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Abstract: Smart community is an important constituent part of a smart city and an extension and deepening of the concept of the latter. When it comes to smart community,
the digitalization upgrading of traditional community service is conducted via information technology, in an effort to improve the service experience of community residents
and elevate their happiness index. From social functions, smart community also has the advantages in facilitating the smart transformation of cities, promoting the harmonious
society construction, and improving governmental efficiency and image, among others. However, various problems persist in the construction and development process of
a smart community, such as mismatching service contents and low service quality. To explore the influencing factors of smart community service quality, a total of 16
influencing factors were extracted from 5 dimensions: service object, service subject, government role, management system, and service content. The relationships among
the influencing factors were analyzed via the decision-making trial and evaluation laboratory (DEMATEL)-interpretative structural modeling (ISM) composite model, and a
multi-order explanation model was constructed for these influencing factors. Result shows that the legal guarantee is the root cause influencing the smart community service
quality. Development standard, basic service, and expected service are deep influencing factors that play mediating roles. Middle-layer factors such as service and operating
systems have a direct bearing on quality perception. The surface-layer factors directly decide residential assessment on the smart community service quality. This study has
also manifested the feasibility of the integrated DEMATEL-ISM method in analyzing the action mechanism of influencing factors for smart community service quality, providing
a new analytical idea and modeling method for the smart community service quality.
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1 INTRODUCTION

The community, as the most important place where
urban residents live and the basic unit of urban
management, plays a very significant role in urban
governance. Since the advent of the new era, the
complexity of community resident needs has posed new
requirements for urban community governance [1]. The
concept of smart community was born rightly under this
background. In this study, we define smart community as a
community model that provides high-quality new service
content for community residents through new information
technology (5G, blockchain, etc.), so as to improve the
happiness index of community residents. From the
functional level, a smart community serves community
residents and provides efficient, safe, and smart service
contents. An example is establishing a property
management system conforming to the community reality
according to its characteristics to realize the fully
automated management of parking lots, access control, and
long-distance payment, to name a few. This proposition not
only can enhance the sense of safety of community
residents, save time for both residents and property
management company but can also realize the concentrated
operation management and reduce the property operating
cost. Moreover, the development path of new-type cities
can be further sought for through the smart community
construction [2]. However, problems such as mismatching
demands and shortage of funds continue in the practical
smart community construction process [3-5]. The
cognition degree of smart community is generally not high,
and some people may even totally lack understanding of it.
The service quality of smart community which is a new-
type community management mode, is not only influenced
by objective environmental factors such as local policies,
resource conditions, and urban economic status but also by
subjective factors such as resident background, community
management mode, and community service personnel.
Additionally, these factors are intricate and interact with
one another. Therefore, identifying and distinguishing the

factors influencing the smart community service quality
and analyzing the influence and action mechanisms
between the factors constitute the foundation for improving
the smart community service quality and driving the smart
community and smart city construction.

However, many present studies on the smart
community service quality have concentrated on the
community public service supply, information technology,
and network platform construction, to name a few [6-8].
Moreover, many research contents have set the background,
consequently lacking universality [9]. Few studies have
involved management factors such as participatory
governance, operating system, service system, and
subjective human factors such as quality perception,
service expectation, professional quality, and professional
value, which result in such events. Most mechanism studies
on the smart community service quality have mostly
substituted the subjective modeling into the concrete
community service quality events to explore the factors
influencing the community service quality under a single
background but neglected the interaction between
influencing factors and their action mechanism.

Therefore, the influencing factors were screened and
extracted from multiple dimensions such as personnel,
management, and service. The interactions between the
factors and the overall action mechanism were analyzed;
their influencing degrees were clarified; and the surface-
layer, middle-layer, deep-layer, and root influencing
factors were distinguished. Moreover, the concrete action
path between factors was extracted, and the corresponding
suggestions were proposed. This study has profound
practical significance for contributing to the smart
community construction and improving the smart
community service quality.

2 STATE OF THE ART

Most studies on community service quality have aimed
at the community public service, combined the practical
cases to analyze the problems existing in the community
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public service, and discussed the factors leading to these
problems. Taking Junmen community in Fuzhou City of
China as an example, Yang and Liu [10] specifically
investigated the problems in this community, including
low utilization efficiency of public service resources and
poor feedback from community residents and then put
forward their suggestions for improvement. Wang et al.
[11] highlighted that the weakness existing in the
community public service was caused by the imbalance of
governance and proposed that the governance of
community public service should be more refined. He and
Shao [12] constructed a new three-dimensional model of
smart supply by virtue of information integration
technologies such as big data and cloud platform, helping
communities to realize precise supply behaviors. Directing
at the rural water management mode, Hutchings et al. [13]
collected and analyzed 174 successful community
management cases and proposed that the effective
community management was highly affected by the
collective initiative, community leadership, and
institutional transparency.

As a new-type community development direction, the
management model of smart community has always been
a research hotspot among relevant scholars. By studying
four practical cases in Malawi Region, Chowns [14] found
that although community governance exerted an "effect"
on the state (and donator), the technology and financial
performances under the community governance were not
as outstanding as expected. From the angle of the system,
Qian [15] deemed that the management could be facilitated
by intelligence technology. Goethem et al. [16] stated that
the quality of community service was a key factor
influencing adolescents' willingness to participate in
community public service. Crittenden and Everson [17]
further stressed the importance of community governance
during the COVID-19 global pandemic.

A smart community can provide safe and convenient
smart services by using hardware equipment and
information technology according to users' needs and
preferences [18]. As the development basis of smart
communities, every update of technology will promote the
improvement of community service quality. Lee et al. [19]
constructed a new-type smart home management system,
which could effectively integrate community services,
avoid waste of resources, and deepen the fusion of
communities with the surrounding environment.
Abeysiriwardhana W. et al. [20] stated that smart
community uses information technology to manage the
infrastructure of the community, and proposed a software-
based edge computing node, namely the smart community
edge (SCE), to help develop smart community service
platform. Farooqi N. et al. [21] further emphasized the
importance of smart city construction for future urban
development and the mutual promotion between smart city
and smart community, proposed an ideal composition state
of smart community, and respectively demonstrated the
difficulties related to ICT and IoT in terms of technology
and policy.

To sum up, scholars have mostly concentrated on the
case analysis, governance model, and technology
application, among others, during their investigation on
smart community services. They also believed that the
community management mode, service content, and

resource utilization, to name a few, will affect the objective
quality of smart community services. However, little
attention has been paid to the comprehensive action
mechanism of influencing factors, and most of the existing
studies have been partial to mathematical statistics and
practical case analysis. Moreover, research on the
interaction between influencing factors and influence
mechanism has lacked adequate rigor.

Therefore, to overcome the deficiencies of the existing
research, the literature and Delphi methods were used to
determine the influencing factors of smart community
service quality and subsequently redefine them. The cause
degree and centrality of each influencing factor were
calculated through the DEMATEL method, and the
degrees of influence and importance of each factor on and
to the smart community service quality were determined.
The ISM method was used to filter the weak influence
paths. An interpretative structural model was constructed
for the smart community service quality, and then the
influence path and influence level of each factor were
clarified. These processes facilitated the construction of
smart communities and improvement of community
services.

The remainder of this study is organized as follows.
Section 3 introduces the extraction process of influencing
factors for the smart community service quality and model
calculation process. Section 4 analyzes the calculation
results. Section 5 presents the calculation results and
management suggestions. Section 6 summarizes the
research contents.

3 METHODOLOGY
3.1 Extraction Method of Influencing Factors

The extraction of influencing factors is the basis for
analyzing the influence mechanism of smart community
service quality, and the influencing factors are generalized
into aspects such as personnel, management, service, and
environment, to name a few [3]. In this study, the
community personnel were divided into two parts: service
provider and service receiver [10, 11]. The management
dimension refers to the set of management models adopted
by the community administrators or relevant government
sectors for smart community services [l4]. Service
dimension means the concrete service content provided by
the smart community or the pattern of manifestation [11,
12].

According to the above literature review, the
influencing factors were finally extracted using the
literature method after repeated communication with the
expert group. In the division process of index system, the
pure technical factors were excluded. Based on the existing
research results and interview results, 5 first-level indexes
and 16 second-level indexes were raised as seen in Tab. 1.

(1) Dimension of service object:

As a novel community management model, smart
community aims to improve the happiness of community
residents on the basis of the satisfaction of their basic needs
by providing high-quality digital services. Considering the
subjective factors such as diversity needs of residential and
special needs under different circumstances, the three
influencing factors in the dimension of service object were
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summarized following the research of other scholars and
interview results.

Table 1 Collection of influencing factors of smart community service quality
Dimension of service object Quality perception Al
Service expectation A2
Reasonability of charges A3
Professional quality A4
Professional value A5
Legal guarantee A6
Development standard A7
Resource support A8

Dimension of service subject

Dimension of government role

Dimension of management Development theme A9
system Participatory governance A10
Service system All
Operating system A12

Basic service A13
Digital service A14
Expected service A15
Service tangibility A16

Dimension of service content

Quality perception. In this study, an important factor
differentiating smart community service from traditional
service is the greater emphasis laid by users on the
perception of added values when enjoying the services,
such as respect, satisfaction, and happiness. Through the
interview with community residents, this study believed
that the past community experience of residents would
generate a considerable effect on quality perception.

Service expectation. The resident perception for
community services relied upon the speculation on the
services. If the service quality perceived by a proprietor
deviates from the expected service quality, the proprietor
may break away from such service and hold a negative
attitude toward the community service, thus affecting
owners' perception for the latter. Meanwhile, if the service
quality of the community reaches the proprietor's
expectation, it does not mean that the proprietor will hold
a positive attitude.

Reasonability of charges. Some scholars have paid
special attention to the public service supply problem in
community governance. However, some community
services will certainly be antagonistic to the community
residents. The most important divergence lies in the
reasonability of charges. In the early-stage survey, we
found that Chinese residents paid extra attention to the
reasonability of property management fee.

(2) Dimension of service subject:

Professional quality. As direct providers of community
service, the professional abilities of community service
personnel have a direct bearing on the objective quality of
services. Especially with the popularization of high
technology in community services, the service personnel
should improve their working skills (e.g., Mandarin
Chinese, network operation) and provide proprietors with
better services. Meanwhile, some scholars also suggested
that the community administrators should cultivate the
ability to mediate conflicts [22].

Professional value. The satisfaction of community
service personnel with social and personal attributes (e.g.,
taking pleasure in helping people and career planning) in
the working process can enhance their willingness to
provide services, improve service quality, and influence
the users' perception.

(3) Dimension of government role:

As an important constituent part of public service,
community service is generally supervised by the local
government. However, the functional role of government
has been transformed from administrator into supporter
and supervisor with the continuous smart community
construction [23].

Legal guarantee. A perfect legal system is believed in
this study to be an important system guarantee for the
orderly smart community construction. The construction of
some functions for smart communities which serve as a
new community management model in China remains to
be in the exploration phase. The perfect legal system is an
important guarantee for improving the community service
level and compensating for the "weaknesses" of China's
smart community construction.

Development standard. According to this study, the
relevant standard of community service decides the lower
limit of community service quality. China's community
services conform to two standards: (1) Legal standard:
Constitution of the People's Republic of China and
Property Law of the People's Republic of China as well as
the relevant contents of laws, regulations, and standards
with legal force such as Measures for the management of
property service charge; (2) Property service standard: In
China, property is a direct provider and administrator of
community service. Effective and feasible service standard
and incentive mechanism can effectively mobilize
employees' working enthusiasm and remarkably improve
service quality, such as Standardization Law of the
People's Republic of China and other service standards.

Resource support. In the smart community
construction and management process, the most important
government function is to provide resources for
communities, including data support, talent introduction
and education, supervision, and management, among
others [24].

(4) Dimension of management system:

Development theme. During the smart city
construction, China has emphasized the construction
concept that "each city has its unique characteristics."
Moreover, the excessive standardization of a city is thought
to impede its development. For some scholars, the smart
community construction should have its own development
theme and style, such as sustainable, environmentally
friendly, and high intelligence [25].

Participatory ~ governance. = The  participatory
governance mentioned in this study refers to community
residents' participation in community management. Some
researchers have pointed out the importance of
participatory governance to the improvement of residents'
satisfaction [26, 27]. In this study, the antagonism between
residents and staffs in the community management is
ascribed to information asymmetry which leads to their
identity exchange. The residents participating in the
community management can effectively remit the
information barriers, increase the perception channels of
proprietors, and improve service quality. However, some
scholars deemed that participatory governance needs other
guarantees; otherwise, it will hinder the enthusiasm of
residents for participatory governance [28].

Service system. The smart community service system
is a set of subsystems providing services for the residents,
including operation layer, and management layer, among
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others. It affects resident perception through the big data
analysis of community residents.

Operating system. As the population aging is
aggravated in China, how to let the aged enjoy highly
intelligent community services has become a very
important question. The APP-represented intelligent
platforms constitute the main channel taken by smart
community residents to enjoy services, and the
convenience of operating system largely influences users'
service experience [29]. Therefore, improvement of this
factor can effectively promote the perception of residents
(especially old residents).

(5) Dimension of service content:

Basic service (essential service). It is a set of the most
fundamental services provided by communities, including
greening, access control, sanitation, firefighting, traffic,
among others [30].

Digital service. Different from the traditional
community, a distinct feature of a new-type smart
community is the application of digital technology, which
has broken through the traditional communication disorder
between residents and property management company,
shortened their communication distance, and played a
crucial role in improving the communication quality and
perception ability of residents and the service quality.

Expected service. It refers to special service contents
(e.g., psychological guidance and assistance in
communication) expected by residents from the
community which can bring them satisfaction and
happiness, with strong subjectivity [31, 32]. This study
proposes that the satisfaction of similar services can
effectively improve the perception of residents for
community services.

Service tangibility. Tangible community service is a
means of service that enables community residents to
perceive community services more easily through
hardware facilities (e.g., automatic locker, self-help access
control), service environment, and administrator
behaviors, among others. This factor is not especially
important but exerts a certain effect on improving the
service perception of residents.

3.2 Modeling Method for Influencing Factors of Smart
Community Service Quality

(1) Modeling method and process:

DEMATEL and ISM are two common methods in the
structural modeling system, both of which are able to
effectively process complex systems. The former tends to
process the influence relation between factors in a complex
system and determine the causal and result factors through
the calculation. ISM can divide a complex system into
several subsystems. By decomposing a complex system, a
multilayered structural model reflecting the concrete
operation mechanism of this system can be established.
The organic combination of the two is called DEMATEL-
ISM model which can more effectively determine the key
factors, influence hierarchy, and influence degree in the
complex system. This composite model is very scientific
and has been widely applied to fields such as project
management, technology control, and management
practice [33-35]. Fig. 1 illustrates the concrete calculation
process.

(2) Establishment of direct impact matrix:

The influence intensities between the factors were
determined using the Delphi method and Likert five-point
scale. The influencing factors were denoted as Ai(i = 1, 2,
3, ..., 16) according to the order of dimension. The
influence level between every two factors was defined as
very strong (4 scores), strong (3 scores), ordinary (2
scores), weak (1 score), and no influence (0 score). Three
property management personnel, three community
grassroots service personnel, and four scholars working in
the field of community services were invited to form an
expert group. Through repeated communications with the
expert group, the influencing factors of smart community
service quality were confirmed. According to the scoring
results given by the expert group, a direct impact matrix
was constructed.

‘ Delphi method H Richter scale |
1 [1

Direct influence matrix
DEMATEL Matrix normalization Analysis of centrality
and causation

| Comprehensive impact matrix

—
<5

Adjacency matrix

ISM

Interpretive structural
model

Reachability matrix

U

Factor hierarchy

Figure 1 Calculation process of the DEMATEL-ISM model

(3) Establishment of total impact matrix:
The direct impact matrix X is standardized to obtain
the normalized impact matrix D.

1
D= Th o *X 1)
Max » a.
i=1 ; Y

The normalized impact matrix D is further processed
to obtain the total impact matrix 7.

T=Dx*(I-D)"' )

(4) Calculation of cause and centrality:

Each factor was calculated and analyzed through the
total impact matrix T. The values in each row are added.
The result obtained is rightly the degree to which this factor
is influenced by other factors and is called, influence
degree R. The values in each column are added. The result
acquired is the overall influence degree of this factor on
other factors and is called the influenced degree C. The R
and C values of one factor are added to obtain the centrality
F. The C value is deducted from the R value of one factor,
thus obtaining the cause J.

(5) Establishment of reachable matrix:
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Threshold 4 is the first and the most important step to
establish the reachable matrix and is directly related to the
model construction and extraction of factor relationships.
The data were further logically judged through the
following formula, and the total impact matrix 7 is
transformed into the adjacency matrix K. The reachable
matrix U is obtained by iterating the adjacency matrix K.

ty 2 A0, j =1,2, oy 1), ky =1 3)

g

ty <A =12, ..,n),k; =0 4)

(6) Establishment of interpretative structural model

After the reachable matrix U was established, three
subsets should be determined, namely, reachable set Ri,
antecedent set Qi, and intersection set Yi.

Reachable set Ri is the set of column factors
corresponding to the matrix factors containing 1 in the row
where factor Ai exists in the reachable matrix U, meaning
the factor that will be reached by Ai.

Antecedent set Qi is the set of row factors
corresponding to the matrix factors containing 1 in the
column where the factor A7 exists in the reachable matrix
U. It represents other elements that will arrive at Ai.

Intersection set Yi is the intersection set between
reachable and antecedent sets, namely, Yi = RiNQi.

If R(Ai) = R(Ai)NQ(4i), the factor corresponding to 4i
is bottom-layer influencing factor. The row and column
where this factor belongs are deleted, and this operation is
repeated until the levels of all factors are determined.

4 RESULT ANALYSIS
4.1 Calculation OF Centrality and Cause

To avoid algorithm invalidation, the integral part of
calculation result was reserved, the influence intensities
between factors were determined, and the direct impact
matrix X was constructed as seen in Tab. 2.

The direct impact matrix X was processed through Eq.
(1) and Eq. (2) to obtain the total impact matrix 7 as seen
in Tab. 3.

The influence degree, influenced degree, centrality,
and cause degree of each factor were calculated according
to the total impact matrix 7. Tab. 4 lists the overall
calculation results.

The calculation results of influencing factors were
further visualized, and a scatter diagram was constructed in
Fig. 2.

Table 2 Direct impact matrix X
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Table 3 Total impact matrix T

Al A2 A3 A4 AS A6 A7 A8

A9 Al10 All Al2 Al3 Al4 AlS Ale6

Al 0.01 0.00 0.03 0.00 0.00 0.00 0.00 0.00

0.00 0.04 0.01 0.01 0.00 0.00 0.01 0.03

A2 0.11 0.01 0.04 0.00 0.00 0.00 0.00 0.04

0.00 0.07 0.02 0.02 0.01 0.01 0.04 0.04

A3 0.07 0.13 0.03 0.00 0.00 0.00 0.00 0.04

0.01 0.15 0.07 0.07 0.10 0.04 0.06 0.04

A4 0.14 0.02 0.13 0.00 0.00 0.00 0.00 0.01

0.00 0.09 0.02 0.02 0.01 0.01 0.01 0.01

A5 0.08 0.00 0.02 0.12 0.00 0.00 0.00 0.00

0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00

Ab 0.12 0.12 0.16 0.00 0.00 0.00 0.14 0.14

0.15 0.20 0.16 0.16 0.14 0.11 0.12 0.09

A7 0.05 0.15 0.15 0.00 0.00 0.00 0.01 0.02

0.10 0.04 0.05 0.05 0.10 0.02 0.03 0.04

A8 0.05 0.02 0.12 0.00 0.00 0.00 0.00 0.01

0.02 0.04 0.06 0.05 0.13 0.04 0.05 0.06

A9 0.06 0.10 0.13 0.00 0.00 0.00 0.12 0.01

0.03 0.05 0.04 0.03 0.09 0.07 0.11 0.11

Al0 0.18 0.02 0.02 0.00 0.00 0.00 0.00 0.00

0.01 0.05 0.15 0.15 0.03 0.02 0.10 0.05

All 0.19 0.00 0.01 0.00 0.00 0.00 0.00 0.00

0.00 0.16 0.05 0.16 0.01 0.02 0.03 0.15

Al2 0.20 0.01 0.02 0.00 0.00 0.00 0.00 0.00

0.00 0.15 0.17 0.07 0.01 0.13 0.03 0.17

Al3 0.16 0.04 0.15 0.00 0.00 0.00 0.01 0.07

0.09 0.05 0.03 0.03 0.03 0.05 0.09 0.11

Al4 0.21 0.01 0.07 0.00 0.00 0.00 0.00 0.00

0.00 0.19 0.18 0.18 0.01 0.02 0.03 0.17

AlS 0.12 0.14 0.14 0.00 0.00 0.00 0.01 0.01

0.09 0.04 0.02 0.02 0.02 0.01 0.03 0.08

Al6 0.18 0.01 0.02 0.00 0.00 0.00 0.00 0.00

0.01 0.16 0.13 0.11 0.01 0.01 0.10 0.04

Table 4 Calculation results of influencing factors

Al A2 A3 A4 A5 A6 A7 A8

A9 Al0 All Al12 Al3 Al4 AlS5 Al6

0.16 0.42 0.82 046 | 0.25 1.81 0.81 0.66

0.95 0.79 0.78 0.94 0.90 1.10 0.75 0.78

1.94 0.78 1.25 0.12 | 0.00 | 0.00 | 030 | 0.36

0.53 1.50 1.16 1.12 0.71 0.56 0.84 1.21

2.09 1.20 2.06 0.58 | 0.25 1.81 1.10 1.02

1.47 2.29 1.94 2.07 1.62 1.66 1.59 1.99

<[

-1.78 -0.36 -0.43 034 | 0.25 1.81 0.51 0.30

0.42 -0.72 -0.37 -0.18 0.19 | 0.54 -0.09 -0.43
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Figure 2 Centrality and cause degree of influencing factors
4.2 Analysis of Factor Calculation Results

Centrality is the composite value of the influenced
degree of a factor by other factors and on other factors; it
denotes the relevance between this factor and other factors.
The higher the centrality of a factor, the greater its
importance degree is. As seen in Tab. 4, the factors with
high centrality F include A10 participatory governance, A1l
quality perception, A12 operating system, A3 reasonability
of charges, A16 service tangibility, and A11 service system,
to name a few, all of which are closely related to
community residents. As seen from Fig. 3, most of these
factors are located in the middle, serving as a connecting
link between the preceding and the following. The factors
with low centrality are A5 professional value, A4
professional quality, A8 resource support, and A7
development standard, which are relatively independent
and not easily affected by other factors. The factors with
low centrality are concentrated in the dimensions of service
subject and government role, indicating that these two
dimensions have little influence on the service quality of
smart community. As shown in Fig. 3, these factors are
nearly unrelated to other factors, thus also proving the
abovementioned point.

The factors with positive cause degree J are causal
factors. According to their values, the order is as follows:
A6 legal guarantee, A14 digital service, A7 development
standard, A9 development theme, A4 professional quality,
A8 resource support, AS professional value, and A13 basic
service. As can be observed from Fig. 2, these factors are
all located at the right side of coordinate axis. Through
analysis, A6 legal guarantee has the maximum influence
on other factors, belonging to a root factor and accords with
the expected result of expert group. A4 professional quality
and A5 professional value belong to the dimension of
service subject, which directly faces the community
residents and provides services needed by residents as the
direct provider and administrator of community services.
Professional quality means the ability of service personnel
to provide high-quality community services for residents.
Professional value refers to the added value that can be
brought by this occupation to employees and can elevate
the employees' values while satisfying their own needs.
The improvement of the two can both improve employees'
working attitudes and objective service quality. In addition,
as the transition layer between community and company,
service subject is also responsible for ensuring an
unblocked communication channel. As supportive factors,

A7 development standard, A8 resource support, and A9
development theme are generally decided by the local
government or company without being easily influenced
by the residents. Furthermore, as these three factors have
many contents, they can scarcely be changed in practice.
Al4 digital service, which is one of the most special
services, is influenced by many external factors, such as
local economy, policies, scientific development, and
technical reference, to name a few. This factor is also the
most important difference between smart and traditional
communities, and the development of this aspect should be
the concern of community administrators. However, we
should place the digital services behind the resident needs
to avoid the mismatching phenomenon between actual
resident needs and digital services.

The factors with negative cause degree J are, namely,
result factors, located at the left side of coordinate axis in
Fig. 2. Sorting according to the absolute value, the order is
as follows: Al quality perception, A10 participatory
governance, A3 reasonability of charges, Al16 service
tangibility, A1l service system, A2 service expectation,
A12 operating system, and Al5 expected service. Al
quality perception directly decides the proprietors'
evaluation on the service quality and is largely influenced
by other factors. A2 service expectation and A3
reasonability of charges belong to the dimension of service
subject. Owing to the particularity of these factors, the two
factors are highly affected by subjective factors such as
proprietors' social experience, economic status, and past
experience, among others, and they can be hardly
quantified. However, the improvement of the two factors
will considerably improve the proprietors' perception for
the services and generate positive influence on the
improvement of service quality. Al0 participatory
governance, All service system, and Al2 operating
system belong to the dimension of management system. As
seen from Fig. 3, these factors are in the middle of the
influence structure model, serving as a connecting link
between the preceding and the following which also
conforms to the practical situation in China's community
management system. Al6 service tangibility exerts its
effect by expanding the residents' perception for services.
This factor, if improved, will facilitate the residents to
perceive service quality but not deeply. Meanwhile,
excessive negative impacts will not be generated when this
factor is neglected. A15 expected service is influenced by
users' subjective and external environmental factors.
Notably, resident expected services will change with their
needs.

4.3 ISM Model-Based Influence Hierarchy and Influence
Path Analysis

(1) Establishment of interpretative structural model:

The value of 1 was selected multiple times, with 0.14
as the final choice. 4 was substituted into Eq. (3) and Eq.
(4) to obtain the adjacency matrix K. The reachable matrix
U can be obtained through multiple iterative operations of
adjacency matrix K as seen in Tab. 5.

Through the computational analysis, the influencing
factors of smart community service quality show
hierarchical features, including the five following layers
(the calculation process neglected). The first layer: A1, A2,
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A4, A5, A8, A9. The second layer: A10, All, A12, Al6.
The third layer: A3, A14. The fourth layer: A7, A13, A15.
The fifth layer: A6.

According to the previous analysis, an interpretative
structural model was established as shown in Fig. 3. The

factors in the same row mean that these factors are located
at the same layer, the factors in the same divided region
belong to the same influence level, and the arrows
represent the influence path and direction between factors
(e.g., A6>A13—5A3—>A10—A1).

Table 5 Reachable matrix U of influencing factor

Al A2 A3 A4 AS A6 A7 A8 A9 Al10 All Al2 Al3 Al4 AlS Al6
Al 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A3 1 0 1 0 0 0 0 0 0 1 1 1 0 0 0 1
A4 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
A5 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
Ab 1 0 1 0 0 1 0 0 1 1 1 1 1 0 0 1
A7 1 1 1 0 0 0 1 0 0 1 1 1 0 0 0 1
A8 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
A9 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
Al0 1 0 0 0 0 0 0 0 0 1 1 1 0 0 0 1
All 1 0 0 0 0 0 0 0 0 1 1 1 0 0 0 1
Al2 1 0 0 0 0 0 0 0 0 1 1 1 0 0 0 1
Al3 1 0 1 0 0 0 0 0 0 1 1 1 1 0 0 1
Al4 1 0 0 0 0 0 0 0 0 1 1 1 0 1 0 1
AlS 1 1 1 0 0 0 0 0 0 1 1 1 0 0 1 1
Al6 1 0 0 0 0 0 0 0 0 1 1 1 0 0 0 1

L4 Root influencing
factor

L3 Deepinfluencing
factor

L2 Middle influencing

factor

L1 Surface influencing
factor

Figure 3 ISM of influencing factors of smart community service quality

(2) Analytical hierarchy process:

L1 layer presents the surface-layer influencing factors,
including Al quality perception, A2 service expectation,
A4 professional quality, A5 professional value, A8
resource support, and A9 development theme. This
conclusion is also consistent with the result of DEMATEL
model. The surface-layer factors directly decide the smart
community service quality. As observed, the surface-layer
influencing factors are concentrated at two dimensions:
service object and service subject. By observing Fig. 3, the
residents' perception of community services should be
enhanced no matter which method is adopted by the smart
community to improve service quality.

L2 layer denotes the middle-layer influencing factors,
including A3 reasonability of charges, A10 participatory
governance, All service system, Al12 operating system,
Al4 digital service, and A16 service tangibility. The
middle-layer factors promote the surface-layer factors such
as quality perception and service expectation but are also
influenced by the upper-layer factors. Although the service

contents of smart community are digital services, the
management contents are still inclined to human
management. Thus, perfecting the management system can
indirectly improve service quality. A14 digital service and
A16 service tangibility can "visualize" the service contents
and make it easier for residents to perceive the service
contents. A13 reasonability of charges will affect the
resident expectations on community services. Any
deviation will affect the residents' perception toward
community services.

L3 layer denotes the deep-layer influencing factors,
including A7 development standard, A13 basic service,
and Al5 expected service. A7 development standard is
usually formulated by the local government, being able to
ensure a lower limit of service content, service quality,
employees' wages, and legal guarantee. A13 basic service
is the most fundamental and important part in the service
content, as it directly decides the upper and lower limits of
other services and objective quality of community services.
A15 expected service improves the positive perception of
residents for services by providing services with the
highest expectation value. Owing to the different social
backgrounds of residents, the content of expected services
also varies greatly.

The L4 layer only contains one influencing factor—A6
legal guarantee, which is a root influencing factor. This
finding coincides with the DEMATEL model results and
prediction of the expert group. In China, a country with
relatively perfect legal system, the effect of the latter is
much stronger than the rule by virtue. Therefore, the local
government should elevate the legislation to the strategic
development status to form an effective path, which
promotes the development by law and perfects the law
through the development.

(3) Influence path analysis:

Multiple influence paths exist in the interpretative
structural model (Fig. 3). As many influence relations exist
among the influencing factors, an excessive number of
weak influence paths were filtered while drawing Fig. 3.
Accordingly, the main relations are considered in this study
as shown in Fig. 3. The main path is A6 legal
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guarantee—A13 basic service—A3 reasonability of
charges— (A10 participatory governance, All service
system, A12 operating system, A16 service tangibility) —
ATl quality perception. The legislation provides a guarantee
for the infrastructure construction in smart community, and
the infrastructure construction further promotes the
perfection of service and management systems. The
perception of residents for community services is further
expanded by participatory governance and service
tangibility. This process is not only the idea followed in the
practical smart community construction in China but also
the most effective path to improve smart community
service quality.

In addition, many other influence paths exist,
including A6 legal guarantee—A3 reasonability of
charges— (A10 participator governance, All service
system, A12 operating system, A16 service tangibility) —
Al quality perception. The law guarantees the
reasonability of fees charged by the property management
company and affects the perception of residents for
community services. Furthermore, non-root factors also
influence the community service quality via all kinds of
influence paths, such as A7 development standard—A10
participatory governance—Al quality perception. The
rights of residents to know and vote are stipulated by the
government. Before an activity is carried out, the opinions
will be solicited from community residents so that it can
better conform to their needs.

The improvement schemes of specific factors can also
be found in the interpretative structural model. For instance,
to improve A10 participatory governance, the main factors
influencing it can be found along the straight line in Fig. 3.
The law guarantees the right of residents to know in the
community activity and provides a legal guarantee for
participatory governance. Defining perfect development
goals will have profound significance for residents to
participate in the management. In addition, the needs of
residents to participate in realizing the development goals
can also facilitate the property management company to
maintain good contact with residents. Reasonable charges
will contribute to the improvement of impressions left by
the property management company on residents and
motivate them to participate in property management.

5 DISCUSSION

The influencing factors of smart community service
quality were extracted through the Delphi and literature
methods. Sixteen basic influencing factors (Tab. 1) were
selected from 5 dimensions: service object, service subject,
government role, management system, and service content.
Scholars have widely recognized most of the influencing
factors, such as perception of community residents, service
expectation, participatory governance, and expected
service, to name a few. We also realize the cross-validation
with the research results obtained by other scholars.
Meanwhile, new influencing factors were determined,
including reasonability of charges, development standard,
and service tangibility, among others.

According to the calculation thought of the
DEMATEL model, the centrality and cause degree (Tab.
4) of each influencing factor were calculated. The research
results verified the security effect of laws and regulation

which was basically consistent with those obtained by
other scholars. On this basis, the root influence of legal
guarantee on the smart community service quality was
further verified. Therefore, this study suggested that the
local government should elevate the formulation and
perfection of related laws and regulations to the strategic
development status, thus providing a momentum for the
development of smart community. Meanwhile, the
importance degree of each influencing factor was judged
through Tab. 4: the higher the centrality degree of a factor,
the higher its importance degree. The factors with high
centrality include A10 participatory governance, Al
quality perception, Al2 operating system, and A3
reasonability of charges, among others, most of which are
directly related to community residents. Hence, when
implementing the construction or providing services, smart
community should prioritize the needs and actual
perception of community residents and determine the
development sequence of services according to those
needs. Meanwhile, importance should also be attached to
the maintenance of network platforms such as cloud
platforms and smart programs, and the stability and
smoothness of feedback channel and communication
channel should be ensured.

Following the calculation results in Tab. 4, the
research results were further visualized (Fig. 2). The causal
factors are located at the right side of coordinate axis,
including A6 legal guarantee, A14 digital service, and A7
development standard, etc. The result factors are located at
the left side of coordinate axis, including Al quality
perception, Al0  participatory = governance, A3
reasonability of charges, etc., and the result factors are
affected by the causal factors. Therefore, priority should be
given to the improvement of causal factors during the
optimization of smart community services. Meanwhile, the
action mechanism of influencing factors was further
investigated on the research basis of other scholars, and the
interaction between influencing factors was clarified.

Based on the calculation results of the DEMATEL
model, the influencing factors were further hierarchically
divided (Fig. 3) through the ISM model into root, deep-
layer, middle-layer, and surface-layer influencing factors.
The concrete influence paths of influencing factors were
also embodied in Fig. 3, and the smart community service
quality and single influencing factor could be improved
according to the influence path. As observed from Fig. 3,
the factors in the dimension of management system were
mostly located at the middle layer and are playing key
roles. Therefore, community administrators should
regulate the direct influencing factors via the management
model and indirectly promote the improvement of
community service quality.

6 CONCLUSIONS

The service quality of smart community, which is a
new-type community service mode, directly decides the
recognition degree of community residents for community
construction and the main community construction
direction. To achieve accurate evaluation and effective
improvement of smart community service quality, the
DEMATEL-ISM model was used to determine the
influence relation and influence intensity between factors.
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An interpretative structural model was constructed, and the
root, deep-layer, middle-layer, and surface-layer
influencing factors were distinguished. The following
conclusions were obtained:

(1) The DEMATEL-ISM model can better distinguish the
cause and result degrees of influencing factors for smart
community service quality. The legal guarantee, digital
service, development standard, and development theme,
among others, have high cause degree. Meanwhile, quality
perception, participatory governance, reasonability of
charges, and service tangibility, to name a few, have high
result degree. The factors with high cause degree exert
influence on those with high result degree.

(2) The DEMATEL-ISM model can be used to accurately
divide the influence hierarchy of influencing factors of
smart community service quality. Legal guarantee is a root
influencing factor. Development standard, basic service,
and expected service are deep-layer influencing factors.
Reasonability of charges, participatory governance, service
system, operating system, digital service, and service
tangibility are middle-layer influencing factors. Quality
perception, service expectation, professional quality,
professional value, resource support, and development
theme are surface-layer influencing factors.

(3) With its capability to deeply analyze the influence
relation and concrete action mechanism between
influencing factors of smart community service quality, the
DEMATEL-ISM model is a simple and effective model
used to objectively evaluate the quality of services
provided by the smart community.

The study results serve as the cause-and-effect
diagram of influencing factors of smart community service
quality and interpretative structural model. The cause and
result factors were differentiated and the influence
hierarchy and influence paths of influencing factors
divided, thus providing an accurate theoretical support for
the evaluation and improvement of smart community
service quality. However, the concrete improvement path
of single factor and quantification of influencing factors
continue to require further exploration.
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