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Abstract

:

By 2020, there will be 2.36 million natural villages in China, with more than 500 million people living in them. Although China’s 2018 “National Rural Revitalization Strategy” has clarified the importance of the rural environment, the sustainability of living environments in rural settlements is generally ignored. However, current renovation work is implemented as per the same set of standards and is not sufficient to reach the highest satisfaction levels and sustainable development because the optimal renovation indicators are not selected according to local conditions. To address these issues, this work carried out a series of literature reviews and expert interviews to propose indicators applicable to the sustainable renovation of living environments in rural settlements in China. The questionnaire survey was conducted in a typical Chinese village in order to verify the feasibility of this decision model. Furthermore, the Kano model was organically combined with the importance–satisfaction (IS) model from the villagers’ point of view to establish a model analyzing the optimal indicators of the sustainable renovation. The results show that this model determines the priority of elements that need to be improved or maintained, based on which village administrators can make better management decisions and which government managers can invest limited government resources in key sectors, thus creating sustainable living environments in rural settlements and enhancing the satisfaction of villagers. It is suggested that the opinions of village administrators and planners be considered to optimize this model further.
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1. Introduction


The United Nations Human Settlements Program emphasizes the sustainable development of human settlements at different levels, such as in cities, towns, and villages [1,2]. Sustainable design is a philosophy adopted by people concerned with the health of society and the natural environment [3]. Sustainable rural development is essential for conserving and improving resources, while economic growth contributes to a better standard of living [4]. By 2020, there will be 2.36 million natural villages in China, with more than 500 million people living in them. Although China’s 2018 “National Rural Revitalization Strategy” has clarified the importance of the rural environment, the sustainability of living environments in rural settlements is generally ignored [5,6]. In recent years, China has continued updating and renovating the rural environment under the rural vitalization strategy [7]. However, the current renovation effect is unsatisfactory for the following reasons. First, since villages are mainly renovated based on the government’s top-down decisions, the real demands of villagers cannot be fully understood to maximize their satisfaction. Second, the expected results cannot be achieved with existing renovation indicators that are selected by uniform standards. This is because the demands of villagers will change with the natural geographical environments in different villages, and accordingly, their living environments should be renovated according to different local conditions. All in all, it is difficult for the government to determine which renovation indicators will achieve maximum satisfaction.



Village administrators and scholars have evaluated and studied the livability level of rural settlements in China using various methods to create a healthier environment and have obtained good results [8,9,10]. Given China’s vast territory, the western and eastern regions differ greatly in economic culture, while the southern and northern regions differ significantly in climate. Therefore, the Five-Year Action Plan for Managing and Improving the Rural Living Environment (2021–2025) issued by the Chinese government explicitly stipulates that the policies for renovation will be adjusted based on the degree of economic development in different rural areas, and classified guidance will be provided according to local conditions [11]. In addition to the difference in economic and social development, which is considered in setting renovation tasks and criteria for different villages in various districts, counties, and cities, the will of the villagers will also be fully respected during the environmental renewal, thus building a mechanism of co-construction, co-administration, joint evaluation, and sharing among the government, village collectives, villagers, and local respected persons [12,13]. This is also an important measure to promote the sustainable development of living environments in rural settlements.



Recent research shows that the living environments in rural settlements are mainly studied from the viewpoints of renovation and design, along with evaluation methods. Among these, the use of an artificial intelligence algorithm or geographic information science method to construct the evaluation model of rural environmental space has been used by many scholars [14,15,16]. In addition, some studies have mentioned indicators of the social dimension of sustainable development in rural areas [17] and constructed an index system of rural environmental suitability in terms of plant landscape, activity space, and humanistic care [16]. However, the results of the study still fall within the evaluation system suitable for rural ageing. There is no complete system regulating renovation indicators for sustainable rural living environments. The desire to successfully promote rural renovation depends not only on the physical properties of the living environment, but also on the psychological environmental variables of its inhabitants [18]. Resident satisfaction has been consistently recognized as one of the most influential factors for achieving residential quality of life [19,20,21]. These statements justify the establishment of a decision-making agreement that takes into account the renovation of the habitat and personal factors. Therefore, rural renovation should be a combination of “top-up” and “bottom-up” [9], and all villagers should be encouraged to participate. While resident participation is important for renovation effectiveness, this factor is often overlooked in top-down policy implementation in places such as China [8]. However, the existing research does not take into account the various psychological needs and the improvement of satisfaction among residents of rural settlements [22]. Often, the sustainable renovation of rural settlements cannot take into account all aspects, particularly the priority of renovation strategies limited by economic costs.



This study proposes an analytical model based on the Kano–IS method that is suitable for determining the priority of indicators of the sustainable renovation in rural human settlements in China. There were three main research objectives: (1) establishing a set of sustainable renovation indicators for living environments in rural settlements in China; (2) taking Fengxiang Village in China as an example, starting with the needs of the villagers, using the Kano–IS model to find the key and priority indicators that need to be maintained or improved; and (3) discussing the application of the Kano–IS model for management decision makers in sustainable rural environmental renovation projects.



The contribution of this study is to apply a Kano–IS integration model to guide the planners and designers of rural settlements and rural government managers to make more scientific decisions in the early stages of sustainable transformation projects for human settlements and focus on the actual needs of villagers to improve their satisfaction and happiness with their lives. Different villages have various living environments and perceptions. Therefore, the priorities of the reconstruction indicators obtained using the Kano–IS model will vary in different rural communities. This study only takes Fengxiang Village as an example for an empirical demonstration. The model can be applied to the designing and planning of rural environments and the decision making of the government in other parts of China, meaning that it has far-reaching application prospects. Meanwhile, under the strategy of rural revitalization in China, the model can be applied to improve the sustainable development of rural areas.




2. Literature Review


2.1. Living Environments in Rural Settlements


Rural settlements are the spatial carriers of rural people’s living, production, cultural inheritance, and other socio-economic activities [22]. Living environments in rural settlements refer to the totality of various natural and artificially transformed natural factors within the scope of rural areas centered on rural residents. It includes the land, atmosphere, water, flora and fauna, traffic, roads, loops, structures, et cetera, within the area. Protecting the rural environment is conducive to the sustainable, stable, and coordinated development of the rural economy and society. At the same time, there is also a need to protect the physical and mental health of rural residents. In recent years, the Chinese government has promoted rural environmental renovation projects on an unprecedented scale from top to bottom, eager to improve the life satisfaction and well-being of villagers [23].




2.2. Sustainable Renovation for Living Environments


In September 2015, the United Nations jointly adopted the 2030 Agenda for Sustainable Development. Among the priorities, “Sustainable Urban Development and Livable Garden Community (SUC)” is included in the 11th goal, aiming to build inclusive, safe, resilient, and sustainable cities and human settlements. The future goal is to further build sustainable rural settlements [24]. Rural sustainable development is a strategic design activity that constructs and develops sustainable solutions, including environmental and resource sustainability [20,25,26]. Currently, relevant studies on the sustainable renovation of living environments mainly focus on evaluation dimensions, frameworks, and evaluation methods. In terms of evaluation, many scholars focus on evaluating multiple objective material aspects, such as society, culture, system, economy, technology, and ecological environments [20,25,27]. How to transform rural settlements to achieve sustainable development has been the goal of various scholars in recent years. In the practice of rural development, each village has different resource endowments and different socio-economic and cultural backgrounds and will form different experiences during development. These diverse experiences provide multiple possibilities for rural revitalization. Due to the great differences in rural areas, China does not have a unified rural revitalization model that can be imitated. Therefore, rural revitalization needs to be maximally inclusive and allow various forms of experimentation [11]. However, the indicators for the sustainability of rural settlements are still being explored. Human survival and development are the dominant factors in the sustainable development of the living environments of rural settlements. Studies have found that the knowledge, ability, and willingness of residents determine whether the community can continue to prosper [28,29], and community members need to actively participate. Community governance contributes to the sustainable renovation of rural settlements [30].




2.3. Analysis Models for Sustainable Renovation


To promote the sustainable development of living environments in rural settlements, government departments and scholars from different disciplines are constantly exploring the mode and path for sustainable development. How the renovation measures can meet the needs of occupants in an all-around manner has attracted public attention. Previous studies have applied regression analyses to identify environmental correlations and assess their importance in influencing residence satisfaction [31,32]. However, residents living in different urban communities have varying needs and differing satisfaction levels [33]. There are many studies on decision support systems that combine built environments and resident psychology to facilitate and simplify overall decision making by collecting residents’ responses to participatory surveys [34,35]. However, research on sustainable environmental renovation in rural areas is still lacking. This is because the residential density and natural environment in rural settlements in China are quite different from urban communities. Gao [36] explored an ideal approach to constructing a traditional rural revitalization model based on sustainable tourism. The model proposes an effective way of successfully achieving rural revitalization on three levels (material, social, and spiritual). In essence, the optimization and reconstruction model of sustainable rural reconstruction, combined with residents’ satisfaction, is still an important link in the current rural revitalization plan [37].





3. Methods


3.1. Delphi Method


The Delphi method was originally developed during the cold war by the RAND Corporation in Santa Monica, California, during the 1950s and 1960s [38]. It was designed for use with complex or ambiguous problems that exceed the capabilities of a single person [39]. The Delphi method is characterized by anonymous group interactions and responses, multiple rounds of questioning, and group feedback between rounds [40]. Through multiple rounds of questionnaires, expert consensus will be gradually obtained, thereby removing low-impact items [41].




3.2. The Kano Model


The Kano two-dimensional quality model (Kano model), proposed by Japanese professor Noriaki Kano, is a commonly used method in the product and service design process [42,43]. The Kano model, as shown in Figure 1, classifies quality attributes into five categories: (1) Attractive quality: when the quality elements are sufficient, customers will be satisfied; conversely, when the quality elements are insufficient, customers will be dissatisfied; (2) One-dimensional quality: the customer satisfaction and quality elements have a one-dimensional linear relationship; the more quality elements are provided, the more satisfied the customer will be; (3) Must-be quality: when the quality elements are sufficient, customers will not be greatly satisfied, but, when they are insufficient, customers will be extremely dissatisfied; (4) Indifferent quality: customers will not be satisfied or dissatisfied regardless of whether the quality elements are sufficient or not; and (5) Reverse quality: when the quality elements are sufficient, the customer will be dissatisfied; on the contrary, when the quality elements are insufficient, the customer will be satisfied.



The operation of the Kano model must be conducted through a questionnaire consisting of a pair of positive and negative questions. Positive questions usually refer to the customer’s evaluation of the quality element when it is adequately provided, while negative questions usually refer to the customer’s evaluation of the quality element when it is insufficiently provided. Therefore, for each quality attribute of a product (or service), the respondents can answer a pair of questions in one of five different ways: “Like”, “Must be”, “Neutral”, “Live with”, and “Dislike”. Then, according to the Kano evaluation table (see Table 1), by comparing the response results of the positive and negative questions, the quality attribute for the question item can be judged [44,45]. For example, if a respondent answers “I like it that way” to the positive questions and “I am neutral” on the negative questions, the quality attributes of these question items for this respondent will be in the “A” category, indicating that this attribute is attractive to the respondent’s requirements [46].



Berger [47] proposed the improvement quality index based on the Kano model, namely the customer satisfaction coefficient, which is divided into the increasing customer satisfaction coefficient (SII) and the reducing customer dissatisfaction coefficient (DDI) (Formulas (1) and (2)). The value of SII ranges from 0 to 1, and, the closer it is to 1, the greater the impact of the satisfaction of this factor on increasing customer satisfaction. The value of DDI is between −1 and 0, and the closer it is to −1, the greater the impact of the dissatisfaction of this factor on reducing customer dissatisfaction. It should be noted that the Kano model is a qualitative analysis method in essence that can identify different attributes of service-quality elements, but the principle of classification is more subjective. In addition, over time, the attributes of features will also undergo a dynamic transformation.


  S I I =   A + O   A + O + M + I    



(1)






  D D I =   −  (  M + O  )    A + O + M + I    



(2)







In the above formula, A is the attractive quality, O represents the desired quality, M stands for the basic quality, and I denotes the unnecessary quality. The closer the SII value is to −1, the greater the contribution of this quality factor to an improvement in customer satisfaction. If the DDI value is closer to −1, this means that the lack of this quality factor contributes more to reducing customer satisfaction. This method can be applied to extract key service-quality elements, but the priority among the key service-quality elements is not considered. The Kano model is a classic approach to describing the relationship between product or service design and user satisfaction. As different indicators of living environments in rural settlements have different expectations for users, the Kano model is suitable for describing the asymmetric nonlinear relationship between design features and user satisfaction.




3.3. The Importance–Satisfaction Model (IS Model)


Martilla and James proposed the theory of importance–performance analysis (IPA) in 1977 [48], while Yang [49] presented the concept of an “importance–satisfaction model” (IS model) based on IPA to evaluate satisfaction and the importance of customers’ requirements. In the IS model, the horizontal X-axis represents the importance level of customers’ requirements, and the vertical Y-axis represents the satisfaction level of the customers’ requirements. The coordinates can be divided into four areas according to the evaluation values of importance and satisfaction, as shown in Figure 2. The origin of the coordinates is the average of all customers’ requirements in terms of importance and satisfaction.



	
Quadrant I (excellent area): requirements located in this area are considered important and satisfactory by customers. These requirements should be retained and valued in the future.



	
Quadrant II (surplus area): customers are satisfied with the requirements located in this area, but these requirements are not important to them. In other words, if the cost of providing these requirements is limited, the level of provision can be lowered.



	
Quadrant III (carefree area): requirements located in this area are less important and less satisfactory to customers. These requirements can be ignored because they have less value to customers.



	
Quadrant IV (to-be-improved area): requirements located in this area are those considered important to customers, but which do not currently meet their expected level of satisfaction. These requirements for improvement should be met immediately.







3.4. Case Study Method


The case study method is a type of qualitative research design that is often used in the social sciences, because it involves observing subjects, or cases, in their natural setting, with minimal interference from the researcher [50]. In the case study method, researchers pose a specific question about an individual or group to test their theories or hypotheses. Through case study methods, a researcher is able to go beyond the quantitative statistical results and understand the behavioral conditions from the actor’s perspective. By including both quantitative and qualitative data, a case study helps explain both the process and outcome of a phenomenon through complete observation, reconstruction, and analysis of the cases under investigation [51]. Past literature reveals the application of the case study method in many areas and disciplines, including natural examples in the fields of sociology [52], planning [37], and medicine [53]. In addition, other fields have used case study methods extensively, particularly government, management, and education. When it comes to the case study method, two major approaches can be used to collect data: document review and fieldwork. The case study facilitates the exploration of a real issue within a defined context, using a variety of data sources [54]. The present study used a relatively representative rural settlement case for fieldwork and in-depth analysis.





4. Kano–IS Integrated Analysis Model


Currently, the sustainable development of living environments in rural settlements, which comprise various complex dimensions and elements, figures prominently in the promotion of the rural revitalization strategy. In order to expedite an improvement in rural living conditions, key indicators must be identified from the many dimensions and elements as the basis of decision making in the rural reconstruction process. Specifically, the key renovation indicators in the dominant dimensions are to be maintained continuously, and those in the weak dimensions are to be refined accordingly, so that limited resources can be applied critically to improve rural living environments and reconstruction measures can be implemented in a targeted manner. Only in this way can rural living conditions be enhanced to the degree that the villagers are completely satisfied.



Moreover, in the evaluation of China’s rural settlements, the points to be enhanced may be identified based on the importance–satisfaction matrix if only the IS model is adopted, but this fails to consider the two-dimensional attributes of service quality. Using only the Kano model to evaluate service elements, the two-dimensional attributes of service quality are fully considered, but the classification of the attributes of quality elements is not rigorous enough; thus, it is not possible to distinguish the relative importance of different service-quality elements. In this sense, this study, taking advantage of the strengths of both the Kano model and the IS model to compensate for their respective disadvantages, aims to evaluate service-quality elements more effectively and identify the key elements from the evaluation indicators of living environments in rural settlements. Only in this way can resource investment priorities be determined.



The literature on the application of the Kano model or the IS model in design and research is substantial [55,56]. For instance, Chen [57] proposed the application of the Kano–SIPA ensemble model to compare the performance of the quality attributes of fast-food restaurants. Wu [58] used an integrated form of the Kano model and the IPA method to conduct 120 surveys of outpatients in 175 military hospitals to prioritize improvement measures. However, research on the sustainable renovation of living environments in rural settlements using the two models is rare. Therefore, a more accurate analysis model to better serve rural construction has great development prospects.



4.1. Research Framework


This study, in combination with the Kano model and the IS model, further determines the evaluation process of the key renovation elements based on an integrated analysis of the two models to ensure that the strengths of the two models can compensate for their drawbacks (Figure 3). The specific methods are as follows.



First, according to the characteristics of the existing villages in China, the evaluation indicators of sustainable living environments in rural settlements are obtained using the brainstorming method, among experts, as well as the Delphi method. Based on these elements and indicators, taking Fengxiang village as an example, Kano–IS questionnaires are designed, preliminary survey work is carried out, and the recovered data are statistically summarized to further analyze the quality of the questionnaires. Second, based on the data recovered from the formal survey, the Kano two-dimensional quality model is used to classify the attributes of the quality elements to evaluate living environments in rural settlements in China. In addition, better coefficients after an increase and worse coefficients after a decrease in each indicator are measured to construct a better–worse coefficient matrix. Furthermore, renovation indicators with a great influence on the better and worse coefficients are also proposed. Third, based on the degree of satisfaction feedback from the villagers, the IS model is used to calculate the priorities of the many renovation indicators and the average degree of satisfaction. On this basis, the importance–satisfaction matrix is constructed. With the characteristics of each quadrant in the IS matrix, the strategies of the elements in each quadrant and the priority quadrants for improvement and maintenance are determined. Fourth, based on the above analyses, the SII–DDI matrix and the IS model are combined to integrate and analyze the extracted renovation indicators, and those with relatively high SII, DDI, and importance are abstracted, representing the integration of the better–worse coefficient matrix and the IS matrix. Thus, the priority key renovation indicators of rural environment reconstruction are obtained. Finally, according to the Kano attributes and the IS quadrants of the renovation indicators, an integrated analysis is conducted to determine the priority of the improvement or maintenance of each indicator. In this way, rural managers can make optimum management decisions and critically invest limited government resources, so that the quality of living environments in rural settlements in Fengxiang village is enhanced to such a degree that rural residents are completely satisfied.




4.2. The Sustainable Renovation Indicators of Living Environment in Rural Settlements


The Delphi method was adopted in this study by seven experts, including four university professors from the Department of Architecture and Planning and three designers from the architectural planning and design industry in the age range of 35–55, who have more than five years of experience in scientific research on rural renewal and related fields. Finally, the Delphi method was implemented for two rounds to obtain the optimal indicators, including 4 dimensions (i.e., natural environment, infrastructure, public service, and rural architecture) and 30 indicators, as shown in Table 2.



The sustainable renovation indicators of living environments in rural settlements developed in this study will provide references for the formulation of rural policies, thus guiding and promoting the generation of a rural revitalization strategy. Furthermore, the materials and experience obtained herein can also be used for research in this field.




4.3. Model Establishment


Different indicators correspond to different Kano attribute classifications, and different attributes indicate different levels of need for villagers. Specifically, the basic features are the primary requirements of the villagers, the absence of which is likely to lead to high dissatisfaction among the villagers; therefore, the basic features should be given top priority in terms of resource distribution. Compared with the basic features, the expected features belong to a higher level of need, so resources should be distributed to the desired features after the basic ones, followed, in order, by attractiveness features and indifferent features.



The same Kano quality attributes in different quadrants of the IS matrix should Apply different strategies. As for the elements in quadrants I and II in the IS matrix, maintenance strategies should be adopted. Both quadrants have high satisfaction levels, and quadrant I has a higher importance level than quadrant II, so the elements in quadrant I should be given top priority for maintenance, and those in quadrant II should be properly maintained or just let go. Concerning the elements in quadrants III and IV, improvement strategies should be employed. Both quadrants III and IV have low satisfaction levels, and quadrant IV has a higher importance level than quadrant III, so the elements in quadrant IV should be given top priority for improvement, and those in quadrant III should be properly improved or ignored. For the elements that share the same Kano attributes and are in the same IS quadrants, the policy priority is determined by the ratio of importance to satisfaction (I/S). A larger ratio indicates relatively greater importance and a lower satisfaction level with the elements and is, therefore, a higher policy priority.



The SII–DDI coefficient matrix and the IS matrix are integrated to determine the key service-quality elements, the Kano model quality attribute classifications, and the IS matrix, so that the corresponding priority for improvement or maintenance are determined. Details are shown in Table 3. The numbers 1–12 represent the priority of strategies. Indifferent qualities and reverse qualities are strategically ignored or removed in most cases and are, therefore, not mentioned.



This research first conducted a questionnaire survey on the studied villages, and, after recovering the valid questionnaires, SPSS 23.0 statistical software was utilized to organize and analyze the survey data In detail, a descriptive statistical analysis of the samples was carried out to determine the characteristics of the demographic variables; the reliability and validity of the questionnaire were analyzed to examine the consistency and stability of the results obtained from multiple measurements; the validity was tested using the Kaiser–Meyer–Olkin (KMO) test to evaluate the accuracy of the questionnaire; based on the Kano two-dimensional quality model and the IS analysis method, the sustainable renovation indicators of living environments were determined and classified; and finally, an integrated analysis Kano–IS model was constructed to determine the key service-quality elements and the corresponding strategic priorities.





5. A Case Study of Fengxiang Village in China


5.1. Introduction to Fengxiang Village in China


Located in the Hanjiang District, in the south of Yangzhou City, Jiangsu Province, China, Fengxiang Village in the town of Guazhou consists of 12 groups with a total of more than 3000 villagers. The well-known Gaomin Temple, built in the Sui Dynasty, is located within the village, and the Grand Canal is to the east and north of it. However, the internal living environment of this village is less desirable. As shown in Figure 4, the village has the following problems: its natural environment, such as water quality and green vegetation, is unsatisfactory; the basic living facilities are inadequate; most of the houses are dilapidated and therefore require renovation; and the facades of the houses are not uniform, so the planning and construction of the whole village seem chaotic. In that sense, the living environment of Fengxiang Village urgently needs further transformation to better meet the living requirements of the people.




5.2. Basic Situation in the Samples


In February 2021, the research team randomly sampled the rural residents in Chahe Street in Fengxiang Village, Hanjiang District, Yangzhou City, Jiangsu Province, China. The survey methods included offline self-administered questionnaires, online questionnaires conducted through WeChat and wjx (https://www.wjx.cn/, accessed on 18 February 2022), and face-to-face interviews with villagers.



A total of 150 questionnaires were distributed, and 139 questionnaires were collected. After excluding 18 invalid questionnaires, there were 121 valid questionnaires in total. Of the 150 questionnaires that were distributed, 66 were offline paper questionnaires, and 84 were online questionnaires. Of the 121 questionnaires that were completed, 55 were offline paper questionnaires (with a recovery rate of 83.33%), and 66 were online questionnaires (with a recovery rate of 78.57%). In terms of gender distribution, male respondents accounted for approximately 43.80%, and 56.20% were female respondents. Regarding age, 25.62% of the respondents were 18 to 40 years old, 40.50% were 41 to 60 years old, and 33.88% were over 61 years old. With respect to occupation, agricultural workers, including those who were retired or unemployed, accounted for 32.23%, and 67.77% were employees in enterprises or public institutions. In terms of income, most of the respondents had a monthly income of CNY 3000–8000, the proportion of which was approximately 71.90%, and those who earned less than CNY 3000 or more than CNY 8000 per month comprised approximately 23.97% and 4.13%, respectively.





6. Results and Discussion


Using SPSS 23.0 statistical software, the research results showed that the forwards and backwards coefficients of Cronbach’s α for Kano question types were 0.856 and 0.827, respectively, and the coefficients of Cronbach’s α for the degree of importance and satisfaction were 0.841 and 0.909, respectively. The results are thus highly reliable and are suitable for further analysis.



6.1. Results of the Kano Model


The renovation indicators of sustainable living environments in rural settlements are classified by attributes based on the survey results in this study, as shown in Table 4. A total of 30 indicator items are incorporated into the frequency summary of each region. It can be seen that the Kano questionnaire survey achieves good results, with the following specific manifestations: (1) the statistical results of the elements in each item are basically distributed in four regions: A, O, M, and I; (2) the distribution values are different in these regions, which helps classify the elements by attributes; and (3) the samples are of high quality, because there are no reverse or invalid qualities.



Considering a large amount of data and information, one indicator is taken as an example for analysis. By substituting the survey results of “N1 water quality” into the Kano evaluation form, four regions display the statistical results, namely “A”: attractive quality (23 persons), “O”: one-dimensional quality (29 persons), “M”: must-be quality (52 persons), and “I”: indifferent quality (17 persons). According to the attribute classification of elements based on the “maximum” principle, “N1” is categorized as a must-be quality; that is, villagers will not feel more satisfied with better water quality, but a reduction in quality will lead to a significant decline in satisfaction.



Therein, nine indicators were categorized as must-be qualities; the one-dimensional and attractive qualities included 10 indicators, respectively; and the P4 educational facilities element was an indifferent quality. In this survey, no elements were classified as problematic or reverse quality.



In accordance with Formulas (1) and (2) (based on the data in Table 5), the values of SII were positioned on the X-axis to extract those within the range of 0 and 1, with the influence increasing rightwards; meanwhile, with the values of DDI on the Y-axis, those within the range of −1 and 0 were extracted and the influence increased downwards. In addition, the mean values of SII (0.555) and DDI (−0.594), as well as the origin of the coordinate axis, were taken as the center of a circle, respectively, to draw arcs, which were used as auxiliary lines to form an SII–DDI analysis matrix (as shown in Figure 5).



In Figure 5, the longer the distance from the index point to the origin means a greater combined influence of satisfaction increment and dissatisfaction decrement. Therein, I9 and P4 are closest to the origin, indicating the smaller combined influence of these two elements, thus they are less prioritized as factors affecting decision making. By contrast, the element farthest from the origin is A2, followed by I12 and N4, indicating that these three elements should be highlighted during the decision-making process.




6.2. Results of the IS Model


In Table 5, the degree of importance and satisfaction from the questionnaire results demonstrated that, on the whole, the respondents were not satisfied with the existing conditions in Fengxiang Village, which was supported by the average value of 2.65 in terms of their degree of satisfaction with the village. According to their evaluation ranking of each indicator, they were less satisfied with A4 (thermal and sound insulation of buildings), I10 (garbage disposal), and A2 (quality and restoration of buildings), among which A4 (thermal and sound insulation of buildings) had the lowest satisfaction level at only 2.05, on average. On average, N2 (air), I5 (facilities for supplying electricity and gas), N3 (noise), and P1 (cultural and recreational facilities) enjoyed the highest satisfaction levels. The average value of the overall importance level was 3.59, of which the most important were A2 (quality and restoration of buildings), N2 (air), I12 (security-monitoring facilities), and others, while the least important were I3 (drinking water facilities), I7 (cultural and sports facilities), and I8 (banks and post offices), among others.



After calculating and analyzing the data in Table 5, it was found that the average value P, which represents the villagers’ degree of satisfaction with the 30 indicators, is approximately 3.59, and the average value I of importance level is approximately 2.64. Based on the intersection point (0.058, 3.76) of the P-axis and I-axis, the I-axis and S-axis perpendicular to the P-axis and I-axis are drawn, so that a two-dimensional graph consisting of four intervals is formed. The importance value (I) and satisfaction level (S) of the 30 indicators are, respectively, marked on the figure to obtain the IS matrix diagram (Figure 6).




6.3. Results of Kano–IS Integrated Analysis and Discussions


Given that the Kano model ignores the performance of attributes and importance, and that the IS model only considers one-dimensional quality attributes, the use of either of the above-mentioned methods has its shortcomings. Therefore, by combining the Kano model and the IS model, this study aims to study the classification of the renovation indicators of living environments in rural settlements in China, along with the relevant improvement strategies.



By integrating the 20 indicators extracted above, which have a great impact on satisfaction and dissatisfaction levels, with the 20 indicators that have a higher importance value, the common 14 indicators (A2, N2, I12, N1, P5, I1, A4, I4, P8, N4, P2, P6, I13, P9) can be obtained. According to the integration results of the SII–DDI matrix and the IS model, the 14 indicators will be key to improving the living environments in rural settlements of Fengxiang Village, and, consequently, officials can refer to these indicators to better renovate the village and to improve the satisfaction level of the villagers.



According to Figure 6, it can be concluded that the renovation indicators located in the first and second quadrants should continue to adopt maintenance strategies to maintain a high satisfaction level, as the villagers are relatively satisfied with these elements. As the importance level of the indicators in the first quadrant is more significant than that in the second quadrant, the elements in the first quadrant should accordingly be maintained before those in the second quadrant. The service-quality elements located in the third and fourth quadrants should continue to adopt improvement strategies to better their actual performance, as the villagers are not satisfied with these elements. As the importance level of the elements in the fourth quadrant is greater than that in the third quadrant, the elements in the fourth quadrant should accordingly be improved before those in the third quadrant.



In addition, different Kano attributes have different priorities. Among them, the must-be quality is a top priority, followed by the one-dimensional quality, the attractive quality, and the indifferent quality, in sequence. For the service-quality elements that share the same Kano attributes and are in the same IS quadrants, the policy priority is determined by the ratio of importance to satisfaction (I/S). A larger ratio indicates relatively greater importance and a lower satisfaction level of the elements, and therefore, a higher policy priority or vice versa. Therefore, the following rules of decision making can be further obtained.




	(1)

	
Maintenance strategy priorities—the must-be quality element M enjoys the top priority, and quadrant I in the IS model covers the following elements: P5 medical and health facilities (1.34), N1 water quality (1.32), A1 planning and layout (1.29), N2 air (1.23), and I5 facilities for supplying electricity and gas (1.21); the one-dimensional quality element O has second priority, and quadrant II in the IS model covers the following elements: I2 parking facilities (1.33), N3 noise (1.16), and I3 drinking water facilities (1.11); the next order of priority is the attractive quality element, and P6 business service facilities located in the quadrant is higher than I8 banks and post offices (1.22), A3 building façade renovation (1.22), and I7 cultural and sports facilities (1.13) in quadrant II; and to follow is the indifferent quality element, P4 educational facilities. For the elements with the same Kano attributes in the same quadrant, the priority is determined by the ratio of importance to satisfaction (Table 5). Hence, the final maintenance strategy priorities from top to bottom are as follows: P5 > N1 > A1 > N2 > I5 > I2 > N3 > I3 > P6 > I8 > A3 > I7 > P4.




	(2)

	
Improvement strategy priorities—the must-be quality element M is the top priority, and I10 garbage disposal (1.68) and I4 drainage facilities (1.57) in the IV quadrant of the IS matrix are better than the I13 entrances and exits to the village (1.58) and I6 public transportation facilities in the III quadrant (1.37), which therefore require prior improvement; the one-dimensional quality element O is the second priority, and quadrant IV in the IS matrix covers the following elements: A2 quality and restoration of buildings (1.92), A4 thermal and sound insulation of buildings (1.88), I12 security-monitoring facilities (1.73), I1 road (1.62), N4 public green space (1.57), and P8 outdoor lighting (1.55). P3 activity facilities is in the III quadrant (1.44); the attractive quality element is to be improved in the wake of other elements, and the sequence is P2 public activity areas in quadrant IV and I9 public washrooms (1.38), I11 road signs (1.37), P7 facilities for rest (1.34), P9 police stations (1.34), and P1 cultural and recreational activity facilities (1.31) in quadrant III. For the elements with the same Kano attributes and in the same quadrant, the priority is determined by the ratio of importance to satisfaction. Hence, the final improvement strategy priorities are as follows: I10 > I4 > I13 > I6 > A2 > A4 > I12 > I1 > N4 > P8 > P3 > P2 > I9 > I11 > P7 > P9 > P1.









Based on the above analysis and the renovation indicators extracted from the integrated analysis of the SII–DDI matrix and the IS model, it can be concluded that, for Fengxiang Village, these elements are the top five primary concerns for improvement: I10 garbage disposal, I4 drainage facilities, I13 safety gate, I6 public transport, and A2 quality and restoration of buildings. The villagers are currently dissatisfied with those elements that greatly impact their overall satisfaction with the village, meaning that more effort must be made to improve the status quo. Elements such as P5 medical and health facilities, N1 water quality, A1 layout, and N2 air are the top five indicators to be maintained first, in order, for they, on one hand, are directly related to the villagers’ satisfaction with the village and, on the other hand, currently enjoy a high satisfaction level. As shown from this perspective, the high quality of those elements should be maintained in a targeted manner. In order to produce a higher degree of satisfaction from the villagers, corresponding maintenance and management methods for each indicator should be implemented according to the investigation and diagnosis results, and resources should be distributed appropriately to maintain the strong ones and strengthen the weak ones. In that sense, resource-use efficiency will be maximized. Therefore, the Kano–IS decision analysis model proposed in this study can produce different decision results when applied in different rural areas, and accordingly, the goal of the bottom-up renovation is achieved.





7. Conclusions


The strategic planning of rural development is focused on both economic growth and sustainable development [4,59]. People have set higher demands for living in comfort in the post-pandemic era [60,61], which means that the sustainable renovation and reconstruction of living environments in rural settlements is urgently needed, with the ultimate goal being the contentment of villagers. Therefore, the sustainable improvement of living environments in rural settlements is of great significance for enhancing the living satisfaction of villagers and stimulating rural economic vitality. On this basis, this study proposed a new analytical model and pinpointed the focus of the renovation required. Based on a questionnaire survey conducted in Fengxiang Village, renovation indicators of sustainable living environment in rural settlements and maintenance strategy priorities were obtained with the aid of an integrated Kano–IS model. More specifically, based on the analysis of the questionnaire data collected from the case-based empirical research, this study determines the priorities for improvement and maintenance strategies based on the sustainable renovation indicators of living environments in rural settlements in China. Among them, the top five priorities for maintenance strategies are P5, N1, A1, N2, and I5, which should be maintained by rural managers when formulating policies. The top five priorities for improvement strategies are I10, I4, I13, I6, and A2, and their current statuses have the greatest impact on residents’ satisfaction. Rural managers should give priority to making improvements in the formulation of renovation policies to greatly improve the well-being of villagers. Targeted at issues that were revealed by the analysis, improvement suggestions to maintain the strong and strengthen the weak were also proposed to optimize the benefits of the government’s human and financial investment.



In this research, the Kano model and the IS analysis method were employed to create a model for the analysis of renovation indicators in order to improve rural human settlements in China, highlighting its theoretical significance, in terms of decision making, to reconstruct sustainable living environments in rural areas. This research practically explores the relationship between villagers’ degrees of satisfaction and the village’s performance after renewal and offers decision-making strategies for maintenance or improvement that are practically significant for guiding the renewal projects of living environments in rural settlements in China, as well as guiding the relevant government construction work.



Furthermore, this study integrates the Kano model with the IS analysis method and builds a decision-making model for the sustainable renovation of living environments in rural settlements after further optimization and innovation, making up for the shortcomings of ignoring the two-dimensional attributes of indicators when applying IS analysis alone, as well as avoiding insufficient consideration of the status quo of human settlements when applying the Kano model alone. Specifically, the decision-making model has the following strengths: (1) the Kano–IS integration model for identifying the indicators of the living environments in rural settlements is proposed from a two-dimensional perspective; (2) an evaluation process for sustainable living environments in rural settlements is constructed, and the Kano–IS scale of rural human conditions is designed; and (3) the key renovation indicators of sustainable living environments in rural settlements and the priorities of the corresponding maintenance or improvement strategies are discussed empirically.



This study thoroughly explored the Kano–IS integration model in a scientific manner. However, as time and resources are limited, this study did not carry out a more detailed cross-analysis and discussion of the personal attributes of the respondents (for example, gender, age, education, etc.). On the other hand, the model of this study was only applied in one practical case, and there may be some uncertainties in the future due to differences between villages with different climates in different regions of China. Therefore, it is recommended that the views of rural administrators and planners, who embody “top-down” and “bottom-up” decision making, should be added to the Kano–IS integration model. Furthermore, this model could be further optimized by applying it to living environments in rural settlements in other regions of China in the future.
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Figure 1. Kano model of quality attributes. 
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Figure 2. Importance–satisfaction model (IS model). 
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Figure 3. Research framework. 
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Figure 4. Current living environment situation in Fengxiang village. 
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Figure 5. SII–DDI matrix diagram. 
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Figure 6. IS matrix diagram. 
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Table 1. Kano evaluation table.






Table 1. Kano evaluation table.





	
Customer

Requirements

	
Dysfunctional




	
1. Like

	
2. Must be

	
3. Neutral

	
4. Live with

	
5. Dislike






	
Functional

	
1. Like

	
Q

	
A

	
A

	
A

	
O




	
2. Must be

	
R

	
I

	
I

	
I

	
M




	
3. Neutral

	
R

	
I

	
I

	
I

	
M




	
4. Live with

	
R

	
I

	
I

	
I

	
M




	
5. Dislike

	
R

	
R

	
R

	
R

	
O
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Table 2. The sustainable renovation indicators of living environment in rural settlements.
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Dimension

	
Indicators




	
No.

	
Name






	
Natural Environment (N)

	
N1

	
Water quality




	
N2

	
Air




	
N3

	
Noise




	
N4

	
Public lawn




	
Infrastructure (I)

	
I1

	
Road




	
I2

	
Parking facilities




	
I3

	
Drinking water facilities




	
I4

	
Drainage facilities




	
I5

	
Facilities for supplying electricity and gas




	
I6

	
Public transport




	
I7

	
Cultural and sports facilities




	
I8

	
Banks and post offices




	
I9

	
Public toilet




	
I10

	
Garbage disposal




	
I11

	
Wayfinding signs




	
I12

	
Security-monitoring facilities




	
I13

	
Safety gate




	
Public Service (P)

	
P1

	
Cultural and recreational facilities




	
P2

	
Public event space




	
P3

	
Activity facilities




	
P4

	
Educational facilities




	
P5

	
Medical and health facilities




	
P6

	
Business service facilities




	
P7

	
Recreation facilities




	
P8

	
Outdoor lighting




	
P9

	
Police station




	
Architecture and Planning (A)

	
A1

	
Layout




	
A2

	
Quality and restoration of buildings




	
A3

	
Building facade renovation




	
A4

	
Thermal and sound insulation of buildings
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Table 3. Decision sequence of quality factors.
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Kano

Attribute

	
IS

Quadrant

	
I/S Ratio

	
Importance

	
Satisfaction

	
Improvement Order

	
Maintained Order






	
Must-be quality

	
Ⅰ

	
Large

	
High

	
High

	
-

	
1




	
Small

	
High

	
High

	
-

	
2




	
Ⅱ

	
Large

	
Low

	
High

	
-

	
3




	
Small

	
Low

	
High

	
-

	
4




	
Ⅲ

	
Large

	
Low

	
Low

	
3

	
-




	
Small

	
Low

	
Low

	
4

	
-




	
Ⅳ

	
Large

	
High

	
Low

	
1

	
-




	
Small

	
High

	
Low

	
2

	
-




	
One-dimension quality

	
Ⅰ

	
Large

	
High

	
High

	
-

	
5




	
Small

	
High

	
High

	
-

	
6




	
Ⅱ

	
Large

	
Low

	
High

	
-

	
7




	
Small

	
Low

	
High

	
-

	
8




	
Ⅲ

	
Large

	
Low

	
Low

	
7

	
-




	
Small

	
Low

	
Low

	
8

	
-




	
Ⅳ

	
Large

	
High

	
Low

	
5

	
-




	
Small

	
High

	
Low

	
6

	
-




	
Attractive quality

	
Ⅰ

	
Large

	
High

	
High

	
-

	
9




	
Small

	
High

	
High

	
-

	
10




	
Ⅱ

	
Large

	
Low

	
High

	
-

	
11




	
Small

	
Low

	
High

	
-

	
12




	
Ⅲ

	
Large

	
Low

	
Low

	
11

	
-




	
Small

	
Low

	
Low

	
12

	
-




	
Ⅳ

	
Large

	
High

	
Low

	
9

	
-




	
Small

	
High

	
Low

	
10

	
-
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Table 4. Attribute classification of Kano indicators and calculated values of SII and DDI for each quality.
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	Secondary

Indicators
	A
	O
	M
	I
	Kano Quality
	SII
	DDI





	N1
	23
	29
	52
	17
	M
	0.43
	−0.67



	N2
	14
	26
	73
	8
	M
	0.33
	−0.82



	N3
	20
	46
	36
	19
	O
	0.55
	−0.68



	N4
	35
	53
	25
	8
	O
	0.73
	−0.64



	I1
	39
	44
	32
	6
	O
	0.69
	−0.63



	I2
	17
	47
	34
	23
	O
	0.53
	−0.67



	I3
	31
	39
	25
	26
	O
	0.58
	−0.53



	I4
	16
	31
	64
	10
	M
	0.39
	−0.79



	I5
	29
	23
	53
	16
	M
	0.43
	−0.63



	I6
	23
	39
	45
	14
	M
	0.51
	−0.69



	I7
	38
	27
	34
	22
	A
	0.54
	−0.50



	I8
	51
	20
	30
	20
	A
	0.59
	−0.41



	I9
	52
	17
	23
	29
	A
	0.57
	−0.33



	I10
	24
	23
	44
	30
	M
	0.39
	−0.55



	I11
	48
	27
	30
	16
	A
	0.62
	−0.47



	I12
	22
	56
	31
	12
	O
	0.64
	−0.72



	I13
	26
	37
	52
	6
	M
	0.52
	−0.74



	P1
	56
	18
	24
	23
	A
	0.61
	−0.35



	P2
	51
	26
	21
	23
	A
	0.64
	−0.39



	P3
	27
	41
	38
	15
	O
	0.56
	−0.65



	P4
	22
	31
	26
	42
	I
	0.44
	−0.47



	P5
	20
	35
	59
	7
	M
	0.45
	−0.78



	P6
	49
	25
	36
	11
	A
	0.61
	−0.50



	P7
	35
	31
	32
	23
	A
	0.55
	−0.52



	P8
	38
	40
	33
	10
	O
	0.64
	−0.60



	P9
	29
	25
	57
	10
	A
	0.45
	−0.68



	A1
	29
	28
	53
	11
	M
	0.47
	−0.67



	A2
	37
	67
	15
	2
	O
	0.86
	−0.68



	I11
	52
	21
	34
	14
	A
	0.60
	−0.45



	I12
	39
	51
	23
	8
	O
	0.74
	−0.61



	Average value
	
	
	
	
	
	0.555
	−0.594
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Table 5. Decision sequence of quality factors.






Table 5. Decision sequence of quality factors.





	Indicators
	Mean Value of

Importance
	Mean Value of

Satisfaction
	I/S





	N1
	3.88
	2.93
	1.32



	N2
	4.00
	3.25
	1.23



	N3
	3.47
	3.00
	1.16



	N4
	3.67
	2.34
	1.57



	I1
	3.87
	2.39
	1.62



	I2
	3.49
	2.62
	1.33



	I3
	3.18
	2.88
	1.11



	I4
	3.83
	2.44
	1.57



	I5
	3.65
	3.01
	1.21



	I6
	3.42
	2.49
	1.37



	I7
	3.19
	2.83
	1.13



	I8
	3.19
	2.62
	1.22



	I9
	3.34
	2.43
	1.38



	I10
	3.61
	2.15
	1.68



	I11
	3.38
	2.48
	1.37



	I12
	3.99
	2.31
	1.73



	I13
	3.50
	2.22
	1.58



	P1
	3.32
	2.54
	1.31



	P2
	3.64
	2.45
	1.48



	P3
	3.41
	2.38
	1.44



	P4
	3.69
	2.70
	1.37



	P5
	3.88
	2.89
	1.34



	P6
	3.60
	2.95
	1.22



	P7
	3.32
	2.48
	1.34



	P8
	3.69
	2.38
	1.55



	P9
	3.43
	2.56
	1.34



	A1
	3.71
	2.87
	1.29



	A2
	4.12
	2.14
	1.92



	A3
	3.31
	2.72
	1.22



	A4
	3.83
	2.04
	1.88
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