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Abstract: Restorative environments have a positive impact on improving the physical and mental
health of the elderly. In China, the proportion of elderly residents in aging urban communities is
significantly higher than in newly constructed ones, making it essential to understand the restorative
potential of public open spaces (POSs) in these settings to promote the development of aging-in-place
models. To investigate this issue, we employed the Fuzzy Delphi Method (FDM) and the Analytic
Hierarchy Process (AHP) to construct an evaluation system for the restorative potential of public open
spaces. Subsequently, we assessed the restorative effects of POSs in the Dabeizhuang community
using 320 residents” questionnaires and the fuzzy comprehension evaluation method. The results
indicate that the dimension of safety is the most critical factor in creating restorative environments.
In contrast, the dimension of comfort is the primary reason affecting the current evaluation of the
community’s restorative environment. By establishing a restorative environment evaluation system,
this research will facilitate the creation of more restorative environments in urban areas, thereby

promoting active and healthy aging among elderly residents.

Keywords: restoration environment; healthy aging; old urban communities; public open space;

environment evaluation

1. Introduction

The World Health Organization (WHO) introduced the concept of an Age-Friendly
Community in 2005 to promote the full participation of older people in community life and
healthy, active aging [1]. Therefore, promoting healthy aging has become a global concern.
In 2010, the WHO launched the Global Network for Age-Friendly Cities and Communities
(GNAFCC). Since then, the organization has expanded to 1445 cities and communities in
51 countries, covering more than 30 million people worldwide [2]. All countries are actively
responding to the aging population issue, and China is no exception. As of the end of 2022,
the number of Chinese seniors aged 60 and above stands at 28,040,000 people, accounting
for 19.8 percent of China’s total population. By 2050, the number of seniors aged 60 and
above is projected to exceed 400 million, marking the onset of a significant aging trend.
The Chinese government has made it a national strategy to construct healthy and livable
communities and proactively respond to aging [3,4].

Regardless of age or income level, older people tend to prefer to live in their own
familiar homes or communities. This phenomenon, known as community-based aging
in place, has become an essential way of coping with population aging in China. The
desirability of the community influences the mode of aging in place. Generally, the higher
the community’s desirability, the easier it is to build aging in place. The gravity of the
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demographic shift towards an aging population has led to a deterioration in the public
environment [5], with buildings and municipal facilities becoming increasingly outdated [6].
This has made it easier to implement ageing-in-place initiatives in high-grade commercial
communities than in older, less affluent areas. Furthermore, as the elderly cohort continues
to grow, the activities of this demographic are becoming increasingly concentrated in
the community space. In order to adapt to the deepening trend of aging, it is becoming
increasingly important for the community public space to serve as an essential condition
to ensure that the elderly can age at home [7,8]. In this context, the assessment of the
restorative potential of public spaces in aged communities and the comprehension of the
restoration of existing POSs in aged communities can, on the one hand, provide the optimal
renovation strategies to enhance the restorative ability of aged communities; on the other
hand, it can provide novel design concepts for the renovation of aged communities in the
future [9].

The “restoration environments” theory is one of environmental psychology’s most
critical research theories. Restoration environments refer to environmental settings that
have restorative effects on human beings” depleted physical and mental resources and
abilities [10]. Stress Reduction Theory (SRT) and Attention Restorative Theory (ART)
guide restorative environments. SRT focuses on helping people release stress and reduce
negative emotions through restoration environments [11]. ART explains how natural
environments restore spontaneous attention [12]. Restorative environment theory suggests
that natural environments can effectively reduce people’s mental stress. Numerous studies
have examined the relationship between restoration environments and positive physical
and mental health in recent years. For example, exposure to natural environments can
effectively reduce the production of negative emotions, such as anxiety, tension, anger,
frustration, and fatigue [13], reduce the risk of senile dementia [14], and alleviate the
symptoms of depression, schizophrenia, and other related mental disorders [15]. Based on
these two major theories, a growing body of research has demonstrated that restorative
environments reduce mental stress and produce beneficial restorative effects in older adults.
These effects include (1) the alleviation of physical symptoms, (2) reductions in stress, and
(3) improvements in overall well-being [16,17].

Nevertheless, there are still some research gaps in the current study. Firstly, although
existing research has explored the impact of restoration environment elements on human
health from a theoretical perspective, there is a lack of an effective assessment system for
the actual construction and subsequent optimization of restoration environments. Secondly,
research on restoration environments has focused on discussing a single environmental
element but lacks a systematic summary and organization of restoration environments.
Finally, as the elderly in old communities rely heavily on the public space in their commu-
nities and the restoration effect of community POSs can significantly affect their physical
and mental health, it is necessary to understand the restoration effect of the existing POSs
in old communities and to assess the restoration potential of POSs in old communities.

To address the gap above, this paper will examine whether the current POSs in older
urban communities have sufficient restorative potential from the theory of restorative
environments and whether the restorative effects of the space can meet the needs of older
residents. This study aims to develop an assessment methodology to evaluate the restora-
tive potential of POSs in high-density older urban communities. Furthermore, the study
will discuss and elaborate on the potential for improvements to promote better restorative
outcomes for older adults in POSs in older communities. In this study, Dabeizhuang, the
most significant old community in Maanshan City, was selected to assess the restorative
potential of POSs in old communities. The findings of this study can inform future policies
and provide a reference for other cities in China.

To realize the above goals, this study first collects restoration environment quotas
through related literature. After that, the FDM and AHP are used to establish a comprehen-
sive evaluation framework for assessing the restorative potential of community POSs. Then,
using the Dabeizhuang Community in Maanshan City, China, as a case study, we assess
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the current restorative potential of POSs in this community and understand the restorative
effects of old urban communities” POS environments on elderly residents. Finally, based
on the empirical results, we provide strategies for the future optimization of old urban
communities” POSs. In addition, this study combines China’s national conditions and the
relevant age classification of the United Nations Health Organization, defines old urban
communities in this study as residential communities in urban areas built earlier than the
year 2000, and elderly residents were defined in this study as people aged 60 or above.

2. Literature Review
2.1. Status of Research on Restorative Environment

Restoration environments are also known as resting environments [18], and previous
studies have found benefits from different restoration environments. Some studies have
demonstrated that gardens with green elements are superior to other spaces in terms of
restorative effects [19]; forests produce restorative effects that helped the public during the
COVID-19 pandemic to relieve stress and emotions [20]. Tombs in Scandinavia have better
restorative effects that can help visitors relax, reflect, and contemplate [21]; blue spaces
(marine and freshwater) can also be restoration environments [22]. It is, therefore, essential
to explore the ability of different environmental features to provide restoration. Most previ-
ous research has focused on comparisons between natural and urban scenes [23]. However,
green spaces [24], small parks [25], residential and public spaces [9], and streets [26] in
urban spaces have been shown to play a restorative role in reducing stress and improving
overall health.

Although the restorative effects of urban POSs have been proposed, the restorative po-
tential of this specific type of urban residential POS has not yet been adequately investigated
in the context of China’s widespread aging communities.

2.2. Methodology for the Study of the Environmental Assessment of Restoration

Despite the wide range of factors affecting restoration environment potential, in
terms of the current methods of environment evaluation, three primary methods are used:
quantitative testing, scale measurements, and evaluation systems. Quantitative testing is
conducted through Electrocardiogram (ECG), Pulse Transit Time (PTT), Skin Conductance
Response (SCR), muscle tone [11], Electroencephalogram (EEG) [27], blood pressure, and
heart rate [28] to detect the subject’s immediate reaction and emotional changes in a specific
environment. Hence, these physiological changes make the experimental quotas more
objective and sensitive. Scale measurements through various self-report measures have
been developed to assess the degree of perceived restoration in different environments.
Standard scales include the Perceived Restorative Scale (PRS) [29], Restorative Components
Scale (RCS) [30], Perceived Restorative Potential (PRP) [31], Self-Rating Restoration Scale
(SRRS) [32], and Perceived Restorative Components Scale for Children (PRCS-C) [33].
Some scholars have highlighted that quantitative testing is susceptible to bias due to
the rater’s physiological, emotional, and other personal factors [34]. This can lead to
experimental errors and inaccurate experimental results. Although scale measurements are
commonly employed in restoration assessment, the existing scales are not fully applicable
to measuring restoration in POSs in older communities due to the distinctions between
old urban community POSs and other urban POSs in terms of site size, service scope, and
target users.

To prevent the introduction of experimental errors that may be caused by individual
subjective awareness and to provide a comprehensive and multi-dimensional consideration
of the specific assessment objectives and targets of this evaluation, this study has decided
to construct a restorative effects assessment system based on existing research by using
the expert survey method (FDM + AHP). The system will be expressly used to assess the
restorative effects of POSs in old urban communities.
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2.3. Status of Environmental Assessment for Restoration

Research has focused on the restorative effects of different environmental elements
in urban environments, and these studies have shown the effects of different environmen-
tal elements on the restorative mental health of populations. Helena Nordh evaluated
the environmental components of small urban parks and found that grass, shrubs, trees,
pedestrian traffic, and the number of utilities were the keys to restorative effects [25].
Martensson evaluated the restorative potential of green outdoor environments for children
and showed that large areas of trees, shrubs, and large, integrated outdoor areas increase
the restorative potential of the environment [35]. In addition to exploring the effects of
natural environmental elements on restorative effects, some studies have also assessed the
restorative properties of the environment through various artificial environmental settings
(e.g., public facilities, pavilions, sidewalks) and the fact that restorative potentials are also
directly influenced by spatial layouts and activities. Communities are complex environ-
ments composed of multiple landscapes. Therefore, assessing community environments
requires studying the combined effects of interactions between different environmental
settings on restorative potential.

Few studies focus on the restorative characteristics of the old community at the micro-
scale in current research. Constructing a community restorative assessment system will
complement the existing research, improve the current restorative environment assessment
system, and enrich the field of restorative environment assessment.

2.4. Initial Selection of Indicators and Dimensions for This Study

ART theory is an integral part of the theory of restorative environments, which sug-
gests that an environment with restorative potential should offer four qualities: being away,
richness, fascination, and compatibility. According to Kaplan, the meaning of each quality
is shown in Table 1.

Based on the ART theory [36], according to the healthcare gardens quality assessment
tool [37], and combined with a comprehensive evaluation framework for the livability of
communities [38], measurable evaluation indicators were collected from the natural land-
scape, spatial layout, community activities, and public facilities of the aging community.

Finally, combining the environmental characteristics of the old community, we selected
30 indicators based on the criteria hierarchy of mobility, richness, attraction, security, and
comforts and based on the availability and quantifiability of data, as shown in Table 2.

Movability is the primary condition for the environment to produce restorative ef-
fects [36]. The value of restorative effects depends partly on the type and number of spaces.
The more places in a non-open space with detached life scenes, the better the restorative
effect. The activities of older residents in the community can be divided into recreational,
physical, social, and resting activities. Therefore, POSs in the community can contain green
spaces, fitness spaces, leisure spaces, rest spaces, and road spaces.

Richness refers to the richness of recreational facilities [39], plant species [40], and
forms of activities in POSs. Several studies have found that spaces with richness possess
enough content and a specific structure to occupy the individual’s vision and mind, allow-
ing the individual to fully engage in the exploration of the environment in which they are
located so that people can have a better restorative experience [41].

Attraction refers to the ability of the information in the environment to attract the
attention of the individual as one of the critical factors in whether the environment produces
restorative effects [42], and an attractive environment elicits the autonomous attention of
the individual who uses it for attentional distraction and restorative effects.

Comforts refer to sensory perceptions and personal comfort preferences. For example,
uncomfortable chairs reduce the duration and frequency of people visiting a park [43].
Chairs facing the natural landscape are more conducive to mental stress relief [44].

Security is an essential prerequisite to guarantee that residents enjoy restorative effects
in POSs [45,46]. A safe environment enables people to participate confidently and reduces
unnecessary worries and concerns [47].
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Table 1. Explanation of the four dimensions of restoration environments.

Dimension Landscape Layout Photo Explanation

The first condition of restoration. It refers to the subjective feeling of relaxation
away from stress by creating a sense of distance through a natural place that is
removed from the regular scene of life or through mental adjustments such as
meditation.

Being away

Restoration environments should have enough content and some structure to
occupy the vision and mind so that the individual can be fully engaged in
exploring the environment they are in, creating enough time for attention to be
restored. Places of enrichment do not necessarily need to be of a large physical
size, as long as they have sufficient content and structure [29].

Extent

Information in the environment is considered attractive as long as it gains the
attention of the individual without effort. Attraction is categorized into hard and
soft fascination, with soft fascination often occurring in natural environments.

Fascination

It refers to a two-way process in which the environment is set up to support the
individual’s preferences and goals, while at the same time, the individual’s
decisions are adapted to the needs of the environment [36].

Compeatibility
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Table 2. Summary of quotas for assessing the resilience of POSs in old urban communities.

Dimension Quota

Green space

Fitness space

Movability Leisure space
Road space

Resting space

Diversity of woody plants
Diversity of public facilities
Abundance of spatial types
Diversity of elderly care services
Diversity of community property services
Abundance of community neighborhood activities

Richness

Amenity of the landscape
Adequacy of barrier-free facilities
Blue-green space ratio
Environmental cleanliness
Building facades aesthetics
Community roads accessibility
Attractiveness of community activities

Attraction

Greening rate
Seasonal changes of plants
Texture of relaxation facilities
Suitability of spatial scale
Accessibility to POSs
Sky visibility

Comforts

Safety level of plants
Safety level of public facilities
Security of space layout
Ground leveling
Monitoring rate
Road safety

Security

3. Methods
3.1. Study Area

The Dabeizhuang community is located in Maanshan City, Anhui Province. Maanshan
is a city with a relatively high degree of population aging in China, with an aging percentage
of 21.73%. In the 1980s, Maanshan City relied on the iron and steel industries, which brought
together many labor-intensive state-owned enterprises and worker communities. With
the development of urbanization in China, these employee communities have gradually
transformed into “old urban communities”. The lack of elderly care facilities in the early
stages of the construction of these communities has made it difficult for POSs to meet
the current needs of the elderly. As a representative of a rapidly aging city with a large
number of old urban communities, Maanshan City is not only one of the first pilot cities for
comprehensive reform of the elderly care service industry in China but also one of the fourth
batches of pilot cities for the reform of aging in place and community-based elderly care
services with the support of the central government’s financial resources [48]. Therefore,
it can be used as a model city for urban renewal and the promotion of healthy aging. We
chose the Dabeizhuang community after visiting old urban communities in Maanshan City.

From the primary conditions of the community, the “Dabeizhuang” community be-
longs to Hudong Street, Huashan District, Maanshan City, and is currently the largest old
urban community in Maanshan City. The community was built between 1980 and 1990,
with a total area of 280,000 square meters, 134 houses, 4343 households, 15,354 people, and
a population density of 54,800 people per square kilometer, which is a typical high-density
old urban community, whose spatial form and development process are representative of
China’s old urban communities.

According to the field research (Figure 1), the current status of community POSs shows
that the number of POSs in the Dabeizhuang community is small, the area per capita is small,
and there are few types of POSs. Among them, the Activity Square and Fitness Square are the
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two POSs with the most significant flow of people in the Dabeizhuang Community. Activity
Square, with a construction area of about 2300 m?, is the largest POS in the community, is
located in the southeast corner of the community, and contains multi-functional zones, such
as recreation, leisure, and fitness spaces, which are suitable for all age groups to carry out
activities in the POS. The Activity Square has an area of about 800 m?. It is located in the
northwest corner of the community park, which is mainly a fitness area and is suitable for
middle-aged, young, and older adults who want to carry out activities.

(A) Research Area
Community size in 2021(m?2): 271,080
Number of households in the community in 2021:4360
Number of community unit buildings:133
Number of people living :15,345
Data sources: da
Maanshan City 2021 Old Neighborhood Improvement Project List \ s e A 0
Maanshan Huashan District Community Services Website (C)Dabeizhuang Community Fitness Square

Figure 1. Map of the current state of the community’s POSs in Dabeizhuang.

In terms of the location conditions of the community, the Dabeizhuang community is
located in the center of the main urban area of Maanshan City, with a bank, company, police
station, school, market, clinic, and other supporting units within its jurisdiction, making
it an old urban community with a favorable location and good peripheral supporting
facilities. For this type of old urban community POS, the restorative potential assessment
is conducive to meeting the residents” demand for elderly services and improving the
quality of life of the elderly. On the other hand, it is of practical significance to promote the
commercial growth of the neighborhood and improve the city’s image.

3.2. Research Design

This study combines three main research components with their corresponding research
methodologies to form the design model used in this study. As shown in Figures 2 and 3, the
first level includes the research components: the first step is to determine the assessment indices
of community POS restoration potential; the second step is to establish the assessment system of
the restoration potential of old urban communities” POSs; and the third step is to carry out the
empirical assessment of the restoration potential of community POSs. The second level includes
the corresponding research methods: the first method is the FDM expert questionnaire method,
the second method utilizes the AHP method, and the third method is the FCE method.
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3.2.1. Identification of Assessment Quotas

The FDM expert questionnaire method is a tool for assessing guidelines and screening
quotas [49]. The assessment quotas for the restoration potential of community POSs cover
various elements, including landscape, facilities, space functions, and property services.
Therefore, we need to give professional judgment and advice through experts in related
fields. In this regard, the traditional Delphi Method has to go through several questionnaires
to achieve consistency, expending time and costs, though the calculation process only takes
a single evaluation value as the expert’s opinion, which is prone to the distortion of the
expert’s opinion. Therefore, we adopt the FDM to determine the quotas for the assessment
of the restoration potential of the community.

In this study, after the index system for assessing the restoration potential of public
space in old urban communities is screened by literature collation, a set of credible and
reasonable assessment indices is established through the questionnaire survey of FDM
experts, utilizing their expertise. Given this topic’s wide range of professional knowledge
and fields, we interviewed seven experts and scholars from different perspectives and
backgrounds in landscape, planning, and psychology. The seven experts on the panel were
professors from several Chinese universities and landscape designers from design firms.
The importance of each factor in the FDM questionnaire items was rated using a 0-10
scale, where the higher the score, the higher the importance, and each assessment item was
given three levels of acceptable minimum, most appropriate, and acceptable maximum
values based on the scoring criteria. A total of 7 questionnaires were distributed on 19
January 2024 and sent to the experts by email to fill in, and all of them were collected on 27
January 2024.

This study used the generalized mean model proposed by Klir and Folger to calculate
the geometric mean as the expert consensus value (G'). The expert consensus value (G')
refers to the intersection point where the maximum value of the minimum value (Gi)
meets the value of the maximum value O', so that the higher the intersection point of the
two lines, the higher the degree of expert consensus on the quota.

In addition, in selecting quotas, since the size of the threshold value will directly affect
the number of quotas selected, the value of the threshold value is decided by the researcher
according to their own research questions and assessment system [50]. Considering the
overall assessment system, this study adopts a line graph approach, using green space as
the turning point and deleting the quotas below the steeply falling turning point. The final
decision is to take green space as the turning point and delete four quotas, including road
safety, sky visibility, building facade aesthetics, and diversity of elderly care services, as
shown in Figure 4.

The results of the FDM questionnaire retained 26 quotas, excluding 4 quotas (see
Table 3). For the movability (A) dimension, five quotas were retained: green space, fitness
space, leisure space, road space, and resting space. For the diversity (B) dimension, five
quotas were retained: diversity of woody plants, diversity of public facilities, abundance
of spatial types, diversity of community property services, and abundance of community
neighborhood activities. Six quotas were retained for the attraction (C) dimension: amenity
of the landscape, adequacy of barrier-free facilities, blue—green space ratio, environmental
cleanliness, attractiveness of community activities, and community road accessibility. The
five quotas retained for the comforts (D) dimension were greening rate, seasonal changes
in plants, texture of relaxation facilities, suitability of spatial scale, and accessibility to POS.
The security (E) dimension retains the security level of plants, the security level of public
facilities, the security of space layout, the monitoring rate, and ground leveling.



Buildings 2024, 14, 2671

10 of 24

10

[ 5]

10.00

830 845

800 8.0

Line graph of G' for each assessment quota

639

644

5.00

5.00

408 406 397

Figure 4. Line graph of (Gi) for each assessment quota.

Table 3. FDM questionnaire results.

Dimension Quota Gel\(;[r:ae;nc Cu CL (o)) Oy G Result
Green space 4.10 5 5 8 10 5.00
Fitness space 3.82 6 3 7 8 6.77
Movability (A)  Leisure space 2.36 6 4 5 9 6.28
Road space 3.03 7 4 6 10 7.35
Resting space 3.37 5 4 6 9 513
Diversity of woody plants 3.58 6 3 6 10 6.00
Diversity of public facilities 3.26 6 4 6 10 6.00
Diversity of elderly care services 4.04 7 4 6 10 3.97 Delete
. Abundance of spatial types 3.38 7 3 9 10 7.05
Richness (B) Diversity of community
. 4.40 7 1 6 10 8.45
property services
Abundance of community
neighborhood activities 4.65 6 4 7 10 553
Amenity of the landscape 4.01 5 4 6 10 6.40
Adequacy of barrier-free facilities 3.75 6 3 7 9 5.07
Blue-to-green space ratio 3.34 7 5 8 10 6.59
Environmental cleanliness 3.74 7 1 6 10 7.44
Attraction (C) Building facades aesthetics 4.06 8 4 8 10 4.00 Delete
Attractiveness of 5.00 5 5 8 10 570
community activities
Community roads accessibility 3.73 6 3 7 10 8.00
Greening rate 4.40 7 2 8 10 5.00
Seasonal changes of plants 4.20 7 4 9 10 6.44
Comforts (D) Texture of relaxation facilities 5.25 8 3 9 10 7.74
Suitability of spatial scale 4.23 8 2 7 10 8.50
Accessibility to POS 4.25 8 5 10 10 8.75
Sky visibility 491 8 3 8 10 4.08 Delete
Safety level of plants 3.63 8 5 9 10 6.98
Safety level of public facilities 3.41 8 5 9 10 10.00
Security of space layout 3.68 5 5 8 10 8.00
Security (E) Ground leveling 3.29 6 3 7 8 8.69
y Monitoring rate 3.53 6 4 5 9 8.84
Road safety 4.52 7 4 6 10 4.10 Delete
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3.2.2. Establishment of an Assessment System

AHP is a multi-objective decision-making methodology proposed by T.L. Saaty in the
1980s to combine qualitative and quantitative analysis systems [51]. AHP compares and
ranks the issues based on pre-determined criteria and later compares and ranks the relative
importance of issues based on a questionnaire that collects the respondents’ preferences [52].
The pairwise comparison of issues generates hierarchies and finds the optimal solution.
Due to the many quotas that assess the restorative potential of the old urban community’s
POSs, the AHP was used to calculate the weights of the quotas.

In this study, after identifying the critical quotas for the community’s POS restorative
potential assessment through FDM, 5 criterion layer quotas of movability, richness, attrac-
tion, comforts, and security were selected in the assessment system, with 26 quota-layer
quotas (Table 3). A panel of experts calculated the weights of each quota. The questionnaire
was designed using Saaty’s 1-9 scale and sent to experts for completion. After collecting
all questionnaires, the quota weight values were calculated, and a consistency test was
performed to construct A-E, A1-A5, B1-B5, C1-C6, D1-D5, and E1-E5 judgment matrices
for each expert based on the questionnaires (Appendix A Tables A1-A6).

According to the weight calculation steps of AHP, the weights of the criterion hierarchy
(A, B, C, D, E) are calculated first, and then the weights of each quota hierarchy in each
criterion hierarchy are calculated to obtain the weights of 26 specific quotas, as shown in
Table 4.

Table 4. Weighting values of assessment quotas.

Target Hierarchy Criteria Hierarchy w Index Hierarchy wcn® we
Green space (Al) 0.1857 0.0265
Fitness space (A2) 0.1236 0.0177
Movability (A) 0.1429 Leisure space (A3) 0.2025 0.0289
Road space (A4) 0.3474 0.0497
Resting space (A5) 0.1408 0.0201
Diversity of woody plants (B1) 0.1386 0.0122
Diversity of public facilities (B2) 0.2835 0.0250
Richness (B) 0.0883 Abundance of spatial types (B3) 0.1744 0.0154
Diversity of community property services (B4) 0.2866 0.0253
Abundance of community neighborhood 01169 0.0103
activities (B5)
Amenity of the landscape (C1) 0.1097 0.0134
A system for assessing the Adqulacy of barrier-free f;’mi(lgige)s (C2) 83;;’3 88%3(1)
restorative potential of old urban i ue-green space ratio . -
commullrzlitifs' POés ©) " Atraction (C) 0.1221 E_nvironmental clean_liness_(C_4_) 0.2129 0.0260
Attractiveness of community activities (C5) 0.0914 0.0112
Community roads accessibility (C6) 0.2818 0.0344
Greening rate (D1) 0.0961 0.0180
Seasonal changes of plants (D2) 0.0806 0.0151
Comforts (D) 0.1870 Texture of relaxation facilities (D3) 0.3099 0.0580
Suitability of spatial scale (D4) 0.1931 0.0361
Accessibility to POS (D5) 0.3202 0.0599
Safety level of plants (E1) 0.0660 0.0304
Safety level of public facilities (E2) 0.3298 0.1516
Security (E) 0.4597 Security of space layout (E3) 0.1363 0.0627
Monitoring rate (E4) 0.1941 0.0892
Ground leveling (E5) 0.2737 0.1258

“W4” is the weight of the criterion hierarchy index relative to the target hierarchy index. “WCn’” is the weight
of the index hierarchy quota relative to the criterion hierarchy quota. “W¢” is the weight of the index hierarchy
quota relative to the target hierarchy quota.

The ranked values of the restorative potential assessment quotas for the old urban
communities’ POSs were obtained after calculating the combined weights according to the
AHP, and a scatterplot was created, as shown in Figure 5.
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Figure 5. Scatterplot of assessment quotas.

3.2.3. Questionnaire Survey

FCE is based on fuzzy mathematics and uses the principle of fuzzy relationship
synthesis to quantify factors that are difficult to quantify. It also comprehensively evaluates
the subordinate rank status of that being evaluated. Therefore, it has a significant advantage
in dealing with uncertainty and imperfect information. Due to the intense subjectivity and
vagueness of residents’ scoring and judging, FCE is used.

To accurately measure the restorative potential of the community’s POSs, we designed
a fuzzy composite evaluation questionnaire for the residents through the assessment
system above. A five-point Likert scale method was used to administer the questionnaire
to residents. The five options for each question correspond to scores from 1 to 5, and the
corresponding scoring criteria were developed to set the restorative evaluation level, with
grade I a score of [100, 90), grade II a score of [90, 80), grade III a score of [80, 70), grade IV
a score of [70, 60), and grade V a score of [60, 55) (Table 5).

Table 5. Evaluation criteria.

Grade I I III v \%
Score [100, 90) [90, 80) [80, 70) [70, 60) [60, 55]

In March 2024, 320 paper questionnaires were distributed, and 314 questionnaires were
recovered in the Dabeizhuang community, with a recovery rate of 98.13%. Since the target
of this questionnaire is the elderly, considering the actual situation of the elderly, we use
easy-to-understand ways to express the questions in the questionnaire survey. For example,
for “Security of space layout”, we asked, “Do you think you are vulnerable to bumping
when doing activities in the community’s POS?”. After collecting all the questionnaires,
we applied the FCE principle of maximum membership degree, resulting in a Level III
restorative evaluation level for the Dabeizhuang community. After the de-fuzzy calculation
of the criterion hierarchy and target hierarchy evaluation, the result of the restorative
evaluation of the Dabeizhuang community can be obtained as 72.23.

4. Empirical Results

The results of the resident ratings and grades for the restorative potential of the POS
in the Dabeizhuang community are shown in Table 6 The POS restorative potential rating
for the community’s POS in the Dabeizhuang Community is grade III, which is an average
level. According to the comprehensive weights of the assessment system of public space
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restorative potential in old urban communities (Table 4), experts attach great importance
to the security (E) and comforts (D) of public spaces in elderly communities. The results
of the FCE assessment showed that among the POS environmental dimensions in the
older urban communities, older residents perceived safety (E) as the best and comfort (D)
as the worst (Figure 6), which is opposed to the youth’s impression of the Dabeizhuang
communities. The indicators of seasonal variation of plants, appropriateness of spatial
scale, attractiveness of community activities, green space, and resting space need to be
improved (Figure 7).

Table 6. FCE resident score results.

Criteria and Index Grade Criteria and Index Grade

Green space (Al) 59.359 (V) Greening rate (D1) 79.641 (III)
Fitness space (A2) 80.781 (I) Seasonal changes of plants (D2) 61.703 (IV)
Leisure space (A3) 78.313 (1II) Texture of relaxation facilities (D3) 64.094 (IV)

Road space (A4) 76.578 (11I) Suitability of spatial scale (D4) 59.359 (V)

Resting space (A5) 60.922 (IV) Accessibility to POS (D5) 81.297 (1)
Diversity of woody plants (B1) 62.234 (IV) Safety level of plants (E1) 74.953 (1II)
Diversity of public facilities (B2) 81.172 (I) Safety level of public facilities (E2) 70.281 (IIT)
Abundance of spatial types (B3) 81.297 (I) Security of space layout (E3) 72.516 (III)
Diversity of community property services (B4) 62.266 (IV) Monitoring rate (E4) 74.078 (III)
Abundance Ofa ‘C’i’ir:irtri‘:sn(l%“e‘ghborh""d 64.734 (IV) Ground Leveling (E5) 77.609 (III)
Amenity of the landscape (C1) 65.641 (IV) Movability (A) 72.118 (1IT)
Adequacy of barrier-free facilities (C2) 72.531 (1II) Richness (B) 71.293 (1II)
Blue-green space ratio (C3) 62.281 (IV) Attraction (C) 71.070 (III)
Environmental cleanliness (C4) 74.250 (1II) Comforts (D) 69.984 (IV)
Attractiveness of community activities (C5) 60.359 (IV) Security (E) 73.638 (III)
Community roads accessibility (C6) 76.156 (III) Comprehensive result (S) 71.080 (III)

Grade I means a score of [100, 90), grade II means a score of [90, 80), grade III means a score of [80, 70), grade IV
means a score of [70, 60), grade V means a score of [60, 55).

Movability ()~ 72.118

Security (E) Richness (B)
m— S COTE
69.984
Comforts (D) Attraction (C)
71.07

Figure 6. Scores on five environmental dimensions of POS restoration environments in the
Dabeizhuang community.
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Figure 7. Composite evaluation score for each indicator of the Dabeizhuang Community POSs.

4.1. Movability Dimension—The Green and Amenity Space Amount Is Low and Underutilized

The FCE results of the residents showed that “movability” (A) was evaluated as “I11”,
with an evaluation result of “72.118”, which is an average level (Figure 8). Among them, the
evaluation results of “Green space” (A1) and “Resting space” (A5) indicators are lower than
the average. This is mainly because the planning concept of ‘district-group-courtyard” in
the Dabeizhuang community puts too much emphasis on the hierarchy of spatial structure,
making it difficult to break through the original spatial structure in the layout of the existing
POS. It is difficult to increase the number of green and resting spaces. On the other hand,
the space utilization rate of Dabeizhuang POS is very low; nearly one-third of the space is
difficult for the residents to use due to the spatial layout, such as setting the rest space on
both sides of the driveway and at the turning point of the road (Figure 9). This assessment
highlights the current challenges in the Dabeizhuang community, particularly in the areas
of green and resting spaces, that need to be addressed.
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Figure 8. Resident assessment results for the movability dimension.

Figure 9. Photos from the field at Dabeizhuang Community POSs.

4.2. Richness Dimension—The Underlying Community Property Services Limit Plant Richness

At the criterion level, “richness” (B) has the lowest impact on the restorative potential
of POSs, with a weight of 0.0883, and experts do not attach great importance to this
quota. The results of the FCE of the residents showed that the richness of the Dabeizhuang
Community was assessed as “level II1”, with a score of 71.293, which is an average level,
in which the residents were generally interested in the “diversity of woody plants” (B1)
and the “diversity of community property services” (B4) (Figure 10). In-depth research
found that the “diversity of community property services” (B4) positively correlates with
the “diversity of woody plants” (B1). The reason for this is that the property services in the
existing old communities usually only provide essential safety maintenance and cleaning
services, and the lack of funding and management system makes it difficult to provide
more abundant greening and landscape maintenance services.
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Figure 10. Resident assessment results for the richness dimension.

4.3. Attraction Dimension—Existing Community Activities Are Not Attractive to Older Residents

According to the residents” FCE results, the Dabeizhuang community’s POS is eval-
uated as “III” with an evaluation result of “71.070”, which is at an average level. The
“Attractiveness of Community Activities” (C5) score is only “60.359”, which is the indicator
with the lowest score under the dimension of “Attractiveness” (C) (Figure 11). The main
reason for this is that, on the one hand, the activities held by the Dabeizhuang community
are in a single form, lacking in innovativeness and interest, and are less attractive to the
elderly residents; on the other hand, the lack of effective organization and management of
community activities has resulted in the chaotic organization of the activities, which affects
the residents’ motivation to participate in the activities.

90
80 76.156
7425
72531
0 65.641
62281
60359

60
50
0
30
20
10

0

a Q@ a () s 6

mmm Grade ——average
Figure 11. Resident assessment results for the attractiveness dimension.

4.4. Comforts Dimension—The Key to Improving Comfort Is to Increase Attention to
Spatial Suitability

Combined with Figure 12, residents rated “accessibility to POS” (D5) and “greening
rate” (D1) highly but rated “seasonal changes of plants” (D2), “the texture of relaxation
facilities” (D3), and “suitability of spatial scale” (D4) very low. The lowest rating was for
“suitability of spatial scale” (D4) (Figure 12). Overall, there is a big difference between the
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comfort of POSs in the Dabeizhuang community and the needs of residents. Combined with
the weights of the indicators, the seasonal changes in the landscape, the comfort of public
facilities, and the comfort of spatial scale significantly affect the POSs’ restorative potential.
However, these factors have been seriously neglected in the planning and designing of
POSs in older communities.

90

81.297
79.641

80
70
64.094
61.703
I I |
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Figure 12. Resident assessment results for the comforts dimension.

4.5. Security Dimensions—The Dimensions That Have the Greatest Impact on POS
Restorative Potential

Compared with the other quotas in the criterion hierarchy, the experts considered that
“security” (E) has the most significant influence on the restorative potential of POSs, with a
weight of 0.4597. According to the results of the FCE by residents, the evaluation level of
“security” (E) in the community’s POSs in Dabeizhuang is “level II1”, and the evaluation
result is “73.638”, at an average level (Figure 13).

80 77.609
74953
74.07¢
72516 s
I | I |
o I
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Figure 13. Resident assessment results for the security dimension.
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The index hierarchy is analyzed in terms of “security” (E), including “safety level of
plants” (E1); “safety level of public facilities” (E2); “safety of space layout” (E3); “monitoring
rate” (E4); and “ground leveling” (E5). The scores are similar, with no significant differences.
All are at the “average” level.

5. Discussion

With the irreversible aging trend and high-density urban complexes, healthy residen-
tial POSs have become essential to constructing livable, aging environments that cannot
be ignored. The research in this study explores the current restorative potential of urban
communities’ POSs for older residents. We provide a comprehensive assessment of the com-
munity’s POSs in terms of five dimensions: “movability” (A), “richness” (B), “attraction”
(C), “comforts” (D), and “security” (E).

Combined with Figure 7, the following main issues need to be addressed: (1) in
terms of natural landscape, residents are dissatisfied with the seasonal changes of plants
in the POSs in the Dabeizhuang community (D2); (2) in terms of spatial layout, residents
have the lowest evaluation of the suitability of spatial scale (D4), followed by residents
who are dissatisfied with the size of green space (A1) and the resting space (A5) in the
community; (3) in terms of community activities, residents felt that the current community
activities lacked attractiveness (C5), and participants were unable to feel social enjoyment
in the activities.

5.1. Natural Landscape

Low-quality green spaces are a common problem in old urban communities. Natural
landscapes, as the most essential part of the restoration environment, are crucial for im-
proving the restoration of community POSs. Natural landscapes can be improved in terms
of plant diversity, visual effects, and seasonal changes.

The seasonal changes of plants are easy to ignore. In a previous study [53], some
scholars observed that the elderly usually choose spring, summer, and fall seasons, when
the temperature is comfortable. This is the best time to go out for outdoor activities, and
they prefer the calm and ventilated space in summer and the warm and sunny space in
winter. In this research, we also came to the same conclusion; for example, the flow of
people in Dabeizhuang’s Activity Square is much higher than in Fitness Square. The reason
for this phenomenon is that Fitness Square is in the building enclosure, coupled with the
large canopy of surrounding trees; further, the amount of dense vegetation in the entire
space is almost in the shadows of the trees, and the entire space lacks sunlight, with low
temperatures. In winter, the elderly like heat and hate cold, so some of the elderly residents
of Fitness Square will go to Activity Square for outdoor activities. It can be seen that in the
community’s POS landscape configuration, the designer should not only pay attention to
the visual effect of the landscape presentation but also understand the local climate and
seasonal changes for the actual situation of different spaces on the number of green plants
for a reasonable configuration.

5.2. Community Activities

The attractiveness of community activities has often been overlooked in previous
studies. However, this factor is essential for older people, who are more likely than
younger people to suffer from mental health problems, such as depression and autism.
Older people’s social connections tend to weaken with age, and attractive community
activities not only increase the frequency of their participation in community activities
but also strengthen their social relationships, effectively preventing the onset of mental
health problems.

5.3. The Spatial Layout

The appropriateness of spatial scale is a prerequisite for the restorative potential
enhancement of POSs in old communities. Appropriate spatial scale can not only satisfy
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the diverse activities of residents but also provide richer experiences for residents’ activities.
Too large a space can leave older people feeling empty and lacking a sense of belonging,
while too small can limit their range of activities and social interactions. Failure to consider
the appropriateness of the spatial scale of the POSs will result in a mismatch between the
spatial experiences and needs of older people and a weakening of their needs. Another
important aspect of spatial scale is that POSs are essential for the elderly to socialize and
carry out daily activities. Therefore, the construction of appropriately scaled POSs can
promote communication and interaction among the elderly, which can help alleviate their
loneliness and depression and improve their quality of life and sense of well-being.

5.4. Significance and Comparison with Other Studies

This study examines the relevant international studies on the assessment of restorative
environments. Adeleh Nejati assessed the restoration potential of a hospital lounge using
visual simulation [54], and Luo S assessed the restoration potential of an urban gazebo
using VR [18]. Compared to the aforementioned studies, the methods and results used in
this study have the following differences and contributions.

Regarding the methods used, Adeleh Nejati and Luo S used visual simulation and VR
technology to assess the restoration effect of visual stimulation. This study established the
evaluation system using an expert questionnaire, and a resident questionnaire was used for
the field evaluation. This combination of experts and residents can improve the evaluation
results” accuracy and the design strategy’s fairness.

Secondly, in terms of the design of the rating system, Adeleh Nejati and Luo S’s
assessment indicators are mainly from the PSD scale, but the PSD scale does not apply
to all environments; for example, animals are the type of indicators that we can hardly
find in urban communities. As Tenngart Ivarsson points out [55], existing frameworks are
complex because they list functions rather than guiding design. To bridge the gap between
research and design and to achieve optimization of the subsequent restorative potential of
the community POSs, we have drawn on the comprehensive evaluation framework for the
livability of communities, integrating different types of indicators that interact with people
within the community POSs and establishing restorative potential assessments that can be
applied to the POSs of an aging community after specific scientific justification.

Finally, in contrast to the results found by Adeleh Nejati and Luo S, our study used
“security” as a stand-alone environmental dimension to assess whether the entire public
space POSs provide sufficient security to the people who use it. The results of the AHP
showed that security > comforts > movability > attraction > richness, which proves that
security is the most critical environmental quality for the design of POS rehabilitation in
old urban communities. Based on the above findings, the inclusion of this dimension in
this study represents a refinement of the assessment system for the restorative potential of
POSs in old urban communities.

6. Conclusions

This study refers to related studies, follows the scientific evaluation principles, com-
bines the actual situation of the old community from the five dimensions of activity,
diversity, attractiveness, comfort, and safety, and finally, selects 26 evaluation indicators
to construct a restorative potential evaluation system for the construction of POSs of the
old community, and the construction of the indicator system is a combination of FDM-
AHP determination, where FDM is used for the screening of indicators. AHP is used to
determine indicator weights. Then, we used questionnaires to collect community residents’
evaluations and FCE to calculate the comprehensive score of POS restorative potential in
the Dabeizhuang community. The results of the POS restorative potential assessment of the
Dabeizhuang community were analyzed in terms of the natural landscape, spatial layout,
public facilities, and community activities. We found that the current old community still
lacks the suitability of spatial scale, the attractiveness of community activities, seasonal
change of plants, green space, and rest space.
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The study results show that security is the most critical dimension in assessing POS
restoration potential in older urban neighborhoods, followed by comfort, movability,
and attraction, while richness is the lowest. Secondly, from the FCE composite score,
“seasonal changes of plants” (D2), “green space” (Al), “resting space” (A5), “suitability of
spatial scale” (D4), and “attractiveness of community activities” (C5) are the most essential
concerns for community residents.

Three countermeasures are proposed for the transformation of old urban communities
in response to the above problems:

(1) Landscaping improves the quality of the natural landscape of the POSs in older com-
munities, pays attention to the balance between stability and seasonality in community
landscape design, and optimizes the visual impact of green landscapes.

(2) Interms of spatial layout, on the one hand, the number of green spaces and resting
spaces is increased by using fragmented and unused spaces in the community, and
on the other hand, the standards of human comfort in various types of spaces are
clarified to increase their comfort.

(8) The community property management system has been optimized for district man-
agement. In contrast, the creation of community activities has been strengthened to
encourage the elderly to participate in community activities and promote neighbor-
hood interaction.

Finally, there are some limitations to this study. Firstly, due to the limited human and
time resources, our study only covers one season. Although we found that the season
affects the restorative potential of POSs, the specific value of this influence effect needs to
be further developed. Secondly, to reduce the interference of other variables, the subjects of
this experiment belong to an old urban community in a small- or medium-sized city, which
has its spatial characteristics and representativeness, so whether or not the restorative
factors affecting the POSs change after a change of localities and communities still needs
to be verified by subsequent experiments. In conclusion, as the aging process continues
to develop and the government attaches importance to a livable environment for the
elderly, the construction of restoration environments for community POSs has excellent
potential for development. The results of these studies can provide a reference for the
planning and design of future senior livable cities in China, help meet the increasing mental
health needs of residents, and promote the development of the model of aging in place in
urban communities.
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Appendix A

Table Al. A-E judgment matrix for expert 1.

A B C D E Weight
A 1 2 2 2 2 0.3270
B 1/2 1 1 1 2 0.1846
C 1/2 1 1 2 2 0.2166
D 1/2 1 1/2 1 2 0.1635
E 1/2 1/2 1/2 1/2 1 0.1083

Here, A0y = 5.1168, CI = A";{%I" = 0.029, RI = 1.12, and, according to the formula,
CR = CI/RI. CR = 0.026 < 0.10, the judgment matrix has acceptable consistency.

Table A2. A1-A5 judgment matrix for expert 1.

A1l A2 A3 A4 A5 Weight
Al 1 1/2 1 2 1 0.1846
A2 2 1 2 2 2 0.3270
A3 1 1/2 1 2 2 0.2166
A4 1/2 1/2 1/2 1 1/2 0.1083
A5 1 1/2 1/2 2 1 0.1635

Here, Ay = 5.1168, CI = % = 0.029, RI = 1.12, and, according to the formula,
CR = CI/RI. CR = 0.026 < 0.10, the judgment matrix has acceptable consistency.

Table A3. B1-B5 judgment matrix for expert 1.

B1 B2 B3 B4 B5 Weight
Bl 1 2 2 1 1 0.2570
B2 1/2 1 2 2 1 0.2248
B3 1/2 1/2 1 2 1 0.1724
B4 1 1/2 1/2 1 2 0.1782
B5 1 1 1 1/2 1 0.1675

Amax = 5.4365, CI = % = 0.109, RI = 1.12, and, according to the formula,
CR = CI/RI. CR = 0.097 < 0.10, the judgment matrix has acceptable consistency.

Table A4. C1-C6 judgment matrix for expert 1.

C1 Cc2 C3 C4 C5 Ce Weight
C1 1 1 2 1 2 1 0.2062
C2 1 1 1 3 1 1 0.1865
C3 1/2 1 1 2 1 2 0.1798
C4 1 1/3 1/2 1 1/3 1 0.1049
C5 1/2 1 1 3 1 1/2 0.1579
Cé6 1 1 1/2 1 2 1 0.1646

Amax = 6.4868, CI = )"”71_" = 0.097, RI = 1.12, and, according to the formula,

ax
n—

CR = CI/RI. CR = 0.077 < 0.10, the judgment matrix has acceptable consistency.
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Table A5. D1-D5 judgment matrix for expert 1.

D1 D2 D3 D4 D5 Weight
D1 1 1/2 1 1 2 0.1969
D2 2 1 1 2 1 0.2643
D3 1 1 1 1/2 1 0.1709
D4 1 1/2 2 1 1 0.1969
D5 1/2 1 1 1 1 0.1709

Amax = 5.2745, CI = )‘",;”%1_” = 0.068, RI = 1.12, and, according to the formula,
CR = CI/RI. CR = 0.061 < 0.10, the judgment matrix has acceptable consistency.

Table A6. E1-E5 judgment matrix for expert 1.

E1 E2 E3 E4 E5 Weight
E1l 1 1 2 1/3 1/3 0.1353
E2 1 1 1/2 1/2 1/2 0.1178
E3 1/2 2 1 1/3 1/2 0.1307
E4 3 2 3 1 1/2 0.2783
E5 3 2 2 2 1 0.3378

Amax = 5.3205, CI = )‘”;1”%17" = 0.080, RI = 1.12, and, according to the formula,
CR = CI/RI. CR = 0.071 < 0.10, the judgment matrix has acceptable consistency.
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