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Abstract: The goal of providing smart city services is not only simply building smart technology
and infrastructure but also improving the quality of life of citizens who use smart city services and
have positive experiences. This requires establishing service supply strategies considering citizens’
satisfaction levels by identifying the factors that affect the will or behavior of citizens who use
smart city services. However, decision making regarding smart city policies and service supply
in Korea is conducted through the central government-centered top-down mode, which lacks the
consideration of how to improve citizens’ satisfaction levels or their intention to use technology. Thus,
we proposed an acceptance model for smart city services, which is a theoretical model that offers a
foundation for a model to evaluate the interaction levels of citizens toward smart city services based
on the technology acceptance model, which is the most widely used tool to evaluate what factors
affect the acceptance and use of information technology and system-based services. In addition,
we defined research models by discussing previous studies that proposed factors that affect the
acceptance of smart city and U-City services and urban public services. To empirically verify the
research models proposed herein, we surveyed citizens in Seoul and conducted structural equation
modeling using AMOS 28. As a result, we derived a total of eight factors (Quality, User Characteristics,
Positive Attitude, Perceived Risk, Social Influence, Perceived Ease of Use, Perceived Usefulness, and
Acceptance Intention) that affected the acceptance of smart city services and 42 assessment items
from these factors. The results of this study are expected to be foundational data for establishing
policies and systems for the improvement of citizens” interaction level and continuous use of smart
city services.
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1. Introduction

With the rapidity of global urbanization, smart cities are being evaluated as a key
element to ensure competitiveness at the national level, such as by solving urban problems
and improving citizens’ quality of life. In recent years, smart city functionality has only
been applied in new towns. However, providing smart city services is expanding to solve
urban problems in combination with state-of-the-art technologies in various fields including
safety, behavior, and transport, even targeting existing cities since 2017.

According to the International Telecommunication Union [1], the smart city concept
has 116 various definitions, which vary between countries and industries and have multiple
meanings. However, its unified common definition is a city that provides services and
platforms to solve urban problems and improve quality of life using advanced technologies
such as information and communication technology (ICT) and the Internet of Things (IoT).
In Korea, smart city services are defined as those that collect information about a city’s main
functions such as administration, transportation, welfare, environment, and preventing and
managing disasters; in addition, it provides collected information either as is or integrated,
through smart city infrastructure, etc. under Subparagraph 2, Article 2 in the Enforcement
Decree of the Act on the Promotion of Smart City Development, and Industry [2].

Meanwhile, compared to the maturity of smart city technologies and services, the
interaction level of the smart city technologies and services felt by citizens is always
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low, which is a limitation. This is because most smart-city-related policies and projects
so far have been conducted through a top-down mode centered on central and local
governments. Since policies and projects have focused on technical achievements or
building infrastructure and intensively tackled problems at the national level, services
considering the interaction level felt by citizens or the improvement of the intention to use
technology are not sufficiently provided. According to the Korea Agency for Infrastructure
Technology Advancement (KAIA) [3], smart technologies, facilities, care, etc. must be built
to successfully implement smart city services, but such services that are not wanted by
or interact with citizens will ultimately be turned away and regarded as useless. Thus,
the KAIA stressed that improving the interaction level felt by citizens is important, and
this can be conducted by identifying the problems through the direct use of citizens and
implementing a transparent resolution process.

U-City before smart city refers to a city that provides ubiquitous city services that
are needed anytime and anywhere through ubiquitous urban infrastructure built with
communication as the main technology for new city development [4]. Beak [5] compared
and analyzed U-City and Smart City in terms of Business Perspective, Technological
Perspective, and User Perspective. In this study, a smart city is not limited to infrastructure
construction and technology development but aims to provide services to solve urban
problems and improve the quality of life of citizens by grafting cutting-edge technology to
existing cities. The difference between a U-city and a smart city is that citizens of smart
cities are active participants who play a leading role, not passive customers. In other words,
U-Cities and smart cities are similar in that they apply new technologies to cities, but there
is a difference in the importance of citizen participation.

The European Commission analyzed successful elements of smart city communities
in around 300 nations, and their analysis results derived the ‘citizens” as the most key
element [6]. That is, the citizenry, which is one of the main components of smart cities, is
the reason and purpose for the smart city’s existence. Thus, services that consider citizens
should be derived and active participation is absolutely needed. Cohen [7] categorized
smart city development largely into three phases. Most smart cities were converted into
consumer-centered services until 2015, which was a stage to create services where citizens
participated and interacted with the cooperation of public and private sectors. Furthermore,
smart cities were defined as urban platforms as a kind of social innovation system, using
the fact that citizens themselves defined and solved problems and shared in the benefits.
It is essential to provide smart city services by considering the interactivity of citizens to
solve urban problems and improve citizens’ quality of life, which are the ultimate goals of
smart cities.

According to the research result of analyzing the research trends of the papers regis-
tered since 2017, when smart city was used as a legal term in earnest, smart city theory and
concept research was the largest (63.5%, 109 papers), and the evaluation index for smart
cities was only 2% (7 papers) for the past three years [8]. In the author’s previous study [9],
because of adding and analyzing the research trends for 2020 and 2021 under the same
conditions as the above studies, the number of studies on smart city evaluation indicators
increased, but it was still low at 4.2% (10 papers).

The research trend also shows that the analysis study results [10] of 11,527 keywords
in papers whose subject was smart cities in both Korea and other countries in 2000-2020,
which was determined by referring to global academic paper data, exhibited that the ‘ser-
vice” keyword had the largest proportion, and keyword items involving citizen-centric
innovation and sustainability such as ‘citizen’, ‘problem’, ‘sustenance’, and ‘approach’
accounted for 22.4%, which was the largest proportion. That is, many studies have been
conducted to spread services that are directly related to citizens such as citizen-centric plat-
forms, citizen’s demand analysis, and the citizen participation-type problem-solving Living
Lab. Moreover, Jeong [11] comparatively analyzed the promotion of smart cities, finding
that the consideration of the sector of smart city service acceptance and sustainability had
expanded gradually.
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The goal of the development of a new technology is not the end of development, but
continuous use. When new information technology is applied in various fields, factors
affecting the intention to use are identified, and based on this, an evaluation model is
developed and used to establish an introduction plan [12].

The TAM proposed by Davis [13] is a refined model based on the theory of reasoned
action (TRA) and theory of planned behavior (TPB) to be made suitable to explain computer
use behavior.

TAM defines that ‘Perceived Usefulness” and ‘Perceived Ease of Use’ for new technol-
ogy positively or negatively affect “Attitude Toward Using’, ‘Behavioral Intention to Use’ is
affected by attitude, and intention affects ‘Actual System Use’. And ‘Perceived Usefulness’
and ‘Perceived Ease of Use” are affected by external factors. Here, the external variables
are viewed as the factors that affect the perceived usefulness and perceived ease of use of
information technology, the intention to use technology, and behaviors. External variables
may vary depending on the type of information technology.

This has been recognized as a simple and highly explanatory model to explain the
recipient’s information technology acceptance and use behavior. Since this model is fo-
cused on discovering the extent to which the causal relationship between users’ attitudes,
intentions, and actual use affects the acceptance process for a specific technology, a large
number of subsequent studies have been conducted in Korea and overseas.

Thus, this research, as a foundation to develop an index for evaluating users” inter-
action level with smart city services, aims to determine the influencing factors of smart
city service acceptance based on the technology acceptance model (TAM), which is the
most widely used tool when analyzing influencing factors to adopt and use information
technology and system-based services and derive implications by analyzing the influ-
ence relationship between the influencing factors of smart city service acceptance and the
intention of smart city service acceptance.

2. Material and Methods

Previously, through a review of smart city services and related literature, the necessity
of managing the level of citizens’ perceptions of smart city services for a successful smart
city was confirmed. Based on these social and academic backgrounds, the research objective
was to identify factors that have a significant effect on smart city service use intention and
to empirically verify which mechanisms influence those factors on smart city acceptance.
The method of data collection and data analysis are as follows.

2.1. Data Collection

We targeted the Seoul region, which is expected to incorporate many smart city
services, using the derived assessment items. The subjects of this study were citizens over 20
years old living in Seoul and were expected to have access to smart city services more than
any other region. As for the sampling method used in this research, among the probabilistic
sampling methods, when the population was divided into several heterogeneous groups,
the proportional stratified sampling method was used, which randomly selects a sample
according to the proportion of each group. In this research, gender and age were collected at
the same rate so that the factors influencing smart city service acceptance and the influence
relationship between smart city service acceptance were not affected. The questionnaire
consisted of (1) basic information: gender, age; (2) the perception of smart cities (using
a 5-point Likert scale); and (3) the perception level of acceptance-influencing factors and
the Acceptance Intention of smart city services (using a 5-point Likert scale). The data
were collected using survey questionnaires for 12 days from 28 January to 8 February in
2022 through an online survey platform. The statistical characteristics of the respondents
from the 450 samples collected are presented in Table 1. It was found that 63.2% of the
respondents were aware of the smart city, and for the reliability of the answer, the survey
was conducted after sufficiently explaining the definition and field of the smart city service
to the respondents.
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Table 1. Characteristics of the respondents (1 = 450).

Category Frequency %
Gend Male 220 48.89
ender Female 230 51.11
20s 89 19.78
30s 91 20.22
Age 40s 95 21.11
50s 94 20.89
60s or older 81 18.00
1to 5 years 82 18.22
5 to 10 years 97 21.56
Residence period 10 to 20 years 119 26.44
20 to 30 years 84 18.67
over 30 years 68 15.11
Not at all 21 4.67
. . Do not know well 145 32.22
Smalﬁteiletyf;‘”ce Moderate 196 4356
P Know well 80 17.78
Know very well 8 1.78

2.2. Data Analysis

Previous studies that derived the factors that influence acceptance in various fields
are discussed based on technology-acceptance-related theories and TAM, thereby deriving
what factors affect the acceptance of smart city services and factors’ assessment items.
Additionally, we define the main factors that affect smart city service acceptance through
exploratory factor analysis, and the smart city service acceptance model is defined based on
the TAM. The proposed smart city service acceptance model is empirically verified through
structural equation modeling (SEM) using AMOS 28.

3. Results
3.1. Proposed Model and Research Hypotheses

Smart cities are cities that improve the performance of urban infrastructure using
ICT, provide services for the improvement of the quality of life of citizens based on the
created information, and present the solutions to urban problems along with citizens with
a consumer-centric rather than supplier-centric attitude.

However, since the construction of smart cities in Korea has been mostly promoted
based on new towns, a top-down project approach led by the central government has
been used. Thus, it has been difficult to develop citizen-centric services where citizens can
feel satisfaction through the reflection of characteristics of existing individual cities and
opinions from consumers. The strategy of this supplier-centric smart city construction and
uniform installation of intelligence facilities has degraded cost effectiveness and caused
citizens to have lower satisfaction with smart cities. It has also limited the discovery of
various services due to the lack of policy and institutional basis that can accept creative
ideas from citizens and private companies or reflect their demands. It is necessary for
the performance evaluation of smart cities to not only evaluate a quantitative level of
supplier-centric technology factor applications, but also to have a qualitative system to
assess the interactivity of citizens towards the services.

Thus, this study empirically aims to verify the acceptance mechanisms of smart city
services based on TAM [13-15], which has been most widely used as a tool to analyze
the factors that affect the adoption and use of information technology and system-based
services, and is based on the development of an evaluation index of interactivity of users
toward smart city services.

Based on the discussion results of not only previous studies on the factors that affect
the Acceptance Intention of smart cities and U-Cities but also previous studies that pre-
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sented the factors that affect users to accept public services, the present study proposes
a research model and research hypotheses for the empirical verification of smart city ser-
vice acceptance models using a total of eight latent constructs and a total of 42 observed
indicators, as shown in Figure 1 and Table 2.
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Figure 1. Research model.
Table 2. Research hypotheses.
Hypotheses Definition
H a Quality will positively affect Perceived Ease of Use
b Quality will positively affect Perceived Usefulness
- a User Characteristics will positively affect Perceived Ease of Use
b User Characteristics will positively affect Perceived Usefulness
- a Positive Attitude will positively affect Perceived Ease of Use
b Positive Attitude will positively affect Perceived Usefulness
a Perceived Risk will positively affect Perceived Ease of Use
e b Perceived Risk will positively affect Perceived Usefulness
Hs a Social Influence will positively affect Perceived Ease of Use
b Social Influence will positively affect Perceived Usefulness
Ho a Perceived Ease of Use will positively affect Perceived Usefulness
b Perceived Ease of Use will positively affect Intention to Accept
H7 - Perceived Usefulness will positively affect Intention to Accept

The present study also verified the model of the structural equation using the two-
stage approach proposed by Anderson and Gerbing [16] using AMOS 28. First, the fitness,
validity, and reliability of the measurement models were verified through confirmatory
factor analysis (CFA). Second, hypotheses between the factors were verified using the
structural model.

More details of each latent construct are presented in Sections 3.1.1-3.1.3.

3.1.1. External Variables: A Critical Factor for Smart City Service

To derive the factors that significantly influence the Acceptance Intention of smart
city services, this study examines not only previous studies on the factors that affected
the Acceptance Intention of smart city and U-City services, but also previous studies that
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proposed the factors that affected the acceptance of public services of citizens. Table 3
presents the discussed results.

Table 3. The affected factors considered in previous studies.

Authors

Target

External Variables

Internal Variables

Yang & You [17]

Smart City Service

Prior knowledge, trust, personal
innovativeness, intimacy

Perceived Usefulness, Perceived
Ease of Use, Intention to pay

Lee [18]

U-City Service

Innovativeness, intimacy,
self-confidence, reliability, interest
level, convenience

Perceived Usefulness, Perceived
Ease of Use

Han et al. [4]

U-City Service

Propensity to Trust, self-efficacy,
Information Accuracy, Context
Awareness, ubiquitous

Perceived Usefulness, Perceived
Ease of Use, Trust, Behavioral
Intention to Use

Kim & Ha [19]

Public Service
using ubiquitous

Information Quality, System Quality,
Policy Quality

Perceived Usefulness, Perceived
Ease of Use, Citizen acceptance

Lee & Lee [20]

Smart TV

Innovativeness, experience, social
impact, cost, interaction

Effort expectancy, performance
expectancy

Han & Kim [21]

Mobile e-government
Service

Service Quality, Information Quality,
Technology Quality, Relationship
Quality, Public Quality, interaction

Perceived Usefulness, Perceived
Ease of Use, satisfaction

Oh [22]

e-government
Self-Service

Attitude, subjective norms,
technology readiness

Perceived Usefulness, Perceived
Ease of Use

Personal innovativeness, self-efficacy,

Jin & Lee [23] Mobile Easy Payment subjective norms, security, economic ~ Perceived Usefulness, Perceived
Services efficiency, instant connectivity, Ease of Use
suitability
Darmawan et al. [24] Smart City Tech. Personal innovativeness, self-efficacy, Price value, effort expectancy

reliability, security

Habib & Prybutok [25]

Perceived Usefulness, Perceived
Ease of Use, satisfaction

Service Quality, System Quality,

Smart City Service Information Quality

Sepasgozara et al. [26]

Cost reduction, time saving,
energy saving, work facilitation,
relative advantages, Perceived
Usefulness, Perceived Ease of Use

Self-efficacy, trust, Service Quality,

Smart City Tech. .
security

An exploratory factor analysis was conducted to group 31 assessment items of external
variables that affected the acceptance of smart city services considered in previous studies
into the critical factors. Factor analysis is a statistical method to group a large number
of variables into a small number of hypothetical variables, which are factors. The main
purpose is to reduce the number of variables into a smaller number of factors by identifying
the types of interactions between variables. In addition, the basic principle of factor analysis
is to group items that are highly interactive into a single factor and to maintain the mutual
independence between factors [27]. To verify whether a dataset is fit for factor analysis,
it is necessary to check the sample size and the strength of the relationship among the
factors [28]. Hair et al. [29] claimed that the right sample size was four to five times the
number of measurement variables. Nunnalyy [30] proposed that the sample size should
be at least 10 times the number of variables, but because it was difficult to satisfy this
requirement, he suggested that at least five times the number of variables was appropriate
for the sample size in general. In this study, since the number of measurement variables
was 31, the same size in this study was suitable for the factor analysis. In addition, Bartlett’s
test of sphericity [31] was needed to see whether the correlation matrix was an identity
matrix, and the Kaiser-Myer-Olkin (KMO) [32] test was also needed to check whether the
numbers of variables and samples used in the analysis were suitable. The p-value from
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Bartlett’s test of sphericity should be statistically significant below 0.05, and the KMO value
should be 0.6 or larger. In this study, Bartlett’s test of sphericity result was significant,
and the KMO value was 0.939, which indicated that the samples used in this study were
suitable for the factor analysis.

Principal component analysis was used as a model to extract factors. It has been
most widely used in general among the factor extraction models, and its purpose is to
reduce the number of variables into a smaller number of factors while minimizing factor
information loss. A varimax rotation was used, which was focused on the interpretation
of factors as several variables were prevented from being loaded on a single factor. The
factor analysis identified that the number of factors whose eigenvalue was one or larger
was five, and the percentage of variance explained by the derived factors was 61.728%. The
measurement variables were grouped into one of the five factors based on the criterion
where the factor loading value was greater than 0.5 [33]. To measure the same concept with
many variables, an internal consistency test was needed. In the present study, this was
tested using Cronbach’s « coefficient. All five factors showed 0.8 or greater, indicating a
good level of internal consistency.

e  Factor 1: Quality of Smart City Service (Q)

The total variance explanatory power of the Quality of Smart City Service was 35.735%,
indicating it as the most important factor among the five factors. The Quality of Smart City
Service was composed of ‘Suitability” (Q1, Q2), which refers to the degree of suitability to
the daily living and demands of users [24,34]; “Interaction’ (Q3, Q4, Q5), which refers to
the degree of rapid response and facilitation of operating organizations when demands
occur [22]; ‘System Quality” (Q6, Q7), which refers to the performance needed to be
equipped with in systems required for the use of smart city services; and ‘Information
Quality” (Q8, Q9, Q10, Q11, Q12), which refers to information accuracy, up-to-datedness,
needs, sufficiency, and rapidness that should be contained in the information provided
when using smart city services. In the information system success model proposed by
DeLone and McLean [35], ‘System Quality” and ‘Information Quality” are defined as the
first factors that must be solved to lead to the success of the information system and the
most widely used components as the outcome variables of information system quality.
Accordingly, smart city services can be viewed as one of the information systems that are
defined as services to provide collected and linked urban information to citizens.

e  Factor 2: User Characteristics of Smart City Service (UC)

The total variance explanatory power of the User Characteristics of Smart City Service
was 9.080%, indicating that it was the second most important factor. The User Characteris-
tics factor consisted of ‘Self-Efficacy’ (UC1, UC2, UC3, UC4), which refers to self-confidence
in using smart city services, and ‘Personal Innovation” (UC5, UC6, UC7), which refers to
the personal intention to attempt the use of new information technology.

e  Factor 3: Positive Attitude of User (PA)

The total variance explanatory power of the Positive Attitude of the User was 7.458%,
which was derived as the third most important factor. It consisted of assessment items of
a positive emotional degree for positive smart city service use and the degree to which
users believe that their personal data will be safe from tampering or misuse. The Positive
Attitude of users in their 20s and 40s, who are actively using SNS, can be greatly influenced
by broadcasting or internet media [36].

e  Factor 4: Perceived Risk (PR)

The total variance explanatory power of Perceived Risk was 5.763%. This factor refers
to the perceived security level of systems provided in smart city services. The items that
measured the Perceived Risk of security consisted of a degree of concern about the leakage
of sensitive information and the intrusion of external viruses and a degree of perception
that the system and technology to prevent this are insufficient [37]. Security risk may be
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viewed as the System Quality, but the smart city services in this study were based on the
personal information collection of citizens, which is why it was derived as a separate factor
(as security and personal information protection become important issues).

e  Factor 5: Social Influence (SI)

The total variance explanatory power of Social Influence was 3.688%. This factor had
the lowest importance among the five factors, but it was derived as one of the important
factors that affected the acceptance of smart city services. Social Influence consisted of
assessment items that measured the degree to which people are forced to use smart city
services by an external force, or others who are important to them, such as family, friends,
and colleagues.

The assessment items of the five main factors are presented in Table 4.

Table 4. Assessment items of external variables.

Variables Assessment Items
Q1 The use of smart city services gets along well with my lifestyle.
Q2 I think smart city services will meet the needs of citizens.
Q3 I believe that I can receive a response rapidly when I have trouble using smart city services.
Q4 I believe that the response from the operation organization will be quick when there is demand for
smart city service use.
Q5 I think that smart city services will play a role in smooth interactions with citizens.
Quality Qo6 I will use smart city services if possible with smart devices I own.
Q) . . : . ; ; o : .
Q7 I believe when using smart city services, reliable services can be maintained without technical issues
(connection errors or interruption, etc.) to use services smoothly.
Q8 I believe that accurate information can be provided when using smart city services.
Q9 I'believe that the most up-to-date information can be provided when using smart city services.
Q10 I believe that needed information can be provided when using smart city services.
Q11 I'believe that sufficient information can be provided when using smart city services.
Q12 I'believe that information can be provided rapidly when using smart city services.
uct I am more comfortable when I use the smart city service than using face-to-face contact
with operators.
uc2 I'have self-confidence in using new smart city services.
I am confident that I will be familiar with the use of new smart city services if I use a similar
User ucs .
. service before.
Characteristics
(UQ) uca I am confident that I will be familiar with the use of new smart city services if somebody teaches me
how to use them.
ucs I am used to using smart devices (smartphones, kiosks, etc.).
UcCe I am active in the use of smart devices (smartphones, kiosks, etc.).
uc7 I tend to try new smart city services first.
PA1 I am positive about using new smart city services.
PA2 I think it would be desirable to extend the supply of smart city services.
s I think I will have an advantage when I use smart city services compared to others who do not use
Positive PA3 . .
Attitude smart city services.
(PA) PA4 I think I like to use more smart city services when broadcast and Internet media advertise smart city
services a lot.
PA5 I trust governments and public institutions that provide smart city services.
PA6 I'believe the city I live in has the competence to provide smart city services.
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Table 4. Cont.

Variables

Assessment Items

PR1

I think that technologies used in smart city services are not yet reliable to prevent viruses or
external intrusion.

Perceived
Risk

PR2

I think strong systems and policies are not in place yet to prevent sensitive information leakage when
using smart city services.

(PR)

PR3

I am concerned that smart city services may be interrupted due to viruses or external intrusion.

PR4

I am concerned that sensitive information (personal information, use history information, etc.) may
be leaked when using smart city services.

Social
Influence

SI1

I'will use new smart city services only if I am requested to use them by people (family or work
colleagues, etc.) who influence my thought and behavior.

(S

SI2

I will use new smart city services only when the use of smart city services is enforced as a policy.

3.1.2. Internal Variables
e  Perceived Ease of Use (EOU)

Perceived Ease of Use refers to the degree to which a person believes that using a
particular information system is not difficult or free of effort [13-15].

e  Perceived Usefulness (U)

Perceived Usefulness refers to the extent to which a user expects a particular technol-
ogy or service to improve their work performance [13-15]. The assessment items consisted
of improving quality of life, reducing city service operating costs, solving urban envi-
ronmental problems, and securing citizens’ safety, which were the expected effects of a
smart city.

The assessment items of Perceived Ease of Use and Perceived Usefulness are summa-
rized in Table 5.

Table 5. Assessment items of mediation variables.

Variables

Assessment Items

EOU1 It is easy to learn how to use smart city services.

It is not difficult for me to interact with smart city services, and I can clearly

Perceived Ease of Use Eow2 understand the supplied information.
(EOU) EOU3 I believe the use of public city services would be easier with the supply of
smart city services.
EOU4 I can use smart city services regardless of time and space constraints.
Ul I believe my quality of life will improve if I use smart city services.
U2 I'believe the cost of city service operations will be reduced if smart city
Perceived Usefulness services are used.
©) U3 I believe the use of smart city services will help make sustainable
environments (solving air, water, energy, and noise problems).
U4 I'believe cities will be safer with smart city services.

3.1.3. Intention to Accept Smart City Service

The ‘acceptance’ can be largely divided into neutral acceptance, which is the accep-
tance in response technique, and acceptance above neutral. Neutral acceptance means
acknowledgment of a thing as it is without evaluating or judging the expression of the
other party to continue the speech of the other party, which refers to the acceptance as it is
regardless of the positive or negative effects. The acceptance above neutral has the same
meaning as positive respect, which refers to the approach with favor admitting its value.
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This means trust is formed as a prerequisite of acceptance and users accept its value and
use degree. Acceptance in this study refers to acceptance above neutral.

As discussed above, the ultimate goal of smart cities is to improve the quality of life of
citizens by solving urban problems. Thus, smart city services are deemed to be accepted
when individuals have a positive experience of smart city services, thereby using them
continuously and recommending them to surrounding people to diffuse the use of services.
Thus, Table 6 presents the assessment items of the Intention to Accept (IA) the smart city
services defined in this study.

Table 6. Assessment items of Intention to Accept.

Variables

Assessment Items

Intention to
Accept
(1A)

IA1 I'will continuously use the smart city services that I have experienced in the future.
1A2 If new smart city services are provided, I will use them.
IA3 I'will recommend the use of smart city services to surrounding people.

3.2. Model Validation

To determine the goodness of fit of the proposed model, the ratio of X2 to the degree of
freedom (df), root mean square residual (RMR), parsimonious goodness of fit index (PGFI),
the Tucker-Lewis index (TLI), comparative fit index (CFI), and root mean square error of
approximation (RMSEA) [38] were used. For the acceptance level of the determination
index, the criteria suggested by previous studies were referred to.

The goodness of fit of the proposed model and acceptance level were compared (see
Table 7). First, the measurement model showed that the majority of the model fit indices
satisfied the acceptable level, while TLI and CFI, which did not satisfy the allowable level,
also showed a close result to the acceptable level. Thus, the data collected in this study were
determined to fit the proposed research model. Next, the goodness of fit of the structural
model exhibited that the majority of them also satisfied the acceptable level as the same
as shown in the measurement model, and indices that did not satisfy the allowable level
were also close to the allowable level. That is, the hypotheses can be tested based on the
structural model.

Table 7. Fit indices for research model.

Recommended Value

Fit Indices [30,39,40] Measurement Model Structural Model
x2/df <3.0 2.682 2.674
RMR <0.1 0.042 0.043
PGFI >0.5 0.683 0.687
TLI >0.9 0.859 0.859
CFI >0.9 0.870 0.870
RMSEA <0.1 0.061 0.061

3.2.1. Measurement Model

To verify the measurement model, convergent and discriminant validity tests were
conducted. First, convergent validity can be tested using factor loading (0.5 or greater) [29]
derived from the CFA results, the composite reliability of measures (0.6 or greater) [41],
and the average variance extracted (AVE) (0.5 or greater) [30]. The factor loading was not
deleted, although ‘Q6” was 0.499 because the number was close to the acceptance criterion
of 0.5 and satisfied the requirements of the exploratory factor analysis results, as explained
in Section 3.1.1. In addition, the composite reliability value (0.6 or greater) and AVE value
(0.5 or greater) in the ‘Perceived Ease of Use’ factor did not satisfy the acceptance criteria,
at 0.586 and 0.488, respectively; however, the numbers were close to the determination
criteria, and they were considered one of the important factors in TAM, which was the
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basis of this study. Thus, they were not deleted as they played an important role in our
study model (see Table 8). Second, to verify the discriminant validity, whether the AVE
value was greater than the square of the correlation between factors [42] was checked, and
the results showed that all the factors satisfied the criteria (see Table 9). Thus, the research
model proposed in this study was found to be statistically significant.

Table 8. Results of the convergent validity test.

Latent Observed Factor Composite

Constructs Indicators Loading t-Value Reliability AVE
Q1 0.717 - 0.900 0.611
Q2 0.697 14.404
Q3 0.698 14.417
Q4 0.680 14.031
Q5 0.754 15.597
Quality Q6 0.499 10.275
Q) Q7 0.685 14.151
Q8 0.686 14.16
Q9 0.707 14.594
Q10 0.715 14.78
Q11 0.724 14.963
Q12 0.683 14.096
UucC1 0.699 - 0.855 0.613
uC2 0.773 15.108
User Characteristics Egi 8;2; fj 22;1 6
(U ucs 0.686 13.511
UucCe 0.743 14.552
ucz 0.683 13.45
PA1 0.697 - 0.817 0.601
PA2 0.725 14.358
Positive Attitude PA3 0.723 14.31
(PA) PA4 0.682 13.532
PA5 0.66 13.129
PA6 0.725 14.348
PR1 0.673 - 0.783 0.633
Perceived Risk PR2 0.761 12.82
(PR) PR3 0.726 12.451
PR4 0.732 12.515
Social Influence SI1 0.802 - 0.759 0.690
(SI) SI2 0.879 12.542
EOU1 0.503 - 0.586 0.488
Perceived Ease of Use EOU2 0.572 8.749
(EOU) EOU3 0.734 9.985
EOU4 0.605 9.039
U1l 0.676 - 0.738 0.598
Perceived Usefulness U2 0.633 12.471
()] U3 0.697 13.63
U4 0.741 14.395
. 1A1 0.763 - 0.798 0.696
Intentlog:; Accept 1A2 0.784 17.134
IA3 0.732 15.853

Note. t-value for these parameters were not available because they were fixed for scaling purpose. Q: Quality; UC:
User Characteristics; PA: Positive Attitude; PR: Perceived Risk; SI: Social Influence; EOU: Perceived Ease of Use;
U: Perceived Usefulness; IA: Intention to Accept.
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Table 9. Results of the discriminant validity test.
. > Discriminant
Observed Indicators r AVE e
Validity
ucC 0.354 0.613 (e}
PA 0.508 0.601 (@)
PR 0.013 0.633 (@)
Q SI 0.124 0.611 0.690 O
EOU 0.392 0.488 O
U 0.584 0.598 (@]
1A 0.554 0.696 O
PA 0.436 0.601 O
PR 0.013 0.633 (@)
SI 0.044 0.690 (e}
uc EOU 0.282 0.613 0.488 o
U 0.345 0.598 (@]
1A 0.370 0.696 O
PR 0.002 0.633 O
SI 0.189 0.690 (@]
PA EOU 0.294 0.601 0.488 O
U 0.549 0.598 (@)
1A 0.554 0.696 O
SI 0.001 0.690 (e}
EOU 0.066 0.488 O
PR U 0.001 0.633 0.598 o
1A 0.130 0.696 O
EOU 0.006 0.488 O
SI U 0.082 0.690 0.598 (@)
1A 0.087 0.696 O
U 0.367 0.598 O
EOU IA 0.389 0.488 0.696 o
U 1A 0.561 0.598 0.696 (@)

Note. “O” means that the criterion for discriminant validity of the two factors is satisfied.

3.2.2. Structural Model

Figure 2 shows the verification results of the hypotheses, which contain the standard-
ized path coefficients (the strength of the relationship between independent and dependent
variables and the squared multiple correlations for an endogenous construct) that refer
to the percentage of variation in the dependent variable explained by variation in the
independent variables.

The hypotheses (H1a, H1b) regarding the Quality of Smart City Service were statis-
tically significant (y = 0.379 and y = 0.277, respectively), which means that improving
the Quality of Smart City Services had a positive impact on their Perceived Ease of Use
and Perceived Usefulness. In addition, H3a and H3b, which were related hypotheses of
the Positive Attitude of Users, were also statistically significant (y = 0.299 and y = 0.462,
respectively). That means that the more positive an attitude the user had toward the smart
city services, the larger the Perceived Ease of Use and Perceived Usefulness were. H4a
and H4b, which were hypotheses representing the relationship between the Perceived Risk
and Perceived Ease of Use as well as Perceived Usefulness, were also supported (y = 0.147
and y = —0.102, respectively). Note that there was an inversely proportional relationship
between Perceived Risk and Perceived Usefulness. That means as the Perceived Risk in-
creased, the degree of Perceived Usefulness was lower. H5a was also statistically supported
(y = —0.129). This means that as the Social Influence increased, the degree of Perceived
Ease of Use decreased. On the contrary, H5a was not supported, which is interpreted as
showing that even with high Social Influence, the Perceived Usefulness was not statistically
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significant. On the other hand, the User Characteristics did not significantly affect either
the Perceived Ease of Use and Perceived Usefulness of smart city services.

Quality Perceived Ease of Use (EOU)
Q) (R2: 0.809) .
User Characteristics
o)
0.394 k“.
— - Intention to Acceptance (IA)
Positive Attitude o (R2: 0.928)
(PA) R

Perceived Risk
(PR)

0.963™

4 Perceived Usefulness (U)
(R%: 0.965)

Social Influence

(SD

*%<0,01, *¥*<0.001

Figure 2. Results of hypotheses testing.

Hypothesis H6a, which represented the relationship between the Perceived Ease of
Use and Perceived Usefulness, was statistically significant (3 = 0.394), and the relationship
between the Perceived Ease of Use and Intention to Accept had an indirect impact only
through the Perceived Usefulness. Finally, H7, which represented the relationship between
Perceived Usefulness and Intention to Accept, was statistically significant (3 = 0.963). This
indicated that Perceived Usefulness was an important factor in the Intention to Accept
smart city services.

Hla, H3a, H4a, and H5a explained 80.9% of the variance of the Perceived Ease of Use,
and H1b, H3b, and H4b also explained 96.5% of the variance of the Perceived Usefulness.
In addition, our analysis results revealed that the Perceived Usefulness explained 92.8%
of the variance of the Intention to Accept. The direct, indirect, and total effects of each
construct are presented in Table 10.

Table 10. Results of direct, indirect, and total effects.

Total Effect Direct Effect Indirect Effect
Variables
EOU U IA EOU U IA EOU U IA
Q 0.498 0.461 0.457 0.498 0.299 0 0 0.161 0.457
ucC 0.102 —0.06 —0.035 0.102 —0.093 0 0 0.033 —0.035
PA 0.421 0.672 0.622 0.421 0.536 0 0 0.137 0.622
PR 0.204 —0.051 —0.013 0.204 —-0.117 0 0 0.066 —0.013
SI -0.3 —0.133 —0.155 -0.3 —0.036 0 0 —0.097 —0.155
EOU 0 0.324 0.416 0 0.324 0.145 0 0 0.271
U 0 0 0.835 0 0 0.835 0 0 0
IA 0 0 0 0 0 0 0 0 0

4. Discussion
4.1. Good Model Fit of the Research Model

The analysis results of the measurement and structural models of the “acceptance
model of smart city service” proposed in this study showed that the goodness-of-fit indices
of both models satisfied the allowable levels. The CFA results verified that the convergent
and discriminant validities of the proposed model were satisfied. In addition, R2 values of
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the Intention to Accept smart city services, Perceived Ease of Use, and Perceived Usefulness
were greater than 80%, which indicates that the configuration of the constructors derived in
this study were fit to define the acceptance model of smart city services. That is, the factors
included in the proposed model were the main factors that affected the acceptance of smart
city services.

4.2. Relationship between Internal Variables and Intention to Accept

The hypothesis test results of Perceived Usefulness, Perceived Ease of Use, and Inten-
tion to Accept smart city services were analyzed, and we found that Perceived Usefulness
had a significant impact on the Intention to Accept smart city services while Perceived
Ease of Use had an indirect impact on the Intention to Accept smart city services through
Perceived Usefulness. The factor that had the largest impact on Perceived Usefulness was
Perceived Ease of Use. This meant that the efforts to make citizens perceive that smart
city services can help the improvement of quality of life, the reduction in urban service
operating costs, the resolution of urban environmental problems, and secure the citizen’s
safety were needed, and the Perceived Ease of Use was important to perceive the usefulness
to raise the intention of citizens to accept smart city services.

4.3. Relationship between External Variables and Internal Variables

The hypothesis test results on the relationship of external variables that affected the
acceptance of smart city services with Perceived Usefulness and Perceived Ease of Use
were analyzed, and we found that all variables, except for user’s personal characteristics,
had an impact on Perceived Ease of Use or Perceived Usefulness. The quality improvement
of smart services had the most important and significant impact on Perceived Ease of Use
whereas the Social Influence had a negative impact. This analysis result confirms the need
for the following factors to be reflected in establishing strategies of smart city service supply
because they can have a positive impact on the Perceived Ease of Use of citizens: smart
services are suitable for daily living and the demand for users (Suitability); the response
of operating organizations is facilitated when difficulties occur or demand is generated
during the service use (Interaction); the higher the computability with devices owned by
users is and the stabler the connection is when using smart city services (System Quality);
and the higher the information accuracy, up-to-datedness, needs, sufficiency, and rapidness
(Information Quality). On the other hand, the analysis results showed that if the user is
forced to use the services by surrounding people or policies without such consideration, it
may increase the use rate at first but have a negative impact on the Perceived Ease of Use
over time.

The external variable that had the most significant impact on Perceived Usefulness
was the user’s Positive Attitude. This means that smart services were perceived as useful
as users were positive about the service use, users thought they were ahead of others,
more users obtained access to positive advertisements from the media, and the higher
the trust of the providing institutions was. In contrast, the Perceived Risk had a negative
correlation with the Perceived Usefulness. This means that the degree of the Perceived
Usefulness was lower as personal information was exposed or the higher the concern of
virus or external intrusion was, or users perceived that technologies or policies were yet
insufficient to prevent such risks no matter how useful the smart city service provided was.

To make citizens perceive that smart city services are useful to increase the intention
to accept smart city services, the quality level of smart city services (such as the suitability
with existing daily living and demand as much as possible without too much effort to
use smart city services, compatibility with devices, and connection reliability) should be
ensured. In addition, strategies of public relations through social networking services or
public media were needed for users to know the expected effects that can be obtained from
the use of smart services to have a Positive Attitude toward smart city services. Systems
and technologies that can address the concern about security such as sensitive information
leakage and the external intrusion of viruses are needed, as most smart city services were
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customized to individuals or specific groups. Along with this, public relations are needed
to advertise this address. As such, the Perceived Ease of Use can be improved through the
Positive Attitude of users toward the services when the usefulness and safety of smart city
services are advertised, whereas the forced use of services may have an adverse impact as
the Social Influence had a negative impact on the Perceived Ease of Use.

5. Conclusions

Smart cities are defined as cities that provide services and platforms for the solution of
urban problems and for improvements in quality of life using advanced technologies such
as ICT and IoT. That is, the goal of providing smart city services is not only simply building
smart technology and infrastructure, but also improving the quality of life of citizens to
use smart city services and have a positive experience. To achieve this, it is necessary to
establish service supply strategies considering citizens’ satisfaction levels by identifying
the factors that affect the intentions or behavior of citizens who use smart city services.

As exhibited in the definition of smart city services, the required information is
collected according to the urban problems to be solved, thereby providing collected in-
formation or providing information by linking them, which can be viewed as a kind of
information system. Thus, we propose an acceptance model of smart city services, which
is a theoretical model that can be the foundation of the model to evaluate the satisfaction
levels of citizens toward the smart city services, based on the TAM, which was the most
widely used analysis tool of factors that affected the acceptance and use of information
technology and system-based services. Based on the empirical verification results of the
proposed research models targeting Seoul City, we derived a total of eight factors (Quality,
User Characteristics, Positive Attitude, Perceived Risk, Social Influence, Perceived Ease of
Use, Perceived Usefulness, and Intention to Accept) that affected the acceptance of smart
city services, and 42 assessment items by the factors.

Through the model proposed in this study, factors that affect the acceptance of smart
city services were identified, and the relationship between the factors was verified. Thus,
the usability of smart city services can be evaluated based on the proposed model. That is,
it is possible to know which factors need to be further managed to increase the use of smart
city services, whether the level of improvement of the factors that need improvement will
be effective, in what order the improvement of the factors will be effective, etc., through the
usability evaluation of smart city services, which can be guidelines to establish effective
improvement plans of smart city services. Furthermore, the effects of policies to secure the
sustainability of smart city services can also be assessed.

In recent years, the performance of smart city services has been measured and a pilot
system to certify the performance level has been put in place for cities [11]. The smart city
service acceptance model proposed in this study can also be applied to this performance
measurement process for certification.

In this research, the survey was conducted only for the Seoul region. However, it will
also need to be conducted in other regions (ex. Busan and Sejong, etc.) where smart cities
are under construction to know the difference in smart city services regionally. Although the
overall Intention to Accept smart city services was investigated in this research, research
on the difference by service sectors is also needed. Moreover, studies on the proposal
of guidelines to improve smart city services by regions and smart city services are also
needed through research that verifies the priority and improvement effects using a usability
evaluation of smart city services.
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