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Abstract: Smart community construction (SCC) is pivotal for urban modernization, yet extant research
often neglects the residents’ perceptions of these initiatives, focusing predominantly on technological
advancements. A hybrid evaluation method integrating the Entropy Weight Method (EWM) and
PROMETHEE II was developed to quantify residents’ perceptions of SCC. Through the literature
review and expert interview, the evaluation indicators for residents’ perceptions of the SCC were
identified, leading to the development of an evaluation indicator system consisting of 5 dimensions
and 25 indicators. The hybrid evaluation method that combines EWM and PROMETHEE II was then
applied to quantify the level of residents’ perceptions of SCC across five communities in Shenzhen city
of China, using data from 410 valid questionnaires. The results indicated that the Baolong community
had the highest level of the SCC, while the Nanyuan community exhibited the lowest ranking.
Sensitivity analysis confirmed the robustness of these results, thereby validating the evaluation
process. Moreover, recommendations were proposed to enhance residents’ perceptions of smart
community initiatives. This research not only introduces a novel evaluation method that expands the
body of knowledge on the SCC and residents’ perceptions but also helps the government develop
sustainable SCC strategies.

Keywords: residents’ perceptions; smart community construction; EWM; PROMETHEE II; evaluation

1. Introduction

With the acceleration of urbanization, smart communities are becoming a new di-
rection for sustainable community development [1]. Generally, the smart community
prioritizes the well-being of its residents, emphasizes mutual support and community co-
hesion, and offers smart services that are inclusive and hospitable [2–4]. It aims to provide
a wide range of services that promote feelings of safety, happiness, and a sense of gain
among residents, ultimately fostering a welcoming and cohesive living environment [5,6].
Numerous countries have acknowledged the advantages of smart communities and imple-
mented initiatives to foster their growth [6,7]. In alignment with this trend, the Chinese
government has put forth various policies to facilitate SCC, such as the ‘Guidelines for
the Construction of Smart Communities,’ ‘Smart Community Construction and Operation
Guide,’ and ‘Opinions on Continuous Improvement in Smart Communities’ [7]. In this
process, the development of smart communities increasingly focuses on exploring the
outcomes of the SCC from the perspective of residents’ perceptions [8]. However, despite
these efforts, evaluating the SCC from the perspective of residents’ perceptions has become
increasingly complex and challenging due to the diverse and intricate nature of residents’
perceptions [9].

In recent years, researchers have conducted studies focusing on the public perception
of smart cities and the evaluation of SCC. Regarding the public perception of smart cities, the
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relationship between smart cities and residents has been explored, including analyzing the
public perception of smart city services and preferences [10], exploring factors that influence
the quality-of-life perceptions in smart cities [11], and conducting research on perceptions
of smart technology among vulnerable consumers [12]. With the continuous advancement
of smart city research, scholars have increasingly focused on the SCC [13–16]. Existing
studies explore a variety of dimensions that are critical to assessing the SCC, including
quality of life [7], community engagement [17], sustainability [18], and resilience [19].
Despite these studies significantly enhancing residents’ perceptions, more research is
needed to evaluate residents’ perceptions of the SCC as residents place more importance on
perception than ever before [20–22]. Meanwhile, researchers have explored a wide range of
methods related to the evaluation of the SCC. For example, the CRITIC-PROMETHEE II
was utilized to quantify the level of smart community services [23], while the ANP-FCE
was employed to evaluate the disaster resilience of the urban community [24]. On this
basis, the EWM-FCE-ODM method was utilized to evaluate the residents’ sense of gain
on the SCC [25]. Nevertheless, few studies have combined the EWM with the preference
ranking organization method for enrichment evaluations II (PROMETHEE II) to explore
the SCC from the perspective of residents’ perceptions, which may facilitate decision-
makers’ understanding of indicators by providing visual tools for easy comparison and
ranking [25–28]. Overall, several previous studies have inspired this study, but some
gaps in the field are evident [7,29]. Comprehensive evaluation indicators for residents’
perceptions of the SCC are still lacking since smart community development is still in its
infancy. Furthermore, an integrated evaluation method utilizing EWM and PROMETHEE
II approaches to quantify residents’ perceptions of the SCC is relatively rare. Finally, the
evaluation results must be verified for their reliability and validity in order to ensure their
robustness.

Three principal objectives have been determined to address existing gaps in the field.
The initial objective is the systematic identification of evaluation indicators that capture
residents’ perceptions of the SCC. Subsequently, this research aims to enhance the preci-
sion of assessments concerning these perceptions by developing an integrated evaluation
method. The third objective seeks to devise more effective strategies to improve these per-
ceptions significantly. Following these objectives, this study has established an integrated
evaluation indicator system and formulated a novel evaluation method that incorporates
the EWM and PROMETHEE II approaches. This combination clearly represents residents’
perceptions of SCC, ensuring an objective and systematic evaluation process. This research
not only expands the knowledge base for quantifying residents’ perceptions of the SCC but
also provides cost-effective strategies for smart community development, thus providing a
better living environment for residents in these communities.

2. Materials and Methods

A novel evaluation method was established using EWM and PROMETHEE II ap-
proaches to quantify residents’ perceptions of the SCC. The evaluation process is shown
in Figure 1. Specifically, Step 1 is to identify the evaluation indicators for residents’ per-
ceptions of the SCC using the literature review (LR) and expert interviews. Step 2 is to
determine the evaluation indicator weights through EWM. Step 3 is to quantify residents’
perceptions of the SCC using PROMETHEE II.
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Figure 1. The evaluation process of residents’ perceptions of the SCC.

2.1. Identifying Evaluation Indicators for Residents’ Perceptions of the SCC

Establishing a comprehensive evaluation indicator system is essential to evaluate resi-
dents’ perceptions of the SCC. The LR was used to identify the relevant evaluation indica-
tors [30–32]. According to the SCC-related literature and evaluation guidelines, the primary
indicator system was developed, encompassing 5 dimensions and 28 indicators [5–7,20,21].
Further details regarding the primary evaluation indicator system are provided in Sup-
plementary File S1. Subsequently, in August 2022, a panel of 27 experts with significant
expertise in the SCC field were invited for an interview session to refine the initial evalu-
ation criteria. The meeting was conducted via VooV Meeting. During each session, each
expert was interviewed using the expert questionnaire, lasting at least one hour. This expert
questionnaire, as detailed in Supplementary File S2 and summarized in Table 1, consists of
two main parts. The first part collects basic information about the experts, such as demo-
graphic and professional background, which helps ensure a diverse and relevant panel of
contributors. The second part of the questionnaire requires experts to rate the importance
of various indicators for evaluating residents’ perceptions of the SCC. The rating is done on
a five-point Likert scale ranging from 1 (very unimportant) to 5 (very important). During
the interview, experts offered their professional insights on these indicators, promoting the
rationalization of the evaluation indicator system. The detailed information of the experts
is shown in Table 2. As a result, a total of 25 indicators are included across 5 dimensions as
part of the evaluation indicator system for residents’ perceptions of the SCC, as shown in
Figure 2. Further details regarding the final evaluation indicator system are provided in
Supplementary File S3.
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Table 1. Summary of Expert Questionnaire (Detailed information can be seen in Supplemental
File S2).

Part Description Details

1 Basic Information Gender; Years of Experience; Academic qualifications; Title; Nationality; Expertise

2

Rating the Importance of
evaluation
Indicators—Experts rate
the importance of each
indicator on a scale from
1 (very unimportant) to 5
(very important).

Perception of the
community infrastructure

Perception of the infrastructure planning; Perception of smart
infrastructure security; Perception of the community service station;
Perception of the communication infrastructure; Perception of
self-service terminals

Perception of the
integrated services
platform

Perception of self-service terminals; Perception of the visualization
platform; Perception of the data protection; Perception of
integration capability in service; Perception of integration
performance; Perception of service convenience in mobile app

Perception of the
community safety

Perception of response to natural disasters; Perception of response
to public safety events; Perception of response to public health
events; Perception of response to accidental disasters; Perception of
community alarm system; Perception of personal life and property
safety; Perception of community safety and security

Perception of the
community service

Perception of business services; Perception of property services;
Perception of public information; Perception of elderly care
services; Perception of medical services; Perception of smart food
service

Perception of the
community governance

Perception of administrative approval; Perception of vehicle
management; Perception of housing management; Perception of
community activities; Perception of the grid-based governance
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Table 2. Experts Information.

Characteristics Rate Characteristics Rate

Gender
Male 51.85%

Years of Experience
More than 5 years 29.63%

Female 48.15% 3–5 years 62.96%

Academic qualifications

Doctor 100% 1–3 years 7.41%
Master 0%

Title
Professor 18.52%

Bachelor 0% Associate Professor 33.33%
Other 0% Lecturer 48.15%

Nationality China 100% Expertise Smart community construction 100%

2.2. Determining Weights of Evaluation Indicators through the EWM

The EWM was chosen to determine the weights of evaluation indicators of residents’
perceptions of the SCC. This method effectively manages multiple criteria with varying
measurement units and considers their interrelationships and correlations, enhancing the
accuracy and consistency of the results [33]. The detailed calculation process is shown
below.

(1) Data normalization.

Owing to the notable differences in the scope of evaluation indicators and units of
measurement, data normalization is required to standardize the scale of all the data in a
given set, transforming the values to a uniform range between 0 and 1. The calculation
equations are as follows:

The equation representing the positive indicator is

Zij =
Xij − Xjmin

Xjmax − Xjmin
(1)

The equation to calculate the negative indicator is

Zij =
Xjmax − Xij

Xjmax − Xjmin
(2)

where Zij represents the standardized values of the jth indicator for SCC in the range 0–1;
Xij is the original value of the jth indicator in the ith community; Xjmin and Xjmax are the
minimum and maximum values of the jth indicator of all communities.

Then, all zero-normalized data are converted into non-zero values:

Zij
′ = Zij + A (3)

where Zij’ denotes the processed data of evaluation indicators for SCC, and A is a constant
(typically considered as 0.0001) [34].

(2) The entropy of evaluation indicators.

After normalizing the data, the entropy value of the evaluation indicators, the coeffi-
cient Pij, is calculated as shown in Equation (4):

Pij =
Zij

′

N
∑

i=1
Zij

′
(4)

In this study, N is the total count of communities.
The entropy of evaluation indicators Ej is calculated using the Equation (5):

Ej = − 1
ln(N)

N

∑
i=1

Pijln
(

Pij
)

(5)
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(3) The weight of the jth indicator.

According to the entropy of the evaluation indicators, the coefficient Gj can be calcu-
lated with Equation (6):

Gj = 1 − Ej (6)

The weight of the jth indicator Wj is determined by the Equation (7):

Wj =
Gj

∑ Gj
(7)

2.3. Quantifying Residents’ Perceptions of the SCC Using the PROMETHEE II

PROMETHEE II is a multi-criteria decision management (MCDM) approach, offering
preference modeling and decision-making [28]. It is recognized for effectively handling
complex decision scenarios. The flexibility of PROMETHEE II allows it to analyze alterna-
tive options comprehensively by incorporating a wide range of criteria and preferences [27].
Therefore, it is used to rank the level of residents’ perceptions of the SCC in this study. Here
are the detailed procedures:

Calculating the preference function Pn(x, y) over the Nth criterion:
The Pn(x, y) quantifies the degree to which alternative x is favored over alternative y

based on criterion j. Due to its sensitivity to distance changes, the Gaussian rule is selected
as the preference function [28], as shown in Equation (8).

Pn(x, y) =


0 d(x,y) ≤ 0

1 − e
−

(d(x,y))
2

2σ2
j d(x,y) > 0

(8)

The multi-criteria preference indexes are established as follows:

π(x, y) =
N

∑
n=1

WnPn

(
d(x,y)

)
(9)

where x, y = 1, 2, . . . , M; n = 1, 2, . . . , N. The variable π(x, y) represents the level of
importance assigned to the evaluation of the community x and y by decision-makers when
considering all indicators concurrently.

By utilizing Equations (10) and (11), it is possible to determine each evaluation object’s
positive and negative flow.

Φ+(x) =
1

M − 1

M

∑
y=1

π(x, y) (10)

Φ−(x) =
1

M − 1

M

∑
y=1

π(y, x) (11)

where x and y are unequal, Φ+(x) denotes the positive community trajectory, suggesting
the community’s potential superiority over other evaluation entities, with higher values
corresponding to higher levels. Conversely, Φ−(x) signifies a community’s negative trajec-
tory, suggesting the potential superiority of other evaluation entities over the community,
with lower values corresponding to higher levels.

The ranking of the evaluation objects can be calculated by Equation (12):

Φ(x) = Φ+(x)− Φ−(x) (12)

where Φ(x), Φ(x) ∈ [−1, 1], is greater, the evaluation community performs better.
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2.4. Rationale for Using EWM and PROMETHEE II

Integrating the EWM and PROMETHEE II approach offers significant advantages
in evaluating residents’ perceptions of the SCC. This combined method allows compre-
hensive assessments across multiple dimensions, including the perceptions of community
infrastructure, integrated services platform, community safety, community service, and
community governance. The EWM’s objective weighting mechanism enhances the preci-
sion of the evaluation process by accurately reflecting the significance of each indicator.
Moreover, the adaptability of the EWM-PROMETHEE II enables its application across
various residents’ perception scenarios, facilitating unbiased evaluations of smart commu-
nities with diverse characteristics. This method also provides stakeholders with visual
representations of decision outcomes, assisting in the formulation of informed strategies for
SCC. Overall, the EWM-PROMETHEE II method offers a robust framework for quantifying
residents’ perceptions of the SCC, thereby yielding valuable insights that may enhance
residents’ well-being in practical settings.

2.5. Case Study
2.5.1. Study Area

Shenzhen city, located on the coast in the south of China, is a pioneer in smart city de-
velopment [29]. Several factors led to the selection of this city as the study area. Shenzhen’s
urbanization rate has reached 100%, a notable achievement within China, positioning it as
a leading city in the SCC [7]. Residents-centered services make the city ideal for investi-
gating residents’ perceptions of SCC [21]. Furthermore, Shenzhen has developed multiple
successful smart communities, providing valuable insights into residents’ perceptions of
such initiatives [25].

Among Shenzhen’s ten administrative districts, Luohu, Nanshan, and Longgang
District were selected in light of their substantial residential populations and contributions
to the development of smart communities [35]. These districts have already initiated some
SCC projects, which provided a wealth of data for in-depth analysis [7]. Considering the
comparatively lower levels of smart community initiatives in the other seven districts at
the time of our research, they were excluded from this study [23].

Following interviews with 27 experts in the SCC, five smart communities were selected
as sample sites in Shenzhen. These include Nanyuan and Fuguang in Nanshan District,
Baolong and Huilongpo in Longgang District, and Yucun in Luohu District, as depicted
in Figure 3. Each community was selected due to its distinct contributions to the SCC.
Baolong and Yucun communities, for instance, have developed integrated service platforms
for enhancing public services, which meet residents’ demands, particularly in healthcare
and elderly care services. Meanwhile, the Internet of Things technology has been used
in the Huilongpo and Fuguang communities to boost the efficiency of handling official
affairs for residents. Similarly, the Nanyuan community stands out for offering high-quality
convenience services.
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2.5.2. Data Collection

A survey was conducted in October 2022 to evaluate residents’ perceptions of the
SCC in Shenzhen. The questionnaire included a brief introduction to the study’s objectives,
demographic and socioeconomic information of the respondents, and detailed information
on evaluation indicators. Residents were asked to rate each indicator on a five-point Likert
scale ranging from 1 (very poor) to 5 (very good). Since Shenzhen is a Chinese city and most
residents are Mandarin speakers, the survey was conducted to ensure that respondents
could comfortably understand and answer the questions. In particular, the questionnaire
was initially prepared in English and then translated into Mandarin by bilingual experts. To
ensure accuracy and reliability, we used a back-translation method; the Mandarin version
was translated back into English by a different set of bilingual experts and compared with
the original. Any discrepancies were resolved through discussion to ensure the final version
accurately reflected the intended content. Detailed information about the questionnaire
is provided in Supplementary File S4. According to the sample size formula proposed by
Cochran [21], the required sample size was calculated to be 385 with a 95% confidence
interval and a 5% confidence level. Data collection was facilitated through the Wenjuanxing
platform, which converts questionnaires into online formats accessible via hyperlinks or QR
codes, allowing for easy completion on mobile devices [21]. The survey targeted residents
of the Nanyuan, Fuguang, Yucun, Baolong, and Huilongpo communities. Considering
potential errors in the distribution of the questionnaires, 450 questionnaires were distributed
in total via Wenjuanxing, and 410 valid responses were received, which corresponds to an
effective response rate of 91.1%. Table 3 provides descriptive details about the respondents,
showing that the demographic and socio-economic characteristics, such as gender, age,
education level, years of residence, forms of housing, working conditions, and monthly
income, represent the studied communities. These attributes validate the reliability of the
survey data for further analysis.

Table 3. Descriptive Statistics of Individual Characteristics.

Variable Items Proportion Variable Items Proportion

Gender
Male 41.22%

Forms of housing

Rent an apartment 39.76%
Female 58.78% Owned housing 57.31%

Age

Younger than 20 years old 5.12%
Other 2.93%21–35 years old 71.95%

36–49 years old 19.77%

Working condition

Public Officials 12.93%
Employees of State-owned
Enterprises and Institutions 15.61%

50–64 years old 2.68%
Employees of Private or
Foreign Enterprises 51.95%

Individual entrepreneurs 8.29

Older than 65 years old 0.48%
Students 4.63%
Others 6.59%

Education level

Primary school and below 0.48%

Income

Less than 3000 yuan 5.36%
Middle school 5.61% 3000–5000 yuan 9.27%
High school 4.14% 5000–7000 yuan 13.66%
Specialized and Bachelor’s
degree 79.76% 7000–9000 yuan 19.02%

Master’s degree or above 10.01% More than 9000 yuan 52.69%

Years of
residence

Less than 1 year 7.07%

Community

Nanyuan 13.41%
1–3 years 25.37% Fuguang 18.53%
3–5 years 22.68% Baolong 15.37%
More than 5 years 44.88% Huilongpo 18.78%

Yucun 33.90%
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3. Results
3.1. The Results of Evaluation Indicator Weights through the EWM

According to 410 valid questionnaires collected, the EWM method can be used to
determine the weights of evaluation indicators. The detailed data, which include the
results of calculations based on Equations (1)–(5), are shown in Supplementary File S5.
The data provided by residents exhibited a high level of reliability, with a confidence
level (Cronbach’s α) of 0.922. Subsequently, the weight of each indicator was calculated
using Equations (1)–(5), as illustrated in Figure 4. It can be observed that the weights of
25 indicators range from 0.0253 to 0.0622. Moreover, the result shows that the top three
weights of indicators are L2S3 (6.22%), L1S4 (5.30%), and L5S4 (5.40%), indicating that the
three indicators are the most important for determining the level of residents’ perceptions of
the SCC. Conversely, the lowest three weights of indicators are L1S5 (2.53%), L3S6 (3.00%),
and L5S3 (3.01%). It is noteworthy that two indicators have weights below 3%, collectively
representing 4% of the total. The majority of indicators, specifically 15 in total, have weights
ranging from 3% to 4%, constituting the largest proportion. Furthermore, 9 indicators have
weights exceeding 3%, accounting for 36% in total.
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3.2. The Evaluation Results of Residents’ Perceptions of the SCC through the PROMETHEE II

After obtaining the weights for the 25 evaluation indicators, the PROMETHEE II
method, combined with the questionnaire data from 410 respondents, can be used to
quantify the residents’ perceptions of the SCC across five communities. Specifically, the
study utilized Equations (8)–(12) to calculate the net flow for the five communities and
ranked them as presented in Table 4. The net flow values varied from −0.1749 to 0.4335,
with higher values reflecting more favorable levels of residents’ perceptions of the SCC.
Consequently, the Baolong community exhibited the highest level of residents’ perceptions
of the SCC with a value of 0.4335, followed by the Yucun community (0.0111), Huilongpo
community (−0.1126), and Fuguang community (−0.1571). Conversely, the Nanyuan
community displayed the lowest level of residents’ perceptions of the SCC at −0.1749.

Table 4. The level of residents’ perceptions of the SCC in the five communities.

Community Phi+ Phi− Phi Rank

Baolong 0.4585 0.0250 0.4335 1
Yucun 0.1508 0.1396 0.0111 2

Huilongpo 0.1052 0.2178 −0.1126 3
Fuguang 0.0939 0.2501 −0.1571 4
Nanyuan 0.1345 0.3094 −0.1749 5

Note: Phi: net flow; Phi+: positive flow; Phi−: negative flow.
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Subsequently, a comprehensive analysis was conducted on the distinctions among the
five communities across various evaluation dimensions by calculating the net flow rankings
for each community in five dimensions, as depicted in Table 5. The results revealed that the
Baolong community attained the top rank in all five dimensions, underscoring its prominent
standing in residents’ perceptions of the SCC. Conversely, the Nanyuan community ranked
last overall but secured second rank in terms of perception of community infrastructure
with a net flow of 0.3067. This indicates that while the general residents’ perceptions of
the SCC in certain communities may have been lacking, these communities demonstrated
excellence in specific dimensions. For example, the Huilongpo community ranked second
in the perception of community governance despite ranking third to last overall. Similarly,
the Fuguang community, which was fourth to last overall, ranked third in the perception of
community infrastructure.

Table 5. The level of residents’ perceptions of the SCC across ten dimensions rankings.

Dimension
Community Baolong Phi

(Rank)
Yucun Phi
(Rank)

Huilongpo Phi
(Rank)

Fuguang Phi
(Rank)

Nanyuan Phi
(Rank)

Perception of community infrastructure 0.3315 (1) −0.0883 (4) −0.2471 (5) −0.0098 (3) 0.0136 (2)
Perception of integrated services platform 0.5251 (1) −0.0569 (2) −0.1517 (4) −0.1908 (5) −0.1256 (3)
Perception of community safety 0.4710 (1) −0.0402 (2) −0.2467 (5) −0.2054 (4) −0.0591 (3)
Perception of community service 0.4667 (1) 0.1320 (2) −0.0780 (3) −0.1621 (4) −0.3586 (5)
Perception of community governance 0.3942 (1) 0.0247 (3) 0.1831 (2) −0.2556 (4) −0.3463 (5)

As shown in Figure 5, the results were displayed using a radar chart to enhance
readability, illustrating the residents’ perceptions of the SCC across 25 evaluation indicators
in the five communities. The radar chart provided an intuitive method for identifying the
evaluation indicators where these communities need improvement. The results indicated
that while these communities demonstrated excellence in specific dimensions, they still
require further improvement in others. Specifically, the Baolong community excelled in
most indicators across all five dimensions but ranked lowest in the perception of property
services. In contrast, while performing the worst overall, the Nanyuan community ranked
first in the perception of property services, response to public safety events, infrastructure
planning, and the visualization platform. This ranking suggests that residents in this
community perceive strong effectiveness in the SCC within these aspects.

3.3. Validating the Results via Sensitivity Analysis

Sensitivity analysis is a critical tool used to assess the impact of varying weights
on decision outcomes, offering insights into the robustness of these decisions [28]. By
systematically adjusting the weights assigned to different indicators, this study evaluates
how sensitive the outcomes are to these changes. A high degree of sensitivity suggests
potential unreliability in the decision-making process [27]. Typically, the analysis begins by
uniformly distributing weights across all indicators, followed by monitoring the resultant
fluctuations in the evaluations [23]. Using Visual PROMETHEE 1.4.0.0 software, which
features a specialized ‘weight-walking’ function, decision-makers can iteratively adjust
weights and directly observe the effects on outcomes, as depicted in Figure 6. Notably,
consistent weights across different scenarios preserve the relative rankings of evaluation
objects, confirming decision stability.
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Moreover, the Visual PROMETHEE software incorporates Visual Stability Interval
functions, which facilitate monitoring stability intervals for individual indicators, ensuring
consistent evaluation outcomes. This tool allows for precise adjustments to the weights
of specific indicators, quantifying their impact on the overall ranking. Such analysis
significantly improves the understanding of weight sensitivity and the reliability of decision
outcomes. For instance, as shown in Figure 7, the weight of indicator L3S1 ranges from
0% to 6.36% without affecting the overall ranking. However, weights exceeding 6.36%
alter the ranking, indicating a critical threshold for stability. In contrast, the weight of
indicator L3S3, with a stability interval from 0% to 100%, shows no impact on the ranking,
suggesting robustness against weight variations. Therefore, broader stability intervals
generally indicate lower sensitivity of the rankings to changes in the weights of indicators.
Extensive analysis of 25 indicators revealed that variations in the weights of indicators L4S4
and L5S5 did not influence the evaluation outcomes, highlighting their stability within the
tested scenarios.
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4. Discussion
4.1. Variability in Evaluation Indicator Weights

The weights assigned to evaluation indicators showed notable variations, reflecting
differing priorities in the SCC. The indicator L2S3, which assesses residents’ perceptions
of integration capability in service, holds the greatest weight. This aligns with the plat-
forms’ central role in integrating residents, property management, and community services,
thereby simplifying daily tasks and enhancing life quality [36,37]. The L2S3, L1S4, and
L5S4, which evaluate residents’ perceptions of communication infrastructure and commu-
nity activities, also received significant weight. Effective communication infrastructure is
crucial for fostering robust networks among community organizations, local media, and
residents [38], thus supporting environments that contribute to well-being [39]. Similarly,
active participation in community activities bolsters engagement and a sense of belonging,
which is key for sustainable, smart community development [40].
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Conversely, indicators such as L1S5, L3S6, and L5S3, associated with self-service
terminals, personal safety, and housing management, were weighted less. This may reflect
a community preference for more immediately tangible benefits like enhanced public
services and infrastructure over aspects like self-service terminals, which, while useful, do
not directly impact daily living [25]. Moreover, in well-integrated smart communities, safety
features may be so seamlessly incorporated that residents perceive them as less critical,
thus attributing lower weights [41]. The perception of housing management indicator,
often less visible in its immediate benefits, similarly received a lower priority [42,43].

4.2. Variability in the Residents’ Perceptions of SCC

Analysis of aggregate scores across five communities, detailed in Table 4, revealed sig-
nificant disparities in the residents’ perceptions of SCC. The Baolong community emerged
as the leader, achieving the highest scores in all five dimensions. This superior performance
is likely due to its status as an innovative demonstration community, a pilot initiative aimed
at spearheading advanced smart community development. Key to Baolong’s success is its
comprehensive deployments of ‘Smart-home Devices,’ an ‘Intelligent Management System,’
and a ‘Safe Building Platform,’ which collectively enhance its overall ranking [44,45]. On
the contrary, the Nanyuan community exhibited the lowest score, reflecting challenges
potentially rooted in its demographic composition, geographic location, developmental
history, and other relevant factors [29]. Intermediate in this spectrum, the Yucun com-
munity outperformed Huilongpo and Nanyuan, indicating a moderate level of residents’
perceptions of SCC. Notably, Yucun has prioritized diverse, smart technologies but has not
deeply developed these technologies [7]. In addition, Huilongpo and Fuguang communi-
ties have concentrated on deepening certain smart services, sacrificing breadth in service
categories. These strategic differences in smart community service development have led to
varying levels of residents’ perceptions of SCC [10]. Given these findings, each community
must adopt a customized strategy that addresses its unique challenges and leverages its
strengths, thereby improving residents’ perceptions of the SCC [2,46].

4.3. Suggestions for Enhancing Residents’ Perceptions of the SCC

This study conducted an in-depth analysis of the evaluation results to enhance resi-
dents’ perceptions of the SCC. Previous research has identified two distinct dimensions of
residents’ perceptions relevant to the SCC: the perception of the managerial aspect and the
perception of the technological aspect [29]. Generally, the perception of the managerial as-
pect emphasizes community safety, community service, and community governance [44,47],
while the perception of the technological aspect focuses on fostering smart infrastructure
and addressing socio-technical challenges [48,49]. Therefore, the dimensions of community
safety, community service, and community governance were classified as the perception of
managerial aspects, while community infrastructure and integrated services platforms were
classified as the perception of technological aspects. Following this, the five communities
in each category were compiled to create a decision matrix, as shown in Figure 8.

According to Figure 8, five communities were analyzed across three of the four quad-
rants, with none located in the second quadrant (perception of technical aspect sustainabil-
ity). This distribution underscores distinct residents’ perceptions of the SCC. The Baolong
community excels in both the perception of the technical aspect and the perception of
the managerial aspect, qualifying it as a potential model for sustainable SCC. However,
challenges remain, notably in the lower social safety and property services ranking, which
could hinder further SCC. In contrast, the Yucun community, located in the fourth quadrant,
could benefit from prioritizing enhancements in residents’ perceptions of technological
aspects. This is particularly crucial within the dimensions currently viewed less favorably,
namely ‘community infrastructure’ and ‘integrated services platform.’ Improvements
in communication infrastructure, enhancements to the construction of the visualization
platform, and acceleration of administrative approval processes are key focus areas to
address these concerns. Both management and technological improvements are crucial for
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communities in the third quadrant—Huilongpo, Nanyuan, and Fuguang. Huilongpo could
focus on infrastructure planning and safety response mechanisms. Nanyuan is advised to
enhance services and governance, particularly in business and elderly care services, vehicle
management, and grid-based governance. Fuguang needs to bolster its integrated service
platforms and safety and governance measures, emphasizing self-service terminals, plat-
form functionality, and responses to natural and public health events. Overall, the decision
matrix provides a comprehensive framework for quantifying residents’ perceptions of the
SCC, offering invaluable insights for decision-makers to develop targeted strategies to
enhance residents’ perceptions.
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4.4. Comparative Analysis with Extant Studies

This study introduces a novel hybrid evaluation method by combining the EWM and
PROMETHEE II to quantify residents’ perceptions of SCC. This methodology stands out
by providing a more comprehensive and systematic evaluation than traditional methods,
which often overlook the nuanced human-centric factors crucial in urban planning and
smart community development [26,27]. The primary value of this research lies in its innova-
tive application of the hybrid EWM-PROMETHEE II approach, significantly enhancing the
accuracy and reliability of assessing residents’ perceptions. Such enhancements are critical
as they offer practical insights for policymakers and urban planners, enabling them to tailor
SCC strategies more effectively to meet residents’ needs and improve their quality of life.
Furthermore, the findings contribute significantly to academic discourse by presenting
empirical evidence from Shenzhen, a frontrunner in smart city initiatives. Unlike most
existing studies that prioritize technological advancements and infrastructure development,
this research focuses on the residents’ perspective, thus providing a more holistic view of
SCC effectiveness [13,45,48]. This approach bridges a notable gap in current research and
enriches the understanding of community-specific strategies, as demonstrated through the
detailed case study in Shenzhen.

5. Conclusions

This study established a novel method using the EWM-PROMETHEE II, applied
in five selected smart communities in Shenzhen, China, to effectively quantify residents’
perceptions of the SCC. A robust 25-indicator evaluation system spanning five dimensions
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was developed through a literature review and expert interviews. Applying the EWM-
PROMETHEE II method revealed significant differences in residents’ perceptions among
the communities, with Baolong ranking highest and Fuguang lowest. This divergence
underscores the varying strengths and weaknesses across communities: while Baolong
demonstrated comprehensive development strategies in both technological and managerial
aspects, Nanyuan lagged in community services and technological infrastructure. Sen-
sitivity analysis validated these results, demonstrating stability across varying indicator
weights. The consistent application of this method across diverse community attributes
further validated its versatility and effectiveness in providing an objective evaluation of
SCC.

This study offers a hybrid evaluation method that enhances the SCC knowledge system
and helps the government develop sustainable SCC strategies. However, it is important to
note two limitations of this study. First, the emphasis on case studies from Shenzhen’s smart
communities might not fully capture the different residents’ perceptions of SSC in other
Chinese cities or globally. Future research should extend its geographical scope to include
diverse smart communities domestically and internationally to gain a more comprehensive
understanding of SCC. Second, as smart communities evolve, the indicator weights may
need adjustment. Thus, exploring the dynamic evaluation of residents’ perception of the
SCC represents a fruitful direction for future research.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/land13081197/s1. File S1: The primary evaluation indicator
system; File S2: Questionnaire for optimizing the evaluation indicators of residents’ perceptions of
smart community construction; File S3: The evaluation indicator system for residents’ perceptions
of the smart community construction; File S4: Questionnaire of residents’ perceptions of smart
community construction; File S5: Detailed calculation process. Refs [7,20,45,50–73] are cited in
Supplementary Materials file.
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