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Abstract: We investigate whether air transport passengers changed their perceptions on the resump-
tion of air transport use as the circumstances of the COVID-19 pandemic have changed. We surveyed
1200 Koreans, and then six months later re-surveyed 840 people among those who participated in the
first survey. We built a structural equation model that was configured of five latent variables: COVID-
19-related, self-isolation, destination condition, level of preventive measures in the airport/aircraft,
and social perception. We performed paired sample t-test, multi-group analysis, and latent mean
analysis for two divided groups, based on the survey period. We found that the perception structure
on resuming air transportation use over time during the COVID-19 pandemic has not changed,
though a significant change has occurred in the responses to the measured and latent variables.
In particular, a high variation was found in the awareness of COVID-19-related factors and social
perceptions, and we suggest continuous monitoring of the related factors to preemptively respond to
the recovery of air transport demand. On the other hand, we propose proactive level setting and the
maintaining of sanitary conditions of the destination and preventive measures in the airport/aircraft.
We expect that this study will provide effective implications for the recovery of air transport demand
during the COVID-19 pandemic.

Keywords: passenger behavior; air transport sustainability; structural equation modeling; multi-
group analysis

1. Introduction

We investigated whether air transport passengers have changed their perceptions on
the resumption of air transport use in light of the progression of the COVID-19 pandemic.
We looked for any changes in the structural equation model for the recovery of air transport
use suggested by Song and Choi [1], after six months of changes in the pattern of COVID-19.
During the time at which Song and Choi [1] conducted the survey, there was a total of
10,801 confirmed cases and around eight confirmed cases daily in Korea (as of 3 May 2020).
At the time of the survey for this study, there was a total of 76,429 confirmed cases with
around 554 confirmed cases per day (as of 26 January 2021). In order to investigate whether
this led to a change in perception in the resumption of air transport use, we conducted a
follow-up survey on the same samples used by Song and Choi [1].

On 13 May 2020, the IATA expected that the recovery of air transport demand to
2019 levels was likely to take place in 2024 [2]. In November 2020, several scenarios were
presented, and the recovery period was also expected to occur in 2024. Forecasting the total
passenger volume, airlines predicted a recovery of 72% in 2021 due to the commencement
of vaccinations, but the ICAO expected the number to be around 57–63% [3]. Even though
there were positive signs of demand recovery due to vaccinations, etc., uncertainties over
demand recovery have intensified.

It is important to check if there are changes in people’s perceptions when forecasting
demand recovery following a change. This is because changes in people’s perception are
an important factor for the prospect of demand recovery. For example, demand recovery
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will show a more dynamic pattern if users’ perceptions of recovery change are in line with
changes in COVID-19. On the other hand, the fluctuation in the demand recovery prospect
will be small if users do not change their perceptions of recovery, in light of the changes in
the circumstances surrounding COVID-19.

From this perspective, we believe that we systemically studied for the first time
people’s perceptions changing as COVID-19 transitioned. Based on the results proposed
by Song and Choi [1], we conducted a follow-up investigation on the same hypothesis,
questionnaire, and surveyed sample as before. Then, we analyzed the dynamics of people’s
perception changes that helped us determine the implications in aviation demand revival.

We assumed that people’s perception structures have not changed, but the degree has
changed significantly as COVID-19 progressed. This paper is organized in the following
manner. Section 2 updates the study on the air transport usage pattern related to COVID-19
by Song and Choi [1] and reviews the existing methodologies for identifying changes,
with a follow-up survey to examine changes in people’s perception of air transport use
according to the developments of COVID-19. Section 3 describes the building of a cognitive
model using structural equations and suggests a methodology to compare the results with
those of the study by Song and Choi [1]. Section 4 presents the surveyed data and the
verification results, and Section 5 presents a discussion and the conclusions.

2. Literature Review

Song and Choi [1] explained people’s perceptions of the resuming of air transport use
after COVID-19 using a structural equation model with five factors: COVID-19 related,
self-isolation, destination condition, level of preventive measures in the airport/aircraft,
and social perception (Figure 1). They found these factors based on previous studies [1] and
discussions with an advisory panel of 30 aviation experts. They analyzed the relationships
between the factors using the structural equation model. They showed the perception
structure of air transport users related to the resumption of air transport use as it related
to COVID-19. Since then, Dube et al. [4] also proposed the need to develop an airport
operation model to overcome the seriousness and uncertainty of the impact of COVID-19
and determined that considering the recovery factor of the aviation industry is important.

Figure 1. Perception structure suggested by Song and Choi [1].

Additional studies related to air transport users’ perceptions concerning COVID-19
have been published since Song and Choi [1]. Sotomayor-Castillo et al. [5] conducted an
online questionnaire survey of whether factors related to infection prevention and disease
control influenced the attitudes of airline passengers. Antwi et al. [6] studied the effects
and necessity of removing the operational inefficiencies of self-service technology (SST)
in post-COVID-19 airport operations, in connection with the characteristics of improving
passenger experience. These studies can be related to COVID-19 and the level of preventive



Sustainability 2021, 13, 8056 3 of 13

measures in airports/aircraft according to the five factors suggested by Song and Choi [1],
but we could not find any studies that were related to the other four factors.

Customer-perception-related studies have frequently used structural equation models.
Zeithaml et al. [7] suggested an early structural equation model for the analysis of customer
behavior responses to service quality. Based on the results, Cronin et al. [8] evaluated
the direct impact and structural relation of service factors, such as quality, satisfaction,
and preferences, on people’s perception and behavior. Baker et al. [9] extended the scope
of customer perception and behavior. In terms of customer behavior, they confirmed
the hypothesis that perceived performance quality is more impactful than satisfaction.
On the other hand, Dawn [10] determined that satisfaction measurement variable were
more affected in terms of medical service. In the case of self-service technology service
quality, Lin and Hsieh [11] proposed a structural model, related key factors, and mea-
surement variables, such as function, enjoyment, security, design, convenience, and so on.
Finally, Kim and Park [12] applied previous service variables in the case of airports. From
the previous stimulus organization response model [13], they studied perceived value and
satisfaction in terms of customer behavior, and concluded that most important factors were
functionality, enjoyment, customization, and convenience.

The uncertainty of COVID-19 has not decreased as the number of daily confirmed
cases around the world has risen once again from the decline starting in April 2021,
approx. three month since the start of vaccinations. Accordingly, various studies have
attempted to forecast aviation demand. Gudmundsson et al. [14] used the ARIMAX (auto
regressive integrated moving average) methodology to forecast air transport passenger
demand for each region worldwide. It predicted that it would take approx. 2.4 years
for the worldwide average to recover to pre-COVID-19 levels and 2.2 years in the Asia-
Pacific region. Zhang et al. [15] used a methodology that amalgamated the quantitative
auto regressive distributed lag model (ARDL) and the error correction model (ECM)
methodologies and the qualitative Delphi scenario adjustment methodology to analyze
three recovery scenarios for the effect of COVID-19 on tourism demands, and predicted
recovery within about two years. Moreover, there are ongoing studies on changes in
aviation demands, indicating the importance of continuous studies according to the change
in the patterns of COVID-19.

We conducted a follow-up survey of the same sample as a previous study [1] to
analyze the change in air transport users’ perceptions of the resumption of air transport
use. Follow-up surveys have been used in clinical pathology and social science fields to
identify behavioral and phenomenal changes over time. The methodology for this can
be divided into additional experiments and additional surveys. Additional experimen-
tal methodologies mostly involve clinical measurements according to time differences.
Dubowitz et al. [16] identified a correlation between infant malnutrition and family and
school behavior through a follow-up survey, and Rubio et al. [17] analyzed the relationship
between alcohol dependence syndrome and impulsivity through a comparative analysis.

Alternatively, follow-up questionnaire surveys have been conducted based on com-
parative analyses of follow-up questionnaire surveys and their preceding surveys. Chen
et al. [18] conducted a questionnaire survey on childhood injury prevention counseling in
1994, and Bae et al. [19] conducted a two-stage questionnaire survey as the methodology to
evaluate the prevalence of adolescent health-threatening behaviors and the reliability of
the questionnaire.

It is necessary to review whether there are changes in the air transport users’ percep-
tion model developed during this period of unprecedented uncertainty with COVID-19
that are in line with further developments of COVID-19. This requires analyzing the
robustness of the developed model and the causes of the differences at each time point. A
methodology for this can apply multi-group equation modeling in relation to the structural
equation used in a previous study [1]. This methodology has been performed to test
the invariance of causal structures due to constraints on the same model structure across
multiple groups [20]. For example, Ren and Kwan [21] investigated complex interactions
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between the Internet and physical activities, focusing on gender differences, Internet main-
tenance, and leisure activities using a multi-group structural equation. Lau et al. [22] used a
multi-group structural equation approach to investigate the relationship between maternal
characteristics, health-related quality of life, and breastfeeding attitudes among normal
and overweight pregnant women.

Therefore, we determined that it was appropriate to apply a multi-group structural
equation model as the follow-up survey methodology for this study.

3. Methodology

We applied the same five factors, COVID-19, social perception, self-isolation, level of
preventive measures in airports/aircraft, and destination conditions, suggested by Song
and Choi [1]. We built a structural equation model using the same methodology for the five
factors, based on the same subjects, as the previous study, and the same questionnaire was
conducted in this study; multi-group analysis was performed. The questionnaire questions
for each factor consisted of a total of 45 questions, and the initial model suitability was
investigated through the suitability criteria. We applied the same methodology as that
proposed by Song and Choi [1] to build the structural equation model. The significance of
the p-value of the regression weight in the initial model, including all of the questionnaire
items, was determined. A measured variable was removed if the standardized regression
weight was less than 0.5 or if the squared multiple correlations value was less than 0.4. A
measured variable and its measurement error were removed if the variance was negative.
The final model suitability criteria included TLI (the Tucker–Lewis index) being 0.9 or
higher, CFI (comparative fit index) being 0.9 or higher, and RMSEA (root mean square of
error approximation) to be between 0.05 and 0.08. (RMSEA and the chi square statistic were
applied as the fix index to compensate for the fact that it could be determined statistically
and reasonably when the sample size was 400 or more) [23–25].

We verified whether there was a change in perception of the resumption of air trans-
port use with the changing circumstances of COVID-19 over time. Therefore, to compare
the survey results between the first and second period, we used two hypotheses. The
first hypothesis was: “The structure of the first and second survey results are same”. The
second hypothesis was: “There is a difference between the results of the first and second
survey structural equations”.

To verify above hypotheses, we studied methods of comparison analysis and ver-
ification between multiple parties. Pair-wise sample t-test was used to investigate the
differences in the individual questionnaires, and multi-group analysis was used to check if
mutual comparisons between the survey groups are possible. The latent average analysis
verified the final difference from the perspective of the structural equation model for the
resumption of air transport use. The first survey was conducted in July 2020 [1]; the second
survey conducted for this study, which used the same questionnaire, were assumed as
individual groups (same as the first survey).

Hypothesis 1 (H1): The structure of the first and second survey results are same.
Hypothesis 2 (H2): There is a difference between the results of the first and second survey
structural equations (Figure 2).

Subsequent multiple group analysis was used to verify whether the parameter values
of one group and those of another group were the same in the measurement model or
structural equation model [26]. Sörbom [27] presented a multi-sample structural equation
model. According to Steenkamp and Baumgartner [28], Equation (1) is a latent or structural
equation model that specifies a structural relationship. Vector ηg includes the endogenous
latent variables of ng, while vector ξg consists of the exogenous latent variables of mg. Bg

is a coefficient matrix showing the mutual effects of endogenous structures, while Γg is a
coefficient matrix showing the influence of exogenous latent variables on the endogenous
structure. αg is a vector of constant equation intercepts, while ζg represents disturbances or
errors of the equation. Equations (2) and (3) are the measurement model for ηg and ζg. yg

is the vector of observed indicators qg of ηg, while xg is the vector (mg ≤ pg and ng ≤ qg)
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of measured variable pg of ξg. Λy
g and Λx

g refer to matrices qg × ng and pg ×mg of the
slope coefficient or factor loading related to the observed indicator and latent variable.
Moreover, εg and δg represent the measurement error vectors, while Ty

g and Tx
g refer to

the constant item intercepts [28] and that equations can specify the general multi-sample
structural equation model with latent variables [28].

Figure 2. Research Hypothesis.

Hg = αg + Bgηg + Γgξg + ζg (1)

yg = Ty
g + Λy

gηg + εg (2)

xg = Tx
g + Λx

gξg + δg (3)

Since the t-test and multivariate analysis are affected by measurement errors, they
often require accurate comparisons [29,30]. On the other hand, regardless of the mea-
surement errors, the latent mean analysis is more sensitive than conventional analysis
methods and is more likely to detect differences between groups [31]. Therefore, this study
performed latent mean analysis to check if there were differences between the groups and
the measurement models.

Since latent mean analysis requires the latent variable to be on the same scale in all
groups, it should satisfy a series of progressive limiting assumptions and structural model
invariances (morphological identity of the measurement model, measurement identity, and
intercept identity) [28,31]. Moreover, since the results of the latent mean analysis can meet
the general measurement criteria (Table 1) only through Cohen’s d (effect size) [29,30], we
performed an analysis that conforms to all of them based on the studies above.

Table 1. Cohen’s d effect size [32,33].

Effect Size d Reference

Very Small 0.01 Sawilowsky, 2009

Small 0.2 Cohen, 1988

Medium 0.5 Cohen, 1988

Large 0.8 Cohen, 1988

Very Large 1.2 Sawilowsky, 2009

Huge 2.0 Sawilowsky, 2009

Cohen’s d value refers to the value obtained by dividing the difference between the
mean values of two groups by the variance of the entire group. Equation (4) represents the
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detailed formula for the d value, and Equation (5) represents the detailed formula for s,
which is the pooled standard deviation.

d =

√
x1 − x2

s
=

√
µ1 − µ2

s
(4)

s =

√
(n1 − 1)s1

2 + (n2 − 1)s22

n1 + n2 − 2
(5)

4. Analysis Results
4.1. Data and Statistics

The second questionnaire survey was conducted on 1200 people and a follow-up
survey was conducted with 840 people who participated in the first survey. As with the
characteristics of the first survey sample, the survey criteria were those who experienced
an overseas departure within the last one year, or those who were 18 years of age or older
who planned to leave the country within the next year, as of the time of the first survey
(July 2020). It was conducted as an online questionnaire survey. The proportions of gender
(male/female) and age groups (20–29, 30–39, 40–49, 50–59, and aged 60 or over) were
reflected in the sampling. A 5-point Likert scale was used to reflect the characteristics of
each factor.

The survey results showed that Q-1 (I will travel abroad if there are no entry/exit
restrictions even if I will be subject to self-isolation), Q-2 (I will travel abroad if the self-
isolation period decreases to less than 2 weeks), and Q-5 (I will travel abroad if I can
regardless of the period of self-isolation) were questions that the respondents considered
the least in average as a factor for the recovery of travel. Q-4 (I will travel abroad if there
is no self-isolation period) was the most important measured variable to consider in the
factor of the isolation period at entry/exit (Q). The most impact variable to consider in the
COVID-19 factor (C) was C-2 (I will travel abroad if a treatment drug is developed), and
the answer to consider the least was C-4 (I will travel abroad if the daily new confirmed
cases number fewer than 100).

The most effective variable to consider in the overseas destination condition factor
(D) was D-1 (I will travel abroad if the tourist destination has good hygiene conditions),
and the variable to consider the least was D-10 (I will travel abroad if I can regardless of
the conditions of the destination). The most important variable to consider in the social
perception factor (S) was S-4 (I will travel abroad if there is no concern about COVID-19
infections), and the variable to consider the least was S-7 (I will travel abroad if I can
regardless of how others perceive). The most concerning variable to consider in the level of
preventive measures in airports/aircraft factor (A) was A-11 (I will travel abroad if I do
not have to wear a mask inside the aircraft) and the variable to consider the least was A-10
(I will travel abroad regardless of the aircraft/airport situation).

4.2. SEM Result

We constructed a structural equation model by combining the samples of the first
survey (n = 1200) and the samples of the second survey (n = 840). In this process, C-1,
C-2, C-8, Q-4, D-5, D-6, D-8, D-10, S-1, and S-4, for which the standardized factor loading
was less than 0.5, and C-7, A-10, and A-11, for which the squared multiple correlations
(SMC) were less than 0.4, were removed. The fitness of the final model (Figure 3) showed
X2: 3942.604 (p < 0.001), TLI: 0.901, CFI: 0.909, and RMSEA: 0.061, with which the general
fitness criteria [34] of the overall conformity indices, CFI < 0.9, TLI < 0.9, and RMSEA
> 0.08, were satisfied (Table 2). The confirmatory factor analysis showed that the paths
from the latent variables to the measured variables were all significant in the COVID-19
prevalence factor (C); the factor of the self-isolation period upon entry and departure (Q);
the factor of conditions at overseas travel destinations (D); the factor of social atmosphere
related to overseas travel (S); and the factor of the level of aircraft/airport management (A)
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(Table 3). Moreover, the review of the correlation coefficient and standard error between
factors confirmed the validity of the discrimination.

Table 2. Model’s goodness of fit index.

Model’s Goodness of Fit Index

All
x2 (CMIN) RMSEA TLI CFI CMIN/DF

3942.604 0.061 0.901 0.909 8.684

Figure 3. Structural equation model. Note: C = COVID-19 prevalence factor; Q = factor of self-isolation period upon entry
and departure; D = factor of conditions at overseas travel destination; S = factor of social atmosphere related to overseas
travel; A = factor of the level of aircraft/airport management.

Based on the standardized coefficient value for each measured latent variable, the C-5
question and the Q-2 question were relatively important in the COVID-19 prevalence factor
(C) and the factor of the self-isolation period upon entry and departure (Q), respectively.
The D-3 question and the S-7 question were relatively important in the factor of conditions
at the overseas travel destinations (D) and the factor of social atmosphere related to overseas
travel, respectively. The standardized coefficient value of the A-5 question was relatively
high for the factor of the level of aircraft/airport management (A). The total standardization
coefficient values were 0.546–0.851, and they were all significant since they were over 0.35.

Table 4 shows the path analysis results. The values of the standardization coefficient
(β) for the paths of C→Q, C→D, C→S, Q→S, and S→A were 0.35 or more, and the p-value
of C.R. was less than 0.01, indicating statistically significant results. The path in which the
standardization factor (β) value was the most significant was path C→Q, which links the
COVID-19 prevalence factor (C) and the factor of the self-isolation period upon entry and
departure (Q). As in the first survey, these results mean that the faster the recovery period
for COVID-19, and when there are more countries where self-isolation measures are lifted,
the more significant the influence is on the possibility of the resumption of air transport.
However, even if the self-isolation period upon entry and departure (Q) is reduced, it
negatively affects the judgment on the resumption of air transport if the conditions at
overseas travel destinations (D) are negative. This is because the standardization coefficient
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of the path from the factor of the self-isolation period upon entry and departure (Q) to the
factor of conditions at overseas travel destinations (D) was negative. Furthermore, it can be
inferred that, even if more countries relieve self-isolation measures, it is likely to negatively
affect the resumption of air transport if the destination conditions are not sound. All paths
except these were positive, indicating a mutual synergy effect on the resumption of air
transport use.

Table 3. Results of confirmatory factor analysis.

Latent Variable
Measurement

Variable
Estimate

S.E. C.R.
B β

COVID-19-related
factor (C)

C-3 1 0.691

C-4 1.143 0.807 0.035 32.701 ***

C-5 1.164 0.822 0.035 33.231 ***

C-6 0.983 0.655 0.036 27.060 ***

C-9 0.863 0.572 0.036 23.816 ***

C-10 0.984 0.645 0.037 26.710 ***

Factor of self-isolation
upon entry and
departure (Q)

Q-5 1 0.686

Q-3 1.128 0.829 0.034 33.341 ***

Q-2 1.119 0.851 0.033 34.072 ***

Q-1 1.108 0.807 0.034 32.622 ***

Destination-related
factor (D)

D-1 1 0.804

D-2 1.078 0.817 0.027 40.493 ***

D-3 1.084 0.827 0.026 41.119 ***

D-4 1.060 0.793 0.027 39.014 ***

D-7 0.884 0.625 0.030 29.133 ***

D-9 0.860 0.574 0.033 26.363 ***

Social atmosphere
related to overseas

travel (S)

S-7 1 0.613

S-6 0.920 0.576 0.043 21.174 ***

S-5 1.141 0.706 0.046 24.586 ***

S-3 1.070 0.663 0.045 23.528 ***

S-1 0.781 0.546 0.038 20.317 ***

Level of
aircraft/airport

management related to
infectious diseases (A)

A-13 1 0.740

A-12 1.046 0.781 0.029 36.074 ***

A-9 0.859 0.639 0.030 29.034 ***

A-8 1.006 0.733 0.030 33.640 ***

A-7 1.044 0.749 0.030 34.427 ***

A-6 1.100 0.796 0.030 36.851 ***

A-5 1.143 0.831 0.030 38.653 ***

A-4 1.093 0.791 0.030 36.573 ***

A-3 1.104 0.806 0.030 37.369 ***

A-2 1.084 0.792 0.030 36.618 ***

A-1 1.008 0.757 0.029 34.863 ***
* p < 0.1; ** p < 0.05; *** p < 0.001 (two-tailed).
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Table 4. Analysis of structural model (paths) per factor.

Factor
Estimate

S.E. C.R.
B β

COVID-19-related factor (C) →
Factor related to

self-isolation upon entry
and departure (Q)

0.776 19.158 *** 0.747 14.577 ***

COVID-19-related factor (C) → Destination-related factor
(D) 0.362 6.033 *** 0.408 5.853 ***

COVID-19-related factor (C) → Social atmosphere related
to overseas travel (S) 0.413 7.712 *** 0.434 6.909 ***

COVID-19-related factor (C) →
Level of aircraft/airport
management related to
infectious diseases (A)

0.100 2.020 ** 0.063 0.997(0.319)

Factor related to self-isolation
upon entry and departure (Q) → Destination-related factor

(D) −0.128 −2.183 ** −0.134 −2.012 **

Factor related to self-isolation
upon entry and departure (Q) → Social atmosphere related

to overseas travel (S) 0.271 5.435 *** 0.290 5.094 ***

Factor related to self-isolation
upon entry and departure (Q) →

Level of aircraft/airport
management related to
infectious diseases (A)

0.116 2.598 ** 0.252 4.594 ***

Destination-related factor (D) → Social atmosphere related
to overseas travel (S) 0.331 10.968 *** 0.339 8.921 ***

Destination-related factor (D) →
Level of aircraft/airport
management related to
infectious diseases (A)

0.240 7.984 *** 0.145 3.593 ***

Social atmosphere related to
overseas travel (S) →

Level of aircraft/airport
management related to
infectious diseases (A)

0.467 8.646 *** 0.422 5.349 ***

* p < 0.1; ** p < 0.05; *** p < 0.001 (two-tailed).

4.3. Multi-Group Analysis Result

Results of the second survey conducted in this study and the response sample t-test
results for the first survey conducted in July 2020 [1] (Table S9) showed that the p-value
of each question, except for 17 out of 45 questions (D-2, D-6, D-7, S-1, S-2, S-7, A-1, A-2,
A-3, A-4, A-5, A-6, A-7, A-8, A-9, A-10, and A-12) and the p-value of each questionnaire
was determined to be less than 0.05. These results reject the hypothesis that there is no
difference in the average of each response, except for some sub-items, although it is difficult
to consider that the average of the factor of the level of aircraft/airport management (A)
differs between the first and second surveys. This indicates that it is possible that the
perception of those participating in the surveys changed over time, and it suggested that
it was necessary to check if there were significant differences in the perception mode
perspective.

Table 5 shows the results of the multi-group analysis. The results of the configural
invariance test to evaluate whether the measurement model between groups was the same
were TLI = 0.897, CFI = 0.906, and RMSEA = 0.044. Although TLI was close to 0.9, it was
shown that the overall goodness-of-fit index was high, indicating that invariance was
confirmed [20]. As configural invariance was satisfied, we conducted metric invariance
verification as the next step. Metric invariance verification determines whether a latent
variable is interpreted in the same way in each group. We applied invariance constraints
so that the factor coefficient of each of the survey results was the same in the developed
model and then compared the X2 value and the degrees of freedom between the metric
invariance model and the configural invariance model (base model). When the difference
in the degrees of freedom between the configural invariance model (base model) and the
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metric invariance model was 27, the difference of χ2 was 33.131 and the p-value of the
chi-square distribution test was 0.193 (p > 0.05). The results indicated that the measurement
tools were operating in the same way in the first and second survey groups [25]. The results
of the fitness index were TLI = 0.9, CFI = 0.905, and RMSEA = 0.044, meeting the metric
invariance criteria [28,35,36]. Then, we tested scalar invariance, which added the invariance
constraints to intercept the scalar invariance and the strict invariance, which added the
invariance constraints to the variance of each group’s latent variables. The goodness-of-
fit indices of the scalar invariance (TLI = 0.899, CFI = 0.902, and RMSEA = 0.044) and
the strict invariance (TLI = 0.9, CFI = 0.905, and RMSEA = 0.044) were appropriate and
similarly derived for each model. Therefore, the scalar invariance and strict invariance were
established. Additionally, based on these results, the first hypothesis could be satisfied [25].

Table 5. Goodness-of-fit index for invariance verification.

Model χ2
(CMIN) DF TLI CFI RMSEA ∆χ2 ∆df Sig

Model 1 Configural invariance (base model) 4536.911 908 0.897 0.906 0.044

Model 2 Measurement invariance 4570.042 935 0.9 0.905 0.044 33.131 27 0.193

Model 3 Scalar invariance 4735.735 967 0.899 0.902 0.044 198.824 59 0.000 ***

Model 4 Strict invariance 4586.692 940 0.9 0.905 0.044 49.781 32 0.023 **

* p < 0.1; ** p < 0.05; *** p < 0.001 (two-tailed).

Since the configural invariance, metric invariance, scalar invariance, and strict invari-
ance hypotheses were all established, this study performed latent mean analysis to check if
there was a mean difference between the factors (C, Q, D, S, and A) based on the first and
second surveys. Table 6 shows the results of this latent mean analysis.

Table 6. Results of latent mean difference analysis.

Latent Variable 1st Survey 2nd Survey Pooled Estimation
Variance

Effect Size
(d)

COVID-19-related factor(C) 0 0.331 *** 0.753 0.440

Factor related to self-isolation upon entry
and departure (Q) 0 0.176 *** 0.752 0.234

Destination-related factor (D) 0 0.077 *** 0.626 0.123

Social atmosphere related to overseas
travel (S) 0 0.194 * 0.608 0.319

Level of aircraft/airport management
related to infectious diseases (A) 0 0.073 ** 0.846 0.086

* p < 0.1; ** p < 0.05; *** p < 0.001 (two-tailed).

Cohen [25] suggested an effect-size d value of 0.2 as a small level, 0.5 as an intermediate
level, and 0.8 as a large level. The COVID-19-related factor (p < 0.001), the factor related to
self-isolation upon entry and departure (p < 0.001), the destination-related factor (p < 0.001),
the social atmosphere related to overseas travel (p < 0.01), and the level of aircraft/airport
management related to infectious diseases (p < 0.05) all showed statistically significant
differences in the second survey. The comparison of the effect sizes (d) showed the COVID-
19-related factor d value to be the largest at 440, followed by the factor of the social
atmosphere related to overseas travel at 319, and the factor related to self-isolation upon
entry and departure at 234, indicating the effect size to be more than 0.2. However, the effect
size for the destination-related factor was 0.123 and that for the level of aircraft/airport
management related to infectious disease was 0.086, indicating the effect size to be less than
0.2. For the latency mean difference, there was a change in perception of the resumption
of air transport use according to the change in the circumstances of COVID-19, but the
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changes in the destination-related factor and the level of aircraft/airport management
related to infectious diseases were not clear. Therefore, these results showed that the
second hypothesis could only be partially satisfied.

5. Conclusions

Although we find no clear change in the perception structure on resuming air transport
use over time amid the circumstances surrounding COVID-19, a significant change in
the measured and latent variables of the perception has been occurred. We presented
the perception structure for the resumption of air transport use amid the circumstances
surrounding COVID-19 by deriving a suitable final structural equation model for the entire
sample. We confirmed that the entire sample model could be applied equally in the multi-
group analysis of the first and second surveys. We also showed changes in the measured
variable and the latent variable through a pairwise comparison of the corresponding
samples and the latent mean between first and second surveys.

The developed structural equation model showed that there is a mutual synergy
effect on the significant resumption of air transport use in the relationship between all
factors, except for self-isolation and destination factors. The investigation showed that
even if the self-isolation conditions were eased, the perception of resuming air transport
use was negative if the destination conditions were not positive from the perspective
of resuming air transport use. On the other hand, other factors were reviewed to play
mutually complementary roles. These results serve as the basis for the opinion that all five
factors should be considered in combination to recover the air transport demand.

The latent mean analysis showed that there were changes in the level of influence of
each latent variable on the resumption of air transport use, despite the period difference
being less than one year. The difference was the largest in the factor related to COVID-19,
showing results that were consistent with the expectation that changes in the circumstances
of COVID-19 would be the most influential. Moreover, the social atmosphere for overseas
travel showed a large change. It is inferred that this was due to the perception of volatile
social changes in the circumstances surrounding COVID-19. For example, unlike in the
early days of the COVID-19 pandemic in Korea, the recovery of demand for the Jeju route
and the reduced intensity of criticism surrounding the route can be an indirect aviation
demand research basis. On the other hand, the destination factor and the perception of
the level of preventive measures in airports/aircraft did not respond to changes in the
circumstances surrounding COVID-19 as sensitively as other factors. These results can be
interpreted that the same level is expected in the circumstances surrounding COVID-19
and lead to the conclusion that it is necessary to maintain the level of preventive measures
to resume the use of air transport.

Although potential demand for air transport exists, the perception structure for the
decision to use air transport is highly uncertain. Uncertainty on recovery of air transport
demand has increased since the factors related to COVID-19 have a very high variance
depending on the circumstances surrounding COVID-19, and even people’s perceptions
may change. For this reason, it seems that various prospects for demand recovery under the
circumstances of COVID-19 are drawn. Moreover, social perception, which showed high
variance according to the circumstances of COVID-19, is based on the consensus formed
within the group. Such consensus is highly uncertain since it is made up of collective
psychological factors. In conclusion, it is necessary to closely monitor potential factors
related to COVID-19 and social perception to ensure a rapid recovery of air transport
demand and a preemptive response.

Moreover, though potential factors related to destination sanitation and the level of
preventive measures in airports/aircraft are significant factors in the resumption of air
transport use, changes in perception level according to the circumstances of COVID-19
ware found to be smaller than other factors. Since it is interpreted that the same level was
expected from the beginning of the coronavirus outbreak, these potential factors should
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focus on maintaining the necessary level rather than monitoring. We suggest that an
approach that can be consistent in the long term is required.

This study has the following limitations. This study only investigated the structural
relations between perception factors and aviation demand recovery, so it needs to consider
external variables, such as economic recovery for demand forecasting. Moreover, the
current situation has not fully recovered from COVID-19, and the second survey was
conducted before game-changing vaccinations began at a full scale. Therefore, additional
follow-up surveys on changes in COVID-19 are necessary to solidify the arguments asserted
in this study. We expect continued follow-up surveys to secure sufficient panel data and
verify the expanded model.

We supported the perception structure model for the resumption of air transport use
suggested in Song and Choi [1] and validated the availability of the perception model sug-
gested by Song and Choi [1] through presenting no changes in the perception structure, but
significant changes in the perception level with changes in the circumstances surrounding
COVID-19. We expect that this study will provide fruitful implications for the recovery of
air transport demand amid the COVID-19 pandemic.
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related factors (C), Table S3. Survey results for destination factors (Q), Table S4. Survey results for
destination factors (D), Table S5. Survey results for social atmosphere related to overseas travel (S),
Table S6. Survey results for level of aircraft/airport management related to infectious diseases (A),
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