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Abstract: As a vital part of smart city development, smart community development is in full swing,
aiming to improve residents’ sense of safety (RSS). Most research focuses on the technological
innovation and infrastructure construction of smart communities; few studies have evaluated smart
community development from the perspective of the RSS. Thus, this paper aims to propose a system
of evaluation indicators for assessing the RSS of smart community development. After the relevant
evaluation indicators were identified, an evaluation method was proposed using the CRITIC-FCE
approach. To validate the feasibility of this method, 31 smart communities in China were selected in
this study. The results showed the following: (1) The indicator of the highest weight was ‘cultural
activities for the elderly’, while ‘overall design’ had the lowest weight, highlighting the importance
of community services in enhancing the RSS of smart community development. (2) The selected
cities and communities achieved a generally high level in the RSS of smart community development,
and some differences were observed among them. (3) Emergency services and property services
play an important role in enhancing the RSS of smart community development, with communities
excelling in these areas, achieving higher overall rankings. Conversely, the score of pension service
was relatively low, which is a common problem in the evaluation results, reflecting the shortcomings
of the current smart community in providing pension service. Consequently, several strategies are
suggested to enhance the RSS of smart community development, such as building an emergency
information system based on advanced technology, establishing mobile and Internet of Things-based
emergency assistance services for the elderly, and enhancing the maintenance of public facilities. This
research enriches the knowledge of RSS and provides guidance for further research for the RSS of
smart community development.

Keywords: residents’ sense of safety; smart community development; community evaluation;
CRITIC; FCE

1. Introduction

In an era of rapid digitalization, Information and Communication Technologies (ICTs)
play a critical role in decision-making processes across political, administrative, and per-
sonal spheres [1,2]. The integration of ICTs with urban management has led to the emer-
gence of the smart city concept, which is pivotal in advancing the Sustainable Development
Goals (SDGs) outlined by the United Nations [3]. Smart cities aim to optimize resources,
enhance governance, and improve the quality of life of residents by leveraging data-driven
decision-making processes [4]. However, the deployment of smart city technologies raises
concerns about equitable access to ICTs and the capacity of institutions to implement these
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innovations effectively [5]. Addressing these challenges is essential for ensuring that smart
cities are both inclusive and sustainable [3,5]. Within this context, a smart community, as
an important part of the development of a smart city, is a new community form for the
future; it utilizes internet technology to improve work and life experiences in many areas,
including personal health, home care, hospitals, urban networks, and residential housing,
meeting the diverse needs of residents [6,7]. The concept of smart communities has seen
extensive implementation across regions such as the United States, Europe, the United
Kingdom, Japan, and Singapore [8]. For example, smart communities in Singapore provide
residents with a comprehensive ‘one-stop’ service portal, as well as infrastructure such as
smart parking and smart electric fans within the community [9]. These innovations aim to
create a community environment that is safe, comfortable, convenient, and aligned with
modern living standards [9,10]. The city of Dubuque in the US launched the first smart
community project in the US and the world in 2009; technologies of this project such as
the Internet of Things, energy sensing, and big data analytics were used to better serve the
needs of residents’ lives [11]. Finland’s smart communities use an interactive interface to
enable smart metering of the community, both for the purpose of controlling energy use
and to provide a more satisfying service to community residents [12]. However, current
smart communities still lack a focus on people, with low resident awareness, mismatched
needs, and a shortage of funding leading to low levels of satisfaction among smart commu-
nity residents [13]. The purpose of a smart community is to improve the quality of life of
residents [14], and it is a basic project providing residents with precise and refined services,
which directly affects people’s sense of safety, happiness, and gain [15]. The “sense of
safety” is the subjective feeling of whether a human is safe in their main areas of life and
whether they have the ability to deal with risks in the present and future period of time.
Residents’ sense of safety (RSS) is crucial in the process of smart community development
and directly affects the effectiveness of smart community development. The gas explosion
incident at the bazaar market in Yanbu Community, Shiyan City, China, in June 2021, serves
as a significant example; it resulted in significant financial losses, disruption, and human
casualties, and the RSS of the local community was greatly affected due to the serious lack
of community emergency response capacity [16]. Therefore, evaluating the RSS of smart
community development can help to understand the actual level of the RSS and provide
recommendations for improving the RSS of smart community development.

The development of smart communities has garnered increasing attention, with signifi-
cant progress made in various aspects of their implementation. This includes advancements
in smart infrastructure construction [17], the development of service systems for smart
communities [10,12,18,19], and the establishment of cooperation mechanisms among stake-
holders [20]. As the construction of smart communities deepens, greater attention is being
paid to the experiences of residents. Researchers have developed measurement models to
assess smart community construction from the perspective of residents’ perceptions and
sense of gain, exploring how smart community construction can enhance these residents’
perceptions and sense of gain [9,21]. By integrating security management with community
development, the concept of a safer smart community has been proposed. Concurrently,
from the residents’ perspective, the sense of safety is being extensively studied and has
become a significant research focus. At the city level, an evaluation system for the sense of
safety was developed, focusing on urban safety and residents’ perceived safety, and was
successfully applied in Xiamen [22]. At the community level, studies have analyzed the
current state of community RSS, identified influencing factors, and proposed measures
to enhance the RSS [23]. Furthermore, the relationship between community governance
and residents’ sense of safety has been explored [24]. In terms of quantitative research on
RSS, Maslow pioneered a safety sense questionnaire in the 1950s, consisting of 75 ques-
tions with a three-level scoring system [25]. An analysis of this questionnaire identified
three key factors—safety, belonging, and respect—that demonstrated good reliability and
validity, laying the groundwork for subsequent safety scale development. Gao Xing’s
research furthered the measurement of RSS in safe communities by establishing an evalua-
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tion model based on questionnaires and operational rules [26]. Moreover, some methods
were used to evaluate the sense of safety such as the Best–Worst Scaling method [27], the
Logit model [28], Principal Component Analysis [29], Grey relational analysis [30], and
other methods. However, previous research on the evaluation of smart communities has
largely overlooked the aspect of the RSS, resulting in three primary research gaps: (1) Most
smart community evaluation systems focus on only one area, such as technological ad-
vancements and infrastructure development. Few studies have explored the evaluation of
smart community development from the perspective of residents’ sense of safety. (2) There
are few reports on evaluation indicators for the RSS of smart community development.
(3) Establishing an objective and universally applicable standard for evaluating the RSS of
smart community development remains challenging.

This paper aims to develop a novel evaluation method from the perspective of res-
idents’ sense of safety to assess the development of smart communities, with the goal
of advancing their overall progress. The objectives of this study are (1) to identify key
evaluation indicators that reflect the RSS of smart community development; (2) to develop
an evaluation method for assessing the RSS of smart community development using the
CRITIC-FCE method, and (3) to offer actionable recommendations aimed at improving the
RSS in both current and future smart community development.

2. Methodology

To quantify residents’ sense of safety (RSS) of smart community development, an
evaluation indicator system was developed. An evaluation model was then proposed by
integrating the CRITIC (Criteria Importance Through Intercriteria Correlation) method
with the Fuzzy Comprehensive Evaluation (FCE) approach. The combination of CRITIC
and FCE can make full use of their respective advantages and complement each other,
thus improving the accuracy of evaluation. On the one hand, the CRITIC method allocates
weight scientifically and reasonably by considering the correlation and conflict among
evaluation indicators and reduces subjective interference [10,31]. The FCE method uses
fuzzy mathematics theory to transform qualitative evaluation into quantitative evaluation,
which enhances the objectivity and accuracy of evaluation [9]. On the other hand, the
weight determined by the CRITIC method provides a scientific weight allocation basis for
the FCE method, while the FCE method carries out a more accurate quantitative evaluation
of the evaluated object through the fuzzy mathematical theory. In addition, CRITIC and
FCE are both evaluation methods based on scientific theories, and their combined use can
further enhance the scientificity and credibility of evaluation [32,33]. By comprehensively
considering multiple evaluation indices and fuzziness factors, the evaluation results can
be more objective and credible. The evaluation process is detailed as follows (as shown in
Figure 1): Step 1: Initial evaluation indicators for RSS were identified through a systematic
literature review (SLR). Step 2: These indicators were further refined and selected through
in-depth expert interviews. Step 3: The evaluation results for the RSS of smart community
development were determined using the CRITIC-FCE method.

2.1. Identification of Evaluation Indicators for Assessing the RSS of Smart
Community Development

The selection of scientific and reasonable indicators is fundamental for evaluating
the RSS of smart community development. To this end, a systematic literature review
(SLR) was employed to determine the initial evaluation indicator system (as shown in
Figure 2). The identification process adhered to the following criteria: (1) Indicators with
obviously similar concepts should be considered for merging; otherwise, each indicator
should remain as a distinct evaluation dimension. (2) Indicators mentioned fewer than three
times in the literature can be discarded. (3) Indicators deemed significant for RSS evaluation
should be selected, even if they are mentioned only once [33]. Based on these criteria, and
considering the specific service contents of various smart communities and the concept
of RSS in these contexts, a preliminary evaluation indicator system was established using
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the SLR method. The initial system comprises 9 first-level indicators and 43 second-level
indicators [10,29,34–44], as detailed in Supplementary File S1.
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The initial evaluation indicators for the RSS of smart community development are
primarily derived from the literature. However, these indicators require optimization
to more accurately reflect the actual level of RSS of smart community development. To
achieve this, several experts specializing in smart community development, community
safety, and residents’ sense of safety were selected, ensuring their extensive experience
and knowledge in the field [33]. In June and July 2022, 27 scholars and experts for the
RSS domain of smart communities were interviewed via VooV Meeting. Detailed infor-
mation of the participating experts is presented in Supplementary File S2. The expert
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questionnaire used for indicator optimization is provided in Supplementary File S3. During
the meeting, the importance of the initial assessment indicators was discussed, and the
evaluation indicators were adjusted based on the experts’ feedback. Ultimately, 7 first-level
indicators and 23 second-level indicators were selected for the final evaluation indicators,
as shown in Table 1. An explanation for the evaluation indicator system is provided in
Supplementary File S4.

Table 1. The evaluation indicators for the RSS of smart community development.

First-Level Indicator Code Second-Level Indicator Code

Smart community safety safeguard SS
Overall design SS1

Construction guarantees SS2
Platform data security SS3

Smart community medical service MS
Resident health screening MS1

Emergency ambulance MS2

Smart community pension service PS
Emergency services for the elderly PS1
Cultural activities for the elderly PS2

Smart community business service BS
Electric vehicle charging pile BS1

Smart catering service BS2

Smart community property service ProS

Intelligent access control ProS1
Community security ProS2

Intelligent firefighting ProS3
Facility and equipment repair ProS4
Environmental enhancement ProS5

Smart community emergency service ES

Natural disaster response ES1
Social security incident response ES2
Public health incident response ES3

Accident disaster response ES4
Emergency assistance alarm ES5

Emergency safeguard ES6
Safety awareness and education ES7

Smart community governance service GS
Legal advocacy and assistance services GS1

Community culture GS2

2.2. Determination of Indicator Weights for the RSS of Smart Community Development Using the
CRITIC Method

The CRITIC (Criteria Importance Through Intercriteria Correlation) method offers
several advantages for assessing the RSS of smart community development [33]. Firstly, the
CRITIC method provides an objective approach to determining the weights of evaluation
indicators by considering both the contrast intensity and conflict among criteria. This
ensures that the derived weights reflect the true importance of each indicator in the context
of the RSS, leading to more accurate and reliable evaluation results [10]. Secondly, the
CRITIC method effectively handles the complexity and inter-dependencies among various
indicators, which is crucial in the multifaceted environment of smart communities. By
capturing the intrinsic relationships between indicators, it enhances the comprehensiveness
of the assessment. Furthermore, the CRITIC method’s reliance on statistical measures
to derive weights mitigates potential biases inherent in subjective weighting approaches,
thereby improving the credibility and validity of the evaluation outcomes. These strengths
make the CRITIC method a valuable tool in advancing the understanding and enhancement
of safety perceptions in smart communities. The process of determining indicator weights
using the CRITIC method involves the following detailed steps:

(a) Standardization of the Sense of Safety Indicator Data.
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To eliminate the influence of different units, the raw data should be standardized. The
standardized value zij can be calculated using the following formula:

zij =
xij − min

(
xij

)
max

(
xij

)
− min

(
xij

) (1)

where min(xij) and min(xij) are the minimum and maximum values of the j-th RSS evaluation
indicator, respectively.

(b) Calculation of the Standard Deviation of the RSS Evaluation Indicators.
The standard deviation σj for each RSS evaluation indicator in the standardized matrix

is calculated as follows:

σj =

√
1
m∑m

i=1

(
zij − zj

)2 (2)

where zj is the mean of the j-th indicator of the RSS.
(c) Calculation of the Correlation Coefficient Matrix Between the RSS

Evaluation Indicators.
The correlation coefficient rjk between each pair of the RSS evaluation indicators in the

standardized matrix is computed as follows:

rjk =
∑m

i=1
(
zij − zj

)
(z ik − zk

)√
∑m

i=1
(
zij − zj

)2
∑m

i=1(zik − zk)
2

(3)

(d) Calculation of the Information Content of Each RSS Evaluation Indicator.
The information content Cj of each RSS evaluation indicator is calculated using the

following formula:

Cj = σj

√
∑n

k=1

(
1 − rjk

)
(4)

(e) Calculation of the Weights of the RSS Evaluation Indicators.
Finally, the weight wi of each RSS evaluation indicator is determined by the

following formula:

wi =
Cj

∑n
i=1 Cj

(5)

2.3. Evaluating the Level of the RSS of Smart Community Development Using the FCE Method

The Fuzzy Comprehensive Evaluation (FCE) method is a mathematical model that
utilizes specific techniques of fuzzy measurement, fuzzy statistics, and fuzzy evaluation
during its computational process [45,46]. Compared to other evaluation methods, FCE
excels in handling fuzzy and uncertain information, thereby producing results that are more
aligned with real-world conditions. By transforming qualitative indicators into quantitative
evaluations and integrating expert insights with empirical data, the FCE method delivers
more scientific and rational outcomes. Its results are characterized by clarity, systematic
rigor, and broad applicability, effectively synthesizing various evaluation metrics to yield
more accurate and comprehensive assessments. Consequently, the FCE method holds
significant advantages in evaluating residents’ sense of safety, offering a more holistic,
scientific, and reasonable assessment of the RSS of smart community development.

(1) Establishing a Factor Set of Quantitative Indicators.
The quantitative indicators for the RSS in smart communities are organized into a

factor set, denoted by U, which is a set.

U = {u1, u2, u3, · · · , un} (6)

(2) Determining the Evaluation Indicator Set.



Land 2024, 13, 1434 7 of 21

The various quantitative indicators within the set U have different levels of significance
for the Fuzzy Comprehensive Evaluation. Hence, a set Ci of indicator weights is established.

C = {C1, C2, C3, · · · , Cn} (7)

(3) Establishing an Evaluation Set.
Drawing from existing research on the development of perception scales for the RSS,

the evaluation set consists of five elements: very poor, poor, average, good, and very good,
corresponding to V1 to V5, respectively. For quantification purposes, V1 to V5 are assigned
scores of 1, 2, 3, 4, and 5 points, respectively.

V = {V1, V2, V3, · · · , Vn} (8)

(4) Determining the Judgment Matrix for Fuzzy Comprehensive Evaluation
For the i-th indicator, the fuzzy subset on the membership V of each comment is

represented as follows:
R1 = {ri1, ri2, ri3, · · · , rim} (9)

In the set Ri, rim denotes the membership degree of the i-th indicator to the m-th evalu-
ation level, which reflects the proportion of the indicator ui receiving the evaluation Vm.

In the set Ri, rim represents the degree to which the i-th indicator belongs to the m-th
evaluation level, indicating the proportion of the indicator ui that is evaluated as Vm. The
formula for calculating rim is

rim =
Eim
N

(10)

where Eim represents the number of respondents who rated the indicator ui as Vm, and N is
the total number of respondents. rim indicates the probability of the indicator ui belonging
to the m-th evaluation level.

Consequently, the fuzzy comprehensive judgment matrix of the indicators is derived.

R =


r11 r11
r21 r22

· · · r1m
· · · r2m

...
...

rn1 rn2

. . .
...

· · · rnm

 (11)

(5) Calculating the Community’s Comprehensive Quantization Score
The comprehensive quantization score for the community is calculated as follows:

Bi = Ci × R = (C1, C2, · · · , Cn)×


r11 r11
r21 r22

· · · r1m
· · · r2m

...
...

rn1 rn2

. . .
...

· · · rnm

 = {B1, B2, · · · , Bn} (12)

where Bi denotes the weighted final degree of membership for each second-level indicator
of a single community.

(6) Obtaining the Final Evaluation Results
The final evaluation results are obtained by comparing the scores of elements Vi in

the evaluation set. The results corresponding to the RSS of the smart community are
determined by combining the scores using the following formula:

Y =∑n
i=1 BiVi (13)
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3. Empirical Study
3.1. Study Area

Six cities in China—Shenzhen, Huizhou, Dongguan, Putian, Zhengzhou, and
Luoyang—were selected as investigation sites to collect data on the RSS of smart com-
munity development. On the one hand, these cities have been at the forefront of smart
community development, accumulating extensive experience and demonstrating strong
comprehensive capabilities. For instance, Shenzhen, Dongguan, and Huizhou, located
in Guangdong Province, are leaders in smart community initiatives, boasting advanced
technology and management expertise. Similarly, Zhengzhou and Luoyang in Henan
Province have made significant strides in this area, while Putian in Fujian Province has
also garnered valuable experience in smart community development. On the other hand,
these cities’ smart communities stand out in their use of technology and the effectiveness
of service delivery. Most of these communities have developed integrated platforms for
intelligent management of community affairs, particularly excelling in the precise and
efficient delivery of community services [21].

Among the six cities selected, 17 administrative districts, such as Nanyuan District
of Shenzhen City, Huiyang District of Huizhou City, Luolong District of Luoyang City,
Chengxiang District of Putian City, Zhongyuan District of Zhengzhou City, and Dong-
guan City, were selected because these administrative districts have a relatively developed
economy and large resident population and play an important role in smart community de-
velopment [10]. For example, Shenzhen Nanyuan has achieved good results in community
governance and proposed innovative methods for the national smart community gover-
nance pilot base. The development of smart communities in these areas is more diverse
and mature, which provides a reliable dataset for a comprehensive analysis of the RSS of
smart community development [32]. Other administrative areas were not included in this
study; the main reason is that smart communities of the same level were not developed at
the time of our study. This selection strategy is conducive to the centralized collection of
data for the construction of an intelligent community.

From these six cities, 31 smart communities that have made significant progress in
smart community services were selected. Due to the achievements in smart management,
smart services, and emergency response, these communities are an ideal paradigm for
evaluating the RSS of smart community development. For example, these communities
used digital technologies to collect residents’ health data and built smart infrastructure to
respond to emergencies. Consequently, the selection of these 31 communities was made
to ensure that the data used to evaluate the RSS of smart community development are
comprehensive, scientifically sound, and accurate. Figure 3 illustrates the locations of the
chosen smart communities. The name and code of each community are detailed in the
Supplementary File S5.

3.2. Data Collection

During the data collection process, to ensure consistency and representativeness,
questionnaires were uniformly distributed and collected across six major cities: Dongguan,
Huizhou, Luoyang, Putian, Shenzhen, and Zhengzhou. Residents were invited to rate
the evaluation indicators of the RSS of smart community development on a scale from
1 (very unimportant) to 5 (very important). The resulting ratings were then used to
determine the weight of each evaluation indicator. The questionnaires were distributed in
equal proportions according to the number of residents in different communities, using
a random sampling pattern to ensure the quality and fairness of the data. A total of
2242 questionnaires were gathered via the Wenjuanxing platform, with 2128 being valid.
Wenjuanxing is a specialized online tool for conducting surveys, exams, assessments, and
polls. The distribution of surveyed residents was comprehensive and reasonable in terms
of age, education, occupation, political affiliation, form of housing, length of residence, and
average monthly income. The questionnaire data were used to determine weights using
the CRITIC method. Subsequently, based on the collected data, the level of RSS in each
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smart community was calculated using the FCE method to further analyze the evaluation
results. The detailed contents of the questionnaire are found in Supplementary File S6.
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4. Results
4.1. Descriptive Statistics of the Respondents

Table 2 presents the basic demographic statistics of the respondents. In terms of
socio-demographic characteristics, the sample consisted of 42.2% male and 57.8% female
respondents. Nearly half of the respondents were between the ages of 21 and 35 (66.49%).
In terms of educational attainment, 75.98% of the population had a college education
or above. As for the residents’ characteristics, most respondents have resided in the
community for over 3 years (65.27%) and are homeowners (66.82%). In terms of economic
characteristics, respondents were categorized by disposable income, with 66.78% earning
more than RMB 5000 (approximately USD 690) per month. According to official data
from the National Bureau of Statistics of China, the average disposable income for urban
residents in China was approximately RMB 36,883 annually (about USD 5092), or about
RMB 3073 (approximately USD 424) per month (National Bureau of Statistics of China,
2023) [47]. This indicates that a significant portion of respondents earn above the average
level of disposable income.
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Table 2. Descriptive statistics of individual characteristics.

Variable Percentage Variable Percentage

Gender
Male 42.20%

Length of
residence

1 year or less 9.96%
Female 57.80% 1–3 years 24.77%

Age

Less than 20 9.54% 3–5 years 19.92%
21–35 66.49% Above 5 years 45.35%

36–49 19.74%

Income

RMB <3000 13.58%
50–64 3.76% RMB 3000–5000 19.64%

65 and above 0.47% RMB 5000–7000 17.76%

Education Level

Primary school or below 1.50% RMB 7000–9000 17.86%
Middle school 10.15% RMB >9000 31.16%

High school and technical 12.36%

Home ownership

Rent 27.96%
College and

undergraduate 68.84% Own 66.82%

Master or above 7.14% Other 5.22%

4.2. Results of Indicator Weights for the RSS of Smart Community Development Using the
CRITIC Approach

The results of the indicator weights are obtained through Equations (1)–(5) of the
CRITIC method. The results of the weights of the evaluation indicators are shown in
Table 3. The results show that ‘Smart community emergency service (ES)’ is the most
important, followed by ‘Smart community property service (ProS)’. Meanwhile, ‘Smart
community medical service (MS)’ has the lowest weight. In addition, the three highest
weights in the second-level indicator are PS2 (Cultural activities for the elderly), BS1
(Electric vehicle charging pile), and BS2 (Smart catering service), while the three lowest
weights are SS1 (Overall design), ES5 (Emergency assistance alarm), and SS3 (Platform data
security). This shows that cultural activities for the elderly and emergency services for the
elderly should be the priorities of the RSS of smart community development.

Table 3. The results of the indicator weights of the RSS of smart community development.

First-Level Indicator Weight Second-Level Indicator Weight

SS 12.25%
SS1 4.02%
SS2 4.18%
SS3 4.05%

MS 8.75%
MS1 4.34%
MS2 4.41%

PS 9.45%
PS1 4.69%
PS2 4.76%

BS 9.50%
BS1 4.76%
BS2 4.74%

ProS 21.60%

ProS1 4.47%
ProS2 4.21%
ProS3 4.07%
ProS4 4.30%
ProS5 4.55%

ES 29.50%

ES1 4.09%
ES2 4.36%
ES3 4.33%
ES4 4.09%
ES5 4.04%
ES6 4.18%
ES7 4.41%
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Table 3. Cont.

First-Level Indicator Weight Second-Level Indicator Weight

GS 8.95%
GS1 4.52%
GS2 4.43%

4.3. Results of the RSS Evaluation of Smart Community Development through the FCE Method

After the determination of the weight of each evaluation indicator, the performance of
the sampled smart communities was assessed using the FCE method. Performance scores
were standardized to a range between 0 and 5. Accordingly, the total score was categorized
into five levels: highest performance (4–5), high performance (3–4), average performance
(2–3), low performance (1–2), and lowest performance (0–1) [9]. The evaluation results of
the RSS in 6 cities and 31 communities are shown in Tables 4 and 5.

Table 4. Evaluation results of the RSS for the six-city sample.

City SS MS PS BS ProS ES GS Total Score Rank

Shenzhen 3.691 3.644 3.597 3.680 3.831 3.732 3.750 3.725 6
Putian 3.958 3.844 3.699 3.852 3.880 3.921 3.817 3.869 1

Zhengzhou 3.892 3.622 3.580 3.648 3.886 3.815 3.722 3.777 3
Luoyang 3.848 3.738 3.600 3.600 3.801 3.764 3.707 3.744 5

Dongguan 3.896 3.735 3.692 3.718 3.822 3.810 3.783 3.794 2
Huizhou 3.860 3.748 3.630 3.710 3.793 3.808 3.662 3.767 4

The RSS of smart community development in six cities was evaluated; the results are
shown in Table 4. The findings indicate that the overall scores for these cities range from
3.725 to 3.869, demonstrating a high level of smart community development. Specifically,
Putian City secured the top position with an overall score of 3.869, showcasing comprehen-
sive strengths across various indicators, particularly excelling in ‘Smart community safety
safeguard’ (SS), ‘Smart community medical service’ (MS), and ‘Smart community pension
service’ (PS). Dongguan City follows closely with an overall score of 3.794, highlighting sig-
nificant advantages in ‘Smart community emergency service’ (ES) and ‘Smart community
governance service’ (GS). Zhengzhou City ranks third with an overall score of 3.777, with
notable performance in ‘Smart community medical service’ (MS) and ‘Smart community
property service’ (ProS). Huizhou City, with a score of 3.767, ranks fourth, excelling in
‘Smart community safety safeguard’ (SS) and ‘Smart community emergency service’ (ES).
Luoyang City, with an overall score of 3.744, ranks fifth, demonstrating competitiveness
in ‘Smart community medical service’ (MS) and ‘Smart community pension service’ (PS).
Shenzhen City, with a score of 3.725, ranks sixth; despite its lower overall score, it performs
well in ‘Smart community property service’ (ProS) and ‘Smart community governance
service’ (GS).

As presented in Table 5, the Fuzzy Comprehensive Evaluation (FCE) method was
employed to assess the level of 31 smart communities, yielding total scores between
3.305 and 3.980. According to the rating scale, all these communities fall within the high-
performance category. Notably, the Q17 community achieved the highest score of 3.980,
securing the top rank and demonstrating exceptional performance across several metrics,
particularly in ‘Smart community safety safeguard’ (SS), ‘Smart community medical service’
(MS), and ‘Smart community pension service’ (PS). Following closely, the Q21 community,
with a score of 3.906, excelled notably in ‘Smart community property service’ (ProS). The
Q19 community, ranked third with a score of 3.891, also exhibited substantial strengths
across all evaluated metrics. Conversely, the Q15 community, although ranked 31st with a
score of 3.305, exhibited relatively weaker performance compared to other communities
across various indicators but remained within the high-performance range.



Land 2024, 13, 1434 12 of 21

Table 5. Evaluation results of the RSS for the smart community sample.

City Community SS MS PS BS ProS ES GS Total Score Rank

Dongguan

Q1 4.044 3.646 3.730 3.854 3.886 3.902 4.039 3.885 5
Q2 3.749 3.719 3.663 3.587 3.744 3.732 3.698 3.712 25
Q3 4.031 3.833 3.572 3.857 3.943 3.818 3.929 3.863 9
Q4 3.941 3.762 3.708 3.792 3.839 3.818 3.818 3.820 11
Q5 3.968 3.722 3.722 3.743 3.863 3.820 3.765 3.817 13

Huizhou

Q6 3.983 3.825 3.713 3.850 3.854 3.942 3.774 3.872 8
Q7 3.826 3.651 3.560 3.710 3.779 3.795 3.669 3.741 19
Q8 3.844 3.824 3.631 3.687 3.775 3.740 3.601 3.740 20
Q9 3.877 3.772 3.662 3.684 3.775 3.806 3.699 3.770 17

Q10 3.731 3.404 3.525 3.643 3.850 3.805 3.594 3.710 26

Luoyang

Q11 3.895 3.730 3.514 3.586 3.762 3.712 3.712 3.716 24
Q12 3.917 3.776 3.777 3.925 3.992 3.811 3.922 3.878 7
Q13 3.764 3.779 3.698 3.535 3.756 3.736 3.651 3.717 23
Q14 3.989 3.835 3.643 3.705 3.997 3.939 3.824 3.888 4
Q15 3.373 3.260 3.360 3.260 3.290 3.299 3.299 3.305 31

Putian

Q16 3.874 3.713 3.672 3.705 3.800 3.852 3.771 3.793 15
Q17 4.119 4.001 3.700 3.860 4.001 4.029 3.980 3.980 1
Q18 3.964 3.882 3.723 3.835 3.895 3.913 3.806 3.878 6
Q19 3.985 3.903 3.731 3.881 3.877 3.928 3.844 3.891 3
Q20 3.888 3.668 3.556 3.695 3.926 3.918 3.695 3.819 12

Shenzhen

Q21 3.825 3.865 3.729 3.913 4.047 3.913 3.873 3.906 2
Q22 3.623 3.533 3.506 3.559 3.728 3.663 3.744 3.643 29
Q23 3.660 3.573 3.572 3.638 3.789 3.657 3.710 3.673 28
Q24 3.737 3.537 3.607 3.714 3.634 3.539 3.640 3.616 30
Q25 3.686 3.651 3.594 3.661 3.833 3.769 3.734 3.732 21

Zhengzhou

Q26 3.934 3.600 3.540 3.840 4.094 3.866 3.659 3.848 10
Q27 3.787 3.615 3.682 3.660 3.834 3.657 3.771 3.720 22
Q28 3.904 3.589 3.556 3.639 3.928 3.817 3.772 3.786 16
Q29 3.981 3.631 3.611 3.692 3.927 3.822 3.756 3.809 14
Q30 3.768 3.960 3.578 3.577 3.898 3.728 3.653 3.755 18
Q31 3.767 3.601 3.541 3.546 3.749 3.756 3.642 3.692 27

5. Discussion
5.1. Differences in Weights of the RSS of Smart Community Development

ES (Smart community emergency service) and ProS (Smart community property ser-
vice) are two of the higher-weighted first-level indicators. This indicates the importance
residents attach to the issue of emergency services and property services. As for ES, the
reason for this may be related to the residents’ mindset of being prepared for danger in
times of peace [48]. At the same time, in the event of an incident, the community’s re-
action time and ability to deal with the emergency is crucial as most ordinary residents
are not equipped to deal with it [49]. As for ProS, with the development of urbanization
in China, property services are gradually playing an important role in the daily manage-
ment of communities [50,51]. Property management companies currently have problems
such as low service quality, irregular work processes, few service items, and low staff
dedication [52,53]. These problems have seriously affected the RSS. Thus, the sense of
safety in smart property services is valued by community residents, which is the reason
for the high weight of ProS. Among the seven first-level indicators, MS (Smart community
medical service) and GS (Smart community governance service) have the lowest weights.
This indicates that for respondents currently living in these smart communities, the health
screening services and the open access to emergency assistance provided by the commu-
nity are meeting the needs of residents [54]. The majority of respondents are young and
middle-aged with higher education, and there are fewer older people. As a result, there is a



Land 2024, 13, 1434 13 of 21

lower demand for community-organized legal and cultural activities, which leads to the
lower weighting of GS (Smart community governance service) [55].

According to Table 5, the results show some variability in the weights of secondary
indicators. On one hand, the indicators PS2 (Cultural activities for the elderly), BS1 (Electric
vehicle charging pile), and BS2 (Smart catering service) hold the highest weight values.
The reasons are as follows: Cultural activities for the elderly foster social interaction
and a sense of community belonging, which helps maintain cognitive function, reduce
loneliness, and enhance emotional well-being among older residents [56]. This, in turn,
significantly improves their sense of safety and overall quality of life. The installation
of electric vehicle charging stations increases convenience and promotes sustainability,
reducing travel concerns and enhancing community safety by encouraging green travel and
reducing traffic accident risks [57]. Smart catering provides healthy, nutritionally balanced
meal options that meet residents’ daily needs and can swiftly respond to public health
emergencies, ensuring food safety and supply chain stability. This enhances residents’
life satisfaction and sense of safety [10]. In summary, these three indicators are highly
prioritized in the evaluation of the RSS in smart communities due to their substantial impact
on improving residents’ quality of life and sense of safety. On the other hand, the weight
values of the three indicators SS3 (Platform data security), ES5 (Emergency assistance
alarm), and SS1 (Overall design), are usually low, because their direct impact on residents’
sense of safety is not as significant as other factors. Platform data security focuses on
safeguarding residents’ personal information and preventing data breaches. While crucial
for protecting privacy, it has a limited influence on residents’ daily sense of safety [32]. The
emergency assistance alarm system is essential for responding to emergencies; however, in
everyday situations, residents seldom use this service directly, which diminishes its impact
on enhancing daily safety perceptions [33,58]. Overall design pertains to the comprehensive
planning and layout of the community. Although a well-thought-out design enhances the
community’s functionality and aesthetics, its direct influence on residents’ sense of safety is
not as pronounced as that of specific services and amenities [59]. Consequently, residents’
sense of safety is more closely tied to tangible service experiences and the availability of
smart facilities, such as cultural activities and intelligent services, which more directly
improve their quality of life and safety perception [60]. As a result, these three indicators
have lower weight values relative to other indicators.

5.2. Differences in the Level of the RSS at the City Level

The city rankings can be clearly observed from high to low: Putian City, Dongguan
City, Zhengzhou City, Huizhou City, Luoyang City, and Shenzhen City.

Putian City was the best performer in the RSS evaluation, with high scores across all
indicators. The reasons may be related to several factors, including Putian City’s economic
development, government investment, policy support, community facilities, and commu-
nity management. The Putian City government has invested a lot of funds and resources
to promote the development of smart communities, including smart security systems and
smart car parks, which are conducive to improving residents’ sense of safety and quality
of life [61]. Compared with other first-level indicators, Putian City has a low score on
PS (Smart community pension service). The main reason may be that there is an uneven
distribution of economic resources in the field of elderly care services, resulting in some
important elderly care service projects and facilities not having enough financial support.
Putian City may still be in the exploratory stage of the development of a smart community,
and the promotion and application of smart elderly care services may not be widespread
enough, resulting in the elderly being unable to fully experience the convenience and
security brought by wisdom. Therefore, Putian City should formulate corresponding
improvement measures according to the actual situation. Community responsibility depart-
ments should establish effective feedback and communication mechanisms to gradually
enhance the sense of safety for elderly care services [53].
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It is notable that Shenzhen, renowned for its advanced technological innovation and
digitalization, ranks lowest in residents’ perceived sense of safety. This paradoxical situa-
tion can be attributed to several factors, including the city’s rapid urban development, the
investment and spatial distribution in smart community infrastructure, and the disparity
between residents’ expectations and perceptions. Firstly, as a special economic zone and a
front-runner in China’s reform and opening-up, Shenzhen’s rapid growth has led to high
population density and diverse demands, posing significant challenges to the comprehen-
sive coverage and precision of smart community services [62]. Second, despite substantial
investments in smart city infrastructure, Shenzhen may not have evenly distributed these
resources across all communities. Older and remote areas, in particular, exhibit relatively
low levels of smart technology integration. Furthermore, Shenzhen’s smart community
initiatives have predominantly emphasized technological innovation and demonstration
projects, potentially at the expense of enhancing residents’ actual experiences and quality of
life [63]. Lastly, Shenzhen’s residents generally have a high standard of living and elevated
expectations, leading to greater anticipation for the development of smart communities. If
the actual experience falls short of these expectations, it may result in lower assessments
of their sense of safety [64,65]. Therefore, to enhance the RSS in Shenzhen’s smart com-
munities, it is crucial to comprehensively consider these factors. This includes optimizing
resource allocation, promoting balanced development across communities, and paying
greater attention to residents’ actual needs and perceptions. These steps are essential for
achieving comprehensive, in-depth, and sustainable development of smart communities.

Dongguan ranks below Putian, while Zhengzhou and Huizhou are ranked third
and fourth, respectively, with Luoyang’s ranking being only slightly higher than that of
Shenzhen. According to Figure 4, Dongguan excels across various indicators, including
‘Smart community safety safeguard’ (SS), ‘Smart community medical service’ (MS), ‘Smart
community pension service’ (PS), and ‘Smart community business service’ (BS), reflecting
a comprehensive and balanced approach to smart community development. As a signif-
icant city in the Pearl River Delta, Dongguan’s rapid economic development and strong
technological capabilities have facilitated substantial investments in smart community
development, improving community management, service facilities, and safety measures,
thus enhancing residents’ sense of safety. Zhengzhou’s overall score is slightly lower than
Dongguan’s but higher than the other cities, with particularly high scores in ‘Smart commu-
nity property service’ (ProS) and ‘Smart community emergency service’ (ES). As the capital
of Henan Province, Zhengzhou has made significant progress in smart city and community
development, driven by increased government investment in community governance, envi-
ronmental improvement, and professional services, thereby enhancing residents’ quality of
life and sense of safety. Huizhou’s indicators are relatively balanced, without particularly
outstanding highlights. As a livable city in the Pearl River Delta, Huizhou emphasizes
ecological protection and community governance. Its smart community initiatives focus
on improving residents’ convenience and comfort, contributing to a good sense of safety.
Stable economic growth in Huizhou also supports the development of smart communi-
ties. Luoyang, while ranking relatively low among the four cities, maintains high levels
across various indicators. As a historic cultural city, Luoyang has promoted smart city
development while preserving its cultural heritage, integrating cultural preservation with
technological innovation to enhance residents’ sense of safety through improved ‘Smart
community governance service’ (GS) and service quality. However, compared to cities in
the Pearl River Delta, Luoyang faces economic and technological challenges that may affect
the pace and effectiveness of its smart community development. In summary, the reasons
these four cities rank second to fifth in residents’ sense of safety in smart communities
are primarily due to their comprehensive investment and balanced development in smart
community development. Each city has achieved significant success in different aspects
of smart community development based on its unique characteristics and circumstances,
enhancing residents’ sense of safety and satisfaction [40].
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5.3. Differences in Level of the RSS at the Community Level

The community ranking results show that the three best-performing communities
are Q17 in Putian City, Q21 in Shenzhen City, and Q19 in Putian City. Q17 and Q19 are
both located in Putian City. This result is due to the overall high level of development in
Putian City, with both communities performing better on all indicators. Q21 is a newer
community, close to many high-tech companies and schools with excellent educational
resources, and offers smarter and more convenient living and a safer environment. This
may be the reason for the large gap between it and Q22 and Q24. However, three smart
communities fell short of achieving the highest RSS level, indicating the presence of certain
obstacles that may impact the RSS in these communities. As shown in Table 5, the PS scores
of the three communities are relatively low: 3.700 (Q17), 3.729 (Q21), and 3.731 (Q19). This
indicates that the elderly care service is a common area that the three communities need to
strengthen, and there may be problems such as insufficient elderly care service facilities,
single service content, or low service quality. Therefore, through targeted improvement
measures and policy support, the development level of smart elderly care services in these
communities can be gradually improved, and residents’ sense of safety can be improved.

Meanwhile, the three worst-performing communities are Q15 in Luoyang City and
Q24 and Q22 in Shenzhen City. Q15 is located in Yanshi District, Luoyang City. In the
FCE results for the Xinglong community, all indicators scored in the range of 55–58, and
none of them were at a better level. This indicates that it is difficult for residents to feel
a higher level of safety from any of the indicators. As smart communities are currently
funded by the government, the level of economic activity often determines the level of
capital investment in smart communities [9]. Luoyang City has the lowest GDP per capita
among the six cities, with Yanshi District exhibiting an even lower economic level. The poor
investment capacity of government funds may be one of the reasons for the low ranking of
Q15. In addition, the fact that Q15, one of the older neighborhoods, has old infrastructure,
inadequate roads, and insufficient community management has led to residents having
difficulty trusting the community’s ability to provide emergency services [37]. Therefore,
strengthening financial support for smart communities and accelerating infrastructure
renewal are important initiatives for improving the RSS in smart communities.

Q24 and Q22 are two of the poorer-level communities, both located in Shenzhen City.
As indicated by Table 5, both the Fuguang and Nanyuan communities in Shenzhen, China,
exhibit lower scores in MS (Smart community medical service), PS (Smart community
pension service), and ES (Smart community emergency service). Despite their geographical
proximity, disparities in their developmental stages, population structure and demand,
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resource allocation and management, geographical and environmental factors, resident
participation and satisfaction, and policy frameworks have led to distinct differences in
their security, medical services, and property management. Fuguang Community (Q22),
being relatively new, has yet to fully develop its security measures and medical facilities,
and its supporting services remain inadequate. Conversely, Nanyuan Community (Q24) is
more established but faces significant challenges in property management and security due
to its high population density [66]. To enhance the RSS in these smart communities, it is
essential to strengthen security measures by increasing the presence of security personnel
and installing surveillance equipment. Improving the quality of medical services is crucial
to ensure residents’ health and safety. Furthermore, enhancing property management
practices, including service quality and response times, is vital. Additionally, optimizing
business services can help mitigate security risks. By comprehensively addressing these
factors and implementing targeted solutions, the overall sense of safety and satisfaction
among community residents can be significantly improved [67].

5.4. Suggestions for Enhancing the RSS of Smart Community Development

According to the research results, several recommendations have been proposed
to enhance the RSS of smart community development. These suggestions aim to guide
community decision-makers in creating safer and more efficient smart communities.

First, safety facilities directly affect the RSS of smart community development, so it is
necessary to promptly update and improve the infrastructure construction of emergency
services in the development of smart communities. During the initial stages of smart
community development, it is crucial to prepare and regularly update emergency plans to
improve the effectiveness of emergency services within these communities [68]. At the same
time, advanced information technologies, including big data, cloud computing, the internet,
and blockchain, should be utilized to establish an emergency information system, which
can enhance the timeliness and accuracy of emergency information in smart communities.
This system should include multi-level emergency linkages, cross-platform monitoring,
and warning integration, a flexible and efficient mobile command platform [12,36,54,69].
In addition, the channels for residents’ participation will also be broadened, and residents
will be encouraged to participate in emergency services for community emergencies, which
is conducive to enhancing the RSS of smart community development [70].

Second, the research results indicate that pension services play a significant role in
evaluating the residents’ sense of safety (RSS) of smart community development. To
enhance the RSS, it is crucial to improve smart community pension services, particularly
by offering timely emergency services and cultural activities for the elderly. On the one
hand, mobile and Internet of Things-based emergency services for the elderly should be
established to shorten the response time of emergencies and improve the survival rate of
patients [71]. On the other hand, community service providers should pay more attention
to the emotional needs of the elderly, and the community can regularly organize group
cultural activities for them [72]. At the same time, publicity and education for young people
about supporting and caring for the elderly should be strengthened to enhance the sense of
safety in elderly services.

Third, with the continuous improvement of people’s requirements for life quality,
traditional property management is no longer able to meet the needs and reliance of modern
residents. To reduce labor costs and conflicts between properties and residents, property
management systems with more intelligence, flexibility, and safety should be established,
with professional safety staff and timely updates for maintaining public facilities [73]. These
measures will enhance the RSS of smart community development. In addition, to build a
community with a higher sense of safety and greater satisfaction, the most important thing
is to strengthen residents’ participation [70]. Resident involvement is essential for both
the development of new smart communities and the renovation of existing ones. It is also
necessary to provide multi-process management measures according to residents’ needs.
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6. Conclusions

To help the community decision-makers accurately determine the RSS of smart com-
munity development, a novel method for determining the RSS of smart community devel-
opment was developed, and the levels for the RSS in 31 smart communities were analyzed
in this paper. Several key findings merit attention. First, an evaluation indicator system
was proposed, and a novel approach for assessing the RSS of smart community develop-
ment was introduced using the CRITIC-FCE method. To ensure the practical application
of the proposed evaluation indicator system and the CRITIC-FCE method, community
decision-makers are the main agents responsible for mainstreaming and implementing
these tools. These stakeholders have the capacity to integrate the evaluation system into
existing governance structures by aligning it with ongoing smart community develop-
ment. Specifically, community decision-makers can incorporate the indicator system into
urban planning and community management processes, ensuring that the RSS of smart
community development is improved. Second, the analysis of indicator weights revealed
that ‘Cultural activities for the elderly’ had the highest weight, while ‘Overall design’ had
the lowest. In addition, the indicators of business services, medical services, and pension
services are integral components of the RSS of smart community development. Therefore,
these aspects should be prioritized during smart community development. Third, the
evaluation results show that the performance of the selected cities and smart communities
is at a high level. Specifically, these cities and smart communities receive high scores in
emergency services and property services, but there are shortcomings in pension services,
which is a common problem. Additionally, significant differences are observed between
cities. For instance, Shenzhen, despite its technological advancements, ranks lower in the
RSS due to uneven resource distribution and gaps between residents’ expectations and
actual experiences. These findings suggest that community decision-makers should focus
on strengthening weak areas to enhance the RSS of smart community development. This
study makes a significant contribution to the field of smart community development by
introducing a novel quantitative method for evaluating the RSS. The CRITIC-FCE method
developed in this research provides a quantitative approach to assess the RSS of smart
community development, thereby enriching the existing body of knowledge in this area.
In practice, this paper offers clear guidance for community decision-makers, highlighting
key areas such as medical service, pension service, and business service that require priori-
tization. By focusing on these critical areas, community decision-makers can effectively
allocate resources and implement policies that directly improve the safety and well-being
of residents. Moreover, experts can use the evaluation framework to identify gaps and
guide targeted interventions, ensuring that smart community development is both effective
and responsive to residents’ needs.

However, two research limitations are discovered in this paper. First, due to the limited
survey area, the sample data in this paper have some limitations, and some investigations
are inefficient. Second, the evaluation method proposed in this study is static, while
the RSS of smart communities is dynamic in real life. Therefore, the evaluation method
requires adjustment. Future research will involve collecting larger datasets from similar
studies conducted in China and other countries to obtain more reliable data. Given that the
RSS in smart communities is subject to change, a more complex and dynamic evaluation
method should be developed to enhance RSS and support the sustainable development
of smart communities. Moreover, this indicator system holds the potential for adaptation
and implementation across various countries and regions outside China. Ensuring the
framework’s replicability and effectiveness in different contexts will be crucial, necessitating
a consideration of local constraints and opportunities. This approach will provide a valuable
tool for decision-makers worldwide.
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