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Abstract: To address the topic of building age-friendly cities that better meet the needs of the elderly
in a sustainable-city-oriented manner, this paper focuses on the interaction between the needs of
the elderly and urban facilities in the urban built environment in order to propose a comprehensive
evaluation method regarding the friendliness of urban facilities with respect to the elderly in large
urban areas. The development of the proposed method was guided by the distribution characteristics
of the elderly population and combines a spatial measurement evaluation, which is based on the
spatial distribution characteristics of urban facilities for the elderly, and a post-use measurement
evaluation, which is based on the characteristics of use by the elderly. Taipei City and New Taipei
City are then taken as examples for evaluation. From the final evaluation results of the Boston four-
quadrant analysis, the areas with higher spatial and post-use metric evaluation values were defined
as areas of high concern, while those with lower spatial and higher post-use metric evaluation values
were defined as advantage-maintained areas. These two types of areas accounted for about 58% of the
total area, and are distributed in the Taipei urban area and northeast New Taipei City. The areas with
higher spatial and lower post-use metric evaluation values were defined as priority improvement
areas, while those with lower spatial and post-use metric evaluation values were defined as key
complement areas. These two types of area accounted for about 42%, and are mainly distributed in
the northwest part of Taipei City, as well as the western and southern mountainous areas of New
Taipei City. Accordingly, region-specific planning policy recommendations were provided.

Keywords: urban facilities friendliness for the elderly; comprehensive evaluation of spatial and
post-use measures; demand and population distribution of the elderly

1. Introduction
1.1. Research Background

At present, with the rapid growth of the elderly population, aging has become a major
challenge for countries worldwide to face in order to achieve sustainable development. In
response to this major issue, the United Nations World Health Organization (WHO) put
forward a plan for the creation of sustainable cities which are friendly to elderly people (i.e.,
over 65 years) [1] in 2005, aiming to achieve the goal of enabling the elderly to actively live
their lives, integrate into society, participate in social development, and realize their own
values by creating an inclusive, barrier-free urban environment that can promote active
aging [2]. This requires taking the needs of the elderly into account at the core, and overall
elderly-friendly city construction should consider the extent to which facilities provided
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within the sustainable urban built environment can meet the needs of the elderly. In recent
years, theoretical research and practice regarding elderly-friendly cities, in terms of the
scope of research, have been more focused on large-scale research within partial areas or
even whole cities [3,4]. The research content generally focuses on the characteristics needs
of the elderly, how the overall urban environment can better adapt to and accommodate
the elderly and all other groups, and distinctive research on the regional characteristics.
However, the concept of urban facility friendliness with respect to the elderly and the
quantitative evaluation of urban facilities for the elderly in the overall sustainable urban
built environment, in addition to the needs of the elderly, have scarcely been considered.

1.2. Literature Review

First, the concept of the friendliness of urban facilities for the elderly remains unclear.
Global Age-friendly Cities: A Guide (hereinafter referred to as the Guide), issued by WHO
in 2007, clearly put forward that cities which are friendly to the elderly include two levels:
the physical built environment and the social environment. Among them, the physical built
environment mainly includes outdoor activity spaces, buildings, transportation, housing,
and medical and elderly care facilities, which may meet the daily needs of the elderly.
Subsequently, in 2015, the WHO issued Measuring the Age-friendliness of Cities: A Guide
to Using Core Indices (hereinafter referred to as the Guidelines for Use [5]). Although their
proposed core indices could measure the benchmark friendliness level of cities with respect
to the elderly, they did not clarify the specific meaning regarding the friendliness of a city
to the elderly. The above two guidelines and related studies [2,6] have all emphasized the
significance of providing a built environment suitable to the needs of the elderly in the city,
in order to further ensure that the elderly can participate more actively in society.

Second, an evaluation index system for urban facilities’ friendliness to the elderly has
not been unified. According to the Guidelines for Use, multiple indices in one aspect from
its core index system can be selected—either vertically, horizontally, or freely across the
entire index framework—to further form an entire evaluation index system [7]. Subsequent
practical studies, carried out in many countries and regions [8–12], have shown that the
focuses of the built environment for an elderly friendly city include the public environment,
outdoor activity spaces, medical facilities, elderly care service facilities [13], public transport
facilities [14,15], elderly housing, community elderly care service facilities [16], and the
aging adaptation of related facilities.

Finally, the evaluation of urban facility friendliness for the elderly is still hardly
quantitative and has not been grasped on the level of comprehensive evaluation, according
to multiple aspects and indices in previous studies [17–29], which have mainly been
based on the subjective satisfaction evaluation of indexes from different investigators
(experts, officials, residents, etc.). The main focus of related research has been analyzing the
differences between the ratings of residents with different socio-demographic characteristics
as well as the impact of other factors (e.g., the health status, happiness, well-being, and
quality of life) involving older residents on their perception of friendliness. This has led to a
particular lack of direct quantitative evaluation of actual objective data aimed at the needs of
the elderly, as well as the evaluation of comprehensive performance measures based on the
interaction between subjective and objective evaluation. On the level of special evaluation,
according to unilateral/multiple indices, the questionnaire is still the most important
tool [30,31], and common methods include the evaluation of the spatial and temporal
elements of public space; quantitative evaluation of the matching evaluation between the
various pension resources and the space [32,33]; and spatial matching and policy-planning
evaluation of urban elderly care facilities based on multi-agent simulation [4], which is
conducive to a more deeply targeted evaluation of the indices associated with special
facilities, but lacks a comprehensive and overall grasp.
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1.3. Definition of Urban Facility Friendliness for the Elderly

In view of the above problems, such as unclear concepts, insufficient overall under-
standing, and lack of quantitative evaluation methods for the sustainable relationship
between demand and facilities, this paper, referring to the guidance on the measuring the
age-friendliness of cities from the WHO, defines urban facility friendliness for the elderly
in terms of the ability of an aging city to provide outdoor activity spaces, transportation
conditions, and medical and elderly care facilities to meet the needs of the elderly [34].
The comprehensive performance evaluation index system and evaluation method for ur-
ban facility friendliness for the elderly are introduced in detail in the following text in
combination with a case study.

1.4. Main Research Content

The research presented in this paper is mainly divided into five parts:
Section 1 focuses on the research objective of urban facilities’ friendliness to the elderly,

which is characterized by meeting the needs of the elderly, through the relevant research
background and a research literature review.

Section 2 introduces the profile and aging situation of the subjects considered in this
study—Taipei City and New Taipei City—as well as the main research methods and steps.

Section 3 introduces the analysis of the results of this study, including the evaluation
index system, spatial measurement characteristics, post-use measurement characteristics,
and comprehensive evaluation characteristics of urban facilities’ friendliness for the elderly
in Taipei City and New Taipei City. Corresponding planning countermeasure suggestions
are also given.

Section 4 introduces the contributions and limitations of this study, as well as future
research directions.

Section 5 provides the conclusions of this research.

2. Materials and Methods
2.1. Urban Facilities for the Elderly in Taipei City and New Taipei City, Taiwan, China

At present, Taiwan is facing severe, rapid development of aging and fewer children,
as well as associated challenges in terms of finance, employment, and health. As early as
1993, the elderly population accounted for 7% of the total population in Taiwan, entering
the aging portion of society as defined by the United Nations. The percentage of aging
people began to accelerate from 2010 onward, and Taiwan became a deep aging society
by 2018 [35]. Taipei City and New Taipei City, located in the north of Taiwan, China, are
representative cities of the Taipei Metropolitan Area (see Figure 1a). By the end of 2021, the
total population of these two cities was about 6.52 million, and there were about 1.14 million
elderly people (i.e., over 65 years old). The proportion of elderly people over 65 years old
was about 17.6%, which is higher than the average proportion (16.9%) in Taiwan. These
two cities are the most serious areas in terms of aging, with the highest proportions of
elderly people in Taiwan, and, thus, are the most challenging and representative regions
(see Figure 1).

2.2. Research Methods and Steps

This study is mainly divided into four parts.
In the first part, an evaluation index system for the urban facility friendliness with

respect to the elderly is established. It includes a spatial measurement evaluation index
system, based on the actual objective data of aging facilities, and a post-use measurement
evaluation index system, based on the subjective evaluation data obtained from the elderly.

In the second part, the characteristics of the spatial measurement for the urban facilities’
friendliness for the elderly are analyzed and evaluated [34]. According to the spatial
measurement evaluation index system, the administrative unit of the district was taken
as the statistical unit (a total of 41 districts), and statistical data with high reliability were
collected [36] for analysis. This specifically included (1) using standardization and statistical
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analysis methods to uniformly correct each of the sub-indices in the spatial measurement
evaluation system, followed by conducting spatial classification feature analysis of the
sub-indices. The specific standardized formula is as follows:

Xns = (Xn − Xmin)/(Xmax − Xmin) (1)

where Xn is the nth value, Xmin is the minimum value, and Xmax is the maximum value.
(2) Using statistical analysis to analyze the aging degree for each district. (3) Using cluster
analysis, combined with the aging degree in each district, the spatial measurement values of
the urban facilities friendliness for the elderly could be clustered, resulting in classification
evaluation values of 1–5, indicating the levels of spatial measurement of urban facility
friendliness for the elderly in each district. (4) Using mean-valued analysis, the average
values of the aging degree and other evaluation indices under the spatial classification
of friendliness (i.e., at levels 1–5) could be cross-compared, such that relevant policy
recommendations could be proposed.
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Figure 1. (a) Location and administrative division map of Taipei City and New Taipei City; (b) the
proportion of Taiwan’s population in three stages over the years; (c) total population, population
over 65 years old, and the proportion of the population over 65 years old in the total population of
Taiwan’s cities and counties in 2021.

The third part involves the analysis and evaluation of post-use measurement charac-
teristics of urban facility friendliness for the elderly. According to the post-use evaluation
index system, the district (an administrative level) is also used as the statistical unit, and
questionnaire survey data are analyzed, which are scored according to a unified 5-level scor-
ing method using the Likert scale. Specifically, this part includes: (1) conducting descriptive
statistical analysis to analyze the degree of satisfaction with the sub-indicators evaluated
by the respondents from the post-measurement; (2) using T-test analysis to analyze the
correlations between the characteristics of the respondents and the evaluation value of the
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sub-indices evaluated by the post-use measurement, as well as determining the influence
of different demographic and socio-economic factors on the values of the sub-indices eval-
uated in the post-use measurement; and (3) using cluster analysis—combined with the
aging degree in each district, the post-use measurement values of the urban senior facility
friendliness could be clustered, resulting in classification evaluation values (i.e., levels 1–5)
which reflected the post-use measurement of urban facilities’ friendliness for the elderly in
each district.

The fourth part involves a comprehensive performance evaluation of the urban facility
friendliness for the elderly. Adopting the four-quadrant Boston matrix analysis method and
utilizing the level 1–5 friendliness evaluation values obtained in the spatial and the post-use
measurement categorization, the results of the comprehensive performance evaluation of
friendliness were classified into four categories in order to evaluate the comprehensive
benefit posture such that relevant policy recommendations can be put forward.

3. Results
3.1. Evaluation Index System of Urban Facilities’ Friendliness for the Elderly

Based on previous relevant research [34], we followed the principles of the Taiwanese
situation, including the operability of data acquisition and decomposition by age or regions,
to construct the spatial measurement evaluation index regarding urban facility friendliness
for the elderly in Taiwan, following the level of objectives-field-indices (see Table 1). Among
them, data on the age-appropriate renovation rate of parks and green spaces, communities,
and housing were temporarily unavailable, and were not considered in this evaluation. Fur-
thermore, Taiwan has popularized bus/MRT (subway) fraternity seats for elderly, disabled,
and pregnant people with high satisfaction regarding convenience of transportation [7].
Meanwhile, the principle of correspondence with the spatial measurement index system
was adopted to design the post-use measurement index system (Table 2), which was the
basis for the post-use measurement questionnaire on the friendliness of urban facilities for
the elderly.

Table 1. The spatial measurement index system of urban facilities’ friendliness for the elderly in
Taiwan [34].

Field Index Explanation

Public
environment

Area of the park and green space (m2/person)
Age-appropriate renovation rate of parks and
green spaces (%)

All kinds of parks and green space areas
The proportion of the age-appropriate renovation
of public activity spaces such as parks, green
spaces, waterfront areas, squares, and pedestrian
streets

Geriatric
medical
facilities

Number of medical facilities (Pcs/1000 people)
Convenience of medical facilities (Pcs)

Number of various medical facilities
Number of public transport stops within a 500 m
walking area around medical facilities (except
clinics)

Elderly care
service facilities

Number of nursing and maintenance facilities
(beds/1000 elders)
Convenience of nursing and maintenance facilities
(Pcs)

Number of nursing and maintenance facilities
(public/private)
Number of medical facilities (except clinics)
accessible from the nursing and maintenance
facilities (within 5 min drive)

Elderly
transportation
facilities

Sidewalk area (m2/person)
Housing rate at 500 m around public transport
station (%)
Number of public transport stops
(Pcs/1000 people)
Convenient use rate of public transport vehicles
(%)

Street area of the sidewalk
Percentage of total residential land area to the total
land area within walking distance of bus/MRT
station (within 500 m)
Number of bus and MRT stations
The proportion of buses/MRTS with seats for the
elderly or disabled
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Table 1. Cont.

Field Index Explanation

Elderly
community services

Number of catering service facilities
(number/1000 elders)
Number of community care facilities
(number/1000 elders)
Number of community leisure and entertainment
service facilities (number/1000 elders)
The prevalence of age-appropriate renovation of
community and housing (%)

Number of community feeding, delivery, and
nutrition service points
Number of community service points (day care
centers, etc.)
Number of leisure and entertainment service
points (silver clubs, etc.)
The prevalence age-appropriate renovation of
community and housing

Note: Based on the principles of standardization and unification, the indices of area and quantity, such as “Area
of the park and green space”, are counted using per capita indices (among which, according to the characteristics
of index data and whether the user group is limited to the elderly, there are three units: “per person”, “per
1000 people”, and “per 1000 elders”).

Table 2. The post-use measurement index system of urban facility friendliness for the elderly
in Taiwan.

Field Index Corresponding Spatial Measurement Index

Public
environment

Enough space for parks, green spaces, and squares
to meet the needs of the elderly (1–5 points)
— — — —

Area of the park and green space (m2/person)
Age-appropriate renovation rate of parks and
green spaces (%)

Geriatric
medical
facilities

Enough medical facilities (including clinics) near
the residence of the elderly (1–5 points)
Enough medical facilities that can be reached by
walking or taking public transport near the
residence of the elderly person (1–5 points)

Number of medical facilities (Pcs/1000 people)
Convenience of medical facilities (Pcs)

Elderly care service
facilities

Enough nursing and maintenance institutions near
the residence of the elderly (1–5 points)
Enough medical facilities (except clinics) within a
5-minute drive from a nursing home or care
facility near the residence of the elderly person
(1–5 points)

Number of nursing and maintenance facilities
(beds/1000 elders)
Convenience of nursing and maintenance facilities
(Pcs)

Elderly
Transportation
facilities

Enough suitable pedestrian paths near the the
residence of the elderly person (1–5 points)
Enough bus stations or MRT stations within 500 m
(walking distance) near the residence of the elderly
(1–5 points)
Enough bus stations or MRT stations near the
residence of the elderly person (1–5 points)
— — — —

Sidewalk area (m2/person)
Housing rate 500 m around public transport
stations (%)
Number of public transport stops
(Pcs/1000 people)
Convenient use rate of public transport vehicles
(%)

Elderly
community
services

Enough catering facilities, such as feeding,
delivery, and nutrition service points, etc., for the
elderly person near their residence (1–5 points)
Enough community care facilities for the elderly
person near their residence (1–5 points)
Enough leisure and entertainment facilities for
elderly people, such as silver clubs, near their
residences (1–5 points)
— — — —

Number of catering service facilities
(number/1000 elders)
Number of community care facilities
(number/1000 elders)
Number of community leisure and entertainment
service facilities (number/1000 elders)
The prevalence of age-appropriate renovation of
the community and housing (%)

3.2. Spaatial Measurement Characteristics of Urban Senior Facility Friendliness
3.2.1. Spatial Statistics of Sub-Indices in Spatial Measurement

We conducted an analysis of the value and spatial distribution of objective spatial
measurement indices of urban facility friendliness for the elderly in Taipei and New Taipei
City. For example, the number of nursing and maintenance facilities in each district ranged
from 0 to 84.45 beds per 1000 elderly people, with an average of 13.25 beds per 1000 elderly
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people and a median of 7.08 beds per 1000 elderly people, thus presenting a large difference
and indicating that the layout of nursing and maintenance facilities in Taipei City and New
Taipei City is seriously imbalanced (see Figure 2e).
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Figure 2. Spatial distribution of sub-indices and clustering groups regarding spatial measurement of
urban facilities’ friendliness for the elderly in Taipei and New Taipei based on administrative district
levels. This includes: area of parks and green spaces (a), number of medical facilities (b), convenience
of medical facilities (c), number of nursing and maintenance facilities (d), convenience of nursing
and maintenance facilities (e), sidewalk area (f), number of public transport stations (g), residence
rate at 500 m around public transport stations (h), number of catering service facilities (i), number of
community care facilities (j), number of leisure and entertainment service facilities (k), proportion of
the population over 65 in total population (l), and space measures of urban facility friendliness for
the elderly (m).
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3.2.2. Analysis of Aging Degree

At the same time, the proportion of the elderly population (i.e., over 65 years old) in
the total population was evaluated (see Figure 2l). It was found that the proportion of the
elderly population in all districts exceeded 7% of the total population: that is, all districts
had entered the stage of mild aging. Among them, those in the stage of moderate aging
(with a proportion of 14–20%) accounted for 26.8% of the total number of districts, while
those in the stage of severe aging (with a proportion of 21–30%) accounted for 36.6% of the
total number of districts, and were mainly concentrated in the eastern peripheral areas of
New Taipei City.

3.2.3. Cluster Analysis and Evaluation of Spatial Measurements of Urban Facility
Friendliness for the Elderly

Third, combined with the degree of aging, the K-Means clustering method was utilized
to evaluate the clustering of various spatial measurement indices, allowing them to be
divided into five clusters. Through evaluation of the spatial distribution characteristics
(see Figure 2m), it was found that about 34% of the districts with high spatial measures of
friendliness were concentrated in the downtown area of Taipei City, as well as the western
and eastern parts of New Taipei City, which are adjacent to Taipei; about 13% of the districts
with medium spatial measures of friendliness were concentrated in the northwest part of
Taipei City, and about 53% of the districts with low spatial measures of friendliness were
concentrated in the southern mountains of New Taipei City.

3.2.4. Mean-Value Analysis under the Spatial Classification of Urban Facility Friendliness
for the Elderly

Based on further statistics regarding the average level of each spatial measurement
evaluation index of urban facility friendliness for the elderly in Taipei City and New Taipei
City, as well as cross-comparison of the aging degree in each level with the average values
of other evaluation indices (see Table 3), effective policy suggestions can be put forward:

Table 3. The average values of evaluation indices at different levels regarding the spatial measurement
of urban facilities’ friendliness for the elderly in Taipei and New Taipei.

Index
Cluster

1—Worst 2—Worse 3—Moderate 4—Better 5—Best Total

Aging degree 0.21 0.57 0.20 0.30 0.13 1.41
Area of the park and green space

(m2/person) 0.33 0.28 0.16 0.24 0.62 1.63

Number of medical facilities
(Pcs/1000 people) 0.20 0.04 0.02 0.06 0.11 0.43

Convenience of medical facilities
(unit) 0.23 0.07 0.06 0.47 0.52 1.35

Number of nursing and maintenance
facilities (beds/1000 elders) 0.05 0.43 0.00 0.13 0.00 0.61

Convenience of nursing and
maintenance facilities (unit) 0.10 0.16 0.00 0.52 0.00 0.78

Sidewalk area (m2/person) 0.09 0.08 0.31 0.05 0.67 1.20
Housing rate at 500 m around public

transport station (%) 0.87 0.70 0.32 0.96 0.33 3.18

Number of public transport stops
(number/1000 people) 0.23 0.31 0.52 0.15 0.86 2.07

Number of catering service facilities
(number/1000 elders) 0.00 0.00 0.00 0.39 0.00 0.39

Number of community care facilities
(number/1000 elders) 0.28 0.21 0.48 0.11 0.92 2.00

Number of community leisure and
entertainment service facilities

(number/1000 elders)
0.23 0.28 0.74 0.47 0.53 2.25
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Category 1: For the regions with the lowest spatial measure of friendliness, having
a moderate average degree of aging, the construction of medical facilities, community
catering service facilities, and community leisure and entertainment service facilities should
be strengthened in the future. Due to the restrictions in mountainous areas, policies should
be designed to improve aging facilities so that they may meet the actual conditions of
mountainous areas, such as special free buses, walking paths with gentle slope, community
clinics, etc.

Category 2: For regions with low spatial measures of friendliness, with a higher
average degree of aging, the number of nursing and maintenance facilities was found to be
satisfactory. In the future, the construction of community catering service facilities should
be mainly strengthened in these areas.

Category 3: For regions with moderate spatial measures of friendliness, with low
average degrees of aging, the construction of community leisure and entertainment service
facilities was found to be satisfactory. In the future, the construction of park and green
space areas, medical facilities with higher convenience, and nursing and maintenance
facilities with higher convenience should be mainly strengthened in these regions.

Category 4: For areas with high spatial measures of friendliness, which had a higher
average degree of aging, the construction of convenient nursing and maintenance facilities,
housing within 500 m of public transportation stations, and community catering service
facilities was found to be satisfactory. In the future, the construction of sidewalk areas,
public transportation stations, and community care facilities should be strengthened in
these areas.

Category 5: The regions with the highest spatial measures of friendliness presented
the lowest average degrees of aging. The construction of parks and green spaces, as well as
convenient medical facilities, was found to be satisfactory. In the future, the construction of
nursing and maintenance facilities of greater convenience and community catering service
facilities should be mainly strengthened in these regions.

3.3. Post-Use Measurement Characteristics Regarding Urban Facility Friendliness for the Elderly
3.3.1. Questionnaire Design and Testing

The content of the questionnaire regarding the post-use measurement of urban facility
friendliness for the elderly was mainly divided into two parts, with a total of 25 questions.
The first part collected the personal information of the respondents, including a total
of 12 questions on their gender, age, marital status, education level, income, personal
health status, housing type, living arrangements, employment status, whether they had
specifically had the experience of caring for the elderly, whether they used nursing homes
for the elderly, and length of residence. The second part was designed for the post-use
evaluation of respondents based on the post-use evaluation index system of urban facilities
for the elderly in Taiwan, including a total of 13 questions on the public environment,
medical facilities, elderly care service facilities, transportation facilities, elderly community
services, and suitability and satisfaction surveys.

A total of 272 questionnaires were collected through filling out questionnaires (both
online and on-site), including 27 invalid and 245 valid questionnaires. An average of
about six samples for each administrative district was obtained, and these were used in
the analysis and statistical questionnaires for the post-use measurement of urban facility
friendliness for the elderly. In the reliability analysis results, the Cronbach’s alpha value
was 0.933, indicating that the reliability of the questionnaire was high. Among them, public
environment (one item) had no alpha, and the alpha values were 0.843 for geriatric medical
facilities (two items), 0.794 for elderly care service facilities (two items), 0.843 for elderly
transportation facilities (three items), 0.909 for elderly community services (three items),
and 0.875 for suitability and satisfaction (two items). From the validity assessment of the
questionnaire, the Kaiser–Meyer–Olkin coefficient was 0.891, and the significance of the
Bartlett spherical test was less than 0.05, indicating that the structure of the questionnaire
was satisfactory.
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3.3.2. Respondent and Post-Use Evaluation Characteristics

Regarding the personal characteristics of the respondents (see Table 4), more than half
of the respondents were women (53.88%), and most of them were over 50 years old (79.18%)
and married (80.00%), with a university education level or higher (76.73%) and having a
personal monthly basic income of more than TWD 50,000 (40.82%). Most of the elderly
rated their personal health statuses as normal (44.90%), with self-owned housing types
(94.69%), and most had lived in their current residences for more than 8 years (77.96%).
Most of the respondents lived with partners or children (82.44%), while few respondents
lived in nursing homes for the elderly (6.12%). Most of them were retirees (73.47%), and a
few had experience in learning to care for the elderly (11.84%).

Table 4. Characteristics of respondents regarding post-use measurement of urban facility friendliness
for the elderly in Taipei and New Taipei.

Personal Characteristics Quantity (Total: 245) Proportion (%)

Gender
Female 132 53.88
Male 113 46.12

Age

Under 50 years old 51 20.82
50–64 years old 73 29.80
65–75 years old 89 36.33
Over 75 years old 32 13.05

Marital status
Unmarried 49 20.00
Married 196 80.00

Education level

Primary school or below 11 4.49
Junior high school 8 3.27
Senior high school 38 15.51
University 96 39.18
Above university level 92 37.55

Personal monthly income
under TWD 30,000 61 24.89
TWD 30,000–50,000 84 34.29
Over TWD 50,000 100 40.82

Evaluation of personal health status of
the elderly

Very good 63 25.70
Good 51 20.82
Normal 110 44.90
Poor 17 6.94
Very poor 2 0.82

Housing type of the elderly

Nothing 2 0.82
Self-owned residence 232 94.69
Social housing or rental
Housing 10 4.08

Nursing home for the elderly 3 1.23

Living arrangements for the elderly in
the family

Living alone 40 16.33
Live with a partner 101 41.22
Living with children 101 41.22
Elderly center residence 3 1.23

Employment status of the elderly in the
family

Employment 56 22.86
Retired 180 73.47
Other 9 3.67

Any experience with learning to take care
of the elderly

no 216 88.16
Yes 29 11.84

Whether you or your family members are
using a nursing home for the elderly

No 230 93.88
yes 15 6.12
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Table 4. Cont.

Personal Characteristics Quantity (Total: 245) Proportion (%)

The current residence of the elderly
person in the family

Less than 1 year 11 4.49
1–3 years 21 8.57
4–8 years 22 8.98
More than 8 years 191 77.96

From the descriptive statistical results of the post-use measurement evaluation regard-
ing urban facilities’ friendliness for the elderly (see Table 5), the evaluation results for the
public environment, elderly medical facilities, and elderly transportation facilities were
high, with the indication that sufficient medical facilities could be reached by walking or
convenient public transportation near the places of residence of the elderly. There were
enough bus stations and MRT stations, as well as enough medical facilities (including
clinics) near their places of residence, which presented the highest evaluation values. The
evaluation values regarding the community services for the elderly were lower.

Table 5. Descriptive statistics of the post-measurement indices regarding urban facility friendliness
for the elderly in Taipei and New Taipei City.

Field Index Minimum Maximum Mean Median Variance

Public
environment

Enough space for parks, green spaces,
and squares to meet the needs of the
elderly

0 5 3.66 4 1.396

Geriatric
medical
facilities

Enough medical facilities (including
clinics) near the residences of the elderly 0 5 3.70 4 1.298

Enough medical facilities can be reached
by walking or taking public transport
near the residences of the elderly

0 5 3.83 4 1.222

Elderly care
service
facilities

Enough nursing and maintenance
institutions near the residences of the
elderly

0 5 2.26 2 1.455

Enough medical facilities (except clinics)
within a 5-minute drive of a nursing
home or care facility near the residences
of the elderly

0 5 2.61 3 1.602

Elderly
transportation
facilities

Enough suitable pedestrian paths near
the the residences of the elderly 0 5 3.02 3 1.494

Enough bus stations and MRT stations
within 500 m (walking distance) of the
residences of the elderly

0 5 3.71 4 1.266

Enough bus stations and MRT stations
near the residences of the elderly 0 5 3.58 4 1.283

Elderly
community
services

Enough catering facilities, such as feeding,
delivery, and nutrition service points, etc.,
for the elderly near their residences

0 5 2.22 2 1.555

Enough community care facilities for the
elderly near their residences 0 5 2.09 2 1.465

Enough leisure and entertainment
facilities for elderly people, such as silver
clubs, near their residences

0 5 2.10 2 1.409

3.3.3. Correlation Analysis between the Characteristics of the Respondents and the
Evaluation Values of the Sub-Indices Based on Post-Use Measurements

We conducted a T-test analysis to further analyze the correlations between the char-
acteristics of the respondents and the post-use measurement evaluation values, with the
aim of exploring the influences of different demographic and socioeconomic factors on the
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post-use measurement evaluation values. From the characteristics of the respondents and
T-test analysis of the post-use evaluation values (see Table 6), the following indices had little
effect on the post-use measurement results: whether they were married or not, whether
they had a good self-evaluation of their health status, whether they lived alone, whether
they had employment, whether they had previous experience in taking care of the elderly,
whether they were using nursing homes for the elderly, and whether they had lived in their
residences for more than 8 years. Meanwhile, the elderly respondents with good self-health
evaluation and who did not live alone had higher scores in the post-use measurement. At
the same time, female respondents scored higher in the fields of elderly medical facilities
and elderly community services, while male respondents and those with education at the
university level or above tended to think that the field of elderly transportation facilities
was very good. Low- and middle-income respondents rated the community services for
the elderly higher. Respondents who owned their own homes scored higher in the field of
geriatric medical facilities.

It is worth noting that, although nearly 50% of the respondents in this survey were
under the age of 65 but lived with elderly people at home, the ratings of the respondents
under and over the age of 65 were more or less the same for all indices, except for the index
of whether there were enough parks, green spaces, and squares to meet the needs of the
elderly, which respondents over 65 years of age rated significantly higher.

Therefore, in the field of medical facilities for the elderly, the demand for construction
should be strengthened with regard to the needs of men and non-owner-occupied residents;
the demand for the construction of elderly transportation facilities should be strengthened
with regard to women and individuals with low and middle education levels; the demand
for the construction of elderly community services should be strengthened with regard to
men and higher-income people; and attention should be paid to residents without their
own houses in various fields, in order to enhance their satisfaction and suitability.

3.3.4. Cluster Analysis Evaluation of Post-Use Measurement Regarding Urban Facility
Friendliness for the Elderly

Spatial classification statistics were obtained for the subjective evaluation of post-use
measurements of urban facility friendliness for the elderly in Taipei City and New Taipei
City, in order to further understand their values and spatial distribution. For example, we
considered whether there were enough medical facilities (including clinics) near the places
of residence of the elderly (see Figure 3b), and there were a total of 10 districts characterized
by a level of too many or many—mainly distributed in Taipei City and the western part of
New Taipei City—while there were a total of 21 districts characterized by few or relatively
few, including the northern, eastern, and southern areas of New Taipei City.

Second, the aging degree was evaluated based on the proportion of the population
over 65 years old to the total population in each district.

Finally, the K-Means clustering method was used to classify and evaluate the post-use
measurement indices of urban facilities’ friendliness for the elderly in Taipei City and
New Taipei City, combined with the degree of aging, which was finally divided into five
categories. About 39% of the districts had high post-use measurement friendliness levels,
mainly distributed in Taipei City and the western part of New Taipei City; about 20% had a
moderate level, mainly in the western and eastern suburbs of New Taipei City; and about
41% had low levels, mainly in the northern and southeastern parts, as well as the southern
mountainous areas, of New Taipei City.
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Table 6. The T-test analysis of the characteristics of respondents and the post-measure evaluation indices regarding urban facilities’ friendliness for the elderly in
Taipei City and New Taipei City.

Field Index Personal Characteristics

Female (vs. Male) Elderly
(vs. Non-Elderly)

Unmarried
(vs. Married)

Above University Level
(vs. Below High School)

Higher Income
(vs. Medium and Low Income)

Better Health Condition
(vs. Poor Health Condition)

avg t p avg t p avg t p avg t p avg t p avg t p

Public
environment

Enough space for parks, green spaces,
and squares to meet the needs of the

elderly

3.71
(3.61) 0.562 0.385 3.56

(4.06) −2.286 0.002 ** 3.73
(3.65) 0.338 0.524 3.76

(3.61) 0.770 0.186 3.73
(3.62) 0.602 0.752 3.35

(3.86) −2.041 0.144

Geriatric
medical
facilities

Enough medical facilities (including
clinics) near the residences of the elderly

Enough medical facilities that can be
reached by walking or taking public
transport near the residences of the

elderly

3.72
(3.68)
3.87

(3.77)

0.227
0.644

0.011 *
0.025 *

3.63
(4.00)
3.81

(3.90)

−1.859
−0.518

0.068
0.617

3.79
(3.68)
3.79

(3.83)

0.518
−0.216

0.660
0.396

3.82
(3.63)
3.91

(3.77)

1.090
0.899

0.046 *
0.095

3.79
(3.64)
3.81

(3.84)

0.868
−0.200

0.457
0.327

3.57
(3.86)
3.72

(3.95)

−1.778
1.471

0.417
0.346

Elderly
care

service
facilities

Enough nursing and maintenance
institutions near the residences of the

elderly
Enough medical facilities (except clinics)
within a 5-minute drive from a nursing

home or care facility near the residence of
the elderly

2.34
(2.17)
2.57

(2.61)

0.927
−0.207

0.104
0.014 *

2.05
(3.06)
2.40

(3.31)

−4.653
−3.731

0.901
0.186

2.50
(2.20)
3.06

(2.48)

1.284
2.283

0.235
0.497

2.53
(2.09)
2.89

(2.41)

2.338
2.339

0.718
0.450

2.31
(2.22)
2.64

(2.55)

0.448
0.442

0.988
0.736

2.11
(2.43)
2.45

(2.75)

−1.695
−1.433

0.179
0592

Elderly
transportation

facilities

Enough suitable pedestrian paths near
the residences of the elderly

Enough bus stations or MRT stations
within 500 m (walking distance) of the

residence of the elderly
Enough bus stations and MRT stations

near the residences of the elderly

2.98
(3.07)
3.54

(3.65)
3.66

(3.75)

−0.446
−0.657
−0.515

0.025 *
0.026 *
0.001 *

3.00
(3.12)
3.55

(3.75)
3.69

(3.75)

−0.494
−1.004
−0.31

0.850
0.761
0.731

3.06
(3.02)
3.56

(3.60)
3.73

(3.69)

0.197
−0.172
0.174

0.637
0.591
0.896

3.22
(2.90)
3.78

(3.48)
3.81

(3.63)

1.646
1.787
1.04

0.477
0.041 *
0.064

3.07
(2.99)
3.77

(3.46)
3.78

(3.64)

0.385
1.573
0.824

0.211
0.211
0.444

2.84
(3.23)
3.48

(3.72)
3.60

(3.82)

−2.079
−1.496
−1.348

0.418
0.434
0.712

Elderly
community

services

Enough catering facilitie, such as feeding,
delivery, and nutrition service points,

etc., for the elderly near their residences
Enough community care facilities for the

elderly near their residences
Enough leisure and entertainment

facilities for elderly people, such as silver
clubs, near their residences

2.25
(2.18)
2.17

(1.96)
2.18

(1.98)

0.365
1.068
1.100

0.001 **
0.001 **
0.010 **

2.08
(2.73)
1.92

(2.65)
2.00

(2.42)

−2.727
−3.267
−1.931

0.712
0.821
0.327

2.44
(2.16)
2.25

(2.03)
2.19

(2.07)

1.106
0.929
0.538

0.907
0.509
0.850

2.46
(2.07)
2.28

(1.95)
2.20

(2.02)

1.933
1.712
0.987

0.060
0.124
0.068

2.24
(2.20)
2.02

(2.11)
1.98

(2.17)

0.259
−0.448
−1.029

0.222
0.128

0.008 **

2.05
(2.40)
1.86

(2.32)
1.96

(2.23)

−1.755
−2.507
−1.518

0.208
0.091
0.079

Non-Owned Residence
(vs. Owned Residence)

Not Living Alone
(vs. Living Alone)

Employment
(vs. Retirement)

No Special Study to Care for the Elderly
(vs. Yes) No Nursing Home Used (vs. Yes) More than 8 Years of Residence

(vs. 8 Years or Fewer)

avg t p avg t p avg t p avg t p avg t p avg t p

Public
environment

Enough space for parks, green spaces,
and squares to meet the needs of the

elderly

2.85
(3.71) −2.199 0.248 3.71

(3.45) 1.080 0.998 3.72
(3.54) 0.878 0.085 3.68

(3.59) 0.336 0.448 3.68
(3.53) 0.385 0.625 3.76

(3.31) 2.087 0.174

Geriatric
medical
facilities

Enough medical facilities (including
clinics) near the residences of the elderly

2.77
(3.76) −2.707 0.003 ** 3.77

(3.55) 1.899 0.215 3.75
(3.57) 0.920 0.075 3.69

(3.79) −0.391 0.455 3.71
(3.60) 0.321 0.151 3.76

(3.50) 1.280 0.729

Enough medical facilities that can be
reached by walking or taking public
transport near the residences of the

elderly

3.31
(3.85) −1.580 0.027 * 3.89

(3.48) 2.001 0.268 3.89
(3.64) 2.336 0.089 3.81

(3.93) −0.494 0.697 3.81
(4.00) −0.570 0.732 3.89

(3.57) 1.692 0.129

Elderly
care

service
facilities

Enough nursing and maintenance
institutions near the residences of the

elderly

2.23
(2.26) −0.072 0.200 2.26

(2.25) 0.043 0.617 2.30
(2.14) 0.712 0.408 2.21

(2.62) −1.432 0.268 2.20
(3.13) −2.433 0.473 2.20

(2.44) −1.105 0.061

Enough medical facilities (except clinics)
within a 5-minute drive from a nursing

home or care facility near the residence of
the elderly

2.62
(2.59) 0.056 0.869 2.59

(2.58) 0.069 0.682 2.55
(2.73) −0.732 0.745 2.51

(3.21) −2.213 0.800 2.56
(3.07) −1.183 0.871 2.56

(2.70) −0.589 0.781
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Table 6. Cont.

Non-Owned Residence
(vs. Owned Residence)

Not Living Alone
(vs. Living Alone)

Employment
(vs. Retirement)

No Special Study to Care for the Elderly
(vs. Yes) No Nursing Home Used (vs. Yes) More than 8 Years of Residence

(vs. 8 Years or Fewer)

avg t p avg t p avg t p avg t p avg t p avg t p

Elderly
transportation

facilities

Enough suitable pedestrian paths near
the residences of the elderly

2.62
(3.05) −1.013 0.641 3.08

(2.73) 1.386 0.648 3.03
(3.04) −0.041 0.142 2.96

(3.48) −1.765 0.963 3.01
(3.20) −0.469 0.892 3.08

(2.80) 1.246 0.990

Enough bus stations and MRT stations
within 500 m (walking distance) of the

residences of the elderly

2.85
(3.63) −2.156 0.057 3.67

(3.20) 2.119 0.098 3.59
(3.61) −0.090 0.614 3.59

(3.59) 0.022 0.632 3.60
(3.40) 0.594 0.297 3.64

(3.41) 1.178 0.713

Enough bus stations or MRT stations
near the residences of the elderly

3.00
(3.74) −2.048 0.338 3.78

(3.30) 2.186 0.585 3.71
(3.68) 0.164 0.911 3.69

(3.76) −0.261 0.952 3.72
(3.40) 0.941 0.280 3.78

(3.41) 1.190 0.490

Elderly
community

services

Enough catering facilities, such as
feeding, delivery, and nutrition service

points, etc., for the elderly near their
residences

2.08
(2.22) −0.327 0.037 * 2.24

(2.08) 0.619 0.263 2.27
(2.05) 0.907 0.879 2.13

(2.86) −2.408 0.305 2.16
(3.00) −2.030 0.355 2.16

(2.39) −0.791 0.799

Enough community care facilities for the
elderly near their residences

1.92
(2.08) −0.376 0.060 2.09

(1.98) 0.459 0.942 2.10
(2.00) 0.446 0.567 2.00

(2.59) −2.012 0.652 2.04
(2.60) −1.435 0.367 1.99

(2.35) −1.601 0.315

Enough leisure and entertainment
facilities for elderly people, such as silver

clubs, near their residences

2.00
(2.09) −0.233 0.071 2.07

(2.20) −0.542 0.553 2.16
(1.88) 1.319 0.253 2.02

(2.59) −2.032 0.445 2.05
(2.67) −1.641 0.408 2.02

(2.33) −1.463 0.292

avg: average value; t: t value; p: p value. Significance levels: * p < 0.05. ** p < 0.01.
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Figure 3. Spatial distribution of sub-indices and clustering groups of the post-use measurement
regarding urban facilities’ friendliness for the elderly in Taipei and New Taipei, based on administra-
tive district levels. This included: enough parks/green spaces/squares (a), enough medical facilities
(including clinics) (b), enough medical facilities that can be reached by walking or taking public
transport (c), enough nursing and maintenance institutions (d), enough medical facilities (except
clinics) within a 5-minute drive from a nursing home or care facility (e), enough suitable pedestrian
paths for the elderly (f), enough bus stations and MRT stations (g), enough bus stations or MRT
stations within 500 m (walking distance) (h), enough catering facilities (i), enough community care
facilities (j), enough leisure and entertainment facilities (k), proportion of the population over 65
out of the total population (l), and post-use measurement of urban facilities’ friendliness for the
elderly (m).

3.4. Comprehensive Performance Evaluation for Urban Facility Friendliness for the Elderly

Using the four-quadrant analysis method based on the Boston Theory, the correlations
between the spatial and post-use measurement evaluation approaches regarding urban
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facility friendliness for the elderly in Taipei City and New Taipei City were studied. Overall
planning strategies for urban facilities for the elderly were formulated by considering the
needs of the elderly; key urban areas were determined; and the main order of planning
and construction was developed. In this case, the previous evaluation results regarding
the spatial and post-use measurements were categorized on a 1–5 scale, corresponding
to a score between 1 and 5. The spatial measurement evaluation scores were set as the
horizontal axis, while the post-use measurement evaluation scores were set as the vertical
axis, each with three points as the midpoint to distinguish high from low levels. The
coordinate graph was divided into four quadrants, indicating the four classifications of
the comprehensive performance evaluation regarding urban facility friendliness for the
elderly: in order, these were “highly concerned area”, “advantage-maintained area”, “key
complement area”, and “priority improvement area”.

Overall, the following categories were derived (see Figure 4a): Category I—high
spatial measurement and high post-use measurement (i.e., highly concerned area). The
satisfaction of the elderly is consistent with the construction of urban facilities for the elderly,
which should continue to be maintained and supported. This category included 17 districts,
including Da’an District of Taipei City; Linkou District of New Taipei City; and other
districts, mainly distributed in Taipei City and northeast areas of New Taipei City. Category
II—low spatial measurement and high post-use measurement (i.e., advantage-maintained
area). A reason for the existence of this type of area is likely that the cities invested in the
construction of urban facilities for the elderly that were beyond the actual needs of the
elderly, and relevant follow-up research can be strengthened later. This category included
a total of seven districts, including Pinglin District; Ruifang District of New Taipei City;
and other districts, which were mainly distributed in the eastern part of New Taipei City,
adjacent to Taipei and the northern areas. Category III—low spatial measurement and
low post-use measurement (i.e., key complement area). This category comprised seven
districts, including Shilin District of Taipei City; Luzhou District of New Taipei City; and
other districts, which were mainly distributed in the northwest part of Taipei City and the
mountainous area in the south of New Taipei City. Finally, there was Category IV—high
spatial measurement and low post-use measurement (i.e., priority improvement area).
For these areas, the types of urban facilities with which the elderly had problems (e.g., in
terms of the products or services provided) should be carefully determined and relevant
improvements should be made. This category included Songshan District of Taipei City
and Xinzhuang District of New Taipei City, as well as 10 other districts mainly distributed
in the northwest part of Taipei City and the western area of New Taipei City.
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4. Discussion

This paper provides a definition of urban facility friendliness for the elderly, taking
the interaction between the needs of the elderly and urban facilities for the elderly as the
core, and a comprehensive performance evaluation method was put forward based on the
distribution characteristics of the elderly population in large cities. This comprehensive
performance evaluation method regarding urban facilities’ friendliness for the elderly
comprehensively integrates the evaluation of spatial measurements (based on spatial
distribution characteristics of urban facilities for the elderly) and post-use measurements
(based on the characteristics of elderly use). Taipei City and New Taipei City were taken as
examples with which conduct the evaluation, and, finally, targeted suggestions focused on
the construction of urban aging facilities in each district could be put forward.

The contributions and innovations related to the above comprehensive performance
evaluation method regarding urban facilities’ friendliness for the elderly mainly include
the following: The collected data were mainly derived from highly reliable statistical data,
supplemented by subjective evaluation data obtained through a questionnaire survey,
making them highly operable. This is suitable for the overall evaluation of urban facility
friendliness for the elderly at a large scale; the evaluation process incorporated a spatial
analysis of the degree of aging, thus making the evaluation results on urban facilities’
friendliness for the elderly—defined according to the spatial distributions of the elderly
population and facilities—more reasonable. The comprehensive utilization of spatial and
post-use measurements for the determination of urban facilities’ friendliness for the elderly
was analyzed, allowing effective policy opinions to be put forward with respect to the
interactions between the needs of the elderly and urban facilities for the elderly. Finally, the
correlations between the characteristics of the respondents and the subjective evaluation
values in the post-use measurement were compared in order to grasp the preferences of
different population segments. This defined by economic and social attributes, with respect
to the post-use evaluation indices, which could be used to put forward supplementary
policy recommendations. Therefore, the proposed method is helpful for improving the
overall planning of urban facility friendliness for the elderly in terms of construction
strategy, as well as providing a significant reference for cities facing similar aging scenarios.

This paper also had its limitations. For example, considering to the limitations of the
survey time and scale, the number of questionnaires used for post-measurement evaluation
of urban facility friendliness for the elderly in Taipei City and New Taipei City should be
further expanded. Meanwhile, this evaluation study was based on the urban administrative
district’s hierarchical scale of Taipei City and New Taipei City. If the survey data allow
it, the analysis could be deepened to the smallest administrative district level, i.e., the
street-unit hierarchical scale, which may lead to more detailed and interesting research
results.

Future directions of research similar to this article should focus on assessing the
improvements made with respect to urban facilities’ friendliness for the elderly over time,
as well as the creation of valid and reliable tools with which to assess urban facilities’
friendliness for the elderly across geographic regions.

5. Conclusions

There is an urgent need for better coordination between research and actual construc-
tion work being undertaken regarding the assessment of urban facilities’ friendliness for
the elderly. At present, there is a lack of published peer-reviewed research on tools for the
assessment of urban facilities’ friendliness for the elderly. In this study, it was found that
the spatial and post-use measurement evaluations of urban facility friendliness regarding
the elderly play complementary and corrective roles with respect to each other, which
is of great practical significance in grasping the results when conducting comprehensive
evaluations of urban facility friendliness for the elderly and in overall urban construction
policy formulation. This paper detailed a targeted study focused on the evaluation of urban
facility friendliness for the elderly in Taipei City and New Taipei City, which can be used
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meaningfully in the context of Taiwanese geography in China; however, this may not allow
for the direct use of this evaluation tool in other regions. More research is needed in order
to create valid and reliable tools for the assessment of urban facilities’ friendliness for the
elderly across different geographic regions for subsequent evaluation.
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