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Abstract: Confronted with both internal environmental degradation and external economic transfor-
mation, the internal environment of old residential communities has become increasingly complex.
Enhancing resident adaptability is crucial for communities to address multiple urban crises and align
with community development and evolution. Complex Adaptive System (CAS) theory provides
an excellent analytical framework for this study, emphasizing that the adaptability of agents con-
tributes to system complexity. The complex adaptability issues faced by old residential communities
essentially involve mismatches among resident adaptive capacities, pathways, and objectives amid
changing environmental and socioeconomic conditions. This study focuses on residents of 15 old
residential communities in the central urban area of Xuzhou. Utilizing CAS theory, a structural
equation model is constructed to explore the mechanisms influencing resident adaptability. The
results indicate that the following: 1⃝ The perceived built environment and social environment
have significant positive impacts on resident adaptability. 2⃝ Mediation analysis reveals that the
perceived built environment plays a positive mediating role in the relationship between the objective
built environment and resident adaptability, as well as between the social environment and resident
adaptability. The objective built environment also serves as a positive mediator when the social
environment affects resident adaptability. 3⃝ Among the control variables examined, income, family
structure, and housing tenure significantly impact resident adaptability. This study not only deepens
the theoretical understanding of adaptability issues in old residential communities, providing a more
nuanced perspective for understanding residents’ adaptive behaviors in complex environments,
but also offers specific strategic recommendations for community renewal and enhancing resident
adaptability, thus holding significant theoretical and practical value.

Keywords: CAS theory; old residential communities; resident adaptability; influence mechanism;
SEM (Structural Equation Modeling)

1. Introduction

The process of urbanization is accelerating globally. According to the United Nations
Department of Economic and Social Affairs’ World Urbanization Prospects 2024, more
than half of the world’s population, equivalent to 3.9 billion people, currently lives in
urban areas. An additional 2.5 billion people are expected to reside in cities and towns
by 2050 [1]. The urban system is becoming unbalanced due to the interaction of external
environmental stimuli, such as natural disasters, and the gradual accumulation of pressures
like environmental degradation [2]. The socioeconomic environment of cities interacts
with individual factors to influence resident adaptability in complex ways. Theoretically,
a higher adaptive capacity among residents can maximize the overall adaptability of the
system. However, in reality, residents face not only economic and social resource pressures
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but also uncertainties relating to factors such as social identity and policy support. These
factors lead to physiological and psychological maladaptation, which has gradually be-
come one of the most prominent and complex issues in urban areas. Enhancing resident
adaptability has become a critical priority, shifting the focus to proactive adaptive measures
to address challenges posed by changes in internal and external environments. Research by
the International Resilience Alliance further confirms that enhancing the adaptive capacity
of individuals not only enables them to cope with environmental and social changes but
also helps maintain their functioning and level of service when the system is exposed to
external shocks [3]. The theory and practice of resident adaptability research continue to
attract attention. Resident adaptability is understood as the ability of residents to adjust and
change their cognition, behavior, and psychology in response to external environmental and
social role changes in combination with pre-existing resources [4]. In particular, in the face
of climate change, resource scarcity, and uncertainties in urban development, resident adap-
tive capacity has become a key factor in alleviating environmental stress and improving
quality of life. Scholars from various disciplines have explored how individuals respond to
environmental changes by adjusting their behavior and cognition [5,6]. Adaptation is often
discussed in the context of how residents cope with climate change, resource management,
and environmental risks [7,8], for example, in the study analyzing climate adaptive features
in traditional buildings to guide building design and retrofitting, or is related to matching
issues such as socioeconomic changes and policy adjustments [9,10]. In recent years, the
research focus has shifted from macro-level social and ecological systems to micro-level be-
haviors and community interactions [11]. Researchers have begun to examine the resident
adaptation at the individual and community levels [12]. For instance, numerous studies on
rural residents and small, unique towns have explored adaptation strategies under varying
environmental conditions [13,14]. Some studies have investigated the relationship between
community environments and resident adaptive behaviors in old communities. It focuses
on the effects of neighborhood and environmental factors on community satisfaction of
older adults and explores the differences in the needs of different residents for community
services and the types of community services [15,16]. These studies confirm the diversity
and complexity of the mechanisms underlying residents’ adaptive behavior. However,
most current research focuses on analyzing residents’ psychological perceptions without
fully integrating multi-dimensional behaviors into a systematic study. Additionally, many
studies concentrate solely on the relationship between residents’ behavior and objective
environmental factors, lacking a comprehensive analysis that includes economic policies,
social capital, and other aspects. The evaluation systems and mechanisms of action still
lack systematic and theoretical support. Scientific descriptions of the interactions between
subjects and their mechanisms of action remain unclear, necessitating further exploration
through practical and case studies.

Urban development has shifted from an incremental expansion mode to a stock re-
newal mode [17]. Old communities, which comprise a significant component of urban
stock space, often face development challenges such as poor physical and spatial environ-
ments, economic issues, and management failures due to the dual pressures of internal
environmental decay and external development transformations. The development or
decline of these communities is influenced by the aggregation and mobility of residents
and the progress of urbanization [18]. Although renewal activities in old communities are
ongoing, there remains uncertainty about the extent of improvement in residents’ lives.
While it is generally assumed that renewing the physical environment of a neighborhood
will enhance resident adaptability, this relationship is not always direct or effective. In
old communities, the government, developers, residents, and other stakeholders achieve
an adaptive equilibrium through negotiation and compromise, leading to certain renewal
and renovation activities. However, if diverse needs prevent the formation of an adaptive
balance, confrontational events such as forced demolition and resistance to demolition
may occur, leading to new adaptation issues like increased living burdens [19]. The adapt-
ability of residents, as the most active and diverse agents in their community, largely
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determines their attitudes toward renewal and community participation. Enhancing res-
ident adaptability is crucial for promoting the renewal of old communities, directly and
profoundly affecting development trends and path choices [20]. A prerequisite for improv-
ing resident adaptability is a detailed understanding of the complex relationships within
the community. Complex Adaptive System (CAS) theory emphasizes system complexity
and dynamics, as well as interactions among agents, challenging traditional theories that
view residents as passive recipients of external environmental influences. CAS theory has
proven effective in analyzing complexity and adaptability in community building [21].
This adaptive mechanism is reflected in residents’ behavioral adjustments, psychological
adaptation, and strategic responses, effectively addressing the multiple dilemmas faced by
old communities [22].

This study constructs a complex adaptive system for old residential communities
based on Complex Adaptive System (CAS) theory to validate the mechanisms influencing
resident adaptability. The research unfolds via the following five steps: (1) Summarize
existing research and systematically deconstruct old residential communities based on CAS
theory to define the connotations and characteristics of resident adaptability. (2) Com-
bine qualitative and quantitative perspectives to hypothesize influence mechanisms and
construct structural and measurement models. (3) Use the hedonic pricing model and
probability-proportional-to-size sampling method to select sample communities, and collect
and process relevant geographic spatial data and survey questionnaire data. (4) Conduct
data analysis, model modification, and testing to examine the influence paths and identify
the mechanisms affecting resident adaptability. (5) Develop strategies to enhance resident
adaptability, providing more systematic renewal ideas to address adaptability challenges
and promote the sustainable development of old residential communities (Figure 1).
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2. Theoretical Framework and Modeling
2.1. Resident Subject Adaptation in CAS Theory

In 1994, Holland proposed the Complex Adaptive System (CAS) theory, which em-
phasizes that “adaptability creates complexity”. According to this theory, the complex
evolution of a system is driven by dynamic agents within the system through their inter-
actions with the environment, self-adjustment, and self-organization processes to adapt
to external changes. It is the interactions among these agents, rather than the behavior of
a single agent, that drive the system’s complexity. Residents operate within material and
non-material environments shaped by government decisions, market forces, and urban
development, responding to the challenges of aging communities and satisfying their needs
through daily practices and behaviors (Figure 2).
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Old communities represent complex systems interwoven with interest groups, social
resources, and interaction rules. The core adaptive challenge, from the perspective of
CAS theory, is the mismatch between the adaptive paths of the agents and the adaptive
objectives. On one hand, the complexity of role rules and fixed environments, the presence
of multiple stakeholders in old communities, and interactions and conflicts of interest make
it difficult to achieve effective synergistic adaptation. Additionally, constraints in selection
mechanisms, cooperative management, technical measures, and funding models hinder
collaboration and synergy among adaptive agents, impacting the effective response to
complex issues. On the other hand, old communities lack feedback mechanisms that allow
for nonlinear correction. Traditional management models and decision-making processes
are linear and singular, failing to address the nonlinear relationships and feedback effects
inherent in complex adaptive challenges. This absence of feedback adaptation in the
renewal process makes timely correction and adjustment difficult.

2.2. Construction of Structural Models

In old residential communities, resident adaptability is influenced by multiple en-
vironmental factors that determine adaptive behaviors through multi-level, nonlinear
interactions. At the micro level, residents interact with factors such as land use, transporta-
tion, and infrastructure, which directly affect their quality of life and adaptability. At the
macro level, policies, economic conditions, and other external factors shape opportunities
and challenges relating to resident adaptation. Research has extensively explored the
relationship between objective characteristics of the built environment—such as residential
density, street connectivity, green coverage, and the accessibility of public services, and
residents’ subjective perceptions of these characteristics and their adaptability. However,
resident adaptability is influenced not only by the objective environment but also by their
cognition and feelings toward the living environment.

Recent sociological and psychological studies suggest that residents’ perceptions of
their environment often differ from the objective reality. Research has shown that subjec-
tive indicators, such as life satisfaction and health, are closely related to environmental
perceptions and are not solely determined by objective conditions [23]. Gebel et al. found
that nearly 30% of residents’ perceptions of the built environment do not align with ob-
jective indicators [24]. These perceptual differences arise from factors such as personal
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experiences, cultural backgrounds, and psychological states, complicating the relationship
between the built environment and residents. This body of research informs how the
objective built environment and resident adaptability can be improved in old neighborhood
renewal projects. Thus, both subjective and objective indicators are essential for assessing
adaptability. Subjective indicators capture resident perceptions and evaluations, while
objective indicators quantify environmental characteristics. Combining these provides a
more comprehensive evaluation of how the built environment affects adaptability.

In summary, understanding resident adaptability in old residential communities
requires a holistic approach that accounts for individual differences, external environmental
changes, and resident–environment interactions. These relationships are complex and multi-
layered, with direct and indirect influences. This study aims to explore how the objective
built environment, perceived built environment, and social environment collectively shape
resident adaptability.

(1) The Impact of the Objective Built Environment on Resident Adaptability:

Research has extensively confirmed the significant influence of the objective built
environment on various resident behaviors. Environmental factors such as land use, trans-
portation, and infrastructure affect how residents adapt to spatial changes. Previous studies
(e.g., Noordzij, 2019; Wenyue Yang, 2023) have shown that proximity to green spaces is
associated with better mental health [25,26]. Ding (2009) emphasized the role of commercial
facilities in shaping residents’ daily behavior [27]. Koohsari (2017) demonstrated that street
layout and public space quality significantly enhance social interactions and well-being [28].
However, aging infrastructure and compact spatial layouts challenge convenience and
daily social interaction, especially for elderly residents, exacerbating social isolation. As
an important catalyst for social behaviors, the objective built environment is empirically
linked to resident adaptability [29]. Thus, the following hypothesis is proposed:

H1. The objective built environment has a direct positive effect on resident adaptability.

(2) The Impact of the Perceived Built Environment on Resident Adaptability:

The perceived built environment refers to residents’ subjective feelings toward their
community, including their experiences of esthetics, safety, and convenience. Studies by
Brownson et al. (2009) and Sallis (2009) highlight the varying roles of objective and per-
ceived environments in predicting behaviors, such as travel patterns [30,31]. Downs and
Stea argued that individual perceptions are shaped not only by physical reality but also
by personal experiences, emotions, values, and goals [32]. Ma (L.) suggested that subjec-
tive cognition affects how people interpret a space, influencing their behavior, residential
choices, and community participation [33]. Research indicates that residents’ subjective
perceptions often have a greater impact on their adaptive behaviors and mental health than
objective characteristics; this is particularly true for interactions with natural environments
and the sense of community safety, which significantly influence psychological resilience
and social interactions. Interacting with natural environments, such as parks and green
spaces, can significantly enhance residents’ mental health and resilience, as well as reduce
anxiety and depression, thereby strengthening psychological resilience and providing a
solid foundation for adapting to life’s challenges. At the same time, perceptions of commu-
nity environment esthetics and safety directly affect residents’ daily behaviors. A beautiful
and safe community environment not only encourages residents to participate in outdoor
activities and reduces criminal behavior but also improves residents’ life satisfaction and
sense of community belonging, thereby promoting social adaptation [34]. The various
perceived pathways of the built environment collectively influence residents’ physical and
mental health, behavioral patterns, and social relationships, forming a complex network of
effects. These perceptions not only directly enhance residents’ mental and physical health
but also improve their social adaptability, thereby promoting the overall enhancement of
resident adaptability on multiple levels. Therefore, Hypotheses 2 and 3 are proposed.
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H2. The perceived built environment has a direct positive effect on resident adaptability.

H3. The perceived built environment mediates the effect of the objective built environment on
resident adaptability.

(3) The Impact of the Social Environment on Resident Adaptability:

Residents’ adaptive behaviors are not static but change dynamically with time, policy
adjustments, economic fluctuations, and social transformations, with the social environ-
ment playing a central role in this process. Previous research has proven that the social
environment has a significant influence on subjective well-being and resident participation.
The social environment not only facilitates mutual support and information exchange
among residents by providing social platforms but also shapes residents’ shared goals and
identity through collective memory and community culture, thereby affecting their percep-
tions of the environment and adaptation strategies. Therefore, the following hypothesis
is proposed:

H4. The social environment has a direct positive effect on resident adaptability.

The social environment, as a non-material element, has a profound impact on social
support and community cohesion through individual perception. Personal and social
environmental variables can interact, leading to different physiological and psychological
responses [35]. A sense of safety, comfort, and esthetics in the community environment can
encourage interaction among neighbors and effectively enhance community identity levels.
At the same time, the characteristics of the social environment, such as community culture,
policy orientation, and social norms, directly influence the improvement or deterioration
of the objective built environment [36]. Residents can promote the improvement of infras-
tructure and the community environment through social participation and community
organization activities. These changes not only directly improve residents’ quality of life
but also indirectly enhance their adaptability by optimizing their living environment [37].
Therefore, Hypotheses 5 and 6 are proposed.

H5. The perceived built environment mediates the effect of the social environment on resident adaptability.

H6. The objective built environment mediates the effect of the social environment on resident adaptability.

This study integrates subjective and objective evaluations of three dimensions of neigh-
borhood attributes—the perceived built environment, objective built environment, and
social environment—to explore their relationship with resident adaptability. A structural
relationship hypothesis model is constructed (Figure 3).
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2.3. Construction of Measurement Models

In this study, the questionnaire consists of four latent variables and four control
variables. The latent variables are resident adaptability, the objective built environment,
the perceived built environment, and the social environment. The measurement indicators
for these latent variables were selected based on the literature and subsequently reviewed
by three professors specializing in old neighborhood renovation research, receiving their
approval. The control variables encompass income, education level, occupation, and age.

Resident Adaptability:
According to Shekhar et al. (2019), residents’ neighborhood well-being is primar-

ily determined by four key factors: participation, access, identity, and safety [38]. This
study focuses on three dimensions of resident adaptability: psychological adaptability,
social behavior adaptability, and environmental behavior adaptability. These dimensions
reflect residents’ ability to adapt in terms of psychological resilience, social interaction, and
environmental utilization [39]. Psychological adaptability explores residents’ emotional
regulation, mental health, and coping strategies in response to environmental changes, mea-
sured using indicators such as community participation, social networks, and trust [40,41].
Social behavior adaptability evaluates residents’ involvement in community construction,
governance, and decision-making, as well as their access to resources within social net-
works, using similar indicators. Environmental behavior adaptability assesses residents’
capacity to modify their behavior and strategies to suit evolving environmental conditions,
measured via their environmental awareness and sense of community identity [42,43].

The Objective Built Environment:
The objective built environment refers to the physical and spatial attributes of a neigh-

borhood and its surroundings, including infrastructure, public services, transportation
networks, and building density. As the visible foundation of a neighborhood, these factors
provide the physical conditions necessary for residents’ daily lives. The assessment of the
objective built environment is based on objective data, including residential density, floor
area ratio, POI (point of interest) entropy within a 1km radius, POI density, road network
density, and accessibility of public services. These indicators are used to evaluate functional
diversity, design quality, and spatial compactness [44,45].

The Perceived Built Environment:
The perceived built environment reflects residents’ subjective evaluations of their

living environment, such as their satisfaction with housing, neighborhood facilities, green
spaces, and transportation [24]. These perceptions encompass not only the objective char-
acteristics of the environment but also residents’ cognitive abilities, personal experiences,
goals, and psychological states [46]. The process of perception involves subjective agency,
which enables residents to better adapt to a complex and changing environment, facilitating
optimal responses in various situations.

Social Environment:
Old residential communities are not only physical spaces but also “spiritual communi-

ties” that harbor residents’ emotions and memories. The social environment is crucial in
balancing residents’ social relationships and conflicts of interest [47]. This study measures
the social cohesion of residents through community participation, sense of belonging, and
community trust while also evaluating the richness of social resources based on community
management, policy guidance, and a neighborhood deprivation index [48].

Control Variables:
In studies on social phenomena, particularly those related to the complexity of resi-

dents’ behaviors, socioeconomic factors such as income, education level, occupation, and
age can significantly influence outcomes. By treating these factors as exogenous variables,
this study more accurately captures the net effects of the objective built environment,
perceived built environment, and social environment on resident adaptability.

This study, grounded in the CAS framework and incorporating the abovementioned
analytical dimensions of old residential communities, selected a set of observational vari-
ables tailored to the spatial characteristics of old residential communities. Ultimately,
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26 observational variables were chosen to constitute the system of factors influencing
resident adaptability in old residential communities (Table 1).

Table 1. List of questions.

Latent Variable Observed Variable Measurement Method

Resident Adaptability

Happiness perception

Taking into account your satisfaction with your community and
personal life and your outlook for the future, your happiness with
life in the community is higher

You believe that the community in which you live has a greater
impact on your happiness

Security awareness

The standardized management system of the community makes
me feel safe

The overall safety and security of the community gave me peace
of mind

Community involvement

I am willing to participate in community activities and
public affairs

I would like to recommend others to get involved in
the community

I am willing to contribute to the renovation of the community

Social networks
I’m concerned about what is going on in the neighborhood

I feel at home in the neighborhood

Community trust

How much do you trust people in your community to help and
support each other?

How much trust do you have in community management bodies
such as community councils, property management, etc.?

I have a close relationship with community organizations

Overall identity

The overall environment of the community makes me satisfied

Do you agree with the direction and plan of the community?

I have a close relationship with community organizations

Environmental perception
How satisfied are you with the environmental quality of your
community?

How do you rate the hygiene and cleanliness of your community?

The Perceived
Built Environment

Building safety The building is equipped with well-maintained firefighting
facilities and properly marked emergency exits.

Building quality I am satisfied with the building quality of the community where
I live

Architectural features I am satisfied with the architectural style of the community

Greening quality The green environment of the community makes me feel
comfortable and satisfied

Public space The public activity area of the community can meet my daily
entertainment, leisure, and other activities

Parking space The parking space in the community is sufficient for me and
other residents

Accessibility of public space
Do you think the community and its surrounding public spaces
(fitness facilities, various sports facilities, and sports venues) are
easily accessible?

Transportation convenience
Are you satisfied with the transportation environment in
your community?

The transportation facilities feel convenient
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Table 1. Cont.

Latent Variable Observed Variable Measurement Method

The Objective
Built Environment

Permanent population density Total resident population/total area of the community

Floor area ratio Gross floor area/plot area

Road network density The total length/area of the road within 1 km with the
community as the center of the circle

Accessibility of public
service facilities GIS spatial autocorrelation analysis

POI density The number of POI within 1 km of the cell as the center of
the circle

POI type entropy index EI = ∑Si × ln(1/Si), where Si is the proportion of Class i POI in
the total POI within the search range

Social Environment

Neighborhood support

You have offered or received help in your neighborhood

The number of neighbors you can ask for advice when you have a
problem with your life

Neighborhood contact

I have a close relationship with my neighbors

I hope more communication between neighbors will promote
harmony in the neighborhood

Community culture
The community has enough historical and cultural resources

Community residents have a unified identity

Community management

Whether the community has a standardized property or
community (community) committee management

Frequency of transactional community activities (such as
feedback on community problems, planning and construction
hearings, etc.)

Policy guidelines

The government has a sound system support to ensure the
effectiveness of the renewal policy of old residential areas

The government supports and supervises the renovation projects
of old residential areas, which can ensure the sustainability of
the renovations

3. Materials and Methods
3.1. Study Area

Xuzhou, a city with a profound history, once prospered due to its rich coal resources
but embarked on a path of transformation following resource depletion. Today, it has
successfully transitioned from a “black” coal city to a “green” new city, adhering to the
concept of sustainable development and achieving remarkable success in urban planning
and living environment improvement. Xuzhou has won both the “United Nations Habitat
Award” and the “China Habitat Environment Award”. This study selected Xuzhou City as
the research subject for the reasons described below.

First, during rapid urbanization, Xuzhou experienced significant changes in the physi-
cal and spatial environment and socioeconomic structure of many old districts in the central
city. The current status of these communities demonstrates the complexity and diversity
of renewing old communities and provides abundant cases and data for understanding
residents’ adaptive behavior in different contexts. Second, the Xuzhou government has
implemented innovative measures to renew old communities, including policy support,
financial investment, and community participation, reflecting its emphasis on residents’
needs and a positive attitude toward community renewal. For example, the government
has upgraded community “meeting rooms,” enhancing residents’ willingness to partici-
pate in community activities, which directly impacts their adaptability. Finally, Xuzhou’s
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urban development model has shifted from industry-led to service- and innovation-driven,
diversifying its socioeconomic structure to include residents of different income levels, edu-
cational backgrounds, and occupations. This diversity provides rich perspectives and data
for studying resident adaptability, enhancing the study’s typicality and generalizability.

In summary, Xuzhou City is an ideal subject for studying the adaptability of residents
in old communities due to its representative urban transformation, the complexity and
diversity of its old neighborhood issues, and the richness of government initiatives and
socioeconomic structure, making it a significant and typical case for such studies.

According to the official statistics from the Xuzhou Real Estate Service Center, there
are a total of 489 old communities within the central city of Xuzhou, including some single
buildings and scattered areas. Considering the main objective of this study, due to the large
disparity in the construction and scale of these communities, sample selection was necessary
to determine the communities for this study. Initially, a hedonic pricing model was used for
comprehensive evaluation and categorization. After reviewing the relevant literature, nine
explanatory variables were selected to construct the model: floor area, number of buildings,
total number of households, proximity to a bus stop within 500 m, proximity to a subway
station within 1000 m, education level, degree of well-developed living facilities, property
ownership, and age of completion. Quantitative data were directly quantified using actual
values of the variables, while qualitative data were quantified using dummy variables
and hierarchical assignment of values. Finally, the composite score of each neighborhood
was calculated and divided into five score bands according to percentiles. The sample
proportion for this study was determined based on the number of old communities in each
administrative district. Subsequently, a stratified probability proportional scale sampling
method was used to select 6 communities from Quanshan District, 5 from Yunlong District,
and 4 from Gulou District, totaling 15 communities as the samples for this study (Figure 4).
This approach ensures that the selected samples better represent the characteristics and
situations of various types of Old communities in Xuzhou City.
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3.2. Research Methodology

Structural Equation Modeling (SEM) is a robust statistical technique that integrates
multiple multivariate analysis methods, enabling researchers to examine the relationships
between multiple variables simultaneously within a unified framework. SEM is particularly
useful for exploring dynamic relationships in complex social phenomena and individual
behaviors. The SEM evaluation process ensures a good fit between the model and the
data, allowing for effective hypothesis testing. Researchers can analyze both direct and
indirect effects, as well as mediation and moderation, providing a comprehensive under-
standing of the complex interactions between variables. SEM constructs two models: a
measurement model and a structural model. The measurement model defines the relation-
ships between latent variables and their corresponding observed variables, as shown in
Equations (1) and (2), while the structural model describes the relationships between latent
variables, as shown in Equation (3):

X = Λxξ+ δ (1)

Y = Λyη + ε (2)

η = Bη + Γξ + ζ (3)

Here, x and y represent the sets of exogenous and endogenous variables, respectively. Λx
and Λy denote the factor loading matrices of the exogenous latent observed variables on the
exogenous latent variable ξ and the factor loading matrix of the endogenous latent variables
on η, respectively. δ and ε represent measurement errors. B is the effect coefficient matrix
between endogenous latent variables η. Γ is the effect coefficient matrix of exogenous latent
variables on endogenous latent variables. ζ is the residual term of the structural model.

3.3. Data Sources

This study used data from authoritative official sources and firsthand data collected
through field research. The official data, sourced from government departments and
statistical agencies, included information on the construction period, resident population,
and building area, ensuring data reliability and authority. In addition, spatial data—such
as road networks and POI data—were processed using ArcGIS 10.8 software to enrich the
analysis (Table 2).

Table 2. Data sources.

Name of Data Source of Data

Data on plots in old
residential communities

Cell boundary data, footprint, etc. Google Map API

Age of construction, ownership, number
of households, plot ratio, etc. Statistical data on district offices

Quality of housing, appearance,
availability of municipal networks, road

safety, rental rates, etc.

Site visits, questionnaire surveys,
community and resident interviews

Road data Data on urban primary, secondary, and
feeder roads Open Street Map

POI data Locations of education, health care, living,
transport, and public service facilities Google Map API

Social data Neighborhood interactions, sense of
belonging, residents’ perceptions, etc.

Questionnaire survey, community, and
resident interviews

The research questionnaire of this study did not involve human and zoological re-
search, but as a social science study involving human participants, we still adhered to the
relevant regulations and requirements of ethical review. Prior to the conducting of this
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study, the Institutional Ethics Review Service of China University of Mining and Technol-
ogy conducted a comprehensive review of the design, implementation process, and data
collection and processing methods, and confirmed that the study complied with the ethical
requirements and protected the rights and interests of the study participants, including but
not limited to the aspects of informed consent, privacy protection, and data security.

The survey was conducted both online and offline. Fieldwork and online surveys
were carried out in the 15 selected communities between 25 January and 6 February
2024 and between 2 September and 8 September 2024. A total of 645 questionnaires
were distributed and, after screening, 583 valid responses were obtained, yielding an
effectiveness rate of 90.4%. The questionnaire consisted of three sections: instructions to
help the respondents understand the content and concepts; questions to determine the
socioeconomic attributes of the respondents, such as gender, age, and occupation, which
served as control variables; and evaluations of the resident adaptability, built environment,
and social environment, which provided the observed variables for the subsequent model.
All variables were standardized.

4. Results
4.1. Sample Characteristics

Among the 583 valid respondents, 48.7% were male, and 51.3% were female, meeting
the necessary requirements for a sample analysis. In terms of age and occupation, the
majority of the population was over 50 years old, with 58.2% being retirees, aligning with
the typical demographic profile of old community residents. Regarding education, most of
the respondents had completed junior high school or had not attained a bachelor’s degree,
reflecting a moderate level of educational attainment. The average income of the residents
was relatively low, with a significant proportion earning below CNY 2000 per month. In
terms of housing ownership, 86.8% of the respondents owned their homes. This study
integrates the findings of relevant scholars with the specific context of old neighborhoods
to classify the family structures of residents Based on the ethical relationships and the
number of family members, the main categories include single-person families, nuclear
families, couple families, and composite families [49]. Specifically, nuclear families con-
stitute 35.7% of the sample, followed by composite families, with single-person families
representing a smaller percentage. The sample characteristics closely followed a normal
distribution, exhibiting good diversity and randomness, and the sample accurately reflected
the demographic and socioeconomic situation of residents in old residential communities
(Table 3).

4.2. Reliability Testing

Some of the data in this study were measured using scales, and reliability and validity
tests were essential to ensuring the robustness of subsequent analyses. A confirmatory
factor analysis (CFA) using the maximum likelihood estimation method was conducted.
Items with poor overall consistency (item–total correlation coefficients, ITCs < 0.3) were
identified and either corrected or eliminated. After these adjustments, Cronbach’s alpha
was used to assess the internal consistency of the latent variables, with values ranging
from 0 to 1. A higher Cronbach’s alpha indicates higher reliability, and all latent variables
achieved reliability coefficients above the recommended threshold of 0.7, confirming good
internal consistency (Table 4).

Validity is divided into content validity and construct validity. The questionnaire and
variables in this study were based on literature reviews and relevant expert evaluations
and revisions, meeting the requirements for content validity. In terms of construct validity,
this study used a confirmatory factor analysis to test the validity. The closer the Kaiser–
Meyer–Olkin (KMO) measure is to 1, the stronger the correlation between the variables. The
KMO measure of sampling adequacy for the community environment questionnaire was
0.726, greater than 0.6, and the significance level of Bartlett’s test reached 0.00 without the
covariance matrix being an identity matrix, indicating that the questionnaire is suitable for
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factor analysis. Principal component analysis showed high factor rotation loads, with the
cumulative explained variance reaching 62.442%, and the extracted principal components
explained the variance in the original variables well. A total of six related factors were
screened out, which had good representativeness. The analysis of the resident adaptability
scale yielded a KMO of 0.779, with a significance level less than 0.01, and the cumulative
explained variance reached 60.189%, indicating that the scale has good construct validity
(Table 5).

Table 3. Description of the distribution of sample characteristics.

Variable Option Frequency Percentage

Sex
Male 284 48.7

Female 299 51.3

Age

Less than 20 years old 24 4.1
20–35 years old 136 23.3
35–50 years old 84 14.4
50–65 years old 163 28.0

More than 65 years old 176 30.2

Occupation

Enterprises and public institutions 43 7.4
Company employees 94 16.1

Self-employed 36 6.2
Service workers 23 3.9

Students 77 13.2
Retired 233 40.0
Others 77 13.2

Academic qualification

Primary and below 102 17.5
Junior high school 146 25.0

Secondary school and high school 163 28.0
College and undergraduate 166 28.5

Postgraduate and above 6 1.0

Average monthly income

Less than CNY 2000 180 30.9
CNY 2001–4000 150 25.7
CNY 4001–6000 146 25.0

Above CNY 6001 107 18.4

Family structure

Single-person households 67 11.5
Couples family 132 22.6
Nuclear family 208 35.7

Composite family 176 30.2

Homeownership
Private housing 506 86.8
Public housing 26 4.5
Rental housing 51 8.7

Table 4. Cronbach’s alpha reliability test.

Variant Cronbach’s Alpha Standardized Cronbach’s Alpha Item Count

The Perceived Built Environment 0.750 0.747 9

The Objective Built Environment 0.826 0.859 6

The Social Environment 0.704 0.700 5

Environmental Identity 0.764 0.766 20

Resident Adaptability 0.712 0.718 7
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Table 5. KMO and Bartlett’s test.

Scale Data Environmental Identity Resident Adaptation

KMO Sampling Suitability Quantity 0.726 0.779

Bartlett’s test of sphericity
χ2 3913.407 669.190
Df 190 21
p 0.00 <0.01

The convergent validity of the scale was assessed by calculating the combined reli-
ability (CR) and average variance extracted (AVE) values, which showed that the CRz
ranged from 0.717 to 0.850, which is above the recommended value of 0.7. The AVE values
were all in the range of 0.359–0.501, which is close to or greater than the threshold value of
0.360. The discriminant validity calculations showed that the square root of the average
variance extracted in the present study was above 0.6, which is higher than the correlation
coefficient between all the correlation coefficients between the latent variables, indicating
good discriminant validity between the latent variables (Table 6).

Table 6. Convergent and discriminant validity.

Variant CR AVE V1 V2 V3 V4

The Social Environment (V1) 0.722 0.359 0.599

The Objective Built Environment (V2) 0.850 0.501 0.141 0.708

The Perceived Built Environment (V3) 0.751 0.385 0.229 0.256 0.620

Resident Adaptability (V4) 0.717 0.371 0.516 0.175 0.607 0.609

Note: Diagonal bolded values are square roots of AVE values.

4.3. SEM Corrections and Inspections

The model fit and modification indices are critical in an SEM analysis. Given the
satisfactory descriptive statistics and reliability and validity testing results, the sample
data met the requirements for model fitting. Using AMOS 28 software, the sample data
and preset paths were analyzed for fit. A path analysis of the factor regression paths was
conducted, with model revisions based on modification indices provided during hypothesis
testing. The final model showed a good fit with the following indices: the chi-square to
degrees of freedom ratio (CMIN/DF) = 2.900, root mean square error of approximation
(RMAEA) = 0.057, comparative fit index (CFI) = 0.872, goodness of fit index (GFI) = 0.891,
normed fit index (NFI) = 0.819, and Tucker–Lewis index (TLI) = 0.843. These results indicate
that the SEM model had a good fit with the sample data and met statistical standards,
confirming the reliability of the results and impact pathways; thus, they could be used to
analyze resident adaptability mechanisms in old residential communities (Table 7).

Table 7. Indicators of model fit.

Fitness Index
Fitness Indicators

CMIN/DF GFI RMR RMSEA CFI TLI NFI

Ideal value (1-5) >0.8 <0.08 <0.08 >0.8 >0.8 >0.8

Model values 2.900 0.891 0.046 0.057 0.872 0.843 0.819

4.4. Critical Path Test

A path analysis was conducted by evaluating the factor loading coefficients. After
testing the measurement variables, the model path coefficients were examined. Significant
relationships between the model variables were determined using significance tests: if the
t-value exceeded 1.96 (corresponding to a 95% confidence level) or the p-value was below
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0.05, the relationship was considered significant. The standardized path coefficients were
used to evaluate the strength of these relationships (Table 8).

Table 8. Table of model regression coefficients.

Impact Pathways Standardized Coefficient S.E. S.R. p Significance

H1 −0.1 0.026 −1.390 0.165 Significance

H2 0.52 0.050 7.368 0.001 Significance

H3 0.23 0.037 4.665 0.001 Non-significance

H4 0.40 0.080 6.406 0.004 Significance

H5 0.14 0.110 2.930 0.003 Significance

H6 0.20 0.091 3.743 0.001 Significance

The mediating effects were tested using the bootstrap method, which involved draw-
ing 1000 samples. The mediating effect values corresponding to the 2.5th and 97.5th
percentiles were taken as the lower and upper bounds of the confidence interval. If the
confidence interval did not include zero, the mediating effect was considered significant
(Table 9).

Table 9. Coefficient of influence between endogenous variables.

Variables
Social Environment The Objective Built Environment The Perceived Built Environment

Direct
Impact

Indirect
Impact

Overall
Impact

Direct
Impact

Indirect
Impact

Overall
Impact

Direct
Impact

Indirect
Impact

Indirect
Impact

The Objective Built
Environment 0.14 *** 0.14 ***

The Perceived Built
Environment 0.23 *** 0.20 *** 0.03 *** 0.23 *** 0.23 ***

Resident Adaptability 0.50 *** 0.40 *** 0.10 *** 0.10 *** −0.02 0.12 *** 0.52 *** 0.52 ***

Note: *** represent significance levels of 1%.

The results of the structural relationships and path measurements show that the
direct impact of the objective built environment on resident adaptability had a p-value
greater than 0.05, indicating that the direct effect was not significant. This contradicts
the results of previous studies that suggested that the objective environment directly
promotes resident behavior; thus, Hypothesis 1 was not supported. The standardized
path coefficient of the perceived built environment on resident adaptability was 0.52, with
a p-value less than 0.05, indicating a significant positive correlation; thus, Hypothesis
2 is verified. In the two potential mediating paths examining the impact of the objective
factors on the subject, the perceived built environment had a full mediating effect, while the
mediating effect of the social environment did not reach significance. The objective built
environment indirectly affected resident adaptability through individual perception; thus,
Hypothesis 3 is supported. The load coefficient of the social environment on the subject’s
adaptability was 0.40, having a significant positive impact; thus, Hypothesis 4 is verified.
The social environment influenced resident adaptability through the mediating effects of
the objective built environment and the perceived built environment; thus, Hypotheses
5 and 6 are verified.

5. Discussion
5.1. Analysis of the Mechanisms Influencing Resident Adaptability

The Structural Equation Modeling (SEM) results were organized and visualized
(Figure 5), illustrating the mutual influences among the latent variables. This section
discusses the differentiated pathways through which the objective built environment,
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perceived built environment, social environment, and control variables impact resident
adaptability. The analysis integrates Complex Adaptive System (CAS) theory to examine
the mechanisms of influence, offering deeper insights into the interactions and feedback
loops within the system, as well as how the synergy of multiple variables enhances resident
adaptability.
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5.1.1. Pathway of the Objective Built Environment

The analysis shows that the direct impact of the objective built environment on resident
adaptability is not significant, indicating that improvements to the physical environment
alone do not significantly enhance adaptability. This finding contrasts with those of pre-
vious studies that suggested that the objective environment directly influences residents’
behaviors [50]. Instead, the model reveals an indirect pathway: “the Objective Built En-
vironment → the Perceived Built Environment → Resident Adaptability”. This finding
reflects the “self-organizing” nature of CAS in which residents, over time, develop “en-
vironmental learning” about their surroundings. Rather than passively accepting their
environment, residents form adaptive psychological and behavioral mechanisms through
prolonged interaction with their physical environment. Through field visits and surveys, it
was found that in old residential communities with a relatively stable community culture
and close neighborly relationships, residents who had lived there for a long time internal-
ized their adaptation to the physical environment through years of living, familiarizing
themselves with every corner of the community. Therefore, they may have accepted or even
minimized the shortcomings of the objective built environment. Residents in old residential
communities are often older and experience relatively poorer economic conditions, which
leads them to focus more on the stability and supportiveness of the community. Their needs
for environmental improvement mainly center around living convenience and residential
safety rather than more modern or high-quality physical facilities.
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5.1.2. Pathway of the Perceived Built Environment

Under CAS theory, the perceived built environment manifests as a subjective cognitive
feedback mechanism. In the path of resident adaptability, the path coefficient of the
perceived built environment is 0.51. This means that positive environmental experiences can
significantly enhance residents’ positive emotions toward the community and increase their
willingness to participate in community activities, and this positive community attitude is
an important foundation for community cohesion and resident happiness. Residents of old
residential communities pay more attention to improvements in the living environment
and the renewal of community facilities, which directly relate to their quality of life and
satisfaction. By participating in community construction and environmental improvement
through community resident committees or other organizational forms, it is hoped that
living conditions and quality of life improve. In old residential communities, residents’
perceptions of the environment are often more subjective and selective. Residents selectively
focus on and interpret environmental information, and they assign unique meanings to the
environment based on their own needs and preferences. On one hand, this perception is
constrained by objective environmental conditions; on the other hand, it also acts on the
objective environment, guiding residents to adopt corresponding adaptive behaviors [51].

Residents’ perception of the environment is not only derived from objective physical
conditions but is also influenced by subjective psychology, cultural background, and social
interactions. If residents perceive the community environment as safe and comfortable,
with a rich community culture and harmonious neighborly relations, they will have better
mental health and more positive social interactions. This internal perception and adaptive
mechanism is a powerful driving force that stimulates their active adaptive behaviors,
prompting them to be willing to contribute their time and resources for the welfare of the
community. This participation further strengthens the community’s social capital, creating
a virtuous cycle. Residents’ subjective perceptions of the environment not only affect
their current behavioral decisions but also form a self-reinforcing cycle through feedback
mechanisms. Positive environmental perceptions encourage residents to participate more
in community affairs, thereby enhancing the community’s social capital and the possibility
of physical environmental improvements, further improving resident adaptability. This
stimulus–perception–adaptation feedback path causes residents’ active ability to adjust to
the environment and, through perceptual optimization, enhances their resistance to envi-
ronmental uncertainties. Therefore, the perceived built environment is actually a complex
variable that integrates material conditions and residents’ psychological cognition. In a
CAS, individuals and the environment continuously adjust through multi-level feedback,
with individuals ultimately forming adaptive responses to the environment.

5.1.3. Pathway of the Social Environment

The social environment plays the roles of a “buffer” and a “connector” in a CAS.
The path coefficient in the model shows that the social environment has a direct impact
on resident adaptability (path coefficient of 0.40) and moderates their perceptions of the
environment, with an influence coefficient of 0.2. The model indicates that for the “social
→ perception → subject” path, the total effect is significant (c = 0.668; p < 0.001), indicating
a significant impact of society on the subject. Further analysis shows that the positive
effect of society on perception is significant (a = 399; p < 0.001), and the positive impact of
perception on the subject is also significant. The value of a*b is 0.062, and its 95% confidence
interval does not include 0, indicating a significant mediating effect. At the same time, after
controlling for the mediating variable, the direct effect of society on the subject remains
significant, but it is weaker than the total effect; thus, it can be determined to be a partial
mediating effect. This indicates that society not only directly affects the subject but also
indirectly influences the subject, partially through perception [52]. This pathway confirms
the multi-level feedback mechanism in CAS theory: individuals influence their perception
of the environment through social interactions; in turn, this leads to new behavioral
responses. Through participation in community activities and community mutual aid,
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their adaptive capacity is further strengthened. The continuity of community culture and
the deep connections among neighbors compensate for the shortcomings of the objective
environment at the perceptual level, providing residents with emotional support and a
sense of belonging. In old residential communities, residents form a collective identity
based on their shared life background and community identity. Although their specific
perceptions and needs differ, they often produce common emotional responses when facing
common environmental challenges, leading to a shared value orientation and improvement
goals [53]. This positive effect at the perceptual level, though it does not directly change
the physical environment, promotes community activities and enhances interpersonal
interactions, significantly improving quality of life, especially for the elderly population in
old residential communities, by reducing the sense of social isolation.

Overall, the social environment can promote the improvement of the objective built
environment (load 0.14), enhance residents’ subjective perceptions of the community envi-
ronment, and indirectly influence adaptability. Through surveys and visits to the Wangling
Community and Haizheng Community, it was found that the community committee
organized resident volunteer activities, such as cleaning public spaces or maintaining
community gardens, which not only improved the living environment but also made many
residents feel that they were contributing to community development, thereby enhancing
their adaptability to the environment. A number of old residential communities, such as
the Yundong Community, have undergone renovation and transformation, significantly
improving the residents’ living environment. Renovations and repairs of buildings and
roads and the optimization of public facilities and green environments directly enhanced
the comfort and safety of the living environment, increasing residents’ satisfaction with the
community. The government’s financial support and technical guidance have also given
residents confidence. The improvement of the physical environment and the cultivation of
the social environment are complementary to each other. Various residents, community
organizations, grassroots governments, and other constituents of the community form a
dynamically evolving social network through continuous interaction and feedback [40].
When the social environment is good, more cooperative behaviors and collective actions
can emerge within the community, enhancing the system’s ability to cope with external dis-
turbances. Conversely, a poor social environment may exacerbate residents’ vulnerability
and weaken the community’s adaptability. In complex adaptive systems, social capital can
effectively enhance the resilience of individuals and groups, strengthening the system’s
adaptability to external disturbances. This emphasizes the indispensability of social in-
teractions and policy support in enhancing resident adaptability, which is consistent with
previous research findings.

5.1.4. Moderating Effects of Control Variables

A CAS emphasizes the diversity and heterogeneity of agents within the system. In old
communities, this diversity is reflected in the residents’ socioeconomic backgrounds, ages,
lifestyles, and cultural backgrounds. As shown in Table 10, even after controlling for age,
monthly income, home ownership, family structure, and education, the social environment
and perceived built environment still significantly affect adaptability. Testing revealed no
direct effect of gender, work status, education, or age on adaptability.

The level of average monthly household income significantly influences resident
adaptability. Using the group with a monthly income of less than CNY 2000 as a reference,
all other income groups exhibited significantly higher adaptability. This may be because
the level of average monthly income is directly related to residents’ ability to improve their
living environment. Residents with higher monthly incomes can enhance their adaptive
capacity to old communities through greater economic resources, such as improved housing
conditions and better access to social services. This relates to the cumulative effect of
resources in complex adaptive systems, where residents with higher incomes have access
to more capital and means to adapt to changes in the external environment.
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Table 10. Effect of control variables on endogenous variables.

Variable
Unstandardized Coefficient Standardized

Coefficient t Significance
B Standard Error β VIF

Constant 0.779 0.129 6.033 <0.01

The perceived built environment 0.164 0.024 0.202 6.767 <0.01 1.208

The objective built environment −0.014 0.028 0.646 −0.572 0.567 1.245

Social environment 0.601 0.028 0.646 21.525 <0.01 1.221

Educational background (primary
school and below) 0

Junior high school 0.022 0.048 0.020 0.463 0.644 2.409

Secondary school and high school 0.017 0.052 0.016 0.333 0.739 3.056

College and undergraduate 0.025 0.058 0.023 0.426 0.670 3.800

Postgraduate and above 0.143 0.141 0.029 1.016 0.310 1.128

Average monthly income (below
CNY 2000 for reference) 0

CNY 2001–4000 0.108 ** 0.045 0.096 2.407 0.016 2.168

CNY 4001–6000 0.088 ** 0.048 0.078 1.824 0.069 2.461

More than CNY 6001 0.097 ** 0.056 0.076 1.723 0.085 2.644

Family structure (with reference to
single-person households) 0

Couple family 0.103 *** 0.029 0.060 3.534 0.005 3.235

Nuclear family 0.014 ** 0.027 0.002 0.149 0.082 1.404

Compound family 0.011 0.024 0.005 1.129 0.657 1.065

Housing property rights (private
housing as reference) 0

Public housing −0.030 0.022 −0.020 −1.406 0.161 1.455

Renting a house −0.103 *** 0.029 −0.060 −3.535 0.000 2.213

Age (under 20 for reference) 0

20–35 years old −0.095 0.077 −0.082 −1.239 0.216 5.947

35–50 years old −0.27 0.083 −0.019 −0.330 0.742 4.728

50–65 years old or older −0.115 0.078 −0.105 −1.488 0.137 6.804

Over 65 years old −0.069 0.075 −0.065 −0.919 0.358 6.699

Note: ** and *** represent 5% and 1% significance levels, respectively.

Housing property rights also significantly affect resident adaptability. Using private
property owners as a reference, renters show significantly less adaptability than private
property owners, while the effect is not significant for public housing owners. Possible
reasons for this include renters’ greater short-term mobility, unstable social relationships,
and a weaker sense of belonging. In contrast, residents with privately owned housing tend
to have lived in the community longer, enabling them to form stronger social networks and
support systems through community interactions and fostering a stronger willingness to
participate in long-term community planning and maintenance.

Differences in family structure affect residents’ perceptions and attitudes toward the
community environment, influencing their level of community involvement and will-
ingness to participate. According to the model report, couples and nuclear families are
significantly more adaptable than single-person households, while composite families do
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not show this significance. A possible reason is that couples and nuclear families generally
have dual incomes and usually higher incomes than single-member families, correlating
with greater well-being and willingness to participate in the community. Composite fami-
lies often reside in old communities for economic reasons and frequently include elderly
members and small children, resulting in a more diverse and complex family composition.
This diversity may lead to greater differences in social support and economic stability,
affecting their willingness to participate in and contribute to the community. Additionally,
children and the elderly place relatively higher demands on the environment and facilities
and are more affected by perceptions of and adaptations to the living environment.

5.2. CAS-Based Decision-Making and Planning Recommendations for Renewal of Old Urban
Residential Communities

This empirical research reveals the main mechanisms influencing resident adaptability
in old residential communities, providing decision-making references for the construction,
transformation, and governance of old residential communities in ongoing urban renewal.

1. Focus on Residents’ Perceived Environment and Improve Subjective Quality of Life

Residents play a central role in driving change and promoting development in the
process of adapting old communities. Emphasizing residents’ perceived needs and evalua-
tions, as well as enhancing the quality and attractiveness of the built environment, are key
steps to achieving this goal [54]. Developing a detailed greening plan that includes planting
climate-appropriate vegetation and ensuring regular maintenance is essential. Public spaces
should be designed with residents’ actual needs in mind, such as children’s play areas,
fitness facilities, and rest areas, and feedback should be collected through resident surveys.
Establishing emotional connection points for residents, such as social spaces and activity
plazas, can enhance their sense of community belonging. Promoting positive perceptions
can improve residents’ quality of life, sense of belonging, and social interactions within the
community, thereby enhancing their psychological and environmental adaptability.

2. Optimize System Matching for Adaptation and Build a Resilient Foundation for De-
velopment

The renewal of old residential communities should go beyond immediate environmen-
tal improvements and focus on building long-term adaptability through resilient design.
Resilient design ensures that communities maintain their functionality and structural in-
tegrity during crises and recover quickly afterward. This can involve constructing disaster-
resistant infrastructure, designing multi-functional public spaces, and utilizing sustainable
materials and technologies. Adaptive renewal requires ongoing dynamic monitoring and
adjustment to respond to evolving crisis scenarios. Policymakers should establish flexible
frameworks that allow for quick responses based on crisis severity, including contingency
planning, the formation of crisis management teams, and the implementation of post-crisis
recovery and reconstruction efforts [55].

3. Optimize the Socioeconomic Environment and Promote Community Inclusion and Health

Governments, planners, and community organizations can enhance governance re-
sponses by improving the objective environment, building robust social support systems,
and establishing hierarchical management and feedback mechanisms that integrate the
diverse needs of residents. Providing more opportunities for participation and resource-
sharing, both online and offline, and organizing a range of community activities can foster
mutual understanding and cooperation among residents. These efforts will help to es-
tablish a healthy and equitable social support network, promoting greater community
cohesion and resilience. By providing platforms for participation, such as residents’ meet-
ings and online feedback channels, residents can actively engage in community affairs and
transformation decisions. Self-organization and resident participation mechanisms can
strengthen residents’ sense of identity with the community and their ability to cope with
crises, particularly during emergencies when they can quickly adjust their strategies and
develop spontaneous coping behaviors.
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6. Conclusions

This study provides an in-depth analysis of the adaptability of residents in Xuzhou’s
old communities using structural equation modeling (SEM) based on complex adaptive
system (CAS) theory. The results reveal a complex mechanism of interaction between the
built environment and resident adaptability, supporting the conclusions outlined below.

The objective built environment has no direct effect on resident adaptability, but it
indirectly influences adaptability through the mediating effect of residents’ perceptions.
This finding confirms that the physical and spatial base plays a positive role in adaptabil-
ity, but greater focus should be placed on residents’ needs and perceptions in planning
and construction.

The perceived built environment not only directly affects resident adaptability but also
indirectly influences it through the mediating effect of social capital. People’s behaviors
and decisions are often based on their perceptions of the environment rather than its actual
characteristics, further emphasizing the positive role of the perceived built environment in
promoting adaptability.

The social environment significantly and positively promotes resident adaptation.
Inadequate social interaction and uneven distribution of resources weaken “flow”, leading
to environmental degradation and increased instability, which hinders individual adap-
tive development and gradually diminishes community vitality. By utilizing community
spaces or facilities, residents can develop social capital, and the emotional ties and sense
of community established through the built environment can transform into residents’
responsibilities or collective activities, thus improving adaptability.

Resident adaptability is a dynamic, multi-level, multi-subject process involving con-
tinuous cognitive, emotional, behavioral, and psychological self-adjustment [56]. Factors
such as age, income level, education level, and housing ownership influence residents’
needs, expectations, and access to the community environment, as well as their degree of
disturbance and resilience. This finding highlights the importance of valuing community
and individual differences in promoting resident adaptation.

The findings of this study challenge the traditional urban planning paradigm by
emphasizing the important roles of residents’ subjective perceptions and the social en-
vironment in influencing adaptability. These findings not only help us understand the
complex mechanisms of resident adaptability in old communities but also provide new
perspectives and strategies for urban renewal and community development. Although this
study provides empirical evidence for understanding how the built environment influences
resident adaptability, there are still some limitations. First, the study sample was limited
to old communities in Xuzhou. Future studies should consider expanding the sample to
include more communities of different types and regions to enhance the external validity
of the findings. Additionally, this study used a cross-sectional design; future research
could employ a longitudinal design to track changes in resident adaptability at different
stages of development in old communities, gaining a deeper understanding of the dynamic
process of adaptability. Ultimately, while this study employs a classification of family
structure that is widely accepted, it is not without limitations. The study did not sufficiently
account for the age composition within family units, an oversight that becomes particularly
relevant in the context of aging communities where the maturation of children and the
migration of populations are significant phenomena. Moreover, the absence of a compre-
hensive social support system exacerbates the variability in adaptability among nuclear
and single-person families, depending on their age demographics. These considerations are
not adequately addressed by the existing classification, which may inadvertently overlook
subtle yet crucial distinctions. Future research would benefit from adopting a more refined
classification methodology, incorporating a deeper analysis of the socioeconomic traits of
aging neighborhoods, as well as the interplay between familial dynamics and the broader
social milieu. This approach would enable a more holistic understanding of how diverse
family structures influence the adaptability of residents.
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