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Abstract: Urbanization has driven the growth of high-rise residential areas, creating unique chal-
lenges for enhancing residents’” well-being, especially in large metropolitan regions. This study in-
vestigated the impact of smart green spaces—green areas integrated with technology to optimize
environmental benefits—on environmental awareness, social cohesion, and life satisfaction in these
dense urban environments. Utilizing data collected from questionnaires and field interviews in
seven representative high-rise residential areas in Guangzhou, China, the structural equation model
(SEM) was employed to explore the complex effects of smart green spaces. The findings reveal pos-
itive correlations between the presence, accessibility, and technological features of smart green
spaces, which contribute to heightened environmental awareness, strengthened social bonds among
residents, and increased life satisfaction. These results emphasize the diverse benefits of urban green
spaces enhanced by smart technologies, beyond their aesthetic and recreational roles. This study
suggests that strategic planning and policy initiatives focused on the development and operation of
smart green spaces can substantially improve urban residents” well-being by fostering environmen-
tal consciousness, promoting community interaction, and enhancing the overall quality of life in
high-rise residential settings. These insights are crucial for urban planners, policymakers, and com-
munity stakeholders, providing a blueprint for leveraging smart green spaces in creating sustaina-
ble, resilient, and livable urban environments.

Keywords: environmental awareness; high-rise residential communities; pro-environmental behav-
iors; smart green spaces; social cohesion; structural equation modeling (SEM); sustainable urban
planning; technological integration

1. Introduction

The rapid urbanization in China over recent decades, coupled with the influx of pop-
ulation into urban centers, has led to the proliferation of high-rise residential clusters,
fundamentally transforming the urban landscape (Table 1) [1,2]. These dense develop-
ments maximize land use efficiency and provide essential housing, but they have also
significantly altered residents’ interactions with their environment. Although China’s
construction standards mandate the inclusion of ecological benefits in real estate projects,
green spaces are still a scarce resource, particularly in large metropolitan areas. The inte-
gration of smart green spaces—green areas augmented with advanced technologies such
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as loT sensors, automated irrigation systems, and data-driven environmental manage-
ment— presents a promising solution to this challenge. These spaces are designed not only
to satisfy ecological requirements but also to facilitate residents’ life quality in certain ar-
eas [3]. The existing literature on social sustainability emphasizes the importance of pro-
moting sustainable lifestyles, which are strongly associated with improved well-being.
Smart green spaces, with their innovative features such as adaptive shading systems, real-
time environmental monitoring, interactive digital interfaces, and responsive lighting,
have the potential to significantly enhance both visual and thermal comfort [4-9]. Conse-
quently, they could contribute to a higher quality of life in high-rise residential communi-
ties, fostering a more sustainable and environmentally conscious living experience
[2,3,10].

Table 1. Urban population, density, and high-rise residential development in China: five-year inter-
val statistics (2000-2020) [1].

High-Rise Residential

Year Url.aa.n Population Development Area Urban Area (km?) Population Density
(million) 1re (Persons/km?)
(million sqm)
2000 456.8 1.9 17,596 1.9
2005 562.1 2.3 19,384 2.3
2010 636.1 3.2 19,878 3.2
2015 749.2 45 21,406 4.5
2020 848.4 5.7 22,326 5.7

The field of environmental psychology seeks to elucidate the ways in which individ-
uals interact with built environments. According to Santos, a core principle of environ-
mental psychology is that individuals are naturally embedded in physical environments,
where notable reciprocal effects occur between the person and their surroundings [11].
This hypothesis is a crucial component of residential environmental psychology and be-
havioral science, focusing on how the structural features of living spaces influence resi-
dents” preferences, decisions, and overall satisfaction [12]. In another study, Geneshka
drew upon insights from environmental psychology to propose an integrated framework
for promoting environmental consciousness [13-15]. This theoretical model suggests that
the integration of green elements, particularly smart green spaces, can reduce the costs
associated with pro-environmental behaviors, thereby enhancing their appeal and acces-
sibility through the provision of various technologically-enhanced amenities. Neverthe-
less, empirical research in this field remains somewhat limited [16].

Despite the recognized benefits of traditional green spaces, the connection between
smart green spaces and residents’ environmental attitudes, social interactions, and life sat-
isfaction within high-rise living settings remains insufficiently explored. Notably, existing
research often emphasizes the physical attributes of green spaces or the general benefits
of exposure to natural environments [17,18]. However, specific investigations into how
smart green spaces impact the living experiences and environmental awareness of high-
rise residents, especially from a sustainable and livable standpoint, have been limited [19].

In these contexts, the paper tentatively investigates the influence of smart green
spaces on environmental awareness, social cohesion, and life satisfaction among residents
of high-rise residential areas and explores how these technologically integrated green
spaces can benefit residents by quantifying the psychological and physical satisfaction
they bring. To achieve this goal, a comprehensive survey was conducted among residents
living in high-rise buildings in selected neighborhoods. The study area is in Guangzhou,
one of China’s first-tier cities with a high concentration of population and high-rise build-
ings [20-22]. Four major aspects were investigated: environmental awareness, the smart
green space environment in high-rise residential areas, social cohesion, and individual
characteristics of the residents. The research incorporated variables into a questionnaire
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to quantify data on perceptions of smart green spaces, attitudes toward the environment,
social cohesion, and overall life satisfaction by asking respondents to assign values to
those variables [2,3]. Structural equation modeling (SEM) and Pearson correlation analysis
were employed to reveal the relationships between these variables. Before conducting the
research, four hypotheses were formulated (Figure 1):

Hypothesis 1 (H1): Both environmental awareness and social cohesion among high-rise residents
impact their life satisfaction.

Hypothesis 2 (H2): The smart green space environment in high-rise residential areas is associated
with residents” levels of life satisfaction.

Hypothesis 3 (H3): The smart green space environment affects residents’ life satisfaction through
the mediating role of their social cohesion and environmental awareness.

Hypothesis 4 (H4): A correlation exists between the individual features of residents and their
level of life satisfaction.

This research will make a substantial contribution to the existing scholarly literature.
Firstly, it broadens the scope of previous studies by investigating the particular influence
of smart green spaces on environmental awareness and life satisfaction among high-rise-
building residents. Secondly, it emphasizes the necessity of considering the distinctive
characteristics of built environments in metropolitan areas, such as a high concentration
of population and limited access to nature, when designing and implementing smart pub-
lic green spaces. Lastly, by understanding how smart green spaces improve urban resi-
dents’ life quality, evidence-based strategies can be formulated for future development
initiatives [23-25].
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Figure 1. Hypotheses of the influence path on the life satisfaction of individuals in high-rise resi-
dential communities.
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2. Related Literature

This section presents a literature review on social sustainability and environmental
psychology, aiming to establish the connections between smart green space environments,
environmental awareness, social cohesion, and life satisfaction among residents in high-
rise residential buildings.

2.1. The Impact of Smart Green Spaces on Enhancing Life Satisfaction

The dominant literature suggests that integrating technology with green elements
within public spaces, such as diverse plant life and the quality of the outdoor environ-
ment, can significantly enhance health, productivity, and positive perceptions of the sur-
rounding environment among individuals [17,19,26,27]. For instance, research has re-
vealed that time spent in smart green spaces—where natural elements are augmented
with technological features such as IoT-enabled environmental monitoring, automated ir-
rigation, and smart lighting—can lower stress levels and facilitate psychological restora-
tion. These spaces are related to reduced rates of chronic diseases and mental health dis-
orders [18,27-30]. Furthermore, features such as safety, cleanliness, and the presence of
smart ecosystem services have been positively associated with a sense of pleasure and
overall well-being among residents [31-34]. The configuration of smart green spaces, in-
cluding the density of surrounding buildings, the layout of public space, and land-use
patterns, can also influence residents’ physical and mental health [35-37].

However, the existing literature does not adequately explore the broader impacts of
smart green spaces—including the abundance of surrounding smart recreational facilities,
the engendered place attachment among individuals, or public memory—on overall life
satisfaction [38-43]. Some researchers believe that these factors could be essential. Addi-
tionally, the majority of the surveys have been conducted in office buildings, rather than
in residential communities [44,45]. The activities engaged in by individuals in residential
and office buildings are distinct, resulting in disparate evaluations and priorities regard-
ing land-use patterns and environmental features [46,47]. The elements of smart green
spaces that greatly enhance the well-being of office workers do not necessarily align with
those prioritized by residents in high-rise buildings [48-52]. Furthermore, the green eval-
uation standards differ between these two environments, leading to varying design prior-
ities and considerations [53-57].

2.2. Smart Green Spaces, Social Interactions, and Environmental Awareness

Beyond the health benefits, smart green spaces provide opportunities for social inter-
action, creating platforms for residents to connect, build relationships, and develop a
sense of belonging [58]. Research has indicated that smart green spaces, enhanced with
technological features such as interactive displays and community-based environmental
monitoring systems, can contribute to the formation of social networks, enhance trust
among neighbors, and strengthen community resilience [59]. Additionally, studies have
shown that these spaces can facilitate intergenerational interactions and foster a sense of
shared identity among residents [60,61].

Furthermore, a small number of empirical studies in the field of environmental psy-
chology have investigated the potential influence of smart green spaces on collective en-
vironmental action. These studies have explored the impact of technologically integrated
and ecologically sustainable environments on the environmental awareness of their occu-
pants [62]. The provision of opportunities for social interaction and shared experiences in
these spaces can facilitate the discussion of environmental issues and the collaborative
development of solutions among residents [63]. This heightened sense of ownership can
result in increased participation in environmental initiatives, including community gar-
dening, waste reduction, and energy conservation [64-66]. Several studies indicate that
the presence of smart green or sustainable features in communities encourages residents
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to engage in more environmentally friendly behaviors, including improved waste recy-
cling practices, energy saving, and other behaviors that are beneficial to the environment.
Specifically, exposure to these smart and nature-enhanced environments can facilitate a
connection to the natural world, leading individuals to adopt more sustainable patterns
of living [67,68]. Moreover, smart green spaces can function as outdoor classrooms, pro-
moting knowledge of biodiversity and the importance of environmental conservation [25].
Studies have also shown that greenery, especially when combined with educational tech-
nology, can enhance individuals” connection to environmental concerns and activism [19].
The intersection of smart green spaces with other sustainable elements, such as transpor-
tation networks and economic development, is an area that has not been extensively ex-
plored, yet it holds potential for revealing the multifaceted contributions of these spaces
to living quality [66]. Addressing these gaps could provide a more nuanced perspective
on the value of smart green spaces and inform more effective design and policy strategies
for urban environments.

2.3. The Neighborhood Environment and Social Cohesion in High-Rise Residential Communities

The social dynamics and communal well-being within high-rise residential commu-
nities are profoundly shaped by both the physical attributes and the perceived qualities
of their surrounding neighborhood environment. Specifically, the characteristics of high-
rise environments, including vertical density and a large resident population, can present
challenges to fostering interpersonal interactions and community bonds, further com-
pounded by the spatial configuration of tall buildings, which may not inherently facilitate
unplanned social interactions [69,70]. The presence of public entertainment and ecological
spaces within these settings has been recognized as a crucial factor, similar to findings in
lower-density neighborhoods, in promoting opportunities for social engagement [71-73].
There is a positive correlation between environmental appeal, access to communal spaces,
social interaction, and resident satisfaction in urban residential areas [63]. While high-rise
residential environments present unique challenges to social cohesion due to their struc-
tural and spatial characteristics, strategic planning and design interventions that prioritize
green spaces integrated with technologies and accessible communal areas have the poten-
tial to mitigate these challenges and foster a sense of community among residents [45].
Additionally, there is a dearth of research on the influence of cultural factors and commu-
nity-specific norms on the use and perception of smart green spaces in high-rise commu-
nities, which could inform more culturally sensitive design strategies [74-77].

In conclusion, the existing literature offers insights into the theoretical connections
among smart green spaces, environmental awareness, social interactions, and life satisfac-
tion [78-82]. However, the literature is deficient in its examination and establishment of
the specific mechanisms through which smart green spaces impact residents” well-being,
social cohesion, and environmental awareness in high-rise residential communities, par-
ticularly regarding the provision of detailed empirical evidence (Table 2).

Table 2. Summary of the literature review.

Topic

Key Findings

Smart Green Spaces and Life Satisfaction
Smart Green Spaces and Social Interactions
Smart Green Spaces and Environmental Awareness

High-Rise Communities and Social Cohesion

Enhances health and reduces stress, but broader impacts
need further research

Promotes social networks, intergenerational interactions,
and community resilience

Increases environmental action, sustainable behaviors, and
conservation knowledge

Challenges in social interaction; green spaces and commu-
nal areas can foster community
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3. Statistics and Methodology
3.1. Case Study

This study focuses on residents of high-rise residential areas within Guangzhou. Data

were collected using a combination of quantitative and qualitative methods. Field obser-
vations, structured interviews, and surveys were conducted among individuals residing
in diverse high-rise residential communities across Guangzhou (Figure 2) [35,44]. Sample
selection adhered to stringent criteria to ensure the rigor and applicability of findings:

1)

)

Geographical focus: This study concentrated on primary urban districts known for
high-density residential development, including Tianhe District, Yuexiu District, and
Liwan District. These areas collectively accommodate a significant proportion of
Guangzhou’s population and exhibit varying degrees of urban development and
community infrastructure, making them ideal places for examining the integration
and effects of smart green spaces.

Selection of communities: High-rise residential complexes constructed between 2000
and 2020 were targeted, focusing on those with established smart green spaces and
communal facilities. Emphasis was placed on communities with advanced environ-
mental amenities, incorporating technological innovations such as IoT systems for
environmental monitoring and automated maintenance, reflecting a spectrum of ar-
chitectural layouts and smart environmental design approaches related to commu-
nity engagement and well-being.

Sampling criteria: Communities exhibiting a minimum occupancy rate of 75% were
selected for inclusion in this study, as this threshold is believed to show a realistic
representation of typical living conditions and dynamics. Additionally, communities
comprising a diverse demographic profile were chosen, reflecting the inclusion of
residents from a broad range of social backgrounds and household structures.
Characteristics of participants: The research intentionally included participants rep-
resenting a range of ages, socio-economic statuses, and household compositions, en-
suring a comprehensive exploration of how smart green spaces impact residents’ per-
ceptions and experiences of environmental awareness, social cohesion, and overall
life satisfaction.

LEGEND A
¢ Study area

Jinzhong Xiguanhai
o Shimao Tianyue
Y o Topeast The Landmark
Aiqun Huijingwang) e @ One Kaisa Palace

Kaixuanhui Garden
Vanke Fenghui

Figure 2. [llustration of the study area.
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3.2. Surveys

The data collection for this study involved a structured approach combining ques-
tionnaires and field interviews conducted within selected high-rise residential communi-
ties. In May 2024, a number of researchers and graduate students from the University of
Hong Kong and South China Agriculture University formed interview teams distributed
across seven strategically chosen communities. The sample selection employed random
sampling techniques, focusing on residents who were actively engaged with smart green
spaces. Participation was voluntary, and individuals who declined cited various reasons,
including time constraints and personal commitments unrelated to this study’s focus.

In total, 450 questionnaires were distributed, and 392 responses were received. After
meticulous scrutiny for completeness and accuracy, 375 valid responses formed the basis
of the analysis. The survey aimed to investigate several key aspects related to the influence
of smart green spaces:

(1) Demographic and behavioral profiling: A thorough examination of the demographic
profiles and behavioral patterns of residents was conducted to gain insights into the
utilization of smart green spaces and their impact on community well-being.

(2) Environmental assessment: The classification of smart green spaces into distinct cat-
egories—such as recreational facilities, aesthetic features, and ecological diversity
with integrated technological features—allowed for their perceptual and functional
significance in fostering environmental awareness and social cohesion to be evalu-
ated.

(3) Quality-of-life metrics: The assessment of residents’ perceptions incorporated an ex-
amination of how smart green spaces contribute to overall life satisfaction. This was
achieved through the measurement of psychological comfort, social interaction facil-
itation, and environmental stewardship, which were enhanced by greenery and
smart technologies.

The questionnaire was designed with the objective of obtaining detailed responses
that would facilitate a thorough investigation of the influence of smart green spaces on envi-
ronmental awareness, social cohesion, and life satisfaction in high-rise residential settings.

3.3. Structural Equation Models (SEM)

Building upon the existing literature on the relationships between urban environ-
ments and well-being in high-rise residential contexts, this study explores the complex
interplay of internal and external factors influencing the well-being of residents. Internal
factors include demographic characteristics such as age, gender, educational attainment,
and income level. External factors involve the physical attributes of the high-rise residen-
tial environment, including the perception of safety, features of the smart green spaces,
and the availability of recreational facilities. These elements collectively shape the subjec-
tive cognitive states of residents, thereby impacting life satisfaction.

Directly assessing latent constructs such as well-being and social cohesion in urban
environmental research presents challenges, necessitating the use of observable indicators
as proxies. Structural equation modeling (SEM) emerges as a qualified statistical method
for such inquiries, enabling simultaneous examination of latent constructs and their ob-
servable manifestations. This study advances theoretical frameworks by investigating
how objective features of high-rise residential environments, particularly smart green
spaces, interact with subjective perceptions to influence overall well-being. The SEM
framework developed here integrates multivariate latent constructs related to smart green
spaces and resident characteristics. Guided by established hypotheses, an empirically val-
idated indicator system, and rigorous statistical analyses using software such as AMOS
24, the SEM model is constructed following methodological guidelines outlined by nota-
ble researchers.
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Confirmatory factor analysis (CFA) was utilized to assess the standardized loadings
of all latent constructs, ensuring measurement reliability and construct validity. Compo-
site reliability (CR) was employed to evaluate internal consistency, with average variance
extracted (AVE) gauged to assess convergent validity. The model demonstrates an ac-
ceptable fit with factor loadings ranging from 0.45 to 0.95, with all latent constructs meet-
ing the requisite criteria for reliability and validity. This affirms the capacity of the SEM
framework to elucidate the dynamics of life satisfaction in high-rise residential environ-
ments influenced by smart green spaces.

4. Results

This study began with Pearson correlation tests to assess multicollinearity and verify
preliminary relationships. Figure 3 visually represents the correlation analysis among sev-
eral variables pertinent to individual characteristics and the smart green spaces’ environ-
ment indices, such as gender, age, monthly income, type of residential housing, spatial
openness, interactivity of digital interfaces, sense of belonging, and life satisfaction. Nota-
bly, prior research, including the study by Longato [83], suggests a lack of significant re-
lationship between certain variables related to social cohesion and well-being among res-
idents, which led to their exclusion from further analysis.

Gender 004 010 008

Age

Length of residence

Monthly income per capita

Educational level

Type of residential housing

Self-rated health

Use natural lighting

Recycle

Use natural ventilation

Classification of rubbish

Protection of green land

Use public transport

Reduce plastic bags

Spatial openness of smart green spaces

Automation of smart lighting

Aesthetics of smart green spaces

Accessibility of smart green spaces

Interactivity of digital interfaces in smart green spaces
Capability and efficiency of smart ecosystem services
Diversity of smart activity facilities around green spaces
Frequency of communication with neighbours

A sense of belonging to the neighbourhood and neighbours
The intimacy between green spaces and the surrounding residents

Life Satisfation

Figure 3. Pearson correlation tests.
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The heatmap reveals several significant correlations. For example, the type of resi-
dential housing exhibits a mildly positive correlation with recycling behavior (0.14) and a
strong positive correlation with life satisfaction (0.39), suggesting that individuals might
be more content with their lives and more inclined to promote environmental protection
due to better housing accommodation or accumulated wealth. Furthermore, the spatial
openness of smart green spaces shows a moderate correlation with a sense of belonging
(0.23), indicating that open spaces integrated with advanced digital ecosystems and smart
green infrastructure can still foster a sense of community and attachment in high-density
urban environments.

Building on the preliminary findings from the Pearson correlation analysis, structural
equation modeling (SEM) was employed to delve deeper into the relationships between
variables. SEM is particularly suitable for larger samples and multiple dependent varia-
bles, as it enables the examination of complex interrelationships and mediation effects
among variables, providing a nuanced understanding of the underlying mechanisms.
This analytical approach was deemed especially appropriate for this study, given its com-
prehensive scope and the necessity to elucidate the intricate dynamics between smart
green spaces and life satisfaction [49].

The SEM results emphasize the significant influence of smart green spaces on life
satisfaction, mediated through social cohesion, technological interactivity, and environ-
mental awareness (Table 3). Social cohesion emerges as the most potent predictor of life
satisfaction, with a standardized coefficient of 0.561, emphasizing the critical role of com-
munity bonds, enhanced by smart green spaces, in promoting residents” well-being. En-
vironmental awareness also shows a positive impact, with a coefficient of 0.263, indicating
that it serves as a mild mediator between smart green spaces and life satisfaction, reinforc-
ing the importance of eco-consciousness in urban environments. Moreover, the direct im-
pact of smart green spaces on life satisfaction, as indicated by a coefficient of 0.282, is fur-
ther enhanced by their positive effect on social cohesion, technological interactivity, and
environmental awareness. The findings lend substantial support to the hypothesis that
smart green spaces not only confer direct benefits to residents but also promote commu-
nity engagement and facilitate environmental consciousness, both of which contribute to
higher life satisfaction. These insights are of vital importance for the development of co-
hesive and technologically integrated communities and the advancement of sustainable
urban planning [74,84].

Table 3. Standardized regression coefficients of the impact of the smart green spaces” environment
on life satisfaction.

Standardized
X Y Z (CRValue) p Regression
Coefficient
ii‘iwldml Characteris- Life Satisfaction 6.454 p<001 0.392
Social Cohesion Life Satisfaction 10.261 p<0.01 0.561
Envi 1A -
nvironmental Aware Life Satisfaction 4141 p<001 0263
ness
Green Spaces” Environ- Social Cohesion 3.466 p<0.01 0.223
ment
Green Spaces’ Environ- Environmental Aware- 2367 p<0.05 0154
ment ness
Green Spaces’ Environ- . . .
Life Satisfaction 4.449 p<0.01 0.282

ment

The findings in Figure 4 reveal that intimacy with smart green spaces and the inter-
activity of digital interfaces exhibit the strongest positive correlations with environmental
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Interactivity of digital interfaces in smart green spaces

Capability and efficiency of smart ecosystem services

Variables

Frequency of communication with neighbours

A sense of belonging to the neighbourhood and neighbours

The intimacy between green spaces and the surrounding residents [ ]

Aesthetics of smart green spaces
Automation of smart lighting

Type of residential housing

Monthly income per capita
Accessibility of smart green spaces

Diversity of smart activity facilities around green spaces

Individual characteristics of the residents

Protection of green land
Classification of rubbish [ J

Use natural ventilation ®

awareness. This suggests that residents who perceive the green spaces as visually appeal-
ing and technologically engaging are more likely to develop a heightened sense of envi-
ronmental consciousness. The presence of aesthetically pleasing landscapes, coupled with
interactive features such as real-time environmental data displays and user-friendly digi-
tal platforms, appears to foster a deeper connection between residents and their surround-
ings [85]. This connection might contribute to a greater awareness of environmental issues
and a stronger inclination towards sustainable practices. In addition to aesthetics and in-
teractivity, the use of natural lighting and the frequency of communication with neighbors
show moderate positive correlations with environmental awareness. These findings sug-
gest that the design of smart green spaces, which incorporates natural elements such as
sunlight and promotes social interactions, can also play a significant role in enhancing
residents’ environmental awareness [71]. While these factors are not as influential as aes-
thetics and interactivity, they nonetheless contribute to an environment that encourages
sustainable living. Interestingly, demographic variables such as gender, age, and educa-
tional level do not exhibit strong correlations with environmental awareness.

Self-rated health ]
Gender °
Educational level

Age

Spatial openness of smart green spaces 02

Length of residence o1

Coefficient Value

Recycle 00

Reduce plastic bags

Use natural lighting

Use public transport [ ]

-0.2 -0.1 0.0 0.1 0.2 03 0.4

Figure 4. The impact of independent variables on environmental awareness.

Figure 5 focuses on the factors that influence the overall perception of smart green
spaces’ environment. The analysis reveals that the capability and efficiency of smart eco-
system services along with the accessibility of these green spaces are the most influential
variables. These findings highlight the importance of functionality and ease of access in
creating a positive environmental experience. Residents are more likely to benefit from
and appreciate green spaces that are not only easily accessible but also equipped with
efficient and effective ecosystem services, such as automated irrigation systems, adaptive
lighting, and real-time environmental monitoring. Automation of smart lighting and the
type of residential housing show moderate correlations with the environment of smart
green spaces. These results suggest that while technological integration is crucial, the type
of housing—whether it be high-rise apartments or more traditional residential build-
ings—also plays a role in shaping residents’ perceptions of their environment [86]. The
combination of advanced technology and appropriate housing types contributes to a more
cohesive and functional green space environment.
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Variables

Self-rated health [

Age

Gender

Educational level

Reduce plastic bags
Recycle

Protection of green land
Type of residential housing
Use natural lighting

Use public transport

Use natural ventilation
Classification of rubbish
Frequency of communication with neighbours
Length of residence

Monthly income per capita

Coefficient Value

A sense of belonging to the neighbourhood and neighbours

The intimacy between green spaces and the surrounding residents

Interactivity of digital interfaces in smart green spaces

Individual characteristics of the residents

Aesthetics of smart green spaces o
Diversity of smart activity facilities around green spaces O
Spatial openness of smart green spaces .
Accessibility of smart green spaces . o0
Automation of smart lighting [ )
Capability and efficiency of smart ecosystem services [ ) .

Figure 5. The impact of independent variables on smart green spaces’ environment.

5. Discussion

The diversity of smart activity facilities and the spatial openness of smart green
spaces emerge as the variables mildly correlated with social cohesion, as illustrated by
Figure 6. These findings underscore the importance of providing a variety of recreational
opportunities and maintaining open, accessible spaces to foster community bonds. In en-
vironments where residents have access to diverse activities and open areas, there is a
greater likelihood of increased social interactions, leading to stronger community ties and
a sense of belonging [87]. Residents who feel digitally integrated into their community are
more likely to engage in both virtual and physical social activities, creating a supportive
and inclusive environment [88]. And it is noteworthy that the individual features “the use
of natural lighting” and “intimacy with smart green spaces” are also critical factors that
positively impact social cohesion. Similarly, frequency of communication with neighbors
emerges as an important predictor of social interactions. This result exhibits the im-
portance of technology-enhanced social interaction in fostering a sense of belonging and
community. Regular interactions through smart spaces’ environment can lead to the de-
velopment of robust social networks, which are essential for emotional support and men-
tal health. On the other hand, the classification of rubbish and the use of public transpor-
tation exhibit weaker correlations with social cohesion. While these factors are valued for
their environmental benefits, their direct impact on fostering social connections within the
community appears to be less pronounced [89].
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Variables

Self-rated health

Protection of green land

Gender

Educational level

Age

Capability and efficiency of smart ecosystem services
Diversity of smart activity facilities around green spaces
Interactivity of digital interfaces in smart green spaces
Reduce plastic bags

Classification of rubbish

Automation of smart lighting

Aesthetics of smart green spaces

Accessibility of smart green spaces

Type of residential housing

Recycle

Spatial openness of smart green spaces

Use public transport

Monthly income per capita

Length of residence

Use natural lighting

Use natural ventilation

Frequency of communication with neighbours

A sense of belonging to the neighbourhood and neighbours
Individual characteristics of the residents

Coefficient Value

The intimacy between green spaces and the surrounding residents .

—0.4 —0.2 0.0 02 0.4 06 oe 1.0 12

Figure 6. The impact of independent variables on social cohesion.

According to the data presented in Figure 7, the findings reveal that the integration
of smart green spaces and social cohesion factors within high-rise residential communities
significantly enhances life satisfaction, with substantial positive coefficients. This suggests
that the more intimate the interaction between residents and smart green spaces, the
higher the level of life satisfaction they experience. This relationship can be attributed to
the multifaceted benefits that smart green spaces offer, such as the provision of digitally
enabled recreational opportunities, dynamic aesthetic features, and the fostering of a dig-
itally interconnected community environment. Several environmentally conscious behav-
iors, such as minimizing plastic bag usage, utilizing public transportation, and participat-
ing in recycling programs, have been observed to exert a positive, albeit modest, influence
on life satisfaction, with a coefficient of around 0.1. This finding suggests that smart green
spaces, which actively promote and facilitate these behaviors through digital nudges and
information dissemination, can foster a sense of personal responsibility and community
pride, ultimately enhancing overall well-being. However, the influence of specific varia-
bles, such as the utilization of smart natural ventilation and automated lighting systems,
appears to be inconsequential, with a coefficient of approximately 0. This may be due to
the fact that these smart features do not directly impact the daily lives of residents in a
significant way or may be overshadowed by other more prominent factors within the com-
munity environment.
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Variables

Self-rated health

Reduce plastic bags

Protection of green land

Classification of rubbish

Age

Accessibility of smart green spaces

Recycle

Diversity of smart activity faciiities around green spaces
Interactivity of digital interfaces in smart green spaces
Use public transport

Educational level

Capabiiity and efficiency of smart ecosystem services
Gender

Type of residential housing

Aesthetics of smart green spaces

Automation of smart lighting

Use natural lighting

Spatial openness of smart green spaces

Length of residence

Use natural ventilation

Monthly income per capita

Frequency of communication with neighbours

A sense of belonging to the neighbourhood and neighbours

The intimacy between green spaces and the surrounding residents

Individual characteristics of the residents

Coefficient Value

—0.2 —0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6

Figure 7. The impact of independent variables on life satisfaction.

A number of recurrent features emerge from a holistic review of the impact variables
data presented (Figures 4-7). Aesthetic appeal and technological integration demonstrate
a consistently strong positive correlation with environmental awareness, the quality of the
smart green spaces’ environment, social cohesion, and life satisfaction. These findings em-
phasize the pivotal role that design and technology play in shaping the overall experience
of residents in high-rise residential communities. Furthermore, the accessibility and func-
tionality of smart green spaces are also common factors that influence both the environ-
ment of the spaces and the social dynamics within the community. In contrast, demo-
graphic variables such as age, gender, and educational level do not demonstrate robust
correlations, indicating that the influence of smart green spaces is relatively universal
across diverse demographic groups. However, there is a phenomenon where individuals
with low self-rated health report higher life satisfaction and social cohesion, probably due
to the fact that some of them tend to maintain a positive outlook and derive meaning and
satisfaction from their surrounding environment. The integration of smart green spaces,
which enhance intimacy with green areas and strengthen the sense of belonging to com-
munities, may play a key role in this process [88-90].

6. Conclusions

By examining both objective and subjective perceptions, this study uncovers how
certain attributes of smart green space environments—such as perceptual accessibility,
technological diversity, and enhanced safety features—interact with social cohesion and
pro-environmental behavioral patterns. The principal conclusions may be summarized as
follows (Figure 8):
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Figure 8. The influence path of different variables under SEM framework.
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The intimacy between residents and smart green spaces shows a strong positive cor-
relation with life satisfaction. The proximity to and engagement with smart green
spaces not only improve the aesthetic appeal of the environment through interactive
and adaptive design features but also serve as catalysts for social interactions and
community cohesion. Specifically, the integration of smart technologies, such as sen-
sor-activated lighting, automated maintenance systems, and diverse digital inter-
faces, within high-rise residential areas enhances residents’ daily experiences and
promotes a sense of place attachment, reinforcing their satisfaction with urban living.
The significant influence of environmental awareness and social cohesion on life sat-
isfaction in high-rise residential areas is self-evident. The heightened environmental
awareness among residents, fostered by some smart systems that provide real-time
data on environmental quality and energy use, instills a sense of responsibility to-
wards sustainable living practices and environmental conservation, further reinforc-
ing their satisfaction with the ecological integrity of their residential environment.
Moreover, strong social cohesion within communities, enhanced by smart platforms
for social networking and community participation, cultivates a sense of belonging
and trust among residents, which is crucial for buffering against stressors and en-
hancing overall psychological well-being. Residents who feel socially connected
through these smart features tend to engage in collective neighborhood activities that
improve their living environment, thereby contributing to higher levels of life satis-
faction.

Smart green spaces enhance life satisfaction by fostering social cohesion as a mediat-
ing path. These technologically integrated environments serve as central hubs for
communal gatherings, fostering regular social interactions and promoting neighbor-
hood cohesion. Residents who frequently engage in activities within these spaces,
supported by smart scheduling systems and interactive event-planning tools, culti-
vate shared experiences and develop strong social bonds, which collectively contrib-
ute to the formation of a supportive community network. This accumulated social
capital, bolstered by smart technologies, enhances residents’ sense of belonging and
collective efficacy, thereby positively influencing their overall life satisfaction.

The hypothesis that individual characteristics influence residents’ life satisfaction has
been validated. Individual factors, including age, socioeconomic status, and personal
preferences, have been demonstrated to influence perceptions of living suitability
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and residential satisfaction. For example, residents with higher incomes may demon-
strate a preference for smart green spaces that offer exclusive digital amenities or
luxury smart features, which contribute to their sense of prestige and satisfaction.

In summary, this study emphasizes the crucial role of smart green spaces within
high-rise residential communities. It not only enhances the aesthetic and functional appeal
of the residential community but also incorporates advanced sustainability initiatives,
such as smart ecosystem services and automated recreational facilities, that foster envi-
ronmental consciousness and a sense of community attachment through digitally sup-
ported behaviors in high-rise areas. Urban planners are supposed to prioritize the seam-
less integration of smart green spaces into the fabric of high-rise residential areas, ensur-
ing that these spaces are not only visually appealing but also functionally beneficial
through technological innovations that enhance user experience and environmental val-
ues. The deployment of smart technologies that tailor the environment to individual needs
can facilitate the creation of inclusive urban environments. These technologies may in-
clude adaptive lighting, automated mobility assistance, and personalized digital inter-
faces. Furthermore, the necessity of engaging residents in the design and planning process
is corroborated, thereby ensuring that their needs and preferences inform the urban land-
scape. The incorporation of feedback through the utilization of participatory design tools
enables urban planners to create more effective and sustainable urban spaces that reflect
the collective vision of the community, thereby fostering a heightened sense of ownership
and satisfaction.

One of the most notable limitations of this study is its reliance on cross-sectional data,
which provides a static snapshot rather than a dynamic view of how smart green spaces
influence life satisfaction over time. It would be beneficial for future research to track res-
idents” perceptions and experiences over time, with a specific focus on how the evolving
technological capabilities of smart green spaces impact social cohesion, environmental
awareness, and, ultimately, long-term life satisfaction and well-being. This approach is of
great consequence for the formulation of sustainable urban planning and policy-making
decisions, which are aimed at optimizing the health values of smart green spaces within
rapidly changing and developing metropolitan areas.
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