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Background: Smart community development is critical for enhancing
community resilience and strengthening collective capacities to respond
to public health and other urban crises. A model-based taxonomy of stakeholder
demands remains absent, as existing exploration has largely been limited to
analyses of single stakeholder groups.

Method: This study therefore develops a comprehensive classification model
to capture stakeholder demands across three critical dimensions: community
safety, livability services, and community governance. By integrating hierarchical
clustering and K-means analysis of survey data from 1,606 respondents across
32 typical smart communities in China, a clear taxonomy of stakeholder demand
emerges.

Results and Discussion: The analysis identifies four distinct clusters: Cluster 1
(strong livability services demand), Cluster 2 (prioritized safety and governance
demand), Cluster 3 (comprehensive demand across all dimensions), and Cluster 4
(weak livability-focused demand). Furthermore, these clusters reveal a consistent
evolutionary pathway along a low—medium—high demand continuum.
Conclusion: The findings provide a basis for public health and crisis governance,
enabling targeted strategies that address differentiated community demands and
foster more resilient communities.

KEYWORDS

cluster analysis, community governance, community resilience, smart community,
stakeholder demand

1 Introduction

Smart community development is crucial in advancing sustainable urbanization and
strengthening community resilience, forming the operational foundation of smart city
strategies (1). These initiatives leverage digital technologies worldwide to improve urban
livability, efficiency, and governance (2). Beyond these routine benefits, the same digital
infrastructure proved its value during recent public health emergencies by enabling
rapid case identification and effective community containment, while also ensuring
efficient allocation of critical resources (3). However, the success of these endeavors
depends critically on the complex interplay among key stakeholders-including residents,
property service enterprises, public administrators, and social organizations (4). Each
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group possesses distinct priorities and expectations, and failing to
systematically reconcile these multi-faceted demands can result in
misaligned investments, low adoption rates, and project failures (5,
6). Therefore, a thorough understanding of stakeholder demands
is essential for shifting smart community development from a
technology-centric to a human-centric paradigm, which is vital for
fostering the social cohesion required in public health and other
crisis contexts (7).

In China, smart community development has become a
national priority, recognized as a vital mechanism for modernizing
grassroots governance and social management (8). Driven by top-
down policy directives, widespread implementation of intelligent
infrastructure and digital platforms has been observed nationwide
(9). Nevertheless, this rapid expansion has often revealed a
disconnect between policy design and practical outcomes, which
is reflected in the inconsistent satisfaction levels among different
stakeholder groups (10). The COVID-19 pandemic illustrated this
clearly by activating a spectrum of concurrent demands across
all stakeholders, ranging from the need for infection alerts and
disinfection protocols to support for vulnerable populations (11).
This implementation gap underscores a pressing need to replace
the prevalent, uniform approach with a more nuanced strategy. A
foundational step toward this goal is the systematic identification
and classification of the heterogeneous demands of all four key
stakeholder groups, which is a prerequisite for designing tailored
and effective community development patterns (12).

Recent research on smart communities has increasingly
focused on the operational efficacy of core functions and
collaborative processes among stakeholders. This focus aligns
with Sustainable Development Goal 11 (SDG11), which prioritizes
inclusive, safe, and resilient urban development (13). Extensive
exploration has been conducted regarding community demands
and stakeholder engagement. This research has demonstrated
that smart communities depend not only on technological
infrastructure, but also on the integration of multi-dimensional
functional goals and meaningful stakeholder engagement (14,
15). Nevertheless, the scholarly discourse remains markedly
fragmented. A substantial body of research has been dedicated
to examining the demands of single stakeholder groups in
isolation (16). For instance, the priorities of residents have been
studied, often highlighting concerns related to service convenience,
safety, and community engagement (17, 18). Concurrently, the
perspectives of property service enterprises have been analyzed,
focusing on their operational efficiency and business model
innovation in the digital era (16). Similarly, the role of
public administrators has been investigated, emphasizing policy
implementation and governance efficacy (19, 20). Although these
studies offer detailed insights into the priorities of specific
stakeholders, there was limited integration of the stakeholder
demands for collaborative governance. Moreover, beyond studies
focused on individual stakeholders, another set of research has
centered on participatory governance frameworks in specific
service areas, such as smart healthcare or older adult care services
(21, 22).

However, these frameworks mostly address the mechanisms
of stakeholder engagement rather than the systematic analysis
of different demands into a unified taxonomy. Consequently,
there’s still gaps between the recognized imperative for multi-actor
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collaboration and the lack of a comprehensive demand that
incorporates all stakeholder perspectives. This collective body of
work, while valuable, reveals three interconnected gaps. First,
a comprehensive demand indicator system that systematically
integrates the perspectives of all four key stakeholder groups into
a unified architecture has not been established. Second, robust
quantitative methodologies for objectively classifying the multi-
dimensional demand profiles are notably underutilized. Third, the
potential evolutionary pathways between different demand clusters
remain largely unexamined, thereby overlooking the dynamic
nature of stakeholders’ needs for smart community development.

To address these gaps, this study constructs a comprehensive
stakeholder demand indicator system for smart community
development and develops a quantitative classification model by
integrating hierarchical clustering and K-means analysis. Applied
to a substantial dataset of 1,606 validated survey responses,
this methodology enables the empirical identification of distinct
stakeholder demand clusters while facilitating examination of their
interrelationships. Theoretically, this research contributes a data-
driven taxonomy to the field, shifting the analytical paradigm from
isolated examinations to a holistic understanding of integrated
demand structures. Practically, the findings offer clear guidance
for customizing development strategies to specific demand profiles,
thereby enhancing the efficacy of smart community initiatives
and strengthening community resilience through digital services
that are dynamically aligned with evolving stakeholder priorities
during crises.

2 Methodology

2.1 Establishment of the stakeholders’
demand indicator system

The identification of stakeholder demand indicators was
guided by the integration of Maslow’s Hierarchy of Needs Theory
and the Kano Model, which served as the primary conceptual
foundations (23). Prior research has typically examined residents,
property enterprises, public administrators, or social organizations
separately, using frameworks tailored to specific stakeholder groups
or community contexts. By contrast, these two theories offer both
the necessary generality and the capacity for differentiation to
capture demands across all four stakeholder groups (24). Maslow’s
Hierarchy provides a general developmental structure from safety
through self-actualization, making it applicable to all stakeholders
regardless of their institutional role (25). Meanwhile, the Kano
Model explains why different stakeholders classify the same service
attributes into different quality categories (26). For example, public
administrators may classify community grid-based governance
as “Must-be” (threshold requirement), whereas residents may
regard the same functions as “Attractive” (enhancement quality).
This integrated framework enables a comprehensive analysis
of stakeholders’ demands spanning from fundamental safety to
community governance.

Within this integrated framework (see Figure 1), three core
dimensions of stakeholder demands were derived. The first
dimension, Community Safety, aligns with the “safety needs”

frontiersin.org


https://doi.org/10.3389/fpubh.2026.1751235
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Qietal.

Community
governance

Livelihood
services

Community
safety

FIGURE 1
Stakeholders’ demand framework for smart community
development.

level in Maslow’s hierarchy, reflecting stakeholders’ fundamental
requirements for the protection of life and property (27).
In the Kano Model, these correspond to “Must-be Quality”
attributes, whose absence leads to significant dissatisfaction (27).
The second dimension, Livability Services, relates to the “love
and belongingness” and “esteem needs” in Maslow’s theory,
encompassing services that enhance quality of life and social
identity (28). These are categorized largely as “One-dimensional
Quality” demands in the Kano Model, where satisfaction increases
with better service performance (27). The third dimension,
Community Governance, connects to the “self-actualization needs”
in Maslow’s hierarchy, involving stakeholder participation in
community decision-making. These represent “Attractive Quality”
attributes in the Kano Model, which can greatly enhance
satisfaction when present but do not cause dissatisfaction if
absent (26).

An initial set of 65 secondary indicators across these three
dimensions was identified through a systematic review of 88
relevant studies, supplemented by insights from the theoretical
framework. This preliminary demand indicator system is provided
in Supplementary File S1. Subsequently, to select the appropriate
demand indicators, an expert scoring process was conducted with
38 valid responses from a panel of 50 invited experts, comprising
both academics and experienced practitioners (see Table 1 for
expert demographics). Each indicator was rated on a five-point
Likert scale for importance.

The weighted average method of membership analysis within
fuzzy set theory was then applied to determine the membership
degree R; of each indicator using the formula (29):

Py + 0.5 % P/
th%
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TABLE 1 Basic information of the 38 experts surveyed.

Variable Items Percentage (%)
Gender Male 47.37
Female 52.63
Years of Over 5 years 18.42
experience 4-5 years 31.58
1-3 years 23.68
Within 1 year 26.32
Professional Academia 39.47
field Enterprise 60.53
Professional Doctorate 31.58
title Master’s degree 44.74
Bachelor’s degree 18.42
Others (high school and below) 5.26

where P; represents the number of experts rating the t-th
indicator as “very important, P,/ denotes those rating it as
“important,” and P is the total number of experts surveyed.
Indicators with a membership degree R; > 0.5 were retained,
while those below this threshold were excluded. This retention
threshold represents the critical point at which the weighted
proportion of experts rating an indicator as “important” or “very
important” exceeds 50% of the panel, thereby satisfying the majority
consensus criterion (30). Furthermore, to ensure the external
validity of the indicator system, experts were asked to participate
in the validation exercise for external validity of the indicator
system. Of these, 34 experts (89.5%) fully endorsed the proposed
dimensional structure without modification, indicating strong
consensus regarding the conceptual boundaries and operational
definitions of the three primary dimensions. Four experts (10.5%)
provided specific recommendations for indicator reclassification
or consolidation to enhance discriminant validity and reduce
conceptual overlap. Detailed information on the questionnaire of
demand indicators and the corresponding results is provided in
Supplementary File S2. This process resulted in the final demand
indicator system, consisting of three primary and 45 secondary
indicators, as summarized in Table 2. The specific details of these
demand indicators can be found in Supplementary File S3.

2.2 Development of the stakeholders’
demand classification model

Following the establishment of the stakeholder demand
indicator system, a demand classification model was developed
utilizing cluster analysis. Cluster analysis, as a multivariate
statistical technique, enables the grouping of samples based
on similarity measures, making it particularly suitable for
identifying typologies in complex stakeholder demand data (31).
Specifically, a demand classification model integrating hierarchical
cluster analysis (HCA) and k-means clustering was developed
to systematically categorize stakeholder demand profiles. This
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TABLE 2 The final stakeholders’ demand indicator system for smart community development.
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TABLE 2 (Continued)

Dimension ID Indicators References

Y3-3 Smart environment
monitoring

Y3-4 Community population
management

Y3-5 Community vehicle
management

Y3-6 Community party affairs
management

Y3-7 Community volunteer
management

Y3-8 Housing management

Y3-9 Integrated government
service system

Y3-10 Support services for
vulnerable groups

Y3-11 | Dispute mediation and legal
outreach

Y3-12 | Community cultural and
recreational activities

Y3-13 | Centralized incident dispatch
and monitoring

Y3-14 | Community alert
broadcasting and statistics

Y3-15 | Multi-sectoral linkage

Y3-16 | Monitoring of special
population groups

Y3-17 | Information management for
vulnerable groups

Dimension ID Indicators References
Community Y1-1 Digital community (37, 68, 84-87)
safety emergency preparedness plan
Y1-2 Emergency plan
implementing
Y1-3 Propaganda and education of
emergency safety
Y1-4 Abnormal events recording
Y1-5 Management and control of
key parts
Y1-6 Building monitoring
Y1-7 Life channel facilities
monitoring
Y1-8 Floating population
management
Y1-9 Smart object monitoring
facilities
Y1-10 | Public facilities monitoring
Y1-11 Smart firefighting facilities
Y1-12 Community safety inspection
Y1-13 | Emergency duty
Y1-14 | Intelligent emergency alert
and forecasting
Y1-15 | Coordinated emergency
response
Y1-16 | Emergency broadcast system
Y1-17 Emergency rescue alarm
Y1-18 Emergency supplies reserve
Y1-19 | Emergency command and
dispatch
Y1-20 Post-response community
safety evaluation
Livability Y2-1 Community service center (69, 88-92)
services Y2-2 Community self-service
terminals
Y2-3 Community health services
Y2-4 Community medical services
Y2-5 Intelligent older adult care
services
Y2-6 Centralized reporting &
maintenance system
Y2-7 Recycling system for used
things
Y2-8 Smart childcare
Community Y3-1 Community grid-based (19, 43, 51, 93,
governance governance 94)
Y3-2 Collaborative community
governance
(Continued)

Frontiers in Public Health

integration was selected to leverage the complementary strengths
of both methods: HCA enables the determination of the optimal
cluster number without prior specification through analysis of the
agglomeration schedule, whereas K-means provides computational
efficiency and stable cluster assignment for large-sample survey
data (32). The overall analytical process is illustrated in Figure 2.

(a) Calculation of initial distances

The analysis commenced by computing the average scores
of the dimensions of community safety, livelihood services,
and community governance, which subsequently served as the
input data for the clustering procedure. Subsequently, the initial
configuration set the number of clusters equal to the number of
samples. In the hierarchical clustering phase, the squared Euclidean
distance (denoted as d;j) and the sum of squared deviations S were
calculated using the following formula:

dj = Z(xn — x;t)? (2)
=1
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FIGURE 2
Analytical process of the stakeholders’ demand classification model.
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where dj; denotes the distance between the i-th sample and
the j-th sample in terms of three dimensions. x;; and x;j; represent
the data of the ¢-th indicator in the i-th sample and j-th sample,
respectively. As all demand indicators were measured using a
uniform five-point Likert scale (ranging from 1 = “strongly
unnecessary” to 5 = “strongly necessary”), the variables shared
identical metric properties and units of measurement. Therefore,
data standardization was not applied, as z-score transformation is

unnecessary when all variables share the same scale and range.
(b) Cluster merging based on minimum distance

The sum of squared deviations S was minimized at each
merging step. When clusters p and g are merged into a new cluster /,
the sum of squared deviations of cluster / and the distance between
clusters p and g (dpq) was then calculated as:

"p

S = S+ S+~ (5 — %) (4)
np + ng
npn
dpy = ASpy = —29 (3, — %7)2 5
pq pq np+nq(" 7) (5)

where p and q contain n, and n,; samples and their corresponding
sums of squared deviations are denoted as S, and S;.

(c) Recalculation of the distance between the new cluster and
all other clusters

The distance between the new cluster / and any arbitrary cluster
r was calculated using the following formula:

np + ny ng + ny ny
dy = pr + qr — dpq (6)
ny+ ny ny+ ny ny+ ny
Frontiers in Public Health 05

(d) Determination of the optimal number of clusters (k).

Steps (b) and (c) were repeated iteratively to merge the
two closest clusters until a single cluster remains. This iterative
process yields the agglomeration coefficients for different numbers
of clusters. The agglomeration coefficient, which quantifies the
dissimilarity level at which two clusters are merged, was examined
for solutions ranging from k = 2 to k = 15. The optimal number
of clusters (k) was determined by identifying the inflection point
at which the incremental increase in the agglomeration coefficient
declined sharply (30).

(e) Calculation of the new distance matrix

Using the optimal number of clusters (k) determined
previously, k cluster centers are selected (cjr, where j’=1, 2, ..., k).
The Euclidean distance D(x;, ¢j) between each sample and every
center is calculated. The distance matrix was calculated as follows:

di1, dizs . dik
dy1, da, ... d

D= (dg) = |72 7 T 2
duts dn2s - dnk

Each sample is then assigned to the cluster j° with the min
D(x;, ¢j), which satisfied: D (x;,cy) = min {D (x;,¢7)} (i = 1,2,
..»n§=1,2,..., k), the sample belongs to the j-th cluster.

(f) Calculation of the k new cluster centers:

Cj’(] +1) =

2.

/
X EC]/

1
— (®)
ny
where ny denotes the number of samples in cluster Cy; X' denotes
the samples classified into cluster C;.

This process continued until cluster assignments stabilized and
the sum of squared errors reached convergence. The final output
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comprised k distinct clusters, each characterized by a unique profile
of stakeholder demands across the three core dimensions, thereby
establishing a typology of smart community development patterns
based on empirically derived demand structures.

2.3 Questionnaire design

To systematically obtain the demands of the four key
stakeholder groups—residents, property service enterprises, public
administrators, and social organizations—tailored questionnaires
were developed (see Supplementary File S4). Each questionnaire
was structured into three coherent parts designed to gather both
quantitative ratings and qualitative insights.

The first part collected essential demographic and contextual
information specific to each stakeholder type. The resident
questionnaire covered characteristics such as gender, age, education
level, duration of residence, and income. For property service
enterprises, items included staff size, years of working in
the property sector, and average monthly income. The public
administrator version captured gender, age, and education
level, while the social organization questionnaire recorded
the respondents position, type of organization, and years of
involvement in social organization work.

The second part formed the core of the survey, measuring the
perceived importance of each indicator within the three predefined
dimensions: community safety, livability services, and community
governance. Respondents rated their level of need for each item
using a five-point Likert scale [(33); 1 = “strongly unnecessary,” 2
= “unnecessary, 3 = “neutral,” 4 = “necessary,” and 5 = “strongly
necessary”]. This structured approach enabled the quantitative
assessment of demand intensity across all 45 indicators.

The third part concluded with an open-ended question, inviting
additional suggestions related to smart community development.
This optional component allowed respondents to express needs or
perspectives not fully captured by the fixed indicators, providing
valuable qualitative context to complement the quantitative data.

3 Study area and data collection
3.1 Study area

The study was conducted in six Chinese cities selected
from two strategically important regions: the Guangdong-Hong
Kong-Macao Greater Bay Area and cities along the Belt and
Road Initiative. The Greater Bay Area was represented by
Shenzhen, Dongguan, and Huizhou city, which exemplify a
development model driven by technological innovation and market
forces (34). Meanwhile, the Belt and Road Initiative cities of
Zhengzhou, Luoyang, and Putian demonstrate a policy-guided
approach characterized by strong governmental support and
comprehensive digitalization of public services (35). All six cities
have implemented smart community initiatives with notable
achievements in technological application and service delivery (36).

Within these six cities, a total of 32 typical smart communities
were identified as survey locations. These communities have
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been officially recognized as pilot projects with demonstrated
achievements in smart community development, particularly in the
domains of community safety, livability services, and governance
(37). However, the emphasis of smart community development
varies across the sampled sites. Specifically, communities C1-
C6, C7-Cl11, and C22-C26 place greater emphasis on community
governance, communities C17-C21 primarily focus on community
safety, while communities C12-C16 and C27-C32 prioritize
livelihood services. This heterogeneity suggests that, although all
sampled communities have been officially designated as “smart,”
their development remains uneven across functional domains.
Additionally, the selection of these communities was supported
by the high levels of engagement and awareness observed
among key stakeholder groups, which facilitated efficient data
collection and in-depth analysis of multi-stakeholder demands.
The spatial distribution of the selected communities is presented
in Figure 3, with full names and coding details provided in
Supplementary File S5.

3.2 Data collection

Data collection was conducted through “Wenjuanxing, a
professional online survey platform specializing in questionnaire
distribution and data collection. Utilizing this platform, a total
of 2,000 questionnaires were distributed to the four stakeholder
groups across the 32 selected smart communities. Following a
standardized data validation process, 1,606 complete and valid
responses were obtained, resulting in a response rate of 80.3%.

The valid responses showed balanced geographic distribution
across the six cities: Zhengzhou (269), Luoyang (266), Putian
(271), Shenzhen (266), Dongguan (264), and Huizhou (270). The
sample also demonstrated strong representation across stakeholder
groups, with 1,132 responses from residents, 262 from property
service enterprises, 103 from public administrators, and 109 from
social organizations. This comprehensive dataset enables robust
analysis of multi-stakeholder demands. The detailed distribution of
respondents is presented in Table 3, and the complete statistics of
respondents are available in Supplementary File Sé6.

4 Results

4.1 Quantification of stakeholders’
demands for smart community
development

Analysis of the 1,606 valid questionnaires revealed distinct
demand patterns across the four stakeholder groups, as
summarized in Figure 4. Public administrators recorded the
highest mean scores across all three dimensions (Y1:4.27,
Y2:4.21, Y3:4.24), followed by social organizations (Y1:4.21,
Y2:4.20, Y3:4.17) and property service enterprises (Y1: 4.10,
Y2:4.03, Y3:4.00).
lowest demand scores across all dimensions (Y1:3.94, Y2:3.88,

Residents consistently demonstrated the

Y3:3.82). The quantitative gaps between the highest and
lowest scoring groups range from 0.33 (Community Safety)
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The Guangdong-Hong Kong-
Macao Greater Bay Area

Huizhou city:
Community C7-C11

Dongguan city:
Community C1-C6

Shenzhen city:

The Belt and Road Initiative

Zhengzhou city:
Community C27-C32

Luoyang city:
Community C12-C16

Community C22-C26

| km
0 375750 1,500 2,250 3,000

FIGURE 3
Distribution of communities surveyed for smart community construction.

Putian city:
Community C17-C21

TABLE 3 Distribution of valid survey responses across stakeholder groups and cities.

Stakeholder Zhengzhou Luoyang Putian Shenzhen Dongguan

City

Residents 187 190 192 186 186 191 1,132
Property service enterprises 45 42 45 42 43 45 262
Public administrators 17 16 17 19 17 17 103
Social organizations 20 18 17 19 18 17 109
Total 269 266 271 266 264 270 1,606

to 0.42 (Community Governance), indicating substantial Regarding the Livability Services dimension (Figure 4b), the

heterogeneity in demand intensity across stakeholder types.
Detailed indicator scores for each stakeholder group are presented
in Figures 5-8.

As shown in Figure 4a, significant divergence was observed in
the Community Safety dimension between public administrators
(4.27) and residents (3.94). This 0.33-point gap represents
an 8.4% difference relative to the scale maximum, suggesting
meaningful practical divergence in safety prioritization. Detailed
indicator scores indicate that public administrators scored higher
than residents across all sub-indicators in this dimension. This
discrepancy may reflect the greater safety pressure on public
administrators, which stems from their statutory responsibilities
and obligations (38). In contrast, residents’ lower scores suggest
that safety demands are driven more strongly by personal risk
perception rather than institutional obligation. As illustrated
in Figure 5, residents assigned higher scores to indicators
related to personal safety, such as digital community emergency
preparedness plan (Y1-1: 4.125) and life channel facilities
monitoring (Y1-7: 4.077), while a lower score were assigned to
public facilities monitoring (Y1-10: 3.784), an indicator related to
infrastructure safety.

Frontiersin Public Health 07

most pronounced inter-group variance was observed (score
range: 3.85-4.21). Public administrators recorded the highest
score (4.21), with particular emphasis on intelligent older adult
care services (Y2-5; Figure7), reflecting their prioritization of
public welfare provision (39). Social organizations occupied
an intermediate position (4.18), consistent with their role in
advocating for service quality and coordinating welfare provision
(40). Property service enterprises demonstrated notably lower score
(3.99), 0.22 points below public administrators. This pattern may
be attributed to market-driven incentives. Commercial entities
exhibit limited interest in public service projects characterized
by high investment and low returns (41), such as community
health services (Y2-3; Figure 6). Residents exhibited the lowest
scores (3.85), potentially attributable to constrained digital
literacy and limited access to smart service platforms, which
may weaken their perception of such services. As such, their
demand is not fully articulated, despite underlying objective
needs (42).

For the Community Governance dimension (Figure 4c),
marked differentiation was evident (score range: 3.82-4.24).
Public administrators (4.24) and social organizations (4.16)
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(a) Stakeholders’ demand for community safety
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(¢) Stakeholders’ demand for community governance
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FIGURE 4

(b) Stakeholders’ demand for livability services

Y2-1
4.50
Y2-8 430
4.10
0
Y2-7
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Y2-5

Y2-2

Y23

Y2-4
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institutional and civil society actors. As shown in Figures7, 8,

scores, with a narrow 0.08-point

governance priorities between
public administrators exhibited the strongest demand for
(43), as

community governance

governance efficiency improvements reflected in

indicators such as collaborative
(Y3-2: 4.388),

welfare

while social organizations prioritized social
enhancement, particularly support services for
(Y3-10: 4.312). Additionally, property

service enterprises recorded moderate demand score (3.98),

vulnerable groups
potentially reflecting a mismatch between their governance
responsibilities and constrained administrative authority (44).
Residents exhibited the lowest governance demand (3.82), with
particularly low scores for community party affairs management
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(Y3-6: 3.572) and community volunteer management (Y3-
7: 3.664). This pattern suggests that residents may prioritize
governance outcomes over direct participation in governance
processes (45, 46).

4.2 Clusters of stakeholders' demands for
smart community development

Inter-group analysis of demands across the three dimensions
revealed distinct patterns among the four stakeholder groups
(Figure 4d). To further identify underlying demand typologies,
the classification model was subsequently employed. The demand
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classification model was employed to classify the diverse demand
patterns identified in the survey data. The dataset demonstrated
high reliability and validity, with a Cronbach’s Alpha 0f 0.919 and a
KMO measure of 0.961 (Bartlett’s test p < 0.001) (47). Hierarchical
clustering using Ward’s method and squared Euclidean distance
was first conducted, with the analysis of the agglomeration schedule
indicating that the optimal solution was achieved with four
clusters, beyond which the agglomeration coefficient stabilized.
The agglomeration coefficient increased by 21.07% when moving
from three to four clusters, but the incremental gain dropped
sharply to 7.65% when moving from four to five clusters, with
further declines to 6.38% (k = 5 to k = 6) and 4.39% (k = 6
to k = 7). This consistent pattern of decelerating marginal gains
beyond k = 4 suggests that the four-cluster structure is robust
against minor specification changes (a three-cluster solution would
obscure meaningful distinctions, whereas a five-cluster solution
would subdivide groups without theoretical justification). This
four-cluster solution was subsequently validated and obtained
through K-means clustering. The final cluster centers resulting
from this analysis are illustrated in Figure 9.

The four clusters exhibit distinct demand profiles. Cluster 1
is characterized by a high average score for livability services,
coupled with below-average scores in both community safety and
governance. In contrast, Cluster 2 demonstrates a notably low
demand for livability services but shows above-average demand
for community safety and governance. Cluster 3 represents a
comprehensive, high-demand profile, with scores exceeding the
average across all three dimensions. Conversely, Cluster 4 is defined
by consistently low demand intensity across community safety,
livability services, and community governance.

Based on the distinct demand profiles revealed by the cluster
analysis, the four clusters were designated as follows. Cluster
1 (strong livability services demand) is characterized by high
demand for livability services but lower emphasis on safety and
governance. Cluster 2 (prioritized safety and governance demand)
shows focused demand on safety and governance dimensions with
limited interest in livability services. Cluster 3 (comprehensive
demand across all dimensions) represents balanced high demand
across all three domains. Finally, Cluster 4 (weak livability-
focused demand) demonstrates generally low demand across all
dimensions with relative emphasis on basic livability services. This
empirically derived classification provides a robust framework for
understanding the heterogeneity in stakeholders’ demands and
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establishes a foundation for developing tailored smart community
development strategies.

5 Discussion

5.1 Evolution of stakeholders’ demand
clusters

The four identified clusters are interpreted not as static
types, but as theoretically inferred stages along a developmental
continuum characterized by increasing demand intensity (low —
medium — high). This progression (see Figure 10) aligns with
the developmental stages of smart communities, from foundational
service provision to comprehensive and integrated systems (48).
However, it should be emphasized that this evolutionary pathway
represents a conceptual and interpretive framework, rather than
an empirically observed temporal sequence, given the cross-
sectional nature of the survey data. This stage-based interpretation
is theoretically informed by the literature on socio-technical
transitions and phased urban development, which conceptualizes
urban innovation and governance transformation as gradual
processes rather than abrupt shifts (49, 50). Within this perspective,
smart community development is understood as a cumulative
process in which community safety, livelihood services, and
community governance co-evolve toward increasing integration
and complexity.

The evolutionary pathway originates with Cluster 4 (weak
livability-focused demand). Characterized by generally low demand
across stakeholder groups, this cluster represents the initial stage of
smart community development (51, 52). It is typically applicable
to traditional neighborhood communities or those with limited
funding, where basic service providers (e.g., property service
enterprises) are introduced to establish foundational infrastructure
(53). However, this stage is often hampered by governance
challenges, including ill-defined responsibilities and redundant
service processes, which impede further development (20, 54).

The pathway then diverges into two transitional and medium-
demand stages: Cluster 1 (strong livability services demand) and
Cluster 2 (prioritized safety and governance demand). Cluster
1 emerges through market mechanisms that vigorously address
demands for community-based services such as healthcare and
older adult care (55). A potential pitfall of this market-driven
pattern is the relative neglect of public goods, notably community
safety and governance (45). In contrast, Cluster 2 evolves through
government mandates, prioritizing the enhancement of public
safety and governance capacity. This pattern is crucial in contexts
where market operations are not yet viable or business models are
unclear, but its scalability is often limited by fiscal pressures and
constrained service coverage (56, 57).

The destination of this evolutionary pathway is Cluster 3
(comprehensive demand across all dimensions). This cluster
represents a mature, public-private partnership model where
governmental bodies set standards and provide policy support,
while private enterprises contribute technical expertise and manage
market-oriented operations (58). Risks and benefits are clearly
defined through contractual agreements, enabling a comprehensive
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response to the full spectrum of stakeholder demands in
community safety, livability services, and community governance
(59). Consequently, Cluster 3 is positioned as the most advanced
and sustainable allocation for fulfilling the complex demands for
the smart community.

5.2 Advantages of the stakeholders'
demand classification model

The four identified clusters are interpreted not as static
types, but as theoretically inferred stages along a developmental
continuum characterized by increasing demand intensity (low —
medium — high). This progression (see Figure 10) aligns with
the developmental stages of smart communities, from foundational
service provision to comprehensive and integrated systems (48).
However, it should be emphasized that this evolutionary pathway
represents a conceptual and interpretive framework, rather than
an empirically observed temporal sequence, given the cross-
sectional nature of the survey data. This stage-based interpretation
is theoretically informed by the literature on socio-technical
transitions and phased urban development, which conceptualizes
urban innovation and governance transformation as gradual
processes rather than abrupt shifts (49, 50). Within this perspective,
smart community development is understood as a cumulative
process in which community safety, livelihood services, and
community governance co-evolve toward increasing integration
and complexity.

First, the model integrates the disparate demands of all four key
stakeholder groups—residents, property service enterprises, public
administrators, and social organizations—into a comprehensive
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demand indicator system. Theoretically, this demand indicator
system is grounded in Maslows Hierarchy of Needs and
the Kano Model. Maslow’s Hierarchy identifies universal need
categories that apply across all stakeholder groups, while the
Kano Model explains how these groups differentially classify
specific services as basic, performance, or excitement quality
attributes. Moving beyond prior research that has typically
examined stakeholder groups in isolation (60), this holistic
architecture ensures that the full spectrum of community
demands is captured systematically. This integration is crucial for
identifying synergies and trade-offs between different stakeholders,
thereby providing a more realistic and actionable foundation for
policymaking (61).

Second, the classification model employs a hybrid quantitative
methodology, combining hierarchical clustering with K-means
clustering analysis, to objectively categorize stakeholders’ demand
profiles (62). This data-driven approach overcomes the constraints
of purely qualitative or theoretical typologies, which may be subject
to researcher bias (63, 64). The application of these clustering
techniques enables the empirical identification of demand patterns
directly from survey data (65), thereby establishing a reproducible
protocol for classifying smart communities based on their unique
demand structures.

Third, a principal theoretical contribution of this model
lies in its clarification of the intrinsic relationships between
different demand clusters, which are conceptualized as sequential
stages in a dynamic evolutionary process (66). By introducing
a “low — medium —  high” demand pathway, the model
moves beyond static classification to offer a developmental
perspective on smart communities (67). This reveals not only
where a community currently stands but also its potential
trajectory, providing valuable

insights into the necessary
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conditions for advancing to more mature and integrated phases
of development.

5.3 Applicability of the stakeholders'
demand classification model

While this study is grounded in the Chinese context, the
proposed stakeholder demand taxonomy and the underlying
classification model offer significant potential for cross-national
application. Specifically, the three-dimensional framework—
comprising community safety, livelihood services, and community
governance—captures fundamental urban needs that resonate
globally (25, 26, 28). Indicators such as “digital community
emergency preparedness plan” (Y1-1), “community medical
services” (Y2-4), and “collaborative community governance”
(Y3-2) are universal components of resilient urban environments
(68, 69). Furthermore, the data-driven clustering methodology
(HCA and K-means) provides a robust, objective protocol
for identifying demand profiles that can be replicated in any
governance setting (32).

However, not all secondary indicators are equally transferable
across national settings. Indicators tied to China’s distinctive
institutional architecture may require contextual adjustment,
substitution, or redefinition to ensure conceptual equivalence.
In addition, it should also be acknowledged that the empirical
application of the framework is influenced by the selection of
survey sites. All sampled communities in this study have been
officially designated as smart community pilots, which inevitably
introduces a degree of selection bias and may limit the full
variability of stakeholder demand patterns. Therefore, cross-
national applications of the proposed framework should not
only preserve the core dimensional structure and analytical logic,
but also adopt more diversified sampling strategies that include
communities at different stages of smart development, while
allowing for adaptive calibration of context-sensitive indicators to
reflect local social, cultural, and institutional conditions.

5.4 Strategies to satisfy stakeholders’
demands for the smart community
development

Building upon the quantified demand profiles and the four
distinct clusters identified, tailored strategies are proposed to
effectively address the specific needs of each stakeholder group
and facilitate the evolution of smart communities along the
developmental pathway. These strategies move beyond a one-size-
fits-all approach, advocating for targeted interventions based on a
community’s predominant demand characteristics.

For communities characterized by Cluster 1,

policy
interventions may primarily focus on promoting market
innovation in high-demand service sectors. This can be achieved
by establishing a regulatory environment that incentivizes private
investment in domains such as community healthcare and smart
care for older adults (70). Concurrently, to mitigate the risk of

neglecting public goods like community safety and governance,
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implementing minimum service standards for smart community
data security (71, 72), along with oversight mechanisms for smart
community operations (73, 74), could help ensure a balanced
development trajectory.

For communities falling under Cluster 2, strategic public
investment is crucial to address foundational deficiencies in
smart community infrastructure. Public funding could be directed
toward modernizing core intelligent systems, with priority given
to the establishment of centralized data hubs and integrated
platforms for community safety and governance (75). To ensure the
financial sustainability of these technological upgrades, innovative
instruments such as municipal bonds specifically earmarked
for smart city initiatives could be explored (76). Moreover,
parallel administrative reforms are essential to clarify jurisdictional
boundaries and streamline service workflows by implementing
digital grid-based management systems. These reforms ensure
that technology investments translate into tangible improvements,
ultimately enhancing the efficiency and scope of government-led
smart community development (77).

For communities exhibiting the comprehensive demand profile
of Cluster 3, the strategic focus could shift toward establishing
structured public-private partnerships that leverage the respective
strengths of both sectors (78). This requires the development
of standardized contractual frameworks which clearly define the
responsibilities, risk-sharing arrangements, and revenue models for
all involved stakeholders (79). Such legal and operational clarity
is essential for mobilizing private sector investment and technical
expertise in large-scale smart community projects. Subsequently,
these partnerships can facilitate the coordinated delivery of
integrated services, including intelligent safety systems, digital
livelihood services, and data-driven governance platforms (80).
Ultimately, this collaborative pattern serves as the institutional
foundation for achieving balanced smart community development.

Finally, for communities identified as Cluster 4, a phased
implementation strategy is recommended to establish fundamental
smart community capabilities (81). Initial phases could focus
on developing essential digital infrastructure, including basic
connectivity and shared data platforms, while concurrently
clarifying property rights and operational boundaries (82).
Subsequently, professional operators can be entrusted with
managing specific smart services through performance-
based contracts that establish clear service-level agreements
and accountability metrics (83). This structured approach
addresses the current challenges of ambiguous responsibilities
while building the necessary foundation for sustainable smart
community development.

6 Conclusion

This study developed and applied a comprehensive
classification model to decode the complex landscape of
stakeholders’ demands in smart community development. By
constructing a multi-dimensional indicator system and employing
a hybrid clustering methodology on a substantial dataset of 1,606
respondents from China, four distinct stakeholders demand

clusters were empirically identified: Cluster 1 (strong livability
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services demand), Cluster 2 (prioritized safety and governance
demand), Cluster 3 (comprehensive demand), and Cluster 4 (weak,
livability-focused demand). Crucially, these clusters were found not
to be isolated types, but interconnected stages along a consistent
low-medium-high evolutionary pathway, providing a dynamic
perspective on how smart community needs mature.

The research offers dual contributions. Theoretically, it
moves beyond the fragmented analysis of single stakeholders
by introducing a holistic taxonomy that integrates the
demands of residents, property service enterprises, public
organizations. This paradigm

shift, supported by a robust quantitative classification model,

administrators, and social
provides a new framework for understanding the dynamics
of community demands. Practically, the findings deliver an
actionable tool for policymakers and planners. The ability
to classify a community into a specific demand profile
enables the design of highly targeted development strategies,
from fostering market innovation in Cluster 1 to instituting
collaborative governance in Cluster 3, thereby optimizing
resource allocation and enhancing the strategic impact of smart
city initiatives. This evidence-based framework also moves
beyond one-size-fits-all approaches by fully accommodating
multi-stakeholder thereby
cohesion and informing public-health preparedness and

demands, strengthening  social
disaster-risk governance.

Despite these contributions, two limitations point to directions
for future research. First, this study relies on cross-sectional
data, which constrains the ability to capture the dynamic
evolution of stakeholder demand structures. Future studies could
employ longitudinal designs to examine how demand patterns
change over time and to validate the proposed developmental
pathway. Second, the empirical analysis is based on a sample
of communities that have already been designated as smart
community pilots, which may introduce selection bias and limit
the representativeness of the findings. Although these communities
exhibit heterogeneous development emphases, they may not
represent the full spectrum of community development stages.
Future research applying this framework to diverse international
contexts and to communities at earlier development stages would
strengthen its generalizability.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Ethics
Committee at the Department of Organizational and Behavioral
Sciences, China University of Mining and Technology. The studies
were conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Frontiers in Public Health

10.3389/fpubh.2026.1751235

Author contributions

WQ: Supervision, Writing - review & editing, Funding

acquisition, Project administration, Conceptualization. YS:
Software, Visualization, Writing - review & editing, Data curation.
LM: Validation, Investigation, Writing — original draft, Software.
HW: Validation, Data curation, Writing - review & editing. HY:
Writing - original draft, Validation. PH: Resources, Methodology,
Investigation, Writing - original draft. TG: Funding acquisition,
Supervision, Formal analysis, Conceptualization, Visualization,

Writing - review & editing, Project administration.

Funding

The author(s) declared that financial support was received
for this work and/or its publication. This study was funded by
the 2024 annual scientific research project of Jiangsu Vocational
Institute of Architectural Technology (Grant No. JYA324-35),
the National Natural Science Foundation of China (Grant No.
72574216), Jiangsu Provincial Social Science Fund Project (Grant
No. 25ZHCO031), and the Fundamental Research Funds for the
Central Universities (Grant No. 2025HQZZSKO05).

Acknowledgments

The authors would like to thank the reviewers for their
constructive comments that helped us improve the quality of
this paper.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures
in this article has been generated by Frontiers with the
support of artificial intelligence and reasonable efforts have
been made to ensure accuracy, including review by the
authors wherever possible. If you identify any issues, please
contact us.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of

frontiersin.org


https://doi.org/10.3389/fpubh.2026.1751235
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Qietal.
their affiliated organizations, or those of the publisher,
the editors and the reviewers. Any product that may

be evaluated in this article, or claim that may be made
by its manufacturer,
the publisher.

is not guaranteed or endorsed by

References

1. Zhang N, Zhao X]J, He XP. Understanding the relationships between information
architectures and business models: an empirical study on the success configurations of
smart communities. Gov Inf Q. (2020) 37:101439. doi: 10.1016/j.giq.2019.101439

2. Jakobsen K, Mikalsen M, Lilleng G. A literature review of smart technology domains
with implications for research on smart rural communities. Technol Soc. (2023)
75:102397. doi: 10.1016/j.techsoc.2023.102397

3. Asadzadeh A, Pakkhoo S, Saeidabad MM, Khezri H, Ferdousi R. Information
technology in emergency management of COVID-19 outbreak. Inform Med Unlocked.
(2020) 21:100475. doi: 10.1016/j.imu.2020.100475

4. Gu TT, Xu QZ, Song XY, Hao EY, Cui P, Xie MH. Analysis of
influencing factors and their inner mechanism of the market participation
in the smart community construction of China. Ain Shams Eng ]. (2024)
15:102761. doi: 10.1016/j.asej.2024.102761

5. Lee Y, Han S, Cho Y. Navigating the path to smart and sustainable cities:
insights from South Korea’s national strategic smart city program. Land. (2025)
14:928. doi: 10.3390/1and 14050928

6. Marimuthu M, D’Souza C, Shukla Y. Integrating community value into
the adoption framework: a systematic review of conceptual research on
participatory smart city applications. Technol Forecast Soc Change. (2022)
181:121779. doi: 10.1016/j.techfore.2022.121779

7. Streitz N. Beyond “smart-only” cities: redefining the “smart-everything” paradigm. J
Ambient Intell Humaniz Comput. (2019) 10:791-812. doi: 10.1007/s12652-018-0824-1

8. Wan LJ Li SJ, Yin S. Analysis of the game behavior of smart community regulatory
participants to co-create the smart city: post-human stakeholder perspectives. Health
Soc Care Community. (2023) 2023:9837762. doi: 10.1155/2023/9837762

9. Hu Q, Zheng YP. Smart city initiatives: a comparative study of American and
Chinese cities. ] Urban Aff. (2021) 43:504-25. doi: 10.1080/07352166.2019.1694413

10. Bokhari SAA, Seunghwan M. How do institutional and technological innovations
influence the smart city governance? Focused on stakeholder satisfaction and crime
rate. Sustainability. (2024) 16:4246. doi: 10.3390/su16104246

11. Kummitha RKR. Smart technologies for fighting pandemics: the techno- and
human- driven approaches in controlling the virus transmission. Gov Inf Q. (2020)
37:101481. doi: 10.1016/j.giq.2020.101481

12. Liu JJ, Chen NC, Chen ZQ, Xu L, Du WY, Zhang Y, et al. Towards sustainable
smart cities: maturity assessment and development pattern recognition in China. J
Clean Prod. (2022) 370:133248. doi: 10.1016/j.jclepro.2022.133248

13. Pricope LN, Antohi VM, Meca A, Buboi A, Fortea C, Zlati ML. The new European
development scoreboard for SDGI1 at the European level. Sustainability. (2024)
16:7736. doi: 10.3390/sul6177736

14. Tutak M, Brodny J. Stakeholder collaboration and open innovation in smart cities:
a quattro helix model for technological and social transformation. ] Open Innov Technol
Mark Complex. (2025) 11:100594. doi: 10.1016/j.joitmc.2025.100594

15. Liu Z, Chen ], Wang Q. Construction of a comprehensive evaluation model for old
community renewal in Suzhou based on smart city concepts. Front Archit Res. (2025)
14:1364-79. doi: 10.1016/j.foar.2025.01.001

16. Anthony B. The role of community engagement in urban innovation towards
the co-creation of smart sustainable cities. ] Knowl Econ. (2024) 15:1592-
624. doi: 10.1007/s13132-023-01176-1

17. Gu TT, Hao EY, Zhang L. Exploring determinants of residents’
participation intention towards smart community construction by extending
the TPB: a case study of Shenzhen city. Eng Constr Archit Manag. (2024)
32:5228-52. doi: 10.1108/ECAM-03-2023-0247

18. Gu TT, Wang YC, Wang L, Hao EY, Wang CY, Xie MH. Quantifying
residents’ perceptions of smart community construction through a hybrid EWM-
PROMETHEE II method: a case study of Shenzhen, China. Land. (2024)
13:1197. doi: 10.3390/land13081197

19. Guo J, Ling WH. Impact of smart city planning and construction
on community governance under dynamic game. Complexity. (2021)
2021:6690648. doi: 10.1155/2021/6690648

Frontiersin Public Health

14

10.3389/fpubh.2026.1751235

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.2026.
1751235/full#supplementary-material

20. Miao SL, Tan H. Models and logic of smart community governance in a centralised
system. China Int J. (2025) 23:45-63. doi: 10.56159/chn.2025.a969167

21. Meng JT, Yang L, Lei H. Promoting elderly care sustainability by smart village
facilities integration-construction of a public service field with introduction of fall
posture monitoring. Buildings. (2023) 13:2144. doi: 10.3390/buildings13092144

22. Gu TT, Li DZ, Li LZ. The elderly’s demand for community-based care services
and its determinants: a comparison of the elderly in the affordable housing
community and commercial housing community of China. J Healthc Eng. (2020)
2020:1840543. doi: 10.1155/2020/1840543

23. Jiang YE Long HL, Tang YT, Deng W. Measuring the role of land consolidation to
community revitalization in rapidly urbanizing rural China: a perspective of functional
supply-demand. Habitat Int. (2025) 155:103237. doi: 10.1016/j.habitatint.2024.103237

24. Gu TT, Hao EY, Wang CY, Zhu SY, Wang YC. CRITIC-PROMETHEE II-based
evaluation of smart community services: a case study of Shenzhen, China. ] Knowl Econ.
(2024) 16:3286-320. doi: 10.1007/s13132-024-02114-5

25. Jinging P, Zhengyi L, Yutong T, Haihao J, Rongxin Y, Jinyue Y. Balancing
stakeholder benefits: a many-objective optimal dispatch framework for home
energy systems inspired by Maslow’s Hierarchy of needs. Adv Appl Energy. (2024)
13:100160. doi: 10.1016/j.adapen.2023.100160

26. Zhang D, Li Z, Zhong J, Yang J. A framework for prioritizing urban
ecological infrastructure (UEI) implementation tasks based on residents’
ecological demands and government policies. ] Environ Manage. (2024)
354:120369. doi: 10.1016/j.jenvman.2024.120369

27. Yin JB, Cao XY, Huang XY, Cao XS. Applying the IPA-Kano model to examine
environmental correlates of residential satisfaction: a case study of Xi’an. Habitat Int.
(2016) 53:461-72. doi: 10.1016/j.habitatint.2015.12.013

28. Tan KHC, Lee SE, Tham KW. Developing a residential well-being framework: a
holistic approach integrating the residential environment and Maslow’s hierarchy of
needs. Build Environ. (2025) 285:113552. doi: 10.1016/j.buildenv.2025.113552

29. Gu T, Wang Y, Li L, Dai Y, Chang W. An enhanced dynamic-network-
based framework for quantifying and enhancing the resilience of disaster response
networks to old communities under rainstorm waterlogging. ] Environ Manage. (2024)
372:123098. doi: 10.1016/j.jenvman.2024.123098

30. Gu T, Yi X, Hao E, Yan H, Li D. Promoting residents’ engagement in the sponge-
style old community renewal in China through an enhanced engagement framework.
Environ Dev Sustain. (2025). doi: 10.1007/s10668-025-07050-1. [Epub ahead of print].

31. Inbakaran R, Jackson M. Resident attitudes inside
product regions: a cluster analysis. J Hosp Tour Manag.
74. doi: 10.1375/jhtm.13.1.59

tourism
13:59-

Victoria’s
(2006)

32. Ivan L, Dikken ], van Hoof J. Unveiling the experienced age-friendliness of
older people in Bucharest: a comprehensive study using the validated Romanian age-
friendly cities and communities questionnaire and cluster analysis. Habitat Int. (2024)
143:102973. doi: 10.1016/j.habitatint.2023.102973

33, Yifei H, Hassan FA, Jabbar A, Ahmad W, Beldiman CM, Antohi VM,
et al. Farm input subsidies and household food security: evidence from the
Punjab Kissan card program in Pakistan. Front Sustain Food Syst. (2026)
10:1714558. doi: 10.3389/fsufs.2026.1714558

34. Zhou Y, Duan W, Wang S, Lin X, Wang Z, Luo Y. Urban information flow
networks, service industry agglomeration and their heterogeneous interactive effects:
evidence from the Guangdong-Hong Kong-Macao Greater Bay area. Cities. (2025)
166:106285. doi: 10.1016/j.cities.2025.106285

35. Dai W. Belt and road initiative: driving innovation in tech enterprises through
global value chains. Fin Res Lett. (2025) 74:106796. doi: 10.1016/j.frl.2025.106796

36. Wang C, Wang L, Gu T, Hao E, Chen Y, Zhang H. Evaluating smart community
development in China from the perspective of residents” sense of safety: an analysis
using criteria importance through intercriteria correlation and fuzzy comprehensive
evaluation approaches. Land. (2024) 13:1434. doi: 10.3390/land13091434

37. Wang C, Wang L, Gu T, Yin J, Hao E. CRITIC-TOPSIS-based evaluation
of smart community safety: a case study of Shenzhen, China. Buildings. (2023)
13:476. doi: 10.3390/buildings13020476

frontiersin.org


https://doi.org/10.3389/fpubh.2026.1751235
https://www.frontiersin.org/articles/10.3389/fpubh.2026.1751235/full#supplementary-material
https://doi.org/10.1016/j.giq.2019.101439
https://doi.org/10.1016/j.techsoc.2023.102397
https://doi.org/10.1016/j.imu.2020.100475
https://doi.org/10.1016/j.asej.2024.102761
https://doi.org/10.3390/land14050928
https://doi.org/10.1016/j.techfore.2022.121779
https://doi.org/10.1007/s12652-018-0824-1
https://doi.org/10.1155/2023/9837762
https://doi.org/10.1080/07352166.2019.1694413
https://doi.org/10.3390/su16104246
https://doi.org/10.1016/j.giq.2020.101481
https://doi.org/10.1016/j.jclepro.2022.133248
https://doi.org/10.3390/su16177736
https://doi.org/10.1016/j.joitmc.2025.100594
https://doi.org/10.1016/j.foar.2025.01.001
https://doi.org/10.1007/s13132-023-01176-1
https://doi.org/10.1108/ECAM-03-2023-0247
https://doi.org/10.3390/land13081197
https://doi.org/10.1155/2021/6690648
https://doi.org/10.56159/chn.2025.a969167
https://doi.org/10.3390/buildings13092144
https://doi.org/10.1155/2020/1840543
https://doi.org/10.1016/j.habitatint.2024.103237
https://doi.org/10.1007/s13132-024-02114-5
https://doi.org/10.1016/j.adapen.2023.100160
https://doi.org/10.1016/j.jenvman.2024.120369
https://doi.org/10.1016/j.habitatint.2015.12.013
https://doi.org/10.1016/j.buildenv.2025.113552
https://doi.org/10.1016/j.jenvman.2024.123098
https://doi.org/10.1007/s10668-025-07050-1
https://doi.org/10.1375/jhtm.13.1.59
https://doi.org/10.1016/j.habitatint.2023.102973
https://doi.org/10.3389/fsufs.2026.1714558
https://doi.org/10.1016/j.cities.2025.106285
https://doi.org/10.1016/j.frl.2025.106796
https://doi.org/10.3390/land13091434
https://doi.org/10.3390/buildings13020476
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Qietal.

38. Habich-Sobiegalla S, Zheng H, Pluemmer F. Temporal governance and
accountability costs of Beijing’s digital citizen request system. Regul Gov. (2026)
20:18-34. doi: 10.1111/rego.12612

39. Huang GG, Guo F, Chen G. Utilization of home-/community-based care services:
the current experience and the intention for future utilization in urban China. Popul
Res Policy Rev. (2023) 42. doi: 10.1007/s11113-023-09810-1

40. Kan K, Ku HB. Social organizations in rural China: from autonomy to governance.
China Q. (2023) 256:871-85. doi: 10.1017/50305741023000668

41. Wang XY, Zhu L, Ji MM. One-site reform of public service and corporate
investment. Fin Res Lett. (2022) 48:103002. doi: 10.1016/j.fr1.2022.103002

42. Ge H, LiJS, Hu HL, Feng TT, Wu X. Digital exclusion in older adults: a scoping
review. Int ] Nurs Stud. (2025) 168:105082. doi: 10.1016/j.ijnurstu.2025.105082

43. Wang Y, Antohi VM, Fortea C, Zlati ML, Mohammad RA, Abdelkhair
FYE, et al. Shadow economy and environmental sustainability in global
developing countries: do governance indicators play a role? Sustainability. (2024)
16:9852. doi: 10.3390/su16229852

44. Li X, Li B, Jiang W. State-led versus market-led: how institutional arrangements
impact collaborative governance in participatory urban regeneration in China. Habitat
Int. (2024) 150:103134. doi: 10.1016/j.habitatint.2024.103134

45. Pansera M, Marsh A, Owen R, Loépez JAE, Ulloa JLD. Exploring citizen
participation in smart city development in Mexico City: an institutional logics
approach. Organ Stud. (2023) 44:1679-701. doi: 10.1177/01708406221094194

46. Przeybilovicz E, Cunha MA, Geertman S, Leleux C, Michels A, Tomor Z, et al.
Citizen participation in the smart city: findings from an international comparative
study. Local Gov Stud. (2022) 48:23-47. doi: 10.1080/03003930.2020.1851204

47. Rehman Su, Khan SN, Antohi VM, Bashir S, Fareed M, Fortea C, et al. Open
innovation big data analytics and its influence on sustainable tourism development:
a multi-dimensional assessment of economic, policy, and behavioral factors. ] Open
Innov Technol Mark Complex. (2024) 10:100254. doi: 10.1016/j.joitmc.2024.100254

48. Tian NL, Wang W. Innovative pathways for collaborative governance

in technology-driven smart communities. Sustainability. (2025)
17:98. doi: 10.3390/5u17010098

49. Bibri SE, Krogstie J. Smart sustainable cities of the future: an
extensive interdisciplinary literature review. Sustain Cities Soc. (2017)

31:183-212. doi: 10.1016/j.5¢5.2017.02.016

50. Angelidou M. Smart cities: a conjuncture of four forces. Cities. (2015) 47:95-
106. doi: 10.1016/j.cities.2015.05.004

51. Wan L], Jiang SQ. Research on the influencing factors of sustainable development
of smart community. Math Probl Eng. (2022) 2022:8420851. doi: 10.1155/2022/8420851

52. Cantuarias-Villessuzanne C, Weigel R, Blain J. Clustering of European smart
cities to understand the cities sustainability strategies. Sustainability. (2021)
13:513. doi: 10.3390/su13020513

53. Jaya I, Pahlevi SM, Susenna A, Agustina L, Kusumasari D, Sukma YAA, et al.
Framework for monitoring the spatiotemporal distribution and clustering of the digital
society index of Indonesia. Sustainability. (2024) 16:11258. doi: 10.3390/sul62411258

54. Giuliodori A, Berrone P, Ricart JE. Where smart meets sustainability: the role of
smart governance in achieving the sustainable development goals in cities. BRQ Bus
Res Q. (2023) 26:27-44. doi: 10.1177/23409444221091281

55. Yang T, Zhao Z. Long-term care insurance policy and the
development of elderly care enterprises in China. China Econ Rev. (2025)
94:102564. doi: 10.1016/j.chieco.2025.102564

56. Lian H, Min B, Oh J. State-led smart city policy changes and impacts on urban
growth and management: a study of 118 Chinese smart cities. ] Asian Archit Build Eng.
(2025) 24:5601-20. doi: 10.1080/13467581.2024.2407588

57. Wang RY, Xu CK, Wu X. Open government data (OGD) as a catalyst for
smart city development: empirical evidence from Chinese cities. Gov Inf Q. (2024)
41:101983. doi: 10.1016/j.giq.2024.101983

58. Ju JR, Liu LN, Feng YQ. Governance mechanism of public-private partnerships
for promoting smart city performance: a multi-case study in China. Cities. (2024)
153:105295. doi: 10.1016/j.cities.2024.105295

59. Mora L, Gerli P, Ardito L, Petruzzeli AM. Smart city governance
from an innovation management perspective: theoretical framing, review
of current practices, and future research agenda. Technovation. (2023)

123:102717. doi: 10.1016/j.technovation.2023.102717

60. Lung-Amam W, Bierbaum AH, Parks S, Knaap GJ, Sunderman G, Stamm L.
Toward engaged, equitable, and smart communities: lessons From West Baltimore.
Hous Policy Debate. (2021) 31:93-111. doi: 10.1080/10511482.2019.1672082

61. Fletcher G, Greenhill A, Griffiths M, Holmes K, McLean R. Creatively
prototyping the future high street. Prod Plan Control. (2016) 27:477-
89. doi: 10.1080/09537287.2016.1147094

62. Galdino SML, da Silva JD. Hybrid clustering: combining K-means and interval
valued data-type hierarchical clustering. Acta Polytech Hung. (2024) 21:175-
86. doi: 10.12700/APH.21.9.2024.9.12

Frontiers in Public Health

10.3389/fpubh.2026.1751235

63. Chen LX, Santos JBW, Gaza ], Perez A, Miranda-Quintana RA. Hierarchical
extended linkage method (HELM)’s deep dive into hybrid clustering strategies. ] Chem
Inf Model. (2025) 65:6209-20. doi: 10.1021/acs.jcim.5c00539

64. Jain M, AlSkaif T, Dev S. Validating clustering frameworks for electric load demand
profiles. IEEE Trans Ind Inform. (2021) 17:8057-65. doi: 10.1109/T11.2021.3061470

65. Chen W, Li JL. Teleconsultation demand classification and service analysis. BMC
Med Inform Decis Mak. (2021) 21:245. doi: 10.1186/s12911-021-01610-x

66. Ivars-Baidal J, Casado-Diaz AB, Navarro-Ruiz S, Fuster-Uguet M. Smart tourism
city governance: exploring the impact on stakeholder networks. Int ] Contemp Hosp
Manag. (2024) 36:582-601. doi: 10.1108/IJCHM-03-2022-0322

67. Hsu LF. State’s role in shaping the smart city industry development. Int ] Urban Sci.
(2025) 29:37-65. doi: 10.1080/12265934.2024.2438249

68. Wang X, Zhang XX, He JJ. Challenges to the system of reserve medical supplies for
public health emergencies: reflections on the outbreak of the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) epidemic in China. Biosci Trends. (2020)
14:3-8. doi: 10.5582/bst.2020.01043

69. Wang FK, Zhang JZ, Zhang PK. Influencing factors of smart community service
quality: evidence from China. Tehnicki Vjesnik-Technical Gazette. (2021) 28:1187-
96. doi: 10.17559/TV-20210429094941

70. Yan ZJ, Jiang L, Huang XL, Zhang LE Zhou XX. Intelligent urbanism with
artificial intelligence in shaping tomorrow’s smart cities: current developments,
trends, and future directions. J Cloud Comput Adv Syst Appl. (2023)
12:179. doi: 10.1186/s13677-023-00569-6

71. Moustaka V, Theodosiou Z, Vakali A, Kounoudes A, Anthopoulos LG. Enhancing
social networking in smart cities: privacy and security borderlines. Technol Forecast Soc
Change. (2019) 142:285-300. doi: 10.1016/j.techfore.2018.10.026

72. Sani AS, Bertino E, Yuan D, Meng K, Dong ZY. SPrivAD: a secure and privacy-
preserving mutually dependent authentication and data access scheme for smart
communities. Comput Secur. (2022) 115:102610. doi: 10.1016/j.cose.2022.102610

73. Cho JY, Park SK. Key factors for sustainable operation of smart rural communities
in aging societies: voices of Korean community leaders. Technol Soc. (2023)
74:102306. doi: 10.1016/j.techsoc.2023.102306

74. Mak HY. Enabling smarter cities with operations management. Manuf Serv Oper
Manag. (2022) 24:24-39. doi: 10.1287/msom.2020.0929

75. Choudhuri B, Srivastava PR, Mangla SK, Kazancoglu Y. Enterprise architecture as a
responsible data driven urban digitization framework: enabling circular cities in India.
Ann Oper Res. (2025) 354:193-221. doi: 10.1007/s10479-023-05187-8

76. Esposito G, Terlizzi A, Guarino M, Crutzen N. Interpreting digital governance at
the municipal level: evidence from smart city projects in Belgium. Int Rev Adm Sci.
(2024) 90:301-17. doi: 10.1177/00208523231167538

77. Badar HMS, Mahmood K, Akram W, Ghaffar Z, Umar M, Das AK. Secure
authentication protocol for home area network in smart grid-based smart cities.
Comput Electr Eng. (2023) 108:108721. doi: 10.1016/j.compeleceng.2023.108721

78. Siokas G, Kelaidi V, Tsakanikas A. The
for nourishing public-private  partnerships.
76:103466. doi: 10.1016/j.5cs.2021.103466

smart city as a hub
Sustain  Cities  Soc.  (2022)

79. Benitez-Avila C, Hartmann A, Dewulf G. Contractual and relational governance
as positioned-practices in ongoing public-private partnership projects. Proj Manag J.
(2019) 50:716-33. doi: 10.1177/8756972819848224

80. Ali D, Woldegiorgis AGY, Tilaye M, Yilma Y, Berhane HY, Tewahido D, et al.
Integrating private health facilities in government-led health systems: a case study
of the public-private mix approach in Ethiopia. BMC Health Serv Res. (2022)
22:1477. doi: 10.1186/s12913-022-08769-7

81. Rashid MRA, Al Rafi A, Islam MA, Sharkar SU, Rafi ZH, Hasan M,
et al. Enhancing land management policy in Bangladesh: a blockchain-based
framework for transparent and efficient land management. Land Use Policy. (2025)
150:107436. doi: 10.1016/j.landusepol.2024.107436

82. Yang E Wen XG, Aziz A, Luhach AK. The need for local adaptation of smart
infrastructure for sustainable economic management. Environ Impact Assess Rev.
(2021) 88:106565. doi: 10.1016/j.eiar.2021.106565

83. Guo H, Yang CC, Liu BB, Yang F. Performance-based contracts in the sharing
economy: a supply chain framework with application of internet of things. Ann Oper
Res. (2023) 326:1. doi: 10.1007/s10479-021-04144-7

84. Chen CL, Lim ZY, Liao HC. Blockchain-based community safety security system
with IoT secure devices. Sustainability. (2021) 13:13994. doi: 10.3390/su132413994

85. Sun JB, Lin S, Zhang GB, Sun YT, Zhang JE Chen CE et al. The
effect of graphite and slag on electrical and mechanical properties of
electrically conductive cementitious composites. Constr Build Mater. (2021)
281:122606. doi: 10.1016/j.conbuildmat.2021.122606

86. Sha Y, Li M, Xu H, Zhang S, Feng T. Smart city public safety intelligent early
warning and detection. Sci Program. (2022) 2022:7552601. doi: 10.1155/2022/7552601

87. Ridzuan AA, Oktari R, Mohd Zainol NA, Abdullah H, Ong Hai Liaw ],
Hj Mohaiyadin N, et al. Community resilience elements and community risk

frontiersin.org


https://doi.org/10.3389/fpubh.2026.1751235
https://doi.org/10.1111/rego.12612
https://doi.org/10.1007/s11113-023-09810-1
https://doi.org/10.1017/S0305741023000668
https://doi.org/10.1016/j.frl.2022.103002
https://doi.org/10.1016/j.ijnurstu.2025.105082
https://doi.org/10.3390/su16229852
https://doi.org/10.1016/j.habitatint.2024.103134
https://doi.org/10.1177/01708406221094194
https://doi.org/10.1080/03003930.2020.1851204
https://doi.org/10.1016/j.joitmc.2024.100254
https://doi.org/10.3390/su17010098
https://doi.org/10.1016/j.scs.2017.02.016
https://doi.org/10.1016/j.cities.2015.05.004
https://doi.org/10.1155/2022/8420851
https://doi.org/10.3390/su13020513
https://doi.org/10.3390/su162411258
https://doi.org/10.1177/23409444221091281
https://doi.org/10.1016/j.chieco.2025.102564
https://doi.org/10.1080/13467581.2024.2407588
https://doi.org/10.1016/j.giq.2024.101983
https://doi.org/10.1016/j.cities.2024.105295
https://doi.org/10.1016/j.technovation.2023.102717
https://doi.org/10.1080/10511482.2019.1672082
https://doi.org/10.1080/09537287.2016.1147094
https://doi.org/10.12700/APH.21.9.2024.9.12
https://doi.org/10.1021/acs.jcim.5c00539
https://doi.org/10.1109/TII.2021.3061470
https://doi.org/10.1186/s12911-021-01610-x
https://doi.org/10.1108/IJCHM-03-2022-0322
https://doi.org/10.1080/12265934.2024.2438249
https://doi.org/10.5582/bst.2020.01043
https://doi.org/10.17559/TV-20210429094941
https://doi.org/10.1186/s13677-023-00569-6
https://doi.org/10.1016/j.techfore.2018.10.026
https://doi.org/10.1016/j.cose.2022.102610
https://doi.org/10.1016/j.techsoc.2023.102306
https://doi.org/10.1287/msom.2020.0929
https://doi.org/10.1007/s10479-023-05187-8
https://doi.org/10.1177/00208523231167538
https://doi.org/10.1016/j.compeleceng.2023.108721
https://doi.org/10.1016/j.scs.2021.103466
https://doi.org/10.1177/8756972819848224
https://doi.org/10.1186/s12913-022-08769-7
https://doi.org/10.1016/j.landusepol.2024.107436
https://doi.org/10.1016/j.eiar.2021.106565
https://doi.org/10.1007/s10479-021-04144-7
https://doi.org/10.3390/su132413994
https://doi.org/10.1016/j.conbuildmat.2021.122606
https://doi.org/10.1155/2022/7552601
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Qietal.

perception at Banda Aceh province, Aceh, Indonesia. MATEC Web Conf. (2018)
229:01005. doi: 10.1051/matecconf/201822901005

88. Barns S, Cosgrave E, Acuto M, McNeill D. Digital Infrastructures and urban
governance. Urban Policy Res. (2017) 35:20-31. doi: 10.1080/08111146.2016.1235032

89. Tan J, Leng J, Zeng XD, Feng D, Yu PL. Digital twin for Xiegong’s architectural
archaeological research: a case study of Xuanluo Hall, Sichuan, China. Buildings. (2022)
12:1053. doi: 10.3390/buildings12071053

90. Sun JB, Wang XY, Zhang JE, Xiao E Sun YT, Ren ZH, et al. Multi-objective
optimisation of a graphite-slag conductive composite applying a BAS-SVR based
model. ] Build Eng. (2021) 44:103223. doi: 10.1016/j.jobe.2021.103223

91. Li M, Shen ], Wang XX, Chen Q, Liao XY, Ren L, et al. theoretical
framework based on the needs of smart aged care for Chinese community-dwelling

Frontiersin Public Health

16

10.3389/fpubh.2026.1751235

older adults: a grounded theory study. Int ] Nurs Knowl. (2024) 35:13—
20. doi: 10.1111/2047-3095.12408

92. Umair M, Ahmad W, Hussain B, Fortea C, Zlati ML, Antohi VM.
Empowering Pakistan’s economy: the role of health and education in
shaping labor force participation and economic growth. Economies. (2024)
12:113. doi: 10.3390/economies12050113

93. Gagliardi D, Schina L, Sarcinella ML, Mangialardi G, Niglia E Corallo
A. Information and communication technologies and public participation:
interactive maps and value added for citizens. Gov Inf Q. (2017)
34:153-66. doi: 10.1016/.giq.2016.09.002

94. Yin JY, Wang JQ, Wang CY, Wang LX, Chang ZY. CRITIC-TOPSIS based

evaluation of smart community governance: a case study in China. Sustainability.
(2023) 15:1923. doi: 10.3390/su15031923

frontiersin.org


https://doi.org/10.3389/fpubh.2026.1751235
https://doi.org/10.1051/matecconf/201822901005
https://doi.org/10.1080/08111146.2016.1235032
https://doi.org/10.3390/buildings12071053
https://doi.org/10.1016/j.jobe.2021.103223
https://doi.org/10.1111/2047-3095.12408
https://doi.org/10.3390/economies12050113
https://doi.org/10.1016/j.giq.2016.09.002
https://doi.org/10.3390/su15031923
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Decoding stakeholders' demand to map the future of smart communities: evidence from China
	1 Introduction
	2 Methodology
	2.1 Establishment of the stakeholders' demand indicator system
	2.2 Development of the stakeholders' demand classification model
	2.3 Questionnaire design

	3 Study area and data collection
	3.1 Study area
	3.2 Data collection

	4 Results
	4.1 Quantification of stakeholders' demands for smart community development
	4.2 Clusters of stakeholders' demands for smart community development

	5 Discussion
	5.1 Evolution of stakeholders' demand clusters
	5.2 Advantages of the stakeholders' demand classification model
	5.3 Applicability of the stakeholders' demand classification model
	5.4 Strategies to satisfy stakeholders' demands for the smart community development

	6 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


	Button1: 
	Button2: 
	Button3: 
	Button4: 
	Button5: 
	Button6: 
	Button7: 
	Button8: 
	Button9: 
	Button10: 


