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Abstract

:

While urban accessibility of museums plays a crucial role in the growth of a cultural city, in reality, an uneven distribution of museums exists in cities. In particular, museums are concentrated in certain regions or located in a place that is different from the cognitive experience of local residents. To solve this issue, this study quantified the urban space of Seoul, which has entered into the status of a cultural city since the 1990s, as its target city by using space syntax. Further, a suitability analysis was conducted by extracting the museums’ topological accessibility in the city structure as well as the accessibility by the travel angle and limit distance setting. The results showed that the physical locations of museums considering the minimum walking distance set in this study were somewhat separated or isolated from primary spaces where people travel. This indicates that determining museum locations by referring to the major travel routes throughout the city is a significant basis for securing physical accessibility. This study is meaningful as it establishes reference materials for determining museum locations in Seoul and will help form physical clusters of museums adjacent to each other.
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1. Introduction


Today, the tourism industry in cultural cities is expanding due to reduced travel time and lowered transportation costs promoted by the development of different transportation [1,2,3]. In particular, this trend has further accelerated with the development of information technologies since the 2000s, allowing easier access to tourism information about cultural cities. [4]. When compared to contemporary new cities, such a cultural city differs largely in that it strengthens the power of cultural creation by effectively using cultural resources with local characteristics, such as arts and culture, cultural industry, and tourism [5]. It is one of the most important factors in affecting how tourists determine their destination [6,7]. In addition, cities that had been developed around the industries of the past are now transforming into cultural cities due to social and economic factors such as inflation, and have improved the economic profit in the neighboring regions of cultural facilities by the regeneration of abandoned industrial ruins to cultural facilities and attracting tourists [4,8,9]. Such cultural facilities play a role of direct cultural experience and cultural promotion to audiences, and, in particular, the cultural experience programs and thematic exhibitions in museums have performed such a role most intuitively [10]. Moreover, the types of museums have been divided into various areas, including arts, history, folklore, natural science, technology, and industry among others [11,12], but as its concept, a museum is defined as a facility that preserves, manages, researches, educates, and exhibits data toward the development of arts and culture, and the promotion of cultural entertainment [13,14], and, thus, the museums discussed in this study are based on the inclusive concept of a museum that promotes the development of a cultural city. However, those facilities not registered as a government facility or galleries mainly for special exhibitions are excluded from this study.



Seoul, the capital of Korea, has been a popular cultural city in Asia since the 2000s [15]. Until the 1990s, manufacturing was the center of economic development in Seoul. However, as a result of efforts to promote deindustrialization due to factors such as inflation and developing the service industry, industries such as manufacturing businesses began to move to the suburbs [16]. As the abandoned buildings and spaces previously used for industrial purposes started to create social issues [17,18], the government established urban regeneration policies. It revitalized old industrial heritage sites into infrastructures such as museums, art galleries, and cultural centers [19,20]. Although the strategies of Seoul to develop as a cultural city were rather late compared to other developed countries, it can be determined that the development period that promoted the cultural city was considerably shortened [21,22]. In particular, beginning in the 1990s, people became interested in culture and art due to the country’s economic stability, and the number of museums increased significantly with local government systems [23]. According to the Ministry of Culture, Sports, and Tourism’s 2018 survey of international visitors [24], the number of foreign tourists who visited Korea continued to rise from 2005 to 2014, and about 80% of them visited Seoul. Before the outbreak of COVID-19, the number of foreign tourists to Seoul showed a quantitative increase [25].



The urban accessibility of museums is the first thing to consider when creating museums to promote the growth of cultural cities [26]. However, in reality, there exists an uneven distribution of museums [27], where museums are heavily concentrated in some regions or their location is different from the cognitive experience of local residents [28]. Therefore, this study quantified the urban space of Seoul as its target city by using space syntax [29]. In addition to the topological structure formed by connecting urban roads, accessibility is also affected by the difficulty, mobility, and cognitive distance through space [30,31,32,33]. This study aimed to analyze the urban topological and structural accessibility of museums and the correlation of museum accessibility based on the travel angle and limit distance by setting the scope of the travel angle and limit distance. Its purpose lies in proposing the reference data for determining the location of a museum in a cultural city in the future by considering urban accessibility. Additionally, international visitors use a vehicle or public transportation to go to specific areas in Seoul [24,34,35], but most walk from that area to their designated destination [36,37]. Therefore, the analysis in this study only included roads that are accessible by both people and vehicles.




2. Space Syntax and Research Method


2.1. Space Syntax


Space syntax is a methodology for analyzing spatial layouts and configurations conceived by Hillier and Hanson [38]. Space syntax generally uses convex and axial maps to analyze a given space [39,40]. Segment maps allow us to represent space by improving axial maps by introducing the concept of angle and distance based on conventional axial maps [41]. Here, convex space defines the unit of space with the closed spatial area, which can be seen as a polygon with all interior angles not exceeding 180°. As opposed to the convex space, when humans recognize a space, the axial map can express it with lines connecting the visual maximum points of the connected spaces, and the convex space and the axial map define the number of spaces that are passed from a specific space to another as spatial depth [16,42]. In other words, when moving from a space A to the nearby D connected to A, the spatial depth between A and D is 1, and the graph that arranges the connection of several spaces by spatial depth expressing the connecting relation is called a J-Graph (Figure 1). Calculated from such a concept of spatial depth is the Total Spatial Depth (TSD) [16]. Furthermore, in the design of the convex space as shown in Figure 2, all interior angles of space A do not exceed 180°. Thus, the convex can be designed by referring to the space, but in space B, the interior angles do exceed 180°. Hence, space B should be segmented into B-1 and B-2 and regarded as two spaces in the process of analyzing spatial structure. The axial map also conforms to similar design criteria, and if a space is shown in a bent form, the axial lines should be separated so that each axial line can recognize the space at once. Generally, the analysis based on an axial map stresses the dynamic aspects and is often used in analyzing external spaces, whereas the convex space is more useful in reflecting static spatial characteristics and is used mainly in analyzing internal spaces [16,43]. In space syntax (Table 1), integration indicators are generally classified into global and local integration. These indicators have proven relevant to space use patterns and social, cultural, economic, and political phenomena [44]. In addition, the intelligibility index was used because of the need to recognize urban structure to analyze the accessibility of museums in Seoul, which is calculated using Equations (1)–(3) below. Table 2 shows the definitions of the symbols in the equations [29]. Local integration allows us to track the accessibility and density of use of a specified space by considering up to three spatial depths adjacent to the space [45]. Intelligibility can be explained by the R2 correlation coefficient calculated by the correlation between the global and local integration [46]. The closer the value is to 1, the more systematic and recognizable the space [47].
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As shown in Figure 3, the concept of a general axial map is calculated by the intersections of line b and lines a, c, and d. However, the segment map is subdivided into a1, a2, b1, b2, b3, b4, c1, c2, d1, and d2 by considering the actual distance, and enables us to derive more realistic results by including changes in the axial line angles formed by segmentation [48]. In addition, setting a specific distance radius in a segment map enables us to measure the local travel angle-weighted integration within the radius distance. The weighted travel angle is usually in the range of 4 to 1024. When set to 1024, all roads with an angular change of at least 0.35° from a straight road are considered in the calculation. This study weighted all the parts with angular changes compared to straight roads to explain the results clearly. In other words, the weighted angle was set to 1024.




2.2. Range Settings


Although we can understand the structural relationship of urban topology by using segment maps, this study analyzed the accessibility of museums considering the accessibility, travel angle, and limit distance shown in the topological structure. In other words, the topological accessibility corresponding to the topological structure was calculated using axial maps, and the accessibility of museums considering the travel angle and the limit distance was calculated based on segment maps. The first question is whether the increase in the total number of spaces in the calculation formula of space syntax would affect the results and the research method’s validity. The second is the difficulties in interpreting a pure topological structure because the segment map is already a concept that includes angular weighting.



Assuming that people mainly use public transportation to access tourist spots in a cultural city, Yoon (2006) argued that the radius of the core station district is set to 250 m, that of the station district within a walking distance to 600 m, and that of the connecting transportation district to 2200 m by averaging the spatial scope of the station district from three different subway lines [49], and Kim (2010) proposed the radius of the subway station and bus station within a walking distance to be 672 m and 472 m, respectively, by considering the population of the neighboring district within the radius of 1000 m, the distance to the central station, and transfer [50]. Furthermore, Lee set the radius of the walking distance to be 400–500 m and 550–650 m, respectively, by dividing the area into the non-residential and residential centers [51]. As shown in previous literature, each scholar had somewhat different opinions about the spatial scope of a station district by research topics, but, generally, the scope of the distance that can be reached by walking was between 250 m and 2200 m. In addition, according to a survey conducted by the Ministry of Land, Transport and Maritime Affairs in 2012 [52], the cumulative frequency of taxi rides for distances of less than 2, 2–3, 3–4, 4–5, and more than 5 km were 34.9, 50.0, 60.1, 67.3, and 100.0%, In other words, if the moving distance is over 2 km, people are more likely to take a taxi, and, thus, it was determined to be reasonable to set the walking distance to be less than 2 km. Such a result is similar to the scope of the radius of a walking distance shown in previous literature, and, thus, this study set the maximum distance to 2000 m. Hong (2010) [53] suggested that the maximum cognitive distance for humans and landscapes was 250 m. Therefore, this study set the range in intervals up to 2000 m based on a 250 m radius to observe changes in accessibility according to the limit distance settings and analyzed the accessibility of museums by limiting the scope to a walking distance.




2.3. Research Method


Basic information about museums in Seoul was examined by referring to the Overview of National Cultural Infrastructure [54] published in 2021 by the Ministry of Culture, Sports and Tourism, and the GIS data of road sections in Seoul [55] to create axial maps were based on the updated version in 2022. GIS data includes roads that prohibit access to pedestrians, so they were removed from the analysis. The GIS data file was converted into a CAD file to establish the same unit standard, and then the scale was adjusted to a 1:1 metric standard to prepare axial maps. The overall research process is as follows.



The distribution of museums was checked based on the created urban space axial map of Seoul. Based on the results, the hierarchy of urban space in Seoul was analyzed to understand the status and derive each museum’s global and local integration. After converting to a segment map, the accessibility indicators of the museums were organized according to the weighted travel angle and limit distance settings.



In terms of the travel angle and limit distance settings, the weighted angle was set to 1024, and the limit distance to 250, 500, 750, 1000, 1250, 1500, 1750, and 2000. In order to make the derived data more readable, the absolute values of all indicators were organized in descending order and then converted to relative values within the range of 0.000–1.000 using Equation (4) below. Table 3 shows the interpretations of the symbols in the equation [16].
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(4)







Finally, to analyze the urban spatial accessibility of museums, correlation analyses were conducted between the global integration and local integration, and the fixed weighted travel angle of 1024 and the relative values of the accessibility index at the limit distance of 250 m, 500 m, 750 m, 1000 m, 1250 m, 1500 m, 1750 m, and 2000 m. The reason is that the polynomial curve fitting analysis is only significant when the derived relative values are mathematically correlated. After confirming the correlation, a goodness-of-fit analysis was performed using variables with significance. Insignificant variables were removed from this study.



All indicators related to urban hierarchy were calculated using the UCL Depth Map, and the Origin 2019b software package was used for correlation analysis and polynomial curve fitting analysis.





3. Analysis and Discussion


3.1. Distribution and Urban Hierarchy of Museums in Seoul


A total of 180 museums in Seoul were registered in the 2021 Overview of National Cultural Infrastructure, of which 43 were national and public museums, 104 were private museums, and 33 were university-affiliated museums. These numbers indirectly show that private organizations, not the government, lead the operation of cultural facilities and cultural promotion in Seoul. Additionally, most of the 37 museums built before 1990 in Seoul, the primary analysis target in this study, were affiliated with universities. Among the 143 museums that opened after 1990, 12 were affiliated with universities, 38 were national museums, and 93 were private museums. Figure 4 shows the distribution and expansion trends of museums built before and after 1990 by operating entity. This proves that, since 1990s, Seoul has transformed into a cultural city by focusing on cultural experience and promotion with the increase in the number of museums. Furthermore, the museums in Seoul were concentrated relatively in Jongno-gu and Jung-gu, but those established after 1990 tended to spread to the west in Gangseo-gu, the southeast in Seocho-gu, Gangnam-gu, and Songpa-gu, and the northeast in Gangbuk-go, Dobong-gu, and Nowon-gu; based on the Han River, the distribution density of the museums north of Han River is higher than in the south. The detailed distribution of the museums is shown in Figure 5.



A total of 167,059 axial lines were created by referring to the GIS data of Seoul constructed by the National Spatial Data Infrastructure Portal. As a result of investigating the status of urban hierarchy, the maximum and minimum values of global integration and local integration that can explain accessibility were 0.569, 0.381, 6.001, and 0.333, respectively, and the average values were 0.381 and 1.574 (Table 4).



As shown in Figure 6, the areas in Seoul with a high overall hierarchy on the global and local integration graphs were concentrated in Dongdaemun-gu, Seongdong-gu, Gwangjin-gu, Gangnam-gu, and Seocho-gu, but museums were concentrated in old downtown areas such as Jongno-gu and Jung-gu. This outcome is considered the result of urban development and expansion planned in Seoul’s development [22]. In other words, while building and installing museums in areas such as Jongno-gu and Jung-gu may have been reasonable in the past, today, the downtown area has moved to Gangnam-gu due to urban development, urban expansion, and government policies. In addition, the intelligibility of Seoul is 0.278, which is a considerably low result, indicating an urban space with low overall recognition.




3.2. Correlation between Changes in Museum Accessibility and Urban Accessibility According to Travel Angle and Limit Distance Settings


As shown in Figure 7, the accessibility of Seoul according to the weighted travel angle and limit distance settings did not show a clear trend in areas with high integration in the 250 m and 500 m limit distance ranges and were relatively dispersed. After setting the limit distance range to at least 750 m, areas with changes in integration began to appear clearly. In particular, it was possible to observe significant changes in the areas adjacent to Jongno-gu, Jung-gu, and Dongdaemun-gu, as well as in Jungnang-gu and Seongbuk-gu, when the limit distance setting was extended. In general, when referring to urban hierarchy, Gangnam-gu had the highest accessibility, but after setting the travel angle and limit distance passing through space, the topological accessibility changed according to the limit distance settings. Therefore, as shown in Table 5, a correlation analysis of the accessibility indicators of all museums in Seoul was conducted. The results showed that they all were correlated except for the global integration and T1024_R250 (p < 0.01). This allowed us to predict that the global integration corresponding to museums in Seoul and T1024_R250 had factors that were not related or interpretable. However, there was a mathematically explainable causal relationship in the changes in museum accessibility according to the limit distance settings other than T1024_R250. In order to validate these predictions, this study set the global integration and local integration corresponding to museums as dependent variables, and the index values of the museums according to the weighted travel angle and extended limit distance settings were used as independent variables to perform a polynomial curve fitting analysis. As mentioned above, the museums’ global integration and T1024_R250 did not have a causal relationship in the correlation analysis, so this was excluded from the goodness-of-fit analysis.




3.3. Polynomial Curve Fitting Analysis and Discussion


As shown in Table 6 and Table 7, the variances according to the global integration of the total urban space of museums in Seoul and the weighted travel angle and limit distance setting range were T1024 and R500 (F = 7.385, p < 0.01), T1024 and R750 (F = 10.105, p < 0.001), T1024 and R1000 (F = 17.661, p < 0.001), T1024 and R1250 (F = 23.390, p < 0.001), T1024 and R1500 (F = 29.271, p < 0.001), T1024 and R1750 (F = 34.944, p < 0.001), and T1024 and R2000 (F = 36.314, p < 0.001), respectively, and the ANOVA results of the local integration and weighted travel angle and limit distance setting range were T1024 and R250 (F = 18.684, p < 0.001), T1024 and R500 (F = 19.096, p < 0.001), T1024 and R750 (F = 20.975, p < 0.001), T1024 and R1000 (F = 16.869, p < 0.001), T1024 and R1250 (F = 18.078, p < 0.001), T1024 and R1500 (F = 17.030, p < 0.001), T1024 and R1750 (F = 15.888, p < 0.001), and R2000_I (F = 14.642, p < 0.001). The global integration and T1024 and R500 had a 0.01 significance level, and all others seemed to have a 0.001 significance level. So, it was confirmed that the independent variables according to the travel angle of museums and the limit distance setting range could explain the dependent variables (global integration and local integration) by a regression equation. Accordingly, Table 8 and Table 9 show the trend function equations and B1 and B2 intercepts of the goodness-of-fit analysis for the dependent and independent variables. Figure 8 and Figure 9 show the corresponding curve fitting plots.



The Residual Sum of Squares (RSS) and the coefficient of determination (R^2) according to the global integration of the total urban space of museums in Seoul and the weighted travel angle and limit distance setting range were T1024 and R500 (10.687, 0.077), T1024 and R750 (11.459, 0.102), T1024 and R1000 (11.488, 0.166), T1024 and R1250 (11.486, 0.209), T1024 and R1500 (11.435, 0.249), T1024 and R1750 (11.446, 0.283), and T1024 and R2000 (11.294, 0.291). The RSS of the independent variables T1024 and R250, T1024 and R500, T1024 and R750, T1024 and R1000, T1024 and R1250, T1024 and R1500, T1024 and R1750, and T1024 and R2000 corresponding to the local integration were 9.187, 9.524, 10.321, 11.574, 12.059, 12.762, 13.536, and 13.667, and the coefficients of determination were 0.174, 0.177, 0.192, 0.160, 0.170, 0.161, 0.152, and 0.142, respectively. The RSS of the global integration group maintained a relatively stable value, but the RSS of the local integration group gradually increased as the limit distance setting range was extended. The coefficients of determination in both groups were less than 0.4. Therefore, despite the correlation between the variables, the independent variable has a relatively large deviation in explaining the dependent variable. The discussion on the museum accessibility in Seoul offered the possibility of including factors in other areas besides the physical factors limited in this study, that is, the topological structure of space, the difficulty level in passing through the space, and mobility. In addition, the coefficient of determination in the goodness-of-fit analysis above was 0.4, which was below standard, but it tended to increase gradually as the limit distance setting range was extended.



The results above show no correlation between the global integration and T1024 and R250 among the indicators that can explain the accessibility of museums. These results indicate that accessibility, considering the minimum cognitive distance within Seoul, does not have a qualitative effect on the entire space. Moreover, according to the global integration and travel angle and limit distance settings, the RSS maintained a relatively stable range even if the limit distance setting range was different. However, in the group with the local integration set as a dependent variable, the RSS increased as the limit distance setting range extended. This outcome can be explained by the fact that the museums with limited spatial depth had more significant changes in accessibility as the walking distance from the urban space increased than the accessibility reviewed for the entire urban space. The correlation between the dependent variable and independent variable of the goodness-of-fit model could be explained with ANOVA in the global and local integration groups. However, compared to the local integration group, the coefficient of determination of the global integration group gradually increased as the corresponding limit distance setting extended. In other words, the maximum walking range was limited to 2000 m in this study, but when the limit distance was set to 2000 m or more, the coefficient of determination may gradually increase as the weighted range expands on the premise that the ANOVA reports a statistically significant result. When considering such aspects, it was determined that the future research would need to take into account the factors for expanding mobility in walking rather than a pure walking distance.





4. Conclusions


This study investigated the urban hierarchy and the distribution of museums in Seoul and examined the correlation between the accessibility of museums in the urban hierarchy and their accessibility according to the travel angle and limit distance settings. The main findings are as follows.



First, the physical accessibility of museums considering the minimum walking distance set in this research was not correlated with the accessibility of museums in the entire urban space of Seoul. This explains the fact that the physical locations of museums are somewhat isolated from the primary spaces in which people travel in terms of accessibility considering the minimum walking distance set in this study.



Second, the goodness-of-fit analysis showed that the accessibility of museums by travel angle and limit distance settings was more correlated with the accessibility of museums in the entire urban space than the urban accessibility of museums with limited spatial depth and the RSS showed a relatively stable state. Therefore, planning museums in Seoul based on the main space in which people travel would be more valuable in terms of physical accessibility than limiting a specific area and referring to its use density. It would also be a better measure to improve the awareness of physical paths for people who intend to visit museums in a cultural city.



Third, the independent variables corresponding to the travel angle and limit distance range in the global integration group can interpret the urban spatial accessibility of museums, but the coefficient of determination was low. This was attributed to the fact that the research scope was limited only to the walking distance and because the coefficient of determination gradually increased as the limit distance extended according to the global integration, travel angle, and limit distance settings.



The results above show that the urban accessibility of museums can be interpreted by limiting the walking distance in Seoul, but the coefficient of determination was low. Therefore, we believe it is necessary to supplement the research by considering future changes in museum accessibility due to vehicle travel distance. In particular, based on the results derived from this study, we realize the need for further research by comparing the results of tracking the circulation of people walking to museums. This will be facilitated by selecting a specific area that has good accessibility to museums in an urban space. This research is also a basic study examining the accessibility of museums in Seoul. Therefore, it is significant in securing reference materials for selecting locations for museums in Seoul in the future and is expected to promote the formation of museum clusters through physical access to nearby areas.
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Figure 1. Example of Spatial Analysis Form: (a) Convex space; (b) Axial map; (c) J-Graph. 
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Figure 2. Design of spatial analysis form: (a) Convex space; (b) Axial map. 
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Figure 3. Axial map and segment map. 
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Figure 4. Distribution and expansion trends of museums before and after 1990. 
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Figure 5. Administrative categories and museum distribution in Seoul. 
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Figure 6. Urban hierarchy graph−Seoul: (a) Global integration graph; (b) Local integration graph; (c) Intelligibility. 
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Figure 7. Urban accessibility by angular distance weighting range in Seoul: (a) T1024_R250; (b) T1024_R5000; (c) T1024_R750; (d) T1024_R1000; (e) T1024_R1250; (f) T1024_R1500; (g) T1024_R1750; (h) T1024_R2000. 
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Figure 8. Global integration and through angle and limit distance range fitted curves plot: (a) Global Integration and T1024_R500; (b) Global Integration and T1024_R750; (c) Global Integration and T1024_R1000; (d) Global Integration and T1024_R1250; (e) Global Integration and T1024_R1500; (f) Global Integration and T1024_R1750; (g) Global Integration and T1024_R2000. 
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Figure 9. Local integration and through angle and limit distance range fitted curves plot: (a) Local Integration and T1024_R250; (b) Local Integration and T1024_R500; (c) Local Integration and T1024_R750; (d) Local Integration and T1024_R1000; (e) Local Integration and T1024_R1250; (f) Local Integration and T1024_R1500; (g) Local Integration and T1024_R1750; (h) Local Integration and T1024_R2000. 
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Table 1. Key analysis indicators for axial map.






Table 1. Key analysis indicators for axial map.





	
Indicator

	
Interpretation






	
Integration

	
Global integration

	
A region with high integration means that movement is relatively easy among the overall regions to be analyzed.




	
Local integration

	
Calculated by considering only a few space depths from each space, generally three space depths.




	
Intelligibility

	
The systemicity of the space is evaluated using an index derived from the correlation between the global and local integration.
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Table 2. Interpretation of space syntax expressions.
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	Type
	Interpretation
	Type
	Interpretation





	MD
	Average spatial depth
	Ks
	The number of spaces in Step S



	TSDi
	Total spatial depth in space i
	Dn
	Correction factor



	S
	The number of steps taken through space i
	d(i, k)
	The depth from space i to space k



	m
	The number of steps from space i to the deepest space
	n
	The total number of nodes



	K
	The total number of spaces
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Table 3. Relative value calculation formula interpretation.






Table 3. Relative value calculation formula interpretation.





	Type
	Interpretation





	A(r)
	The relative interval value of the absolute value



	N
	The number of axial lines



	Nx
	The absolute sequence number of the corresponding axial line



	Nx
	Nmin ≤ Nx ≤ Nmax



	Nmin
	The minimum value of the axial line sequence number



	Nmax
	The maximum value of the axial line sequence number
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Table 4. Urban hierarchy actuality in Seoul.






Table 4. Urban hierarchy actuality in Seoul.





	
Type

	
Global Integration

	
Local Integration






	
Axial line

	
167,059




	
Max

	
0.569

	
6.001




	
Min

	
0.090

	
0.333




	
Avg

	
0.381

	
1.574
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Table 5. Accessibility indicator correlation analysis.






Table 5. Accessibility indicator correlation analysis.


















	Pearson Correlation
	I
	I_3
	R250_I
	R500_I
	R750_I
	R1000_I
	R1250_I
	R1500_I
	R1750_I
	R2000_I





	I
	1
	
	
	
	
	
	
	
	
	



	I_3
	0.541 **
	1
	
	
	
	
	
	
	
	



	T1024_R250
	0.116
	0.399 **
	1
	
	
	
	
	
	
	



	T1024_R500
	0.248 **
	0.417 **
	0.790 **
	1
	
	
	
	
	
	



	T1024_R750
	0.313 **
	0.438 **
	0.693 **
	0.919 **
	1
	
	
	
	
	



	T1024_R1000
	0.393 **
	0.398 **
	0.633 **
	0.872 **
	0.945 **
	1
	
	
	
	



	T1024_R1250
	0.448 **
	0.407 **
	0.578 **
	0.814 **
	0.900 **
	0.980 **
	1
	
	
	



	T1024_R1500
	0.492 **
	0.396 **
	0.538 **
	0.765 **
	0.853 **
	0.947 **
	0.986 **
	1
	
	



	T1024_R1750
	0.526 **
	0.386 **
	0.503 **
	0.711 **
	0.797 **
	0.902 **
	0.953 **
	0.983 **
	1
	



	T1024_R2000
	0.529 **
	0.371 **
	0.491 **
	0.684 **
	0.765 **
	0.870 **
	0.924 **
	0.960 **
	0.974 **
	1







* p < 0.05, ** p < 0.01, *** p < 0.001.
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Table 6. Global integration and through angle and limit distance range ANOVA.
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Kinds

	
Global Integration




	
T1024 and R500

**

	
T1024 and R750

***

	
T1024 and R1000

***

	
T1024 and R1250

***

	
T1024 and R1500

***

	
T1024 and R1750

***

	
T1024 and R2000

***






	
DF

	
M

	
E

	
T

	
M

	
E

	
T

	
M

	
E

	
T

	
M

	
E

	
T

	
M

	
E

	
T

	
M

	
E

	
T

	
M

	
E

	
T




	
2

	
177

	
179

	
2

	
177

	
179

	
2

	
177

	
179

	
2

	
177

	
179

	
2

	
177

	
179

	
2

	
177

	
179

	
2

	
177

	
179




	
Sum of squares

	
0.892

	
10.687

	
11.579

	
1.308

	
11.459

	
12.767

	
2.293

	
11.488

	
13.780

	
3.036

	
11.486

	
14.522

	
3.782

	
11.435

	
15.218

	
4.519

	
11.446

	
15.966

	
4.634

	
11.294

	
15.928




	
Mean square

	
0.446

	
0.060

	

	
0.654

	
0.065

	

	
1.146

	
0.065

	

	
1.518

	
0.065

	

	
1.891

	
0.065

	

	
2.260

	
0.065

	

	
2.317

	
0.064

	




	
F

	
7.385

	

	

	
10.105

	

	

	
17.661

	

	

	
23.390

	

	

	
29.271

	

	

	
34.944

	

	

	
36.314

	

	








* p < 0.05, ** p < 0.01, *** p < 0.001.
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Table 7. Local integration and through angle and limit distance range ANOVA.
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Kinds

	
Local Integration




	
T1024 and R250

***

	
T1024 and R500

***

	
T1024 and R500

***

	
T1024 and R500

***

	
T1024 and R1250

***

	
T1024 and R1500

***

	
T1024 and R1750

***

	
T1024 and R2000

***






	
DF

	
M

	
E

	
T

	
M

	
E

	
T

	
M

	
E

	
T

	
M

	
E

	
T

	
M

	
E

	
T

	
M

	
E

	
T

	
M

	
E

	
T

	
M

	
E

	
T




	
2

	
177

	
179

	
2

	
177

	
179

	
2

	
177

	
179

	
2

	
177

	
179

	
2

	
177

	
179

	
2

	
177

	
179

	
2

	
177

	
179

	
2

	
177

	
179




	
Sum of squares

	
1.939

	
9.187

	
11.126

	
2.055

	
9.524

	
11.579

	
2.446

	
10.321

	
12.767

	
2.206

	
11.574

	
13.780

	
2.463

	
12.059

	
14.522

	
2.456

	
12.762

	
15.218

	
2.430

	
13.536

	
15.966

	
2.261

	
13.667

	
15.928




	
Mean square

	
0.970

	
0.052

	

	
1.028

	
0.054

	

	
1.223

	
0.058

	

	
1.103

	
0.065

	

	
1.232

	
0.068

	

	
1.228

	
0.072

	

	
1.215

	
0.076

	

	
1.131

	
0.077

	




	
F

	
18.684

	

	

	
19.096

	

	

	
20.975

	

	

	
16.869

	

	

	
18.078

	

	

	
17.030

	

	

	
15.888

	

	

	
14.642

	

	








* p < 0.05, ** p < 0.01, *** p < 0.001.
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Table 8. Global integration and through angle and limit distance range polynomial curve fitting analysis.
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Plot

	
Global Integration






	
Equation

	
y = Intercept + B1* X^1 + B2* X^2




	
Type

	
T1024 and R500

	
T1024 and R750

	
T1024 and R1000

	
T1024 and R1250

	
T1024 and R1500

	
T1024 and R1750

	
T1024 and R2000




	
Intercept

	
0.134 ± 0.068

	
0.172 ± 0.070

	
0.103 ± 0.070

	
0.092 ± 0.070

	
0.081 ± 0.070

	
0.066 ± 0.070

	
0.062 ± 0.070




	
B1

	
0.694 ± 0.287

	
0.554 ± 0.297

	
0.826 ± 0.297

	
0.833 ± 0.297

	
0.844 ± 0.297

	
0.894 ± 0.297

	
0.963± 0.295




	
B2

	
−0.440 ± 0.256

	
−0.249 ± 0.265

	
−0.418 ± 0.265

	
−0.369 ± 0.265

	
−0.330 ± 0.265

	
−0.333 ± 0.265

	
−0.392 ± 0.263




	
Residual sum of squares

	
10.687

	
11.459

	
11.488

	
11.486

	
11.435

	
11.446

	
11.294




	
R-Square (COD)

	
0.077

	
0.102

	
0.166

	
0.209

	
0.249

	
0.283

	
0.291




	
Adj. R-Square

	
0.067

	
0.092

	
0.157

	
0.200

	
0.240

	
0.275

	
0.283
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Table 9. Local integration and through angle and limit distance range polynomial curve fitting analysis.
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Plot

	
Local Integration






	
Equation

	
y = Intercept + B1* X^1 + B2* X^2




	
Type

	
T1024_R250

	
T1024_R500

	
T1024_R750

	
T1024_R1000

	
T1024_R1250

	
T1024_R1500

	
T1024_R1750

	
T1024_R2000




	
Intercept

	
0.021 ± 0.059

	
0.105 ± 0.060

	
0.159 ± 0.063

	
0.224 ± 0.066

	
0.256 ± 0.068

	
0.279 ± 0.070

	
0.287 ± 0.072

	
0.296 ± 0.072




	
B1

	
0.754 ± 0.241

	
0.557 ± 0.245

	
0.404 ± 0.255

	
0.225 ± 0.270

	
0.128 ± 0.276

	
0.104 ± 0.284

	
0.154 ± 0.292

	
0.193 ± 0.293




	
B2

	
−0.385 ± 0.212

	
−0.188 ± 0.216

	
−0.016 ± 0.225

	
0.127 ± 0.238

	
0.230 ± 0.243

	
0.251 ± 0.250

	
0.206 ± 0.257

	
0.159 ± 0.258




	
Residual sum of squares

	
9.187

	
9.524

	
10.321

	
11.574

	
12.059

	
12.762

	
13.536

	
13.667




	
R-Square (COD)

	
0.174

	
0.177

	
0.192

	
0.160

	
0.170

	
0.161

	
0.152

	
0.142




	
Adj. R-Square

	
0.165

	
0.168

	
0.182

	
0.151

	
0.160

	
0.152

	
0.143

	
0.132
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