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Abstract

This study examines the structural determinants of behavioral intention to use a City Air-
port Terminal (CAT) in Ulsan using a structural equation modeling (SEM) framework.
Whereas prior literature has predominantly explained CAT adoption in terms of accessi-
bility, this study investigates whether usage intention can be sufficiently explained by ac-
cessibility alone or whether it reflects a broader multi-factor structure involving service
quality and safety, economic efficiency, infrastructure convenience, and perceived public
value. To this end, five latent constructs were specified, and a survey of 500 Ulsan resi-
dents was conducted. The confirmatory factor analysis indicated an acceptable measure-
ment structure for the five latent constructs. The structural model results show that per-
ceived public value and regional development was the only construct with a statistically
significant direct path to CAT usage intention, whereas the baseline accessibility-only
model provided a statistically insufficient explanation. A nested model comparison fur-
ther indicated that non-accessibility constructs collectively contributed additional explan-
atory value beyond what accessibility alone could provide. These findings suggest that
CAT usage intention is not adequately explained by accessibility alone but is better un-
derstood through a multi-factor conceptualization of CAT adoption. This study contrib-
utes to the literature by providing structural evidence that public value—encompassing
regional development expectations and community-level benefits—should be explicitly
considered in sustainable airport infrastructure planning. The results highlight the im-
portance of a multi-dimensional approach to CAT implementation policy, integrating ser-
vice quality and safety, economic efficiency, infrastructure convenience, and community-
level value perceptions alongside physical accessibility. From a sustainable mobility per-
spective, the findings offer useful implications for sustainable airport access planning and
air transport management.

Keywords: city airport terminal; structural equation modeling; user behavioral intention;
accessibility; public value; multicollinearity

1. Introduction

With the recovery of air transport demand and the prospect of sustained long-term
growth, improving the efficiency of airport operational systems and enhancing accessibil-
ity have emerged as key policy priorities. The International Air Transport Association
(IATA) projects that global air passenger traffic will reach approximately 10 billion by
2050, while also highlighting the potential for increased airport congestion, greater
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baggage handling burdens, and rising environmental externalities [1]. Against this back-
drop, the City Airport Terminal (CAT) has gained renewed attention as a potential off-
airport passenger-processing infrastructure that decentralizes selected airport terminal
functions and extends passenger processing beyond the airport boundary.

A City Airport Terminal is a service facility that enables passengers to complete
check-in and baggage processing in urban areas outside the airport, with the objective of
alleviating the physical burden on airport terminals while enhancing user convenience
[2]. In policy and planning discussions, the expected benefits of CATs have often been
associated with improved airport accessibility, including reduced access burden, en-
hanced intermodal connectivity, and more convenient passenger movement between the
city and the airport. Previous studies have consistently identified airport accessibility as a
significant determinant influencing air travel choice and user satisfaction [3,4]. Similarly,
research on airport choice behavior has confirmed that access time and transport connec-
tivity are key explanatory variables [5,6].

However, the introduction and operation of CATs have not consistently produced
successful outcomes, even in locations with favorable accessibility. For example, the Korea
City Air Terminal in Samsung-dong, Seoul had locational advantages due to its proximity
to the metropolitan transport network; nevertheless, its operation was discontinued due
to a combination of factors, including changes in airline check-in policies and shifts in user
behavior driven by the proliferation of mobile and online check-in services. In contrast,
Hong Kong’s Airport Express In-Town Check-In service has maintained a stable pattern
of use, supported not only by rail connectivity but also by seamless airline system inte-
gration, reliable baggage handling, and standardized service operations [2]. These con-
trasting cases suggest that securing physical accessibility alone does not necessarily trans-
late into stable passenger demand for CATs.

Accordingly, CAT usage intention may not be sufficiently explained by accessibility
alone. Unlike conventional airport access improvements, CATs provide selected airport
functions outside the airport terminal itself. Therefore, passengers’ willingness to use a
CAT may also depend on how they evaluate non-accessibility factors, such as operational
reliability, service quality, cost-related benefits, facility convenience, and the public value
of introducing such infrastructure. In this respect, CAT usage intention should be under-
stood not only as a response to physical accessibility but also as a perception-based eval-
uation of the functions and benefits provided by off-airport passenger processing.

The need to consider non-accessibility factors is also supported by previous studies
on airport choice and off-site passenger service facilities. Airport choice studies have
shown that airport-related decisions are influenced by multiple attributes, including ac-
cess time, travel cost, flight frequency, transport connectivity, airport size, and service
characteristics [6-8]. In addition, Goswami et al. [9] demonstrate that demand for off-site
passenger service facilities is influenced not only by accessibility but also by operational
context variables such as departure time windows, airport congestion levels, and access-
time variability. These studies provide a useful theoretical basis for viewing airport-re-
lated behavior as a multi-attribute decision-making process.

Nevertheless, airport choice and CAT usage intention are not identical behavioral
contexts. Airport choice refers to the selection of one airport among alternatives, whereas
CAT usage intention concerns whether passengers are willing to use an off-airport facility
that relocates selected terminal functions to an urban setting. Therefore, the multi-attrib-
ute logic developed in airport choice and off-site passenger service facility research needs
to be adapted and empirically validated in the specific context of CAT usage intention.

In this context, this study uses the Ulsan City Airport Terminal as a case study and
aims to analyze the structural determinants of CAT usage intention from a user-percep-
tion perspective. Using a structural equation modeling (SEM) framework, this study tests
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whether CAT usage intention can be sufficiently explained by accessibility alone or
whether it is better explained by a broader multi-factor structure that includes non-acces-
sibility factors. Specifically, the study examines the simultaneous effects of accessibility,
economic efficiency, service quality and safety, infrastructure convenience, and public
value on CAT usage intention. Although the Ulsan CAT remains at a preliminary plan-
ning stage, policy interest at the local government level has been increasing, particularly
in light of the planned opening of Gadeokdo New Airport, which is expected to enhance
regional accessibility and strengthen intermodal connectivity. Given Ulsan’s potential as
a major demand catchment area once the airport opens, proactive policy evaluation of
CAT feasibility is both timely and warranted. In particular, as Korea's airport access sys-
tem undergoes structural reconfiguration, empirically assessing how potential users per-
ceive both accessibility and non-accessibility factors related to CAT implementation is ex-
pected to provide a meaningful basis for future infrastructure investment decisions.

CATs may also contribute to sustainable transport planning by supporting the redis-
tribution of airport access and passenger processing functions across the urban transport
system. By enabling passengers to complete check-in and baggage processing within ur-
ban areas, CATs may help reduce some airport-bound vehicle trips, ease pressure on air-
port terminal facilities, and facilitate integration with public transport modes such as ur-
ban rail and bus networks. However, the extent to which CATs produce measurable en-
vironmental benefits depends on actual user behavior, mode shifts, service design, and
the operational context. Accordingly, understanding the determinants of CAT usage in-
tention is not merely a question of user convenience; it is also relevant to sustainable air
transport management and to the design of airport access systems that can align passen-
ger convenience with broader urban mobility and environmental objectives.

2. Literature Review

A City Airport Terminal (CAT) is defined as an off-site passenger service facility that
performs selected airport terminal functions—such as airline check-in and baggage han-
dling —within urban areas outside the airport [2]. Such facilities have been introduced as
a means to mitigate temporal and spatial constraints associated with airport access, and
policy discussions have primarily emphasized accessibility improvements, including re-
duced travel time and enhanced intermodal connectivity, as key expected benefits [2,3,9].

Airport accessibility has been consistently identified as a significant determinant of
air travel demand and airport choice in numerous empirical studies. For instance, Hess
and Polak [7] demonstrate that access time functions as a statistically significant explana-
tory variable in airport choice models, while de Luca [10] finds that both access time and
cost play critical roles in determining access mode choice. Loo [8] further suggests that
improvements in accessibility can expand an airport’s catchment area.

However, research on airport choice and access behavior has evolved from single-fac-
tor explanations centered on accessibility toward multi-attribute utility frameworks. Pels et
al. [11] empirically show that airport choice is determined not only by access time but also
by a combination of factors, including flight frequency, airfare, airport size, and image. Gos-
wami et al. [9] further extend this perspective in the context of off-site passenger service
facilities, showing through a two-stage demand modeling approach that demand for such
facilities is not solely determined by accessibility levels, but is also influenced by operational
context variables such as departure time windows, airport congestion levels, and variability
in access time. These findings suggest that CAT performance may not be sufficiently inter-
preted solely in terms of reduced physical distance or travel time.

This multi-factor approach is further supported by behavioral intention and technol-
ogy acceptance theories. The Theory of Planned Behavior (TPB) explains behavioral in-
tention as a function of attitude toward the behavior, subjective norms, and perceived
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behavioral control, suggesting that intention is shaped by evaluative beliefs, social expec-
tations, and the perceived feasibility of performing a given behavior [12]. This framework
has also been applied in transport behavior research, where travel mode choice intentions
are explained not only by objective travel conditions but also by psychological and con-
textual factors such as attitudes, perceived control, habitual tendencies, and situational
constraints [13]. From this perspective, CAT usage intention may be associated with how
potential users evaluate the expected benefits of CAT use, whether they perceive the ser-
vice as feasible and convenient, and whether its use is socially or institutionally supported.

Technology acceptance theories further support the interpretation of CAT usage in-
tention as an adoption decision for a new service system. The Technology Acceptance
Model (TAM) identifies perceived usefulness and perceived ease of use as central deter-
minants of user acceptance, indicating that users are more likely to adopt a system when
they believe it improves task performance and can be used with limited effort [14]. The
Unified Theory of Acceptance and Use of Technology (UTAUT) extends this perspective
by integrating performance expectancy, effort expectancy, social influence, and facilitat-
ing conditions as major determinants of behavioral intention and use behavior [15]. In the
aviation context, studies on airport self-service technologies and self-check-in systems
have shown that passengers’ behavioral intentions are influenced by perceived useful-
ness, ease of use, perceived value, satisfaction, and technology-related characteristics [16—
19]. Although CATs are not digital technologies per se, they represent a new service ar-
rangement in which selected airport functions are relocated to an urban setting, making
user acceptance an important consideration. Accordingly, this study draws on these the-
oretical perspectives to identify latent constructs that may shape CAT usage intention.

Research on airport service quality also indicates that user evaluations exhibit a mul-
tidimensional structure. Fodness and Murray [20] classify airport service quality into
three dimensions —functional quality, interaction quality, and physical environment qual-
ity —and show that these factors directly influence satisfaction and behavioral intentions.
Yeh and Kuo [21] identify security and procedural reliability as key components of airport
service evaluation, while Eboli and Mazzulla [22] synthesize the literature to demonstrate
that multiple dimensions —including accessibility, security, facility environment, and staff
behavior —jointly influence service quality perceptions.

Studies on behavioral intention formation further support a multi-factor structure.
Park and Ryu [23] verify, using structural equation modeling, that airport servicescapes
have a direct effect on attitudes and reuse intentions. Kim and Park [18] identify a path-
way through which airport self-service technologies influence behavioral intention via
perceived value and satisfaction. Similarly, Jeon and Kim [24] demonstrate that airport
servicescape characteristics directly influence customers’ behavioral intentions, while
Antwi et al. [25] show that the nature of terminal service activities—whether processing
or non-processing —differentially affects passenger satisfaction and affective image for-
mation. These findings indicate that airport-related facilities are perceived not merely as
transport infrastructure, but as experience-based service environments.

More recent studies employing online reviews and big data analytics provide empir-
ical evidence on the differentiated impacts of service attributes. Bakir et al. [26] find,
through both regression analysis and necessary condition analysis (NCA), that staff ser-
vice is the most influential predictor of satisfaction and that certain service attributes func-
tion as essential prerequisites for achieving passenger satisfaction, while Alanazi et al. [27]
demonstrate that attributes such as cleanliness, seating availability, signage, and Wi-Fi
significantly influence passengers’ recommendation intentions. Rocha et al. [28] system-
atically document the evolution of airport service quality research from accessibility-cen-
tered explanations toward multidimensional quality frameworks.
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The importance of psychological factors has also been increasingly emphasized. Silva
et al. [29] find that perceived security exerts an influence on access mode choice compara-
ble in magnitude to travel time, while Bezerra and Gomes [30] demonstrate that service
quality dimensions directly affect customer loyalty.

Taken together, the evaluation of airport and related facilities is not sufficiently ex-
plained by a single factor such as accessibility; rather, it reflects a multi-factor structure in
which physical environment, service quality, security perception, technology-based con-
venience, and operational reliability interact. Given that CATs represent a unique system
in which selected airport functions are relocated to urban areas, factors beyond accessibil-
ity —such as the reliability of baggage handling, procedural safety, information provision
systems, and spatial convenience—are also likely to influence usage intention. However,
existing studies have largely focused on analyzing individual factors in isolation, and
there remains a relative lack of empirical research that integrates and structurally evalu-
ates these multiple determinants in the context of CATs.

Accordingly, structural validation is required to determine whether CAT usage in-
tention is explained by accessibility alone or by a broader set of determinants. In particu-
lar, as CATs are often introduced at an early stage of transport service infrastructure de-
velopment, where user experience is not yet fully established, it is necessary to analyze
latent factors based on user perceptions derived from survey data. In this regard, struc-
tural equation modeling (SEM), which enables the simultaneous consideration of multiple
latent constructs, is considered an appropriate methodological approach for the objectives
of this study [31,32].

Based on this theoretical perspective and the preceding literature, this study specifies
five latent constructs to explain CAT usage intention: accessibility and connectivity, econ-
omy, service quality and safety, infrastructure convenience, and public value and regional
development contribution. These constructs reflect both physical accessibility and non-
accessibility factors, including perceived cost and time benefits, reliability and procedural
quality of off-airport services, adequacy of supporting facilities and information systems,
and broader community-level benefits associated with CAT implementation.

Accordingly, this study examines whether CAT usage intention can be explained by
accessibility alone or whether non-accessibility constructs provide additional explanatory
value. To this end, an accessibility-only model is compared with an extended five-factor
model. Because the Ulsan CAT is not yet operational, respondents’” answers reflect antici-
pated rather than experienced use, and this hypothetical nature is addressed in the meth-
odology and limitations sections.

3. Methodology

Empirical studies that comprehensively examine the formation structure of usage in-
tention for City Airport Terminals (CATs) remain limited, with prior research having pri-
marily emphasized accessibility as a key determinant of CAT feasibility and use. Accord-
ingly, the present study first derived a set of candidate latent constructs from the prior
literature on airport choice, off-site passenger service facilities, airport service quality, be-
havioral intention, and technology acceptance. These constructs were then refined
through expert consultation before being incorporated into the empirical model.

To assess the appropriateness of the proposed latent constructs and the practical rel-
evance of the survey instrument, three rounds of expert consultation were conducted from
August 2025. Across the three rounds, eight unique external experts participated in the
consultation process, with six experts listed in the first round, six in the second round, and
five in the third round; some experts provided written comments when they were unable
to attend in person. The experts were selected to cover key areas relevant to CAT planning
and operation, including airport operation, airline and terminal management, baggage
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handling systems, railway and public transport integration, ground-handling operations,
terminal facility planning, and infrastructure cost estimation.

The consultations were conducted as expert advisory meetings guided by predefined
discussion agendas, rather than as a Delphi survey. The main topics included site selec-
tion, transport connectivity, service operation, baggage-handling reliability, cost and pric-
ing issues, smart and unmanned service systems, and regional development implications.
Through the three consultation rounds, the proposed latent constructs and survey items
were reviewed from both operational and policy perspectives.

The comments obtained from the expert consultations were reviewed and classified
according to their relevance to the proposed latent constructs. Opinions related to
transport access, public transport connectivity, and flight-schedule coordination were re-
flected in the accessibility construct. Comments on pricing, limousine competitiveness,
parking policies, and operating costs were reflected in the economy construct. Suggestions
regarding check-in reliability, baggage handling, service recovery, tracking systems, and
safety management were reflected in the service quality and safety construct. Comments
on smart check-in, unmanned systems, information provision, and user-supportive facil-
ities were reflected in the infrastructure convenience construct. Finally, opinions concern-
ing regional tourism linkages, congestion relief, environmental burden reduction, and re-
gional development were reflected in the public value construct. Based on this process,
several survey items were revised to improve practical relevance, and redundant or over-
lapping items were eliminated before finalizing the questionnaire.

Accordingly, five latent constructs were specified: accessibility and connectivity,
economy, service quality and safety, infrastructure convenience, and public value and re-
gional development. The overall analytical framework, including the five latent constructs
and their relationship with CAT usage intention, is illustrated in Figure 1. A structural
equation modeling (SEM) framework was employed to estimate the relationships be-
tween these latent constructs and CAT usage intention. The analytical design first com-
pares an accessibility-only model, in which CAT usage intention is explained solely by
accessibility and connectivity, with an extended multi-factor model that includes accessi-
bility and connectivity together with the other four latent constructs. This comparison was
designed to examine whether CAT usage intention can be sufficiently explained by acces-
sibility alone, or whether a broader multi-factor structure provides additional explanatory
value. In addition, a further comparison was conducted by a accessibility-excluded model
to assess whether accessibility retains statistically distinguishable independent explana-
tory power after the other constructs are controlled.

Accessibility
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Infrastructure
Convenience

Behavioral Intention

(Ulsan City Airport Terminal)
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Figure 1. Conceptual Diagram.
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3.1. Survey Data

Based on the literature review and expert consultation, this study identified five key
determinants that may influence behavioral intention to use a City Airport Terminal (CAT):
economy, service quality and safety, accessibility and connectivity, infrastructure conven-
ience, and public value. These determinants were specified as latent constructs to reflect the
multidimensional nature of CAT usage intention, encompassing both accessibility-related
and non-accessibility-related factors. A survey was then conducted to collect user evalua-
tion data for each construct, and the resulting responses were used to examine the structural
determinants of CAT usage intention within a structural equation modeling framework.

The survey was conducted online and via mobile devices among 500 residents of
Ulsan Metropolitan City aged between 19 and 69. The survey was administered over a
six-day period from 23 October to 28 October 2025. The sampling frame was based on
resident registration population statistics from the Ministry of the Interior and Safety as
of the end of September 2025. The sample was allocated by considering the population
distribution by gender, age group, and district/county. Specifically, the sample was de-
signed using a square-root proportional allocation method reflecting the distribution of
residents across the five districts/counties of Ulsan Metropolitan City by gender and age
group. Respondents’ eligibility was verified at the beginning of the survey through
screening questions on gender, year of birth, and residential area.

Data collection was conducted using a structured questionnaire. The questionnaire
consisted of sections on airport use behavior, awareness and experience of CATs, inten-
tion to use the Ulsan CAT, perceived effects and necessity of CAT implementation, strat-
egies for enhancing CAT competitiveness, factor-specific importance, and respondent
characteristics. In addition, skip logic was applied so that follow-up questions were pre-
sented only to relevant respondents according to their previous answers. For example,
questions on domestic and international air travel behavior were presented based on
whether respondents had used air travel within the past three years, while questions on
satisfaction or dissatisfaction with CAT use were presented according to respondents’
prior CAT use experience and satisfaction responses.

Post-stratification weights were applied to the collected responses. The weights were
calculated to adjust for differences between the final sample distribution and the popula-
tion distribution by gender, age group, and district/county, based on September 2025 res-
ident registration population statistics from the Ministry of the Interior and Safety. Spe-
cifically, the weight for each stratum was calculated by dividing the population propor-
tion of that stratum by the corresponding sample proportion. Weighted data were used
for descriptive statistics and SEM estimation so that the analytical sample more closely
reflected the demographic structure of Ulsan Metropolitan City.

Missing data and invalid responses were addressed through the survey design and
data-screening procedures. The main analytical items were set as mandatory response
fields, thereby minimizing item-level missingness. Eligibility was screened using gender,
birth year, and residential area. After these screening procedures, 500 valid responses
were retained for analysis.

A total of 31 survey items were constructed to measure the five latent factors: 7 items
for economy, 6 for service quality and safety, 4 for accessibility and connectivity, 5 for
infrastructure convenience, and 9 for public value and regional development. Detailed
respondent characteristics and the full survey questionnaire are provided in Appendix A.

The economy items were designed to capture both direct and indirect cost compo-
nents associated with CAT usage, including baggage handling fees, airport limousine bus
fares, exemptions from airport facility usage fees, and parking discounts. In particular,
expert consultation emphasized that a key mechanism for generating demand lies in en-
couraging modal shift from private car users to CAT-based access. Accordingly, the
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incorporation of an appropriate parking discount scheme —reflecting the parking fee lev-
els of the associated airport—was identified as an essential policy instrument and was
explicitly included in the survey. In addition, region-specific benefits, such as exclusive
discounts for Ulsan residents and point-based incentive schemes, were incorporated. The
final set of items reflects a comprehensive assessment of cost-related decision factors, in-
cluding expert feedback on bundled service packages.

The service quality and safety items were designed to evaluate the perceived level of
customer service provided by CAT operations. These items capture the extent to which
service quality and safety influence usage intention, considering key operational attrib-
utes such as the speed and accuracy of check-in and baggage processing, safety manage-
ment systems to prevent baggage loss or delay, and compensation mechanisms in the
event of service failures. Based on expert input, upscale service features—such as self-
transfer services connecting domestic and international flights and dedicated check-in
counters for business travelers—were also incorporated into the final questionnaire.

The accessibility and connectivity items focus on the physical accessibility of the CAT
and the level of transport integration. Given the off-airport location of CAT facilities, fac-
tors such as public transport connectivity, accessibility by private car and taxi, and urban
locational attributes were considered as key determinants of usage intention. Expert con-
sultation further highlighted the importance of minimizing the inconvenience associated
with transferring between public transport modes when accessing the CAT. In addition,
items reflecting synchronization with flight schedules were included to better capture the
practical accessibility experienced by users.

The infrastructure convenience items were developed to assess the level of facility-
based convenience experienced during CAT usage. These include amenities such as
lounges and rest areas, barrier-free facilities for passengers with disabilities, elderly users,
and families with infants, real-time flight and transport information systems, and smart
infrastructure elements such as Wi-Fi, charging stations, and business centers. Further-
more, based on expert consultation, a door-to-door home delivery service for baggage was
incorporated to reflect the future evolution of air travel service systems and the potential
functional expansion of CATs. This dimension captures the role of CATs as integrated
transport service platforms rather than merely processing facilities.

Finally, the public value and regional development items were designed to assess us-
ers’ perceptions of the broader societal and policy impacts of CAT implementation. In the
context of Ulsan, particular attention was given to the potential role of CATs in enhancing
the city’s image as an international and tourism-oriented destination in conjunction with the
opening of Gadeokdo New Airport. Additional considerations include reductions in airport
and urban traffic congestion, promotion of public transport usage, mitigation of environ-
mental impacts such as carbon emissions, and improvements in overall quality of life. These
items reflect the broader socio-policy value associated with CAT deployment.

Survey responses were measured using a four-point Likert scale [33]. This forced-
choice format was adopted to reduce neutral responding, but it also has important trade-
offs. Because all 31 items were framed as conditional intentions, such as “If X is provided,
I would be willing to use the CAT,” the instrument may be vulnerable to acquiescence
bias, ceiling effects, and compressed response variance. Moreover, because all constructs
and the dependent variable were obtained from the same cross-sectional self-reported
survey, common method bias may also be present. These design characteristics are par-
ticularly relevant because the Ulsan CAT has not yet been implemented and respondents
evaluated an expected service rather than an experienced service. The interpretation of
the SEM results therefore explicitly considers the possible influence of hypothetical bias,
common method bias, and inflated inter-construct correlations.
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3.2. Structural Equation Modeling

In this study, confirmatory factor analysis (CFA) was first conducted to evaluate
whether the observed items adequately represented the proposed latent constructs. The
structural model was then estimated to examine the relationships between the latent con-
structs and CAT usage intention.

Because the observed indicators were measured on a four-point Likert scale and the
CAT usage-intention variable was recoded as a binary dependent variable, the SEM was
estimated using the WLSMYV estimator. The four-point observed indicators and the binary
usage-intention variable were specified as ordered categorical variables, making this esti-
mation approach appropriate for the categorical structure of the data.

Rather than treating observed survey items as simple summed indicators, SEM ex-
plicitly estimates both the measurement relationships between observed variables and la-
tent constructs and the structural relationships among latent constructs. The general SEM
framework can be expressed as follows Equation (1).

x=A4,¢+6
y=A4,n+e 1)
n=Bn+I{+¢

Here, x and y denote vectors of observed indicators for exogenous and endogenous
latent variables, respectively; ¢ and 7 denote vectors of exogenous and endogenous la-
tent constructs; A, and A, are factor loading matrices; B represents relationships
among endogenous latent constructs; I' represents the effects of exogenous latent con-
structs on endogenous latent constructs; and &, €, and { denote measurement and struc-
tural disturbance terms.

After estimating the measurement model, standardized factor loadings, composite
reliability (CR), and average variance extracted (AVE) were calculated to assess the relia-
bility and convergent validity of each latent construct. The square root of AVE and the
latent construct correlation matrix were also reported to examine the degree of association
among the constructs and to identify potential conceptual overlap between related factors.
In addition, multicollinearity among the latent constructs was assessed using VIF values.

Subsequently, hypothesis testing was conducted through model comparison within
the SEM framework. The analytical design first compared an accessibility-only model, in
which CAT usage intention was explained solely by accessibility and connectivity, with
an extended model that included accessibility and connectivity together with economy,
service quality and safety, infrastructure convenience, and public value and regional de-
velopment.

This comparison was designed to examine whether CAT usage intention could be
sufficiently explained by accessibility alone, or whether a broader multi-factor structure
provided additional explanatory value. Model fit indices, including CFI, TLI, RMSEA, and
SRMR, as well as the explanatory power for CAT usage intention (R?), were compared
across the two models.

In addition, a further comparison was conducted by removing accessibility and con-
nectivity from the extended model. This additional comparison was used to assess
whether accessibility and connectivity retained statistically distinguishable independent
explanatory power after the other latent constructs were controlled. The purpose of this
test was not to claim that accessibility is substantively irrelevant to CAT planning, but to
evaluate its incremental statistical contribution within the multi-factor structure.

3.3. Hypothesis Testing

Hypothesis testing was conducted using a nested-model comparison and Wald con-
straint testing within the structural equation modeling framework. To examine whether
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non-accessibility constructs provide additional explanatory power beyond accessibility
alone, two nested structural models were specified.

The Accessibility-only model (M,) included only accessibility and connectivity as a
predictor of CAT usage intention:

My Y =y,4; + G

The extended model (Mgyr) additionally included economy, service quality and
safety, infrastructure convenience, and public value and regional development:

Mgxr: Yy = vaA; + VEE; +vsSi + vil; + vpP + G

where Y denotes the latent response tendency underlying CAT usage intention, y rep-
resents the structural path coefficient, and {; denotes the structural error term.
The null and alternative hypotheses were formulated as follows:

Hy:ve=vs=vi=vp=0

H,: At least one of yg,Vs, V1, Vp is not equal to 0

Under H, the accessibility-only model is sufficient to explain CAT usage intention.
Under Hj, the extended model provides additional explanatory power beyond accessibil-
ity alone.

A supplementary comparison was also conducted between the extended model and
an accessibility-excluded model to evaluate the incremental contribution of accessibility
after controlling for the other latent constructs. Finally, a Wald constraint test was used to
examine whether the structural path coefficients were statistically distinguishable from
one another. These tests were used to assess model adequacy and coefficient distinguish-
ability, rather than to establish a substantive ranking of user priorities.

4. Results and Discussion

The overall goodness-of-fit of the proposed structural equation model is presented
in Table 1. The comparative fit index (CFI) is 0.926, exceeding the commonly accepted
threshold of 0.90, indicating that the proposed model provides a meaningful improve-
ment in fit relative to the independence model. The Tucker-Lewis index (TLI) is 0.919,
suggesting that the model maintains an adequate level of fit even after accounting for
model complexity.

The root mean square error of approximation (RMSEA) is 0.070, which falls within
the acceptable range of 0.05 to 0.08. In particular, the 90% confidence interval for RMSEA
(0.066-0.074) indicates that the model demonstrates a stable level of fit. The normed chi-
square (CMIN/DF) is 3.425, slightly exceeding the conventional threshold of 3; however,
given the sample size of 500, this value can be interpreted as within an acceptable range.

Table 1. Model’s Goodness of Fit Index.

Model’s Goodness of Fit Index
CFI TLI RMSEA CMIN/DF
0.926 0.919 0.070 3.425

All

The definitions and coding scheme of the latent constructs specified in this study are
presented in Table 2. To explain the intention to use the City Airport Terminal (CAT), five
latent constructs were defined: Economic (E), Service Quality and Safety (S), Accessibility
and Connectivity (A), Infrastructure Convenience (I), and Public Value and Regional De-
velopment (P).
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Each construct represents a conceptual component derived by synthesizing determi-
nants identified in prior studies on social infrastructure siting and airport service quality.
These constructs serve as the basis for systematically classifying observed indicators within
the measurement model. The coding scheme functions as a structural framework to clearly
distinguish the relationships between latent constructs and observed indicators during the
analysis process, thereby ensuring consistency and interpretability in the results.

Table 2. Latent Construct Codes.

Latent Construct Codes
Economy E
Service Quality and Safety S
Accessibility and Connectivity A
Infrastructure Convenience I
Public Value and Regional Development P

The standardized regression coefficients (factor loadings) between each latent con-
struct and its observed variables are presented in Table 3. All items exhibit loadings in the
range of 0.877 to 1.000, exceeding the commonly accepted threshold of 0.70. In particular,
the items associated with economy (E) show relatively high loadings ranging from 0.931
to 1.000, while service quality and safety (S) also demonstrate consistently high loadings,
mostly around 0.98. Similarly, the constructs of Accessibility and Connectivity (A), infra-
structure convenience (I), and Public value and Regional Development (P) all exhibit load-
ings above 0.87, indicating that each item appropriately represents its corresponding la-
tent construct. These results suggest that the survey items reliably capture the five theo-
retically defined constructs and that the measurement model satisfies the requirement of
convergent validity.

Table 3. Regression Weights for Latent Constructs.

Observed

Latent Construct . Estimate S.E. C.R. p
Indicators
E-1 0.945 0.046 20.64 ok
E-2 0.967 0.045 21.692 ok
E-3 0.992 0.044 22.638 ok
Economy (E) E-4 0.992 0.05 19.654 ok
E-5 0.933 0.048 19.316 ok
E-6 1
E-7 0.931 0.046 20.468 ok
S-1 0.985 0.04 24.881 ok
S-2 0.998 0.04 25.178 ok
Service Quality and S-3 0.983 0.04 24.82 ok
Safety (S) 5-4 1
S-5 0.877 0.053 16.421 ok
S-6 0.926 0.053 17.582 ok
A-1 0.956 0.041 23.486 ok
Accessibility and A-2 1
Connectivity (A) A-3 0.946 0.041 23.343 o
A-4 0.927 0.039 24.045 i
I-1 1
Infrastructure 12 0.918 0.047 19492
Convenience (I)
I-3 0.973 0.043 22.717 ok
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I-4 0.967 0.047 20.526 *EE
I-5 0.942 0.042 22.412 wHE
P-1 0.872 0.046 18.919 o
P-2 0.985 0.056 17.46 *EE
P-3 1
Public Value and P-4 0.979 0.048 20.391 g
Regional P-5 0.968 0.046 21 *AE
Development (P) P-6 0.959 0.045 21.426 wEE
pP-7 0.936 0.045 20.764 o
P-8 0.904 0.042 21.355 *AE
P-9 0.944 0.042 22.565 g

***p <0.001 (two-tailed).

Among the reported factor loadings, the items with the highest values (E-6, S-4, A-2, I-
1, and P-3) show loadings of 1.000. This indicates that these observed indicators were des-
ignated as reference indicators for their respective latent constructs, serving as scaling an-
chors within the measurement model. At the same time, these items can be interpreted as
most directly reflecting the conceptual core of each latent construct. Notably, in the case of
Economy (E), several items exhibit loadings close to 0.99, suggesting that perceptions of cost
reduction and time efficiency consistently and coherently define the construct. Likewise, the
high loadings observed for Service Quality and Safety (S), approximately 0.98, indicate that
elements such as procedural reliability, adequacy of information provision, and safety man-
agement systems are perceived as closely interrelated components. This implies that re-
spondents tend to interpret these attributes not as distinct elements but as an integrated
concept reflecting the overall reliability and safety of service operations.

Such high factor loadings indicate that the observed indicators provide strong ex-
planatory power for their respective latent constructs, thereby supporting the convergent
validity of the measurement model. However, factor loadings approaching unity should
be interpreted with caution, as they may also suggest strong overlap among observed
indicators or insufficient differentiation among latent constructs. Therefore, future re-
search may benefit from further examining discriminant validity and refining the meas-
urement items to improve construct differentiation and item diversity.

The covariance estimates among the latent constructs are presented in Table 4. All
covariances are statistically significant at the 0.001 level, indicating meaningful associa-
tions among the constructs. The covariance between Economy and accessibility is 0.234,
while that between service quality and accessibility is 0.241. These results suggest that
higher perceived accessibility is associated with more favorable evaluations of Economy
and service quality.

In addition, the covariance between Infrastructure Convenience and Public Value
and Regional Development is 0.241, implying that positive perceptions of physical infra-
structure may be linked to perceptions of regional development contribution. Overall, alt-
hough individual covariances do not exceed the commonly accepted threshold of 0.80, the
uniformity of their magnitudes (a narrow range of 0.219-0.243) is itself diagnostic. It sug-
gests that respondents do not strongly differentiate among the five constructs and instead
respond to them as facets of a single underlying favorability evaluation toward the CAT
proposal. As an additional check, we computed composite scale scores for each construct
and obtained pairwise Pearson correlations in the range of 0.71-0.83, with variance infla-
tion factors (VIFs) in a regression of usage intention on the five composites ranging from
3.4 to 5.6. These values do not breach the standard VIF cut-off of 10 but exceed the more
conservative threshold of 3 used for SEM contexts [34]. Combined with factor loadings
approaching unity, these diagnostics indicate that the structural model operates in a
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regime where individual path coefficients are unstable and may be unreliable indicators
of unique substantive effects. We therefore interpret the structural results in this section
with this caveat in mind.

A closer examination of the covariance structure shows that the highest covariance
(0.243) is observed between Accessibility and Connectivity (A) and Infrastructure Con-
venience (I). This suggests that perceived ease of physical access and the convenience of
facility use are the most closely associated dimensions in users’ perceptions. In other
words, higher evaluations of accessibility tend to be accompanied by improved percep-
tions of Infrastructure Convenience, reflecting an interrelated evaluation structure be-
tween these two constructs.

Table 4. Covariances between Latent Constructs.

Latent Constructs Estimate S.E. C.R. p

S 0.24 0.019 12.716

. . A 0.234 0.019 12.545

conomy (E) I 0.233 0.019 12.128 o

P 0.225 0.02 11.334 o

, , A 0.241 0.018 13333

Service Quality I 0.239 0.019 12.831 o
and Safety (S)

P 0.219 0.019 11.632 o

Accessibilityand I 0.243 0.019 12.882

Connectivity (A) P 0.232 0.019 11.931

Infrastructure P 0.241 0.02 11.779 et

Convenience (I)

*** 1 <0.001 (two-tailed).

The variance structure of each latent construct is presented in Table 5. All latent con-
struct variances are statistically significant (p < 0.001), indicating that each construct pos-
sesses sufficient independent variability.

Table 5. Variances of Latent Constructs.

Latent Constructs Estimate S.E. C.R. p
Economy (E) 0.258 0.024 10.651 o

Service Quality and Safety (5) 0.246 0.021 11.944 o
Accessibility and Connectivity (A) 0.258 0.023 11.01 e
Infrastructure Convenience (I) 0.249 0.021 11.94 o
Public Value and 0.32 0.03 10788 —_

Regional Development (P)

*** 1 <0.001 (two-tailed).

In particular, the variance of public value and regional development (P) is the highest
at 0.320, suggesting that respondents exhibit relatively greater heterogeneity in their per-
ceptions of this construct compared to others. In other words, evaluations regarding
whether the City Airport Terminal contributes to regional development vary considerably
across individuals. In contrast, the variance of service quality and safety (S) is relatively
lower at 0.246, indicating that perceptions related to service operations and safety are
formed more consistently among respondents.

The variances of accessibility (A) and economy (E) are both 0.258, reflecting similar
levels of dispersion. This suggests that perceptions of physical accessibility and cost-time
efficiency vary within a certain range but do not exhibit substantial extremes.

https://doi.org/10.3390/su18136400


https://doi.org/10.3390/su18136400

Sustainability 2026, 18, 6400

14 of 25

Overall, the fact that the variances of the latent constructs are neither excessively
large nor indistinguishably small, while still exhibiting meaningful differences across con-
structs, supports the interpretation that each construct represents a distinct dimension
within respondents’ perceptions. This provides a statistical foundation for subsequent
comparisons of the relative effects of each construct in the structural model.

The error variances of the observed variables are presented in Table 6. For most items,
the error variances range between 0.10 and 0.20, indicating that measurement error is rela-
tively low. However, relatively higher error variances are observed for service quality items
(S-5, S5-6) and the public value item (P-2). This may suggest greater heterogeneity in respond-
ents” perceptions or the possibility that these items capture multidimensional aspects.

Table 6. Variances of Observed Indicators.

Observed Indicators  Estimate S.E. C.R. p
E-1 0.124 0.009 14.329 e
E-2 0.104 0.007 13.962 e
E-3 0.088 0.007 13.515 o
E-4 0.166 0.011 14.59 e
E-5 0.156 0.011 14.666 o
E-6 0.146 0.01 14.405 o
E-7 0.125 0.009 14.379 o
S-1 0.099 0.007 14.244 e
S-2 0.097 0.007 14.166 o
S-3 0.099 0.007 14.259 o
S-4 0.088 0.006 13.973 o
S-5 0.269 0.018 15.369 ot
S-6 0.252 0.016 15.286 o
A-1 0.115 0.008 14.243 o
A-2 0.087 0.006 13.451 o
A-3 0.115 0.008 14.279 ot
A-4 0.099 0.007 14.093 o
I-1 0.128 0.009 14.044 o
I-2 0.161 0.011 14.641 o
I-3 0.1 0.007 13.642 o
I-4 0.149 0.01 14.401 o
I-5 0.099 0.007 13.776 o
P-1 0.188 0.013 14.685 o
P-2 0.311 0.021 14.941 ot
P-3 0.172 0.012 14.198 o
P-4 0.18 0.013 14.334 o
P-5 0.156 0.011 14.15 o
P-6 0.141 0.01 14.004 ot
P-7 0.153 0.011 14.225 e
P-8 0.127 0.009 14.029 o
P-9 0.108 0.008 13.516 ok

*** 1 <0.001 (two-tailed).

Nevertheless, the overall measurement-error level does not invalidate the measure-
ment model, although item redundancy and discriminant-validity limitations should be
considered when interpreting the structural paths. The standardized measurement model
summarizing the above results of the measurement model analysis is presented in Figure 2.
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Figure 2. Structural equation model. Note: E = Economy; A = Accessibility and Connectivity; P =Public

Value and Regional Development; I = Infrastructure Convenience; S = Service Quality and Safety.

The results of the measurement model analysis indicate that the five latent constructs
exhibit an overall acceptable level of model fit and satisfy the criteria for convergent va-
lidity. Although the covariances among the constructs are statistically significant, their
magnitudes suggest that the constructs are related but not necessarily redundant.

These findings imply that the intention to use a City Airport Terminal (CAT) is more
likely to be explained by a multidimensional structure in which economy, accessibility,
service quality, infrastructure convenience, and public value interact, rather than by a sin-
gle-factor model. Accordingly, it is necessary to examine the relative influence of these
multiple factors on usage intention in the subsequent structural model analysis.
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Beyond the previously reported statistical results, additional diagnostics were con-
ducted to assess reliability, convergent validity, discriminant validity, and multicollinear-
ity. These results are summarized in Tables 7 and 8.

Table 7. Reliability, AVE, and Multicollinearity Diagnostics.

Construct CR AVE Sqrt (AVE) VIF
E 0.963 0.788 0.888 12.225
S 0.952 0.767 0.876 32.963
A 0.952 0.834 0.913 25.036
I 0.948 0.784 0.886 19.737
p 0.965 0.755 0.869 4.265

As shown in Table 7, the composite reliability (CR) values range from 0.948 to 0.965,
and the AVE values range from 0.755 to 0.834. The CR and AVE values satisfy the com-
monly used thresholds of 0.70 and 0.50 for internal consistency and convergent validity,
respectively, indicating acceptable levels. However, the very high CR values may suggest
potential redundancy among some items. In addition, the VIF values are particularly high
for service quality and safety (S), accessibility and connectivity (A), and infrastructure
convenience (I), indicating that multicollinearity may exist among the functional con-
structs. Therefore, while the measurement model shows acceptable results in terms of
convergent validity, the structural paths should be interpreted with caution.

Table 8. Latent Construct Correlation Matrix.

Construct E S A 1 P
E - 0.956 0.929 0.922 0.826
S 0.956 - 0.972 0.962 0.829
A 0.929 0.972 - 0.967 0.853
I 0.922 0.962 0.967 - 0.863
P 0.826 0.829 0.853 0.863 -

The latent construct correlation matrix indicates relatively high correlations among
the constructs, ranging from 0.826 to 0.972. In particular, strong correlations are observed
between service quality and safety and accessibility and connectivity (S-A = 0.972), acces-
sibility and connectivity and infrastructure convenience (A-I=0.967), and service quality
and safety and infrastructure convenience (S-1=0.962). These results indicate that discri-
minant validity among several constructs is limited and that respondents may have eval-
uated the proposed CAT through a broad positive perception structure rather than clearly
separating each construct. Therefore, although the constructs are retained based on the
theoretical framework of this study, the unique effects of individual latent constructs and
the structural path estimates should be interpreted with caution. Additional details on the
measurement model fit assessment, including degrees of freedom, absolute fit indices, in-
cremental fit indices, and RMSEA, are provided in Appendix B.

Following the measurement-model assessment, hypothesis testing was conducted
through structural path estimation and model comparison. The hypothesis testing in this
study was conducted using a structural equation modeling (SEM) framework through a
two-step procedure. First, within the extended structural model, the effects of all latent
constructs on usage intention were simultaneously estimated, and the statistical signifi-
cance of individual path coefficients was evaluated. This step was designed to determine
whether the five latent constructs —economy, service quality and safety, accessibility and
connectivity, infrastructure convenience, and public value—each exert independent ex-
planatory power on the dependent variable, namely CAT usage intention. The evaluation
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was based on standardized coefficients and corresponding p-values to assess whether
each construct has a statistically significant effect on the formation of usage intention.

Second, to assess the validity of an accessibility-centered explanatory structure, a
stepwise comparison was conducted between an accessibility-only model and an ex-
tended model. The accessibility-only model includes only accessibility as the independent
variable explaining usage intention, whereas the extended model incorporates additional
constructs, including economy, service quality and safety, infrastructure convenience, and
public value. The comparison between the two models was performed based on changes
in model fit indices (CFI, TLI, RMSEA), explanatory power (R?), and nested model differ-
ence tests. Through this approach, the study aims to structurally evaluate whether acces-
sibility alone is sufficient to explain usage intention.

The estimation results of the structural model derived through this stepwise analyt-
ical procedure are presented as follows.

Table 9 presents the model fit indices for the accessibility-only model and the ex-
tended model. Both models satisfy commonly used model-fit criteria. The accessibility-
only model shows acceptable fit, with CFI=0.998, TLI=0.998, RMSEA = 0.052, and SRMR
= 0.041. The extended model shows slightly improved fit, with CFI = 0.999, TLI = 0.998,
RMSEA = 0.050, and SRMR = 0.037. In addition, the R? value for CAT usage intention is
0.318 in the accessibility-only model and 0.382 in the extended model. This indicates that
the accessibility-only model explains approximately 31.8% of the variance in CAT usage
intention, whereas the extended model explains approximately 38.2%.

Table 9. Model Fit Indices for the Accessibility-Only and Extended Models.

Model X2 (df) CFI TLI RMSEA 90% CI SRMR R?
Accessibility-only 105 335 (454 0.998 0.998 0.052 0.048-0.056 0.041 0.318
model (M,)
Extended model 454 915 (450) 0.999 0.998 0050 0046005  0.037 0.382
(MEXT)

Therefore, the extended model, which includes non-accessibility constructs, provides
additional explanatory value not only in terms of model fit but also in terms of the explan-
atory power for CAT usage intention. However, given the high correlations among the
latent constructs and the possibility of multicollinearity, this improvement should be in-
terpreted cautiously as additional explanatory power of the multidimensional structure
rather than as evidence of the independent effects of each factor.

The structural path estimates of the extended model in Table 10 show that public
value and regional development (P) has a statistically significant positive direct path to
CAT usage intention (p < 0.001). The standardized coefficient is also 0.739, indicating that
public value and regional development is the only statistically distinguishable direct path
in the extended model. By contrast, accessibility and connectivity (A), economy (E), ser-
vice quality and safety (5), and infrastructure convenience (I) do not show statistically
significant direct paths when all constructs are included simultaneously.

Table 10. Structural Path Estimates of the Extended Model.
Path Estimate S.E. Y4 P Std. Beta
A - Usage Intention -0.039 0.874 -0.045 0.964 -0.031
E - Usage Intention 0.128 0.482 0.266 0.790 0.101
S - Usage Intention 0.178 0.813 0.219 0.826 0.140
I - Usage Intention -0.447 0.659 -0.678 0.498 -0.351
P - Usage Intention 0.940 0.249 3.768 o 0.739

*** p <0.001 (two-tailed).
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However, these results should be interpreted with caution and should not be treated
as a ranking of the relative importance of individual factors. As noted above, the correla-
tions among the latent constructs and the VIF values are high. Therefore, each path coef-
ficient should be understood as an estimate of a unique effect under conditions of sub-
stantial shared variance. Accordingly, the non-significant paths do not necessarily imply
that these factors have low policy importance. Likewise, the significant path of public
value and regional development should not be interpreted as a definitive priority ranking
of determinants of CAT usage intention.

Nevertheless, from a sustainable mobility perspective, the statistically distinguisha-
ble association between public value and regional development and usage intention is
noteworthy. This suggests that respondents may perceive CAT implementation not only
in terms of operational convenience as a transport service, but also in relation to broader
community-level benefits, such as regional development expectations, quality-of-life im-
provement, congestion relief, public transport promotion, and environmental burden re-
duction. Therefore, in discussions of CAT implementation, presenting broader public ben-
efits related to urban sustainability and regional development, alongside functional ad-
vantages such as check-in convenience and accessibility improvement, may help enhance
public understanding and acceptance. This perspective is also consistent with discussions
in sustainable air transport management that emphasize demand-side behavioral strate-
gies alongside supply-side technological improvements [28].

Taken together, these results indicate that CAT usage intention is difficult to explain
sufficiently by accessibility as a single determinant. In particular, the non-significant path
coefficient for accessibility and connectivity suggests that its independent effect does not
remain statistically distinguishable when the other latent constructs are considered sim-
ultaneously. Accordingly, to further examine the explanatory power of an accessibility-
centered structure, the following section compares the accessibility-only model with the
extended model.

The nested model comparison results in Table 11 provide the main basis for hypoth-
esis testing. First, the comparison between the accessibility-only model (M,) and the ex-
tended model (Mgyr) is statistically significant (Ax2=29.068, Adf =4, p <0.001). This indi-
cates that the extended model, which includes non-accessibility constructs, provides ad-
ditional explanatory power for CAT usage intention compared with the accessibility-only
model. Therefore, CAT usage intention needs to be understood within a broader multidi-
mensional structure rather than being explained by accessibility alone.

Table 11. Nested Model Comparison Results.

Comparison Ax? Adf p
Mgxr vs. My, 4 0.002 1 0.964

*** p <0.001 (two-tailed).

In addition, to examine the independent contribution of accessibility and connectiv-
ity, a further comparison was conducted between the accessibility-excluded model (M,,, 4)
and the extended model (Mgyr). The chi-square difference test result (p = 0.964) shows that
the difference between the model including the accessibility path and the model excluding
it is not statistically significant. This means that, when other factors are considered to-
gether, adding accessibility and connectivity does not significantly improve the explana-
tory power of the model.

These results suggest that accessibility does not show significant importance as a sole
explanatory factor for CAT usage intention. In other words, CAT usage intention should
be understood within a multidimensional structure in which various factors, such as
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economy, service quality and safety, infrastructure convenience, and public value and re-
gional development, operate together. The effect of accessibility can also be interpreted as
emerging in connection with these other constructs.

The Wald test results in Table 12 show that the equality constraint among the struc-
tural paths is statistically rejected (x?>=12.150, df =4, p = 0.016). This indicates that the path
coefficients of the latent constructs included in the extended model cannot be regarded as
equal. Considering that public value and regional development (P) is the only construct
with a statistically significant direct path to CAT usage intention in Table 10, this construct
can be interpreted as a statistically distinguishable direct path in the present model.

Table 12. Wald Test of Equality Constraints.

Constraint Tested X2 df p
Equality of Structural paths 12.150 4 0.016

However, this result should not be interpreted as evidence that public value and re-
gional development is substantively more important than all other factors. As noted
above, the correlations among the latent constructs and the VIF values are high. Therefore,
differences among the path coefficients should be understood as results estimated under
conditions of substantial shared variance. Accordingly, the Wald test result should be in-
terpreted as supplementary evidence that the structural paths in the extended model are
not identical and that the direct path of public value and regional development is statisti-
cally distinguishable, rather than as a basis for establishing a definitive priority ranking
among the factors.

In summary, the factor-analysis results support the basic fit and convergent validity
of the measurement model, while the additional diagnostics indicate limitations in discri-
minant validity and the possibility of multicollinearity among the constructs. The model
comparison results show that the extended model provides greater explanatory power for
CAT usage intention than the accessibility-only model. However, additionally including
accessibility does not lead to a statistically significant improvement in explanatory power
within the multidimensional structure. Therefore, the findings of this study should not be
interpreted as evidence that accessibility is unimportant in CAT planning. Rather, they
should be understood as evidence that CAT usage intention cannot be sufficiently ex-
plained by accessibility alone.

5. Conclusions

This study empirically analyzed the key determinants influencing usage intention for
a City Airport Terminal (CAT) in Ulsan, employing a structural equation modeling (SEM)
framework under the assumption of CAT implementation. Overall, the findings indicate
that usage intention is not adequately explained by a single factor such as accessibility
alone, but is better understood within a multi-factor structure in which multiple determi-
nants are considered together.

The measurement model demonstrates an acceptable level of fit, and the five latent
constructs—economy, service quality and safety, accessibility and connectivity, infra-
structure convenience, and public value and regional development—are found to form
statistically stable measurement structures. The additional reliability and validity diag-
nostics also indicate acceptable internal consistency and convergent validity. At the same
time, the high correlations among the latent constructs and elevated VIF values indicate
limitations in discriminant validity and the possibility of multicollinearity.

The CFA results show that the five latent constructs are interrelated, with covariances
ranging narrowly between 0.219 and 0.243. In addition, the latent construct correlation
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matrix indicates relatively high correlations among several constructs. This suggests con-
ceptual overlap in respondents’ perceptions rather than directional influence among con-
structs; for example, accessibility and connectivity, infrastructure convenience, service
quality and safety, and economy may have been perceived not as completely separate
dimensions but as related facets of a broader positive evaluation toward the CAT.

The SEM results indicate that the accessibility-only model is statistically insufficient
compared with the extended five-factor model; that is, usage intention cannot be adequately
explained by accessibility alone. The extended model provides additional explanatory
value, and within this model, public value and regional development retains a statistically
significant direct path to usage intention. By contrast, accessibility and connectivity, econ-
omy, service quality and safety, and infrastructure convenience do not show statistically
significant individual paths when the constructs are estimated simultaneously.

These results should be interpreted with caution. The non-significant paths for acces-
sibility and other functional attributes should not be taken as evidence that residents place
little weight on these factors, because the estimates may be affected by high inter-construct
correlations, multicollinearity, the hypothetical nature of the Ulsan CAT, and the condi-
tional-item survey design. Rather, CAT activation should be planned as a multidimensional
process in which accessibility and connectivity, service reliability, facility convenience, eco-
nomic utility, and public-value considerations are treated as complementary elements. The
relative weights of these factors, however, cannot be inferred from the present data.

From a policy perspective, the results suggest that discussions on CAT implementa-
tion should not be confined to accessibility-oriented location strategies. Rather, compre-
hensive planning is required, encompassing service quality management, reliability of
check-in and baggage handling processes, enhancement of information systems, cost-re-
lated benefits, and integration with regional economic development strategies. In the case
of Ulsan, considering its potential linkage with Gadeokdo New Airport, factors such as
operational reliability and user-perceived convenience should be considered together
with improvements in transport accessibility.

As the aviation sector faces mounting pressure to reduce its environmental footprint,
CATs may offer a demand-side sustainable infrastructure strategy that complements sup-
ply-side decarbonization efforts, including the adoption of sustainable aviation fuels and
electrification of ground support equipment. However, the present study does not directly
measure actual mode shift or carbon-reduction effects. Therefore, the sustainability impli-
cations of CAT implementation should be interpreted as potential planning relevance ra-
ther than as potential planning relevance. The present findings suggest that public sup-
port for such infrastructure may be shaped by multi-dimensional perceptions— particu-
larly public-value judgments about regional development and community well-being—
rather than by accessibility considerations alone. Sustainable air transport planning for
CAT implementation should therefore incorporate perception-based approaches along-
side conventional engineering and emissions analyses, ensuring that the social and com-
munity dimensions of sustainable mobility are reflected in infrastructure design and pol-
icy communication.

This study has several limitations that suggest directions for future research. First, as
the Ulsan CAT has not yet commenced operations, the analysis is based on stated inten-
tion data from potential users rather than revealed behavioral evidence; future research
should seek to validate the identified structural relationships using post-implementation
data. Second, because the study relies on a single cross-sectional self-reported survey,
common method bias may be present. Third, the conditional wording of all survey items
and the use of a four-point Likert scale without a neutral midpoint may have contributed
to acquiescence bias, ceiling effects, compressed response variance, and inflated correla-
tions among constructs. Fourth, the study draws on a regional sample from Ulsan
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Metropolitan City, and the generalizability of the findings to other CAT contexts requires
further empirical investigation. Future studies would benefit from incorporating broader
geographic samples, longitudinal designs, and additional sociodemographic and behav-
ioral variables to capture potential heterogeneity in CAT adoption across different user
groups and regional contexts.

In conclusion, this study provides structural evidence that an accessibility-only ex-
planatory model of CAT usage intention is statistically inadequate, and simultaneously
documents—through multicollinearity and design diagnostics —why the present percep-
tion-based data cannot identify the unique contribution of each non-accessibility con-
struct. We view this dual finding, rather than a single-factor prioritization of public value,
as the appropriate empirical basis for the next stage of CAT planning in Ulsan. Future
research should incorporate post-implementation revealed-preference data to examine
discrepancies between perception and actual behavior; employ vignette-based or stated-
choice experimental designs to reduce the natural correlations among latent constructs
and identify each construct’s unique effect; integrate demographic and behavioral seg-
mentation variables, such as age, income, and frequency of air travel, to detect heteroge-
neity in the structural relationships; and link the analysis with anticipated changes in the
transport system following the opening of Gadeokdo New Airport, thereby strengthening
the empirical basis for policy decision-making.
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Appendix A. Survey

Table A1l. Characteristics of Survey Respondents.

Number of Survey Samples Weighted Count
Category
Count Share (%) Count Share (%)

Total 500 100 500 100
Gender Male 262 52.4 262 52.5
Female 238 47.6 238 47.5

19-29 55 11 76 15.1

30s 89 17.8 85 17

Ages 40s 113 22.6 105 21
50s 128 25.6 124 24.8

60 and above 115 23 111 22.1
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Jung-gu, Ulsan 92 18.4 92 18.4
Nam-gu, Ulsan 145 29 142 28.5
Residence/Re- Dong-gu, Ulsan 69 13.8 67 13.5
gion Buk-gu, Ulsan 100 20 99 19.8
Ulju-gun, Ulsan 94 18.8 99 19.9
Middle school or below 4 0.8 6 1.1
High school graduate 104 20.8 105 21
Education Level College or higher 392 78.4 390 77.9
Professional 79 15.8 76 15.2
Managerial 35 7 33 6.6
Office worker 125 25 122 24.4
Sales worker 16 3.2 15 3
Service worker 38 7.6 40 8.1
Occupation Skilled worker 47 9.4 46 9.2
Agriculture/Fishery worker 2 0.4 2 0.3
Simple labor 32 6.4 32 6.5
Others 10 2 10 1.9
Unemployed 116 23.2 123 24.7
Average Weekly Less than 40 h 90 23.4 88 23.5
Working Hours 40 h or more 294 76.6 288 76.5
Less than 1 million KRW 11 2.2 11 2.2
1-3 million KRW 72 144 77 15.3
h/fc:)rtjtlu[;‘;ir;i . 3-5 million KRW 172 34.4 170 34
5-10 million KRW 190 38 183 36.6
(After Tax) P —
More than 10 million KRW 46 9.2 48 9.5
No regular income 9 1.8 12 2.4
Driver's License Yes 470 94 464 92.7
No 30 6 36 7.3

Table A2. Survey Questionnaire.

Latent Construct

Observed Indicators

Economy (E)

E-1

If parking fees are free or discounted when using the city airport terminal, I would be willing to use
it

E-2

If baggage check-in services are free or inexpensive at the city airport terminal, I would be willing to
use it

E-3

If airport bus/limousine fares are discounted when using the city airport terminal, I would be will-
ing to use it

E-4

If additional airport facility fees (e.g., baggage storage, business center, shower facilities) are not
charged when using the city airport terminal, I would be willing to use it

E-5

If a bundled package including baggage services and limousine transportation is offered, I would be
willing to use it

E-6

If mileage or point accrual and discount benefits are provided, I would be willing to use it

E-7

If exclusive discount benefits are offered for local (Ulsan) residents, I would be willing to use it

Service Quality
and Safety (S)

5-1

If fast and accurate check-in and baggage handling services are provided at the city airport terminal,
I would be willing to use it

S-2

If reliable services (e.g., tracking systems, insurance) that prevent baggage loss or delays are pro-
vided, I would be willing to use it

S-3

If through check-in services for both international and domestic flights are provided, I would be
willing to use it

5-4

If compensation or alternative services are arranged in case of service delays or accidents, I would be
willing to use it

If dedicated check-in counters for business travelers are operated, I would be willing to use it
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If multilingual guidance and foreign language support services are provided, I would be willing to

S-6 .
use it
A If seamless connectivity with public transportation (e.g., bus, rail) is ensured, I would be willing to
use the city airport terminal
Accessibility and A .If there is a designated drop-off area with convenient access for private cars or taxis, I would be will-
Connectivity (A) ing to use It
A-3 If the city airport terminal is located in an area with high accessibility, I would be willing to use it
Ad If operating hours are aligned with flight schedules (e.g., first departure, last arrival, late-night ser-
vices), I would be willing to use it
L1 If convenient facilities such as lounges and rest areas are adequately provided, I would be willing to
use the city airport terminal
o If barrier-free facilities are available for passengers with disabilities, the elderly, and those traveling
with infants, I would be willing to use it
Infrastructure Con- I3 If a system providing real-time flight and transportation information is operated, I would be willing
venience (I) to use the city airport terminal
L4 If smart infrastructure such as Wi-Fi, charging stations, and business centers is provided, I would be
willing to use it
15 If a door-to-door baggage delivery service between the airport and the city airport terminal is pro-
vided, I would be willing to use it
P-1 If a city airport terminal is established in Ulsan, it will help alleviate congestion at Ulsan Airport and
other international airports
P2 If a city airport terminal is established in Ulsan, it will contribute to reducing traffic congestion
within the city
P.3 If a city airport terminal is established, it will reduce private car usage and encourage the use of pub-
lic transportation
P If a city airport terminal is established, it will help mitigate environmental burdens such as carbon
Public Value and Re- emissions
gional Development P_5 If a city airport terminal is established, it will contribute to strengthening Ulsan’s image as an inter-
P) national and tourism-oriented city
Pt If a city airport terminal is established, it will have a positive impact on regional transportation and
economic vitality
P-7  If a city airport terminal is established, it will help improve the quality of life of Ulsan residents
P8 If a city airport terminal is established, it will be necessary for the long-term development of Ulsan’s
airport policies and aviation service quality
P-9 If a city airport terminal is established, equity in aviation accessibility among citizens will be im-

proved

Appendix B. Measurement Model Fit Assessment Results

Table A3. Basis for the Degrees of Freedom of the Measurement Model.

Index Value
Number of distinct sample moments 496
Number of distinct parameters to be estimated 72
Degrees of freedom 424

Table A4. Absolute Fit of the Measurement Model.

Model NPAR CMIN DF p CMIN/DF
Default model 72 1452.238 424 0 3.425
Saturated model 496 0 0 — —
Independence model 31 14,401.5 465 0 30.971
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Model RMSEA LO 90 HI 90 PCLOSE
Default model 0.07 0.066 0.074 0
Independence model 0.245 0.242 0.249 0

References

1.  International Air Transport Association. Global Outlook for Air Transport; IATA: Montreal, QC, Canada, 2023.

2. Graham, A. Managing Airports: An International Perspective, 5th ed.; Routledge: Abingdon, UK, 2018.

3.  Halpern, N.; Graham, A. Airport Marketing; Routledge: Abingdon, UK, 2013.

4. Budd, L.; Ison, S. (Eds.) Air Transport Management: An International Perspective; Routledge: Abingdon, UK, 2017.

5. Correia, A.R.; Wirasinghe, S.C. Evaluating level of service at airport passenger terminals: Review of research approaches. Transp.
Res. Rec. 2004, 1888, 1-6. https://doi.org/10.3141/1888-01.

6.  Pels, E.; Nijkamp, P.; Rietveld, P. Access to and competition between airports: A case study for the San Francisco Bay area.
Transp. Res. Part A Policy Pract. 2003, 37, 71-83. https://doi.org/10.1016/S0965-8564(02)00007-1.

7.  Hess, S.; Polak, ].W. Mixed logit modelling of airport choice in multi-airport regions. J. Air Transp. Manag. 2005, 11, 59-68.
https://doi.org/10.1016/j.jairtraman.2004.09.001.

8. Loo, B.P.Y. Passengers’ airport choice within multi-airport regions (MARs): Some insights from a stated preference survey at
Hong Kong International Airport. J. Transp. Geogr. 2008, 16, 117-125. https://doi.org/10.1016/j.jtrangeo.2007.05.003.

9.  Goswami, A.; Miller, M.; Hoel, L. Modeling demand for off-site passenger service facilities. J. Air Transp. Manag. 2011, 17, 263~
270. https://doi.org/10.1016/j jairtraman.2011.02.002.

10. de Luca, S. Modelling airport choice behaviour for direct flights, connecting flights and different travel classes. Transp. Policy
2012, 22, 148-163. https://doi.org/10.1016/j.tranpol.2012.05.002.

11. Pels, E,; Nijkamp, P.; Rietveld, P. Airport and airline choice in a multiple airport region: An empirical analysis for the San
Francisco Bay Area. Reg. Stud. 2001, 35, 1-9. https://doi.org/10.1080/00343400120025637.

12.  Ajzen, 1. The theory of planned behavior. Organ. Behav. Hum. Decis. Process. 1991, 50, 179-211. https://doi.org/10.1016/0749-
5978(91)90020-T.

13.  Donald, L].; Cooper, S.R.; Conchie, S.M. An extended theory of planned behaviour model of the psychological factors affecting
commuters’ transport mode choice. J. Environ. Psychol. 2014, 40, 39-48. https://doi.org/10.1016/j.jenvp.2014.03.003.

14. Davis, F.D. Perceived usefulness, perceived ease of use, and user acceptance of information technology. MIS Q. 1989, 13, 319—
340. https://doi.org/10.2307/249008.

15. Venkatesh, V.; Morris, M.G.; Davis, G.B.; Davis, F.D. User acceptance of information technology: Toward a unified view. MIS
Q. 2003, 27, 425-478. https://doi.org/10.2307/30036540.

16. Lu, J.-L.; Chou, H.-Y,; Ling, P.-C. Investigating passengers’ intentions to use technology-based self check-in services. Transp.
Res. Part E Logist. Transp. Rev. 2009, 45, 345-356. https://doi.org/10.1016/j.tre.2008.09.006.

17.  Kim, J.-H.; Park, J.-W. The effect of airport self-service characteristics on passengers’ technology acceptance and behavioral
intention. J. Distrib. Sci. 2019, 17, 29-37. https://doi.org/10.15722/jds.17.5.201905.29.

18. Kim, J.-H.; Park, J.-W. The effect of airport self-service characteristics on passengers’ perceived value, satisfaction, and behav-
ioral intention: Based on the SOR model. Sustainability 2019, 11, 5352. https://doi.org/10.3390/su11195352.

19. Wongyai, P.H.; Suwannawong, K.; Wannakul, P.; Thepchalerm, T.; Arreeras, T. The adoption of self-service check-in kiosks
among commercial airline passengers. Heliyon 2024, 10, e38676. https://doi.org/10.1016/j.heliyon.2024.e38676.

20. Fodness, D.; Murray, B. Passengers’ expectations of airport service quality. J. Serv. Mark. 2007, 21, 492-506.
https://doi.org/10.1108/08876040710824852.

21.  Yeh, C.H,; Kuo, Y.L. Evaluating passenger services of Asia-Pacific international airports. Transp. Res. Part E Logist. Transp. Rev.

Table A5. Incremental Fit Indices of the Measurement Model.

Model NFI RFI IFI TLI CFI

Default model 0.899 0.889 0.926 0.919 0.926
Saturated model 1 — 1 1 1
Independence model 0 0 0 0 0

Table A6. RMSEA of the Measurement Model.

2003, 39, 35-48. https://doi.org/10.1016/S1366-5545(02)00017-0.

https://doi.org/10.3390/su18136400


https://doi.org/10.3390/su18136400

Sustainability 2026, 18, 6400 25 of 25

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.
32.
33.

34.

Eboli, L.; Mazzulla, G. An ordinal logistic regression model for analysing airport passenger satisfaction. EuroMed ]. Bus. 2009,
4, 40-57. https://doi.org/10.1108/14502190910956684.

Park, J.-W.; Ryu, Y.K. Investigating the effects of airport servicescape on airport users’ behavioral intentions: A case study of
Incheon International Airport Terminal 2. Sustainability 2019, 11, 4171. https://doi.org/10.3390/su11154171.

Jeon, S.; Kim, M.S. The effect of the servicescape on customers’ behavioral intentions in an international airport service environ-
ment. Serv. Bus. 2012, 6, 279-295. https://doi.org/10.1007/s11628-012-0136-z.

Antwi, C.O.; Fan, C; Ihnatushchenko, N.; Aboagye, M.O.; Xu, H. Does the nature of airport terminal service activities matter?
Processing and non-processing service quality, passenger affective image and satisfaction. J. Air Transp. Manag. 2020, 89, 101869.
https://doi.org/10.1016/j.jairtraman.2020.101869.

Bakir, M.; Akan, S.; Ozdemir, E.; Nguyen, P.H.; Tsai, ].F.; Pham, H.A. How to achieve passenger satisfaction in the airport?
Findings from regression analysis and necessary condition analysis approaches through online airport reviews. Sustainability
2022, 14, 2151. https://doi.org/10.3390/su14042151.

Alanazi, M.S.M.; Lj, ].; Jenkins, K.W. Evaluating airport service quality based on statistical and predictive analysis of Skytrax
passenger reviews. Appl. Sci. 2024, 14, 9472. https://doi.org/10.3390/app14209472.

Rocha, P.M.; Costa, H.G,; Silva, G.B. Gaps, trends and challenges in assessing quality of service at airport terminals. Sustaina-
bility 2022, 14, 3796. https://doi.org/10.3390/su14073796.

Silva, H.G.M.; Guterres, M.X.; Bandeira, M.C.G.S.P.; Alves, C.]J.P.; Sonaglio, C.A. The role of security in passengers’ airport
ground access choices: A statistical evaluation. |. Air Transp. Manag. 2022, 103, 102245. https://doi.org/10.1016/jjairtra-
man.2022.102245.

Bezerra, G.C.L.; Gomes, C.F. The effects of service quality dimensions on passenger satisfaction and loyalty in the airport in-
dustry. J. Air Transp. Manag. 2016, 52, 111-116. https://doi.org/10.1016/j.jairtraman.2015.12.006.

Bollen, K.A. Structural Equations with Latent Variables; Wiley: New York, NY, USA, 1989.

Kline, R.B. Principles and Practice of Structural Equation Modeling, 4th ed.; Guilford Press: New York, NY, USA, 2016.
Taherdoost, H. What is the best response scale for survey and questionnaire design? Review of different lengths of rating
scale/attitude scale/Likert scale. Int. |. Acad. Res. Manag. 2019, 8, hal-02557308.

Hair, J.F.; Risher, ].].; Sarstedt, M.; Ringle, C.M. When to use and how to report the results of PLS-SEM. Eur. Bus. Rev. 2019, 31,
2-24. https://doi.org/10.1108/EBR-11-2018-0203.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/su18136400


https://doi.org/10.3390/su18136400

