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Abstract: A smart city aims to become a citizen-centered city where citizens actively engage in urban
operation and share urban data within a high-tech ICT infrastructure. It premises ‘smart citizens’
who can understand and utilize digital technology to adapt well to the various infrastructure of
smart cities. In reality, however, not only tech-savvy citizens but those who are not likely to coexist
in a smart city. Disadvantaged groups with relatively insufficient awareness and the necessity of
technologies might be excluded from smart cities’ various benefits. The smart city innovations
need to encompass diverse social groups’ engagements to claim their legitimacy and sustainability
from a long-term perspective. In this light, this study examines the potential digital divide in the
advanced technologies used in the emerging 5G smart city era. Using survey data, we investigate
if the smart citizens’ social and technical readiness in terms of the use experience and necessity
of new technologies can predict the adoption and use of the emerging 5G smart city innovations.
The empirical results from this study can inform the digital divide between the general public
and technology-disadvantaged groups. The findings can also guide policymakers in prioritizing
technologies that are accessible and beneficial to all potential residents of smart cities in the future.
Finally, the results yield specific policy implications for practitioners who design more inclusive and
sustainable smart cities in the 5G era.

Keywords: sustainable smart city; digital divide; 5G technologies

1. Introduction

With the rapid growth in urban populations, national and local governments face
various urban problems such as pollution, energy consumptions, traffic congestions, and
public safety. Thus, the public sector has been paying attention to smart cities as an
effective and sustainable approach to addressing urban challenges’ broad scope [1]. A
smart city, conceptualized in diverse ways in the literature, can be generally understood
as an innovative city that uses advanced technologies to improve the city’s services and
operations, thereby, enhancing the quality of citizens’ lives [2]. Smart city infrastructure
utilizes cutting-edge ICTs and seeks a citizen-centered city that necessitates collaborative
governance-urban managers to engage citizens. Citizens have to engage in their governance
for the truly thriving smart city [3]. Citizens act as actual customers of smart city services
and co-producers to engage in urban issues by voting and producing, delivering, and
monitoring [3–5]. Citizens are also regarded as a fundamental dimension of smart cities [6].

However, in smart cities where the city’s infrastructure and services depend on ad-
vanced technology with intense connectivity, will all residents become active citizens of the
smart city? This question converges to the digital divide issue that has emerged alongside
the notion of a digital society [7–9]. Citizen-centered smart city assumes proactive citizens
with a high understanding of technology [10,11]. However, it is a fairly optimistic view
that only tech-savvy citizens live in smart cities. Disadvantaged groups, with relatively
insufficient awareness and experience with new technologies, might easily be excluded
from the benefits and opportunities a smart city can bring [12].
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Smart cities in the 5G network era rely on advanced technologies such as self-driving
cars, smart buildings (equipped with numerous IoTs), AI tools, and mixed reality. Such
technologies can provide citizens with automated decision-making services and deep
experience-based interactive services [2]. These technologies generally deliver services
through an interaction between the user and device rather than merely one-way delivery to
the user [13]. Accordingly, smart city residents need a certain level of proficiency and basic
knowledge of new technologies to use smart services properly. However, residents who
are relatively vulnerable to new technologies naturally face the risk of being unable to use
and engage in smart cities’ urban services. Suppose the smart city could not encompass
the engagement of diverse social groups in using advanced innovations. In that case,
it might widen the digital divide and fail to build a sustainable city from a long-term
perspective. Thus, the smart city’s digital divide issue can be quite a conundrum to policy
makers [14]. Although the smart project has been promoted with a huge budget, if it is
unable to ensure the widespread use and engagement of urban services by its major users
and to reflect the diverse demand from the citizens, the city policy will fail. Nam [15]
asserted that many smart city projects concluded as unsuccessful failure cases in which
the project’s effectiveness is somewhat reduced when the participation of various citizens
does not support it. To be a sustainable and socially inclusive smart city, the digital divide
issue needs to be considered, and its solution must be prepared in advance. To derive
policy alternatives for the potential digital divide in a smart city, this study establishes the
following research question (RQ).

RQ: What factors cause the digital divide in the 5G smart city?

This study examines the potential factors of the digital divide in the 5G smart city era.
Using the survey data on the digital divide conducted by the South Korean government,
our study examines citizens’ use experience with seven new technologies expected to be
utilized in smart cities in the future: AI speaker, mixed reality, self-driving car, blockchain,
smart home, drone, and biometrics. Furthermore, we explore the influencing factors of the
digital divide discussed in the literature to examine the possibility of reappearance of the
new digital divide in the smart city and simultaneously discuss how to accomplish the
inclusive and sustainable smart city.

Our findings contribute to both theory and practice. In terms of theory, this study
examines whether the antecedents of the digital divide, which have been discussed on
the existing technologies, still affect the new technologies, thereby, deepening the under-
standing of the digital divide’s influencing factors. Concerning practice, the results of
this research can be baseline data on the actual use of future smart city infrastructure
and services of citizens. Our study’s empirical results predict the level of future use of
new technologies that will be applied in a smart city, thereby, providing a clue for smart
city policymakers to prioritize the introduction and application of new technologies. The
influencing factors can help smart city practitioners identify policy alternatives that can
proactively mitigate and prevent the digital divide in a future smart city. In summary, the
specific objectives of our study are to:

• Discuss the digital divide issues as a risk of a sustainable smart city
• Explore the factors affecting the digital divide in a smart city in terms of 5G-based

new technologies
• Suggest policy implications to become an inclusive and sustainable smart city using

empirical results

The remainder of this article proceeds as follows. First, we review the literature on
theories and antecedents of the digital divide and previous discussions on smart cities. We
then develop research hypotheses to explore factors on the digital divide in a smart city.
Next, we explain our study’s methodology, data, measurements, and analysis methods.
We demonstrate the results of logistic regression and discuss the implications of the results.
Finally, we present the conclusion.
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2. Related Work on Smart Cities and Digital Divide
2.1. The Digital Divide

The concept of the digital divide continues to gain attention in the information society
since it had introduced from the report of NTIA—“Falling Through the Net.” The report
defined the digital divide as the gap between people who did or did not have access to
the new technologies [16]. The initial approaches to conceptualizing the digital divide
were dichotomously understood based on physical accessibility. However, subsequent
studies have divided it into lower dimensions and viewed it with a hierarchical approach.
For example, Hargittai [17] argued that the digital divide needs to be understood with
an Internet access aspect and skills aspect. The former was named the first-level divide.
The latter was named the second-level divide, indicating the difference between groups
of individuals regarding the skills necessary to use the Internet [17,18]. Van Dijk [19] also
developed the successive model by the types of access to digital technologies (See Figure 1).
In the model, motivation access precedes material access, which is followed by skill access
and usage access. Motivational access refers to motivation to use digital technology and
material access. Skill access includes digital skills to operate and get information as well as
use digital technology more strategically. Usage access refers to the diversity of application
of technology and usage time [19]. This model is somewhat idealistic because, after a
series of processes, the usage access phase creates another innovation, and it retakes this
subsequent process [20].

Figure 1. A model of access to digital technologies [19], p. 22.

Selwyn [12] developed the digital divide stages, emphasizing the outcome of mean-
ingful use of ICTs (See Figure 2). Concerning the model, the first stage is formal and
theoretical access to ICTs and content, which is the same concept of physical (material)
access. The second stage is effective access to ICTs and content, which refers to the primary
and ordinary use of ICTs. The stage of engagement with ICTs is followed by the third stage,
which indicates meaningful use of ICTs. If an individual exercises a degree of control and
choice over technology and content, the individual can move to the last stage in which
the individual can get a short-term and long-term outcome, including the production,
political, and social activities. Specifically, Selwyn [12] focused on the engagement of ICTs
(meaningful use of ICTs) in that it directly affects the actual and perceived outcome of
users. Influenced by Selwyn [12], subsequent researches [21,22] understood the digital
divide with the dimensions of physical access, quantitative use, and engagement. They
have noted that the digital divide eventually results in substantial and actual differences in
diverse aspects of individual life.
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Figure 2. Stages in the Digital Divide [12], p. 352.

The digital divide has been studied as the gaps in physical access (devices or networks)
and qualitative usage aspects of technology that create a social inequality phenomenon.
It eventually brings about various and significant differences in the individual’s daily
lives. In this article, we focus on the digital divide as a gap in user engagement with
technologies [12], which is similar to the usage aspect of new technologies [19], rather than
a mere technology access issue.

2.2. The Concept and Dimension of Smart Cities

With digital technologies, city and urban planners face exciting opportunities to pro-
vide an informative and engaging platform to enhance citizen’s lives and well-being via
the concept of a smart city. There are numerous definitions of smart city in the litera-
ture, the current research of Colding et al. [23] defines smart city as a city where ICT is
merged with the urban infrastructure, coordinated and integrated using new technologies.
However, the concept of a smart city is flexible and depends on the purpose of the smart
city projects and research studies or what each city seeks to emphasize [24]. For example,
Giffinger et al. [25] defined it as “connecting the physical infrastructure, the IT infrastruc-
ture, the social infrastructure, and the business infrastructure to leverage the collective
intelligence of the city.” Washburn et al. [26] elaborate that “the use of smart technologies
to make the critical infrastructure components and services of a city, which include city
administration, education, healthcare, public safety, real estate, transportation, and utilities,
more intelligent, interconnected, and efficient”. These working definitions are viewed simi-
larly to the existing concept of ‘digital city’ and ‘intelligent city’ [27]. Although the main
focus is still on the role of ICT infrastructure, considerable research has emphasized human
capital and social capital, and environmental interests as essential factors of urban growth
in defining smart cities [27–29]. Given all these discussions on smart city definitions, this
study defines a smart city as “a city where the urban infrastructures are highly connected
to each other through advanced digital technologies and networks, thereby, providing
various citizen-centered services.” This definition focuses on the hyper-connectivity of
smart cities. In addition, it reflects the original and ultimate goal of smart cities: improving
the quality of life of citizens.

Many studies have focused on identifying the components of a smart city [24,30,31].
According to Nam and Pardo [31], a smart city includes fundamental technological, human,
and institutional factors. Technology factors indicate the infrastructure with smart, mobile,
virtual technologies and digital networks. Human factors include human and social capital
and education. Lastly, institutional factors refer to the support of government and policy
for governance aspects. In a similar vein, Dameri [30] also suggested the four smart city
components: the land, technologies, citizens, and governments. This classification is very
close to Nam and Pardo [31], but it adds the land, which is a spatial component smart city.

Chourabi et al. [24] understood it with more granularity, including eight components:
management and organization, technology, governance, policy, people and communities,
the economy, built infrastructure, and the natural environment. Silva et al. [32] considered
institutional, physical, social, and economic infrastructure as the four pillars of a smart
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city. These various perspectives try to capture the components of a smart city, including
the technology, citizens, and institutional contexts and are considered backbones that
form a smart city. However, these studies do not specify how these components need to
work together for building the smart city platforms. Chun et al. [28] approach the smart
city as a design problem of a complex platform system that includes multiple layers of
decisions and risks to consider by different stakeholders, proposing a framework of design
composition models.

3. Digital Divide in an Experience-Based Smart City

A smart city makes possible a wide array of urban services, from environmental
monitoring to traffic control [14]. These services build upon a significant volume of data
generated by many sensors. In addition, numerous sensors in the city can be adequately
controlled when connected to sensors or device aggregators, which are further connected to
wireline or wireless communication networking devices for controllers [2]. Mckinsey [33]
viewed the high connectivity among physical infrastructure as the prerequisite for a smart
city. The city would connect many IoT applications for remote computing, virtual reality,
e-health services, self-driving cars, etc. In particular, the 5G wireless network technology
opens the possibility of connecting billions of devices, machines, and people without
suffering from performance, speeds, data capacity, and latency. As the distinction between
5G and existing communication technologies, Xiang et al. [34] presented four points:
enhanced mobile broadband, massive machine-type communication, low latency, and ultra-
reliable communications. 5G network-based intelligent smart cities implement advanced
innovations, such as artificial intelligence-driven machines/devices, self-driving cars,
drones, and surreal contents (VR, AR) for various domains of intelligent urban services
like smart mobility, smart security, smart building, and smart education [35].

The innovations based on 5G and future wireless technologies push the new smart
cities from information-driven society to more engagement-driven smart cities. Intelligent
AI systems can predict or understand the user’s intent, needs, or emotions depending
on the situation and automate various settings and tasks, not just the information needs.
A deeper understanding of users implies deeper engagement in user’s daily routines
and desires or preferences. VR/AR engages users in actions and experiences that may
profoundly affect their emotional status, and drones or self-driving cars not only surveil
the situations with sensors to alert but also take necessary actions. The textual information-
oriented smart cities can change to audio/visual interactions in the future smart cities with
5G technology. As active DIY actors, citizens can design and provide new personalized
services based on their in-depth experience and knowledge of 5G-based technologies. With
this understanding, we compare the features of services provided by current smart cities
and those of future smart cities based on the 5G network (See Table 1).

Table 1. Comparison of services in current and future smart cities.

Dimension Current Smart Cities Services Future Smart Cities Services
(Based on 5G or Beyond)

Contents provision Information needs and provision
services

Immersive use experience
services

Channel Textual or single-channel
interaction

Multimodal/multi-media
Interactions/playable

Knowledge generation Data Analytics-based patterns or
predictability

Inference-based Predictions and
anticipatory services

Focus Surveillance and alerting oriented
service

Executing automated complex
sequence of actions

The role of citizens Consumers Active DIY actors

Although technology is the primary driver of a smart city [36], a smart city may
not succeed or sustain without real engagement and willingness to collaborate between
public/private organizations and citizens [31,37]. It is noted that the citizens are essential
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components that should not be overlooked [15]. Citizens play a crucial role as actual
customers of smart city services and become co-producers to engage in urban issues by
voting and producing, delivering, and monitoring [3,4]. Collective intelligence and social
learning make a local community more attractive and sustainable [38]. “Smart citizens”
are considered a significant pillar in smart cities and are demonstrated as “smart, engaged,
and illuminated through mastering the technologies that help them express themselves,
connect to others, share their resources and thoughts so they can decide the best course of
actions” [10].

Unfortunately, it is improbable that all smart city residents are the smart citizens
with a high level of understanding and proficiency of technologies. This risk can be
considered the potential digital divide in smart cities. The possibility for this hazard
was first mentioned in Odendaal [39]. It discussed smart cities as an example of ICTs
incorporated into local governance, and ICTs are expected to facilitate inclusive governance.
Odendaal [39] argued that if the city fails to encompass the technology-disadvantaged
groups in governance because of the digital divide, it needs to address the government [39]
directly. Chourabi et al. [24] also noted that smart cities’ technology contexts could also
deepen inequalities and increase the digital divide.

In a smart city, an ICT infrastructure is a prerequisite [33], so the physical access dimen-
sion matters less. Access to urban infrastructure and services is indiscriminately provided
to the citizens in general. However, differences in the ability to utilize advanced innova-
tion services may divide citizens into one who can engage and experience the advanced
technology services and the other groups that may not experience them. Demographic
and sociological digital divide factors, such as age, education level, income, and regions,
can result in different experiences and use of existing technologies like the Internet and
mobile technologies [18,40–42], and may play a continued role as essential factors in the
digital divide. Additionally, with the 5G-based smart city innovations, the digital divide
has different dimensions to consider, like experience or engagement. These innovations
demand the citizen not just interface but actually experience and play an active role in
the experience.

4. Determinants of a Digital Divide in a Future Smart City

This study assumes that the factors known to affect the digital divide on existing tech-
nologies have a continuous influence on the future smart city’s digital divide. Accordingly,
this study explores the influence of socio-demographic factors, digital literacy factors, and
the necessity factor of the individual.

4.1. Socio-Demographic Factors

The most frequently discussed factors on the digital divide include gender, age,
socio-economic status, and geography [18,22,43–47]. These factors are cited as significant
factors based on the perspective that the digital divide is a subsequent and complex social
disparity phenomenon [22]. Gender, which is a demographic factor, was once considered
a digital divide determinant [48–51]. According to quite a few past studies, females had
more negative attitudes toward ICT use than males [52–54]. According to Bannert and
Arbinger [52], females are less exposed to computer use and have fewer computer-related
motives than males. Broos [53] also identified the gender difference regarding the attitudes
to the new ICTs, the extent of computer use, and computer experience. Males generally had
more positive attitudes to the technologies and tended to have more computer experience.
However, relatively recent research discussed that the gender difference in the digital
divide has considerably decreased over the last decade and is very small [43,55,56]. In
this study, we examine whether the influence of gender, which had been considered a
significant factor resulting in the digital divide but has recently been reduced, affects the
experience of using new technologies expected to apply to smart cities.

Contrary to gender, age is still being discussed as an influential explanatory factor
for the digital divide [57–60]. Jones and Fox [61] elaborated that Internet use tends to be
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inversely proportional to age. There is a gap between younger generations and the other
generations in terms of information production activity. Moreover, Hwang et al. [62] argued
that age is considered an essential factor regarding the digital divide despite the emergence
of new technologies. Simultaneously, the gap caused by gender and an income group is
reduced as the information saturation period approaches [62]. Due to the consistent and
significant impact of age on the digital divide, this phenomenon is called the “grey digital
divide” [59]. Furthermore, the age effect has been discussed that there is an impact not
only on computer-based technologies but on mobile technologies [60,63].

Education and income, which are positively correlated with education, are also con-
sidered influential factors in the digital divide. Van Dijk and Hacker [64] used Dutch
and US data to analyze income and education levels as essential factors leading to the
digital divide through empirical analysis and have drawn similar conclusions in many
studies [65,66]. Some argue that computers and the Internet, in particular, are not of much
interest to low-income and educational standards [67,68]. However, there has also been a
recent debate that the impact of education or income levels has decreased relatively due to
the high Internet penetration rate and the decrease in smartphone prices [51,69].

The region is often regarded as an influential factor in the digital divide [70–73]. Stud-
ies on the digital divide between urban and rural areas are especially notable. Rural areas
have lower broadband availability [74], and individuals living in the area are relatively
lower in wages and education than individuals living in the city [75,76]. Moreover, the ag-
ing population in rural areas is rapidly increasing [77]. As discussed above, age, education,
and income are major influencing factors in the digital divide phenomenon. In these rural
areas, the average number of individuals with these characteristics is likely to be lower in
ICT use than in cities.

Lastly, disability status is also a factor that can affect the use of new technologies. De-
spite the potential for enhancing opportunities for people with disabilities being promising,
there has been little evidence that people with disabilities are engaging in new technolo-
gies [78]. The various socio-economic constraints under which individuals with impair-
ments typically live pose a considerable barrier to access and use. The primary user
interface and usage method of ICT are not that friendly to individuals with physical and
intellectual disabilities [79]. Hence, the disability status is expected to impact individuals’
experience with new technologies significantly.

Summing up the discussion above, we could establish the following hypotheses:

Hypothesis 1. Citizens who are male are more likely to use the new technologies.

Hypothesis 1a. Younger citizens are more likely to use the new technologies.

Hypothesis 1b. Citizens with a higher education level are more likely to use the new technologies.

Hypothesis 1c. Citizens with a higher income level are more likely to use the new technologies.

Hypothesis 1d. Citizens living in a city are more likely to use the new technologies.

Hypothesis 1e. Citizens who do not have a disability are more likely to use the new technologies.

4.2. Digital Literacy Factors

Digital literacy can be defined as a “range of complex and densely interwoven com-
municative forms that are digitally mediated, as well as the mechanical and navigational
competence that is a prerequisite to working on a screen” [80]. With the rapid development
of digital technologies, individuals are required to use various technical, cognitive, and
sociological skills to work and solve problems in a digital environment [81]. These are
often referred to in the literature as “digital literacy,” regarded as survival skills in the
digital society [81]. Digital literacy is often viewed as a digital divide itself and often
understood as skill access in the literature. According to Hargittai [17], digital literacy
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emphasizes skills in using digital technologies, representing another dimension of the
digital divide (second-level digital divide), which differs from the first-level digital divide
initially defined with material access (Figure 3).

Figure 3. Conceptual model.

Van Dijk [19] developed the cumulative and successive digital divide model, and
he showed skill access must be satisfied to go to usage access. It explained that skill
access consists of operational, information, and strategic skill. Operational skill refers
to the capacity to work with devices, and it is the most general type of skill in digital
technology in the literature and public opinion [19]. When the operational skill is fulfilled,
the information skills, which means the skills to search and process the information, and
the strategic skills, which can be defined as the capacity to use digital technologies to
accomplish one’s goal, could be obtained. Consequently, the usage access is obtained when
skill access is ensured. In this light, this study assumes the digital literacy could directly
influence the use of digital technologies and establishes the following hypothesis.

Hypothesis 2. Citizens with higher digital literacy are more likely to use the new technologies.

Hypothesis 2a. Citizens with higher computer literacy are more likely to use the new technologies.

Hypothesis 2b. Citizens with higher mobile literacy are more likely to use the new technologies.

4.3. Necessity Factor

The perception of necessity can be understood as a favorable attitude toward the use
of the technology. Attitude toward a particular behavior can be defined as an individual’s
positive or negative evaluation of performing the behavior [82]. It refers to the judgment
of individuals that specific behavior is good or bad and leads to the intention of the
behavior [83]. An attitude influences an individual’s behaviors by filtering information
and shaping their perception [84]. In this regard, a user who holds a favorable attitude
toward the technology could adopt and continuously use the technology. The attitude
toward technology use is presented in Davis’s original Technology Acceptance Model
(TAM) [85]. According to Davis [85], the attitude toward technology determined by the
perceived usefulness and ease of use affects the behavioral intention, and the behavior
intention finally affects the actual use of technology. In this light, we can find a clue for
the critical influence on technology’s actual use by the attitude. Thus, we assume that the
perception of the need for new technology could be understood as a favorable attitude
toward technology that could affect the use of new technology.
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Hypothesis 3. Citizens with a strong necessity for new technologies are more likely to use
new technologies.

5. Methodology
5.1. Data

This study used survey data from “The Report on the Digital Divide, 2019,” published
by the National Information Society Agency (NIA) of the South Korean government. NIA
has conducted this survey since 2002 to investigate vulnerable social groups concerning
digital technologies. The survey items for 2019 include information of respondents on
awareness, use experience, the necessity of new technologies (AI speakers, mixed reality,
self-driving car autonomous cars, blockchain, smart homes, drones, and biometric devices),
the digital literacy level of both PC and mobile devices, and various socio-demographic
indicators. The survey was administered from September to December 2019 among the
general public, disabled, low-income people, rural residents, North Korean defectors, and
Korea’s marriage immigrants [86]. This study used the general public’s data of which the
sample size is 7000, and the sample was selected by the proportionate stratified sampling
method [86]. The full sample size was 7000 people, but, after the data-cleaning process, we
could finally use the sample of 6790 people. Descriptive statistics of the sample appear in
Table 2.

Table 2. Demographics of the respondents.

Variable Frequency (%) Variable Frequency (%)

Gender
Male 3339 50.06

Education attain level
(graduated)

Elementary 836 12.12

Female 3391 49.94 Middle 1041 15.09

Age

Below 10 14 0.2 High 2848 41.28

10~19 898 101 College/
university 2175 31.52

20~29 950 13.77

Monthly income
(thousand KRW)

1 USD
= KRW 1130

(19 March 2021)

0~990 239 3.81

30~39 1012 14.67 1000~1999 592 8.58

40~49 1187 17.20 2000~2999 877 12.71

50~59 1211 17.55 3000~3999 1728 25.04

60~69 866 12.55 4000~4999 1539 22.30

Above 70 762 11.05 5000~5999 1300 18.84

Disability
status

YES 202 2.93 Over 6000 625 9.06

NO 6698 97.07 Residential area
Si (city) 6309 91.43

Gun (rural) 591 8.57

5.2. Measures

We set the use experience with new technologies as our dependent variable. The
new technologies indicate seven new technologies expected to be applied in smart cities
in the future. They include AI speakers, mixed reality, smart homes, drones, blockchain,
self-driving cars, and biometrics, which have been selected as intelligent technologies by
NIA of South Korea since 2018. In addition, this study set new technologies as the proxy
for the potential digital divide because we notice the usage aspect of technologies. The
level of usage of technologies might be more adequate in light of our study’s purpose. The
usage levels are at a relatively low level until; now, and the experience level itself is also
not that high. Thus, we concluded the use experience with technologies that could be the
proxy for the potential digital divide in smart cities. In this research, seven technologies’
experience status is coded as dichotomous variables, indicating “Have experience” or
“No experience.”
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Socio-demographic factors, the first explanatory variables of our study, include gender,
age, education level, monthly income, residential area, and disability status. Gender is
coded as a binary and dummy variable, indicating “Male” or “Female.” Age of respondents
is measured as a continuous variable. Education level refers to the highest level of schooling
and is measured with four categorical variables: “elementary school graduated,” “middle
school graduated,” “high school graduated,” and “above college graduated.” Income refers
to the average monthly income of respondents represented by Korean Won (the monetary
unit of Korea) and is measured in continuous variables. Residential area is divided into
two categories: city (Si) and rural (Gun) and coded as dummy variables for the analysis.
Disability status is also coded as binary and dummy variables indicating “have disability”
or “no disability.”

Digital literacy factors have two sub-variables: computer and mobile literacy. Com-
puter literacy refers to operating basic computer functions: OS and utility programs, word
processor, spreadsheet, computer game, multimedia program, presentation program, com-
puter graphic program, and homepage editing program. Mobile literacy indicates the
ability to operate a mobile device such as a smartphone and tablet PC and measures the
capability levels of mobile applications of the display, alarm, wi-fi setting, photo, and app
store. The questionnaire asked respondents, “How much of the following activities can
you do yourself with the device (computer and mobile, respectively)?” The respondents
self-evaluated their computer and mobile literacy with four levels. We used a computer
literacy self-evaluation score for seven items answered by the respondents. Similarly,
mobile literacy scores seven items as arithmetic averages, respectively.

The necessity factor refers to the degree to which an individual feels the technology is
necessary. The necessity level is measured on a four-point scale for seven technologies (AI
speakers, mixed reality, smart homes, drones, blockchain, self-driving car, and biometrics).
This questionnaire was measured as an ordinal scale, but we utilize it by converting it to a
ratio scale in this study. The detailed information appears in Table 3.

Table 3. Measurement of variables.

Variables Survey Items and Measurement

The Use Experience with New Technologies

Experience in using the following lists of intelligent technologies (AI
speakers, mixed reality, smart homes, drones, blockchain, self-driving cars,
and biometrics)
No (0), Yes (1). Coded as dummy variables

Socio-demographic factors

Gender Male (0) or Female (1)

Age The age of respondents

Education
The highest level of education
Elementary (1), Middle School (2), High School (3), College and
University (4)

Income The level of monthly income (thousand Won)

Region The residential area of respondent
City (0), Rural (1). Coded as dummy variables

Disability status The Disability status of the respondent
No (0), Yes (1). Coded as dummy variables
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Table 3. Cont.

Variables Survey Items and Measurement

Digital literacy factors

Computer
literacy

The level of operational skills of computer
The average value of the following seven items, which are measured with a
four-point ordinal scale.
(1) Able to set up, delete and update the software (2) Able to connect
network (wired and wireless) and use it (3) Able to set up user preference of
the web browser (Chrome, Internet Explorer) (4) Able to connect and use
various devices (digital camera, printer, scanner) (5) Able to transmit the file
to others on the Internet. (6) Able to scan and clean the virus program.
(7) Able to draw up a document on a word processer.

Mobile literacy

The level of operational skills of a mobile device
The average value of the following seven items, which are measured with a
four-point ordinal scale.
(1) Able to manage settings of the device. (2) Able to set up a wireless
network of the device. (3) Able to send the file device to a computer. (4) Able
to transmit own files or images to others. (5) Able to search, download,
update, delete applications on device. (6) Able to scan and clean the virus on
the device. (7) Able to write a document with the device.

Necessity factor The perception of
necessity

The level of perceived necessity of respondents on new technologies (AI
speakers, mixed reality, smart homes, drones, blockchain, self-driving cars,
and biometrics)
The response to each technology’s necessity level is measured by the
following categories with a four-point ordinal scale. Measured with a
four-point ordinal scale.
(1) Completely unnecessary. (2) Unnecessary. (3) Necessary.
(4) Completely necessary.

5.3. Analysis Method

The purpose of the study is to identify the potential digital divide in the smart city and
its significant determinants. Experience with new technologies is our dependent variable.
Our explanatory variables include socio-demographic factors (gender, age, education level,
monthly income, residential area, and a disability), digital literacy factors (computer and
mobile literacy), and technology necessity factor (perception of necessity on the seven new
technologies). In other words, we estimate the probability of experiencing new technology
by the three factors above. For the estimation, a binary logistic regression, which is a
type of log-linear analysis used with a binary dependent variable [87,88], was performed
because our dependent variable is measured as a binary variable whether an individual
has experience with new technology or not. The following binomial logistic regression
equation was derived by summing up the discussion on our research model.

ln
(

πi
1−πi

)
= β0 +β1Genderi + β2 Agei + β3Educationi + β4 Incomei + β5Disabilityi

+β6Regioni + β7Computerliteracyi + β8Mobileliteracyi
+β9Necessityi

πi = Pr(Y = 1)

(1)

Before the primary analysis, we provide descriptive statistics for continuous variables
of our model. We present the correlation matrix made up with Pearson’s correlation
coefficients of the variables to analyze the correlation among variables in advance of the
logistic regression analysis.

6. Results
6.1. Descriptive Statistics

Descriptive statistics of the use experience with new technologies appear in Figure 4.
Since the dependent variable in this study is a binary variable, it is more appropriate to
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describe the percentage of use experience for each technology than to derive the average
value. We suggest the percentage of use experience with seven technologies. All seven
technologies have relatively low levels of use. AI speakers ranked the highest among
them with 32.07% of samples experiencing it, followed by biometrics, with 25.57% of
the total samples experiencing it. Except for these two technologies, other values are
extremely low at less than 10%. Approximately 8.67%, 7.61%, and 6.25% of the samples had
experience using drones, smart homes, and mixed reality. Self-driving cars and blockchain
had significantly lower experience rates with 2.22% and 1.41%, respectively.

Figure 4. The level of use experience with new technologies.

In contrast to the low level of use experience, the technology awareness level is
relatively high. Except for mixed-reality (34.81%) and blockchain (27.58%), more than half
of the respondents have an awareness of the technologies. Drones (86.03%) and self-driving
cars (77.59%) are well-known technologies, while the use experience level is relatively low.
Conspicuously, blockchain technology has the lowest levels of both use experience (1.41%)
and awareness (27.58%).

Table 4 shows descriptive statistics of independent variables. We have already pre-
sented the survey sample’s descriptive statistics in Table 1 in Section 5 concerning the
socio-demographic factors. Digital literacy and necessity factors are included in Table 2.
The mean value of mobile literacy (2.88) is slightly higher than that of computer literacy.
Even if mobile devices became commercialized later than computers, mobile devices, such
as smartphones, have recently become a daily necessity for most individuals. In South
Korea, the smartphone penetration rate is close to 95%. For the necessity factor of each tech-
nology, drones (M = 2.838) have the highest value, followed by smart homes (M = 2.819),
self-driving cars (M = 2.827), biometrics (M = 2.816), AI-speakers (M = 2.753), blockchain
(M = 2.558), and mixed reality (M = 2.525). Similarly, the perceived level of necessity for
blockchain and mixed reality is lower than for other technologies.

Table 4. Descriptive statistics for the independent variable.

Variable Obs. Mean Std. Dev. Min Max

Digital Literacy
Computer 6900 2.614 0.953 1 4

Mobile 6900 2.884 0.880 1 4

Necessity

AI-Speakers 6900 2.753 0.661 1 4

Biometrics 6900 2.816 0.722 1 4

Drones 6900 2.838 0.740 1 4

Smart Homes 6900 2.819 0.708 1 4
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Table 4. Cont.

Variable Obs. Mean Std. Dev. Min Max

Mixed Reality 6900 2.525 0.753 1 4

Self-driving car 6900 2.827 0.794 1 4

Blockchain 6900 2.558 0.759 1 4

6.2. Correlation Analysis on Continuous Variables

Table 5 shows the correlation matrix on continuous variables of this research, which
is made up with Pearson’s coefficients to analyze the correlation among variables. All
coefficients were statistically significant, and we explain the results with the relatively
strong correlation of over ±0.4. The correlation coefficient was the highest between the
computer and mobile literacy (coef. = 0.87, p < 0.00). Both of these variables have a strong
correlation with each other and belonged to the digital literacy factor. Socio-demographic
factors, age, and income show a negative correlation (coef. = −0.47, p < 0.00), and education
and income level correlated positively (coef. = 0.4, p < 0.00). Education, digital literacy,
and income factors correlated positively at levels of 0.45~0.48 (p < 0.00). Notably, the
necessity factors of seven technologies were in a significantly positive correlation. There
were positive correlations between seven variables from a minimum of 0.46 (p < 0.00) to a
maximum of 0.57 (p < 0.00). A possible interpretation of this finding is that if one perceives
the necessity of particular technologies as high, one is likely to perceive a high necessity
for other technologies.

Table 5. Correlation matrix.

Variables (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

(1) Age 1.00

(2) Education −0.12
(0.00) 1.00

(3) Income −0.47
(0.00)

0.4
(0.00) 1.00

(4) Computer Literacy −0.59
(0.00)

0.46
(0.00)

0.47
(0.00) 1.00

(5) Mobile Literacy −0.58
(0.00)

0.45
(0.00)

0.48
(0.00)

0.84
(0.00) 1.00

(6) Necessity of A.S. −0.26
(0.00)

0.16
(0.00)

0.20
(0.00)

0.29
(0.00)

0.29
(0.00) 1.00

(7) Necessity of B.M. −0.30
(0.00)

0.22
(0.00)

0.22
(0.00)

0.33
(0.00)

0.32
(0.00)

0.51
(0.00) 1.00

(8) Necessity of
Drones

−0.25
(0.00)

0.17
(0.00)

0.21
(0.00)

0.29
(0.00)

0.27
(0.00)

0.46
(0.00)

0.55
(0.00) 1.00

(9) Necessity of S.H. −0.24
(0.00)

0.20
(0.00)

0.22
0.00)

0.28
(0.00)

0.27
(0.00)

0.51
(0.00)

0.53
(0.00)

0.52
(0.00) 1.00

(10) Necessity of MR. −0.24
(0.00)

0.18
(0.00)

0.19
(0.00)

0.26
(0.00)

0.23
(0.00)

0.55
(0.00)

0.49
(0.00)

0.49
(0.00)

0.48
(0.00) 1.00

(11) Necessity of S.D.C −0.21
(0.00)

0.18
(0.00)

0.18
(0.00)

0.25
(0.00)

0.25
(0.00)

0.49
(0.00)

0.48
(0.00)

0.53
(0.00)

0.49
(0.00)

0.54
(0.00) 1.00

(12) Necessity of BC. −0.23
(0.00)

0.19
(0.00)

0.20
(0.00)

0.26
(0.00)

0.24
(0.00)

0.46
(0.00)

0.50
(0.00)

0.49
(0.00)

0.52
(0.00)

0.57
(0.00)

0.53
(0.00) 1.00
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6.3. Results of Logistic Regression Analysis

Table 6 shows the result of logistic analysis on use experience with new technologies.
We have seven models for each technology: AI speakers, mixed reality, smart homes,
drones, blockchain, self-driving cars, and biometrics. We examine the effects of independent
variables in socio-demographic factors, digital literacy, and a necessity factor. The odds
ratio (OR) and significance of each independent variable are shown in Table 6.

Regarding the socio-demographic factors, gender is not significant in every model.
Gender was the important determinant of the digital divide in the past [48,50,51]. However,
for new technologies, the effect of gender seems diminished. However, age has a significant
negative effect in the model of AI speakers (OR = 0.963, p < 0.000), biometrics (OR = 0.963,
p < 0.000), drones (OR = 0.961, p < 0.000), smart homes (OR = 0.979, p < 0.000), mixed reality
(OR = 0.957, p < 0.000), and blockchain (OR = 0.981, p < 0.000). Except for self-driving cars,
younger people are more likely to experience new technologies.

Education has a significant positive effect in every model: AI speakers (OR = 1.403,
p < 0.000), biometrics (OR = 1.515, p < 0.000), drones (OR = 1.153, p < 0.000), smart homes
(OR = 1.586, p < 0.000), mixed reality (OR = 1.386, p < 0.000), self-driving cars (OR = 1.351,
p < 0.000), and blockchain (OR = 1.788, p < 0.000). These results indicate that the higher the
education attainment level, the higher the possibility of using new technologies. Regarding
the income, it has a significant positive effect in the model of AI speakers (OR = 1.104,
p < 0.000), biometrics (OR = 1.082, p < 0.000), drones (OR = 1.122, p < 0.000), and smart
homes (OR = 1.077, p < 0.008). Despite the fairly high correlation between the education
level and income levels, income seems somewhat limited when compared to education.

The region has a significant effect in the model of AI speakers (OR = 0.636, p < 0.000),
biometrics (OR = 0.541, p < 0.000), drones (OR = 0.492, p < 0.000), mixed reality (OR =
0.583, p < 0.034), and blockchain (OR = 0.266, p < 0.066). It means that people living in
rural areas are less likely to use and experience new technologies, except for smart homes
and self-driving cars. Disability status is significant only in the model of AI speakers
(OR = 0.630, p < 0.033). The gap between the disabled and non-disabled regarding the
experience possibility of new technologies was not particularly noteworthy.

Concerning the digital literacy factors, computer literacy has a positive effect in the
model of AI speakers (OR = 1.266, p < 0.000), biometrics (OR = 1.200, p < 0.000), mixed
reality (OR = 1.567, p < 0.000), self-driving cars (OR = 1.370, p < 0.061), and blockchain
(OR = 1.477, p < 0.068). It indicates that people who have better computer operational
skills are likely to have more experience with those technologies. Similarly, mobile literacy
also has a positive effect in the model of AI speakers (OR = 1.477, p < 0.000), biometrics
(OR = 1.428, p < 0.000), drones (OR = 1.352, p < 0.000), and smart homes (OR = 1.464,
p < 0.002). Digital literacy factors significantly influence all technologies. However, except
for AI speakers and biometrics, the different types of literacy variables (computer and
mobile) affect the possibility of new technologies. For instance, drones and smart homes,
which are based on mobile technologies such as mobile and IoT, are affected by mobile
devices’ operational skills. Instead, in the case of self-driving cars, MR, and blockchains,
the influence of mobile literacy has not been found, but only the effect of computer literacy
has been verified.

The necessity factor positively influences the use experience with AI speakers (OR = 1.486,
p < 0.000), biometrics (OR = 1.653, p < 0.000), smart homes (OR = 1.744, p < 0.000), mixed
reality (OR = 1.617, p < 0.000), self-driving cars (OR = 1.319, p < 0.000), and blockchain
(OR = 1.591, p < 0.002). Notably, except for the drone model, the necessity factor has a
significantly positive effect on the new technologies. Like the education and age variables,
the necessity factor is a consistent and vital factor for using a new technology. These results
explain that the higher the need for each technology, the more likely it is to use the new
technology. In other words, when there is a positive attitude and motivation toward the
technology, the possibility of the experience with new technology could increase.
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Table 6. Results of logistic regression analysis on use experience with new technologies (odds ratio).

DV:
Use Experience

(1)
AI Speakers

(2)
Biometrics

(3)
Drones

(4)
Smart Homes

(5)
Mixed Reality

(6)
Self-Driving

(7)
Blockchain

OR. P > z OR. P > z OR. P > z OR. P > z OR. P > z OR. P > z OR. P > z

Socio
demogra-phic

Gender (female) 1.065 0.290 1.067 0.297 0.964 0.683 0.865 0.128 0.973 0.794 0.832 0.274 1.280 0.236

Age 0.963 0.000 0.963 0.000 0.961 0.000 0.979 0.000 0.957 0.000 0.993 0.272 0.981 0.029

Education 1.403 0.000 1.515 0.000 1.153 0.013 1.586 0.000 1.386 0.000 1.351 0.008 1.788 0.000

Income 1.104 0.000 1.082 0.000 1.122 0.000 1.077 0.008 0.999 0.961 1.069 0.165 0.973 0.638

Disabled (yes) 0.630 0.033 1.044 0.840 0.941 0.851 0.851 0.650 0.824 0.630 N/A 0.941 0.933

Region (rural) 0.636 0.000 0.541 0.000 0.492 0.003 0.706 0.111 0.583 0.034 0.976 0.942 0.266 0.066

Digital
Literacy

Computer literacy 1.266 0.000 1.200 0.010 1.054 0.622 1.055 0.635 1.567 0.000 1.370 0.061 1.477 0.068

Mobile literacy 1.477 0.000 1.428 0.000 1.352 0.007 1.464 0.002 1.182 0.202 1.143 0.495 1.037 0.884

Necessity Necessity 1.486 0.000 1.653 0.000 1.109 0.124 1.744 0.000 1.617 0.000 1.319 0.018 1.591 0.002

_cons 0.017 0.000 0.010 0.000 0.027 0.000 0.001 0.000 0.005 0.000 0.001 0.000 0.000 0.000

Obs 6790 6790 6790 6790 6790 6956 6790

LR Chi2 1670.36 1409.86 418.23 382.38 426.45 70.46 80.46

Nagelkerke R2 0.305 0.276 0.134 0.132 0.164 0.054 0.085
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7. Discussion

A summary of the results is demonstrated in Table 7. Regarding the socio-demographic
factors, gender turned out to be insignificant in every model. The effect of gender on the
use of new technologies seems to be diminished, and this result is consistent with the
discussion of previous studies [43,55,56]. Gender, once regarded as a strong influence of
the digital divide, can no longer be a significant factor. Hence, only the effect of gender
corresponding to hypothesis 1-1 has not been verified for all types of new technologies.
Age was significant in all models except for self-driving cars. It can be inferred that the age
effect is essential in the use experience with new technologies and is a primary factor in the
potential digital divide in the future smart city. Education and income remain important
factors in using new technologies, especially education, which significantly and positively
affects all models. Income level turned out to be significant in the models of AI speakers,
biometrics, drones, and smart homes. This is because these technologies require purchases
of devices individually in the use of technology than others do. The region was also verified
to be significant in multiple models. It can be interpreted as a result of the particular aspects
of demographic and sociological factors of urban and rural areas. Prior research notes that
individuals living in rural areas tend to have relatively lower income levels and education
than individuals living in a city [75,76]. Additionally, aging in rural society has rapidly
progressed [89]. Thus, the region’s effect results from a mixture of diverse influences.

Table 7. Summary of results.

Factor/Variables AI
Speakers

Bio
Metrics Drones Smart

Homes
Mixed
Reality

Self-
Driving

Block
Chain

Socio-
demographic

factor

Gender
(Female) - - - - - - -

Age
(Old) Negative Negative Negative Negative Negative - Negative

Education
(High) Positive Positive Positive Positive Positive Positive Positive

Income
(High) Positive Positive Positive Positive - - -

Disability
(Yes) Negative - - - - - -

Region
(Rural) Negative Negative Negative - Negative - Negative

Digital
literacy factor

Computer Positive Positive - - Positive Positive Positive

Mobile Positive Positive Positive Positive - - -

Necessity
factor

Perception
of necessity Positive Positive - Positive Positive Positive Positive

Overall, digital literacy positively affected the possibility of using new technologies.
However, depending on the characteristics of each technology, the types of digital literacy
affecting the use of technologies were somewhat different. For example, the use experience
for drones and smart homes, based on the mobile network and sensors, is only influenced
by mobile literacy. Meanwhile, technologies related to financial investment, such as
blockchain, are also used in mobile devices. However, so far, they are more likely to be
utilized based on the PC. Hence, blockchain would be affected by computer operational
skills rather than mobile literacy. Conversely, the effect of the necessity factor is relatively
consistent and influential in the models except for drones. It refers to the perception of
necessity for new technologies to play a crucial role in using technologies (Table 8).
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Table 8. Results of hypothesis testing.

Technologies Effect (+/−) Confirmed
Hypotheses Determinants

AI speakers Positive H1b, H1c, H2, H2a, H3
Education, income, computer

literacy, mobile literacy,
necessity

Negative H1a, H1e, H1d Age, disability, region

Biometrics
Positive H1b, H1c, H2, H2a, H3

Education, income, computer
literacy, mobile literacy,

necessity

Negative H1a, H1e Age, region

Drones
Positive H1b, H1c, H2b Education, income, mobile

literacy

Negative H1a, H1e Age, region

Smart Homes
Positive H1b, H1c, H2b, H3 Education, income, mobile

literacy, necessity

Negative H1a Age

Mixed Reality Positive H1b, H2, H3 Education, computer literacy,
necessity

Negative H1a, H1e, Age, region

Self-driving Car Positive H1b, H2 Education, computer literacy

Negative N/A N/A

BlockChain
Positive H1b, H2, H3 Education, computer literacy,

necessity

Negative H1a, H1e Age, region

These findings enable the following interpretations. First, most of the factors pre-
viously discussed as factors that cause the digital divide also affect the use of new tech-
nologies expected to be applied in smart cities. Among socio-demographic factors, age,
education, income, and regions are significant in most models. It can be inferred that
there would be a certain level of the digital divide in future smart cities depending on
the characteristics of those factors. Especially in the case of new technologies, this digital
divide may be even more prominent and deepen. Considering the characteristics of new
technologies, users would not merely receive the information and services one-way from
the device but interact with the device and benefit from it. For example, in smart homes,
IoTs collect home environment data and autonomously adjust the surrounding situation.
Users who receive this information would adjust a bit and provide feedback to the device.
As such, users’ interactions and engagement in technology could be learned and made over
a long period with the accumulation of their experience in technology rather than simply
owning the device or learning operation skills. Hence, it is likely that citizens who have
no experience using these technologies in smart cities will continue to be excluded from
technologies’ use and engagement. It would adversely affect their quality of life in the long
run. Policymakers who promote smart cities should consider these potential digital divide
issues and adequately address these issues to ensure engagement of all social groups of
citizens in smart cities with a long-term perspective.

Second, the digital literacy factor affecting the use of all new technologies would
indicate that van Dijk’s [19] model is still relevant in new technologies. When the skill aspect
of technology is fulfilled, it can proceed to technology usage [19]. Given the different types
of literacy affecting the use of technology according to each technology’s characteristics, it
would be more desirable if both types of digital literacy were resolved. However, it would
be necessary to prioritize the kind of literacy that needs to be addressed. Based on the use
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experience level of technologies, AI speakers, biometrics, drones, and smart homes were at
the top of the seven new technologies. According to our results, the use experience with
these technologies is positively affected by mobile literacy. Considering that the urban
infrastructure and services are connected to 5G-based wireless networks, enhancing mobile
literacy can resolve the potential digital divide in smart cities rather than computer literacy.
Therefore, policy support providing regular and proactive education to promote mobile
literacy to citizens living in smart cities needs to be prepared.

Lastly, the effect of necessity on technology use is expected to play an essential role in
determining new technologies’ use. Except for drones, perceived necessity regarding each
technology is positively associated with the use experience. Considering the operational
definition of our necessity factor is close to the positive attitude toward new technologies.
These results align with Davis’s [85] model, which is a classical model of technology
acceptance. According to Davis [85], the attitude toward technology eventually influences
the real use of technology. Our empirical results can support this explanation of Davis’s [85]
model, and we could discover that this relationship between necessity (positive attitude)
and use of technology is still valid. Based on these findings, to implement new technologies
in smart cities and increase citizens’ use, consistent efforts should be made. The efforts
such as detailed and diligent explanation and widespread promotion on the necessity and
usefulness of the technologies to citizens living in smart cities need to be made. Without
these efforts, if citizens do not feel any need for them, it could negatively affect citizens’
engagement in new technology-based smart urban services and harm cities’ sustainability
in a long-term perspective.

This research identified the risk of an experience-based digital divide issue in the
upcoming smart city with 5G technologies. 5G-based technologies such as AI, VR/AR, and
self-driving cars require users to immersive experience rather than merely receive one-way
text-based information. For example, AI can incessantly require user’s daily and ongoing
experience. Through automated data analysis and feedback on user’s experience, it can
provide more advanced and customized services to users. Likewise, the use experience on
AI is able to profoundly affect the quality of provided services and influence the daily life
of users after all. Thus, alienation from the use of 5G-based technologies that can affect the
quality of various customized services in a smart city might have a profound impact on
the quality of daily lives of residents in smart cities. In particular, the fact that the digital
divide is triggered by socio-demographic factors that inevitably exist in our society implies
that it will persist in the future society. Therefore, rather than focusing only on the benefits
of new technologies, smart city policymakers need to design and plan citizen-friendly
services that can encompass the engagements of all social groups. At the same time, it will
be necessary to provide ongoing education and effort on the digital literacy and usefulness
of new technologies to the residents in smart cities. Based on our empirical findings, the
following solutions could be possible to mitigate the future digital divide problems in
smart cities.

• Opening booth for 5G technologies experience for citizens in smart cities
• Operating customized education programs for elderly, low-income families, and

residents for rural areas
• Opening regular lecture for improving mobile literacy and sharing knowledge on

5G technologies

8. Conclusions

This study explored the potential digital divide as a risk to existing smart cities where
many new technologies will be utilized based on the 5G network. Furthermore, this study
viewed the digital divide as a usage aspect rather than material access and operational
skills. In this perspective, we explored the factors that affect the seven new technologies’
use experience. The results indicated that most socio-demographic factors that affect the
digital divide on existing technologies still affect the digital divide in new technologies.
Although gender has significantly disappeared in the use of new technologies, the results
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showed that age, education level, and the region still significantly affect the probability of
new technology use experience. Furthermore, digital literacy levels and perception of the
necessity for new technologies are verified to have a significant positive effect.

These results corroborate that, despite the progress of the information society, the
digital divide issue arises and reappears based on the new or evolving technology envi-
ronment. To be a sustainable and inclusive smart city, thoughtful consideration of diverse
social groups of age, education level, and region are needed in smart cities’ urban policies.
Moreover, the results that digital literacy and necessity have positive influences on the
use of new technologies imply that continuous and regular education of digital literacy
and knowledge for new technologies will be needed in smart cities to encourage citizens’
engagement in smart cities.

The above results of our study can contribute to the literature on the digital divide
and provide policy implications to practitioners of smart cities. The digital divide can
reappear based on new technologies that emphasize technologies’ usage. Thus, the results
of our study support that a sustainable smart city needs preemptive consideration of
various social groups’ engagement in society. Smart city policymakers can refer to our
study’s results to predict the characteristics of potential citizens and their engagement level
of high-tech urban services before introducing advanced services and infrastructure to
smart cities. Finally, we suggested policy directions directly drawn to mitigate or prevent
potential digital divide problems in smart cities.

Despite these implications and contributions, this study has several limitations. First,
we utilized one-year and survey-based data, so we could not control for the problems of a
bi-directional causal relationship, omitted variables, and social desirability bias. Second,
there were some limitations in the model estimation because the level of use experience
in self-driving cars and blockchain was significantly low. Finally, the measurement of the
dependent variable was binary, so it was interpreted as a probability of technology use.
If the dependent variable had been measured with continuous variables, a more direct
prediction and interpretation could be possible. These limitations will be supplemented
and resolved in future research.
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