popularization of water-saving behaviors is not sufficient. For F7, economic concern plays an important role in determining water use. Therefore, the local government should either invest more in education or subsidize the residents to buy or install water-saving appliances. Saving water by changing water-use habits is very difficult, and the most effective way is to use water-saving instruments. Therefore, the first step is to promote water-saving appliances and encourage villagers to install them. Second, the local government should teach the villagers how to use those appliances effectively.



Generally, most rural residents demonstrate an incorrect perception of water resource: the water resource is endless and can be (re)used at will. Moreover, the degree of taking water-saving behavior among residents is not high, and only a few residents will recycle the wastewater. The proportion of those who purchase water-saving appliances is relatively low, and many residents are not sure whether the appliances they bought are truly water-saving. Even if they have installed water conservation equipment, they may be confused about how to use it. Thus, promoting the importance of water resources is urgently demanded to raise their consciousness through media campaigns (television, radio, or internet), specific talks, and leaflet distribution. However, the villagers’ trust in grass-root government departments is much higher than that in other channels. Thus, we should focus on this channel as an efficient medium to strengthen the education of water-saving awareness of villagers.



Enlightened by other literature, knowledge transfer such as education and publicity may have a strong effect in the short run [61]. Repeated information distribution is needed to enhance the effect on water conservation in the long run. Related research suggests that most households are initially motivated to save water but fail to turn it into real water conservation action. Thus, the local government can take more practical strategies to help the residents maintain the behavior, such as subsidizing the adoption of water conservation appliances, providing door-to-door guidance of the use of the equipment, and holding regular training. These practical, feasible actions would increase the residents’ self-efficacy to maintain water conservation habits.



Admittedly, this research is far from perfect and suffers from two distinct shortcomings: (1) generalization or transferability of the results and (2) limited sample size. Field trips in rural China are difficult in the way of transportation and communication with villagers. The research team made great efforts to enlarge the sample pool. In future research, one possible direction is to link the survey data with census data, such as the China Household Finance Survey. Another extension is to run a set of field experiments to compare the adoption of water-saving facilities.
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Figure 1. Location of the sample villages. 
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Figure 2. Study area of sample villages. 
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Table 1. Variables and measurement.
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	Variables
	Measurement





	Gender
	1 = Male; 2 = Female



	Age
	1 = 0–18 years old; 2 = 19–45 years old; 3 = 46–59 years old; 4 = 60–74 years old; 5 = 75 years old or above



	Education: highest degree of the family
	1 = no education; 2 = primary school; 3 = middle school; 4 = high school (or vocational and technical secondary schools); 5 = junior college (or higher vocational); 6 = Bachelor degree or above



	Household size
	1 = 1; 2 = 2; 3 = 3; 4 = 4; 5 = 5; 6 = 6 or above



	Household composition
	1 = alone; 2 = couple; 3 = couple and older parents; 4 = couple and their children; 5 = three generations; 6 = others



	Annual income per family
	1 = 0–20 K; 2 = 20–40 K; 3 = 40–60 K; 4 = 60 K or above;



	Building age
	1 = 0–2 years; 2 = 3–4 years; 3 = 5–6 years; 4 = 7–8 years; 5 = 8 years or above



	Size of the house
	1 = 0–99 m2; 2 = 100–139 m2; 3 = 140–179 m2;

4 = 180–219 m2; 5 = 220 m2 or above



	Water heating time from the shower or the kitchen
	1 = 0–15 s; 2 = 15–30 sec; 3 = 30–45 s; 4 = 45–60 s; 5 = 60 s or above;



	Lighting and ventilation conditions
	1 = very poor; 2 = poor; 3 = commonly; 4 = preferably; 5 = good



	No. of taps
	1 = 2 or less; 2 = 3; 3 = 4; 4 = 5; 5 = 6 or above.



	No. of toilets
	1 = 1; 2 = 2; 3 = 3; 4 = 4; 5 = 5 or above.



	25 statements of water-saving attitudes
	1 = Totally disagree; 2 = Quite disagree; 3 = Neutral; 4 = Quite agree; 5 = Totally agree



	Use of water-saving appliances
	0 = no; 1 = yes.
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Table 2. Sample component.






Table 2. Sample component.





	Villages
	Number of Efficient Questionnaires
	Number of Households to be Sampled
	Total Households
	Proportion





	Jin Ning
	39
	24.03
	621
	6.28%



	Tian Du
	50
	24.55
	1376
	3.63%



	Wu Xing
	39
	23.92
	554
	7.04%



	Hua Guo
	37
	23.49
	781
	4.74%
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Table 3. Socio-demographic factors.
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Factors

	
No. of Sample

	
Percentage (%)






	
Gender

	
Male

	
50

	
30.3




	
Female

	
115

	
69.7




	
Age

	
0–18

	
6

	
3.6




	
19–45

	
63

	
38.2




	
46–59

	
59

	
35.8




	
60–74

	
37

	
22.4




	
75 and above

	
0

	
0




	
Household size

	
1

	
9

	
5.5




	
2

	
32

	
19.4




	
3

	
39

	
23.6




	
4

	
23

	
13.9




	
5

	
38

	
23.0




	
6 and above

	
24

	
14.5




	
Household composition

	
Alone

	
4

	
2.4




	
Couple

	
14

	
8.6




	
Couple and older parents

	
8

	
4.8




	
Couple and their children

	
41

	
24.8




	
Three generations

	
83

	
50.4




	
Others

	
15

	
9.0




	
Highest family

education background

	
No education

	
1

	
0.6




	
Primary school

	
6

	
3.6




	
Junior middle school

	
36

	
21.8




	
High school (or vocational and technical secondary schools)

	
55

	
33.3




	
Junior college (or higher vocational)

	
25

	
15.2




	
Bachelor degree or above

	
42

	
25.5




	
Education background of the interviewee

	
No education

	
5

	
3.0




	
Primary school

	
37

	
22.4




	
Junior middle school

	
72

	
43.6




	
High school (or vocational and technical secondary schools)

	
30

	
18.2




	
Junior college (or higher vocational)

	
9

	
5.5




	
Bachelor degree or above

	
12

	
7.3




	
Annual family income

	
0–20K (20K not included)

	
28

	
17.0




	
20K–40K (40K not included)

	
53

	
32.1




	
40K–60K (60K not included)

	
43

	
26.1




	
60K and above

	
41

	
24.8
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Table 4. Building characteristics.






Table 4. Building characteristics.





	
Parameter

	
Options and Proportions






	
House Size (m2)

	
0–99

	
100–139

	
140–179

	
180–219

	
220 and above




	
9.1%

	
29.1%

	
36.3%

	
14.0%

	
11.5%




	
House Age

(years)

	
0–2

	
3–4

	
5–6

	
7–8

	
8 and above




	
18.8%

	
17.6%

	
20.6%

	
26.7%

	
16.4%




	
the time of hot water

out of the shower

	
Less than 15 s

	
15–30 s

	
30–45 s

	
45–60 s

	
60 s and above




	
19.4%

	
18.8%

	
10.3%

	
10.3%

	
41.2%




	
the time of hot water

out of the kitchen

	
Less than 15 s

	
15–30 s

	
30–45 s

	
45–60 s

	
60 s and above




	
29.7%

	
21.8%

	
10.3

	
15.8%

	
22.4%




	
Lighting

	
Very poor

	
Poor

	
commonly

	
preferably

	
good




	
4.2%

	
2.4%

	
12.1%

	
46.7%

	
34.5%




	
Ventilation

	
Very poor

	
Poor

	
commonly

	
preferably

	
good




	
4.2%

	
2.4%

	
8.5%

	
47.9%

	
37%




	
Number of taps

	
1-2

	
3

	
4

	
5

	
6 and above




	
19.3%

	
21.1%

	
30.7%

	
15.8%

	
13.2%




	
Number of toilets

	
1

	
2

	
3

	
4

	
5 and above




	
23.0%

	
62.4%

	
12.7%

	
1.2%

	
0.6%
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Table 5. Mean value of all water-saving attitude-related statements.
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	Description
	References
	Mean
	Median
	Standard Deviation





	I usually pay close attention to the water resources issues reported by the media (X1)
	[52]
	3.54
	4
	1.186



	I’m worried when I hear or see water-related issues (X2)
	[52]
	3.73
	4
	1.081



	I take the action of saving water because of the laws and policies made by the government (X3)
	[52]
	2.7
	3
	1.104



	In order to save water and protect the environment, I am willing to sacrifice my personal interests (X4)
	[52]
	3.26
	3
	1.088



	In order to save water and protect the environment, I’m ok to offend some people if it is needed (X5)
	[52]
	2.91
	3
	1.198



	The problem of water resources is for the whole society, and everyone is responsible for it (X6)
	[54]
	4.35
	4
	0.754



	As long as I am willing to do my best, I can improve or solve certain environmental problems (X7)
	[52]
	3.93
	4
	0.989



	If we take action, it will help to protect the environment (X8)
	[52]
	4.15
	4
	0.721



	Ordinary people can also improve or solve water problems (X9)
	[54]
	2.87
	3
	1.265



	Not only the powerful people can influence the improvement of water resources (X10)
	[54]
	3.1
	3
	1.310



	Compared with the comfort and convenience of life, I pay more attention to water resources (X11)
	[54]
	2.64
	2
	1.163



	I think saving water is more important than pursuing good lifestyle and habits (X12)
	[54]
	3.00
	3
	1.137



	Taking water-saving measures will not change my personal lifestyle and habits (X13)
	[54]
	2.71
	3
	1.153



	Water resource is limited, so we must save water (X14)
	[54]
	4.34
	4
	0.790



	We should respect nature and live in harmony with it (X15)
	[54]
	4.40
	4
	0.653



	Even for economic development, we cannot sacrifice the natural environment (X16)
	[52]
	3.61
	4
	1.342



	The water-saving equipment I want to buy is not much more expensive than ordinary equipment (X17)
	[51,53]
	2.49
	2
	1.085



	The technology of water-saving equipment is more mature currently, and I can skillfully use it (X18)
	[51,53]
	2.45
	2
	0.886



	I don’t think it’s very inconvenient for individuals to take measures to save water (X19)
	[51,53]
	3.30
	3
	1.217



	I’m saving water because it helps me save money (X20)
	author
	3.66
	4
	1.166



	I think the implementation of water-saving measures lacks relevant publicity and education (X21)
	[54]
	3.87
	4
	0.903



	Information from newspapers, TV and other media will affect my decision of taking water-saving action (X22)
	[51,53]
	3.60
	4
	1.087



	My family, friends, etc. will affect my water-saving behavior (X23)
	[54]
	3.39
	4
	1.056



	There are too few people around who pay attention to water conservation, and I need more people to help and participate in it (X24)
	[54]
	3.96
	4
	0.851



	I usually pay attention to the use details of water equipment (X25)
	[51,53]
	2.68
	3
	1.229
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Table 6. Composition matrix after rotation.






Table 6. Composition matrix after rotation.





	
Variables

	
Component




	
1

	
2

	
3

	
4

	
5

	
6

	
7






	
X15

	
0.782

	
−0.001

	
0.056

	
−0.129

	
−0.197

	
0.122

	
0.075




	
X6

	
0.744

	
0.025

	
0.153

	
−0.046

	
0.190

	
0.154

	
−0.093




	
X14

	
0.686

	
0.146

	
0.041

	
−0.132

	
0.135

	
0.004

	
0.371




	
X8

	
0.555

	
0.490

	
−0.129

	
−0.019

	
0.046

	
−0.057

	
0.084




	
X16

	
0.456

	
−0.083

	
0.238

	
0.303

	
−0.395

	
−0.253

	
−0.170




	
X4

	
−0.114

	
0.776

	
0.024

	
−0.041

	
−0.100

	
0.314

	
−0.101




	
X5

	
−0.103

	
0.736

	
0.102

	
−0.122

	
0.106

	
0.312

	
0.043




	
X2

	
0.262

	
0.593

	
−0.131

	
−0.174

	
0.099

	
−0.053

	
0.064




	
X1

	
0.115

	
0.490

	
0.000

	
−0.067

	
0.438

	
−0.001

	
0.073




	
X7

	
0.405

	
0.474

	
−0.073

	
−0.092

	
0.263

	
−0.212

	
0.039




	
X11

	
0.083

	
0.002

	
0.842

	
0.035

	
0.020

	
−0.064

	
0.053




	
X9

	
−0.095

	
−0.222

	
0.661

	
0.119

	
−0.133

	
−0.035

	
0.143




	
X12

	
0.229

	
0.132

	
0.615

	
0.345

	
0.001

	
0.264

	
−0.224




	
X10

	
0.069

	
0.082

	
0.598

	
0.119

	
−0.244

	
−0.250

	
0.333




	
X19

	
0.145

	
0.070

	
0.464

	
0.383

	
−0.317

	
−0.259

	
−0.045




	
X17

	
−0.154

	
0.090

	
0.005

	
0.712

	
−0.259

	
−0.158

	
0.276




	
X13

	
−0.020

	
−0.306

	
0.247

	
0.659

	
0.168

	
0.119

	
−0.024




	
X18

	
−0.249

	
−0.247

	
0.132

	
0.641

	
−0.080

	
−0.074

	
−0.003




	
X25

	
−0.403

	
0.185

	
−0.158

	
−0.414

	
0.181

	
0.104

	
0.176




	
X23

	
0.003

	
−0.031

	
−0.180

	
−0.033

	
0.813

	
0.050

	
−0.074




	
X22

	
0.068

	
0.427

	
−0.038

	
−0.120

	
0.670

	
−0.018

	
−0.045




	
X21

	
0.262

	
0.203

	
0.032

	
−0.184

	
−0.021

	
0.694

	
0.076




	
X3

	
0.088

	
−0.112

	
0.442

	
−0.075

	
−0.095

	
−0.648

	
0.036




	
X20

	
−0.003

	
0.054

	
−0.259

	
−0.140

	
0.141

	
0.051

	
−0.678




	
X24

	
0.363

	
0.170

	
−0.089

	
−0.111

	
0.197

	
0.358

	
0.602




	
Eigenvalues

	
4.903

	
3.615

	
1.843

	
1.410

	
1.363

	
1.249

	
1.125




	
Proportion of variance explained (%)

	
11.908

	
11.101

	
10.558

	
8.378

	
8.142

	
6.582

	
5.366




	
Cumulative variance explained (%)

	
11.908

	
23.009

	
33.567

	
41.945

	
50.087

	
56.668

	
62.034
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Table 7. Multicollinearity Test.






Table 7. Multicollinearity Test.





	
Variables

	
Type

	
Collinearity Statistics




	
Tolerance

	
VIF






	
F1 (environmental values)

	
Common factor

	
0.677

	
1.478




	
F2 (self-responsibility)

	
Common factor

	
0.777

	
1.288




	
F3 (life habit and self-control)

	
Common factor

	
0.834

	
1.199




	
F4 (water-saving appliance)

	
Common factor

	
0.776

	
1.289




	
F5 (external incentives)

	
Common factor

	
0.795

	
1.258




	
F6 (knowledge transfer)

	
Common factor

	
0.758

	
1.319




	
F7 (money saving and co-participation)

	
Common factor

	
0.689

	
1.452




	
Household size

	
Ordinal

	
0.624

	
1.603




	
Household composition alone

	
Dummy

	
0.654

	
1.53




	
Couple

	
Dummy

	
0.561

	
1.784




	
Couple and older parents

	
Dummy

	
0.744

	
1.343




	
Couple and their children

	
Dummy

	
0.681

	
1.469




	
Three generations

	
Dummy

	
--

	
--




	
Others

	
Dummy

	
0.795

	
1.257




	
Annual family income

0–20K (20k not included)

	
Dummy

	
0.636

	
1.571




	
20–40K

	
Dummy

	
--

	
--




	
40–60K

	
Dummy

	
0.561

	
1.782




	
60k and above

	
Dummy

	
0.544

	
1.837




	
Gender

	
Dummy

	
0.425

	
2.35




	
Age

0–18

	
Dummy

	
0.491

	
2.038




	
19–45

	
Dummy

	
--

	
--




	
46–59

	
Dummy

	
0.506

	
1.974




	
60 and above

	
Dummy

	
0.485

	
2.062




	
Highest family education background

No education

	
Dummy

	
0.769

	
1.3




	
Primary school

	
Dummy

	
0.62

	
1.613




	
Junior middle school

	
Dummy

	
--

	
--




	
High school (vocational and technical secondary school

	
Dummy

	
0.618

	
1.619




	
Junior college (higher vocational)

	
Dummy

	
0.743

	
1.346




	
Bachelor degree or above

	
Dummy

	
0.623

	
1.605




	
Water heating time from the shower

	
Ordinal

	
0.229

	
4.375




	
Water heating time from the kitchen

	
Ordinal

	
0.231

	
4.327




	
Lighting

	
Ordinal

	
0.383

	
2.613




	
Ventilation

	
Ordinal

	
0.39

	
2.563




	
House age

	
Ordinal

	
0.622

	
1.609




	
Number of taps

	
Ordinal

	
0.645

	
1.55




	
House size

	
Ordinal

	
0.615

	
1.625




	
Number of toilets

	
Ordinal

	
0.516

	
1.939
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Table 8. Result of binary logistic regression.






Table 8. Result of binary logistic regression.





	Variables
	B
	Wald
	Sig.





	F1 (environmental values)
	3.207
	25.872
	0



	F2 (self-responsibility)
	−0.015
	0.002
	0.961



	F3 (life habit and self-control)
	0.268
	0.653
	0.419



	F4 (water-saving appliance)
	0.75
	3.411
	0.065



	F5 (external incentives)
	−0.607
	2.774
	0.096



	F6 (knowledge transfer)
	0.162
	0.279
	0.598



	F7 (money saving and co-participation)
	1.201
	9.594
	0.002



	Household size
	−0.619
	3.911
	0.048



	Household composition

Alone
	−2.695
	0.944
	0.331



	Couple
	−1.276
	0.599
	0.439



	Couple and older parents
	−1.595
	0.541
	0.462



	Couple and their children
	−1.227
	1.807
	0.179



	Three generations
	--
	--
	--



	Others
	−3.12
	5.704
	0.017



	Annual family income

0–20K (20k not included)
	0.867
	0.611
	0.435



	20–40K
	--
	--
	--



	40–60K
	−0.863
	0.797
	0.372



	60k and above
	0.722
	0.572
	0.449



	Age

0–18
	17.162
	0
	0.999



	19–45
	--
	--
	--



	46–59
	1.1
	1.52
	0.218



	60 and above
	0.194
	0.037
	0.848



	Gender
	0.007
	0.0226
	0.0897



	Highest family education background

No education
	0.356
	0.024
	0.877



	Primary school
	−2.237
	4.646
	0.031



	Junior middle school
	--
	--
	--



	High school (vocational and technical secondary school
	−0.283
	0.071
	0.789



	Junior college (higher vocational)
	2.281
	2.798
	0.094



	Bachelor degree or above
	1.309
	0.943
	0.332



	Water heating time from the shower
	1.503
	11.93
	0.001



	Water heating time from the kitchen
	0.905
	4.724
	0.03



	Lighting
	−1.236
	5.133
	0.023



	Ventilation
	0.454
	0.737
	0.391



	House age
	0.649
	4.437
	0.035



	Number of taps
	−0.306
	1.163
	0.281



	House size
	0.01
	0.001
	0.975



	Number of toilets
	0.192
	0.097
	0.755



	Constant
	1.774
	0.268
	0.605
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