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Abstract: Community-based care services offered by senior centers are vital for supporting older
adults’ independent living. The number of senior centers has escalated in China in recent years.
Despite scholarly interest in the potential accessibility of senior centers, research on older adults’
realized access remains scarce. Using the geo-referenced check-in data of 2382 users of senior
centers in Nanjing, China, this study aims to fill this gap by examining the disparities between older
adults’ potential and realized access to senior centers and the influence of multilevel spatial and
non-spatial factors. This study indicates that potential access is often significantly overestimated
compared with the actual accessibility of senior centers, with older adults’ distances of realized
access (mean = 1319 m) being considerably greater than potential access (mean = 325 m). Spatial and
regression analyses confirm that older adults living in newly built, lower-priced houses in the inner
city are more likely to travel longer distances to reach senior centers. Spatial proximity is less effective
in predicting realized access for those living further from senior centers. Instead, the location and
service quality of senior centers play a more prominent role. These findings enrich our understanding
of older adults’ access to community-based care, informing planning and policy interventions for the
development of age-friendly communities.
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1. Introduction

Offering accessible services for older populations is a key dimension in developing
age-friendly cities and communities [1]. Compared to the younger generations, older
adults have increased demand for supportive services but decreased levels of mobility [2,3].
Designed to offer a spectrum of easily accessible services to older residents, community-
based services have become prevalent in the world. As a representative form of community-
based facilities, senior centers have proliferated in many developed countries, such as
the US, Canada, Australia, and Singapore, since the 1970s, forming a vital part of the
infrastructure of age-friendly cities and communities [4]. A substantial body of research
has demonstrated that the instrumental and emotional support provided by senior centers
is invaluable for the independent living of older adults, and that participation in these
centers significantly enhances their mental and physical well-being [5,6].

In China, the escalating aging population has prompted policymakers to embrace
community-based services in recent years. This shift has resulted in a notable increase in
the establishment of senior centers across the country [7]. For instance, in Nanjing, the city
on which this study was conducted, over 700 senior centers were constructed between 2014
and 2020 [8], with the goal of ensuring that every elderly resident has access to at least one
senior center within 500 m (about 10 minutes’ walk) of their residence [9]. Major Chinese
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cities, including Beijing, Shanghai, Wuhan, Hangzhou, and Nanjing, have recently revised
their policies and planning regulations to encourage the development of senior centers in
both existing and newly developed residential areas [10].

Given that the majority of senior center users reside in their own homes, they must
rely on walking, cycling, or public transportation to reach these facilities. Therefore,
accessibility is a pivotal factor in the success of senior centers and the effectiveness of
community-based services. Whether and to what extent senior centers or other elderly care
facilities are accessible for older people have attracted increasing attention from planning
and geographical scholars in recent years, revealing their uneven distribution in various
urban contexts [11–15]. However, most existing studies focus on measuring ‘potential
access’ [16–18], i.e., the spatial proximity or availability of services; the knowledge on
‘realized access’, i.e., older people’s actual usage or travel behaviors to senior centers,
remains scattered. Specifically, we know little about how exactly senior centers are spatially
accessed by older adults, whether realized access deviates from potential access, and what
factors influence older adults’ realized access.

In recent years, emerging ICT technologies have enabled the collection of fine-grained
geo-behavioral data in various scenarios, which can be used to explore realized access and
usage behaviors, as well as to make comparisons between potential and realized access.
Recently, we have seen researchers using cellphone data to investigate older people’s access
to parks [19], revealing that realized traveling distance is longer than expected.

This paper aims to address the research gap regarding older adults’ access to community-
based services by investigating both potential and realized access, using the geo-referenced
check-in data of 2382 older adults from 44 senior centers in Nanjing, China. Specifically,
this study is structured to address three key research questions: (1) To what extent does
older adults’ realized access deviate from potential access? (2) Will the disparities between
potential and realized access exhibit certain spatial patterns and how? (3) What spatial
and non-spatial factors may influence the disparities between older adults’ potential and
realized access to senior centers?

To answer these questions, this study will employ a multilevel analytic framework
to analyze the disparities between potential and realized access at both user and facility
levels. The paper will commence with an overview of the research context, data sources,
the analytical framework, and the spatial and statistical methodologies employed. Subse-
quently, Section 3 will detail the findings from the spatial and statistical analyses conducted
at the user and facility levels, which directly respond to the research questions. Section 4
will delve into a discussion of these results, highlighting their implications for accessibility
research, urban planning, and policy formulation. Finally, Section 5 will summarize this
study’s conclusions and contributions to the field.

2. Literature Review

Building on existing research on health service accessibility [20,21], older adults’
access to senior centers can be delineated into two critical dimensions: potential access
and realized (or ‘revealed’) access. Potential access refers to the spatial proximity or
availability of services, whereas realized access encompasses the actual usage patterns or
travel behaviors in accessing services [20,22]. In recent years, a growing body of scholarly
work has concentrated on the accessibility of senior centers, particularly within the contexts
of China and South Korea [11–14]. The majority of these studies have centered on evaluating
potential access to senior centers, employing methodologies such as cumulative opportunity
measures, gravity-based metrics, or two-step floating catchment areas (2SFCA) to identify
inequalities in senior center distribution [16–18] or detect a mismatch between demand
and supply [14,23]. Examining potential access to senior centers is of great value in guiding
urban planning and policymaking. However, there is a noticeable dearth of research on the
realized access of older adults to senior centers.

It is widely recognized that studies on potential access can yield biased estimations due
to factors such as the arbitrary selection of calculation parameters, the neglect of various
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aspatial factors, or a reliance on geographically aggregated data [20]. The discrepancies
between potential and realized access have been well documented across a spectrum of
studies examining access to healthcare facilities [16,24,25], pharmacies [26], parks [19],
and food providers [14,24,27]. Researchers have consistently found that individuals travel
longer distances in reality to access services than what is estimated by potential access
models [26,28,29]. Without accurate and sufficient knowledge of realized access, the
estimations of potential access could be misleading for planners and policymakers.

While studies on potential access often emphasize the significance of spatial proximity,
realized access is considerably more complex. Over time, a variety of theories, models,
and analytic frameworks have been proposed to understand people’s realized access to
services. For instance, Rosenstock emphasized individual’s psychological motivations [30];
Suchman addressed the importance of referral systems [31]; Andersen synthesized three
sets of factors, including predisposing (e.g., age, gender, education), enabling (e.g., income
and transportation), and need (e.g., the level of problems) factors [32]; Joseph and Poyner
addressed the influence of factors at both user (e.g., demographic, social, economic and in-
formation factors) and facility (e.g., location and service) levels; and Cheng et al. [33] argued
that older adults’ realized access to services is the result of geographic access, information
access, economic access, and socio-cultural access. In essence, a comprehensive under-
standing of realized access necessitates a consideration of multilevel and multidimensional
factors beyond mere spatial proximity.

Despite the acknowledged importance and complexity of realized access, comparative
studies between potential and realized access remain scarce in the literature. A primary
reason is that research on realized access demands granular geo-behavioral data, which
are often inaccessible to researchers. We have seen a few empirical studies investigating
the disparities between potential and realized access to healthcare facilities [16,24,25],
pharmacies [26], parks [19], and food providers [14,24,27]. However, these studies have two
major weaknesses. Firstly, most of them focus on describing the magnitude of the disparity,
with a dearth of research on the multilevel spatial and aspatial factors that influence it.
Robitaille and colleagues [28] explored the influence of users’ socio-demographic attributes
but neglected the impacts of facility-level factors. Secondly, many studies continue to use
geographically aggregated data, and there is a paucity of research on the detailed spatial
patterns of disparity, i.e., whether the gap between potential and realized access is more
likely to emerge in certain areas rather than others. In summary, the current research on
potential and realized access is not comprehensive, indicating a need for more extensive
studies that employ fine-grained geo-behavioral data, particularly focusing on spatial
patterns and multilevel socio-spatial determinants.

A thorough analysis of older adults’ realized access to senior centers, and particularly
the disparities between potential and realized access, will enrich the existing body of
literature. Such analysis will offer a more holistic understanding of the challenges and
barriers that older adults may encounter in accessing community-based services. This
understanding is instrumental in the development of age-friendly cities and communities.
Furthermore, insights into the behavioral characteristics of older adults’ realized access
will inform researchers on how to refine existing methods for assessing potential access,
thereby enhancing the prediction of service accessibility for older populations.

3. Research Context, Materials and Methods
3.1. Research Context and Data

This study was conducted on the Chinese city of Nanjing. China has the largest and
one of the most rapidly growing aging populations in the world. As a mega city in eastern
China with a population of 9.3 million (Figure 1), over 19 percent of people in Nanjing were
aged 60 and over in 2020 [34]. The city plays a leading role in the country in developing
community-based elderly care services. Since the year 2014, over 700 senior centers have
been established in the municipal area of Nanjing [8]. In the coming decade, the municipal
government aims to build senior centers in all residential communities in the city.
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Figure 1. The location of the city of Nanjing in eastern China.

Our research area is one district (Jianye District) in the main city of Nanjing, which has
44 senior centers located in diverse urban settings (see Figure 2a,b), ranging from downtown
areas with compact street networks, diverse land uses, and dense older populations to
more peripheral areas with larger street blocks, newly developed residential communities,
and fewer older residents. The social and spatial diversity of the research area serve the
purpose of this study well.
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Figure 2. The research area in the main city of Nanjing (a) and the density of older populations by
subdistrict (b).

To investigate how senior centers are accessed by older adults, a geo-referenced
check-in dataset was employed. The dataset recorded the home addresses and some socio-
demographic attributes (age, gender, physical competence, and household composition) of
all older adults aged 70 and over (N = 2382) who visited the 44 senior centers in Jianye
District from 1 May to 31 December 2020. Figure 3 presents the locations of the senior
centers, the home addresses of the users, and the links between users’ home locations
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and the senior centers they visited. The original data were collected by the Department
of Elderly Care Services of Jianye District by recording older adults’ use of service cards
in senior centers. The authors were permitted to use the data for research purposes after
a formal application process through the ‘Government Open Information’ platform of
Nanjing. The research has received ethical approval from the authors’ institution.
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3.2. The Multilevel Analytic Framework

Drawing on the conceptual frameworks of realized access to healthcare services
established by previous geographers [22,32,35], this study adopts a multilevel analytic
framework to delineate and comprehend the disparities between potential and realized
access at both the user and facility levels (see Figure 4). This framework advances current
empirical research on potential and realized access, which has predominantly concentrated
on user-level analysis while neglecting facility-level variations.
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We firstly generate models of older adults’ potential and realized access based on
the geo-referenced check-in data. Then, the disparities between potential and realized
access are characterized by probability and magnitude at both user and facility levels,
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aiming to answer the question of to what extent older adults’ realized access deviates from
potential access. For both levels, the spatial patterns and socio-spatial determinants of the
disparities are analyzed, respectively, to examine whether realized access exhibits certain
spatial patterns and what factors may influence older adults’ realized access. Based on the
framework, we hope to achieve a comprehensive understanding of older adults’ access to
community-based services.

3.3. Models, Methods, and Variables
3.3.1. Defining and Characterizing the Disparity Between Potential and Realized Access

In the realm of accessibility studies, potential and realized access have been defined
and characterized through diverse methodologies [20]. For example, potential access can
be quantified by proximity to facilities, available facilities within a distance, the gravity
index, or the 2SFCA method. In contrast, realized access can be assessed by actual travel
distances to facilities, frequency, or the probability of service utilization.

Definition of potential and realized access: Given the primary objective of this study
is to conduct a direct comparison between potential and realized access, we employ the
approach utilized by Gomez et al. [29], Lin et al. [26], and Robitaille et al. [28]. Specifically,
our model of potential access is established by linking older adults’ residences to their
nearest senior centers, while the model of realized access links older adults’ residences to
the senior centers they have actually visited. This approach allows for a more nuanced
understanding of the differences between the theoretical potential for access and the actual
behaviors exhibited by older adults in their use of senior center services.

Distance of potential and realized access: According to the two definitions, we can
measure the distances of potential and realized access at the user and facility levels. For
each user, the distance of potential access (PDU) is the metric distance of the shortest route
from the user’s home to his/her nearest senior center along street networks, while the
distance of realized access (RDU) is the metric distance to the senior center the user actually
visits. Accordingly, for each senior center, the distance of potential access (PDC) is the mean
value of the PDU of all connected users in the model of potential access, while the distance
of realized access (RDC) is the mean value of the RDU of all connected in users in the model
of realized access.

Based on these definitions, when an older person visits his/her nearest senior center
(the nearest visitor, NV), the distance of potential access equals the distance of realized
access; when an older person does not visit his/her nearest senior center (the non-nearest
visitor, NNV), the distance of realized access will be longer than that of potential access,
and a disparity between potential and realized access occurs. Therefore, we characterize
the disparities between potential and realized access from two dimensions: the probability
of disparity (PRB) and the magnitude of disparity (MAG).

At the user level, the probability of disparity (PRBU) is a binary variable with the
value of 0 or 1, indicating whether an older person visits (0) or does not visit (1) their
nearest senior center. For a given user, the magnitude of disparity (MAGU) is the difference
between distances of potential access (PDU) and realized access (RDU), which is expressed
as follows:

MAGU = RDU − PDU (1)

At the facility level, for a given senior center, the probability of disparity (PRBC) is
measured by the proportion of NNV users visiting the center in reality, which is calculated
as the total number of NNV users (NNNV) divided by the total number of users of the
center (NC).

PRBC = NNNV/NC (2)

The magnitude of disparity for a given senior center (MAGC) is the difference between
the mean values of potential access (PDC) and realized access (RDC), which is expressed
as follows:

MAGC = RDC − PDC (3)
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The four variables characterize the disparity between potential and realized access
at both the user and the facility level, serving as dependent variables in this study. Their
descriptive statistics are summarized in Table 1.

Table 1. A summary of variables characterizing the disparity between potential and realized access at
user and facility levels.

Variables N (%)/Mean (SD)

User’s probability of disparity (PRBU)
NV (0) 1506 (63.2%)
NNV (1) 876 (36.8%)

User’s magnitude of disparity (MAGU) 1635 (2165)
Center’s probability of disparity (PRBC) 0.50 (0.24)
Center’s magnitude of disparity (MAGC) 1155 (1232)

3.3.2. Spatial Patterns of the Disparity

The spatial patterns of the disparity between potential and realized access are de-
scribed by the spatial dependency and spatial heterogeneity of the probability and magni-
tude at the user and facility levels. For continuous variables of PRBC, MAGU, and MAGC,
the spatial dependency is measured by Global Moran’ I [36], which is a commonly used
metric in geographic studies, indicating whether a variable exhibits a clustered, dispersed,
or random spatial pattern across a geographic area. The value of Global Moran’s I ranges
from −1 to 1, where positive values indicate spatial clustering (similar values are located
near each other); negative values suggest spatial dispersion (dissimilar values are near each
other); and values close to zero imply a random spatial pattern.

The spatial heterogeneity of PRBC, MAGU, and MAGC is described by Local Moran’s
I [37], which is a measure of local spatial autocorrelation that identifies clusters or outliers
in specific locations within a geographic area. Unlike Global Moran’s I, which assesses
spatial patterns across an entire region, Local Moran’s I provides a statistic for each spatial
unit, allowing the detection of “hot spots” (clusters of high values) and “cold spots”
(clusters of low values). Local Moran’s I is widely used in spatial analysis to identify
localized clusters and anomalies, providing a detailed view of spatial patterns that can help
in decision-making for regional planning, resource allocation, and other geographically
focused initiatives.

3.3.3. Multilevel Social–Spatial Determinants of the Disparity

To explain what factors may influence the disparities between potential and realized
access, we examine a series of social and spatial attributes of users and senior centers.

For users, based on previous findings and the availability of data, seven variables
are examined. Age, gender, household composition, and physical capacity describe the
demographic attributes of older adults. Due to lack of data on older adults’ income and
education, we use house price to approximate the social status of older adults, which has
been used in previous studies as a substitution for income or social status [19]. We assume
that wealthier residents would predominantly live in communities with higher housing
prices, and poorer people would likely choose to live in communities with more affordable
housing prices [38,39]. Community age indicates how many years ago the house an older
adult resides in was built. It is used to differentiate old communities and newly developed
communities. Distance to the city center is measured as the distance from an older adult’s
home to the city center of Nanjing along street networks. The variables are summarized in
Table 2.
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Table 2. A summary of socio-spatial variables describing attributes of older adults (N = 2382).

Variables N (%)/Mean (SD)

Age
70–75 1036 (43.5%)
76–80 506 (21.2%)
81–85 510 (21.4%)
86+ 330 (13.9%)

Gender
Male 1066 (44.8%)
Female 1316 (55.2%)

Household composition
Alone 218 (9.2%)
With only spouse 314 (13.2%)
With others 1799 (75.6%)

Physical Capacity
Independent 2323 (97.5%)
Semi-independent 50 (2.1%)
Dependent 9 (0.4%)

House price (RMB/m2) 41,471 (8396)
Community age (year) 21 (7)
Distance to the city center (meter) 5437 (2188)

For senior centers, eight variables are employed to describe their attributes relating to
population, location, and service quality. The density of the older population is the density of
people aged 60 and over in the subdistricts in which senior centers are located. The distance
to the city center is the distance from the senior center to the city center of Nanjing along
street networks. We also characterize the location of senior centers by their closeness to
several public amenities that are frequented by older adults, including commercial amenities
(retails and restaurants), public transportation (bus and metro stations), local medical centers,
and parks. Closeness to these amenities may influence older adults’ use of senior centers.
Closeness is calculated as the accumulation of amenities within 500 m of the senior center
weighted by the inverse of their distances to the senior center (distances are calculated
along street networks). Two variables are used to measure the service of senior centers.
Service quality is a score ranging from 1 (the lowest quality) to 5 (the highest quality) given
by local authorities based on the overall assessment of the service quality of senior centers.
Facility size is the net internal square meters (m2) of a given senior center. The variables are
summarized in Table 3.

Table 3. A summary of socio-spatial variables describing attributes of senior centers (N = 44).

Variables Mean (SD)

Density of older population (N/km2) 2649 (2485)
Distance to the city center (meter) 6629 (2820)
Closeness to commercial amenities 0.31 (0.35)
Closeness to public transport 0.21 (0.01)
Closeness to medical centers 0.02 (0.06)
Closeness to parks 0.02 (0.06)
Service rank 3.13 (0.67)
Facility size (m2) 340 (225)

3.3.4. Statistic Models

Regression models are employed to examine the relationships between characteristics
of disparities and various socio-spatial factors. Considering the data form of the four de-
pendent variables (PRBU, PRBC, MAGU, and MAGC) in this study, two types of regression
models are used, which are logistic regression and gamma regression.
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Logistic regression is a statistical model commonly used to predict a binary outcome
variable (0 or 1) or probability outcome variable (bonded between 0 and 1) based on one
or more predictor variables [40]. For instance, it was used to investigate whether or not
(represented by 0 or 1) older people visiting senior centers are influenced by various socio-
demographic factors [41,42]. In this study, logistic regression was chosen to model PRBU
and PRBC. Logistic regression predicts the probability P(Y = 1) that an outcome Y occurs,
given predictors X1, X2, · · · , Xn. This probability is expressed as follows:

P(Y = 1|X) =
1

1 + e−(β0+β1X1+β2X2+···βnXn)
(4)

where Y is the binary outcome variable; X1, X2, · · · , Xn are the predictor variables; and
β0, β1, · · · , βn are the coefficients estimated from the data. The model can be rewritten as
the logit (log-odds) function, which is a linear function of the predictors:

logit(P(y = 1)) = ln
(

P(Y = 1)
1 − P(Y = 1)

)
= β0 + β1X1 + β2X2 + · · · βnXn (5)

In this formulation, the coefficients β represent the change in the log-odds of the
outcome for a one-unit change in each predictor, which is also known as the Odds Ratio,
and will be reported in the outcome tables in this paper.

To predict MAGU and MAGC, which are positive, continuous data (i.e., metric dis-
tances) with right-skewed distribution (see Table 1), gamma regression models are em-
ployed. Gamma regression is suitable for modeling continuous outcomes with non-negative
values and right-skewed distributions, as it assumes a gamma distribution for the error
terms [43]. Gamma regression is widely used in social and economic studies to model
outcome variables such as medical cost [44], income [45], or service usage [46], which are
positive and usually right-skewed data from the real world. In gamma regression, the
mean (µ) of the outcome Y is modeled as a function of predictor variables X1, X2, · · · , Xn
through a link function, typically the log link, to ensure positive predictions. The model is
specified as follows:

g(µ) = η = β0 + β1X1 + β2X2 + · · · βnXn (6)

where g(·) is the link function (in this study, g(µ) = ln(µ)); η is the linear predictor; and
β0, β1, · · · , βn are the regression coefficients estimated from the data. This approach allows
us to interpret the exponential form of the regression coefficients. The model can also be
rewritten as follows:

µ = eβ0+β1X1+β2X2+···βnXn (7)

To assess the goodness of fit of the logistic and gamma regression models, log-
likelihood and AIC (Akaike Information Criterion) values are used. For the models with
the same predictor variables, a higher log-likelihood value or a lower AIC value indicates
a better fit. In addition, to calculate the R2 values of the regression models, Tjur’s R2

and Nagelkerke’s R2 are employed. The former serves as the pseudo R2 for the logistic
regression models, while the latter is used for the gamma regression models.

4. Results
4.1. User-Level Analysis
4.1.1. A General Description of Potential and Realized Access

The descriptive statistics and the spatial distribution of the distance of the potential
and realized access of users are presented in Figure 5. For potential access, the statistics
show that within the research area, the mean distance between older adults’ residences and
their nearest senior centers is 325 m, and over 80% (N = 1942) of users live within 500 m
of their nearest senior center, with a mean distance of 226 m. Older adults live between
500 and 1000 m from centers, and those beyond 1000 m are relatively few, only accounting
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for 17% and 1.5%, with average distances of 646 and 1305 m, respectively. The statistic of
the distance of potential access largely reflects the achievements of Nanjing in recent years,
which has aimed to ensure that all older residents in the city have access to at least one
senior center within 500 m of their home.
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As for realized access, the mean distance between older adults’ residences and the
senior centers they visited is 1319 m, about four times the figure (325 m) of potential access.
The mean short and medium distances of realized access are similar to those of potential
access, at 241 and 701 m, respectively. However, there is a large portion of long-distance
users (32.5%) in reality, with a mean distance of 3312 m, which is about three times the
figure (1305 m) proposed by potential access calculations.

As for the spatial distribution of users, it can be seen that compared to the potential
access calculations, a large number of users who traveled more than 1000 m emerge in
reality. Moreover, long-distance users in reality are clustered in certain areas, such as the
red marks in the top-right corner and in the middle of Figure 5b. The clustering of users
indicates the spatial heterogeneity of patterns of realized access. Moreover, considering
Figure 5a,b, it seems that long-distance users in reality are likely to be those that were
designated as medium-distance users in the potential access calculations, i.e., those who
live 500 m away from their nearest centers. This spatial pattern seems to suggest that when
older adults live far away from senior centers, they are less likely to visit their nearest
centers, but rather more distant ones. Nevertheless, this will be further illustrated in the
following sections.

4.1.2. The Probability and Magnitude of Disparity

The disparity between potential and realized access at the user level is characterized
by probability (PRBU) and magnitude (MAGU). The spatial and statistical distribution of
PRBU and MAGU are shown in Figure 6.

As shown in Figure 6a, users not visiting their nearest centers (NNV) comprise about
37% (N = 876), and users visiting their nearest centers (NV) account for 63% (N = 1506).
NNV users are more likely to emerge in the inner city (the upper part of the map) compared
to the outer city. Moreover, in the middle of the upper part of the map, where senior centers
aggregate, there is a mix of NNV and NV users, while in the top-right corner and the
middle part of the map, most of the users are NNVs. Compared with Figure 5a, this seems
to suggest that when older adults live far from senior centers, they are less likely to visit
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their nearest centers, although NNVs may also occur in areas where older adults have close
access to multiple centers.
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The spatial variance of the magnitude of the disparity is presented in Figure 6b,c.
Figure 6c presents the result of the tests of global and local spatial autocorrelation with a
distance band of 500 m. The statistic of Global Moran’s I (0.342, p < 0.001) indicates that
older adults with a similar degree of magnitude are more likely to be close to each other.
The results of Local Moran’s I further reveal the clusters of users. It can be seen that users
with low levels of disparity are aggregated in the middle of the upper part of the map. This
can be explained as older adults living in these areas have multiple senior centers available
within a short distance. Even though they did not visit their nearest ones, the centers they
visited are still close to their residence, thus resulting in lower degrees of disparities. In
contrast, there are clusters of older adults with high degrees of disparities in the top-right
corner and the middle of the map. As presented in Figure 5a, these people need to travel
longer distances to their nearest centers.

4.1.3. Spatial and Social Determinants of the Disparity

Regression analysis was performed to examine whether older adults’ socio-spatial
attributes significantly influence the probability (PRBU) and magnitude (MAGU) of the
disparities between potential and realized access. The results are shown in Table 4. In
general, the model on probability performs better than the one on magnitude, with a higher
R2 value (0.148 vs. 0.093), higher log-likelihood value (−1383 vs. −3227), and lower AIC
value (2788 vs. 6477).

For the probability of the disparity, five factors are significant. Older adults living
alone are less likely to visit non-nearest centers (Odds Ratio = 0.69, p < 0.05). Those
more likely to visit non-nearest centers are more likely to live in communities which
are newly built, with lower house prices, close to the city center and far away from
their nearest senior centers. Age and gender are insignificant in affecting whether older
people visit their nearest centers. The reason that older residents in communities that are
newly built or cheaper are more likely to visit non-nearest centers might be that centers
in low-price or newly built communities are not as good as centers in high-price and
well-established communities. In comparison, demographic attributes (age and gender)
are not that important in determining older people’s choice of senior centers.
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Table 4. The results of the regression analysis examining the impacts of socio-spatial factors of older
adults on the probability (PRBU) and magnitude (MAGU) of disparities.

Variables
Probability (PRBU) Magnitude (MAGU)

Odd
Ratios CI Z Odds

Ratios CI Z

Intercept 7.23 *** 1.07–1.62 6.99 7.37 * 1.21–41.69 2.26
Age

70–75 (ref)
76–80 1.08 0.85–1.38 0.64 0.90 0.71–1.15 −0.85
81–85 1.19 0.93–1.51 1.40 1.14 0.90–1.46 1.12
86+ 1.13 0.84–1.50 0.82 1.28 0.97–1.71 1.68

Gender
Male (ref)
Female 0.89 0.74–1.07 −1.27 1.10 0.91–1.31 0.99

Household
Alone 0.69 * 0.50–0.96 −2.21 0.83 0.61–1.17 −1.11
With spouse 0.81 0.62–1.06 −1.52 1.28 0.98–1.70 1.79
With others (ref)

House price 0.55 *** 0.46–0.65 −6.78 0.86 0.73–1.04 −1.42
Community age 0.40 *** 0.29–0.53 −6.19 1.35 0.94–1.96 1.75
Distance to city center 0.63 *** 0.58–0.69 −10.91 1.06 0.97–1.15 1.23
Distance of
potential access 1.34 *** 1.28–1.40 12.96 1.08 *** 1.04–1.12 4.44

Log-likelihood −1383.04 −3226.77
AIC 2788.08 6477.55
Pseudo R2 0.148 0.093

Note: (1) * p < 0.05, ** p < 0.01, *** p < 0.001. (2) Statistically significant variables are bolded. (3) The pseudo R2 for
the model on probability (logistic regression) is calculated as Tjur’s R2, and the one for the model on magnitude
(gamma regression) is calculated as Nagelkerke’s R2.

As for the magnitude of the disparity, distance of potential access is the only significant
factor that is positively associated with magnitude (Odds Ratio = 1.08, p < 0.001), meaning
that when older adults live further away from their nearest centers, their actual travel
distance to senior centers will deviate greatly from the potential distance. All other factors
are insignificant in predicting the magnitude of disparity. Compared to the results on
probability, these findings indicate that older people’s actual travel distances to senior
centers are less likely to be predicted by individual-level socio-demographic factors. A
possible explanation might be that users of senior centers are mostly older people who are
healthy and active, whose traveling distances are less likely to be influenced by physical
capacity or social status.

It is worth noting that the distance of users’ potential access (PDU) stands out as
the only factor that is significant in both of the two models, underscoring its pivotal role
in affecting older adults’ patterns of realized access. With the increase in the distance
between older people and their nearest centers, older people are less likely to visit their
nearest centers, and their actual travel distances deviate greatly from potential distance
(see Figure A1 in Appendix A). These findings indicate that the efficacy of spatial proximity
as a predictor of realized access diminishes as the distance between older adults and their
nearest centers increases. Additionally, the findings also indicate that when calculating
older adults’ potential accessibility, utilizing large distance thresholds (or radius) may lead
to more significant biases in the results.

4.2. Facility-Level Analysis
4.2.1. A General Description of Potential and Realized Access to Senior Centers

The spatial distribution of senior centers regarding mean distances of potential and
realized access is presented in Figure 7. It can be seen that the two figures show distinct
spatial patterns. In Figure 7a, centers with higher mean distance of potential access are
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mainly located in the middle part of the map where senior centers are sparse, while in
Figure 7b, centers with higher mean distance of realized access are mainly located in the
bottom part of the map, and are newly developed residential areas far away from the inner
city. Moreover, most of the centers in the dense residential areas of the inner city (the upper
part of the map) have a lower mean distance of realized access. In brief, it seems that senior
centers in the outer city are more likely to accept long-distance users.
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The heterogeneity among senior centers regarding potential and realized access in-
dicates that senior centers themselves might also play a significant role in affecting older
adults’ patterns of realized access. Some centers are significantly more ‘attractive’ for
distant users compared to others. Therefore, it is worthwhile to account for facility-level
factors when seeking to explain older adults’ realized access.

4.2.2. The Probability and Magnitude of the Disparity Among Senior Centers

As explained in Section 3.3, we further investigate the disparity between PA and RA
among senior centers by measuring their probability (PRBC) and magnitude (MAGC). The
descriptive statistics and spatial patterns of the two variables are presented in Figure 8.

For the probability of disparity, the mean value among the 44 senior centers is 0.5 (see
Figure 8(a1)), meaning that, on average, half of the users of the senior centers in the research
area are non-nearest visitors. For the center with the highest probability, 89% of its users
are non-nearest visitors. As for the spatial heterogeneity of the probability among senior
centers, Figure 8(a1) show that centers with a high probability of disparity are located in
both the inner and the outer city. The statistics of Global Moran’s I show a significant but
relatively low level of spatial autocorrelation (Moran′s I = 0.271, p = 0.028, k = 2). As
for the test of Local Moran’s I (Figure 8(a2)), a low-low cluster is found in the middle of
the map where the three senior centers are distant from each other, as well as all the other
senior centers. A high-high cluster is detected on the right border of the map where senior
centers are very close to each other. The different spatial clusters seem to indicate that when
multiple senior centers are closely located, they are more likely to accept non-nearest users,
because their local users have multiple choice.
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For the magnitude of disparity, the mean value among the 44 senior centers is 1155 m
(see Figure 8(b1)), showing a substantial degree of disparity. A clear spatial pattern can be
seen, namely, senior centers with high levels of disparity are mainly located in the outer
city (the lower part of the map), while most of the centers in the inner city have low levels
of disparity. The statistics of Global Moran’s I also show a strong spatial autocorrelation
(Moran′s I = 0.593, p < 0.001, k = 4), and the test of Local Moran’s I (Figure 8(b2))
identifies a high-high cluster of centers in the bottom of the map, while low-low clusters
are located in the inner city in the upper part of the map.

In summary, the spatial analysis reveals spatial heterogeneity among senior centers
regarding their characteristics of disparity between potential and realized access. Senior
centers in the inner city are more likely to have high probability but a low magnitude of
disparity, indicating that they are likely to accept non-nearest users, but those users are
mainly from local areas, thus with a low magnitude of disparity. In contrast, centers in the
outer city are likely to accept large portions of non-nearest users who are from distant areas.
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4.2.3. Spatial and Social Determinants of Disparity

To further examine how various spatial and non-spatial factors influence the character-
istics of disparities among senior centers, regression analysis was performed on probability
(PRBC) and magnitude (MAGC), respectively. The results are presented in Table 5. In
general, the model on magnitude performs better than the model on probability, with a
higher R2 value (0.564 vs. 0.140), higher log-likelihood value (−138 vs. −478), and lower
AIC value (296 vs. 974).

Table 5. The results of facility-level regression analysis examining socio-spatial factors affecting the
probability (PRBC) and magnitude (MAGC) of disparities between potential and realized access.

Variables
The Probability (PRBC) The Magnitude (MAGC)

Odd
Ratios CI Z Odds

Ratios CI Z

(Intercept) 1.04 0.60–1.83 0.15 4.05 0.73–22.22 1.60
Older population
density 0.96 0.91–1.00 −1.82 0.82 * 0.90–1.00 −2.01

Distance to city center 0.96 * 0.91–1.00 −1.99 1.21 *** 1.09–1.35 3.39
Commercial amenities 3.26 *** 2.04–5.28 4.85 1.92 0.59–8.06 1.10
Public transportation 1.49 * 1.08–2.05 2.41 0.69 0.30–1.66 −0.78
Medical centers 0.84 0.39–1.78 −0.46 1.79 0.46–16.08 0.74
Parks 1.71 ** 0.55–0.92 2.64 0.86 0.31–2.99 −0.26
Service quality 1.21 * 1.03–1.41 2.32 0.95 0.83–1.10 −0.66
Facility size 1.90 *** 0.86–0.95 4.16 0.89 0.53–1.50 −0.45

Log-likelihood −478.11 −137.75
AIC 974.22 295.51
Pseudo R2 0.140 0.564

Note: (1) * p < 0.05, ** p < 0.01, *** p < 0.001. (2) Statistically significant variables are bolded. (3) The pseudo R2

for the model on probability (binary logistic regression) is calculated as Tjur’s R2, and the one for the model on
magnitude (gamma regression) is calculated as Nagelkerke’s R2.

For the probability of disparity, six factors are significant, and the model explains
about 14% of the variance (Tjur’s pseudo R2). According to the results, senior centers with
higher proportions of non-nearest visitors are located closer to the city center (closer to
commercial amenities, public transportation, and parks) or have a larger size and higher
service quality. The positive influence of commercial amenities, public transportation, and
parks can be explained as these public amenities are frequently used by older adults, thereby
neighboring them helps senior centers attract more users from wider spatial contexts, thus
increasing the proportion of non-nearest visitors. Also, senior centers with higher service
quality and larger size are expected to have a broader impact and higher level of recognition
in the area, which may help attract non-nearest visitors.

For the magnitude of disparity, the density of the older population (Odds Ratio = 0.82,
p < 0.05) and the distance to the city center (Odds Ratio = 1.21, p < 0.001) are the
two factors with significant impacts. These two factors suggest that senior centers located
in the outer city with a lower density of older populations are more likely to have large
portions of long-distance users. This finding corresponds with the spatial pattern revealed
by Figure 8. Moreover, we find that public amenities, service quality, and facility size do not
significantly influence the magnitude of disparity. A possible explanation for this finding is
that senior centers in the outer city lack potential users in their vicinity, and thereby ‘recruit’
users from the inner city (see Figure A2 in Appendix A) through certain approaches. This
finding indicates the role of organizational factors rather than spatial proximity in affecting
older adults’ patterns of realized access.

4.3. Summary of Main Findings

This study indicates that potential access calculations can significantly overestimate
the actual accessibility of community-based services for older adults, with distances
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of realized access (mean = 1319 m) being considerably greater than potential access
(mean = 325 m). Spatial analysis reveals notable variations in the disparities between
potential and realized access. Regression analysis further confirms that older adults living
in newly built, lower-priced houses in the inner city are more likely to travel longer dis-
tances to reach senior centers. As the distance from senior centers increases, the predictive
power of spatial proximity on realized access diminishes. Instead, the location and service
quality of senior centers emerge as the factors influencing older adults’ choices, emphasiz-
ing the need to consider a range of factors beyond mere spatial proximity when evaluating
the service accessibility of older adults.

5. Discussion

Through spatial and statistical analysis at both user and facility levels, this study
reveals the disparities between older adults’ potential and realized access to senior centers,
as well as spatial patterns and various determinants. The results will be discussed in the
following sections.

5.1. The Biased Estimation of Potential Access

The finding of the disparities between potential and realized access in this study is
consistent with the findings of previous studies on realized access to healthcare facilities,
pharmacies, food stores, and parks [19,26,28,29,47], namely, the distance of realized access
is much longer than that of potential access. Based on the estimation of potential access,
over 80% of the older adults in the research area have access to senior centers within 500 m
of their residence, which, according to the policy and planning regulation of Nanjing [48],
represents an overall high level of accessibility. However, in practice, about 50% of older
adults travel more than 500 m to senior centers, and those travelling more than 1000 m take
up over 30%. The estimation of potential access is highly biased from reality.

The observed long-distance traveling in reality is against the goal of senior centers
in terms of offering accessible services to local elderly people. Considering the decreased
mobility of older adults, long-distance travelling is an unsustainable pattern for them to
access services, especially instrumental services like meals or health checks. In contrast to
the estimation of potential access, the analysis of realized access shows that a considerable
portion of older adults are still suffering from low levels of access to community-based
services. The biased estimation of potential access can be misleading for planners and
policymakers. The ‘high’ level of potential access masks the underlying barriers older
adults may face in accessing community-based services. In this situation, research on
realized access is a critical component of accessibility studies.

5.2. The Spatial Heterogeneity of the Disparities

Previous studies have shown the spatial heterogeneity of users regarding the disparity
between potential and realized access. Users in rural or suburban areas were often found to
experience higher levels of disparity compared to those in the inner city [19,26,49] because
rural or suburban areas are more likely to be in shortage of services. This study furthers
the research field by investigating spatial heterogeneity at both the user and facility levels.
At the user level, those experiencing high levels of disparities are mainly located in areas
lacking senior centers in the inner city. At the facility level, senior centers exhibiting high
levels of disparities are mainly located in the outer city.

At the user level, our findings are in line with previous studies, i.e., that users living
in places with low levels of potential access are found to be more likely to experience high
levels of disparities between potential and realized access. However, in our research area,
low levels of potential access are found in certain areas in the inner city rather than the
outer city. The lack of senior centers in the inner city has been observed in existing studies
in China [14,27]. This is because residential communities in the inner city in China usually
have a high density of populations and buildings, which lack spaces to build senior centers.
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Our research extends existing studies by revealing the spatial heterogeneity at the
facility level, showing that senior centers in the outer city have large portions of long-
distance users compared to those in the inner city. The phenomenon that long-distance
users flow from the inner city to senior centers in the outer city can be explained by the
imbalance on both the supply and the demand sides. Senior centers in the outer city
are located inside newly developed residential communities, with a very low density of
older populations (see Figure 2b). These centers may lack potential users in their local
areas. Therefore, it is likely that these centers use specific marketing strategies or referral
approaches to ‘recruit’ older adults from the inner city. Although these approaches can
help senior centers increase their numbers of users, they are not sustainable approaches for
older adults because of the long-distance traveling required.

Identifying the spatial heterogeneity of realized access at the user and facility lev-
els can help planners and policymakers to implement more targeted spatial and social
interventions, which will be discussed in Section 5.4.

5.3. The Role of Spatial Proximity and Other Underlying Factors

As argued by previous researchers [20,21], the reason that potential access calculations
produce biased estimation is that they highlight the importance of spatial proximity while
overlooking other factors. This study found that spatial proximity becomes less effective
in predicting older adults’ realized access when older adults live further away from their
nearest senior centers (see Table 4). As shown in Figure A1, at the distance of 500 m, about
50% of older adults do not visit their nearest centers, and the figure rises to about 80%
at the distance of 1000 m. The reason spatial proximity becomes less effective, or older
adults become less likely to visit their nearest centers at longer distances, might be a lack of
information or knowledge about the centers.

Information is a critical factor enabling people’s realized access to services [33,35]. Due
to decreased mobility, older adults are likely to experience a shrinkage of the everyday life
space. Therefore, some older residents may have little chance in their everyday movements
to pass by and learn about the senior centers located several hundred meters away from
their home. In other words, the information brought by spatial proximity diminishes. In
this situation, which senior center an older person visits may be determined by whether
the person is able to acquire information about the center through certain approaches, such
as advertisements, phone calls, or friends’ recommendations. Our findings support this
postulation in two ways.

On the one hand, we found that senior centers located close to commercial amenities,
parks, and public transportation are more likely to accept non-nearest visitors (see Table 5).
The reason is that these locations are frequented by large numbers of older adults in
everyday life; thus, senior centers in such locations are more easily seen by older adults,
which facilitates older adults’ information access to senior centers. On the other hand, we
found that many older adults overlooked more nearby centers and traveled long distances
(over 5 km) to visit senior centers located in the very outer area of the city (see Figure A2).
This type of realized access is very likely to be motivated by the information offered by
senior centers through certain marketing strategies, such as phone calls or advertisements.

In addition, this study also found that senior centers of a larger size and with higher
service quality are more likely to attract non-nearest visitors, meaning that service quality
may outweigh spatial proximity in determining older adults’ choice of senior centers. In
brief, the findings of this study suggest that non-spatial factors such as information or
service may play a critical role in determining older adults’ realized access to senior centers,
especially when older adults live far away from senior centers.

5.4. Implications for Research and Practice

The findings of this study have implications for research and practice relating to the
accessibility of community-based services for the elderly.
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In terms of research, when assessing older adults’ potential access to senior centers or
other community-based facilities using methods such as 2SFCA or cumulative opportunity
approaches, researchers should select smaller distance thresholds (or radii), as our findings
show that older adults’ realized access is less likely to be determined by spatial proximity
when living a long distance away from facilities. Therefore, using large distance thresholds
in assessing potential access may increase the bias of estimation. Based on the findings of
this study, a 250 or 300 m radius might be an optimal choice. Moreover, since attributes of
senior centers such as service quality or building size are found to influence older adults’
realized access, adding these factors as weighting parameters of facilities will also help
increase the accuracy of the estimation of potential access.

In term of practice, local authorities and planners may adopt a smaller service ra-
dius when planning senior centers in the inner city. The existing planning regulations in
Nanjing and other Chinese cities normally employ a 500 m service radius for distributing
community-based service facilities for the elderly. However, our findings suggest that
this service radius might be too large, as older adults living 500 m away from a senior
center might struggle to obtain enough information about the center. One possible solution
is to reduce the service radius to, for example, 250 m, although this means an increased
provision of senior centers, increasing the financial burden of local governments. Another
solution is to place senior centers in locations close to public amenities such as shops and
stores, parks, or public transportation, which will facilitate older adults’ awareness of
senior centers. Last but not least, local authorities or facility managers should adopt more
active strategies to disseminate or advertise information on senior centers to local older
adults, through approaches such as phone calls, text messages, television advertisements,
or posters on main streets. These approaches will help overcome the constraints of spatial
distances, facilitating older adults’ realized access to services offered by senior centers.

6. Conclusions

Community-based services provided by senior centers are essential in addressing the
challenges posed by an aging population. While the potential accessibility of these services
has garnered scholarly interest, there is a dearth of research focusing on the realized access
of older adults to senior centers, particularly using detailed geo-behavioral data. This study
addresses this gap by employing a multilevel analytic framework to assess the divergence
between potential and realized access, identify spatial patterns, and investigate the spatial
and non-spatial factors influencing realized access.

Utilizing geo-referenced check-in data from 2382 older adults across 44 senior cen-
ters in Nanjing, China, this study reveals that potential access calculations significantly
overestimate the actual accessibility of community-based services. The mean distance of
realized access to senior centers for older adults (1319 m) is considerably greater than the
distance suggested by potential access estimations (325 m). Spatial analysis highlights
substantial heterogeneity in realized access among users and senior centers, indicating that
there are complex factors at play. Regression analysis confirms that older adults residing in
newly built low-cost housing in the inner city are more likely to travel longer distances to
access senior centers. Furthermore, this study finds that spatial proximity is a less reliable
predictor of realized access for those living further from senior centers. Conversely, the
locational attributes and service quality of senior centers significantly influence the choices
of older adults.

The present study is not without limitations. Firstly, the data were collected from one
Chinese city, and the sample includes only older adults aged 70 and over, which may limit
the generalizability of our findings. Future studies may employ older adults’ access data
from other cultural contexts and compare the findings with this study to see if the results
are consistent. Secondly, this study is mainly built upon quantitative analytic methods.
Although we identified patterns of older adults’ spatial access, the reason underlying the
spatial patterns, such as senior centers’ marketing strategies or older adults’ motivation for
visiting senior centers, cannot be fully articulated by quantitative variables. Future studies
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could mitigate this issue by employing mixed methods, e.g., using qualitative approaches
such as organizing interviews or focus group discussions with older adults and senior
center managers. Thirdly, this study does not differentiate users by the services they used
in the senior centers, which may limit our understanding of the details of realized access,
because users of different services may access senior centers in different patterns. Future
studies could forward this research field by analyzing and comparing the realized access of
users of different services.

By synthesizing potential and realized access, this study not only fills a critical knowl-
edge gap in the existing body of literature, but also deepens our understanding of how
older adults access community-based services. The multilevel analytic framework offers
methodological insights for researchers seeking to understand the nuances of realized ac-
cess patterns and determinants. Supported by fine-grained geo-behavioral data, this study
provides empirical insights to guide the planning and policy development of community-
based services for the elderly.
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Appendix A

Based on the regression models in Table 4, Figure A1 plots the predicted values of
PRBU and MAGU in relation to PDU. It can be seen that with the increase of PDU (i.e.,
distance to the nearest center), the probability older adults not visiting the nearest centers
increases steadily. At a distance of 500 m, about 50% of the older adults will not visit their
nearest centers. This proportion escalates to around 80% when the PDU extends to 1000 m.
Furthermore, Figure A1b suggests that when older adults are situated 500 m from their
nearest centers, they are inclined to visit centers that are approximately 1.5 km away.
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Figure A1. Predicted values of the PRBU (a) and MAGU (b) based on the distance of potential access
of users using the models presented in Table 4.

In Figure A2, home addresses of the users in three senior centers (F33, F9 and F27)
located in the outer city are plotted. These plots show that these centers accepted a large
portion of long-distance users who travelled several kilometers and live in the inner city.
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