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With the intervention of digital art in recent years, the quality and vitality of urban public space have been greatly enhanced.
However, with the wide application of digital art and the gradual maturity of communication technology, especially in the
upcoming 6G era, the application scenario of digital art will be an extension of the “line” to “surface” and then to “body.”
Digital art design is no longer a single surface or a single dimension, but a comprehensive design in terms of the breadth and
depth of information; the network and the user are seen as a unified body, and the user’s needs will be deeply explored and
realized. With the most cutting-edge means of communication, artificial intelligence, and big data, these technologies and art
merge to create a new way to appreciate art. To this end, digital art will also be in this artificial intelligence and human
intelligence in a harmonious symbiosis of the environment in the depth of the user’s needs and the formation of a new
dimension of interaction. Based on the “five-in-one” theory, the study introduces media literacy, technology acceptance model,
and user experience theory as influencing factors and explores the influence of emotional experience, interaction experience,
sensory experience, perceived usefulness, perceived ease of use, and media literacy on users’ willingness to continuously
participate through qualitative comparative analysis. The results of the study show that there are three paths that influence
users’ willingness to continuously engage, namely, affective experience∗interactive experience∗sensory experience∗perceived
usefulness∗perceived ease of use; affective experience∗interactive experience∗perceived usefulness∗perceived ease of use∗
perceived entertainment∗medium literacy, and ~ affective experience∗interactive experience∗sensory experience∗~perceived
ease of use∗perceived usefulness∗medium literacy. The paths suggest that users’ willingness to sustain participation is
influenced by a variety of factors, among which interactive experience and perceived usefulness are essential factors affecting
the users’ willingness to participate. User participation is an important manifestation of the vitality of urban public space, and
the analysis of the factors influencing users’ willingness to sustain participation provides theoretical guidance for the design
and application of digital art in the upcoming Internet of everything space.

1. Background

6G, the sixth generation mobile communications standard,
is also known as the sixth generation of mobile communica-
tions technology. 6G networks are capable of using higher
frequencies than 5G networks, beginning to move toward
terahertz communications and offering higher capacity and
lower latency, and one of the goals of 6G networks is to
support 1 microsecond or even sub-microsecond latency
communications. 6G may have a 100-fold increase in trans-
mission capacity over 5G and is expected to support speeds
of 1Tbps. This level of capacity and latency will be unprec-

edented, and it will enhance the performance of 5G applica-
tions and extend the range of capabilities. 5G begins
deployment in 2019 and is expected to be the dominant
mobile technology by 2030. 6G networks will be aimed at
creating a world of fully connected communications that
integrates terrestrial, satellite, and ocean communications
[1] in deserts, uninhabited areas, oceans, and other areas
where today’s mobile communications systems cannot
achieve continuous coverage. 6G will be applied to space
communication, intelligent interaction, tactile Internet,
emotional and tactile communication, multisensory mixed
reality, intermachine collaboration, and fully automated
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traffic [2]. China officially launched the research and devel-
opment of 6G technology under the organization of the
Ministry of Science and Technology, Development and
Reform Commission, and other ministries. According to
Liu Guangyi, the chief expert of China Mobile Research
Institute, 5G brings the Internet of everything, and 6G will
help the whole society to move towards a digital twin world
of the real and the virtual [3]. 5G comprehensive construc-
tion has prompted libraries to move from information inter-
action to information ubiquity, and 6G advance layout
makes it possible to move from information ubiquity to per-
ception ubiquity and intelligence ubiquity. In this complex
information environment, the future of urban public space
should become an important issue of concern and planning
for the industry. While the wave of technologies such as big
data, Internet of things, and artificial intelligence is sweeping
the world, digital twin technology has been listed in Gart-
ner’s top 10 strategic technology trends for four consecutive
years since 2016 and is believed to have a disruptive impact
on society, individuals, and existing technologies in the 6G
era. Currently, this technology is widely used not only in
aerospace and smart manufacturing but also in smart cities,
such as the Xiongan New Area planning outline in April
2018, which proposes to build a “digital twin city” [4]. When
the future 6G era comes, “human-machine-object-environ-
ment” spatial communication, holographic intelligent inter-
action, haptic and emotional communication, intelligent
machine coordination, multisensory mixed reality, and body
domain network in physical and virtual space become real-
ity; in what form will the deep integration of digital technol-
ogy and art reshape the intelligent application of public
space? What is the pattern? This series of questions is worth
thinking about and laying out in advance.

Since the reform and opening up, the market-oriented
economy has brought about rapid urbanization, and the
original urban development relied on industry, and indus-
trial development drove urban development. In recent
decades of urban development, the development of real
estate is also accelerating the process of urbanization, which
also brings many problems. Real estate developers developed
a large number of new districts by acquiring land and build-
ing and selling houses, a model characterized by high visibil-
ity and accelerated urbanization, but it is not sustainable.
This has led to a situation where the number of existing
housing units far exceeds the number of people in several
times, and this has resulted in many empty cities, ghost cit-
ies, and large amounts of vacant land. This is why China is
currently implementing urban renewal initiatives to trans-
form the way it builds cities. The core of urban renewal is
content, not exactly a change of urban appearance or space,
but essentially promoting the continuous improvement of
urban vitality. Microrenewal and microrenovation projects,
especially proposed in many communities, are about trans-
forming a large number of original, single-function public
space into public space with complex functions, thus meet-
ing the needs of the audience.

Zaxi and Feng took twelve major cities in Hubei Prov-
ince as an example and used the combination of fuzzy com-
prehensive evaluation and information entropy to construct

a relatively scientific and perfect urban vitality evaluation
index system from three levels: comprehensive urban vital-
ity, urban vitality system, and urban vitality system elements
[5]. Xiang et al. used cell phone big data as an example to
conduct a comprehensive evaluation of park vitality in Nan-
jing City parks [6]. Shenglan et al. combined entropy theory
with fuzzy element theory and established a fuzzy element
model based on entropy power for urban vitality evaluation,
which provided a comprehensive method for urban vitality
evaluation considering multiple factors [7]. With the devel-
opment of information technology, especially with the pop-
ularity of 5G era, artificial intelligence, and Internet of
things, the renovation and improvement of urban public
space not only start from green landscape, functional
improvement, and spatial renovation but also gradually
introduce intelligent and novel media to close the relation-
ship between space and people, bringing more imagination
and feasibility to urban public space.

Through the measurement and evaluation of urban vital-
ity, the quality and distribution characteristics of urban
space are examined, and a new perspective is provided for
optimizing the layout and form of towns. The evaluation
system has both individual index evaluation such as cultural
vitality and economic vitality [8, 9] and comprehensive eval-
uation by combining fuzzy comprehensive evaluation with
information entropy and constructing an entropy-weight-
based fuzzy object metric urban vitality evaluation model
[10, 11]. Traditional metric analysis is usually based on ques-
tionnaires and expert scoring, and the data acquisition and
accuracy are restricted [12]. With the booming development
of big data, significant progress has been made in measuring
street and neighborhood vitality, vitality areas, virtual spatial
vitality, and spatial patterns using geographic big data such
as points of interest, cell phone base stations, Wi-Fi connec-
tion data, and location check-in data [13–17]. The introduc-
tion of spatial analysis and model construction methods in
recent years has provided relatively adequate technical
means to study the influencing factors of spatial differentia-
tion of urban vitality, and studies have mostly been con-
ducted by constructing multiple linear regression, spatial
autoregression and spatial lagged regression, and geographi-
cally weighted regression models [18] from internal urban
elements, which in turn provide valuable references for
effectively enhancing urban vitality.

Current urban public space renewal and enhancement
not only start from green landscape, functional improve-
ment, and spatial reshaping but also gradually introduce
intelligent and novel media to bring closer the relationship
between space and people and bring more imagination to
the urban public space. However, research on the vitality
of urban public space driven by new media is still in its pre-
liminary stage. Although there are numerous practical pro-
jects on the application of new media in the renewal of
urban public space, many problems in the implementation
process cannot be solved by previous theories; in particular,
many one-size-fits-all expressions have been produced. The
new media can enhance the vitality of public space in the
short term, but it cannot be maintained in the long term.
The focus of the current research is how to drive the vitality
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of public space in a localized way to form the characteristics
of the field. Kenneth Burke, the famous American rhetorical
titan, believes that all human-motivated behaviors are dra-
matic. The five categories of scene, person, action, medium,
and purpose can be used to describe all human-motivated
behaviors and events or to give meaning to behaviors,
referred to as the “five-in-one” theory [19]. Therefore, the
“five-in-one” theory can be used as the basis for exploring
strategies to continuously improve the vitality of urban
public space. As public space is an important field of daily
interaction between people, the audience’s willingness to
continuously participate and gather is an important source
of urban civic space vitality. Based on the theoretical founda-
tion of “five-in-one,” the study introduces theories of media
literacy, technology acceptance model, and user experience
to investigate the influence of media literacy, perceived ease
of use, perceived usefulness, sensory experience, interactive
experience, and emotional experience on users’ willingness
to sustain participation. Through qualitative comparative
analysis, the core factors and the paths of sustained engage-
ment intention are derived, with the aim of providing strat-
egies for the benign development of urban public space
vitality in the upcoming 6G era.

2. Review of the Literature

2.1. 6G. Inspired by Maslow’s hierarchy of needs theory, as
shown in Figure 1, which divides human needs into five
levels, China Mobile evolved it to the level of communica-
tion needs [20] and proposed a hierarchical model of
communication needs, divided into five levels: essential
communication, universal communication, information
consumption, sensory extension, and emancipation of self,
as shown in Figure 2. In this model, communication needs
and communication system constitute a spiral cycle: the
emergence of needs stimulates the development of commu-
nication technology and communication system, while the
improvement of the communication system pushes commu-
nication needs to a higher level and finally realizes human
liberation and the ultimate pursuit of human intelligence.
According to the new communication Maslow demand
model, after the low-level demand is satisfied, the high-
level demand will naturally appear. The 4G era is the era
of explosive growth of data services, and with the populari-
zation of smartphones and the development of consumer
Internet, the convenience of human daily life, from clothing,
food, housing, and transportation to medical care, educa-
tion, and entertainment has been greatly enhanced. 5G will
open up a new era of interconnection of everything, which
will realize the comprehensive interconnection of people
and things, penetrate all walks of life, and make the whole
society more vibrant than ever [21]. In the future, with the
rapid penetration of 5G applications, new breakthroughs
in science and technology, and the deep integration of
new technologies and communication technologies, new
demands of a higher level will be derived. If the 5G era
can realize the ubiquitous availability of information, 6G
should fully support the digitization of the entire world
on the basis of 5G and combine with the development

of artificial intelligence and other technologies to realize
the ubiquitous availability of wisdom and comprehensive
empowerment of everything.

In the era of 2030 and beyond, with the ubiquity of
information and senses [22], the whole world will generate
a digital twin virtual world based on the physical world,
where information and intelligence can be transmitted
between people and people, people and things, and things
and things in the physical world through the digital world.
The twin virtual world, on the other hand, is a digital simu-
lation of the physical world, which accurately reflects and
predicts the real state of each intelligent body in the physical
world and even the whole world and predicts the future
development trend in advance, proposes and verifies the
necessary means and measures to intervene in advance in
the operation of the physical world, and avoids the occur-
rence of individual or group disaster risks and accidents in
the physical world. This will help human beings further lib-
erate themselves, improve the quality of life and living,
enhance the efficiency of production and governance of soci-
ety as a whole, and realize the beautiful vision of “reinvent-
ing the world.” Therefore, the digital twin will be useful
not only in the industrial field but also in communications,

Physiological needs (water, sleep, diet)

Security needs (property, life)

Social needs (emotions)

Respect (achievement)

Self-realization

Survival

Attribution

Growing

Figure 1: Maslow’s hierarchy of needs model.
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Figure 2: Communication requirement model.
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smart city operations, home life, and monitoring and man-
agement of human functions and organs.

At the same time, with the breakthrough of artificial
intelligence and big data technology, the digital twin world
will provide broader scenarios for AI applications. One of
the roles of the future 6G network is to create an “intelligent
and ubiquitous” world based on ubiquitous big data, which
will empower AI applications in various fields. Therefore,
6G will realize the smart connection of everything through
ubiquitous intelligence. Intelligent collaboration between
machines, intelligent monitoring and collaboration between
devices in the body area network, deep thought interaction
between people and virtual assistants, and even intellectual
exchange between people will enhance the skills and effi-
ciency of human learning.

In 2030 and beyond, in the context of digital twin world
and intelligent ubiquity, the application scenarios of mobile
communication will show brand-new characteristics. The
ubiquitous wireless connection and the application of big
data and artificial intelligence technology will give rise to
new application scenarios in three aspects: smart life, smart
production, and smart society, including twin body domain
network, superenergy transportation, fluent Internet, and
smart interaction. At the same time, mobile communication
services and applications will develop in the following direc-
tions: first, diversification of business needs, with a greater
dynamic range of service rates and time delays; second,
three-dimensional coverage, including integrated network
coverage of air, space, and sea; third, diversification of inter-
action forms and content, including data, media, biology,
and intelligence; fourth, business openness and customiza-
tion and users being able to customize network capabilities
on demand; and fifth, communication, computing, and arti-
ficial intelligence. Fifth is the convergence of communica-
tion, computing, artificial intelligence, and security to
provide trusted and secure services.

The existing communication networks deliver mainly
voice, text, pictures, and video. With the digital and intelli-
gent development of human society, the delivery of richer
forms of content has become a possibility, so the 6G network
will expand the content delivered from traditional voice,
text, pictures, and video to a wider range of human percep-
tion, including touch, taste, smell, and even emotion, form-
ing an empathic Internet. The Internet of sensing is a kind
of experience transmission network that links multidimen-
sional senses to achieve sensory interoperability. In the
Internet, people can fully mobilize their senses of sight, hear-
ing, touch, smell, and taste through an interconnection
infrastructure and realize the remote transmission of these
important senses. Based on the Internet, people will no lon-
ger be limited to interacting with real or virtual humans and
objects but will be able to interact with the entire real or vir-
tual environment, giving users a full-dimensional immersive
experience. For example, distance education will no longer
be limited to visual and auditory senses but can also provide
users with rich tactile extensions, and skills such as music
playing, art, and sports learning will be available through
the Internet of the sense of real environment learning expe-
rience. In daily life, the Internet of the sense will further

upgrade the experience of immersive shopping, entertain-
ment, and games, so that users can get a remote, noncon-
suming trial experience before buying food and bouquets.
In the future, with its low latency, high reliability, and high
security features, the pass-through Internet will be widely
used in industries such as autonomous driving, industrial
automation, smart grid, entertainment life, and education
to create a pass-through better life.

The subject of future social communication is no longer
just people, but intelligent bodies, including people, virtual
digital people, and human-like robots. The future communi-
cation between intelligent bodies will include not only the
transmission of data and information but also intelligent
interaction. Intelligent interaction is the intelligent interac-
tion generated between intelligent bodies. Most of the exist-
ing smart body interactions are passive and depend on the
input of demand, such as voice and visual interaction
between human and smart home. With the comprehensive
penetration and deep integration of AI in various fields,
the intelligent body for 2030+ will be endowed with more
intelligent context perception, autonomous cognitive ability,
emotional judgment, and feedback intelligence and can gen-
erate active intelligent interaction behavior, which can be
useful in learning ability sharing, life skill replication, chil-
dren’s mental growth, and elderly group companionship.

2.2. New Media and Media Literacy. The term “new media”
was first mentioned in a plan published by Goldmark for the
development of electronic video merchandise, and the
understanding and perception of this term are very different
from the current context, which also indicates that “new
media” is a changing concept [23], but the connotation of
new media is relatively stable within a certain period of time.
The current new media are mainly media based on com-
puter information processing technology, which is interac-
tive and composite digital media. The new media has a
close relationship with people; it can change the meaning
of geographic space and accelerate the speed of communica-
tion and greatly enhance the communicative nature between
people [24], for which the influence of media needs to be
explored from the human perspective.

Media literacy encompasses two dimensions: the user’s
ability to understand and discern various media messages
and the ability to use media messages for personal life or
social development [25]. The development and evolution
of media literacy are also influenced by the factors of the
times. The mechanical period was characterized by textual
literacy in the form of paper [26], and visuals were the main
way of perception. In contrast to the mechanical period and
the use and development of abstract energy elements in the
electric period, people began to shift to audiovisual literacy
[27]. Despite the gradual diversification of access to infor-
mation channels in the electric power period, the user’s
autonomy was limited due to the complexity of media tech-
nology and the limitations of media allocation time. Media
literacy developed to the current digital period gradually
transformed into a composite literacy stage where the virtual
and the real merge [28], and the digital era made everything
possible.

4 Wireless Communications and Mobile Computing



With the rapid development of information technology,
urban public structures, production relations, and social
relations begin to deconstruct and reorganize under the
influence of information technology. Users’ value orienta-
tion, behavior patterns, and spiritual needs are also pre-
sented in different ways. While the new media generated
by new technologies bring new experience to users, audi-
ences also have to face the wear and tear on their thinking
patience caused by the exponential growth of information.
The enhancement of the vitality of urban public space must
take into consideration the problems of users in the medi-
ated living environment, i.e., the problem of their media
literacy.

2.3. Technology Acceptance Model. Technology acceptance
models are used to analyze the impact on users in the accep-
tance and use behavior of the system. The user’s acceptance
of a product depends on the user’s behavioral intention [29].
The behavioral intention is controlled by perceived useful-
ness, which reflects how easy it is for the user to use the sys-
tem and the extent to which the user can improve
performance, and perceived ease of use, which also positively
affects perceived usefulness [30]. In the study between per-
ceived usefulness and satisfaction, Bhattacherjee pointed
out that there is a positive association between perceived
usefulness and users’ satisfaction in using the system. In
addition, material or spiritual benefits that the system brings
to the user should be considered to improve user experience
satisfaction.

As a product of the information age, new media are
intelligent and interesting in their own right. Participants
need multiple behavioral approaches to interacting with
them, and participants’ participation experience is influ-
enced by these approaches [31]. In addition, because the
entertainment nature of new media also positively affects
their willingness to participate [32], a pleasant user experi-
ence subsequently increases user satisfaction, and ease of
use is the basis for entertainment, so the impact on the will-
ingness to sustain participation can be explored in terms of
the perceived ease of use and perceived usefulness of new
media.

2.4. User Experience. User experience refers to a physical and
psychological feeling established during the interaction
between users and products and services or systems and
was first proposed by Donald Norman, an American cogni-
tive psychologist. In his book, Emotional Design, he divided
the user’s emotional experience into three levels from bot-
tom up: instinctive, behavioral, and reflective levels [33].
Domestic and foreign scholars have made a lot of progress
in the research of user experience; for example, Vyas and
Veer constructed the APEC model of user experience and
proposed that user experience is composed of aesthetic,
practical, emotional, and cognitive elements [34]; Garrett
proposed that user experience should be built from five
aspects: performance layer, framework layer, strategy layer,
scope layer, and structure layer [35]. Wei proposed that user
experience has dynamic, interactive, emotional, personal-
ized, and induced characteristics [36]. This is due to the dif-

ferences in age, education, and cognition of participants,
which differ in processing imagination and association of
external events. At the same time, objective things in the
objective environment act as mediators between the person
and the experience, constantly providing ways and condi-
tions for the generation and development of the experience.
The interactive experience and results obtained by partici-
pants also vary, so that experience contains both sensory
perceptions of participants and the guidance of objective
things [37].

User experience can be divided into sensory experience,
interactive experience, and emotional experience. Sensory
experience is the intuitive image formed by users in the pro-
cess of participation, which originates from the sensory
stimulation of participants and is the intuitive impression
formed by users; interactive experience is the experience
generated for users through actions and behaviors in the
process of interaction. Emotional experience is the psycho-
logical recognition achieved by the user in the process of
participation, which is the recognition and expression of
the user’s inner emotion through participation. The interac-
tion process brings the user deeper reflection of the interac-
tive device [38].

In summary, the research framework of this paper is
shown in Figure 3.

3. Variable Measurement and Data Collection

3.1. Variable Measurement. In this paper, all variable mea-
sures in the questionnaire are referred to existing mature
scales and modified and improved with gamification appli-
cation scenarios. Specifically, we refer to Wakefield et al.’s
[39] study for perceived fun and Alraimi et al.’s [40] study
for perceived usefulness. Perceived ease of use was refer-
enced from the study of Moon and Kim [41]; media literacy
was referenced from the study of Chao [42]; sensory experi-
ence was referenced from the study of Lavie and Tractinsky
[43] and Patricio et al. [44]; interactive experience was refer-
enced from the study of Coker [45]; emotional experience
was referenced from the study of Garrett [35], with three
question items for each variable.

3.2. Questionnaire Design. The research study was con-
ducted in the form of a questionnaire, and in order to fur-
ther enhance the scientific research of the questionnaire,
firstly, we consulted experts and scholars in communication,
design, and psychology to revise the questions to ensure that
the question items met the design expectations. Secondly, a
small-scale survey was conducted to correct the problem
items to ensure the validity of the questionnaire. The ques-
tionnaire was divided into two parts: the first part was to
understand the anthropological characteristics of the survey
users, such as gender, age, and number of peers, and the sec-
ond part was the set of questions based on the seven vari-
ables set in the study; each measurement item was mainly
based on previous studies and modified based on the charac-
teristics of the new medium, and the measurement items
were scored using a 7-point Likert scale, with 1 being very
unimportant and 7 being very important.
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3.3. Sample Distribution and Collection. The questionnaire
survey was conducted by a combination of online and offline
methods, and the respondents included users who had used
the new media and those who had knowledge of the new
media. A total of 349 questionnaires were returned in this
study, of which 301 were valid questionnaires, with an effec-
tive rate of 86.2%. Table 1 shows the basic characteristics of
the valid questionnaires.

Among them, 34.9% were female and 65.1% were male;
23.9% were under the age of 3-17, 31.9% were 18~-35,
27.6% were 25-60, and 16.6% were over 60; among the num-
ber of peers, 29.2% traveled individually, 46.8% traveled with
2-4 people, and 23.9% traveled with more than 5 people. The
data results show that the number of male participants is
redundant to female, and middle-aged and young people
are more enthusiastic about the new media, usually the
number of 2-4 people traveling.

4. Reliability and Validity with Descriptive
Statistical Analysis

4.1. Reliability and Validity Analysis. The results of the anal-
ysis are shown in Table 1. The overall Cronbach’s alpha
coefficient of the questionnaire was 0.959, and Cronbach’s
alpha coefficient of each variable was greater than 0.7, indi-
cating that the data of this questionnaire had good reliability.
In addition, KMO value obtained after factor analysis was
0.957, which was greater than 0.7, indicating that the corre-

lation between the question items was good and had good
validity.

4.2. Descriptive Statistical Analysis. The variables were ana-
lyzed for discriminant validity, and the variable means, stan-
dard deviations, and correlation coefficients are shown in
Table 2. From Table 2, we can see that the variables have
good discriminant validity among each other.

5. Data Analysis

5.1. Qualitative Comparative Analysis

5.1.1. Introduction of QCA. Qualitative comparative analysis
is applied to comparative case studies with small- and
medium-sized samples. The method draws on set theory to
establish the necessary and sufficient relationships between
explanatory conditions and outcome variables. In terms of
sufficient relationships, qualitative comparative analysis
helps to identify multiple concurrent causes for the occur-
rence of outcomes, i.e., combinations of different explana-
tory conditions that together lead to the occurrence of a
particular outcome, while the same outcome may occur for
different combinatorial reasons. QCA uses a Boolean alge-
braic algorithm to formalize the logical process by which
one analyzes a problem. In logical comparisons, the Boolean
algebra approach views any individual case as a combination
of multiple causal and consequential conditions. If the

Interactive portfolioFactor combinations

Media 
literacy

Sensory 
experience

Perceptual 
fun

Interaction 
experience

Perceived 
usefulness

Emotional 
experience

Perceived 
ease of use

High intention of 
continuous use

Low intention of 
continuous use

Figure 3: Theoretical framework model of users’ willingness to continuously participate.

Table 1: Results of confidence validity analysis.

Variables Cronbach’s alpha Minimum factor loading coefficient AVE CR

Emotional experience 0.774 0.817 0.69 0.87

Interaction experience 0.722 0.779 0.643 0.844

Sensory experience 0.763 0.805 0.679 0.864

Perceptual usefulness 0.757 0.813 0.674 0.861

Perceptual ease of use 0.749 0.794 0.667 0.857

Media literacy 0.762 0.795 0.737 0.893

Willingness to continue using 0.739 0.79 0.658 0.852
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number of cases is large, this in-depth analysis of the cause
and effect conditions will exceed the multiplicative load of
human brain power and needs to be replaced by a quantitative
analysis based on variables. QCA was developed to simplify
the relationship between cause and effect conditions by using
Boolean algebraic algorithms without resorting to traditional
quantitative analysis in the case of a large number of cases.

The analytical logic of QCA is divided into four steps.
First, the QCA method is based on bifurcating the variables,
i.e., the explanatory variables and the outcome variables,
each with a value of 0 or 1. When a condition occurs or
exists, the variable is represented by an uppercase letter with
a value of 1. Conversely, when a condition does not occur or
does not exist, the variable is represented by a lowercase let-
ter or -, with a value of 0 (where a lowercase letter means
that it does not occur and – means that it does not exist).
+ represents “or,” ∗ represents “and,” and → and = both
represent “cause.” For example, A ∗ B = Y means that A
and B occur simultaneously to cause Y to occur.

Second, the logic of QCA is different from that of quan-
titative analysis, mainly in the understanding of causality.
Quantitative research assumes that the causal relationships
of social phenomena are linear, while qualitative compara-
tive analysis assumes that the causal relationships of social
phenomena are nonlinear, the effects of causal conditions
on outcomes are interdependent, and the occurrence of the
same social phenomenon may be caused by different combi-
nations of causes. Since QCA assumes that causal relation-
ships are diversity, complexity, and substitutability, it is
more concerned with multiple combinations of causes of
social phenomena; i.e., the effect of one condition on the
outcome depends on other conditions at the same time.
For example, the simultaneous occurrence of cause condi-
tions A and B leads to outcome Y . The simultaneous
occurrence of C and D can also lead to outcome Y ðA ∗
B + C ∗D = YÞ; i.e., the same outcome can be produced
by a combination of several different causes. Another
example is that in social scenario B, the occurrence of
cause condition A may lead to the production of Y , i.e.,
A ∗ B = Y ; in social scenario D, the absence of cause con-
dition A may also lead to Y , i.e., a ∗D = Y . That is, the
occurrence or nonoccurrence of the same cause condition
in combination with different social scenarios can produce
the same outcome, i.e., A ∗ B + a ∗D = Y .

Once again, the unit of analysis in QCA is the combina-
tion of conditions rather than cases, and the researcher uses
all combinations of conditions as the basis of analysis, sim-

plifying the combination of conditions according to the
Boolean algebra algorithm. The most basic logic of the Bool-
ean algebra is to find the common point of different combi-
nations: for example, A = Y can be obtained from
A ∗ B + A ∗ b = Y ; i.e., if two different cause combinations
A ∗ B and A ∗ b lead to the result Y at the same time and
there is one and only one cause condition among these
two combinations that takes different values (such as B and
b in this case), then cause condition B is redundant.

Finally, QCA is an inferential logic based on necessary
and sufficient conditions, rather than a logic of statistical
inference, so that qualitative comparative analysis holds
“asymmetric causality”; i.e., the researcher cannot directly
infer that a = Y fromA = Y. Instead, the researcher can analyze
both the reasons why a social phenomenon occurs (Y) and why
it does not occur (y). When analyzing Y , the data correspond-
ing to y are not included in the analysis process and vice versa.

In order to overcome the shortcoming that traditional
explicit set qualitative comparative analysis requires all var-
iables to be dichotomous, Larkin proposed a fuzzy set-
based qualitative comparative analysis. The fuzzy set qualita-
tive comparative analysis takes the fuzzy set score to indicate
the degree of occurrence of the outcome and explanatory
conditions, and its score can in principle be any value
between 0 and 1, thus better avoiding the information loss
during data transformation and more accurately reflecting
the actual situation of the case. This method has been
applied to social research.

In the analysis, the researcher should first clarify the
principle of fuzzy set assignment and the meaning of the
values taken and then judge the relationship between the
results and the explanatory conditions according to the con-
sistency and coverage indicators [46]. Consistency indicators
can be used to determine whether a particular condition
(combination) is regarded as a sufficient or necessary condi-
tion for the result [47]. If the explanatory condition (combi-
nation) X is a sufficient condition for the result Y , the fuzzy
set score of X should be less than or equal to the fuzzy set
score of Y , and the corresponding consistency is measured
by the following indicators:

Consistency Xi ≤ Yið Þ = ∑ min Xi, Yið Þ½ �
∑Xi

: ð1Þ

When this indicator is greater than 0.8, it means that
more than 80% of the cases meet the consistency condition,

Table 2: Model fit indicators.

Variables Average Standard deviation 1 2 3 4 5 6 7

1. Emotional experience 5.43 1.37 0.831

2. Interaction experience 5.42 1.38 0.725 0.802

3. Sensory experience 5.39 1.35 0.736 0.756 0.824

4. Perceptual usefulness 5.39 1.34 0.827 0.727 0.723 0.821

5. Perceptual ease of use 5.41 1.33 0.751 0.745 0.726 0.734 0.817

6. Media literacy 5.40 1.35 0.750 0.735 0.726 0.746 0.752 0.858

7. Willingness to continue using 5.44 1.32 0.759 0.745 0.733 0.735 0.765 0.741 0.811
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and X can be considered a sufficient condition for Y . When
the consistency is satisfied, the researcher can further calcu-
late the coverage index:

Coverage Xi ≤ Yið Þ = ∑ min Xi, Yið Þ½ �
∑Y

: ð2Þ

This indicator describes the explanatory power of the
explanatory condition (combination) X on the outcome Y .
The larger the coverage indicator, the greater the explana-
tory power of X on Y empirically. Similarly, we can calculate
Consistency ðYi ≤ XiÞ to assess whether X can be considered
a necessary condition for Y . If this indicator is greater than
0.9, we can consider X to be a necessary condition for Y.

In exploratory analysis, researchers can use the above
indicators to assess the necessity and sufficiency of univari-
ate. However, when analyzing the multiple concurrent
causes of the outcome, the researcher first needs to construct
a truth table with the help of consistency indicators to pres-
ent different combinations of explanatory conditions and
outcome variables, and then, the truth table can be simpli-
fied using a Boolean minimization algorithm to obtain the
causal paths that lead to the occurrence of the outcome.

In qualitative comparative analysis, if more explanatory
conditions are chosen, the number of variable combinations
will increase geometrically, thus making the results too com-
plex to understand. The existing methodological literature
suggests first theoretically elucidating the mechanisms by
which different variables interact to influence the outcome,
and then, bow I into the corresponding variables in the anal-
ysis [48]. Given that most of the existing literature on resis-
tance outcomes only indicates the factors that influence the
outcome and few elucidate how different factors jointly
influence the resistance outcome, this paper will first exam-
ine the explanatory factors of each theory separately and
then assess the interaction of different factors together.

5.2. Variable Calibration. The most important step in the
qualitative comparative analysis of fuzzy sets is the calibra-
tion of variables, and three qualitative thresholds of full affil-
iation, midpoint, and full disassociation need to be preset in
the calibration process. The thresholds should be set based
on existing theories or existing knowledge and experience
as much as possible, so that the affiliation of the calibrated
variables is consistent with the psychological public expecta-
tions to some extent. However, sometimes variables are
often calibrated with a lack of relevant knowledge, when
mechanical anchor points can also be used as the three
thresholds, such as mean and quantile. In this paper, the
maximum value of the variable is set as the fully affiliated
value, the minimum value is the fully unaffiliated value,
and the intersection point is the median of the two values.
However, the scale used in this paper is a Likert 7 scale with
a maximum quantified level of 7. Based on the data charac-
teristics, the distribution of the values in the variable with a
score of 7 is less, which is not suitable as the fully affiliated
value, so the 6-bit fully affiliated value is set, and accordingly,
1 is set as the fully unaffiliated value. The calibration criteria
of each variable are shown in Table 3.

5.3. Necessary Condition Analysis. Necessary condition anal-
ysis is required for each condition variable before the group
analysis, with the aim of testing whether a single condition
will be necessary to lead to a high willingness to use consis-
tently. The test is based on the consistency value, and in gen-
eral, when the consistency is greater than 0.9, it indicates
that the condition is a necessary condition that leads to the
result. The results of the test are shown in Table 4, where
the prefix “~” in the variable name means that the variable
does not appear or is not affiliated with the variable. Accord-
ing to the consistency and coverage, the consistency of all
single-condition variables is below 0.9, so there is no neces-
sary condition; i.e., no single condition can lead to the result
of high or low intention to use consistently.

5.4. Configuration Analysis. The study used fsQCA 3.0 soft-
ware to perform the adequate analysis of results resulting
from multiple groupings consisting of multiple conditions,
and most of the existing studies concluded that the mini-
mum acceptable value for the consistency threshold is 0.8,
and consistency below 0.8 should be removed. Therefore,
the study set the lower consistency threshold value to 0.8
and the frequency to 1. After performing the operation, the
software outputs a complex solution (fully applying the orig-
inal variable settings and not using logical residuals), a par-
simonious solution (more parsimonious and incorporating
all logical residuals), and an intermediate solution (incorpo-
rating logical residuals that match the actual knowledge and
are meaningful). In general, the intermediate solution is the
optimal solution, and the study uses the intermediate solu-
tion for analysis, while distinguishing between core condi-
tions (conditions that appear both in the intermediate
solution and in the parsimonious solution) and edge condi-
tions (conditions that appear only in the intermediate solu-
tion) in combination with the parsimonious solution, and
the results of the analysis are shown in Table 5.

After the histogram analysis, a total of three histogram
paths leading to high intention of continuous use and one
histogram path leading to low intention of continuous use
were generated, and the consistency was greater than 0.8,
indicating that each histogram was a sufficient condition
leading to the corresponding result, but among the histo-
gram paths leading to high intention of continuous use,
the original coverage of path 3 was much lower than the
other two paths, indicating that path 3 contained fewer cases

Table 3: Variable calibration standards.

Variable
category

Variables
Calibration
standards

Condition
variables

Emotional experience

(6, 4, 2)

Interaction experience

Sensory experience

Perceptual usefulness

Perceptual ease of use

Media literacy

Result variables
Willingness to continue

using
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and was less convincing compared with other paths. The
persuasive power is weaker, and the explanation of each his-
togram path is as follows.

Grouping 1: emotional experience∗interactive experi-
ence∗sensory experience∗perceived usefulness∗perceived
ease of use.

Group 2: emotional experience∗interactive experience∗
perceived usefulness∗perceived ease of use∗perceived
entertainment∗media literacy.

Group 3: ~emotional experience∗interactive experi-
ence∗sensory experience∗~perceived ease of use∗perceived
usefulness∗media literacy.

Group 4: ~emotional experience∗~interactive experi-
ence∗~sensory experience∗~perceived usefulness∗~per-
ceived ease of use∗~medium literacy.

As can be seen from Table 5, the interaction of the
vitality-influencing factors generated three paths of high

intention to continue using and one path of low intention
to continue using, and the consistency of the four paths
was 0.993, 0.99, 0.997, and 0.953, respectively, which showed
high consistency, indicating that the three paths constituted
a sufficient condition for high intention to continue using
and the one path constituted a sufficient condition for low
intention to continue using. The coverage rates of the model
solutions are 0.867 and 0.653, respectively, which means that
the 3 paths largely explain the reasons for users’ willingness
to continuously engage.

H1: affective experience∗interactive experience∗sensory
experience∗perceived usefulness∗perceived ease of use indi-
cates that regardless of users’ media literacy, as long as users
are given a better user experience and the perceived ease of
use and perceived usefulness of the new media are enhanced,
users will be promoted to continuously participate in the
urban public space under the new media, thus enhancing
the vitality of the urban public space. Maximized character-
istics of the new media are digital and interactive, and this
path verifies the necessity of interactive experience of users
in the process of participation. To enhance the vitality of
urban public space, urban designers should first consider
the interactive experience of the new media and secondly
focus on the sensory perception and emotional resonance
of the new media. New media that are solely visual or
thought-provoking have less impact on users, while interest-
ing and novel new media tend to attract users to stop and
participate. In addition, with new media as interactive sys-
tems, perceived ease of use and perceived usefulness also
influence users’ willingness to continue to participate. In
the design process, designers need to fully consider the prac-
ticality of the new media, not just as an interactive and inter-
esting device, but to make it have a composite function, and
also need to understand user behavior, human-computer
interaction, and other knowledge so that users can easily
operate.

H2: emotional experience∗interactive experience∗per-
ceived usefulness∗perceived ease of use∗perceived
entertainment∗media literacy indicates that regardless of

Table 4: Conditional variable necessity analysis.

Condition variables
Result variables

Willingness to continue using ~Willingness to continue using
Consistency Coverage Consistency Coverage

Emotional experience 0.942 0.969 0.491 0.089

Interaction experience 0.951 0.966 0.522 0.093

Sensory experience 0.959 0.968 0.531 0.094

Perceptual usefulness 0.944 0.970 0.499 0.090

Perceptual ease of use 0.942 0.970 0.501 0.091

Media literacy 0.945 0.965 0.530 0.095

~Emotional experience 0.113 0.536 0.825 0.715

~Interaction experience 0.107 0.538 0.809 0.743

~Sensory experience 0.102 0.531 0.817 0.776

~Perceptual usefulness 0.113 0.541 0.831 0.722

~perceptual ease of use 0.117 0.550 0.835 0.714

~Media literacy 0.114 0.558 0.806 0.718

Table 5: Configuration analysis results.

Condition variables

High
willingness to
continue to use

Low willingness
to continue to

use
H1 H2 H3 NH1

Emotional experience • • ⊗ ⊗
Interaction experience • - • ⊗
Sensory experience • • • ⊗
Perceptual usefulness • • ⊗ ⊗
Perceptual ease of use • • • ⊗
Media literacy - • • ⊗
Original coverage 0.848 0.852 0.071 0.653

Unique coverage 0.009 0.014 0.006 0.653

Consistency 0.993 0.990 0.997 0.953

Overall coverage 0.867 0.653

Overall consistency 0.989 0.953

Note: • means that core condition appears, • means that edge condition
appears, ⊗ means that edge condition does not appear, and – means that
condition is irrelevant.
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the level of sensory experience, users’ continuous engage-
ment with the new media can still be promoted by consider-
ing emotional experience, interactive experience, perceived
ease of use, perceived usefulness, and media literacy. In this
path, perceived usefulness is the core condition, while inter-
action experience, emotional experience, perceived ease of
use, and media literacy appear as marginal conditions. This
path focuses more on the functional expression of the new
media and can be applied in more mature public space.
Due to the limitations of space, demand, and policy, mature
public spaces need to grasp the main contradiction when
updating the scene, fully consider the usefulness of the new
media, and meet the needs of the surrounding users; even
if less attention is paid to the sensory presentation, it will
not have too much impact.

H3: ~emotional experience∗interaction experience∗
sensory experience∗~perceived ease of use∗perceived
usefulness∗medium literacy indicates that the lack of emo-
tional experience and perceived usefulness can be used to
improve users’ willingness to continuously participate from
the perspective of interaction experience, sensory experi-
ence, perceived ease of use, and media literacy. This path
reflects the importance of the core conditions in the above
two paths, but with slight differences. This path is a strategy
that addresses the current situation of uniform application
of new media in urban public space. The current new media
are more fully involved from the perspective of urban qual-
ity, ignoring the emotional needs of users and the ease of
operation. Due to the digital property of new media, it is still
possible to use information technology to improve some of
the current problematic new media in terms of interactive
experience, sensory experience, and perceived usefulness.
In addition, the government and society should also pay full
attention to the media literacy ability of users in order to
alleviate the digital divide problem.

NH1: ~emotional experience∗~interactive experience∗
~sensory experience∗~perceived usefulness∗~perceived ease
of use∗~media literacy indicates that the lack of emotional
experience, interactive experience, sensory experience, per-
ceived ease of use, perceived usefulness, and media literacy
will result in low willingness of users to participate. This
path reflects the importance of the above factors.

Analyzing the above high sustained use hospital paths,
we find that the original coverage of path H2 is as high as
85.2%, and the index coverage is higher than that of H1
and H3, indicating that path H2 is the path through which
most urban designers and users think they can achieve high
sustained engagement willingness, and interactive experi-
ence and perceived usefulness are the key factors of users’
sustained engagement willingness. However, the emergence
of three paths also indicates that the influence paths of high
sustained engagement willingness are diverse and require
specific analysis of specific problems and implementation
of strategies combined with actual usage scenarios.

6. Conclusion

In the context of urban renewal, urban public space is con-
stantly being focused on and improved, and the intervention

of new media in particular has brought quality improvement
to urban public space. The interactive properties of new
media bring positive user participation and the gathering
of a large number of people to enhance the vitality of urban
public space. Based on the “five-in-one” theory, the study
examines the effects of sensory experience, interactive
experience, emotional experience, perceived ease of use, per-
ceived usefulness, and media literacy on users’ willingness to
sustain participation. The qualitative comparative analysis of
the three paths of high sustained engagement intention
shows that users’ sustained engagement intention is influ-
enced by various factors, while the interactive experience
and perceived usefulness of new media are key factors affect-
ing users’ sustained engagement intention, both as core and
marginal conditions.

The study can provide design guidance strategies for new
media in urban public space, but the influence of other fac-
tors needs to be further debated due to the number of cases
and the level of detail. Meanwhile, the study analyzes the
multiple interactions among influencing factors through
qualitative comparisons, which can be supported by other
empirical research methods in the future.
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