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Abstract: Most elderly people choose to age in place, making neighborhood environments essential
factors affecting their health status. The policies, economic status, and housing conditions of old
neighborhoods have led many elderly people to live in skipped-generation households (SGHs), where
they have gradually weakened physical functions and are responsible for raising grandchildren; this
puts their health in a more fragile state than that of the average elderly person. Practical experience
has shown that when faced with complex environmental renovation problems in old communities,
many cases often adopt a one-step treatment strategy; however, many scholars have questioned the
sustainability of such unsystematically evaluated renovation projects. Therefore, it is often valuable
to explore the root causes of these old neighborhood problems and conduct targeted transformations
and upgrades according to the interactive relationship between various influencing factors. This
study attempted to establish a novel evaluation system to benefit the health of elderly families in
old neighborhoods and develop an understanding of the impact relationship among the indicators,
while avoiding any form of waste when collecting responses in regard to the future transformation
of old neighborhoods. A questionnaire survey was conducted on the elderly in the Guangzhou
Che Bei neighborhood in China, and by applying the rough set theory of the decision-making trial
and evaluation laboratory model, we established a preliminary evaluation system, obtained key
environmental factors affecting the health of elderly people living in SGHs, and clarified their mutual
relationships. Finally, on this basis, we proposed corresponding neighborhood renewal suggestions.
The results of this study provide a theoretical basis for future research, and our research model can
be applied to similar aging research in the future.

Keywords: elderly health; environmental; old neighborhood; skipped-generation household;
RST-DEMATEL model

1. Introduction

The declining trend in birthrates and an aging society has risen to varying degrees
globally [1]. For example, China, which hosts 18% of the global population, currently has
nearly 200 million elderly people, but this number has been predicted to increase to more
than 365 million by 2050 [2]. Additionally, among this aging population, 115 million are
expected to be at least 80 years old, and 600,000 are expected to be centenarians. With
increasing age, the functions of the human body gradually decrease, and the physical and
mental health of the elderly has increasingly become an unignorable global issue [3].

Most people prefer to age in place as it allows them to maintain independence and
autonomy, reduce social isolation and loneliness [4] and enable them to stay connected
to their social supports, such as friends and family [5]. The living environment around
a neighborhood often affects the physical and mental health of the elderly [6]. Currently,
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due to historical, political, and economic reasons, old neighborhoods left over from the last
century are prevalent in China. Due to factors such as the structure of early housing, the
one-child policy, and the transfer of the young workforce, the elderly people living in these
old neighborhoods often make up a large proportion of their population [7].

Previous research on aging has shown that elderly people have recently started taking
on increasingly greater responsibilities, whether at the social level (i.e., some countries
delaying retirement age) or at the family level (i.e., more accession to the next generation of
education) [8,9]. For example, in many parts of East Asia, multi-generational cohabitation
is considered an ideal living arrangement. This “cohabitation and common wealth” of the
family implies the establishment of mutual assistance and trust between members without
an agreement; for example, many young people in China prefer to take their children
to their grandparents for regular care [10]. Under the double influence of educational
responsibility and a decline in physical function, the health state of elderly populations
in the skipped-generation household (SGH) tends to be highly fragile [11]. Therefore,
research on the health and well-being of these populations is urgently needed. Early
research in the U.S. reported the adverse health effects of grandchild care [12,13], such as
a reduction in life satisfaction [14] and in physical function in the elderly [13]; however,
recent research in mainland China, Hong Kong, and Taiwan has found health advantages
for grandparents who provide occasional, extensive, or custodial care for grandchildren.
For example, caregiving grandparents experienced less depressive symptoms than their
non-caregiving counterparts [15–17]. However, in many developing areas, especially areas
in China, the rapid development of urbanization has hollowed out many urban and rural
areas in non-central cities, where local elderly individuals need to take more time to care
for their family.

The impact of the built environment of old neighborhoods on the health of the el-
derly has recently become a research topic of interest. With a decline in their physical
function, walking is a preferred activity for the elderly, making the outdoor spaces in
these neighborhoods the main activity place for the elderly [18]. These outdoor spaces
host many necessary functions for the elderly, including outdoor sports, natural contact,
and social activities [19]. Previous studies have shown a potential relationship between
the neighborhood environment and the health status of the elderly [20,21], but parenting
behavior can increase the complexity of this relationship, both mentally and physically.

In China, old neighborhoods are defined as those built before 2000. In old neighbor-
hoods, there is a high concentration of environmental problems and safety hazards, which
can prevent elderly needs from being satisfied, and the health effects of these issues on the
elderly are yet to be verified. The demographic composition of these neighborhoods is often
complex, with their low land prices attracting many low-income people and increasing
the severity of security problems; therefore, it is imperative to improve the neighborhood
environment. The urban planning strategy of China is changing with the development of
an aging society, and it would rather transform old neighborhoods than demolish them
and rebuild [22]. The environmental problems of old neighborhoods are complex, and
the causal mechanisms of these problems also need to be analyzed in combination with
specific situations to avoid developing solutions that are solely based on the appearances of
these problems. However, practical experience has shown that the previous old community
renewal practice expects too much and tries to solve the environmental problems overnight.
Many scholars have questioned the sustainability of such unsystematically evaluated reno-
vation projects [23,24], which easily obtained average results and ignored the core issues
affecting the health environment of old neighborhoods. It is often valuable to explore
the root causes of old neighborhood problems and conduct targeted transformations and
upgrades according to the interactive relationship between various influencing factors. The
objective of this study was to establish a novel evaluation system to assess the health of
elderly families in old neighborhoods and to understand the relationships between the
indicators to avoid waste in response to the future transformation of old neighborhoods.
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The study was designed in the following manner: First, an evaluation framework
about the health level of the elderly living in SGHs and the neighborhood environment was
built based on contemporary aging research. Second, the rough set theory (RST) technique
was used to explore the core attributes of the environment that affect the health of local
elderly people, and to clarify the hierarchical decision-making rules related to the health
of elderly populations and environmental quality evaluation data (e.g., if–then). Third,
decision-making trial and evaluation laboratory (DEMATEL) technology was applied
to clarify the influence of network relationships between key environmental indicators
based on contemporary knowledge in the field. Finally, hierarchical decision rules and the
influential network relationship map (INRM) were integrated to develop renewal strategies
for old neighborhoods.

2. Literature Review

Previous research has shown that most elderly people prefer to live in a familiar
environment rather than an aged care facility [25–27], and an increasing number of people
choose to age in place in their later years; in other words, they prefer to “live in a neighbor-
hood, with dignity and independence” [28]. Sociologists believe that “aging in place” is the
most humane and cost-effective way for elderly people to age because it avoids the trauma
and hassles associated with over-caring for elderly people [29]. Elderly people who live in
their own homes have higher satisfaction and lower levels of depression, and can better
maintain their physical function than their assisted-living counterparts [30].

Zhou et al. [31] believe that aging in place is one of the essential reasons for the forma-
tion of an aging neighborhood. In some aging and increasingly populated neighborhoods,
economic status, the living environment, employment, and other factors have motivated
some young people to be very inclined to leave. Contrarily, most of the elderly popula-
tion choose to stay because of the familiar living environment and their social networks.
Gradually, the elderly people who remain in these neighborhoods become their main
demographic, which explains the aging of many older neighborhoods. The deterioration
of the quality of the environment and the facilities within a neighborhood is inevitable
over time, and this change is often difficult for the elderly to detect; however, it cannot
be ignored that these environmental factors have a significant impact on the physical and
mental health of elderly people [32].

Furthermore, there is a high abundance of SGHs in the demographic structure of
these older neighborhoods, and child-rearing in SGHs is becoming an essential challenge
for healthy aging in China. The declining socioeconomic status of the elderly, limited
social and family support, and deteriorating physical functions make their health highly
sensitive and vulnerable to skip-generation parenting [33,34]. Notably, the parenting situa-
tion of children in intergenerational families is a global phenomenon not limited to China.
Moreover, grandparents are often important in the education of their grandchildren, with
previous research suggesting that older adults are highly likely to experience parenting
pressures in such situations. This might be a consequence of several factors, including
behavioral problems of the grandchildren [35,36], a lack of family competence (e.g., in-
ability to solve problems, express emotions, and facilitate individual autonomy), the poor
health and emotional well-being of the primary caregivers [37–39], and the transition of
the grandparents into becoming primary caregivers for grandchildren [40,41]. Research
from Australia suggests that the regular care of grandchildren, especially grandparents
with infants and young children, can be a burden, both physically and emotionally [42].
Additionally, some studies have found that caring for grandchildren sometimes disrupts
finances or reduces the time that the grandparents commit to leisure and social activities,
which can increase their feelings of loneliness and social isolation [43,44].

Many previous quantitative studies on the health of the elderly have used statistical
methods [45–47], with some scholars having used data mining methods in their research
on elderly healthcare [48]; however, there are often complex and non-negligible mutual
influences among the environmental elements. Therefore, Zhu et al. [49] use the DANP-V
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method in multi-criteria decision-making to explore the continuous improvement in the
health and well-being of the elderly that is caused by environmental improvements.

The behavioral and social behaviors of the SGH elderly are not the same as those of
their non-SGH counterparts, and the intergenerational parenting behavior of children has
undoubtedly increased the complexity of the impact of the neighborhood environment on
their health. The physical and mental health of SGH inhabitants affects their well-being
later in their lives, and the education and growth of the next generation; therefore, contem-
porary research regarding elderly health and the neighborhood environment informs us
that it is necessary to study the health of this population. Furthermore, previous research
suggests that neighborhood environments may be positively associated with the longevity
of elderly lifespans [6]. Wiles et al. [50] acknowledge that the environmental elements of the
neighborhood and its social activities have important effects on the health of elderly people,
and Buffel et al. [51] strengthen the public understanding of the needs of elderly people in
the communities by examining the physical environment (infrastructure, transportation,
and housing) and social dimension (civic engagement, neighborhood care, and support).
Additionally, Wahl and Weisman [52] emphasize the importance of enhancing recreational
opportunities, amenities, and transportation to promote physical activity and the social in-
teractions among elderly people. Some scholars have also studied the relationship between
specific neighborhood environmental factors and the health of the elderly, including traffic
and street safety [53], green and blue space design [54,55], friendly slow walking [56,57],
multifunctional space design [58], social relationships [59], public transport connectivity,
and accessibility [60,61]. Several studies have also highlighted the positive effects of a
good neighborhood environment on the health of elderly people, such as improved phys-
ical activity levels [62], reduced stress and depression [63], increased social interaction
networks [64], and an enhanced sense of belonging in the neighborhood [65]. To sum
up, through the review of previous studies, this study summarized the neighborhood
environmental factors that have a key influence on the health of the elderly (see Table 1).

Table 1. Literature about neighborhood environments and elderly health.

No. Living Environment Factors Reference Source

A1 Traffic and street safety [53]
A2 Green space design [54]
A3 Blue space design [55]
A4 Friendly slow walking [56,57]
A5 Multifunctional space design [58]
A6 Social relationship [59]
A7 Public transport connectivity and accessibility [60,61]
A8 Physical activity ability [62]
A9 Reduce stress and depression [63]
A10 Social networks [64]
A11 Neighborhood sense of belonging [65]
A12 Clean and sanitary facilities [66]
A13 Public rest facilities [67,68]
A14 Participation in gardening activities [69]

3. Methodology

In old neighborhoods, there are multiple physical environmental indicators related to
the health and well-being of older adults, which have been introduced into different dimen-
sions in previous studies. To improve the physical environment of these old neighborhoods,
it is crucial to clarify the core design attributes that can significantly affect the physical and
mental health of the elderly. Similarly, it is necessary to understand the perception and
behavioral habits of the elderly as they relate to the material environment indicators of the
neighborhood, and also relate to the knowledge of the relationship between behavioral
rules and the enhancement of their health. Previous research has focused on analyzing
and discussing the resulting data. The construction of the environmental factor system
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and the analysis of its influence relationship in the decision-making process are predom-
inantly based on expert experience (i.e., expert domain knowledge) [19,70,71]; however,
few studies have considered the natural behavioral patterns (i.e., behavioral laws) that
govern real-world survey data results. This study is based on the assumption that these
two key points have different characteristics and needs. If the two fields can be effectively
integrated, the vision of policymakers working on the renewal of old neighborhoods will
be widened, which may formulate highly suitable and less resource-intensive optimization
strategies and programs.

Based on a review of the relevant literature and an investigation of empirical cases,
this research aimed to reduce the initial summarized environmental indicators and retrieve
their core attributes. We also aimed to clarify the perception and behavioral habits of the
elderly regarding the elements of the material environment in the neighborhood and their
knowledge of behavioral laws that affect their physical and mental health. In previous stud-
ies, RST has been widely used across multiple fields to address the imprecise knowledge
relationship between conditional and decisional attributes in classification functions [72,73].
This theory does not require prior information about the probability distribution of the
data and can evaluate both the quantitative and qualitative properties. There are impor-
tant complex influences on network relationships among these reduced environmental
indicators (i.e., conditional attributes). This study aimed to elucidate the factor that most
influences the critical issues in relation to the formulation of strategies for improving the
physical environment of old urban neighborhoods [74,75]. The most significant feature
of the DEMATEL method is that it can clarify the influence of network relationships in
an index/element system based on expert domain knowledge, which has allowed it to be
employed successfully in many situations; this includes marketing strategies, public health
management, tourism destination creation, and capacity development for group decision
making [76,77]. The design and process of this study are illustrated in Figure 1.
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3.1. RST

RST, proposed by Pawlak in the 1980s [78], is a mathematical tool capable of identify-
ing hidden patterns in data, recognizing partial or total dependencies in databases, and
removing redundant data [79]. This theory uses two exact sets, that is, the lower and upper
approximation sets, to approximate the bounds of a classification function based on an
equivalence relation, which is adopted from the relationship between attributes. Therefore,
when the number of objects in these two groups is equal, the current data with conditional
attributes can express the bounds of the classification function; otherwise, the bounds are
ambiguous. The gap between these two approximate sets is called the rough set, and the
theory uses set theory to describe the relationship between attributes; this allows it to be
transferred from basic behavioral rules in real datasets to knowledge rules (e.g., if–then),
used to study fuzzy, uncertain, and flawed data and to develop a preliminary management
framework. RST technology has been widely used in data exploration, machine learning,
big data, gene expression data analysis, and other fields.

3.1.1. Sampling Strategies/Data Sources

This research used data collected via a questionnaire, and the data information source
was selected from the Che Bei neighborhood, Guangzhou, China. The Che Bei neigh-
borhood, established in the early 1980s, is located in Tianhe District, covers an area of
5.6 km2, and is a typical neighborhood located at the urban–rural junction. There are many
inexpensive rental houses, which has led to a complex population composition in this
area. A recent census showed that the residential and local populations were 102,787 and
30,759, respectively, with 3996 people over the age of 65, that is, 13% of the total population
(China Census Data 2021 https://www.hongheiku.com/lpxzsj/38135.html (accessed on 28
February 2020).).

The questionnaire was divided into two parts, with the first part including environ-
mental and health-related factor indicators as the conditional attributes (CA), which were
compiled from previous work. Five semantic scales were used to describe the relationship
between each index and elderly activity. In the second part, Mental Health Inventory-5
(MHI-5) and Physical Activity Scale for the Elderly (PASE) questionnaires were used to test
mental state, physical function, and exercise intensity as the decision attributes. The MHI-5
questionnaire is commonly used to test the general mental health and well-being of elderly
people [80]; the PASE questionnaire combines information on leisure, family, and occupa-
tional activities, and connects the questionnaire scores with physiological characteristics
and physical health status [81,82]. The health benefits of engaging in moderate-to-vigorous
physical activity are widely recognized for the elderly, with regular exercise positively
influencing cognitive ability, limiting cognitive aging, and reducing the risk of Alzheimer’s
disease and related dementias [83,84].

The questionnaire was completed in November 2021, and its results are presented in
Table 2. Overall, 655 questionnaires were distributed, including 384 that were distributed to
elderly people who completed skipped-generation childcare tasks. After excluding missing,
incorrect, and incomplete questionnaires, 242 valid questionnaires were obtained.

Table 2. Basic questionnaire information.

Variables Obs. Proportion (%)

Age (above 60) 513 78%

Gender
Male 302 46%
Female 353 54%
Grandparent with grandchild 384 58%
Length of residence (More than 3 years) 589 90%
Physical health scores 0–361
Mental health scores 0–100

https://www.hongheiku.com/lpxzsj/38135.html
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3.1.2. Computational Process

RST is presented as an information system on which our analyses were based. The
information system can be symbolically represented as IS = (U , A), where U is the universal
set consisting of every finite set of objects, and A is a collection of attributes. Each attribute
equation, a ∈ A, defines a message function with fa : U → Va . Among these attribute
equations, VA is a set composed of attribute “a” values, which becomes the value range for
attribute “a”. Furthermore, when analyzing a dataset, objects and the relationships between
them become indistinguishable because they contain the same information in some attributes;
this can also be called an indiscernible relationship„ and they belong to the intersection of
the same classification. The associated equivalence relation is defined in Equation (1) for any
condition attribute subset where B ⊂ C.

IND(B) = {(x, y) ∈ U|∀a ∈ B, fa(x) = fa(y)} (1)

Two rough sets, that is, the upper and lower approximate boundaries, represent the
uncertainty of the data. For as long as possible and partially included, the individual is
classified into the upper approximate boundary set; however, for the lower approximate
boundary set, the individual can be included entirely within it.

Assuming that the set X is a partial set of the universe set U, and A is a certain attribute
set, the upper approximate boundary AX and the lower approximate boundary AX are
defined by Equations (2) and (3), respectively:

AX = {x ∈ U|IA[x] ∩ X 6= ∅} (2)

AX = {x ∈ U|IA[x] ⊆ X} (3)

The set of indispensable attributes found in the data material is called the core at-
tribute. RST uses simplification to represent the attribute-reduced set, removes unnecessary
attributes, and finds a relatively smaller set with a similar or the same classification ability
as the original set. After the attribute simplification process, redundant attributes were
deleted without reducing the classification ability.

Simultaneously, we can use the concept of upper and lower approximation bounds
to establish data classification rules and to measure the certainty of data classifications
with the accuracy of the approximate set. If a set has a bounded set in the equivalence
relationship of A, it still has objects that cannot be classified as belonging to the set or
not belonging to the set under the information of A. Therefore, the greater the number
of elements in the bounding set, the lower the accuracy of the approximation set. The
accuracy of the approximate set X is defined as follows:

µa(X) = card(A(X))/card
(

A(X)
)

(4)

Decision rules are a methodical way to describe a new decision table formed after
attribute reduction, and the rules of the decision table are defined as follows:

The decision rule in S is expressed as Φ → Ψ and read as if Φ then Ψ (5)

In Equation (5), Φ and Ψ represent the condition and decision attributes, respectively.
After the decision rules are derived, they can be reduced to make the analysis highly
efficient. This can be achieved through the minimum decision rules. The so-called minimum
decision rules use minor conditional attributes to represent the rules.

3.2. DEMATEL

The DEMATEL method was developed by the Banelle Memorial Institute of Geneva
between 1972 and 1976 for the Science and Human Affairs Program [85]. This method
is used to solve complex and tangled decision-making problems, and can improve the
understanding of particular problems and clarify the source of their influence [86]. The
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direct influence matrix was constructed through the relationship between the indicators in
the system, and then the centrality and causality of each indicator were calculated. The
critical indicators of the entire system can be identified by identifying the status, function,
and system function of the influencing factors. This method is effective for evaluating and
identifying the relationships between factors and is suitable for studying the interactions
between factors in a complex system. As such, it has been widely used in many research
fields, such as planning scheme selection, competitiveness analysis, and comprehensive
system evaluation.

3.2.1. Sampling Strategies/Data Sources

The DEMATEL questionnaire consists of two parts: one is about the relationship
between the environmental indicators that affect the mental health of SGH elderly, while
the other concerns the physical health of SGH elderly. We then looked for experts with
a background in aging and community environmental studies, who were randomly
selected and invited to complete the questionnaire via email or phone. The reliability
of the questionnaire was tested, and data collection was continued until the test results
exceeded 95%.

The questionnaire about the relationship between the environmental indicators that
affect the mental health of these SGH elderly in old neighborhoods consisted of four
indicators from RST analyses. The reliability test result from the 11 questionnaires was
99.79%, which is above the threshold value of 95%. Moreover, the questionnaire about the
relationship between the environmental indicators that affect the physical health of the
elderly living in old neighborhood SGHs consisted of 10 indicators from RST analyses. The
reliability test result from the 11 questionnaires was 97.2%, which is above the threshold
value of 95%.

3.2.2. Computational Process

Experts converted the experience of real society into values representing the degree
of interaction influence within the model structure using a Likert scale (1, no influence;
2, very low influence; 3, low influence; 4, high influence; and 5, very high influence).
We then built an n× n non-negative value direct influential relation matrix Y, where yij
represents the degree of influence from rule i to rule j, and e is the order number of experts,
as follows:

Y = ye
ij (6)

Integrating the direct relationship matrix Y of expert e, the initial direct influential
relation matrix A representing the experience of e experts can be obtained (as shown in
Equations (7) and (8).

Aij =
1
e

e

∑
k=1

yk
ij (7)

A =


a11 . . . a1j . . . a1n

ai1 . . . aij . . . ain

an1 . . . anj . . . ann

 (8)

We then built the boundary of the influence matrix through the initially direct influen-
tial relation matrix A using Equations (9) and (10). The influence values of the influence
relationship matrix were all between 0 and 1. The normalized direct-relation matrix Z was
obtained, with minimum and maximum total values of 0 and 1, respectively.

m = max

(
max

1≤i≤n

n

∑
j=1

aij, max
1≤j≤n

n

∑
i=1

aij

)
(9)



Systems 2023, 11, 104 9 of 19

Z =
A
m

(10)

The normalized direct-relation matrix Z obtains the total impact value of the attribute,
which are the influence and indirect impact values of the attribute by Equation (11).

T = Z(I− Z)−1, when h→ ∞ , Dh = [0]n×n (11)

Finally, the sum of the attribute columns is the sum of the attribute influence degree
ri, and the sum of the attribute rows is the sum di of how much the attribute is affected
in the total influence relationship matrix T. ri + di represents prominence, that is, the
degree of attribute association, and ri − di is relation, indicating the significance degree
of the attribute influence. Additionally, this method of quantifying the system structure
relationship can effectively simplify the correlation between the complexity of indicators
and make it easier to understand the structure of the system.

4. Results and Discussion
4.1. Mental Health of the Elderly Living in SGHs in Old Neighborhoods

Based on the collected questionnaires, the mental health questionnaires of the elderly
were scored on five scales. The mental health questionnaire scores were distributed in
the range of 1 to 100. The MHI-5 questionnaire has only five questions; thus, it is easy to
obtain the same score. Therefore, the mental health questionnaire used scores as the basis
of this segmentation. That is, 0–19 was 1 point (worst), 20–39 was 2 points (poor), 40–59
was 3 points (ordinary), 60–79 was 4 points (better), and 80–100 was 5 points (excellent).
The final scores are presented in Table 3.

Table 3. Final score of mental health questionnaire.

Population Proportion (%)

1 (0–19) 4 1
2 (20–39) 26 11
3 (40–59) 25 11
4 (60–79) 77 31
5 (80–100) 110 46
sum 242 100

average 75
median 76
highest score 100

The quality of our classification of mental health status as a decision attribute was
0.9669. The core attributes were X7 (walking) and X8 (when you take your children into
the neighborhood). The number of rules if Φ then Ψ was 103, and by selecting the rules
that included core attributes and interpretation rates greater than 5%, we found the results
shown in Table 4.

Table 4. Rules about mental health of elderly living in SGHs.

Rule No. Condition Attributes Decision Support Rate (%)

1 (X1 = 3) & (X4 = 4) & (X7 = 3) => (D = 1) (D = 1) 50
2 (X2 = 2) & (X7 = 4) & (X9 = 2) => (D = 1) (D = 1) 25
3 (X3 = 4) & (X5 = 2) & (X6 = 2) & (X8 = 1) => (D = 5) (D = 5) 7.27

The daily outdoor activities of the SGH elderly were primarily walking, with little
and no equipment (anaerobic and aerobic exercise, respectively). They were required to
be accompanied by others for their walking activities. When the environment and safety
conditions of their walking routes were inferior, they could be put into a poor state of
mental health. The SGH elderly whose daily primary travel mode is walking and who
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partake in childcare activities outdoors have very poor psychological health. This result was
consistent with that of a previous study. The SGH elderly whose daily outdoor activities
involve some sports equipment (anaerobic exercise), who live in neighborhoods with
basic public cleaning facilities and green facilities with good shading, and who often visit
riverside spaces for childcare activities have good mental health.

The interrelated environmental indicators of the mental health of the SGH elderly
living in old neighborhoods are as follows: traffic and street safety, green and blue space
designs, friendly slow walking, social relationships, physical activity ability, clean and
sanitary facilities, and public transport connectivity and accessibility.

Friendly slow walking, traffic, and street safety are critical indicators of old neighbor-
hoods that have a high proportion of SGH elderly. The worst psychological health status of
the elderly can be avoided if these two indicators perform relatively well. As a result, the
economic and energetic investments of policymakers and designers in these two indicators
can receive relatively high returns when transforming old neighborhoods. Simultaneously,
green space design and social networks also positively impact the mental health of the
SGH elderly, which cannot be ignored when renewing old neighborhoods. Additionally,
physical activity and clean and sanitary facilities can improve the mental health of the SGH
elderly. If only the mental health level is considered, relevant resources can be invested in
other influential indicators.

4.2. Physical Health of the Elderly Living in SGHs in Old Neighborhoods

The distribution of the physical function questionnaire scores ranged from 0 to 348.
Because this study explored the relationship between neighborhood environment indicators
and the physical health of the SGH elderly, the performance significance of a score of 0
represented no activity; therefore, questionnaires with a score of 0 were regarded as invalid.
The score on the physical function questionnaire was divided by the slope of the data
distribution, where similar slope data had the same score; this avoided an excess of the
same score and reduced the impact of extreme values on score segmentation. The final
score segmented as 0–17 was 1 point (worst), 18–46 was 2 points (poor), 47–102 was 3 points
(ordinary), 103–136 was 4 points (better), and 137–348 was 5 points (excellent). The results
are shown in Table 5.

Table 5. Final score of physical function questionnaire.

Population Proportion (%)

1 (0–17) 9 3.7
2 (18–46) 30 12.4

3 (47–102) 147 60.7
4 (103–136) 35 14.5
5 (137–348) 21 8.7

sum 242 100

average 83.8
median 76

highest score 348

The quality of the classification when physical health status was a decision attribute
(D) was 0.9339, and the core attribute was X1 (What do you usually do when you use the
square space?), X6 (What is most likely to be affected by green space in the neighborhood?),
and X7 (What is your state of walking?). The number of rules if Φ then Φ was 97, and by
selecting the rules that included core attributes and interpretation rates greater than 5%,
we found the results listed in Table 6.
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Table 6. Rules about physical health of elderly living in SGHs.

Rule No. Condition Attributes Decision

1 (X2 = 1) & (X7 = 1) & (X11 = 4) => (D = 1); [2, 2, 22.22%, 100.00%] (D = 1)
2 (X1 = 4) & (X2 = 3) => (D = 1); [1, 1, 11.11%, 100.00%] (D = 1)
3 (X7 = 4) & (X10 = 2) & (X12 = 1) => (D = 1); [1, 1, 11.11%, 100.00%] (D = 1)
4 (X6 = 5) & (X8 = 1) => (D = 1); [1, 1, 11.11%, 100.00%] (D = 1)
5 (X6 = 3) & (X9 = 2) & (X10 = 3) & (X11 = 2) => (D = 5); [2, 2, 9.52%, 100.00%] (D = 5)
6 (X3 = 2) & (X4 = 2) & (X5 = 2) & (X6 = 2) => (D = 5); [2, 2, 9.52%, 100.00%] (D = 5)
7 (X3 = 4) & (X5 = 1) & (X7 = 2) => (D = 5); [2, 2, 9.52%, 100.00%] (D = 5)

The SGH elderly usually walk alone and engage in rest and social activities on the
riverside. When public resting facilities are poor, their physical health status is also poor.
The SGH elderly whose primary conduct in square space is childcare and who usually
take the riverside space as the main traffic path are in poor physical health. The SGH
elderly who take their children for daily walks and value family ties and cultural identity
in relation to a sense of belonging in a neighborhood have poor physical health. The SGH
elderly who are involved in planting habits and are engaged in child-rearing behaviors in
riverside spaces are also in poor health. The SGH elderly who like physical exercise, tend to
travel by bus, and live in a neighborhood with green spaces that provide a good breathing
environment and basic public resting facilities are in excellent physical health. The SGH
elderly with a good walking environment and a neighborhood with green facilities that
provide excellent shading, a relatively private environment with equipment for exercise,
and clean sanitation facilities, are also in excellent physical health. The SGH elderly who
consider walking as their leading outdoor activity, partake in less exercise with equipment
(anaerobic exercise) while caring for their children, and live in a neighborhood with clean
and sanitary facilities have good physical health.

The interrelated environmental indicators of the physical health of the SGH elderly
living in old neighborhoods are as follows: traffic and street safety, green and blue space
designs, friendly slow walking, multifunctional space design, social relationships, physical
activity ability, neighborhood sense of belonging, clean and sanitary facilities, public
transport connectivity and accessibility, and public resting facilities.

The indicators of green space design (A2), blue space design (A3), friendly slow walk-
ing (A4), multifunctional space (A5), social relationship (A6), public transport connectivity
and accessibility (A7), and neighborhood sense of belonging (A11) are the potential factors
that affect the poor physical health status of the elderly. Among them, blue space design
(A3), friendly slow walking (A4), and social relationships (A6) had a higher frequency;
therefore, ensuring that these three indicators are at a relatively high level can effectively
avoid the poor physical health of the SGH elderly. Furthermore, physical activity ability
(A8) had a high positive correlation with the physical health degree of the SGH elderly, and
the improvement of green space design (A2) and the quality of clean and sanitary facilities
(A12) also contributed significantly to the health degree of the elderly. Additionally, friendly
slow walking (A4), public transport connectivity and accessibility (A7), and public resting
facilities (A13) have a potentially positive effect.

4.3. INRM about the Mental Health of Elderly Living in SGHs

According to the DMATEL calculation, the relationship matrix T of the environmental
indicators related to the mental health of the elderly in the SGH is shown in Table 7.

As shown by the INRM (As shown in Figure 2), the most prominent factor was friendly
slow walking (A4), followed by green space design (A2), and the lowest was blue space
design (A3) and multifunctional space (A5). In terms of the indicator relationships, green
space design (A2) had a positive impact on the other indicators; friendly slow walking (A4),
blue space design (A3), and multifunctional space design (A5) were passive influences in
the system. Moreover, blue space design (A3) and multifunctional space design (A5) were
lower than friendly slow walking (A4). Therefore, green space design (A2) had a dominant



Systems 2023, 11, 104 12 of 19

positive influence on other indicators, and the influence of green space design (A2) on
friendly slow walking (A4) was much more significant than the interaction relationship
among other indicators.

Table 7. Matrix T about indicators of the mental health of elderly living in SGHs.

A2 A3 A4 A5 ri di ri + di ri − di

A2 2.256 2.551 2.809 2.548 10.163 9.115 19.277 1.048
A3 2.203 2.026 2.451 2.221 8.901 9.344 18.245 −0.444
A4 2.481 2.548 2.526 2.556 10.112 10.263 20.375 −0.151
A5 2.174 2.219 2.477 2.028 8.899 9.353 18.252 −0.454
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Figure 2. INRM for exploring the key environmental indicators of mental health.

Therefore, green space design (A2) was a critical environmental factor that affected the
mental health of the SGH elderly. When it changed, it inevitably affected other indicators.
Coldwell et al. [87] observed that greenery in the surrounding environment protects against
adverse mental health effects. Green spaces can reduce depression and anxiety by improv-
ing the personal quality of life and reducing personal stress. In old and poor communities,
green space is conducive to reducing the psychological pressure on community residents
and has a specific correlation with residential mental health [88,89]. The blue space design
(A3) is also a core indicator; however, some studies believe that compared with green space
design, blue space design is more suitable for the mental health of the elderly, especially
for its anti-depression characteristics [55]. However, this indicator is a passive influence
in INRM and may be related to the parenting behavior patterns of the elderly in SGHs
and the characteristics of the study area. These older adults must consider factors such
as the activities and safety of the children, and the caregiving behavior of community
activities. Notably, the blue space design (A3) and multifunctional space design (A5) were
in relative proximity in terms of both prominence and relation; this is because of the RST
results of only four local environmental indicators related to the mental health of the SGH
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elderly. Although blue space design (A3) and multifunctional space design (A5) were highly
correlated, there was a close mutual influence relationship. Based on the above results, the
quality of green space design is dominant for the mental health of the intergenerational
elderly, and policy and resource investment into this indicator can effectively improve the
other three indicators to achieve overall systematic improvement.

4.4. INRM about the Physical Health of Elderly Living in SGHs

According to DEMATEL calculation, the relationship matrix T of the environmental
indicators related to the physical health of the elderly in SGHs is shown in Table 8.

Table 8. Matrix T about indicators of physical health of elderly in SGHs.

A2 A3 A4 A5 A7 A8 A11 A12 A13

A2 0.227 0.352 0.316 0.338 0.318 0.360 0.278 0.233 0.360
A3 0.283 0.205 0.274 0.258 0.298 0.267 0.190 0.207 0.300
A4 0.257 0.258 0.154 0.259 0.237 0.239 0.154 0.144 0.213
A5 0.224 0.230 0.228 0.187 0.216 0.256 0.198 0.188 0.247
A6 0.159 0.194 0.157 0.231 0.154 0.171 0.210 0.094 0.226
A7 0.293 0.312 0.259 0.308 0.185 0.267 0.166 0.244 0.276
A8 0.235 0.256 0.230 0.266 0.197 0.167 0.134 0.139 0.270
A11 0.150 0.136 0.132 0.181 0.125 0.183 0.087 0.095 0.153
A12 0.182 0.205 0.175 0.254 0.210 0.204 0.144 0.105 0.228
A13 0.261 0.300 0.286 0.309 0.270 0.319 0.218 0.226 0.217

The results are shown in Figure 3, with green space design (A2), public resting facilities
(A13), and blue space design (A3) having the highest prominence (5–6); clean and sanitary
facilities (A12) and a neighborhood sense of belonging (A11) are the lowest (3–4); and the
other indicators are located in the middle segment (4–5). Overall, green space design
(A2) was the highest relation indicator, which was consistent with that of mental health.
Social relationship (A6) was the lowest indicator compared to its influence, and the other
indicators had the most significant influences.

Green space design (A2) was the highest indicator of prominence and relevance. It
is the core indicator in the evaluation system, and the results are the same as those of the
mental health questionnaire for the SGH elderly. INRM shows that it has a higher impact
on other indicators in the system, which is consistent with previous research results, such
as green space improving personal physical activity levels [90]. Wan et al. [91] posited
that green space design can enhance social activities and a sense of community belonging
by improving the environmental quality, personal environmental perception, and the
interaction mode. Fan et al. [92] highlighted the relationship between green space design
(A2), blue space design (A3), and public transportation accessibility (A7) [93]. Policymakers
should consider this, as changes in this indicator will primarily affect the other indicators
in the system. Neighborhood belonging (A11) was the least significant indicator as it is
a relatively vague concept that depends on the cognitive abilities of an individual [94].
Through analysis, we showed that this indicator is at the edge of the system, and its value
is less than 0, making it a passive influence; therefore, considering the investment effect,
this indicator had the lowest priority. Based on the INRM, social relationships (A6) were
the lowest indicator. As other indicators had the most significant impact, the change in
this indicator occurred in a state positively correlated with the final physical fitness of
the elderly, which is consistent with the results of previous studies [95]. Additionally,
the indicators of public resting facilities (A13), blue space design (A3), public transport
connectivity and accessibility (A7), and clean and sanitary facilities (A12) had a value greater
than 0, making them indicators that positively affect the system; thus, the improvement of
these would help improve the evaluation system. In contrast, for multifunctional space
design (A5), physical activity ability (A8), and friendly slow walking (A4), the values of
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these indicators were less than 0, making them indicators that negatively affect the system;
the improvement of these would have a limited impact on the overall system evaluation.
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5. Conclusions

This research explored the relationship between neighborhood environmental indi-
cators and SGH elderly living in old neighborhoods. Recommendations were provided
for future neighborhood renewal plans to avoid wasting resources. Based on the RST
analysis, two results on the mental and physical health of the SGH elderly were obtained
from the 655 questionnaires. By clarifying the interactive relationships between various
environmental elements, we created an INRM based on DEMATEL. In the research model,
the higher the prominence value, the higher the core degree of the indicator, and the higher
the relation value, the stronger the active influence of the indicator on the other indicators.
Therefore, when the values of both indicators are high, the change in the indicator has a
very significant impact on the model. Our research results showed that green space design
(A2) is at the top of the two values in the physical and mental health model of the SGH;
therefore, this indicator is the core attribute that affects the physical and mental health of
elderly people living in SGHs. Blue space design (A3) and multifunctional space (A5) have
small prominence values in the mental health model and are at the edge. Moreover, in the
physical health model, their prominence values rank third and fourth, respectively, and
the relation value of the blue space design (A3) was higher than that of the multifunctional
space (A5). Although friendly slow walking (A4) had the highest prominence value in
the mental health model, the relation value was negative and highly affected by green
space design (A2). In the physical health model, the prominence and relation values of
this indicator were relatively small, and its impact on the model was limited. Additionally,
public resting facilities (A13) and public transport connectivity and accessibility (A7) had
high prominence values and positive relation values in the physical health model; therefore,
these two indicators also had a practical impact on the physical health of elderly people
living in SGHs. Notably, these results were based on studies within the landscape ecology
category. The impact of environmental indicators on the health of the SGH elderly is limited.
An aging society is a complex issue, and future research should consider factors such as
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policy, economic status, medical conditions, and neighborhood management in order to
effectively improve the health level of the SGH elderly.

This study has some limitations, including in the MHI-5 and PASE questionnaires,
in investigating the physical and mental health status of the SGH elderly; however, the
two questionnaires were operable and could reflect the actual mental and physical status
of the tested population. The exact values of the physical indicators of the elderly, such
as height, weight, and blood pressure, cannot be measured. There is insufficient data for
a more accurate assessment of the health of the SGH elderly. This was a cross-sectional
study conducted on the sample population extracted over time, and the collected data had
a certain timeliness. This study addresses the aging society of the Chebei neighborhood
in Guangzhou; however, the research model can be applied to similar studies, and the
dynamic system model can be widely used in future research on an aging society.
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