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Abstract: The role of senior citizen centers is becoming more important, with a greater emphasis
placed on ensuring that these establishments facilitate leisure and communication for older adults.
These developments are taking place as population aging has now become an irreversible global
trend. However, there is still a lack of systematic research on predicting the distribution density of
senior citizen centers based on physical factors in urban planning. Therefore, this study set each
administrative district in Busan as a unit and investigated physical factors affecting the distribution
density of senior citizen centers around small apartment complexes to validate their effectiveness.
First, the spatial hierarchy of each administrative district in Busan was examined. The city was
divided into administrative districts while focusing on the distribution density of senior citizen
centers (the dependent variable) around small apartment complexes where older adults live (within
a 500 m radius). The spatial accessibility of senior citizen centers and the number of apartments in
each administrative district were set as independent variables. This selection was made to verify
the effectiveness of the physical factors by conducting an independent sample f-test, normality
test, Friedman test, and two-way ANOVA. The chief findings of this study are as follows. (1) The
spatial awareness of each administrative district was low, and there were large disparities in the land
development density relative to the spatial scale of the administrative districts. (2) Regarding the
physical factors affecting the distribution density of senior citizen centers, the spatial accessibility
of senior residences was more significant than the number of small apartment complexes nearby.
(3) Personal and social factors may have indirectly influenced the distribution density of senior citizen
centers more than physical factors, depending on the type of house in which the older adults live.
The findings will provide a theoretical basis for determining the location and distribution density of
senior citizen centers in urban planning considering physical factors, as well as serve as a reference
for public policy decisions related to the allocation of such centers in the future.

Keywords: senior citizen center distribution density; physical determinants; Busan; apartment
accessibility; space syntax

1. Introduction
1.1. Background and Purpose

Globally, the segment of the population aged 65 years or older reached 9.3% in 2020
and is projected to increase in the near future [1]. In South Korea, senior citizens aged
65 years and older accounted for 17.5% of the total population as of 2022 and this fraction is
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projected to exceed 20% by 2025, which will designate the country a super-aged society [2].
This increase in the population of elderly persons has led to an urgent social need to multiply
senior welfare facilities across the country. According to Article 31 of the Welfare of Senior
Citizens Act of Korea, older adults use or live in welfare facilities for psychological, social, or
economic reasons. “Welfare facility for senior citizens” is a general term for an establishment
that promotes the welfare of senior citizens. These include elder protection and employment
support agencies and shelters for elder abuse victims, as well as residential, medical, leisure,
and commuting-system welfare facilities [3]. Among these, senior citizen centers are welfare
facilities where local seniors can engage in socialization, hobbies, collaboration, information
exchange, and other leisure activities [4,5]. They play an instrumental role in promoting
happiness in older adults and facilitating effective communication [5,6]. Thus, the number
of senior citizen centers has been increasing rapidly, as a solution for addressing welfare
and problems related to older adults [7,8]. However, despite the relative increase in the
population of elderly persons, the use of senior citizen centers is low, owing to issues
related to distance, lack of facility convenience, and absence of activity in programs for
older adults [9,10].

Examining the recent geographic concentration of older adults in South Korea, Busan
had a population ratio of elderly persons of 22.3%, the highest among the six major
metropolitan cities with a population of more than one million people, making it the
first super-aged society among the other metropolitan areas [11]. Busan established a
Senior Citizen Regional Support Center using government funding in 2013 to actively
promote the distribution of senior citizen centers and ensure that older adults could use
them, considering the proportion of older adults in the region [12]. Consequently, senior
citizen centers in Busan are relatively well distributed, compared with other areas [13,14].
However, there remains a lack of studies that have examined the effectiveness of the
distribution density of senior citizen centers in relation to where older adults live, that is,
apartment buildings, based on their distribution status [15-17]. In other words, ensuring a
life of leisure and healthy communication for older adults is becoming more important as
aging becomes an irreversible global trend. However, most government policies only focus
on the distribution of senior citizen centers, and there is still a lack of research validating the
distribution density of senior citizen centers based on physical factors in urban planning.
Although past works have mentioned the impact of physical factors on senior welfare
facilities, most were limited to a relatively small spatial scope.

Therefore, this study aims to determine the factors that affect the distribution density of
senior citizen centers, focusing on apartment complexes in Busan, and examine whether the
derived determinants are effective in influencing the distribution density of senior citizen
centers. These findings will be significant in preparing fundamental data for determining
prospective locations for senior citizen centers.

1.2. Research Scope, Previous Studies and Hypothesis

Considering that older adults have limited mobility owing to physical and psycho-
logical factors [14], this study focuses on the distribution density of senior citizen centers
located near small apartment complexes comprising 150 households or fewer by divid-
ing the administrative districts of Busan into separate units. The reasons for selecting
senior citizen centers near small-scale apartment houses as the research scope were as
follows. First, according to the Regulations on Housing Construction Standards [18], it is
not mandatory to establish a senior citizen center in apartments with 150 households or
fewer; therefore, most older adults living in small apartment complexes are forced to access
senior citizen centers outside of their complex. Second, Zhao and Lee [19] determined
that the usage rate of senior citizen centers adjacent to large apartment complexes was
higher than that of centers located inside large apartment complexes. Moreover, the results
of Oh and Kwon's [20] survey on the use of outdoor spaces by seniors and the objective
accessibility criteria for public facilities suggested by Kim et al. [21] have demonstrated that
500 m is a relatively comfortable walking distance for older adults. Therefore, the research
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scope of this study was limited to facilities within a 500 m radius of small-scale apartment
complexes in which older adults live.

As presented in Table 1, the extant literature on senior citizen centers [19-31] lacks
research on whether the distribution of centers around apartment buildings affects their
usage. Also, determinants affecting the distribution density of senior welfare facilities
in past works can be divided into physical, personal, and social factors. Among them,
references to physical factors have generally been limited to a small and specific spatial
scope [19,20,26-28]. In particular, studies have focused on the success of the indoor space
use and revitalization strategies of senior welfare facilities based on physical factors. More
recent studies developed into research efforts on strategies and guidelines to improve
the operation of and satisfaction with welfare facilities, in consideration of both personal
factors and local social factors [28-31]. However, among the factors affecting the distri-
bution density of senior welfare facilities, personal and social factors are premised on
optimizing the changes in response to deviations formed by the individual attributes of
older adults [26,27,29] (such as gender, mental/physical health, economic conditions, in-
terpersonal relationships, etc.) and the influence of the community’s culture, customs,
and folklore [23,24] to ensure the internal consistency of the collected sample, so there
are limitations in conducting research by limiting the sampling scope to a specific area or
older adults with similar attributes. This limitation is primarily why previous studies have
limited physical factors to a specific small spatial range. On the other hand, this study
is differentiated from others because it focuses on physical factors in urban planning to
analyze the distribution density of senior citizen centers in Busan, Korea.

Table 1. Review of past studies on senior citizen centers.

Author (Year)

Purpose Consideration Variable

Lim and Lee (2011) [25]

Studying the correlation between elderly welfare
facilities, residential proximity, and preference by
older adults

Residential proximity, preference by
older adults

Jeong and Jun (2013) [22]

Distribution of the population of elderly
persons, small houses, welfare facilities

Studying spatial characteristics of areas with
concentrated populations of elderly persons

Kim et al. (2014) [21]

Measuring accessibility of public exercise facilities

Facility accessibility, perceived distance

Choi et al. (2015) [23]

Measuring the impact of social factors on older
adults by gender

Gender gaps, communication, mental and
physical health

Hong and Kim (2016) [24]

Comparing factors hindering the use of leisure
welfare facilities for older adults by region type

Intrapersonal, interpersonal, physical, and
control factors

Oh and Kwon (2018) [20]

Evaluating exercise and environment for
older adults

Travel distance, walking time, exercise time

Zhao and Lee (2021) [19]

Measuring differences in the spatial hierarchy of
senior citizen centers inside and outside
apartment complexes

Spatial accessibility, usage rate

Choi et al. (2022) [26]

Improving the use of space among older adults, as
well as their satisfaction

Frequency of use, health promotion,
satisfaction, accessibility

Woo (2022) [27]

Measuring the usage and satisfaction of senior
citizen centers

Preferred programs, travel distance,
and motivations

Park and Lee (2023) [28]

Formulating a strategic plan to revitalize senior
citizen centers

Walking accessibility, differences in
spatial demand

Roh (2023) [29]

Developing guidelines to promote the operation
and functions of senior citizen centers

Preferred programs, motivations, and
activation factors

Park and Cho (2024) [30]

Exploring factors affecting organizational
commitment of workers at senior welfare centers

Social support, intention to remain

Lee et al. (2024) [31]

Analyzing the impact of personal and community
factors on life satisfaction of elderly persons

Policies for older adults, life satisfaction,
welfare facility distribution
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Previous studies [22,25,28] have confirmed that welfare facilities are more functional
in neighborhoods with a higher concentration of older adults than when located in general
areas. Enhancing the functionality of welfare facilities entails improving the convenience
of transportation to areas with a high concentration of the population of elderly persons
and establishing neighborhood facilities with consideration to their accessibility for older
adults. In terms of urban planning policies, enhancing functionality is also an important
measure for promoting the distribution of elder-friendly facilities. Accordingly, this study
referred to the findings of Lim and Lee [25], Jeong and Jun [22], and Park and Lee [28], and
determined that the spatial accessibility of apartment complexes where older adults live
and the number of neighboring apartment buildings are physical factors that affect the use
of nearby senior citizen centers. Also, based on the premise that the importance of physical
factors affecting the distribution density of senior citizen centers (spatial accessibility of
senior residences and the number of adjacent apartment complexes) is unclear in the above
theory, the following hypotheses can be proposed.

Hypothesis 1. The main effect of physical factors affecting the distribution density of senior citizen
centers is the spatial accessibility of senior residences.

Hypothesis 2. The main effect of physical factors affecting the distribution density of senior citizen
centers is the number of nearby apartment complexes.

Hypothesis 3. All physical factors affecting the distribution density of senior citizen centers have
the same effectiveness.

2. Materials and Methods
2.1. Space Syntax

In 1984, Hillier and his colleague Hanson coined the term “space syntax” in their book,
The Social Logic of Space [32]. Space syntax refers to a methodology that quantifies space.
Depending on the form and method of analysis, convex spaces or axial lines are used to
quantitatively analyze the use and perception of each convex space (axial line) based on the
spatial depth generated while using the space [33]. In particular, studies have already been
conducted to analyze urban space using axial lines to understand urban hierarchy and
review spatial accessibility [34,35], and many scholars have demonstrated that social and
economic phenomena occurring in urban spaces can be interpreted using indicators related
to space syntax [36-38]. Integration is an important indicator that describes the accessibility
of space in space syntax; it is divided into two scales: global and local integration. Global
integration refers to accessibility calculated by considering all spatial depths from a specific
space to the entire space. Local integration refers to local spatial accessibility by limiting
spatial depth (usually three spatial depths) when moving from a specific space to another
space. Intelligibility (R?) refers to the correlation between the calculated global integration
and local integration and is used to explain the spatial configuration of the analysis target.
In space syntax, the standard value for interpreting intelligibility is usually 0.6. The closer
it is to 1, the more recognizable the space, and the closer it is to 0, the less recognizable
it is [37,39]. Equation (1) and Table 2 present the calculation and interpretation of the
integration [33]. Although previous studies conducted in Busan have explored the city’s
spatial hierarchy and the accessibility of specific facilities [35,40], none have examined the
detailed spatial hierarchy subdivided into administrative districts. Therefore, in addition
to calculating the spatial accessibility of senior citizen residences, it is essential to conduct
a preliminary analysis to identify the spatial hierarchy of each administrative district.
Although global and local integration can be used to interpret accessibility, this study
limited the radius of accessibility to 500 m [20,21]. Therefore, it is more appropriate to
explain the spatial accessibility of small apartment complexes through global rather than
local integration. Therefore, this study aims to calculate the spatial accessibility of senior
citizen residences by global integration, with reference to the main interpretative indicators
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of spatial syntax, and examine the spatial hierarchy of each administrative district in Busan
using intelligibility as a criterion.

Dy,
I = : )
(i) Y d(ik)
nEZ ( : nl—l - 1)

Table 2. Interpretation of space syntax expressions.

Type Interpretation
MD Average spatial depth
TSDi Total spatial depth in space i
S The number of steps taken through space i
m The number of steps from space i to the deepest space
K The total number of spaces
Ks The number of spaces in Step S
Dn Correction factor
D (i, k) The depth from space i to space k
n The total number of nodes

2.2. Research Methods

As shown in Figure 1, research was conducted in four stages: variable setting, data
collection, validation, and discussion of results. In terms of variable setting, based on the
results of previous research, the spatial accessibility of senior citizen residences and the
number of surrounding apartments were set as independent variables, and the distribution
density of senior citizen centers was the dependent variable when considering the range of
facilities distributed within the 500 m radii centered on small apartment complexes where
older adults live.

N01 mallty
Urban spatial information
Independence

Spatial accessibility
Distribution density of Physical
senior citizens center : ¢ Effectiveness Results
environmental discussio
around small apartment factors verification i1scussion
houses
Density of Apartment Houses in Two-Way ANOVA

the Neighborhood Apartment Houses
information

T- Test
Senior citizens center
information

Figure 1. Research process of the study.

After determining the dependent and independent variables, in order to collect sam-
ples for each variable, this study collected location information on apartment complexes
with 150 households or fewer and senior citizen centers registered in each administrative
district by referring to data released by the Busan Metropolitan City Open Data Portal [41]
and the Senior Citizen’s Regional Support Center [42]. After excluding location informa-
tion with the same address and duplicate records in the same category from the collected
data, an axial map of urban spatial information was created by referring to the geographic
information system (GIS) data of administrative district boundaries and road centerlines
disclosed on the V-WORLD website [43] operated by the Ministry of Land, Infrastruc-
ture, and Transport of Korea. Figure 2 presents the calculations of the independent and
dependent variables.
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O :Small apartment complex location -EE—:Senior citizen center

(a) (b)

Figure 2. Example of how to measure variables in Jurye-dong, Busan: (a) independent variable;
(b) dependent variable.

The specific steps are as follows: First, considering that the research scope was limited
to the optimal walking distance associated with senior citizens, all codes corresponding
to overpasses, tunnels, and railroad transportation were excluded from the attribute data
in the attribute data filter of the Quantum GIS (QGIS) program, and the information
was entered to create a new Vector Data Layer to display the location information of
apartment complexes and senior citizen centers. Second, after securing this information
in the QGIS program, the distribution quantity of apartment complexes (independent
variable B) and the distribution density of senior citizen centers (dependent variable C)
were recorded separately for spaces within a 500 m radius around residential areas. Third,
the classification of the vector layers (administrative district boundaries, road centerlines,
apartment complexes, and senior citizen centers) in the edited GIS data were checked
and converted into lines. This process was necessary to prepare for the relatively weak
identification of planes and points in the depth map developed based on the space syntax.
Fourth, after deriving the refined GIS data in the DXF file format, axial maps were created
for each administrative district by referring to the road centerline layer in AutoCAD,
according to the guidelines for creating space syntax axial maps. After identifying the
urban spatial hierarchy of each administrative district in Busan using the Depth Map
program, the global integration of the corresponding residential area (independent variable
A) was calculated.

After calculating the independent variables A and B and the dependent variable C
using the aforementioned process, the effectiveness of the physical factors and distribution
density was verified by a two-way ANOVA using IBM SPSS Statistics 25. Moreover, as
the prerequisites for a two-way ANOVA require normality and relative independence
of the variables, normality was checked using a P-P Plot for each administrative district,
and the relative independence of the variables included in the data group (district level)
was confirmed using the Friedman test. If the sample of small apartments collected
in an administrative district was less than 30, normality and independence were not
tested; instead, however, the median of the dependent variable C according to the specific
quantity of distribution density was calculated. Values above the median were coded
as 1 (signifying relatively high distribution density), and values below the median were
coded as 2 (signifying relatively low distribution density) on a categorical scale; only
the mean differences were compared between the two groups. If normality and relative
independence were significant, the degrees of effectiveness of independent variables A and
B on dependent variable C were tested for the corresponding data group.
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3. Results and Discussion
3.1. General Status and Spatial Hierarchy of Each Administrative District in Busan

As presented in Table 3, with respect to the proportion of the population of elderly
persons in each administrative district of Busan, the general status of each administrative
district can be categorized into either 20% or less, 20-30%, or 30% or more. Of the 16
administrative districts, 10 fall into the 20-30% category. Among them, those in the 20-30%
category had a wider range of square footage (area) and more small apartment complexes
and senior citizen centers compared with those in the 20%-or-less category and those in
the 30%-or-more category. Thus, the 20-30% category had a relatively wide geographical
distribution and various types of housing. Moreover, YD and JG districts in the 30%-or-more
category were geographically adjacent and tended to have relatively small distributions
in terms of the area, number of small apartment complexes, and number of senior citizen
centers. However, administrative districts YD and JG (with populations of 30% or more
elderly persons) had a higher population density than GS and GIJ (with populations of
20% or less elderly persons), which demonstrates that areas with a high proportion of
older adults in Busan are primarily adjacent to the densely populated city center and
have a relatively concentrated distribution. Furthermore, as a result of examining the
number of axial lines, it can be determined that NG, DG, DR, BSJ, SG, and YD comprised
relatively high numbers of axis lines, compared with the square footage of each district,
which indirectly proves that they have a higher density of land development than other
districts in terms of urban planning. The intelligibility of each district was as follows: GS
(0.304), GJ (0.231), GIJ (0.137), NG (0.334), DG (0.274), DR (0.401), BSJ (0.380), BG (0.429), SS
(0.510), SH (0.392), SG (0.267), SY (0.645), Y] (0.506), YD (0.191), JG (0.334), and HUD (0.063).
All districts, excluding SY, had a value of less than 0.6, indicating that the administrative
districts constituting Busan had relatively low recognition. Figure 3 presents the spatial
hierarchy of each administrative district in Busan.

Table 3. The general status of each administrative district in Busan.

District % of Older Area (km?) Population # of Apartment # of Senior Axial Lines
(Abbreviated) Adults Density Buildings Citizen Centers
Gangseo-gu (GS) 14.2% 181.49 784.60 /km? 11 162 10,835
Geumjeong-gu (G]) 25.1% 65.28 3302.54 /km? 366 129 3934
Gijang-gun (GIJ) 18.4% 218.30 818.73/km? 87 291 8056
Nam-gu (NG) 23.2% 26.82 9477.44 /km? 206 172 6145
Dong-gu (DG) 28.6% 9.87 8894.83 /km? 82 75 6619
Dongrae-gu (DR) 21.2% 16.63 16,284.73 /km? 247 138 5157
Busanjin-gu (BS]) 22.1% 29.67 12,116.89/km? 427 266 7806
Buk-gu (BG) 21.6% 39.37 6949.35 /km? 111 147 2155
Sasang-gu (SS) 22.5% 36.10 5621.39/km? 56 133 3248
Saha-gu (SH) 23.2% 41.77 7130.26 /km? 294 195 2903
Seo-gu (SG) 28.1% 13.95 7461.58/km? 187 74 7005
Suyeong-gu (SY) 24.4% 10.21 17,092.85/km? 318 90 2434
Yeonje-gu (Y]) 22.5% 12.10 17,005.45/km? 235 123 2065
Yeongdo-gu (YD) 31.6% 14.20 7503.38 /km? 91 71 5788
Jung-gu (JG) 30.7% 2.83 13,646.29/km? 84 31 1807
Haeundae-gu (HUD) 20.9% 51.54 7381.61/km? 110 242 3199
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Figure 3. Spatial hierarchy of each administrative district in Busan.

3.2. The t-Test, Preliminary Analysis, and Two-Way ANOVA Results

Considering that GS had fewer than 30 apartment buildings, the fewest among the
samples collected from each administrative district, an independent sample ¢-test was
conducted to examine whether variables A and B differed depending on the density
of senior citizen centers. As presented in Table 4, there was no statistically significant
difference between the independent variables A (t = 0.011, p > 0.05) and B (t = —1.072,
p > 0.05) in relation to the dependent variable C.

Table 4. GS data group t-test.

Dependent Independent ¢ daf Sig. Mean Std. Error
Variable Variable (2-Tailed) Difference Difference
C A 0.011 4.398 0.992 0.001 0.053
B —1.072 9 0.312 —0.833 0.777

After examining the mean differences of the GS data group, the P-P Plots were used
to check the normality of the other 15 administrative district data groups. The graphs in
Figure 4 present the residuals, which have a minimum range of £0.02 and a maximum
range of +0.3——0.2 across the 15 administrative districts. Although the residuals slightly
deviate from the Y = 0 baseline, they remain within the range of 0.3, and all the data are
distributed in a range close to the diagonal of a normal Q-Q Plot. Therefore, the data groups
of the 15 administrative districts in this study were normally distributed. After confirming
the normality of the data groups, we performed a Friedman test on the variables within
each group to check their relative independence.
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Figure 4. Normal P-P plot analysis of each administrative district data group in Busan: (a) GJ, (b) GIJ,
(c) NG, (d) DG, (e) DR, (£) BS], (g) BG, (h) SS, (i) SH, (j) SG, (k) SY, (1) Y], (m) YD, (n) JG, and (o) HUD.
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The chi-square values for the data group for each administrative district in Busan
were GJ (713.981), GIJ (123.027), NG (339.136), DG (143.184), DR (435.493), BS] (775.591), BG
(168.902), SS (64.530), SH (508.486), SG (357.823), SY (635.005), YJ (435.626), YD (143.939),
JG (153.365), and HUD (150.522), as presented in Table 5. As all p-values were p < 0.001,
the variables within the 15 administrative district data groups (A, B, and C) were found
to have relatively independent distributions. Moreover, among the chi-square values for
each district, the high values of GJ (713.981) and BS]J (775.591) indicate a wide range of
deviations compared with the lower values of SS (64.530) and GIJ (123.027). These results
indirectly demonstrate a wide variation in the distribution of data in each administrative
district as well as large gaps between the various districts.

Table 5. Analysis of the relative independence of each administrative district data group.

Mean Std. . Chi-
Type N Mean Rank Deviation Min Max Square
A 0.574 1.000 0.057 0.393 0.672
GJ *** B 366  36.254 2.974 20.077 1 85 713.981
C 5.202 2.025 1.900 1 10
A 0.416 1.103 0.035 0.280 0.482
GIJ *** B 87 13.575 2.741 9.268 0 29 123.027
C 6.253 2.155 3.070 0 13
A 0.674 1.010 0.123 0.385 0.915
NG *** B 206  16.825 2.779 9.120 0 37 339.136
C 7.393 2.211 3.392 2 21
A 0.724 1.000 0.124 0.412 0.913
DG *** B 82 12.122 2.823 5.098 1 21 143.184
C 6.085 2177 2.310 1 13
A 1.017 1.000 0.162 0.511 1.419
DR *** B 247  24.733 2.850 14.399 2 62 435.493
C 6.510 2.150 2.048 1 12
A 0.883 1.002 0.135 0.407 1.189
BSJ *** B 427  29.960 2.897 16.231 2 69 775.591
C 8.321 2.101 4.059 0 20
A 0.877 1.018 0.159 0.483 1.018
BG *** B 111 14.144 2.671 8.645 0 2.671 168.902
C 6.973 2.311 2.881 2 2.311
A 1.036 1.143 0.177 0.649 1.358
SS *** B 56 6.964 2.384 5.081 0 18 64.530
C 7.821 2.473 3.081 0 13
A 0.612 1.007 0.082 0.373 0.757
SH *** B 294 23779 2.838 14.163 0 65 508.486
C 6.772 2.155 2.795 1 14
A 0.550 1.000 0.104 0.268 0.695
SG *** B 187  29.449 2.952 13.652 2 54 357.823
C 5.754 2.048 1.968 1 11
A 1.590 1.000 0.242 0.845 2.272
SY *** B 318 55311 2.997 32.832 4 111 635.005
C 7.764 2.003 1.864 3 12
A 1.009 1.000 0.161 0.547 1.320
YJ B 236  38.340 2917 31.760 1 105 435.626
C 8.506 2.083 2.716 2 15
A 0.474 1.011 0.099 0.317 0.622
YD *** B 91 11.692 2.720 7.139 0 29 143.939
C 6.385 2.269 2.260 2 11
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Table 5. Cont.
Mean Std. . Chi-
Type N Mean Rank Deviation Min Max Square
A 0.988 1.060 0.167 0.557 1.339
JG *** B 84 26.083 2.964 12.623 0 45 153.365
C 8.012 1.976 3.396 0 15
HUD A 0.465 1.055 0.072 0.279 0.595
o B 110 7.573 2.377 4722 0 18 150.522
C 8.518 2.568 4.405 0 19
B < 0.001.

After confirming the normality and relative independence of each administrative
district data group in Busan, the primary effects of variables A and B, which represent
physical factors, on variable C, which is the outcome variable, were tested. As presented in
Table 6, the data groups in which variable A was significant were GJ (F = 2.273, p < 0.001),
NG (F=20.298, p < 0.001), BS] (F = 12.682, p < 0.001), BG (F = 18.645, p < 0.01), SS (F = 11.416,
p <0.001), SH (F = 1.848, p < 0.01), SG (F = 3.021, p < 0.001), SY (F = 2.179, p < 0.01), Y]
(F=6.186, p < 0.001), YD (F = 3.766, p < 0.001), JG (F = 7.463, p < 0.01), and HUD (F = 4.997,
p <0.001). In GJ, BS], SS, SG, YD, JG, and HUD, variable B was also significant at p < 0.05,
with F values of 1.638, 3.293, 5.814, 2.048, 2.644, 10.408, and 2.960, respectively. Further,
variables A and B did not affect C in the GIJ, DG, or DR data groups. Therefore, among
the hypotheses proposed in this study, hypotheses 2 and 3 were rejected, and hypothesis 1
was adopted.

Table 6. Two-way ANOVA to test effectiveness by administrative district.

Corrected Corrected
Type Model Intercept A B Error Total Total

df 218 1 137 78 147 366 365
GJ Mean Square 4.819 2635.760 4121 2971 1.813

F 2.658 1453.615 2.273 *** 1.638 **

df 83 1 58 6 3 87 86
GIJ Mean Square 9.704 2243.692 4.167 0.833 1.667

F 5.822 1346.215 2.500 0.500

df 197 1 162 11 8 206 205
NG Mean Square 11.951 6964.662 12.287 1.143 0.605

F 19.742 11505.046 20.298 *** 1.888

df 78 1 59 11 3 82 81
DG Mean Square 5.512 500.985 4.751 5.303 0.833

F 6.614 601.182 5.701 6.364

df 244 1 192 23 2 247 246
DR Mean Square 4.226 3844.486 3.713 1.054 0.250

F 16.905 15377.946 14.853 4.217

df 383 1 321 37 43 427 426
BSJ Mean Square 18.202 4521.622 14.058 3.650 1.109

F 16.420 4078.838 12.682 *** 3.293 ***

df 104 1 74 11 6 111 110
BG Mean Square 8.756 836.680 6.992 1.008 0.375

F 23.350 2231.148 18.645 ** 2.687

df 52 1 36 4 3 56 55
SS Mean Square 10.043 2097.723 9.081 4.625 0.795

F 12.625 2637.203 11.416 *** 5.814 ***
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Table 6. Cont.
Corrected Corrected
Type Model Intercept A B Error Total Total

df 196 1 141 54 97 294 293
SH Mean Square 9.584 2880.673 7.837 6.101 4.241

F 2.260 679.277 1.848 ** 1.439

df 150 1 106 35 36 187 186
SG Mean Square 4.459 2252.077 4.344 2.945 1.438

F 3.101 1566.176 3.021 *** 2.048 *

df 261 1 165 83 56 318 317
SY Mean Square 3.913 1791.707 3.110 2.117 1.427

F 2.742 1255.324 2.179 ** 1.484

df 178 1 116 47 56 235 234
Y] Mean Square 9.234 557.830 9.187 2.232 1.485

F 6.218 375.631 6.186 *** 1.503

df 84 1 58 19 6 91 90
YD Mean Square 5.372 800.926 5.179 3.636 1.375

F 3.907 582.492 3.766 *** 2.644*

df 75 1 45 12 8 84 83
]G Mean Square 12.648 2754.087 7.811 10.893 1.047

F 12.086 2631.606 7.463 ** 10.408 **

df 88 1 70 15 21 110 109

HUD Mean Square 23.090 1981.533 19.883 11.777 3.979
F 5.803 498.043 4.997 *** 2.960 *

Dependent Variable: C; * p < 0.05; ** p < 0.01; *** p < 0.001.

3.3. Discussion

According to the two-way ANOVA results, the spatial accessibility of senior residences
affected the distribution density of nearby senior citizen centers in 12 of the 15 admin-
istrative districts. Among these 12 districts, the spatial accessibility of residential areas
and the number of small apartment complexes distributed around residential areas were
simultaneously indicated to be effective in GJ, BS], SS, SG, YD, ]G, and HUD. In particular,
considering that only the number of small apartment complexes distributed around the
residential areas did not indicate significant independent results, except for the spatial
accessibility of residential areas in the 12 administrative districts above, it is reasonable to
conclude that the physical factor that had the greatest influence on the distribution density
of citizen centers was the spatial accessibility of residential areas, at least within the limited
scope of this study. Thus, this suggests that the spatial accessibility of senior housing is
a significant factor to consider in urban planning and in formulating public policies to
determine the locations of senior citizen centers.

According to the results of the t-test for GS, the distribution density of senior citizen
centers in administrative districts with only a few apartment complexes demonstrated no
difference, on average, between the number of small apartment complexes and the spatial
accessibility of residential areas. In addition, although the aging rate of GS (14.2%) was
relatively low compared with other districts, 162 senior citizen centers were distributed
within the neighborhood. This suggests the possibility that GS had more diverse housing
types, aside from small apartments, compared with other administrative districts, and that
the distribution density of senior citizen centers is influenced by regional characteristics,
depending on the various types of housing. Although it is possible to hypothesize that
the distribution density of citizen centers in most administrative districts of Busan is
influenced by physical factors, the influence of personal and social factors highlighted
in previous studies should not be ignored. This is owing to the potential influence of
regional characteristics, as observed in GS, and the fact that physical factors did not have a
significant effect on the distribution density of senior citizen centers in GIJ, DG, and DR.
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Therefore, it is necessary to adopt diverse and multilateral strategies to promote the welfare
of older adults, considering the limited effect of physical factors on the distribution density
of senior citizen centers in these districts.

4. Conclusions

After examining the general status and spatial hierarchy of each administrative district
in Busan, physical factors such as the spatial accessibility of residential areas and the
number of small-scale apartment complexes were set as independent variables, and the
distribution density of senior citizen centers was designated as the dependent variable.
This selection was made to verify the effectiveness of the physical factors on the distribution
density of senior citizen centers by using an independent samples t-test, normality test,
Friedman test, and two-way ANOVA. The chief findings of this study are as follows.

First, the areas with a high proportion of older adults in Busan were neighborhoods
with a high population density and were adjacent to the city center, in addition to having
a relatively concentrated distribution. The number of axial lines also differed in relation
to the square footage and population density of each administrative district, indicating a
large disparity in land development density in each district. This phenomenon may have
occurred because older adults in areas adjacent to the city center have easier access to
more services and amenities. However, customized urban planning for an aging society is
required to account for the overall decline in spatial cognition in each administrative district.

Second, in terms of the physical factors affecting the distribution density of senior citi-
zen centers, the spatial accessibility of senior housing had a greater effect than the number
of nearby small apartment complexes, which indirectly indicates that the composition of
the surrounding environment is essential for improving the convenience of daily life and
quality of life for older adults.

Third, the methodology used in this study did not evaluate personal and social factors
as suggested in previous studies, focusing instead on interpreting the effectiveness of
physical factors. In particular, considering that physical factors did not show significant
results in the distribution density of senior citizen centers in GS, GIJ, DG, and DR, the
personal and social factors may have indirectly influenced the distribution density of
senior citizen centers more than physical factors, depending on the type of housing in
which the older adults live. This implies that, in addition to physical factors, personal
and social factors, such as the social networks, health statuses, and economic conditions
of older adults, may influence the use of citizen centers in a given area. This suggests the
possibility of complex interactions between physical, personal, and social factors. Therefore,
a comprehensive approach which considers these personal and social factors is required to
increase the use of senior citizen centers.

The importance of physical factors affecting the distribution density of senior citizen
centers in each administrative district in Busan was investigated. Among them, the spatial
accessibility of senior housing (independent variable A) seemed to have relatively more
explanatory power than did the number of nearby small apartment complexes (independent
variable B). Although these findings can be used as a theoretical basis for setting the location
and distribution density of senior citizen centers in urban planning, when considering
physical factors, this study has some limitations. First, its review of the distribution density
of senior citizen centers was limited to physical factors only. Second, it focused on a
single type of housing. In particular, the population density and the square footage of
GS suggest the possibility of more diverse housing types aside from small apartments,
so further research is needed in this area. Also, GS and GIJ had similar population age
demographics, each with 20% or less elderly persons, as well as similar population densities
and square footage, but considering that physical factors did not affect the distribution
density of senior citizen centers in the GIJ data group, it is likely that GIJ also had diverse
housing types. It is also evident that housing types indirectly affected the distribution
density of senior citizen centers. In other words, differences in housing types, depending
on the economic conditions of older adults, may also affect the density of senior citizen
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centers around individual residences. Therefore, in addition to physical factors, it would be
necessary to address the limitations of this study, examining personal and social factors by
considering policies for older adults, conducting in-depth interviews with people operating
and managing senior citizen centers, and determining the motivations for older adults to
use senior citizen centers. In particular, the lack of significant results for the dependent
variable in GIJ, DG, and DR data groups, assuming that all physical factors satisfied
normality and relative independence, is a crucial aspect that should be considered in
follow-up studies, as the distribution density of senior citizen centers can be the result of
the interaction of multiple factors rather than a single aspect.
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