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Abstract: This study explores projects to regenerate old urban spaces and introduce smart city
systems. It focuses on citizen perspectives and ways to build a citizen-centered smart city. A survey
of 624 residents was undertaken in three South Korean cities where relevant projects have been
implemented. The Hierarchical Regression Model was employed to learn what factors affect citizens’
overall preferences for smart city projects. The analysis found that citizens prefer the services
closely linked to their everyday lives, and that those with lower quality of life regarding housing
circumstances and safety show greater interest in smart city projects, albeit there are differences
among the cities. They also view and prefer those projects as a means of resolving everyday problems
and local economic development, rather than seeking specific technologies or devices. Based on these
results, this research presents implications and suggestions to link urban regeneration plans to smart
city projects.
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1. Introduction

Citizens have become a point of emphasis in the discourse surrounding smart cities, following its
increasing focus on technocratic and instrumental aspects in the early 2000s. There are several reasons
for relating the two elements—citizens and smart cities—which have long been considered as being
completely separated; these include changes in the perceptions of both public and civil entities with
regard to smart cities in policy, economic, and social terms, but these can be largely narrowed down
into two perspectives.

First, we must highlight citizen-centric smart city initiative, which promotes the importance of
citizens’ political and social participation for implementing a smart city project based on planning,
management, and stewardship [1]. The second point concerns the importance of supplying sustainable
smart city services in response to citizens’ demands to improve their quality of life [2]. Accordingly,
in the urban planning field, citizen and community inputs have been emphasized in the planning and
designing of smart cities’ physical environments—for example, the establishment of a community-level
service [3]. This indicates that a smart city of the date should address two challenges: a complete
consideration of civil societies when deploying smart city technologies and facilities in urban spaces,
and the supply of appropriate services for meeting citizens’ needs.

To meet these goals, recent studies have been working to help citizens access smart city technologies.
Two factors make this possible: (1) A smart city project is primarily applied within existing urban
facilities based on established urban planning methodologies and related policy measures [4] and
(2) Several researchers have found that smart city technologies can directly affect citizens’ behaviors
and their ability to lead sustainable lives [5]. However, practical studies that can best describe the
relationship between smart cities and citizens’ lives have remained scarce [6]. It might be natural that
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traditional urban planning has limitations in fully encompassing smart city projects. While smart
city-related technologies continue to emerge and advance, urban planning has been built over the
past decades on the basis of citizens’ participation, citizen-oriented services, and infrastructures and
their supply systems, among other things. The types and scopes of smart city technologies differ,
and similarly, types of urban planning also vary based on certain business factors. This is why several
researches that aim at finding a middle ground for reflecting both smart city projects and urban
planning are underway, and multiple studies, including [7], explore smart cities in the real world—not
just in theoretical terms.

Accordingly, some major recent case studies have defined a smart city as “a means of changing
infrastructures and services of cities from the perspectives of economy, environment, transportation,
and governance technology” [8]; “introduction of Information and Communication Technologies (ICT)
infrastructure to urban places to improve the quality of life” [9]; and “socio-economic development by
maximizing new innovative technologies from citizens’ viewpoint” [10]. Along with the growing trend
of highlighting citizens’ roles in smart city projects, multiple researches, including [11,12], reviewed
smart cities as tools for regenerating established cities; recently, this view has been expanded further
by researchers such as [13,14] to suggest that smart cities could contribute toward the preservation of
local identities, and physical and social heritage contexts. These studies share similarities because they
ultimately recognize and claim smart cities as a means of improving citizens’ quality of life. However,
depending on urban residents’ features, each urban planning type, as a practical methodology for
analyzing a smart city, shows clear differences in terms of process and outcome [15]. The results could
also vary depending on the type of goods used in each subject area, each areas’ capital and policy
measures [16], and the economic background of each nation [17].

Despite continued discussions, most research aiming to put urban planning and smart cities on the
same page has largely been confined to reviewing and monitoring the results. Such limitations indicate
that it is desirable to view these issues as matters involving citizens’ quality of life, analyze and compare
cases involving diverse spatial backgrounds, and consider both physical and social circumstances;
all of these imply that smart city projects should focus on their starting point and a series of procedures
rather than on the end product.

Accordingly, this study selected three cities where government-led urban regeneration and smart
city establishment projects were being implemented at the same time; this study aimed to identify the
types of technologies, facilities, and services citizens preferred regarding these projects. Furthermore,
this study also examined whether and—if so—how much smart city technologies, facilities, and services
affected their preference (as a means for improving users’ quality of life) and users’ socio-economic
characteristics. Based on this analysis, this paper sought to present some research implications for
this field.

2. Literature Review

2.1. Smart City as a Quality of Life Enhancement Tool in Urban Planning

The current definition of “smart” city, which is a neutral term that involves both human and
material factors, has undergone several changes in terms of concept and name including “intelligent,”
“information,” “wired,” “knowledge,” and “digital” city [18]; furthermore, these terms mainly reflect
the objectives of introducing specific technologies to a city [19]. Though discussions about smart
cities have touched upon the roles of citizens, residents’ quality of life (involving both objective and
subjective aspects) began to be considered in a specific manner only in the mid-2010s. Beginning
around this time, several studies began to call for the realization of citizen-centric smart cities—not
for introducing new technologies but for improving quality of life—though the impacts of social,
physical, and environmental development, revitalization, or regeneration of urban spaces on people’s
life quality have been confirmed by diverse earlier researches such as [20–23], both quantitatively
and qualitatively.
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A slew of domains and indicators can be used for measuring urban dwellers’ quality of life
in a proper manner, so it is necessary to choose ones that suit the circumstances of each city and
their different business types [23]. Regarding these, several studies on citizen-centric urban planning
found that “Subjective Quality of Life,” which is evaluated by each resident, suggested implications
for resolving local problems. The major indicators used by researches on this vary, but they can be
classified into four categories.

The first aspect involves subjective health issues; these are assessed based on the assumption
that each city’s overall physical and social health can be measured by evaluating individual citizens’
mental and physical conditions [24]. In the same context, subjective health is widely used in researches
involving large cities, such as Taipei and Singapore [24–26], and rural areas. The second aspect involves
subjective safety evaluation. Though the crime and crime-related death rates are mainly used for
comparing cities’ competitiveness, the general level of subjective safety is under consideration here to
evaluate living and urban environments as a whole. Many studies, such as [27–29], have used this
method as an evaluation indicator for gauging urban dwellers’ life quality and community safety.
The third aspect involves the urban environment; it evaluates citizens’ satisfaction with the physical,
natural, and environmental circumstances of residential areas and communities. Researches, such
as [30–32], used these factors in their research models to emphasize that these models could be used
as effective tools for learning users’ evaluations of various urban environments. The final aspect
involves the measurement of the subjective quality of a given residential environment. Residential
space has long been regarded as a minimum unit for activities of individuals and families as well as
community formation; furthermore, this affects general evaluations of their city. Studies, such as [33–35],
have stressed that residents’ physical and social satisfaction with housing is a crucial factor in measuring
their subjective quality of life.

Measuring subjective quality of life (as mentioned above) involves single or multiple evaluation
items and indicates the human-environment relationship when selecting domains for urban
researches [35,36]. This shows that a comprehensive consideration of “human factors” as well
as “physical and environmental circumstances” is necessary when examining such topics. Multiple
studies, including [37], have stressed that smart cities should be evaluated by considering both physical
and social perspectives, especially when listening to citizens based on urban study-oriented domains.

Thus, subjective quality of life is considered an efficient means for listening to citizens in existing
cities; this indicator can support strategies for maintaining and further improving existing urban
areas when fully considered along with a city’s physical, natural, and environmental conditions.
Therefore, this paper aimed to review the physical and environmental conditions of the selected city
and, at the same time, assess citizens’ quality of life; it also aimed to present new strategies for existing
urban spaces.

2.2. Smart City Technologies, Facilities, and Services

Quality of life can be used for measuring physical infrastructures or facilities as well as social ties
based on citizens’ perspectives in a comprehensive manner. However, if a plan considers citizen-oriented
vision while creating actual urban spaces with physical and social infrastructure, listening to public
opinions should accompany the evaluation or their preference for them. Noteworthily, the classification
of smart city-related goods is far from clear in the urban planning field due to rapidly changing
technologies and policy environments. Smart city-oriented goods should also be selected in advance
when urban planning preparations are made; citizens’ opinions should be reviewed beforehand with
consideration of factors such as equipment, the necessary capacity for electricity, and storage facilities
for processing and preserving data. Regarding urban renewal projects that aim to maintain and inherit
an existing city’s organizations and communities, in particular, the classification and presentation of
smart city supplies, will become a barometer and roadmap for establishing related policies, such as
those involving their maintenance, management, and service improvements in the future.
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As classification criteria for establishing such a roadmap, Lee, J.H., et al. [38] proposed
the employment of the “service-device-technology (SDT)” framework. Here, the SDT presents
classifications for currently applicable or under-development technologies; service contents based
upon these technologies and target goals; and the equipment and device classifications that facilitate
each technology and service. However, the range of devices presented here is not wide enough for
application to actual construction and urban planning projects. If a device is replaced by the urban
facility, this can be used as a domain that includes the technologies and services of a smart city as well
as urban planning businesses. As highlighted by multiple researches, such as Lytras and Visvizi [39]
and Chang and Lo [40], this focus implies that turning an established city into a smart one requires
the advancement of existing architecture and urban planning facilities. Furthermore, comprehensive
policy measures, such as unit planning and urban design, are also necessary for the development of
related industries, as pointed out by Bakıcı et al. [8] and Angelidou [41].

Thus, three key factors—technologies, facilities, and services—should be considered when pushing
for a smart city construction project in established cities. Here, technology implies public or private
facilities or systems that provide services to citizens; these include related technologies, such as sensing,
interface, and network, which have been developed or are under development. The facility category
refers to a mechanical device for providing services through technology use. At the same time, from the
urban planning perspective, it encompasses structures or urban planning facilities that accommodate
those devices and technologies, as well as facilities for the maintenance and development of related
industries. As a physical means or as an information good that is provided through technologies,
facilities, and devices, a service refers to supplies that citizens can experience and use directly.

Thus, urban planning’s physical factors, which aim to regenerate, preserve, and revitalize existing
urban spaces and make them “smart,” cannot be limited to existing technologies—that is, sensors,
networks, and data. Instead, they should include districts or architecture facilities for supporting
innovative industries and businesses. In particular, based on the viewpoint that “technology is not
enough”, smart services should also allow people to think or act “smart” [41].

3. Materials and Methods

To implement urban regeneration and smart city projects simultaneously, it is important to choose
appropriate technologies that can ensure their continuous use by citizens. In particular, it is necessary
to seek ways to boost citizens’ satisfaction with the facilities so as to enhance their quality of life in
established old cities, given their existing communities, the need to preserve their urban environments,
and their limited budgets, among other things.

Each city has its unique social, economic, and financial features, and their business models should
differ accordingly. However, smart cities must have consistent and reasonable technologies, facilities,
and services (TFS). As such, this research aims to set up a pre-evaluation system for TFS using citizens’
points of view and aims to collect experts’ opinions and analysis for suggesting implications for the
implementation of relevant projects and researches.

3.1. Research Framework and Model

With the goal of establishing and evaluating a model for measuring citizens’ preference regarding
technologies, facilities, and services in a smart city, this study chose related factors that suited old
established cities and target sites and carried out a survey. The results were analyzed using a
regression model in order to detect factors that affected preferences regarding smart city introduction
by highlighting the demographic economy, residents’ quality of life, related technologies, facilities,
and services. The process of selecting independent variables and the research model and the procedures
for collecting experts’ opinions were as follows.

First, the demographic, social, and economic features of the respondents were examined.
Multiple studies have emphasized that established old cities should be treated using the perspectives of
the citizens who reside, work, and perform commercial activities in those spaces, and their demographic,
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social, and economic characteristics are crucial indicators. Accordingly, this study reviewed factors such
as gender, age, and income, in a comprehensive manner to suggest implications for local governments
and related researchers who may need to supply smart city TFS in a fair manner on a limited budget in
the future.

Second, respondents’ quality of life was reviewed. Undoubtedly, some indicators can
gauge quality of life based on statistics such as housing, economy, employment, life expectancy,
suicide rate, and health. However, they are more suited for comparing or evaluating competitiveness
between different cities or countries, and they often fail to show the unique features of
individuals. Therefore, this study categorized residents’ characteristics in terms of residence, health,
urban environments, and safety/convenience, and explored them to draw urban planning implications
from citizens’ perspectives.

Third, this study examined citizens’ preferences for each smart city-related technology, facility,
and service. Therefore, it analyzed four independent variables related to technology, nine variables
related to facility, and eight related to the service sector. South Korean regeneration projects with a
focus on revitalizing existing community and urban forms was implemented in the sites considered
for this study’s review; the following analysis points will be considered:

1. It is necessary to introduce smart city TFS with a greater emphasis on services to minimize
changes in urban infrastructures.

2. While implementing smart city projects, public entities should consider the size and budget,
the reliability that reflects the maturity and durability of the selected technologies, and their
operation and management.

3. Citizens could be indifferent to technologies, facilities, and services other than those they need,
and there are criticisms regarding possible budget waste. They could also have low confidence in
public entities with regard to various pilot projects, and some could even be skeptical. Considering
these points, independent variables in each sector were selected through the following steps.

As mentioned in the literature review, smart city goods were first classified into the following
categories: technology, facility, and service (TFS). Next, TFS items, which were either already introduced
or yet to be introduced, were selected based upon [42–46] along with documents by related governments,
which listed domestic smart city TFS projects based on [47]. They were then narrowed down to
select smart city construction projects led by public entities for existing old cities. As a next step,
12 individuals, including experts, government officials, researchers, and representatives for local
residents, conducted focus group interviews (FGI) and reviewed the items based on the following
criteria: whether they could be implemented in the target areas within the project period, whether their
technologies were mature enough, whether related data could be properly managed and maintained,
and whether the items could be managed in a sustainable manner after being installed. Here, the fact
that smart city services can be realized through related technologies and that they can involve structures
or urban planning facilities was considered. Technologies and services were chosen through discussions
conducted mainly with citizens, but the facilities subject to the research were selected by smart city
experts and public officials in the urban planning field. The facilities are designed to function as
control/data centers and administrative offices that deal with services and technologies, and those that
help to boost the sustainability of smart cities (e.g., industrial facilities and education centers).

Through the aforementioned process, 5 items were finally selected in 4 fields in the “technology”
category, 12 items out of 5 fields in “facility,” and 12 items out of 5 fields in “service.” In order to
minimize any possible differences between opinions of citizens, experts, and public entities regarding
the research course, this research assigned weighting to each variable based on experts’ evaluation;
this was determined through two rounds of the Analytic Hierarchy Processes (AHPs). Based on the
results of the weight value and responses to a pilot survey, the survey variables were finally fixed; its
contents and results are shown in Figure 1 and Table 1.
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Table 1. Independent (I.V.) variables of Research Model III and dependent variable (D.V.).

Class
(w1, Rank)

Variable Group
(w2, Rank) Evaluation Criteria (w3, Rank) Scales

Technology (TEC)
(0.276, 3)

Public Administration/
Monitoring

(0.325, 2)

E-administrative process complaint handling
(0.081, 4)

Likert 11 points
(0 = highly disfavored
10 = highly preferred)

Real-time city monitoring by a control center
(0.090, 3)

Energy
(0.115, 3)

Energy provision, control, management
technology for stable energy provision (0.029, 2)

Infrastructure (0.411, 1) Sensor-based infrastructure and facility
monitoring (0.113, 1)

Service (SVC)
(0.399, 1)

Public Safety
/Convenience

(0.271, 2)

Safety and disappearance monitoring for women,
the elderly, and children (0.101, 6)

Likert 11 points
(0 = highly disfavored
10 = highly preferred)

Real-time monitoring of illegal parking, fire and
crime detects and controls (0.105, 5)

Transportation
(0.231, 3)

Introduction of eco-friendly and intelligent
transportation (0.092, 7)

Real-time information of public transportation
arrivals and parking lots (0.092, 7)

Data and Information
(0.394, 1)

Single or ambi-directional digital signage and
kiosk (0.157, 1)

Provision of local community information and
data by web or API (0.152, 3)

Public wireless access point (0.157, 1)
Privatized real-time city monitoring by personal

device (0.142, 4)

Facility (FAC)
(0.325, 2)

Transportation
(0.254, 1)

Smart traffic (lights) control and automated
shade on crosswalk and station (0.080, 1)

Likert 11 points
(0 = highly disfavored
10 = highly preferred)

EV (electric)/HFCV (Hydrogen fuel cell) charging
station (0.077, 2)

Smart street poll, and smart street bin (0.077, 2)
Energy

(0.231, 3)
Energy production, management center (or

facility) for prosumer (0.047, 5)
Community

(0.127, 4)
Community hall (or community service center)

(0.041, 6)
Welfare/Wellbeing

(0.113, 5)
Culture center, (leisure) sports center (0.037, 7)
Daily care center for the senior and disabled

(0.037, 7)

Local
Industry
(0.212, 2)

Tourist information center (or tourism supportive
facilities) (0.069, 4)

Local strategic or knowledge industrial complex,
town, or building (0.069, 4)

D.V. Preference on Smart City
Project in site

Overall preference to smart city project on local
area of a respondent

The details are as follows:

1. The first AHP was conducted to evaluate the importance of smart city technologies, facilities,
and services so as to figure out the importance of key elements for smart city projects in existing
old cities (See Figure 1-w1).
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2. The second AHP was conducted to evaluate the importance of the variables included in the three
categories. By doing this, rankings were drawn for variable groups included in the technology
(3), facility (3), and service (4) categories (See Figure 1-w2). The weighting value of each variable
group was calculated after being multiplied by the result of the first AHP process.

Across processes 1 and 2, the AHPs were carried out with the aid of nine smart city experts
(fields: solution and R&D; average career: 10.3 years), seven urban planning and electronics experts
(fields: smart city; average career: 11.4 years), and five officials from related public institutions and
public firms (fields: smart city and related legal systems; average career: 13.1 years). The results were
derived from 19 questionnaires after eliminating 2, which showed the consistency ratio (C.R.) of 0.1 or
higher. Here, the AHP is a pairwise comparison matrix, which means two unique values configure the
eigenvector in order to calculate the weight and the comparative importance of the upper structure
based on evaluation and integration of sub elements.

For the evaluation of the eigenvalue, which serves as the decision-making standard, the paired
comparison scale of 9 points by Saaty [48] was used. This scale compares the importance of one
main evaluation criterion with that of another: when they are equally important, the value reaches 1.
When one of these two criteria shows a clear comparative advantage, the value grows to 3, 5, 7,
and finally 9. The following decision matrix has been established based upon those contents and
calculation method (Equation (1)):

A =


a11 a12 a13 · · · a1n
a21 a22 a23 · · · a2n

· · · · · · · · · · · ·
...

an1 an2 an3 · · · ann

 B =


b11 b12 b13 · · · b1n
b21 b22 b23 · · · b2n

· · · · · · · · · · · ·
...

bn1 bn2 bn3 · · · bnn

 (1)

where, i and j vary from 1 to n. In Matrix A ai j = 1, ai j = 1/ai j for i , j. The importance of each item
(ωi) in Matrix B is calculated as follows (Equation (2)):

bi j =
ai j∑n

n=1 ai j
, ωi =

1
n

∑n

j=1
bi j (2)

Last, the constancy index in pairwise comparison matrices is calculated as follows (Equation (3)):

λmax =
∑n

j=1

{∑n

i=1
ai j·ωi

}
, CI =

λmax − n
n− 1

(3)

The weighting for each variable group is obtained again based on the previously calculated value.
This process was conducted through a focus group interview with nine experts and researchers who
had good knowledge about the related projects, as this research has considered the implementation of
a regeneration project in existing old cities and the simultaneous installation of smart infrastructures.
In four levels from 0% (very good), to –3.3%, –6.6%, and –10% (neutral or bad), each variable
was evaluated in terms of patent, prototype, commercialization, maintenance and management,
and expansion potential. The results were then applied to independent variables to draw the final
weighting (see Figure 1-w3). Last, independent variables for the survey were selected, as shown in
Table 1. After deleting or integrating items that were deemed redundant or confusing, four indicators
were selected from three fields in “technology,” eight indicators from three fields in “service,” and nine
variables from four groups in “facility.” Next, each content was rewritten using citizens’ points of view;
this exercise aimed to help the citizens better understand the questionnaires.

As for independent variables selected from the categories of technology, service, and facility,
technology includes public-led electronic administrative process, control technology, and energy
management, most of which have been introduced in the researched sites. To boost respondents’
understanding, the technology items were written with a focus on their service features. The service
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category included public safety and convenience, transportation, and data and guidance; its items
included urban safety, real-time monitoring in environmental fields, the provision of living information
and public information centered on websites as well as the application programming interface (API),
wireless AP, and one-way and two-way kiosks. Most of the items are already available and operating in
some counties. Facility is related to traffic, energy, community, welfare, and local industries, which are
mostly accompanied by architectural and urban planning facilities. In particular, items such as industrial
complexes consider the characteristics of urban regeneration projects in local economic revitalization.

As mentioned above, this study aimed to conduct a regression analysis based on respondents’
socio-economic features, quality of life (Table 2), preferred items from among the technologies, facilities,
and services of a smart city (as independent variables), and degree of smart city infrastructure
introduction in the survey areas (as the dependent variable). For this process, this study adopted
the Hierarchical Regression Analysis (HRA), which introduces independent variable groups into the
regression model in phases. This helps to confirm what factors affect preferences regarding smart cities
and the strength of their impact.

Table 2. The other independent (I.V.) variables of Research Model I and II.

Class Variable Group Evaluation Criteria (w3) Scales

Socio-Economic
Characteristics

Gender Man (1), Woman (0) Dichotomous
Age Age (squared value) Open

Salary Average salary per household (5 intervals, from
approx. 1250 USD to 4166 USD) Selective

Quality of Life
(QoL)

Housing Subjective satisfaction of housing
facilities and environment

Likert 11 points
(0 = highly unsatisfied,

10 = highly satisfied

Urban
Environment

Subjective satisfaction of overall
urban environment

Health/Wellbeing Subjective satisfaction of current physical
and mental health

Safety/Convenience Subjective satisfaction of safety of
surrounding area

The methodology is based on the hypothesis that respondents’ individual characteristics, personal
backgrounds, and experiences with similar facilities affect their level of preference regarding goods
that are to be introduced in the future, and that those factors also affect the dependent variable
in the regression model. Regarding actual related research areas, Baptiste, A.K., et al. [49] used
demographic-social indicators in a regression model in policy evaluation, which considers public
participation; furthermore, Maas and Hox [50] and Willms [51] emphasized the requirement for
demographic-social characteristics to be placed first, superseding any other independent variables,
while citing the hierarchy of each independent variable in similar regression models (see Figure 2).

Sustainability 2020, 12, x FOR PEER REVIEW 8 of 20 

(0.113, 5) Daily care center for the senior and disabled (0.037, 7) 

Local 
Industry 
(0.212, 2) 

Tourist information center (or tourism supportive 
facilities) (0.069, 4) 

Local strategic or knowledge industrial complex, town, 
or building (0.069, 4) 

D.V. 
Preference on 

Smart City Project 
in site 

Overall preference to smart city project on local area of a 
respondent 

 

As mentioned above, this study aimed to conduct a regression analysis based on respondents’ 
socio-economic features, quality of life (Table 2), preferred items from among the technologies, 
facilities, and services of a smart city (as independent variables), and degree of smart city 
infrastructure introduction in the survey areas (as the dependent variable). For this process, this 
study adopted the Hierarchical Regression Analysis (HRA), which introduces independent variable 
groups into the regression model in phases. This helps to confirm what factors affect preferences 
regarding smart cities and the strength of their impact. 

Table 2. The other independent (I.V.) variables of Research Model I and II. 

Class Variable Group Evaluation Criteria (w3) Scales 

Socio-
Economic 

Characteristics 

Gender Man (1), Woman (0) Dichotomous 
Age Age (squared value) Open 

Salary 
Average salary per household (5 intervals, 

from approx. 1250 USD to 4166 USD) 
Selective 

Quality of Life 
(QoL) 

Housing 
Subjective satisfaction of housing 

facilities and environment 
Likert 11 points 

(0 = highly 
unsatisfied,  
10 = highly 

satisfied 

Urban 
Environment 

Subjective satisfaction of overall 
urban environment 

Health/Wellbeing 
Subjective satisfaction of current physical 

and mental health 

Safety/Convenience 
Subjective satisfaction of safety of 

surrounding area 

The methodology is based on the hypothesis that respondents’ individual characteristics, 
personal backgrounds, and experiences with similar facilities affect their level of preference 
regarding goods that are to be introduced in the future, and that those factors also affect the 
dependent variable in the regression model. Regarding actual related research areas, [49] used 
demographic-social indicators in a regression model in policy evaluation, which considers public 
participation; furthermore, Maas and Hox [50] and Willms [51] emphasized the requirement for 
demographic-social characteristics to be placed first, superseding any other independent variables, 
while citing the hierarchy of each independent variable in similar regression models (see Figure 2).  

 
Figure 2. Hierarchical Regression Model (HRA) of this research. Figure 2. Hierarchical Regression Model (HRA) of this research.



Sustainability 2020, 12, 6874 9 of 20

From the same perspective, this study put (1) demographic and social status variables, such as
gender, age, and income mentioned in the Table 2 to regression model I. Then (2) the subjective quality
of life that each individual evaluates currently was applied to regression model II, and (3) the two
abovementioned factors along with each smart city’s TFS were applied to regression model III; this is
expected to show the highest explanatory power. In other words, HRA can be considered as a model
that indicates which TFS should be introduced first, which can contribute to the improvement of
citizens’ quality of life, and what problems can obstruct the introduction of a smart city.

3.2. Study Areas and Data Collection

For the abovementioned purposes, this study selected target sites where a smart city project
is being planned in accordance with related laws and regulations; next, a survey of residents was
conducted to explore desirable ways to achieve a smart city that meets citizens’ needs.

To choose project sites, first, a total of eight places were selected: five sites were among 68 places
picked by [52] in 2017 as candidates for the regeneration project of old existing cities; two were where
smart city-related living labs and the introduction of ICT technologies were highlighted; and one was
a site where a smart city establishment project led by public companies is being planned. Second,
after in-depth discussions with experts and public officials, five out of the eight areas were selected;
these bore similarities in terms of project size, budget, and duration. Finally, three areas were chosen by
eliminating two metropolitan areas in order to focus on old cities in provincial areas. Since December
2018—when the central government announced a smart regeneration project—many discussions
have been held regarding the types of technologies and services that will be introduced in the three
cities, and local governments have collected public opinions regarding the matter. Then, in 2019,
information network systems began to be expanded or newly installed in the three regions to introduce
the necessary infrastructure for smart city construction. Therefore, analysis of samples from the cities
is expected to show residents’ recognition of and preference for a smart city project in existing old
cities. The three cities show differences in location, urban environments, and related policy measures.
Through the comparison of their analysis results, this research is expected to present implications for
future researches on cities with similar physical and social conditions. The status and plans of each
target site as of 2019 were as follows:

The Jochiwon project aims to improve living environments in old downtown areas, revitalize
their major commercial zones, and attract companies to them for job creation. In detail, local and
central governments are considering the construction of control centers, electronic libraries, and living
lab spaces for creating user-friendly smart city infrastructures [47]. The Pohang project called for
the introduction of a comprehensive platform that involves smart city technologies. It also aims
to introduce Internet of Things (IoT) in transportation, environment, and energy sectors as well
as Artificial Intelligence-based information and communication technologies. Through such smart
city projects, the government seeks to boost the security and safety of citizens and to improve their
responses to natural disasters. Related facilities and services are to be introduced in existing centers for
public affairs, businesses, and culture [47]. In Cheonan, the project aims to help the city specialize in
crime prevention, disaster management, and effective energy usage by integrating its related platforms
with those of neighboring cities. The city has also been gathering residents’ opinions about envisioned
programs such as the introduction of eco-friendly transportation and real-time traffic notification
systems (see Figure 3) [47].
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Considering the project scale and walking distances, the survey’s spatial scope was limited to a
radius of 500 m. To expand the result implications, geographic information system (GIS) was used to
learn about and present land use plans, the age of the structures, and other details of government-led
projects. The survey sample was limited to those aged between 20 and 65 years, and the selected
participants lived in the target area or adjacent districts for more than three years and had experiences
of using business and commercial facilities. The sample was extracted through stratified random
sampling based on age, and the minimum administrative district for collecting demographic statistics
was set as the research population. The number of residents in the research sites and the results of the
population calculation were as follows, and the sampling error was calculated using the following
Equation (4).

n =
z2

a
2
×p(1−p)

e2

e = Z a
2
×

√
p(1−p)

n

(4)

where n is numbers of respondents, e is margin of error of confidence interval, z is confidence level
(95%, = 1.96), and p is the observed percentage (p = 0.5).

In order to review the validity of each survey and to check respondents’ understanding, a pilot
survey was first conducted involving 39 people in Jochiwon and 44 in Cheonan. Next, the questionnaire
was reviewed with the aid of public officials and local activists with a focus on such details as
explanations of smart city TFS. Then, the sample survey was conducted: 211 people in Jochiwon
(population of 31,496, 95% CI, SE = 6.92%); 201 people in Cheonan (population 79,245, 95% CI,
SE = ± 6.9%); and 231 people in Pohang (population 51,579, 95% CI, SE = 6.43%). The respondents
of the three cities (n = 624) and their demographic, social, and economic features are as follows (see
Table 3).

In January 2019, a pilot survey was conducted involving 39 and 44 people in Jochiwon and
Cheonan, respectively; this was followed by the first main survey between March and May. Next,
in Pohang, a survey was conducted from April through July. All the surveys were administered face to
face by pollsters who majored in urban planning or information technology and received education on
this subject. The response rates reached 43.5% in Jochiwon, 39.7% in Pohang, and 47.0% in Cheonan.

https://map.naver.com
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Table 3. Socio-economic characteristics of respondents (n = 624).

Classification and Criteria Jochiwon
(n = 208/31,496)

Pohang
(n = 200/51,579)

Cheonan
(n = 216/79,245)

Gender
Male 105 (52.5%) 107 (50.71%) 113 (52.31%)

Female 95 (47.5%) 104 (49.29%) 83 (47.69%)
Sum 208 (100%) 200 (100%) 216 (100%)

Age Group

20–29 35 (17.5%) 26 (22.1%) 52 (24.1%)
30–39 30 (14.8%) 51 (19.7%) 46 (21.4%)
40–49 42 (21.0%) 51 (24.3%) 46 (21.0%)
50–59 57 (28.7%) 50 (24.0%) 51 (24.1%)
60–65 36 (18.1%) 21 (10.0%) 19 (8.9%)
Sum 208 (100%) 200 (100%) 216 (100%)

Income Level

Under 1250 USD 24 (12.00%) 28 (13.46%) 32 (14.81%)
1250–2083 USD 38 (19.00%) 41 (19.71%) 42 (19.44%)
2083–2500 USD 55 (27.50%) 63 (30.29%) 64 (29.63%)
2500–3333 USD 45 (22.50%) 43 (20.67%) 42 (19.44%)
3333–4167 USD 29 (14.50%) 31 (15.00%) 32 (15.00%)
Over 4166 USD 9 (4.50%) 2 (2.88%) 4 (1.85%)

Sum 208 (100%) 200 (100%) 216 (100%)

Occupation

Regular 101 (50.50%) 80 (38.46%) 91 (42.13%)
Non-regular 25 (12.50%) 59 (28.37%) 54 (25.00%)
Unemployed 74 (37.00%) 69 (33.17%) 71 (32.87%)

Administrative 8 (4.00%) 9 (4.33%) 16 (7.41%)
Professional 8 (4.50%) 6 (2.88%) 5 (2.31%)
White-collar 29 (14.50%) 23 (11.06%) 17 (7.87%)
Sales/Service 45 (22.50%) 25 (12.02%) 43 (19.91%)

Farmer/Fisher 11 (5.50%) 55 (26.44%) 39 (18.06%)
Student, etc. 98 (49.00%) 90 (43.17%) 96 (44.45%)

Sum 208 (100%) 200 (100%) 216 (100%)

The Number of
Residents

in a Household

1 31 (15.50%) 25 (12.02%) 39 (18.06%)
2 61 (30.50%) 74 (35.58%) 72 (33.33%)
3 72 (36.00%) 73 (35.10%) 78 (36.11%)

Over 4 36 (18.00%) 35 (17.31%) 27 (12.50%)
Sum 208 (100%) 200 (100%) 216 (100%)

4. Results

4.1. Overview

This research’s literature review emphasized the importance of collecting opinions from citizens,
when pushing for the simultaneous introduction of projects for urban regeneration and smart city
infrastructures, especially when there are limitations in budget and other physical factors. As such,
it sorted out appropriate technologies, facilities, and services (TFS) for launching a smart city project
at three similar sites; it then measured citizens’ demographic characteristics and their objective and
subjective quality of life in order to introduce subjective factors in the statistical model and thus,
examine factors that affect citizens’ preference regarding smart cities. In the main part of results,
the survey results regarding independent variables were reviewed first, and diverse information,
including each city’s aging level and land use, were presented over its course in order to produce
results that reflected citizens’ opinions and local circumstances.

The number of respondents was 208 in Jochiwon, 216 in Cheonan, and 200 in Pohang city, and all
the three sites satisfied the sample error of ±6% with a confidence interval of 95% based on the
population. The three cities—all in provincial regions—are old and have been designated by the
central government as sites for urban regeneration projects that aim to revitalize areas in old cities
and thus, boost their social and physical vitality [53]. Currently, smart city technology screening
and related infrastructures, including data centers, are being installed in these areas, and the local
governments have been launching PR efforts while collecting residents’ opinions on smart city projects.
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The three cities are similar in that they all have several old and low-rise buildings that were built more
than 30 years ago (as shown in Figure 4), but some differences were spotted in their actual land use,
their current status, and urban regeneration plans.
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Considering the business plans of each city, Jochiwon aims to establish governance that is
presented directly by citizens; the goal is to revitalize the transportation and industry fields in a
smart fashion based on participation by private and public entities as well as universities. As for its
physical circumstances, the metropolitan railway station is located at the center of the project site.
Across the project site, the semi-residential zone, which accommodates both commercial and residential
facilities, accounts for the largest share: 16.28%. Within the area of a 500 m radius, however, the general
residential area takes up the largest section (excluding green areas): 31%. Therefore, the site shows a
mixture of transportation, commerce, and housing functions.

Pohang has faced some decline, as its city center was changed. Therefore, the local government,
along with public firms, aims to build a smart city by introducing information and communication
technologies in its central part. This city is also attempting to establish an industry center for
young entrepreneurs and to redevelop old housing areas so as to attract more visitors and tourists.
In opposition to Jochiwon, the general residential area accounted for about 42.8% of the total area
in Pohang. Within its surveyed range, the ratio of commercial area (32.5%) was higher than that of
general residential area (25.38%), which is a typical feature of a declining local city center.

As in Jochiwon, Cheonan’s metropolitan railway station is also located at the center of the target
area, but it had declined due to the formation of a new city center, as was the case in Pohang. It has
good accessibility to the capital city, thanks to the metropolitan railway, but the very existence has
accelerated the city’s decline. Accordingly, the government aims to create a dynamic and competitive
city by introducing projects to create innovative districts around the station, preserve residential areas,
and install smart city infrastructures. Commercial districts accounted for around 30.77% of the total
target zone in Cheonan. Within a radius of 500 m, however, the general residential area (32.5%) is bigger
than the commercial zone (25.38%), thus indicating that commercial areas are quite densely formed.

4.2. Quality of Life and Preference for Smart City TFS

As highlighted in this research’s literature review, respondents’ quality of life was the most
important factor for implementing urban regeneration projects in old established cities. The survey
results showed that quality of life in all three cities was scored 4.95 to 5.07 out of 10, which was similar
to or slightly lower than the national average of 5.39 indicated by the survey of [48]. The comparison of
quality of life among the three areas showed that they were similar because level of health scored the
lowest, while residential and urban environments had relatively high figures. In Pohang, satisfaction
level regarding safety received lower scores compared to other cities, though it houses relatively
recently built buildings compared to other cities. Interviews with citizens attributed this result to
multiple earthquakes that had hit the city the previous year.
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More than 60% of the respondents said that they were aware of the smart city concept,
and the main sources of their recognition included PR campaigns by public entities and media.
In addition, respondents had used electronic petitions, public bicycles, public transportation guidance,
disaster notification messages, display boards, parking lot guides, and free Wi-Fi through personal or
public terminals, and about 42% said they were satisfied with those services.

Respondents’ preferences for each smart city technology, facility, and service item are indicated in
Figure 5 (from 2 to 4), and some similarities were spotted among these sites.
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The results showed that, in general, citizens showed high interests in collecting and processing
various local information about fires, accidents, and crimes. Their demands were centered on the
improvement of overall living conditions, such as the monitoring of and crackdown on illegal waste
dumping and illegal parking. On the other hand, there were relatively low calls for introducing
technologies for the electronic processing of public complaints in government agencies, which have
already been widely distributed and well implemented, and energy-related strategies whose services
had not yet been decided.

Each city showed some differences in preferences for smart city-related services. Overall, however,
the preference level was higher for monitoring and related services for the safety of women, the elderly,
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and children (6.29), fire/crime/illegal parking control service (5.87), and public transportation arrival
notification and parking lot information (5.86), thus indicating that citizens are generally interested in
services related to everyday safety and convenience.

Furthermore, preference for public Wi-Fi (4.58), which involves relatively low technology, was quite
high. As for projects involving kiosks and electric signboards (with an average of 3.29), however,
respondents showed a low preference in general, and projects such as the introduction of public
bicycles, autonomous vehicles, and shared vehicles (3.29 on average) turned out to be less popular.
Web- or application-based urban living information services (2.93 on average), which have been
pushed for by local governments since 2010, earned the lowest scores. Respondents said the amount of
information available was already sufficient.

Figure 5 shows the results of introducing structures and facilities to realize smart city technologies
and services, and to foster related industries and education. The average preferences for medical
facilities and facilities for the elderly and the disabled (6.57) were the highest, followed by residents’
welfare and community facilities (4.86), and cultural and sporting facilities (4.78). The preferred
facilities differed based on the current circumstances of each district, but interest in energy (4.05)
and electric/hydrogen cell vehicle (4.02) was found to be relatively low despite central and local
governments’ initiatives and subsidies for their popularization.

There were also differences in respondents’ preferred facilities based on the current status of
each region. In Pohang, where the need to attract tourists was highlighted, residents’ preference
for building tourism support facilities was lower than that of other cities’ residents. Energy and
electric vehicle/hydrogen battery facilities also received a relatively poor evaluation in the three regions,
though the project is pushed for by their governments. Such cases indicate that there could be a gap in
policy goals and directions between public and private entities.

4.3. Regression Model Results

According to the survey, the preference levels for smart city technologies, facilities, and services did
not reveal significant disparities between the cities. In the case of some construction and urban planning
facilities, significant differences were spotted according to their related infrastructure. Such evaluations,
however, simply reflect arithmetical figures in respondents’ responses, and this presents limitations for
grasping the overall tendency of respondents who want a smart city. Therefore, this study tried to
examine what elements could affect overall preference levels regarding the introduction of smart city
TFS based on citizens’ points of view; the aim was to present results that can be used for follow-up
researches and related projects as well as technology development. Analysis through the application
of the HRA model to survey results was as follows (see Table 4).

First, both the overall results of the three cities’ samples, which were included in the research
model, and the individual results of each city were found to be significant. The suitability and the
explanatory power of the model could be assessed through changes in R value during each step of
the HRA. When the independent variable groups were included in the regression model—one after
the other—the explanatory power grew during each step to describe the dependent variable. In other
words, based on the R2 value calculated after including all samples, this model explained 16.3% of
dependent variables in terms of citizens’ social and economic features. As independent variables
regarding quality of life were included, the explanatory power of the model rose by 12.3% to stand
at 28.6%.

When smart city TFS was applied to Model 3, the explanation power surged from 34.2% to 62.8%,
thus indicating that respondents’ current status, their quality of life, and their overall preference
regarding smart city projects which accurately explained their overall preference for smart city projects.
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Table 4. Results of HRA models of the three research sites (n = 624).

Based on Model III
Total Jochiwon

(n = 208)
Pohang

(n = 216)
Cheonan
(n = 200)

t Sig. t Sig. t Sig. t Sig.

(constant) 10.742 0.000 10.471 0.000 6.443 0.000 5.067 0.000
SE-Gender −7.320 0.000 *** −11.274 0.000 *** −5.341 0.000 *** −4.515 0.000 ***

SE-Age −3.870 0.000 *** −2.652 0.009 ** −2.150 0.033 * 0.501 0.617
SE-Ave. Monthly Income 0.626 0.532 −2.919 0.004 ** −0.572 0.568 1.514 0.132

QoL-Housing −9.506 0.000 *** −10.581 0.000 *** −6.952 0.000 *** −5.307 0.000 ***
QoL-Health/Wellbeing 1.667 0.096 −4.079 0.000 *** −2.485 0.014 * −1.829 0.069

QoL-Urban Infrastructure −8.155 0.000 *** −10.866 0.000 *** −5.225 0.000 *** −5.892 0.000 ***
QoL-Safety/Convenience −3.084 0.002 ** −7.781 0.000 *** −2.105 0.037 * −2.558 0.011 *

TEC-E-administrative process/complaint −3.082 0.002 ** −9.776 0.000 *** −0.758 0.450 −2.839 0.005 *
TEC-Energy provision/control/management −0.728 0.467 1.553 0.122 0.251 0.802 0.513 0.608

TEC-Infra./facility monitoring (censor) 3.625 0.000 2.616 0.010 ** 2.132 0.034 * 0.837 0.404
TEC-Real-time city monitoring 4.159 0.000 *** 0.248 0.804 1.545 0.124 −0.735 0.463

SVC-Women/elderly/children safety
monitoring 8.809 0.000 *** 12.202 0.000 *** 6.436 0.000 *** 3.993 0.000 ***

SVC-Real-time monitoring via device 1.818 0.070 7.438 0.000 *** 0.322 0.748 1.637 0.103
SVC-Eco-friendly/Intelligent transportation −0.886 0.376 −0.038 0.970 1.886 0.061 −2.261 0.025 *
SVC-Public transport./parking information 0.226 0.821 −0.427 0.670 −1.922 0.056 0.563 0.574
SVC-Illegal parking/fire/crime information 6.919 0.000 *** 4.867 0.000 *** 5.085 0.000 *** 4.750 0.000 ***

SVC-Digital signage/Kiosk (1 or 2 way) 0.528 0.598 0.793 0.429 −0.449 0.654 1.204 0.230
SVC-Local community info. (Web/API) 1.922 0.055 0.307 0.759 0.206 0.837 1.743 0.083

SVC-Public wireless internet 3.837 0.000 *** 1.041 0.299 −0.198 0.843 2.273 0.024 *

FAC-Smart traffic control, automated shade −1.160 0.247 2.950 0.004 ** 1.184 0.238 −0.716 0.475
FAC-EV/HFCV charging station −0.840 0.402 −0.628 0.531 −0.662 0.509 1.324 0.187
FAC-Smart street poll, waste bin −3.226 0.001 ** −3.869 0.000 *** −3.020 0.003 *** 1.822 0.070

FAC-Energy production/management −1.416 0.157 −0.706 0.481 −0.100 0.921 −1.600 0.111
FAC-Community (service) center 0.595 0.552 −2.937 0.004 ** −1.662 0.098 2.658 0.009 **
FAC-Culture/leisure sports center 1.123 0.262 −0.647 0.518 1.418 0.158 −0.671 0.503

FAC-Tourism/tourist information center −6.722 0.000 *** −0.674 0.501 −4.270 0.000 *** −1.442 0.151
FAC-Welfare facility (for senior/disabled) 0.756 0.450 0.645 0.520 0.171 0.865 1.121 0.264

FAC-Local industrial complex/facility 5.801 0.000 *** 9.833 0.000 *** 3.989 0.000 *** 3.752 0.000 ***

F-statistic 38.523 *** 33.696 *** 15.063 *** 16.332 ***
R (model 1, 2, and 3) 0.409/0.167/0.163 0.443/0.196/0.184 0.432/0.186/0.174 0.316/0.130/0.118
R2 (model 1, 2, and 3) 0.543/0.294/0.286 0.554/0.307/0.283 0.551/0.304/0.279 0.550/0.314/0.291

Adj R2 (model 1, 2, and 3) 0.803/0.644/0.628 0.184/0.283/0.816 0.844/0.712/0.664 0.842/0.710/0.666
Durbin-Watson 1.847 1.596 1.791 2.069

*: p < 0.05; **: p < 0.01; ***: p < 0.001.

Considering independent variables that affect dependent variables in terms of the aggregate
values of all three cities’ samples, male citizens and younger people contributed to the increase in
overall preference levels for smart city projects. However, residents’ income did not affect the results.
Regarding quality of life, lower satisfaction levels with housing, urban circumstances, infrastructures,
and safety-related circumstances led to a greater impact on the dependent variable’s explanatory
power. This could be interpreted to indicate that they perceived smart city projects as a positive means
of improving adverse environments for their current business, residential, and commercial activities.
As such, citizens’ quality of life can be said to have negative correlations with the dependent variable,
but their preference for individual smart city technologies, facilities, and services has either a positive
or negative effect on the dependent variable. According to t-value, control and management services
related to the safety of women, the elderly, and children could have the strongest effect on preference
levels for smart city businesses, followed by monitoring of and crackdown on fire, crime, and illegal
parking (t = 6.919, p = 0.000) and the creation of knowledge industry complexes (t = 5.801, p = 0.000).
Control of and crackdown on waste disposal and illegal parking (t = 4.159, p = 0.000) and public Wi-Fi
(t = 3.837, p = 0.000) also contributed to the higher level of preference. On the other hand, smart street
lamps and trash cans (t = −3.226, p = 0.001), which have been introduced by many countries and cities,
and tourism support centers and related promotion facilities (t = −6.722, p = 0.000) showed a negative
correlation with the dependent variable. In terms of the research model, the Durbin-Watson (D-W) test
value for assessing the independence of observation was 1.847, which is close to 2. As the value did
not approach either 0 or 4, and little auto correlation was found, the result can be considered valid.

Thus, the results indicate that citizens perceive smart cities as a means of improving their safety,
convenience, and their local environments. It is in this context that smart city projects are advised
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for highlighting the supply of necessary facilities and infrastructures, and for improving residents’
living circumstances in established old cities, as is the case in traditional urban regeneration projects.
Therefore, if the introduction of smart city technologies, facilities, and services aims to revitalize
established old cities rather than to seek large-scale development projects, priority should be assigned
to the introduction of proper technologies for enhancing citizens’ safety, comfort, and convenience so
as to heighten their quality of life, rather than to the competition between advanced technologies.

In the analysis of each city, factors affecting citizens’ preference for smart city projects showed
differences. In the case of Jochiwon, the age (t = −2.652, p = 0.000) and monthly income (t = −2.919,
p = 0.009) were found to have a negative correlation with preference regarding a smart city project.
Other independent variables on satisfaction with living conditions—residence (t = −10.581, p = 0.000),
health (t = −4.079, p = 0.000), urban environments and infrastructure (t = −10.866, p = 0.000), and safety
issues (t = −7.781, p = 0.000)—also showed a negative correlation with residents’ preference. This result
could indicate that preference level regarding smart cities could be affected by citizens low satisfaction
with quality of life.

Therefore, it is safe to say that citizens recognize smart cities as a means of improving their overall
living circumstances. In addition, safety control and management services for women, the elderly,
and children (t = −12.202, p = 0.000) as well as a project to develop a knowledge industrial complex
(t = −9.883, p = 0.000) also had a high positive correlation with the dependent variable. The real-time
city control service, energy reduction, power management technologies (t = −2.616, p = 0.010) as well
as traffic and pedestrian-related facilities, such as smart traffic control and providing shade (t = −2.950,
p = 0.004), had a positive correlation with the dependent variable, though they were proved to be
insignificant in the integrated analysis involving all three cities. These results could be attributed to
the fact that some basic infrastructures in Jochiwon were built along with large-scale apartments and
housing complexes constructed after 2010, so, compared to the two other cities, it has experienced less
aging. These results could also be affected by the fact that the Jochiwon analysis involved a greater
number of respondents in the 20 to 40 years age group, who are relatively tech-savvy; however, further
research is necessary for confirming this linkage.

Unlike the results for Jochiwon and the aggregate ones, the Cheonan analysis showed that,
among the demographic and economic characteristics, only gender (t = −4.515, p = 0.000) was
significant; furthermore, quality of life was significant for all variables except health. Unlike other
cities, however, eco-friendly transportation (t = −2.261, p = 0.025) showed negative correlations
with the dependent variable in the service sector. Given that Cheonan has a mixture of relatively
quiet, dense, low-rise residential and commercial areas and that its central commercial street and
a metropolitan railway station are located at the center of the target area, the results could reflect
residents’ negative views on traffic. Here, the control of and crackdown on crimes, fire, and illegal
parking (t = 4.750, p = 0.000), and safety control and management services for women, the elderly,
and children (t = −3.993, p = 0.000) had high scores compared to other variables. Factoring in the
physical context of the site, where residential and commercial areas are merged, demand for welfare
facilities for residents (t = −2.658, p = 0.009) and public Wi-Fi (t = 2.273, p = 0.024) had effects on the
dependent variable.

In the case of Pohang, which harbors a concentrated but underdeveloped commercial area, the
evaluation of citizens’ quality of life regarding gender, age, residential circumstances (t = −6.952,
p = 0.000), and urban infrastructures (t =−5.225, p = 0.000) was negatively correlated with the dependent
variable, thus showing similarities with the results mentioned above. In addition, the monitoring
of and the crackdown on fire, crimes, and illegal parking (t = 5.805, p = 0.000), and the creation of
knowledge industrial complexes (t = −3.989, p = 0.000) were found to affect the dependent variable,
as was the case in other cities. The demand for the introduction of energy reduction and power
management facilities (t = 2.132, p = 0.034) had a positive correlation with the dependent variable, and
the introduction of smart street lamps and trash cans (t = −3.020, p = 0.003) had a negative correlation,
as in Jochiwon. As for the element of tourism-related facilities, which was found to be significant
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for the aggregate analysis but insignificant for other cities, a negative correlation with the dependent
variable was detected with a relatively large value (t = −4.270, p = 0.000). This indicates that the
introduction of technologies, facilities, and services related to the tourism industry is at odds with
citizens’ expectations regarding a smart city project. Thus, in this context, it is advisable for Pohang to
use such projects as a means of resolving existing issues—rather than focusing on tourism—in order to
elicit citizens’ interests and garner support.

Thus, analysis results using the regression model showed some similarities, but factors that
influenced smart city project-related preferences could differ in accordance with diverse urban
conditions and backgrounds. Such differences can be caused by a variety of elements including each
city’s physical, social, and environmental features and quality of life. Given that this research reviewed
citizens’ opinions, which are hard to predict through the simple comparison of the scores accrued by
each technology, facility, and service, in particular, this model is expected to be used as a useful tool for
public entities to systematically collect citizens’ opinions when pushing for future smart city projects.

5. Discussion and Implications

This study selected smart city technologies, facilities, and services that could be introduced into
existing old cities, chose three areas where related projects are to be implemented, and collected the
residents’ opinions regarding smart cities. This research partially determined that citizens residing in
old cities expected smart city businesses to help them improve their living circumstances and to ensure
safety and security.

The literature review of this study highlighted the significance of citizen-centric smart cities as
a means of improving residents’ quality of life. For its evaluation, proper items were selected and
analyzed. South Korea’s urban regeneration projects and policy guidelines call for the preservation
of the physical, social, and economic contexts of any given region. Therefore, this research chose
technologies, facilities, and services that would have little effect on existing urban infrastructures,
as determined through evaluations by experts. This study evaluated citizens’ assessments regarding
their life quality and reviewed preferences for each item (in the categories of technologies, facilities,
and services) and for smart city business plans. By doing so, this study aimed to establish a basis for
researches focusing on citizens. In fact, study results showed that citizens preferred smart city projects
as a means of improving their quality of life and boosting convenience through the enhancement of
urban infrastructures, among other things. Based upon these findings, this study presented detailed
directions for a smart city to meet the demand of its actual users (as highlighted by earlier researches).
It also tried to figure out what citizens really expected from smart city projects, as previous researchers
seem to have paid little attention to this issue. The analysis results found that citizens preferred services
that were closely linked to their everyday lives, rather than the introduction of any new “wow factor”
services; these included crime prevention, safe environments for pedestrians, and free Wi-Fi.

However, this study had one limitation in that only three places were examined; this obstructed
a clear identification of relations between citizens’ opinions and the physical features of each city,
even though the three research sites could be considered as so called representative cities for “Smart
Urban Regeneration” in South Korea. The research model employed here may also not function as
an absolute standard that can be accepted internationally, since each city has different conditions
and circumstances.

To overcome these limitations, further research should be conducted to comprehensively assess
smart city projects at different sites by factoring in their scope and budget and citizens’ characteristics.
Many countries have introduced legislation calling for a greater role for citizens’ voices in implementing
urban planning projects; however, most such moves employ top-down approaches rather than
bottom-up approaches and tend to focus on persuading residents to accept the authorities’ measures.
In particular, for such projects in established cities, technology-driven ways tend to be quite common
in reality, and few legal and systematic frameworks promote citizens’ participation, listen to their
opinions, and carry out post-implementation evaluations. It is only lately that analysis models for the
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post evaluation of those projects have come under review. Therefore, it is necessary for public entities
to establish legal and institutional measures to better reflect citizens’ opinions during the early stages of
related projects and to devise a standardized system. All in all, this study has important implications
in that it presented a basic framework that can be used for listening to citizens and for evaluating their
opinions in an efficient manner when implementing similar future projects; furthermore, it partially
verified the tool through an analysis of actual project sites.
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