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Abstract

This paper delineates the smart city (SC) concept in a South Korean context and, based on
this conceptual definition, it forecasts the expected implementation timeline of the country’s
SC pilot projects. Through the use of a three-round policy Delphi methodology, a consensus
on the SC concept was reached, with an emphasis on a citizen-centric paradigm. The Delphi
panelists predict that South Korea's SC projects will be completed by 2030. However, the
realization of its full-service SC capabilities is expected by 2035. These findings highlight
the need for SC policies to prioritize citizens' satisfaction and quality of life rather than only
focusing on technological efficiency. Moreover, this study advocates using phased goal-setting
in SC projects to emphasize the importance of integrating urban infrastructure with citizens'
daily lives. Based on these key findings, this study draws policy implications that can help SC
policy practitioners.

Keywords: smart city, citizen-centered city, policy Delphi, digital transformation, digital

governance
(S )

Introduction

Amid the rapid growth of urban populations, national and local governments are faced with many
urban challenges, including pollution, energy consumption, traffic congestion, and public safety
concerns (Chen et al., 2019; Harrison et al., 2010). In response, more governments worldwide are
advocating smart city (SC) initiatives to effectively address urban issues and foster new avenues of
growth in the era of digital transformation (Paskaleva, 2013; van Twist et al., 2023). As a result, the SC
market is expected to be the fastest-growing one over the next decade (Markets and markets, 2021).

The South Korean government has identified SC as a key national growth strategy that leverages

the country’s advanced information and communication technology (ICT) infrastructure to actively
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promote SC policies. The concept of SC, which leverages ICT for innovation, has long been
recognized as a catalyst for economic development in South Korea (Yigitcanlar et al., 2018; Yun &
Leem, 2016; Yun & Lee, 2019). The government has designated certain areas in Sejong and Busan
City as flagship projects for SC development that received national support in 2018. These ongoing
projects aim to develop urban areas where residents can interact with intelligent infrastructure such
as big data, artificial intelligence, autonomous vehicles, drones, virtual reality, and other cutting-
edge technologies (Ministry of Land, Infrastructure, and Transport of Korea, 2018).

The history of promoting SCs in South Korea is long. In 2008, the country started projects for an
early version of an SC called U-City. This project aimed to improve the efficiency of urban services
by integrating advanced ICTs into urban facilities, and it has continued under the name of SCs until
now (Hwang, 2020a; Kim, 2015). This long history of Korea’s SC initiatives based on U-City has
contributed to South Korea’s recognition as a leading global SC (Ju et al,, 2021). According to the
International Institute for Management Development’s (IMD) Smart City Index Report in 2023,
Seoul was selected as one of the six “super champions” among the SCs.

Although Korea introduced SC very early through its U-City project and has been a leader in SC
development for a decade, the country’s efforts have several limitations (Choi et al., 2020; Yang et
al,, 2020). Scholars and research institutions have criticized Korea’s SC policy for focusing too much
on hardware-oriented innovations, such as the integration of ICT into the urban infrastructure,
without a well-articulated SC concept that embodies core values (Choi, 2018; KIPA, 2020;
KISDI, 2010; Myeong et al., 2021). In contrast, several European countries have consistently and
successfully promoted SC policies based on a well-articulated SC concept that emphasizes urban
renewal, solving existing urban problems, and increasing citizen engagement (Bakici et al., 2013;
Riva Sanseverino et al., 2018). The problem with South Korea’s technology-centered SC approach,
which lacks core social values, could negatively impact the promotion of sustainable SC policies and
the establishment of successful SC models from a long-term perspective.

From this perspective, our research team sought to develop and establish a Korean SC concept
that includes core values and components, such as improving citizens quality of life by addressing
urban challenges and promoting civic engagement. We gather the diverse opinions of South Korea’s
SC experts to clearly establish the SC concept that Korea aims for, thereby guiding the direction of
Koreas SC policies. The articulation of the SC concept is expected to contribute significantly to the
coherent and successful promotion of SC policies in Korea.

In addition, we attempt to forecast the expected timeline for the actual implementation of
Koreas national SC projects based on the developed SC concept’s definition. Korea’s national pilot
SC project, which was announced and initiated in 2018, is expected to be completed around 2023.
However, construction has been delayed due to delays in land acquisition and administrative
procedures. As the construction of the pilot projects has been gradually delayed, the concepts and
goals of these projects, which are shared among stakeholders, are in danger of becoming unclear.
Many stakeholders eagerly await the successful implementation of Korea’s national SC pilot projects,
but the realization of these projects seems somewhat distant. Therefore, this study aims to define
the SC concept that Korea aspires to and that is based on the opinions of Korean SC experts. Based

on this definition, the study attempts to predict when the representative SCs of Sejong and Busan
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City, which are planned as Korea's SC models, can be realized, using the insights of these experts. To

guide our investigation, we posed two main research questions:

RQ1: How can the smart city that Korea aims for be defined?
RQ2: When will Korea’s smart city project be implemented?

Our team used a three-round policy Delphi method to address these questions. Based on the
insights gained from the Delphi rounds, this paper proposes the SC concept in the Korean context
and forecasts the expected implementation timeline based on this conceptual foundation.

The following sections of this article are a literature review of the definition of the SC concept
and the background of Korean SC policy (Section 2), an explanation of our research methodology
(Section 3), a presentation of the Delphi results on the research questions (Section 4), and a

discussion of the policy implications of our findings along with concluding remarks (Section 5).

Literature Review and Theoretical Backgrounds

Approaches for smart city concept

The concept of an SC has become more widespread in the last decade. However, there has yet to
be a consensus on a single definition of SC both in academia and industry (Albino et al., 2015; Mora
et al, 2017; van Twist et al., 2023). Hall (2000) defines SC as “a city that monitors and integrates
the conditions of all of its critical infrastructures, including roads, bridges, tunnels, rails, subways,
airports, seaports, communications, water, power, even major buildings, can better optimize its
resources, plan its preventive maintenance activities, and monitor security aspects while maximizing
services to its citizens.” Giffinger et al. (2007) conceptualizes SC as “a city well performing in a
forward-looking way in economy, people, governance, mobility, environment, and living, built on
the smart combination of endowments and activities of a self-decisive, independent and aware
citizen” The reason for the diversity of academic definitions of SC can be attributed to the fact
that the SC concept includes all social, cultural, and physical elements so that it can be understood
differently depending on the parts to be emphasized (Ju et al., 2020).

In their critical review of the previous studies on the conceptualizations of SCs, Greco & Cresta
(2015) noted that the existing studies approach the SC concept in three ways. First, the technology-
centered approach defines SC by strongly emphasizing hardware aspects, such as new technologies
and infrastructure, making ICT the core of SCs (Cairney & Speak, 2000; Washburn et al., 2009).
Second, the human-centered approach gives significant weight to social and human capital in
defining SCs. Third, the integrated approach seeks continuous urban growth and innovation by
integrating technology with human and social capital (Campbell, 2013; Greco & Cresta, 2015; Moss
Kanter & Litow, 2009).

However, one of the main characteristics identified in recent emerging SC literature regarding the
definition of the SC concept is the emphasis on the importance of SC governance and stakeholder
participation. SC governance values shared agreements among stakeholders and the consensus-

building process (Albino et al., 2015; Fernandez-Anez et al., 2018). In particular, civic engagement
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and citizen-centered decision-making among stakeholders are highly emphasized (Castelnovo et
al., 2015; Dameri, 2013; Fernandez-Anez et al., 2018; Kim & Kim, 2021; Vieira et al., 2023; Yun &
Lee, 2019). Fernandez-Anez et al. (2018), who proposed a conceptual model of an SC, state that the
citizen-centric approach is the heart of SC governance by placing citizens at the center of their SC
conceptual model. Lim et al. (2023) explain that active citizen participation in the planning stages
of SCs can identify citizens needs and contribute to the development of better urban services. They
also argue that for these positive effects to be strengthened and maintained, cities should support
citizen participation with a communication platform based on the ICT infrastructure (Lim et al,
2023). Accordingly, the higher the SC development stage, the more emphasis should be placed on
citizen participation (Lim et al., 2023).

Summarizing the above discussion, this study posits that for Korea’s SC to be successfully
implemented, it is crucial to not only adopt a technology-based SC concept that enhances the
efficiency of urban services by integrating cutting-edge ICTs into urban infrastructure but also to
adopt an SC concept centered on citizen values. Therefore, we aim to develop an SC definition based
on the integrated approach discussed by Greco & Cresta (2015) that emphasizes the human pillar,

specifically the “citizen,” among the two conceptual pillars of technology and human.

The importance of a well-defined SC concept and forecasting its expected implementa-
tion timeline

Establishing clear policy objectives is one of the essential factors for successful policy
outcomes (Schumann, 2016; Van Meter & Van Horn, 1975). When policy objectives are complex,
incongruence with the objectives can occur in policy implementation, resulting in a misalignment
between the policy objectives of higher-level organizations and the operational priorities of frontline
agencies (Meyers et al., 2001). In addition, how policy objectives are viewed and defined can have
a significant impact on their clarity. This clarity is particularly important for policies that involve
a wide range of stakeholders, as precise and unambiguous policy goals significantly influence the
effectiveness of communication and implementation activities across organizations (Van Meter &
Van Horn, 1975).

In this respect, a well-defined SC concept can influence the establishment of policy objectives
related to SC and, ultimately, the outcomes of SC policies. This aspect is considered to be even more
pronounced in large-scale SC projects involving multiple stakeholders (Barrutia et al., 2022).

In general, SC projects involve a variety of stakeholders, including central and local governments,
private companies, and citizens, making communication and collaboration among them crucial
(Clement et al., 2022; Komninos et al., 2019; Lim et al., 2023; Snow et al., 2017). For effective
communication and collaboration, it is important for stakeholders to share common goals and
values (Ansell & Gash, 2008). In this regard, a shared and clear SC concept can eliminate the
ambiguities in the common understanding among stakeholders during the SC project and provide
a consistent direction for the project. This contributes to effective communication and collaboration
among stakeholders.

The purpose of this article is to present a well-defined SC concept for South Korea, taking into

account the values and goals that the nation’s SCs pursue, and to address the lack of an in-depth
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discussion on the conceptualization of SCs in Korea.

This study also aims not only to develop a definition that reflects the direction of South
Koreas SCs but also to predict when the ongoing SC projects in South Korea will be successfully
implemented based on this definition. The importance of forecasting the expected implementation
timeline for the Korean SC project is as follows. First, it is necessary to efficiently manage the
resources involved in SC projects. Since SC projects generally involve large national budgets (Lam
& Yang, 2020), predicting the completion time that can achieve the intended direction of South
Koreas SCs allows for the proper allocation and management of accompanying resources (Ordu
et al,, 2021). This can be particularly helpful in establishing budget plans, thereby contributing to
the efficient management of resources related to the projects (Raine & Baxter, 1979). In addition, it
can help prepare for follow-up activities or related projects that will take place after the SC projects.
If the true meaning of SC is not realized through the existing projects, predicting the expected
implementation timeline can serve as crucial information for policy makers, enabling them to

prepare and plan follow-up projects or policies that complement the results of the existing projects.

Empirical context: SC policies in South Korea

South Korea initiated the U-City project relatively early, an initial version of the SC project,
focusing primarily on hardware innovation through the integration of ICT into urban infrastructure.
The U-city project was actively promoted until 2013, reflecting the widespread consensus on the
importance of efficient city management via ICT in Korea. However, it faced significant criticism
for its hardware-centric approach and neglect of the demand side, including residents’ needs and
quality of life (Sung, 2022). Additionally, it was critiqued for its top-down development process and
oversight of the social and cultural infrastructure (Lim et al., 2023; Yigitcanlar, 2015).

Despite these criticisms, the U-city project played a pivotal role in laying the groundwork for
domestic SC technological infrastructure and facilitating the proliferation of local SCs in Korea.
Nevertheless, the zenith of the domestic U-city project was short-lived, with the ICT business model
often subcontracted to city corporations, proving insufficient as a catalyst for qualitative urban
innovation.

The paradigm of Korea’s SC policy underwent a significant shift with the amendment of the
Act on the Promotion of Smart City Development and Industry (hereinafter referred to as the
Korea Smart City Act) in 2017. This Act delineates an SC as “a sustainable city where various city
services are provided on the foundation of urban infrastructure developed by the convergence
and integration of construction technologies, information, and communication technologies,
etc., aiming to enhance its competitiveness and livability” A notable shift post-2017 is the South
Korean government’s enhanced focus on fostering an urban environment conducive to innovation,
addressing urban challenges, and improving citizens quality of life. This contrasts with the erstwhile
U-City policy, which concentrated on establishing urban infrastructure and services, whereas the
current SC policy prioritizes resolving urban issues and fostering innovative industries.

In January 2018, the South Korean government unveiled two SC pilot projects in Busan and
Sejong cities, aspiring to set a global benchmark for “world smart cities” These pilot sites were

chosen within the Sejong 5-1 living area, and a section of Busan City centered on the Semulmeori
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area. The foundational concept of these SC projects was outlined in July 2018, with a detailed
implementation plan finalized by December 2018 and publicly announced in February 2019. The
government’s vision for these national pilot SCs encompasses three strategic directions: (1) serving
as a test bed for emerging technologies, (2) addressing urban challenges and enhancing quality of
life, and (3) cultivating an innovative industrial ecosystem.

Former President Moon Jae-in perceived SCs as a vehicle for economic growth by leveraging
emerging fourth industrial revolution (4IR) technologies, and as crucial factor for enhancing
citizens’ quality of life (Intralink, 2019). With this backdrop, SCs were prioritized on the presidential
agenda, and the 4IR Committee, a presidential committee, spearheaded this national initiative,
backed by significant political and financial support (Relevant department consolidation, 2018).

At this point, the success of the SC pilot projects is now critical for South Korea, which seeks to
overcome the shortcomings of the U-city project and establish a successful new SC reference model.
A successful SC model holds significance for the South Korean government by promising to secure
future growth engines through the dissemination of their SC model.

Yet, despite extensive budgetary and political backing, South Korea’s SC concept remains
underdeveloped (Han et al., 2018; Hwang, 2020a), and the national SC project has progressed.
The lack of a clear conceptual definition of SC, which should precede policy objective setting, may
adversely affect the overall implementation of SC policy.

In response, this paper aims to contribute to the clear goal-setting of Korea’s SC policy and
ensure its sustainability. Moreover, clearly defining SC policy objectives is expected to establish more

concrete standards for future SC policy implementation.

Research Method

Policy Delphi

We selected the policy Delphi as the primary research method to accomplish our research
objectives. The policy Delphi is a derivative of the Delphi methods, recognized as a prevalent
technique for forecasting and consolidating the judgments of experts within the field of social
sciences (Preble, 1983; Prokesch et al., 2015; Tiberius et al., 2022; von Der Gracht, 2012).

Turoff (1970) defines the policy Delphi as “an organized method for correlating views and
information pertaining to a specific policy area and for allowing the respondents representing such
views and information the opportunity to react to and assess differing viewpoints” (p. 153). This
method serves as an intuitive forecasting process for methodically aggregating, exchanging, and
refining informed opinions concerning a specific issue (Rayens & Hahn, 2000). Generally, intuitive
forecasting is employed for complex problems lacking well-defined policy alternatives and where
empirical data for forecasting are absent (Dunn, 1994; Rayens & Hahn, 2000).

While Turoft (1970, 1975) provided guidelines for the policy Delphi, no standardized approach
exists for implementing this method in practice (de Loé et al., 2016; von der Gracht, 2008).
Nevertheless, certain widely recognized characteristics of this method, according to de Loé et
al. (2016), are, first, the panelists should be knowledgeable about the issue and engage in an

anonymous, multi-round, structured dialogue on the questions. Second, the process should unfold
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over two or more stages, starting with a questionnaire that is either open-ended or more narrowly
focused. The number of stages may vary from two to five (Critcher & Gladstone, 1998). Third, the
initial stage’s responses are synthesized and presented back to the panelists for evaluation. Ratings
are commonly employed to review ideas, with more detailed evaluations often sought thereafter (de
Loé et al., 2016). Finally, the fourth and any subsequent stages refine the groups feedback and may
introduce new lines of inquiry (de Loé et al., 2016).

The Delphi methodology has been widely used in recent SC research. For example, Angelidou
et al. (2022) explored how the domains of SCs, smart transport, and smart energy would evolve by
2030 through literature findings and predicted the likelihood of these findings materializing by 2030
using the Delphi survey. Li et al. (2022) used the Delphi method to identify key factors that facilitate
policy transfers among SC. Meanwhile, Kuo et al. (2022) used the Delphi methodology to develop
indicators for evaluating the resilience of SCs.

Meanwhile, due to the complex characteristics of SC projects, some studies have combined the
Delphi method with other methodologies. Wu & Chen (2021) proposed a structured method for SC
policy selection, employing a three-phase process (Delphi, analytic hierarchy process, zero-one goal
programming model) and used a modified Delphi in the first phase to determine decision elements
by surveying panel members. Okafor et al. (2023) applied a mixed-method approach, including the
Delphi method and quantitative surveys, to analyze the success factors and levels of smart mobility
systems in Nigeria. They gathered expert opinions through the Delphi method to identify these
success factors.

In general, SC-related research addresses complex issues across broad categories, such as
technology, society, and the environment, necessitating the consideration of opinions from experts
in various fields. For this reason, the policy Delphi method, which incorporates diverse experts’
perspectives to predict the future, is deemed the most suitable methodology for addressing this

research problem.

Selection process and profiles of Delphi expert panelists

As in the traditional Delphi process, the selected participants should be well-versed and
experienced in the research topic. The number of participants, called a panel of experts, should not
exceed 30 (Sekayi & Kennedy, 2017). However, considering the possibility that the questionnaire
response rate may not meet expectations, we aimed to select 30 experts in the SC field to ensure
comprehensive and professional perspectives. These experts were comprised of 10 individuals each
from academia, research, and industry.

Each expert was selected through the following process. We identified 10 academic experts who
had participated in research projects related to the SC national pilot city projects (Sejong 5-1 Living
Zone and Busan Eco-Delta City). They had at least five years of experience in SC-related research
and education. They were deemed qualified as panelists because they had been recruited as experts
for several government projects. They were all professors, and most of them specialized in public
administration and policy studies with a specific focus on ICT policy. Their average length of service
was 18.7 years.

In the research field, we selected researchers who had either participated in SC policy projects
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or served as advisors. Generally, all of these experts have a Ph.D. and have significant experience
working in the field. They also work at national research institutes in South Korea. Their doctoral
degrees are in public administration, policy studies, urban planning, and engineering, with an
average length of service of 16.4 years.

The industry experts were selected from among the practitioners in SC technology based on
recommendations from academic and research experts. They were all involved in SC-related
industries and held a position of manager or higher. They mainly specialized in urban planning
and engineering, with some having backgrounds in public administration. Their average length of

service was 15.4 years.
Design and process of policy Delphi

Policy Delphi round composition

Similar to the classical Delphi method, which consists of multiple rounds, we employed a three-
round policy Delphi method. In the first round, we gathered the panelists’ diverse perceptions
through unstructured, open-ended questions. Subsequently, their responses were categorized and
transformed into a structured questionnaire for the second and third rounds. We also presented
statistical analyses in the form of frequency analysis tables, histograms, and dispersion graphs to

provide feedback to the panelists.

Structure of policy Delphi questions

Regarding the establishment of the SC concept, the first round of our policy Delphi method
involved presenting the definition of an SC as outlined in the Korean Smart City Act to the panelists.
We solicited their definitions of an SC. In the second round, we requested that the panelists
enumerate the keywords that consistently emerged in the SC concept definitions, arranging these
keywords by their perceived importance. In the third round, we relayed the outcomes of the second
round to the panelists, asking them to reassess the priority rankings of the keywords. The modified
policy Delphi method was also employed to forecast the implementation year of SCs in Korea.

Unlike the traditional Delphi approach, which typically begins with open-ended questions to
gather ideas before progressing to more specific inquiries in later rounds, our method introduced a
unique approach in the first round. The panelists were asked to evaluate whether two pilot projects
were expected to be executed effectively by 2030, selecting between two outcomes, success or
failure,' In and elaborating on their choice. In the second round, the panelists were asked to specify
an implementation year (e.g., 2025, 2030, etc.) and elaborate on their selection. Finally, in the third
round, the results from the second round were presented back to the panelists, who were then

requested to provide their final input on the expected implementation year.

Policy Delphi process
The policy Delphi process began on August 17, 2021, and concluded on October 15, 2021. The

"In this study, the authors did not define the success or failure of SCs. Instead, they encouraged evaluating SCs’ success
and failure by referencing the components of the IMD Smart City Index, which assesses the performances of global SCs
annually. The detailed contents of IMD’s index are shown in Appendix 1.
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first round’s questionnaire was disseminated via email to the 30 panelists on August 17, 2021, with
a notification sent via text message requesting their responses. The original deadline for responses
was set for August 31, but it was subsequently extended by five days to enhance the response rate,
resulting in 28 experts ultimately responding (Table 1).

Based on these initial responses, we formulated and disseminated a refined questionnaire for the
second round to the 28 panelists on September 24, 2021. The deadline for this round was September
30, and 27 experts provided responses.

After summarizing the second round’s outcomes, we proceeded to the final round, dispatching
questionnaires to the 27 panelists on October 8, 2021. The deadline for the third round was October
15, with 26 experts responding. Following the completion of the third round, the research team
conducted several meetings to classify and analyze the outcomes of the three policy Delphi rounds.
The consensus among the panelists regarding the forecast year was deemed to have been achieved

after the third Delphi round, thus concluding the process at this stage.

Analysis of the Results

A total of 26 experts, out of an initial panel of 30, participated up to the third round of the Delphi
study. Subsequently, the outcomes of the Delphi process concerning the definition of the SC concept
are presented, followed by a detailed exposition of the predictions regarding the implementation

timeline of the SC initiative.
Defining a smart city

Results for the first round

In the first round, 28 panelists answered and defined SC according to their viewpoints referring
to the SC definition in the Korean Smart City Act. As a result, we obtained various opinions
regarding the definition of an SC from the three sectors: academia, research, and industry. Table 2
shows the representative responses from these three sectors.

The keywords that appeared in common in the definitions were “the use of intelligent

» » s .

technology,” “improvement of citizens’ quality of life,” “improving a city’s competitiveness,”

» « » « » «

“sustainable city;” “public platform city,” “city governance,

» «

urban infrastructure,” “citizen-
centered city;” “sustainable eco-friendly city;” “participatory policy decision,” “solving urban
problems;” “improving the efficiency and equity of citizens’ lives;” “providing public service without

discrimination,” and “solving urban problems by utilizing intelligent technology”

Table 1. Information of policy Delphi panelists’ composition by round

Round 1 Round 2 Round 3
No. Percent (%) No. Percent (%) No. Percent (%)
Academia 1" 39.29 10 37.04 9 34.62
Research 10 35.71 10 37.04 10 38.46
Industry 7 25.00 7 25.93 7 26.92
Total 28 100 27 100 26 100

https://doi.org/10.52372/jps.e680
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Table 2. Results from the first round
Field Definition

Academia An intelligent and governable urban system that redesigns administrative practices and procedures based on highly intelligent ICT and social
networks, shares knowledge and information among governments, businesses, local residents and local communities, and provides a public
platform for continuous productive and democratic value- added transactions.

A new city that accumulates and judges information for urban operation using ICT technology and operates urban infrastructure in a planned and
responsive manner with information and communication technology as an operating system to improve the quality of life of urban people.

A city that has established an intelligent governance and eco-friendly urban foundation that can solve urban problems using sustainable digital
technology means from the perspective of citizens and constantly create new growth engines that improve the quality of life.

A smart city is a city that uses intelligent information technology as a core technology in a series of processes to improve citizens’ quality of life by
proactively identifying various administrative needs of citizens and presenting the most efficient solutions through democratic decision-making
processes.

Research Asmart city is a sustainable urban platform that efficiently manages assets and resources based on urban infrastructure built by converging
construction and information and communication technology and provides services created through citizens’ participation in policy design and
experiments.

A smart city provides safer and more convenient services by converging various information and communication technologies to improve the quality
of life of urban residents. To this end, it is necessary to establish the latest information and communication infrastructure and provide new urban-
based services using various technologies. In this process, equal universal services should be provided to all residents living in the city without
discrimination.

A city that uses intelligent information technology to respond sensitively to the needs of its citizens and to improve the quality of life of its citizens by
innovatively solving urban problems.

Industry It refers to the integration of intelligent information technology throughout the city. In other words, it can be said that it is a city where intelligent
information technology is applied to all fields such as administration, economy, and education as well as buildings, transportation, and the
environment. Intelligent information-related technologies are permeated into citizens'lives, including the physical environment.

It can be defined as a city that solves urban problems and improves residents’ quality of life by using the technologies of the 4IR such as big data,
network, and artificial intelligence. If the existing city was a method of expanding resource consumption and infrastructure construction to solve
urban problems, intelligent cities can be said to be cities that use the 4IR technology to maintain existing urban infrastructure while increasing
efficiency and solving problems.

Smart cities connect virtual and real worlds based on intelligent information technology represented by the 4IR to continuously simulate and derive
real cities from digital virtual cities to help citizens do what they want and improve city management capabilities.

ICT, information and communication technology; 4IR, emerging fourth industrial revolution.

Overall, the panelists in academia, research, and industry generally defined SC as cities that
emphasize intelligent technologies. However, while those in academia and research highlighted
the citizen-centered aspects of SCs, industry panelists generally placed more emphasis on technical
aspects. The reasons why industry experts prioritize technology over citizen-centered aspects
can be interpreted as follows. Experts in the industrial sector tend to recognize that technological
innovation plays a crucial role in creating new business models and markets (Kim et al., 2023).
Moreover, they are likely to feel more acutely than those in other sectors that technological
innovation significantly enhances a company’s or a society’s competitiveness. Therefore, it is highly
probable that they value the impact technology brings to the industry more than the qualitative

aspects, such as improving the quality of life for citizens.

Results for the second round

In the first round, the researchers identified the keywords that were frequently mentioned in
the definitions of SC. These summarized results were then presented to the panelists in the second
round. A total of 27 panelists were asked to select and rank the keywords they deemed most critical

for constructing SC concepts, assigning rankings from first to third. The ranking scores were
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allocated as follows: 5 points for the first rank, 4 points for the second rank, and 3 points for the
third rank.

Table 3 displays the comprehensive outcomes of the second round. The majority of respondents
in this round prioritized “the use of intelligent technology” as the foremost keyword. More
specifically, the use of big data, artificial intelligence, and the Internet of Things was highlighted. The
second most commonly suggested keyword was “improvement of citizens quality of life,” followed
by “sustainable city” as the third. Additionally, keywords such as “public platform city;” “addressing
various urban issues,” and “sustainable, eco-friendly city” were also identified as essential.

As shown in Table 4, all three sectors commonly viewed “the use of intelligent technology”
and “improvement of citizens quality of life” as the primary keywords that need to be included
in conceptualizing an SC. Except for these two common keywords, each field selected different
keywords that they considered essential. The panelists in academia selected “citizen-centered city;
those in research selected “public platform city;” and those in industry selected “sustainable city” as

the important keywords.

Results for the third round
Upon presenting the outcomes of the second round to the panelists, our research team
requested that they re-evaluate and rank the three most pertinent keywords in order of importance,

referencing the results from the second round. Based on their responses from the third round, the

Table 3. Results for the second round (n=27)

Rank Necessary keywords for defining SC Total score
1 The use of intelligent technology 89
2 Improvement of citizens' quality of life 57
3 Sustainable city 27
4 Public platform city 21
5 Sustainable eco-friendly city 20

Solving various urban problems

6 Improving the efficiency and equity of citizens'lives 15
7 Citizen-centered city 14
8 Solving urban problems by utilizing intelligent technology 12
9 Participatory policy decision 10
10 The democratic decision-making process of citizens 9
City governance
Improving city competitiveness
Total 312

SC, smart city.

Table 4. Necessary keywords for defining smart cities ranking by field

Academia Research field Industry
1 The use of intelligent technology The use of intelligent technology The use of intelligent technology
2 Improvement of citizens' quality of life Improvement of citizens' quality of life Sustainable city
3 Citizen-centered city Public platform city Improvement of citizens' quality of life
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terms prioritized from first to fifth were “the use of intelligent technology;” “improvement of citizens’
quality of life;” “sustainable city;” “solving the urban problems,” and “public platform city.” The final
results are shown in Table 5.

In synthesizing the final outcomes, we define an SC as “The sustainable city that applies
intelligent technology to all urban areas, solving various urban problems based on public platforms

and improving citizens quality of life”

Forecasting the expected implementation year of smart city projects

Results for the first round

The outcomes from the first round revealed varied perspectives among the 27 panelists on the
potential implementation of SCs by 2030. Among the panelists, the opinions on successes and
failures were almost divided, and the panelists’ opinions were not in agreement overall. Specifically,
11 out of 27 respondents believed in the successful implementation of the SC initiatives, 13
anticipated failure, and 1 abstained from making a prediction. Within the academic sector, a higher
incidence of optimistic forecasts was noted (success: 7, failure: 3, pending: 1), whereas the research
sector predominantly expressed pessimistic views (success: 3, failure: 6, pending: 1). Similarly, the
industrial sector demonstrated a tendency toward negative outcomes (success: 1, failure: 4, pending:
1). This result was attributed to the fact that experts in the fields (research and industry) who have
actually experienced and been in charge of SC projects may have experienced more obstacles in the
field of SC projects. These initial findings are shown in Table 6.

The 11 experts who envisioned a successful implementation by 2030 highlighted the rapid
advancement and exemplary infrastructure of Korea’s ICT as pivotal factors that could expedite the
success of Korean SCs. Additionally, a sentiment of optimism was discerned, with some experts
suggesting that Korea could prioritize a citizen-centered approach over a supplier-driven model,

learning from the shortcomings of previous U-City initiatives. These opinions included the belief

Table 5. Results for the third round (n=26)

Rank Keywords Total score
1 The use of intelligent technology 102
2 Improvement of citizens’ quality of life 72
3 Sustainable city 46
4 Solving the urban problems 23
5 Public platform city 19

Sustainable eco-friendly city
6 Citizen-centered city 12
7 City governance 10
8 Improving the efficiency and equity of citizens'lives 7
9 The democratic decision-making process of citizens 6
10 Solving urban problems by utilizing intelligent technology 3

Participatory policy decision

Improving city competitiveness

Total 325
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Table 6. Results for the first round (n=27)

Category Total Academia Research Industry
Success 1 7 3 1
Failure 13 3 6 4

Pending 3 1 1 1

that two Korean SC projects will be finalized around 2030.

Conversely, the 13 experts who forecasted unsuccessful outcomes for Korea’s SCs by 2030
contended that the experimental policies in both cities might culminate in incomplete executions.
They critiqued the excessive focus of Korea’s SC projects on developing new urban areas through
supplier-centric initiatives. They argued that unless there is a significant shift toward policies
embracing a citizen-centered perspective, the current SC endeavors are unlikely to flourish within
the next decade.

The three experts, pending judgment on the potential success or failure of the projects, posited
that the actual evaluation of success would be viable only when citizens begin residing in and
actively evaluating these newly constructed cities. They emphasized that the assessment of a city’s
success should be conducted by its actual inhabitants, suggesting that the ultimate measure of an SC
project’s success should transcend urban infrastructure or the adoption of intelligent technologies,
focusing instead on the genuine life experiences of the residents (Myeong et al.,, 2021). The detailed

opinions of the first round are shown in Table 7.

Results for the second round

In the second round, we queried the panelists regarding their predictions for the feasible years
of SC project implementation in Korea. The predominant response pointed toward the year 2035,
with five panelists considering implementation achievable by 2030. Predictions for the earliest and
latest years of implementation ranged from 2023 to 2040, respectively. Furthermore, three panelists
indicated the difficulty in forecasting a precise year for implementation. Fig. 1 illustrates the

aggregated outcomes of the second round.

Predicted implementation year of Korean SC project (second round)

Experts positing that SC implementation could be feasible by 2030 suggested that a minimum
of three years would be required to develop the urban infrastructure, followed by an additional
two years for residential facility construction, and a further one to two years for initiating service
demonstrations.

According to the strategic plan for Korean SCs, relocation into the city is proposed for 2023, yet
these experts anticipate an additional one to two years for the city’s full operational functionality.
Subsequently, they envisaged an additional period exceeding one to two years for residents to fully
engage with and benefit from intelligent technologies.

Conversely, experts forecasting a 2035 implementation timeline opined that despite Korea’s
rapid advancement in ICT, the integration and vibrant activation of urban services using intelligent

technologies within a SC context would necessitate a longer timeframe. They projected an
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Table 7. Panelists’ responses on predicting success of smart city (SC) implementation

Opinions

Comments

Success

I think the elasticity of technology and the acceptability and efficacy of residents of ICT technology applied to intelligent cities are high (academia).

Korea's diverse set of success factors (level and speed of technological development of the 4IR in Korea, citizens' desire for a citizen-centered city,
government drive, active participation of private operators) (academia).

Since Korea already has a lot of experience in promoting SCs (U-City, etc.), chances of success are high (academia).

I'think it will be successful because of the business feasibility based on cooperation between the private and public sectors. It is judged that the
results of SC policies that differ from the previous ones can be produced. This national demonstration city will be the center of services felt by
citizens in that consumer-centered services will be introduced through private participation with profitability in mind (industry).

Local government representatives have high leadership and interest and are actively promoting it by establishing a dedicated organization for SCs
to connect the private sector and the administration (industry).

Failure

It was wrong for the Ministry of Land, Infrastructure and Transport to be in charge of the main ministry promoting SCs. As in the case of the United

Kingdom, it should have been promoted in connection with the local economy through the establishment of SPC. In addition, the method of
ritualizing technology standards and evaluating technology through private consultative bodies is a global trend. The central government and
local governments should focus on budget and administrative support, and on post-evaluation and audit (academia).

SCs are likely to fail like U-City. However, the U-City and other technical keys lie in the data. It is the sum of the data of non-purposes rather than the
value-based purposefully fit data. Eventually, SCs will partially absorb the development of technologies and services in verified markets such as
transportation, medical care, and education into the public sector (industry).

Still, cities are focused on the latest facilities and infrastructure, and the intelligence of urban operating systems is rarely considered. It is unclear
who should draw the blueprint for the SCs, and it is difficult to expect a challenging and experimental SCs in a situation where the responsibility
has been handed over to the private-centered SPC (academia).

Even if it goes well, it will not be satisfied with the concept of SCs in the future. All of them are organized at the level of listing services by detailed
fields such as mobility, health care, education, energy, and cultural shopping, and the concept of an SC is not an immutable concept, as a
continuous reinterpretation of it is necessary (research).

For the success of SCs, factors of various dimensions must be promoted smoothly, but currently, two national demonstration cities are facing
various constraints. Since these problems require long-term improvement in terms of technology, policy, legal, and environmental aspects, it is
expected that the two national demonstration cities in 2030 will be difficult to implement properly as intelligent cities (research).

Pending

SCs are just starting construction, and it is too early to judge success or failure. | think it will be possible to evaluate it to a limited degree of
success if it focuses on what has been promoted so far. If the achievement is successfully carried out as planned, it can be an intelligent city
implementation (research).

It is practically impossible to build urban infrastructure to move in residents within the government’s term. However, it is expected that intelligent
cities will gradually form and become “new towns"”in 2030, and SC policies can produce tangible results (academia).

ICT, information and communication technology; 4IR, emerging fourth industrial revolution; SPC, statistical process control.

10
10
8
6 5
4 3 3 3
., m m m
2023 2024 2025 2028 2030 2035 2040 difficult to answer

Fig. 1. Predicted implementation year of Korean SC project (second round). SC, smart city.

approximate five-year period post-2030 construction completion to adequately address and fulfill
the residents’ needs.

Panelists predicting a 2040 timeframe for SC implementation contended that establishing a
comprehensive SC infrastructure and ensuring residents’ enjoyment of city services would span
approximately 20 years. They reinforced their argument by referencing the ongoing development of

the Sejong City case, which persists even a decade after its initiation. Therefore, they reasoned that
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a 10-year timeframe would be insufficient, estimating that at least 20 years post-construction would

be necessary for residents to fully reap the benefits of SCs.

Results of the predicted year by fields (second round)

Fig. 2 shows the second results for each field. The majority of the academia panelists answered
2035, and the majority of the research field panelists answered 2035 and 2040. The majority of
industry field panelists selected 2035. Except for the panelists who responded “it was difficult to
answer, the average year of the response values by the fields was calculated: The average value of
the research field was 2034, and those of academia and industry fields were 2031. In general, the

panelists from the research field were predicting the latest SC implementation year.

Results for the third round

Finally, 26 experts participated in the final round. In this third round, we reiterated the questions
from the second round after presenting its outcomes to the panelists. The consensus emerged with
13 experts forecasting SC implementation by 2035 and eight predicting 2030. Consequently, based
on the third round of Delphi results, the anticipated timeline for the implementation of South
Korea’s SC initiatives is projected to be around 2030 to 2035. Fig. 3 shows the overall results of the
third round.

Predicted implementation year of SC project in Korea (third round)

Fig. 4 details the response distribution across various fields. Within the research domain, 60%
of the experts anticipated SC projects’ fruition by 2035, with 44% of academics aligning with this
prediction. Similar to the second-round outcomes, experts in the research sector exhibited the most

conservative estimates regarding SC implementation timelines.

Results of the predicted year by the fields (third round)
The third-round feedback identified 2028 as the nearest expected year for SC implementation,

2023 2024 2025 2028 2030 2035 2040 diffizulyt
answer
® Academua 1 1 3 4 1
m Research 1 1 1 3 3 1
# Industry 1 1 1 3 1

® Academia ®Research ®Industry

Fig. 2. Results of the predicted year by fields (second round).
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Fig. 3. Predicted implementation year of SC project in Korea (third round). SC, smart city.
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Fig. 4. Results of the predicted year by the fields (third round).

noting a revision from earlier projections for 2023, 2024, and 2025. Due to the nature of policy
Delphi, each group is pressured to move to the median as they repeat the round, so the distribution
value converges further to the median. Likewise, in this result, the distribution converges to the
median value.

As we can see in Fig. 5, the implementation of Korea’s SC national pilot project will be completed
around 2030. When analyzing the contents of these results comprehensively, the realization of

intelligent services in SCs will be activated from around 2035.

Discussion

The present study’s findings can be used to paradigm shift SC policy in South Korea and other
countries that have pursued technology-driven and supplier-oriented SC policies. South Korea
holds a leading position in the fields of digital government and SCs (Choi & Kim, 2021; Chung,
2020). Despite this reputation, South Korea’s SCs are heavily focused on urban infrastructure
innovation based on advanced technology, showing relative limitations regarding intrinsic values

such as addressing urban regeneration and enhancing civic engagement and the quality of citizens’
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Fig. 5. Response changes from the second to third round.

lives. This shortfall is attributed to foundational misinterpretations of SC concepts within South
Korean policy frameworks.

Therefore, this study attempted to develop the definition of an SC that Korea should pursue
through the perspective of experts related to SCs in Korea. In addition, according to the developed
definition, we tried to forecast the expected implementation year of the national SC pilot projects
in Korea. Following our Delphi study, the completion of the national pilot projects is anticipated by
2030, with full-service realization potentially extending to around 2035.

Based on our research findings, several policy implications are recommended for the future
success of SC policies. This study addresses the need to redefine the concept of a SC from being
technology-centric to being citizen-centric. With their extensive urban development history,
European countries emphasize urban regeneration in their SC initiatives (Garau et al., 2017;
Garcia-Fuentes et al., 2017; Mora & Bolici, 2015). Conversely, Asian countries, including South
Korea, perceive SCs as a means to enhance national competitiveness and are focused on urban
infrastructure and hardware innovation (Jiang et al., 2023; Naprathansuk, 2017).

In South Korea, both past U-City promotions and current SC policies have predominantly
focused on new town development, including apartment complexes, framing SC as a new city
construction concept (Jang, 2017). This study’s findings underscore the necessity of broadening
the SC concept toward improving citizens’ quality of life, transitioning from construction and ICT
adoption to a focus on sustainability and citizen-centric values.

In the past, the inception of SC policies was heavily influenced by the prominence of world-
class ICT companies, leading to a predominant focus on the introduction and utilization of ICT
(Angelidou, 2017; Grossi & Pianezzi, 2017). This resulted in the adoption of the SC concept from
renowned foreign ICT firms by many national governments, promoting SC initiatives centered
around technological and supplier-centric approaches. However, it has become evident that such
technology-focused strategies no longer yield the intended outcomes (Angelidou, 2017; Glasmeier
& Nebiolo, 2016; Marvin & Luque-Ayala, 2013).

Thus, the contemporary paradigm for SC necessitates a transition from a technology-centric to a
citizen-centric approach. While the application of ICT remains a critical element in the development

of SC policies, the emphasis needs to shift toward prioritizing the needs and satisfaction of the
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citizenry over just technological deployment. The true measure of an SC’s success should be gauged
by the enhancement of citizen satisfaction rather than the efficiency of ICT implementation alone.

This study also raises the necessity of setting phased goals under a clear SC concept to
successfully implement an SC. The proposed completion timeline written by the South Korean
government regarding the national pilot SC project is based on the construction of SC infrastructure
and services. This approach still reveals the limitations of South Korea’s government-led and
supplier-centric approach, primarily focused on urban infrastructure development.

However, SC projects are often long-term endeavors, typically requiring more than 10 years, and
it is important to ensure that the integration of urban infrastructure and services into citizens’ daily
lives extends beyond only construction.

According to the findings of this study’s Delphi survey, South Korea’s national pilot project,
which emphasizes infrastructure development, is expected to be completed by 2030. However, the
full integration of SC services into the lives of citizens is projected to occur five years later around
2035. These findings underscore the necessity of setting phased goals when designing future SCs.

Rather than only considering the completion of an SC infrastructure and services from a
supplier-centric perspective as the endpoint, the completion point should also account for when
these services meaningfully enhance citizens’ quality of life. In other words, this phased goal-setting
can significantly improve the effectiveness of SC projects.

To achieve this, the implementing bodies of SC projects, including city governments and relevant
public-private councils, need to monitor how the intended objectives of the SC project are being
realized in citizens’ lives. For instance, they can assess citizen satisfaction and usage rates of newly
implemented services or use methodologies such as behavioral data analysis and social media
analytics. Through continuous monitoring, feedback, and follow-up actions, the sustainability of

SCs can be strengthened, and the accountability of those responsible for SC policies can be assured.

Conclusion

The purpose of this article was to develop an SC concept for South Korea to strive for, based on
the opinions of Korean SC experts. In addition, we attempted to predict the completion timeline of
the ongoing national SC pilot projects in South Korea based on the developed SC concept definition.

Through multiple rounds of policy Delphi, this study identified key elements of an SC definition
such as “using smart technology;,” “improving the quality of life of citizens,” and “sustainable city”
The consensus definition describes an SC as “a sustainable city that applies intelligent information
technology in all areas of the city to solve various urban problems based on public platforms and
improve the quality of life of citizens” In terms of the expected timeline for SC implementation, the
results showed that the infrastructure and service development of Korea’s SC projects are expected
to be completed by 2030, and SC services are expected to be integrated into the lives of citizens by
2035.

With these key findings, this research presents the following academic and practical
contributions. First, this study establishes a concept of SC that is appropriate for the Korean context

based on the opinions of Korean SC experts. By reviewing and evaluating Korea’s SC concepts,
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this paper can serve as a foundation for the development of SC concepts that take into account the
unique characteristics of other countries or regions.

Second, using the policy Delphi method, this study collected and presented diverse opinions
of experts on SC in Korea and detailed the process of consensus building. It is a methodological
contribution to support policies in complex socio-technical systems such as SC, and it can serve as
an important reference for future research on related agendas.

Third, this research predicted the completion time of the national SC pilot project in South
Korea. It contributes to the study of SC development scenarios that take into account technological
and policy changes over time.

The practical contribution of this research is threefold. First, the SC concepts derived from this
study can help clarify the direction of SC projects and prioritize problem-solving in SC projects
that require long-term construction. In particular, for projects with long construction periods or
significant delays, such as the Korean SC project, it may be necessary to establish and share clearer
concepts of an SC among stakeholders.

Furthermore, the expected implementation timeline derived in this paper provides concrete
guidance for policymakers and urban planners. In particular, the roadmap for the development
of an SC infrastructure and services targeted for 2030 and 2035 will be an important reference for
practitioners to formulate and implement medium- to long-term plans.

Lastly, this paper can also provide lessons for other countries trying to build SC. For example,
South Korea is moving toward becoming a world leader in the SC field, but it has experienced a
number of trials and errors, such as establishing the SC concept that downplays qualitative values
and focuses only on hardware innovation. This study can shed light on the importance of an SC
concept and definition that focuses on the sustainability and intrinsic value of SCs by conveying
Korea's case to other developing countries trying to introduce SCs.

Despite the above-mentioned contributions, this study has several limitations. First, although
this study established an SC concept based on the opinions of Korean SC experts, it is possible that
the expert panelists were not fully representative of all stakeholders in Korean SCs. For example,
the conceptual definition of a “citizen-centered smart city” would have been more legitimate if the
Delphi panelists had included citizens who plan to live in SCs.

Second, although this study predicts the completion of the Korean SC project using the policy
Delphi method, it is only an estimate based on current information and technological developments.
Many factors, such as future technological advances, policy changes, and changes in social needs,
may affect the outcome of the forecasts.

Third, this study estimated the forecast year of the Korean national pilot project of SC using the
policy Delphi method, but the reliability of the forecast of the completion time could be further
improved if a quantitative forecasting method was used in conjunction with it.

Finally, while this study considers the clarity of the SC concept as a major factor in the success of
SC projects, it could not take into account the various factors that can affect the success of SCs. For
example, political, institutional, and managerial factors might affect the success of SCs.

Based on the above limitations, the following topics can be considered for further research. For

example, interviews or surveys could be conducted with citizens who plan to live in the national
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pilot SC to further strengthen the concept of a citizen-centered SC in Korea. Then, after the
completion and implementation of the national SC project, the factors that may affect the actual
construction of the SC can be verified based on hard data. In addition, a follow-up study can
be conducted to analyze the gap between the completion and implementation of the SC project
predicted in this study and the actual completion of the project to analyze why this gap occurred.

Based on this, it will be possible to identify barriers and facilitators to successful SC implementation.
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Appendices

Appendix 1. An Example of a Round 1 Questionnaire (Narrative Questions)

A. Defining a Smart City: Referring to various existing definitions of smart cities, can you
redefine the concept of a smart city (SC)?

B. Prediction of Smart City Implementation Year: Do you think that the two national pilot
cities (Sejong 5-1 Living Zone and Busan Eco-Delta City) will be properly implemented as
smart cities by 2030? Please elaborate on the reasons for your opinion on whether the policy
for promoting smart cities will succeed or fail. Please refer to the following SC evaluation
indicators presented by IMD (2020) when responding to this question regarding success and
failure.

Appendix 2. An Example of a Round 2 Questionnaire

A. Defining a Smart City: Based on the results of the first round, the key terms used in the
definition of a SC are as follows (Appendix Table A1). Among the key terms presented above,
which three terms do you believe must be included in the definition of a SC, in order of
importance?

Please indicate the terms that must be included in the definition of a SC. Please select from a. to

p- Please also include the reasons for your response.

B. Prediction of the Smart City Implementation Year: In your opinion, in what year do you think
the two pilot SC projects in South Korea will be implemented (i.e., the level at which ICT is
applied to the city and citizens benefit from it)? Please include the reasons for your response as

well.

Appendix 3. An Example of a Round 3 Questionnaire
A. Defining a Smart City: From the key terms provided above (Appendix 2), what three terms do
you believe must be included in the definition of a SC, in order of importance.
B. Prediction of the Smart City Implementation Year: When referring to the summarized statistics
below;, in what year do you think the two pilot SC projects in South Korea will be implemented
(i.e., the level at which ICT is applied to the city and citizens benefit from it)?
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Appendix Table A1. Key terms used in the definition of a smart city

a. Utilization of intelligent information technology

b. Improvement of citizens quality of life

¢. Enhancement of urban competitiveness

d. Sustainable city

e. Public platform-based city

f. Governance-based urban system

g. Urban infrastructure

h. Citizen-centered city

i. Sustainable eco-friendly city

j. Democratic decision-making process for citizens

k. Participatory policy design

1. Solving various urban problems

m. Improving efficiency and equity of citizens’ lives

n. Providing universal services without discrimination
o. Ensuring participation of current and future generations
p. Solving urban problems using 4IR technologies
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