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Abstract

:

The supply–demand relationship of urban public service facilities is the key to measuring a city’s service level and quality, and a balanced supply–demand relationship is an important indicator that reflects the optimal allocation of resources. To address the problem presented by the unbalanced distribution of educational resources, this paper proposes a dynamic Voronoi diagram algorithm with conditional constraints (CCDV). The CCDV method uses the Voronoi diagram to divide the plane so that the distance from any position in each polygon to the point is shorter than the distance from the polygon to the other points. In addition, it can overcome the disadvantage presented by the Voronoi diagram’s inability to use the nonspatial attributes of the point set to precisely constrain the boundary range; the CCDV method can dynamically plan and allocate according to the school’s capacity and the number of students in the coverage area to maintain a balance between supply and demand and achieve the optimal distribution effect. By taking the division of school districts in the Bao’an District, Shenzhen, as an example, the method is used to obtain a school district that matches the capacity of each school, and the relative error between supply and demand fluctuates only from −0.1~0.15. According to the spatial distribution relationship between schools and residential areas in the division results, the schools in the Bao’an District currently have an unbalanced distribution in some areas. A comparison with the existing school district division results shows that the school district division method proposed in this paper has advantages. Through a comprehensive analysis of the accessibility of public facilities and of the balance of supply and demand, it is shown that school districts based on the CCDV method can provide a reference for the optimal layout of schools and school districts.
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1. Introduction


As the level of urbanization increases, cities are rapidly expanding, their populations are growing, and the demand and requirements for public service facilities are gradually increasing. However, the insufficient construction of public service facilities and low standards are generating problems such as a lack of coordination between facility construction and urban space expansion that results in an imbalance between facility supply and demand [1,2,3]. The fundamental contradiction between the construction of urban public facilities and the areas where services are needed is the imbalance between supply and demand: it is particularly important that existing resources be reasonably allocated to ensure such a balance.



Public service facilities specifically include education, medical and health, culture, sports, transportation, social welfare, and security facilities [4]. In recent years, a belief in the “equalization of basic public service facilities” has gradually taken root, and educational equity has become a common concern across all sectors of society [5,6]. Urban school districts are a manifestation of the balanced distribution of urban basic education resources. In China, elementary school students are sent to schools in their school district based on the principle of nearest enrollment [7,8]. However, with the continuous increase in the urban population, the number of school-age children is also increasing. The capacity in public primary schools in large and medium-sized cities is limited, which means the nearest school is often unable to enroll all school-age children in the surrounding area. This makes it difficult for families to enroll at a nearby school and also makes the phenomenon of choosing across schools universal. It is thus worth studying this space optimization problem to determine how to dynamically divide school districts or automatically allocate places, so as to ensure that as many students as possible can enroll in a nearby school.



The problem of school district division has a certain degree of complexity and has always attracted academic attention. Therefore, many scholars have conducted research to determine the exact or approximate solution to achieve optimal enrollment. The school district division methods mainly focus on mathematical models, the Geographic Information System (GIS), and the heuristic algorithm.



References [9,10,11,12,13] applied different the mathematical models to study the division of school districts. They constructed a variety of linear constraint models for the shortest distance between students and the school and the lowest transportation cost. However, the mathematical model approach is mainly a simple statistical comparison of data; these models are unable to consider the problem of spatial layout, most involve NP-hard problems, and it is difficult to obtain stable and effective solutions [14,15]. References [16,17,18,19] mainly applied GIS methods such as the buffer analysis method, road network distance analysis method, and Thiessen polygon division method. Caro et al. [16] and Kong [18] based on the principles of the shortest total enrollment distance and the continuity of the division area, using the buffer analysis method and road network analysis distance method to develop the optimal school district division tool. However, they can hardly cover all areas continuously. References [19,20,21,22,23] took continuity and compactness as constraints, and studied the model of school district division based on Thiessen polygon and network analysis. Although the Thiessen polygon method can cover all the space and minimize the traffic cost, it is difficult to take into account the contradiction between supply and demand or between schools and residents. In recent years, an increasing number of problems with complex features have appeared, and a single heuristic algorithm may be insufficient to address these challenges. Therefore, researchers [24,25,26] have started studying hybrid algorithms, that is, integrating two or more heuristic algorithms to solve the problem of school district division. Although these intelligent optimization algorithms can obtain high-quality solutions through continuous search and optimization, the computational complexity of the algorithms is high, and it is easy for them to fall into the local optimum. The most important thing is that it is difficult for them to simultaneously consider the spatial location and attribute constraints of data.



Scholars have conducted sufficient research on accessibility assessment methods. Luo and Wang [27] proposed a two-step floating catchment area (2SFCA) method when studying the accessibility of medical facilities, which is a more effective accessibility assessment method. This method uses a two-step floating search method based on service supply points and service demand points to calculate the accessibility of an area, which alleviates the problem of imbalance between supply and demand of service facilities. However, scholars found that the 2SFCA method sets a single search range for all service supply points and service demand points. The service supply point can only serve the demand points within the range and cannot provide services for the demand points outside the range, and it is believed that the accessibility of people within the service range is equal [28,29]. In response to these problems, scholars have carried out improved research based on the 2SFCA method. Luo and Qi [28] proposed the enhanced two-step floating catchment area method (E2SFCA) method. They think that people do not mind the difference in transit time within a few minutes when enjoying service facilities. Therefore, the distance decay within a period of time (for example, 0–10 min) is not serious, and a fixed decay coefficient can be used to express the decaying rules with distance. However, in the E2SFCA method, how to set the weight coefficient of distance decay has become a new problem. Luo and Whippo [30] believed that according to the different spatial distribution of service supply points and population, different areas should adopt different service ranges, so they proposed an improved 2SFCA method with variable service ranges. This method can solve the problem that service supply points cannot form a supply scale or service demand points cannot obtain services, which is caused by the scattered distribution of service supply points or service demand points. However, the setting of the search range threshold for service supply points and service demand points is also subjective [31]. In addition, scholars have proposed different accessibility assessment methods from the aspects of competitiveness of service supply points [32], differences in travel modes [33], and integration of multiple data [34].



From the perspective of school district division, distance and the balance of supply and demand are important constraints in school district division [35,36,37,38,39,40]. Due to the uneven distribution of schools and the continuous growth of the population in the central areas of the city, the supply of degrees provided by some schools is less than demand, while the supply of degrees for some schools slightly exceeds demand, and the supply–demand relationship of urban public service facilities is the key to measuring a city’s service level and service quality. The balance of the supply–demand relationship is an important indicator that reflects the optimal allocation of resources. When considering distance accessibility factors, in order to reduce the subjectivity of parameter settings and automatically obtain a fairer range of school districts, this paper attempts to use the Thiessen polygon method in GIS to automatically divide the school district and combine the supply and demand factors to further optimize the school district.



This article explores an optimization strategy for school district division from the perspective of supply and demand balance and constructs an algorithm for the dynamic division of school districts. It can not only consider the distance cost, but also balance the school capacity and the number of school-age children in the school district as much as possible. Specifically, a dynamic Voronoi diagram partition method based on attribute constraints (CCDV) is proposed to try to balance the supply and demand of school resources. First, a Voronoi diagram is constructed based on each school to fully consider the distance factor. Second, based on the school capacity and the population of school-age children within the polygon range, the range of each polygon in the Voronoi diagram is recalculated to maximize the balance between supply and demand. Third, by taking the layout of primary schools in the Bao’an District, Shenzhen, as an example, and using the community as a spatial unit, the Voronoi diagram method is applied to evaluate the supply and demand status of primary schools in the Bao’an District and optimize the district layout. Finally, according to the results of comparative experiments, it is judged whether the CCDV method is beneficial to the balance of supply and demand of school degrees. The research and application of the CCDV method can provide a reference for the division of urban school districts, with a view to enhancing the scientific foundation, authority, and rationality of public service facility planning.




2. Dynamic Voronoi Method Based on Conditional Constraints (CCDV)


Thiessen polygons are also called Voronoi diagrams, which are named after George Voronoi. They are a set of continuous polygons composed of vertical bisectors that connect two adjacent points. The distance from any point in a Thiessen polygon to the control points that constitute the polygon is less than the distance to the control points of other polygons [23,41]. Therefore, the Voronoi method can effectively solve the problem of nearby enrollment and divide an area into school districts with the minimum distance cost. Starting with school supply and school district demand, this paper proposes a dynamic Thiessen polygon elementary school district division strategy. It is based on the balance between supply and demand constraints to explore a suitable method of school district division.



The constrained dynamic Voronoi diagram method is based on the traditional Thiessen polygon algorithm. The traditional Thiessen polygon takes the point set as the initial data to divide the plane, so that the distance from any position in each polygon to the point (school) is shorter than the distance from the polygon to other points (schools). However, the Thiessen polygon only considers the distance constraint, the resulting polygon is fixed, and it cannot incorporate the nonspatial attributes of the point. Moreover, constraints cannot be set for the attribute relationship between other features within the polygon coverage and the initial point. Therefore, an improvement must be made on the basis of the Voronoi diagram method.



First, the dynamic Voronoi graph algorithm with constraints can use the distance constraint of the Voronoi graph to form the initial coverage of each school. This coverage ensures that the distance between each school and surrounding student resources is acceptable. Second, each school has a student capacity, so the number of school-age children within the initial polygon is calculated. Here, the community is used as a spatial unit to calculate the population of school-age children in the study area, but it can also be calculated in different unit types (such as grid, transportation analysis zone). When the school’s capacity limit is reached, the accumulation stops. All communities that participate in the statistics are regarded as the school district, and the Voronoi diagram is re-established for the remaining data, and the next round of calculation is performed. If the cumulative number of school-age children in a polygon does not reach the school’s capacity limit, then the search is expanded around the polygon by a certain step length until the school’s accommodation limit is reached, and it is then reaccumulated based on the expanded range. After repeated iterative calculations, when all schools or student sources are allocated, a spatially continuous school district is formed, and the number of students covered by the school district and the school’s capacity are balanced, that is, balance is achieved between the school’s supply and demand. Figure 1 shows the implementation process of the constrained dynamic Voronoi diagram (CCDV) method.



The implementation steps of the CCDV method are as follows.




	(1)

	
By taking the school’s spatial position as the reference point, use the Voronoi diagram algorithm to segment the plane where the school is located and ensure that the boundary of the generated Thiessen polygon can cover all areas with school-age students.




	(2)

	
Calculate the center of gravity of each Thiessen polygon, and sort the centers of gravity from low to high in the order of longitude first and then latitude to form a fixed sequence of Thiessen polygons.




	(3)

	
Select the first Thiessen polygon, assuming that the number of students in the school within the polygon is    N i    (i refers to a school). The total number of school-age children within the polygon is counted according to the community units covered by the polygon. First, calculate the center of gravity of each community, and sort the center of gravity from low to high in the order of longitude first and then latitude. Second, suppose that there are j community units in the range, and that the number of students represented by each unit is    M 1  ,  M 2  , … ,  M j   . Again, sequentially accumulate the number of school-age students in the area according to the order of the community’s center of gravity, that is,   M =   ∑  1 j   M j   . Since it is generally impossible to guarantee that the number of students in a school zone is exactly equal to the school’s capacity, a floating range is set for the school’s capacity so that the number of students in each school zone will float within a certain range. Given the situation in Shenzhen, the school capacity range set in this article is   (  N i  − 0.05 ×  N i  ) ~ (  N i  + 0.05 ×  N i  )  . This parameter can be adjusted according to actual needs. If    |  M −  N i   |  ≤ 0.05 ×  N i   , then stop the iteration. M is the number of students assigned to the school, and all community units that participate in the iteration represent the area covered by the school district.




	(4)

	
If all the community units in the polygon in the previous step cannot meet the stop condition after iterating, then this means that the number of students in the area is less than the number that the school can accommodate. Therefore, expand the search range. Setting too small a range will result in low search efficiency, and setting too large a range will cause the distance between students and the school to be too far, which is not conducive to the principle of nearby enrollment. To address this, the algorithm will gradually expand the search range to search for the optimal area. First, set an initial expansion range based on the original polygon boundary, which is 100 m in this article. Then, set a search step length, which in this article is 10 m, and the range will be gradually expanded on the basis of a 100 m range. When the total number of students in the search area is less than or equal to the number of students that the school can accommodate, the search stops. The polygon boundary is regarded as the new school district range.




	(5)

	
Save the mapping relationship between the schools and community units that have been allocated. At the same time, remove the allocated schools and community units from the original data. Regenerate Thiessen polygons from the remaining school point data, and return to step (1) to start the next round of iterative calculations.




	(6)

	
Since at least 3three points can form a Thiessen polygon, when iterating to the last two remaining schools, a polygon cannot be formed. Therefore, arbitrarily choose a school as the center, and follow the method in step (4) to expand the search range gradually. Stop the search when the total number of students in the search area is less than or equal to the number of students that the school can accommodate, and the polygon boundary is regarded as the new school district range. Since it is impossible to ensure that the number of people allocated each time is exactly equal to the school’s capacity, there may be a surplus of schools or students at the end of the allocation, that is, the supply of schools and the demand for schools of school-age students may be imbalanced. Therefore, in the calculation, it is necessary to determine whether the school and the students are all allocated. If the school is allocated, then the results of all school district divisions are output; if there are too many students, then the students who are not allocated to the school are marked, and the corresponding community is output.









As shown in Figure 2, if there are five schools (A, B, C, D, E) in the study area, including the number of students that the school can accommodate and the distribution of school-age children, the CCDV method is used to divide the school district. Firstly, establish the Thiessen polygon based on the school location, and then select one of the polygons to compare the number of students who need to go to school and the number of school-age children in the area. If the capacity of the school A is greater than the existing number of school-age children in the area, expand the polygonal range until the school capacity is less than or equal to the number of school-age children, as shown in Figure 2c. Complete the first school district division and regenerate the Thiessen polygons for the remaining schools. Secondly, select the school B for calculation and find that the number of school-age students in this area is already greater than the capacity of the school, so this area is the second school district. After completing the second iteration calculation, new Thiessen polygons are generated for the remaining schools. Then, iterative calculations are performed on the remaining schools in turn, until all schools are divided or all school-age children are allocated. Finally, the result of school district division is obtained, as shown in Figure 2e. The school D has a larger capacity and covers students who originally belonged to School E. Therefore, School E can cover students in more distant areas until it reaches its capacity. It is found from Figure 2 that although the CCDV method may increase some distance costs, it can maximize the supply–demand ratio of the school within a certain distance range. It is important to solve the problem that the number of school-age students is far greater than the capacity provided by the school. The application of this method can increase the utilization rate of educational facilities and minimize the difference between supply and demand.




3. School District Division Experiment and Analysis


3.1. Experimental Area and Data Description


The object of this study is elementary schools as public service facilities. The service object of the elementary school is six- to 12-year-old children. Compared with middle and high school students, this younger group is characterized by a limited travel radius and walking as the primary travel mode. Facility accessibility is thus more sensitive for this group. Therefore, by taking the division of elementary school districts in the Bao’an District of Shenzhen as an example, the feasibility of the constraint-based dynamic Voronoi diagram method for the division of school districts is analyzed. According to the statistics of the Bao’an District, 137 primary schools can accommodate 140,743 students, and the population data of school-age children based on 4782 community units is 153,375. Community management urgently has been needed to improve grassroots social governance in recent years. The division of the community is based on the population, the road network, residential quarters, etc. At the same time, by considering the distance factor, it is consistent with the goal of enrolling in a nearby school. The distribution of elementary schools and the school-age population in the existing school districts in the Bao’an District are shown in Figure 3.



Figure 3 shows that there are 46 school districts in the Bao’an District. There are large populations and a dense distribution of schools in the southwestern and southern parts of the district. The boundary of the school district is basically established by road networks. In other areas, it is most often divided by community administrative boundaries. In addition, there is a large gap between the number of students that the Bao’an District can support and the number of students who actually need to go to school. The official report of the Bao’an District confirms that there is an imbalance between supply and demand in the existing school district division.



Therefore, based on the supply and demand of the existing schools in the Bao’an District, Shenzhen, this paper applies the dynamic Voronoi diagram school district division method based on conditional constraints. Through the dynamic division of the school district, it is possible to achieve the maximum possible balance between the supply and demand for each school while enrolling more nearby students.




3.2. Experimental Results


The school point data with student capacity and the community unit data that contain the population of school-age children are substituted into the CCDV method. After repeated iterations, the school-age children in the community unit are allocated to various schools, and the result for the school district division in the Bao’an District, Shenzhen (Figure 4), is obtained. As shown in Figure 4, each color corresponds to an area covered by a school, and both the Voronoi method and the CCDV method are divided into 137 school districts, but the range of communities covered by each school is different. Because there are many areas, no legend is shown. The mapping relationship between the center of gravity of each school and the community unit is shown in Figure 5. The connection between each school and the community unit indicates that the students in the community are assigned to this school.



By comparing (a) and (b) in Figure 4, we can see that the dynamic Voronoi method with constraints can not only consider the distance factor, but also allocate school-age children according to supply and demand conditions. The above view can be confirmed from the three enlarged areas of A, B, and C. Some school districts contain more than one school, indicating that the student capacity of schools in the area is greater than the demand, so the range of enrolling students can be expanded. In Figure 5, the community units covered by each school can be observed more clearly. Figure 5 also to a certain extent reflects the irrationality of the current layout of some schools in the Bao’an District. The community units that divide the Bao’an District into the northwest, middle, and south are basically clustered around the school, which can meet the school’s student capacity limit and the principle of nearby enrollment. However, the existence of reservoirs and forest parks in the central and eastern regions means that the population density is relatively sparse, while the distribution of schools is relatively dense, which causes an insufficient distribution of the number of students; thus, students must come from farther away, which results in the southeast area being assigned to these schools. In addition, because the northeastern part of the Bao’an District borders on another district (Guangming District), a concave administrative boundary is formed. Therefore, some schools in the northeast search other areas for students when the number enrolled do not reach the school supply capacity. It can be seen that a reasonable adjustment of the school layout can increase the convenience of enrollment and improve the balance of the distribution of educational resources.




3.3. Result Verification


By aiming at the problem of unbalanced resource allocation in the division of existing elementary schools in the Bao’an District and taking the supply and demand of the school district as the starting point, a dynamic Voronoi algorithm based on conditional constraints is proposed. The accessibility level and the supply and demand levels of the school district are calculated through a technical method of public service facility evaluation. The differences between the school districts generated by the improved algorithm, the school districts generated by the Voronoi algorithm, and the existing school districts are compared in terms of accessibility and the supply–demand balance. The rationality of using these different methods to divide school districts is then evaluated.



	(1) 

	
Accessibility







Accessibility is a key factor in evaluating the location of public service facilities. Accessibility measures the degree of effort required to reach the end point, and it can also indicate the potential for interaction between the start point and the end point. Regardless of the type of facility, balanced coverage is the goal when selecting the location of public service facilities. The public welfare characteristics of facilities and their social security functions determine that so-called balanced coverage should first be fair coverage, and balanced coverage is also more conducive to maximizing the utility of public service facilities.



The key factor in the layout of primary schools is to maximize their service levels, and the service utility of primary schools is largely determined by their accessibility. There are many ways to measure accessibility, including measurements of the affordability, acceptability, availability, and convenience of access to the service [42]. The research objects selected in this paper are public elementary schools. The geometric center of gravity of each elementary school is the supply point, the geometric center of the community unit is the demand point, and the Euclidean distance between these two points is used as a measure of accessibility. Because this article mainly focuses on differences in the distance between two points in different school district division methods, the linear distance between the center of gravity of the starting area is used for analysis. Table 1 shows the calculation of the different distances from the school to each community unit based on the existing school district, the school district based on the Voronoi division, and the school district based on the CCDV division.



When the distance between the school and the residential area is smaller, the accessibility is better. It can be seen from Table 1 that the total distance to school for school-age children in the school district based on the Voronoi method is 1817.2 km less than the existing school district, the longest distance is 1.9 km less, the average school distance is 0.38 km less, and the optimization rate is 25.7%, which demonstrates that dividing school districts based on the Voronoi method is conducive to the implementation of the nearest admission policy. However, the distance to school for students in school districts based on the CCDV method is greater than the distance to school in the other two methods, especially the farthest distance, and the total distance is 365.8% greater than the total distance of the existing school district. This is mainly due to the unbalanced distribution of schools and students, which has led to schools searching for students farther away (as shown in Figure 4b); the average distance is only 37.2% greater than the average distance of the existing school district. This shows that if the distribution of schools can be reasonably adjusted, this method has certain advantages.



	(2) 

	
Supply and demand balance







The degree of supply and demand compares the supply of urban public facilities and the demand for these facilities from the external environment. By assessing the degree of supply and demand, contradictions between the supply and demand for public service facilities can be analyzed. Applying quantitative methods to evaluate the rationality of the distribution of urban public service facilities can provide references for realizing their effective spatial layout [43]. This article uses the relative error in the supply and demand of public service facilities to analyze the level provided by the facilities, and the formula is as follows.


  K =   S − D  S   



(1)







Among the variables, K is the relative error between the supply and demand of students in a school zone (there are 46 school districts in the current plan and 137 school districts based on the Voronoi and CCDV methods), S is the number of students that can be accommodated by the schools in the school zone, and D is the total number of students that need to go to school in all community units in the school zone. Figure 6 shows the relative error of the school supply and demand in each school district based on the existing school district, the Voronoi-based school district, and the CCDV-based school district.



By using the relative error between the school capacity and the actual assigned number of students, the supply and demand status of the services provided by the schools in the area can be quantitatively analyzed and evaluated. When the relative error is positive, this means that supply is greater than demand; when it is negative, this means that demand is greater than supply. When the absolute value of the relative error is smaller, the supply and demand are more balanced. Figure 6 shows that the gap between the capacity of schools in the school district and the number of students that need to go to school calculated by the CCDV method is small and fluctuates from −0.1~0.15, which indicates that supply and demand are more balanced. The relative error of supply and demand calculated by the existing school district and the Voronoi method fluctuates greatly, especially for the school districts based on the Voronoi method. Although the Voronoi approach has advantages in accessibility, it performs poorly from the perspective of supply and demand balance.



The above results comprehensively show that the constrained dynamic Voronoi diagram method has a certain practical value in solving the problem of school district division. It can combine the school capacity and the number of school-age children in the analysis unit to accurately allocate the source of students to the corresponding school.





4. Conclusions


To address the problem of school district division, starting from school supply and school district demand, this paper proposes a school district division method based on the balance of supply and demand. The attribute constraints of school supply and school district demand are added to the traditional Voronoi diagram algorithm to form a constrained dynamic Voronoi diagram method. By taking the Bao’an District of Shenzhen as an example, this method is used to define elementary school districts. The feasibility and rationality of the method proposed in this paper are further verified by comparing the differences in the spatial accessibility of schools and the balance of supply and demand achieved by the different school district division methods.



When dividing school districts based on the CCDV method, the affiliation between schools and students is established, which shows that there is an imbalance between supply and demand in the distribution of existing school districts and schools. In the future, based on the methods mentioned in this article, the division of school districts and the spatial layout of schools can be reasonably adjusted. The CCDV method for dividing school districts can also take into account the issues of accessibility and the balance of supply and demand to achieve the optimal distribution effect. The method proposed in this paper reflects the intelligent automation of school district distribution and improves work efficiency. Comparing the existing school district with the school district based on the Voronoi method, it shows that the results of this article can help the education department accurately grasp the supply and demand situation of each school coverage area, which is conducive to promoting the rational allocation of urban education resources and has reference value for promoting the equalized development of urban education service facilities.



However, the CCDV method can only be used for single school district division at present. In areas where the allocation of educational resources is unbalanced and high-quality resources are concentrated in a few popular schools, a multi-slice division presents another option for sharing high-quality teaching resources and promoting educational equity. Future work aims to improve the method of this paper for application to the division of multiple school districts to meet actual needs more flexibly. Furthermore, the CCDV method will be tried in the allocation of facilities in other fields, such as medical and health, transportation, etc., so that the limited public facilities can serve more people from the perspective of supply and demand balance.
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Figure 1. Flow chart of the CCDV method. 
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Figure 2. Schematic diagram of the CCDV method for iterative division of school districts. 
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Figure 3. Distribution of elementary schools and the school-age population in the existing school districts in the Bao’an District, Shenzhen. 






Figure 3. Distribution of elementary schools and the school-age population in the existing school districts in the Bao’an District, Shenzhen.



[image: Remotesensing 13 01027 g003]







[image: Remotesensing 13 01027 g004 550] 





Figure 4. School district division results. 
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Figure 5. Correspondence between schools and school-age children in the community unit. 
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Figure 6. The relative error of school supply and demand in the school districts based on different methods. 
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Table 1. Comparison of the distance to school for students in the school district based on different methods.
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	Total Distance/km
	Farthest Distance/km
	Shortest Distance/km
	Average Distance/km





	Existing school district
	7155.72
	3.57
	0.22
	1.48



	School districts based on the Voronoi method
	5338.52
	1.67
	0.14
	1.10



	School districts based on the CCDV method
	9825.24
	16.63
	0.19
	2.03
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