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ABSTRACT 
The COVID-19 crisis has had an unprecedented impact on air traffic, 
but its long-term effect on how people view and conduct air travel 
could be more significant. While some studies have identified factors 
that can affect the perception of COVID-19 and behaviors in 
transportation, few have examined factor impact at the segment 
level, especially with respect to mask-wearing as a protective 
measure onboard airplanes during COVID-19. This study fills the 
research gap by identifying passenger segments with different 
perceptions of mask use onboard airplanes, and which factor in the 
theory of planned behavior (TPB) model can be best distinguished in 
the different segments. Survey data was collected from MTurk for 
cluster analysis, which considered the comfort of mask-wearing, risk 
avoidance, and information-seeking jointly as the cluster variates. 
The analysis led to the formation of three passenger segments: 1) 
Comfort First – most attention was paid to the comfort of mask-
wearing; 2) Risk Avoider – the greatest importance was given to 
avoiding the risk and searching for information about COVID-19; 
and 3) Balanced Group – having a balanced view on the importance 
of the three cluster variables. The multinomial logistic regression 
analysis showed that the three passenger segments differed most in 
their attitude toward masks, suggesting that attitude, compared to 
the other two TPB constructs (subjective norms and perceived 
behavioral control) can best predict the cluster membership of air 
travelers with regards to mask-wearing onboard airplanes. The 
findings provide useful guidance for the airline industry to recover 
safely and effectively from the COVID-19 pandemic, and may aid 
in preparations for future pandemics. 
Keywords: Mask-wearing; COVID-19; Cluster analysis; Multinomial 
logistic regression; Air travel; Attitude toward mask 
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1. Introduction 
The rapid spread of COVID-19 has dramatically 
reduced air travel demand both domestically and 
internationally. The impact is particularly strong in 
the US where COVID-19 led to more damages so 
far, compared to other countries, which significantly 
reduced domestic passenger traffic.1 To encourage 
air travel during COVID-19, airlines have taken 
protective measures to ensure the health and safety 
of air travelers, focusing on mask-wearing.  
 
The success of any protective measure to slow the 
spread of COVID-19 relies extensively on the 
attitudinal and behavioral change of individuals.2 
Unlike other measures like social distancing and 
handwashing, mask-wearing has received mixed 
public acceptance despite numerous studies 
supporting their effectiveness in reducing COVID-
19 transmission.3,4,5 In fact, mask-wearing has been 
a highly controversial issue leading to varied levels 
of compliance, especially in countries such as 
Canada and the US where face covering is not a 
tradition. Significant literature has investigated the 
influence of factors on the intention to comply and 
behavior regarding mask-wearing in COVID-19, 
indicating that risk perception of the disease and 
attitude toward mask-wearing, among other factors, 
were significant.6,7 While these studies have 
enhanced our understanding of mask-wearing 
behaviors during COVID-19, they were mainly 
focused on individual factors and failed to consider 
that intentions and behaviors in the context of a 
highly transmissible disease are often influenced by 
multiple factors working together. Mask-wearing 
during COVID-19 is the result of a complex decision 
influenced by the combined effect of psychological, 
sociological, and economic factors, and their 
interactions, which have not been fully explored in 
the context of transportation, especially in the 
aircraft cabin where the risk of infection can be high. 
It also remains unknown whether certain passenger 
segments demonstrate specific mask-wearing 
characteristics. Due to the complexity of the decision 
to wear a mask, air travelers may have disparate 
views about mask use in airplanes and by 
identifying such views, airlines can better 
understand and protect their customers during 
global pandemics. This study examined passenger 
composition and mask-wearing onboard airplanes, 
while considering multiple factor influences. It 
further identified the factors that can best 
discriminate between the different passenger 
groups.  
 
 
 
 

2. Literature Review 
2.1 APPLICATION OF CLUSTER ANALYSIS IN 
COVID-19 STUDIES 
Cluster analysis is a multivariate statistical technique 
for grouping objects into distinct categories based 
on their characteristics.8 These characteristics of the 
objects, referred to as clustering variables, are 
often determined by the researcher following 
comprehensive literature review. If the classification 
is successfully performed, the resulting clusters 
should demonstrate high homogeneity within clusters 
and high heterogeneity between clusters.8 By 
revealing the patterns among objects in a dataset, 
cluster analysis allows the researcher to identify the 
underlying structures that may not be apparent 
before, providing meaningful evidence for 
informed decision-making. Cluster analysis has 
been used in many research areas, including 
transportation.9,10,11  
 

Recent studies have used cluster analysis to define 
the structure of data related to COVID-19, in areas 
such as hospital capacity investigation,12 utility 
consumption,13,14 buying behaviors,15,16 information 
and social media influence,17,18,19 and public 
perception and compliance behaviors,2 to name just 
a few. One of the research interests is to understand 
similarities and differences in COVID-19 coping 
behaviors. Kleitman et al.,2 for example, collected 
respondent views from Australia, Canada, the US, 
and the UK to classify respondents into the 
compliance and non-compliance groups regarding 
protective behaviors in COVID-19.2 They further 
revealed group differences in attitude, personality, 
political, cultural factors, among other factors. 
Another study applied cluster analysis to identify 
consumer segments based on COVID-19 pandemic 
perception and responses in the US.20 Two data 
collections, conducted nine months apart, led to 
different segmentations of consumers. Specifically, 
the study identified a three-cluster solution 
(Prepared, Apprehensive, and Dismissive) early in 
COVID-19 and a two-cluster solution (Dedicated 
and Dismissive) later in the pandemic, suggesting 
different patterns in COVID-19 response at 
different stages of the pandemic. Typological 
studies examining consumer behaviors in COVID-19 
have also been conducted in Southeast Asia. 
Hartono et al.15 identified adaptive shopping 
patterns in Indonesia during COVID-19. Their study 
formed five clusters - rational buyers who reduced 
and shifted consumption, non-panic buyers who 
adapted well to the pandemic environment, 
wealthy young buyers who were not price sensitive, 
minimum adapters who were poorly adjusted to the 
new consumption environment, and price sensitive 
buyers who were low-income buyers - 
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demonstrating heterogeneity in consumption 
behaviors during a global pandemic.  
 
Surprisingly, only limited studies applied cluster 
analysis in the research of transportation during 
COVID-19 despite the fact that transportation, 
especially air transportation, may contribute to fast 
spread of COVID-19 and travelers often exhibit 
different characteristics and coping behaviors 
during the pandemic. Indeed, coping intentions and 
behaviors of air travelers in COVID-19, especially 
at the segment level, have been substantially 
understudied. Two studies in transportation used 
cluster solutions to understand travelers. Kopsidas et 
al.21 investigated anticipated, post-pandemic 
behaviors of travelers toward public transport use 
in Greece. The cluster analysis revealed four distinct 
groups – students, low-income frequent travelers, 
high-income non-frequent travelers, and low-income, 
non-frequency travelers. It further indicated that 
socio-demographic characteristics and 
psychological factors significantly influenced public 
transport recovery time following the pandemic. 
Only one study applied cluster analysis to air 
transportation, focusing on identifying segments 
among passengers in Norway based on their 
shared attitudes and preferences of air travel 
during COVID-19, as well as their intention to fly in 
the future.22 Three cluster variables (air travel in 
COVID-19, concerns of airport experience, and 
concern of onboard airplanes) were used to 
generate four passenger clusters including Cautious 
Commuters, Apprehensive Elder, Intrepid Explorers 
and Sanguine Shielders, each exhibiting different 
attitudes, behaviors, and levels of concern about air 
travel. It was found that all segments preferred 
active protective measures such as social distancing 
and mask-wearing over other interventional 
measures. These studies, while shedding useful 
insight on shared characteristics of COVID-19 
response in transportation, were not directly related 
to airline passengers and their mask-wearing 
intentions and behaviors during a global pandemic.  
 
The literature review indicated a significant gap in 
the research of passenger characteristics and 
coping behaviors in global pandemics, especially 
regarding mask-use on airplanes. Face masks, 
unlike social distancing and handwashing that 
received universal acceptance, have generated 
mixed feelings and attitudes. This is especially true 
in the US where public views of mask-wearing vary 
extensively. For academia and industry alike, a 
better understanding of air travelers’ mask 
perceptions and the varied groups they make up is 
needed, especially given the scarce literature in this 
area of research. While many factors such as risk 
avoidance and attitude have been found to be 

important for mask use, they are usually assessed 
as individual contributors, which fails to recognize 
the complexity of the decision to wear a mask and 
how the factors might influence each other. Cluster 
analysis can add value to this understanding given 
its ability to reveal group patterns among airline 
passengers based on their shared characteristics 
regarding mask use onboard airplanes. Because 
the technique has not been used fully in this context, 
this study aims to bridge the research gap by 
applying a two-stage cluster analysis, with risk 
avoidance, comfort, and information-seeking as the 
cluster variables, to uncover the different groups 
with respect to mask-wearing onboard airplanes 
during COVID-19. 
 
2.2 SELECTION OF CLUSTERING VARIABLES 
The success of cluster analysis relied heavily on the 
selection of cluster variables that can best 
categorize objects in terms of their similarities and 
differences. As cluster analysis provides no method 
for detecting the relevancy of cluster variables, the 
researcher’s judgement is essential in choosing 
variables that have the strongest theoretical 
support to provide multidimensional 
characterization of the objects been clustered.8 This 
study selected three variables – comfort, risk 
avoidance, and information-seeking with respect to 
mask use onboard airplanes to identify airline 
passenger segments in COVID-19. They are 
suitable cluster variables because they are 
measured numerically and have the same common 
foundation closely related to mask-wearing in 
COVID-19, as frequently suggested in the literature. 
In this study, comfort of mask-wearing referred to 
physical and psychological ease and relaxation of 
air travelers when they wear masks onboard 
airplanes during COVID-19. Face masks are 
perceived by many as uncomfortable, which may 
contribute to mask reluctance. The discomfort of 
masks and its possible impact were reported in 
Gray et al.23 It was found that comfort significantly 
factored in people’s view of mask use in New 
Zealand, with 40% of the survey participants 
strongly feeling the discomfort of mask-wearing. 
The study concluded that barriers to mask use were 
less related to cost and embarrassment but more to 
other factors such as comfort.23 While comfort was 
among the most common perceptions of mask use, it 
may not have a direct relationship with actual mask 
use.24 In other words, comfort in mask-wearing by 
itself may not always trigger the actual behavior of 
mask-wearing, suggesting that comfort should be 
considered in conjunction with other factors in 
assessing mask behaviors during COVID-19. This 
was supported by Cheok et al.,25 which found that 
mass mask compliance can be achieved despite the 
significant discomfort perceived by people in 
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Singapore, citing positive public attitude as a 
significant contributor. 
 

The relationship between risk factors and health-
related behaviors has been widely studied, 
generally suggesting a strong relationship.26 This 
relationship was found to be significant in the US 
during COVID-19, even though Americans have 
different opinions of the risks associated with 
COVID-19 at different stages of the pandemic.27 
Those who perceived higher risks of COVID-19 
were more likely to engage in protective behaviors, 
especially in the later stage of the pandemic 
compared to the early one. A positive relationship 
has also been found between mask-wearing and 
perceived risks of COVID-19. Irfan indicated that 
willingness to wear a mask in Pakistan was 
significantly affected by attitudes, social norms, risk 
perceptions of the pandemic, and perceived 
benefits of face masks, with risk perception 
generating the strongest influence.6 Thus, the risk 
factor of COVID-19 is highly relevant to this study, 
given the transmissibility of the virus onboard 
airplane and the effect of masks to mitigate the 
risks, both can influence mask behaviors. 
 

The risk perception of COVID-19 is shaped largely 
by publicly available information, which can also 
influence the willingness to engage in protective 
behaviors during the pandemic. Given the mixed 
attitudes toward face masks especially in the US, 
information searching of masks may change 
COVID-19 risk perception, which can complicate 
public health messaging about mask-wearing.28 The 
inter-relationship of information-seeking, COVID-
19 perception, and coping strategy has been 
identified, with studies generally supporting a 
significant relationship among these factors.29,30 
especially regarding the negative impact of 
misinformation on COVID-19 responses and 
behaviors.31 Recent studies have also applied 
cluster analysis to identify patterns of information 
presented in different sources and how people may 
react differently to these information patterns.17,18 
In Lang et al.,19 the cluster analysis identified four 
clusters based on information of news and social 
media in addition to trust issues, with each cluster 
demonstrating different demographic, attitudinal, 
and behavioral characteristics.19 Despite the 
importance of information searches in shaping 
COVID-19 perception and behaviors, the 
information factor has not been used as a cluster 
variable in the COVID-19 studies, especially in the 
area of transportation.  
 

2.3 FACTORS THAT DISCRIMINATE BETWEEN 
CLUSTERS 
Following the identification of clusters, it is important 
that researchers profile the cluster solution through 

describing the characteristics of each cluster on 
variables that are not included in the cluster 
variables.8 In the current study, three constructs of 
the theory of planned behavior (TPB) model – 
attitude toward masks, subjective norms, and 
perceived behavioral control (PBC) were used to 
find out if they differed across the clusters and, 
more importantly, which one of them was the key 
distinguishing factor that can be used to discriminate 
between the clusters. The selection of the variables 
for this purpose requires strong theoretical support, 
which can be found for the three TPB factors. The 
original constructs of the TPB model, attitude (the 
psychological favorable or unfavorable feeling 
toward a behavior), subjective norms (the 
expectations from important others for one to 
conduct a behavior), and the PBC (the perceived 
ease or difficulty in engaging in a behavior) have 
been used to predict intentions and behaviors in a 
wide range of contexts.32,33,34 including mask-
wearing during COVID-19.6,35  
 
Attitude is a relatively stable psychological 
predictor of mask-wearing intentions and behaviors 
during COVID-19. Studies routinely found that 
positive attitude contributed to greater mask 
compliance despite the discomfort associated with 
mask-wearing,25 while a range of anti-mask 
attitudes were associated with mask refusal.36 As 
such, attitude is often considered a prerequisite for 
mask intentions and behaviors. This was evident in 
the positive attitudinal impact on mask-wearing 
intentions of urban and rural populations in China,37 
the mask-saving behaviors in the post-pandemic 
era,35 and international students’ intention to wear 
masks during COVID-19.7 Social norms can provide 
common standards in a society regarding socially 
desirable behaviors, including health behaviors such 
as mask-wearing in COVID-19.38 Social norms can 
often be a powerful force of influence, as they can 
trend public behavior in the appropriate direction, 
even in the absence of government intervention. 

Such influence was found in Barcelό and Sheen 

which indicated a positive relationship between 
social norms and mask uptake especially among 
elderly population, even in a country with no mask 
culture.39 The perceived ease or difficulty in 
completing a task is another important driver of 
mask intention and behavior. Studies found that 
perceived behavioral control, along with attitude 
and subjective norms, significantly influenced mask 
use among leisure activity participants and post-
pandemic mask-saving intentions.31,35  
 
It should be noted that, while attitude, subjective 
norms, and perceived behavioral control were often 
important factors in mask behaviors, the factor 
impact varied in the COVID-19 studies6, 7,31,37,40 
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Given the mixed findings of attitude, subjective 
norms, and perceived behavioral control on mask 
use, it is necessary to examine further the impact of 
the three TPB constructs. The investigation is 
especially important at the segment level, where the 
predictive ability of these factors on group patterns 
of air travelers' mask-wearing has not been tested. 
Finally, while attitude was often an important factor 
in mask-wearing, some studies suggested different 
results.6 Given the mixed findings of attitude, 
subjective norms, and perceived behavioral control 
on mask use, it is necessary to examine further the 
impact of the three TPB constructs. The investigation 
is especially important at the segment level, where 
the predictive ability of these factors on group 
patterns of air travelers’ mask-wearing has not 
been tested.  
 

3. Methodology 
3.1. SAMPLING AND DATA COLLECTION 
This study collected survey data of American air 
travelers using Amazon Mechanical Turk (MTurk). 
MTurk for data collection is used because (1) given 
the pandemic situation, online survey provided a 
feasible way to obtain data for this study, and (2) 
MTurk is able to provide a sample that is often more 
representative of the US population compared to 
other convenience sampling approaches. 
 
Data collection was conducted in May 2021 when 
vaccination started to show a positive effect in the 
US. Despite the success of the vaccine, however, 
COVID-19 continues to bring uncertainty to public 
health especially with its new variants that can be 
potentially more transmissible. Many people, even 
fully vaccinated, may still prefer to err on the side 
of caution, continuing to wear masks in crowded 
settings especially in the aircraft cabin where social 
distancing is not possible. When making inflight 
mask decisions during this transitional period 
(vaccination would accelerate the removal of mask 
mandate, yet uncertainty of COVID-19 remains), 
air travelers are likely to simultaneously evaluate 
multiple factors such as risks of infection, comfort of 
mask-wearing, and information they obtained and 
believed to be true. Conducting the survey at this 
time allowed the researcher to better understand 
air travelers’ views of the importance of these 
factors in their mask use decisions.  
 
3.2. SURVEY INSTRUMENT 
A survey questionnaire was developed to collect 
data on MTurk. The first two sections of the 
questionnaire collected information of passenger 
demographics and travel experience. Section Three 
was scenario-based for respondents to evaluate the 
factors that could drive mask use on airplanes 
during COVID-19. As this study aimed to investigate 

voluntary use of face masks during flight, 
respondents were given a scenario in which they 
would imagine taking a flight in the next three 
months when airlines started to remove mask 
mandate on airplanes, yet COVID-19 continued to 
bring uncertainty to air travelers, both physically 
and psychologically. Respondents were then asked 
to evaluate how factors including comfort of masks, 
risk avoidance, information-seeking, attitude 
toward mask, subjective norms, and perceived 
behavioral control contributed to their decision to 
voluntarily wear masks during flight on a five-point 
Likert scale from 1 (strongly disagree) to 5 (strongly 
agree). Scale items measuring these factors were 
mostly adopted from the literature to ensure the 
validity of measurement.30,33,41,42,43,44,45,46,47,48,49,50, 

51 Table 2 and Table 3 in Section 4.1 shows the 
profile of the respondents.  
 
3.3. DATA ANALYSIS 
Three sets of data analysis were conducted on the 
entire sample (n=1,121) to answer the research 
questions. First, a two-stage cluster analysis was 
performed to group similar observations based on 
the characteristics they possessed, using both 
hierarchical clustering and non-hierarchical 
clustering algorithms. A major challenge associated 
with clustering is that the number of clusters within 
the data is often unknown beforehand. To address 
this issue, hierarchical clustering was used in Stage 
One to exam a wide range of cluster solutions and 
identify the most suitable number of clusters, based 
jointly on the three cluster variables – comfort of 
mask, risk avoidance, and information-seeking. The 
number of clusters (groups) identified in this process 
was then analyzed by non-hierarchical clustering 
procedure (Stage Two) to determine the final cluster 
characteristics.8 The second analysis profiled the 
clusters identified in the first analysis, using 
variables not included in the cluster variates. The 
profiling used thirteen demographic, travel, and 
mask-related variables collected in the survey to 
find out if the identified clusters exhibited 
differences on these variables, in order to validate 
the clusters. The third analysis was predictive in 
nature, using attitude, subjective norms, and 
perceived behavioral control to predict 
observations being grouped into specific clusters. 
Different from the second analysis, the third analysis 
attempted to understand the variables that could 
impact on the formation of clusters. For this purpose, 
multinominal logistic regression was performed to 
identify if attitude, subjective norms, and perceived 
behavioral control differed across the clusters, and 
which one of them demonstrated the strongest 
predictive power on group patterns of mask-
wearing in the context of flying during COVID-19.  
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4. Results  
4.1. CLUSTER ANALYSIS 
A two-stage cluster analysis was conducted using 
both hierarchical and non-hierarchical techniques. 
First, hierarchical clustering was used to identify a 
small subset of possible cluster solutions given the 
data, from where the researcher selected the most 
appropriate number of clusters to be used for 
grouping respondents based jointly on the three 
cluster variates - comfort, risk avoidance, and 
information-seeking regarding mask use onboard 
airplanes during COVID-19. The optimal number of 
the clusters was determined based on two 
diagnostic measures – change in agglomeration 
coefficient and evaluation of dendrogram. An 
agglomeration coefficient measures the structure in 
the dataset based on similarity and dissimilarity of 
the observations being clustered. As small 
coefficients indicate the merging of homogeneous 
clusters and large coefficients indicate joining two 
very different clusters, the researcher should focus 
on large percentage changes in the coefficient to 
determine the stopping rules.8 As shown in 
Appendix A, the largest percentage increase, 
81.85%, was associated with moving from Stage 
1119 to 1120 (two to one cluster), followed by 
41.67% which represented moving from Stage 
1118 to 1119 (three to two clusters), suggesting the 
possible use of two or three clusters in this study. The 
dendrogram, a tree-like structure that visually 
displays the relations between all data points, 

produced similar results of using two or three 
clusters. Although 81.85% was the largest increase 
in coefficient, the selection of the final cluster 
solution must also consider the objective of the study. 
Given the largely different views in the US 
regarding risk perception, comfort, and information 
of mask-wearing in COVID-19, a two-cluster 
solution may lack the capacity of capturing 
meaningful combinations of factor impact, thus may 
only represent limited value in meeting the research 
objective. This can be clearly seen in the graphical 
comparison of the two- and three-cluster solutions in 
Appendix A. Cluster 1 in the two-cluster solution is 
almost identical to Cluster 3 in the three-cluster 
solution, suggesting that this group of respondents 
had characteristics that can be easily identified by 
both cluster solutions. Cluster 2 in the two-cluster 
solution, however, shows similar weights of all cluster 
variables, indicating similar impact of these 
variables on respondents in this group. With a 
three-cluster solution, however, this group was 
further segmented to reveal distinct patterns among 
these respondents (See Clusters 1 and 2 of the 
three-cluster solution). Because the three-cluster 
solution can better identify patterns in the data, it is 
considered the optimal cluster solution to meet the 
goal of this study. The researcher then performed 
non-hierarchical clustering (Stage Two of cluster 
analysis), using the K-means optimizing algorithm to 
re-assign observations to the three clusters until 
maximum homogeneity within clusters was 
achieved.8 

 
Table 1. Three Cluster Solution Based on Comfort, Risk Avoidance, and Information-Seeking 

  Cluster One Cluster Two Cluster Three ANOVA   

  Comfort First  
Balanced 
Group 

Risk Avoider     

Variables  n=150 n=421 n=550 F-ratio Sig.  
  13% 38% 49%   
Comfort 3.85 2.90 1.23 1934.518 *** 
Risk Avoidance 1.96 4.04 4.70 1685.272 *** 
Information- 
Seeking 

1.94 3.04 3.25 177.725 *** 

Note: *** = p < .001 
 
Table 1 shows different mean scores of the cluster 
variables across the three clusters, indicating that 
the cluster solution can adequately discriminate 
between observations. The uniqueness of the cluster 
variables was supported by the variance inflation 
factor (VIF) scores associated with each cluster 
variable (< 2), which indicated minimal concern of 
multicollinearity. The patterns observed in the 
cluster means were used to label the clusters. Cluster 
One was the smallest group, containing 150 
respondents (13% of the total sample). Compared 
to the other clusters, Cluster One travelers assigned 
the highest score to comfort of mask-wearing during 

flight, and the lowest scores to risk avoidance and 
information-seeking. Hence, the name “Comfort First” 
was used to label this cluster. Cluster Three was 
almost the exact opposite of Cluster One. The 
largest cluster consisting of 550 respondents (49% 
of the total sample), this group was most 
distinguished by the highest scores assigned to risk 
avoidance and information- seeking, and the lowest 
score to comfort of mask-wearing. Hence, the name 
“Risk Avoider” best described this cluster. Cluster 
Two was positioned in the middle of the two 
extreme clusters. The second largest group with 421 
respondents or 38% of the total sample, Cluster 
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Two paid most attention to risk avoidance, but the 
scores assigned to the three variables in this group 
were rather average compared to the other two 
clusters. Thus, this group can be described as 
“Balanced Group” with respect to their views on 
mask use. The three clusters were statistically 
different, indicating the usefulness of segmenting air 
travelers into three clusters regarding their views on 
mask use on airplanes during COVID-19.   
 
4.2. VALIDATING AND PROFILING THE CLUSTERS 
Given the exploratory nature of cluster analysis, it 
is important to validate the cluster solution by 
profiling the clusters on additional variables not 
used throughout the clustering process. Thirteen 
ordinal-categorical variables were used to test the 
difference across the three clusters. The Chi-square 
analysis was performed on the relationship 
between these variables and the cluster 
membership. Significant Chi-Square values were 
observed for ten of the thirteen profile variables, 
generally supporting the difference between the 
clusters.  
 
The Comfort First cluster contained an equal number 
of male and female travelers, with majority of them 
(61%) aged between 30 and 50 years old. This 
group had the highest number of low-income 
travelers (15% below $25,000 annually) among 
the three clusters, while 53% earned an annual 
income between $25,000 and $75,000. Comfort 
First travelers were comprised predominantly by 
White travelers (87%), the highest percentage of 
the three clusters. The most reported travel 
frequency before COVID-19 was 2-3 times (37%), 
while during COVID-19 less than one time became 
the most reported (38%). Travelers in this cluster 
almost never wore masks before COVID-19 in 
crowded settings such as supermarkets and 
conferences (1%), and their mask use remained the 
lowest of the three clusters in these settings during 
COVID-19 (79%). Their mask behaviors appeared 
to be related to their negative views of masks. Only 
12% and 22%, respectively, in this group believed 
masks can protect the wearer and others. Not 
surprisingly, only 8% of Comfort First travelers 
chose to voluntarily wear masks onboard airplanes 
during COVID-19, far lower than the other two 
clusters.  
Cluster 3, Risk Avoider, showed a vastly different 
profile. This group contained more females than 

males (57% vs. 43%), mostly young and mid-aged. 
Travelers in this group was generally more 
educated compared to Comfort First travelers, and 
the most reported annual incomes were between 
$25,000 to $75,000. White travelers accounted 
for the majority in this group (75%), although the 
percentage was much lower compared to Comfort 
First group. Forty-four percent of Risk Avoider 
travelers traveled 2-3 times before COVID-19, the 
largest category. 
 
reported of all clusters. During COVID-19, however, 
over half of the group chose not to travel, again the 
largest category across all clusters. While very few 
Risk Avoider travelers (4%) wore masks in crowded 
settings before COVID-19, almost all of them wore 
masks during COVID-19 (97%). This group strongly 
supported the effect of masks, believing mask-
wearing protects the wearer (93%) as well as 
others (99%). When giving an option, 95% of Risk 
Avoider travelers would choose to wear masks 
onboard airplanes during COVID-19, far more than 
the other two clusters.  
 
Balanced Group (Cluster Two), as the name implied, 
exhibited moderate differences regarding the 
profiling variables. With an equal gender mix, this 
group consisted mostly of younger travelers 
between 21 to 40 years old (61%) and showed 
higher education compared to the other two clusters. 
Most reported annual incomes, again, fell between 
$25,000 and $75,000. While White travelers 
were still the majority (70%), the percentage is the 
lowest of the three clusters. Regarding travel 
frequency, 2-3 times were most reported for travel 
before COVID-19 (38%), and less than one time 
was most selected since the start of the pandemic 
(36%). A considerable amount of Balanced Group 
travelers wore masks in crowed settings even 
before COVID-19 (28%), which increased to 95% 
during COVID-19. Majority of the group believed 
that masks protected themselves and others (84% 
and 92%, respectively). If given an option, 83% of 
the group would choose to wear masks onboard 
airplanes during COVID-19.  
 
Noticeably, the three clusters were not significantly 
different in terms of their geographic locations, as 
indicated by the chi-square test.  
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Table 2. Profiling the Clusters with Demographic Factors 

  

Cluster 1: 
Comfort 
First 

Cluster 2: 
Balanced 
View 

Cluster 3: 
Risk 
Avoider 

Chi-square  

Category  
(n= 150, 
13.38 %) 

(n= 421, 
37.56%) 

(n= 550, 
49.06%) 

X2 df sig.  

Gender        

     Male 50% 51% 43% 8.209 2 .016 
     Female  50% 49% 57%       

Age       

     20 years or younger  
1% 1% 2% 14.012 

1
0 

.172 

     21-30 years 17% 28% 22%    

     31-40 years 40% 33% 36%    

     41-50 years 21% 20% 19%    

     51-60 years 14% 12% 11%    

     Older than 60 8% 7% 10%       

Education       

     Lower than High School 1% 0% 1% 29.655 8 *** 
     High School 34% 15% 19%    

     Bachelor 49% 60% 59%    

     Master  11% 21% 17%    

     Higher than Master 5% 3% 4%       

Income       

     Less than $25,000 
15% 11% 13% 4.032 

1
0 

.946 

     $25,000 to 50,000 30% 33% 29%    

     $50,001 to 75,000 23% 24% 26%    

     $75,001 to 100,000 15% 16% 16%    

     $100,001 to 125,000     7% 6% 6%    

     More than $125,000 10% 9% 10%       

Ethnicity        

     Black or African 
American 

6% 10% 6% 29.312 
1
0 

** 

     Asian 4% 11% 12%    

     Hispanic or Latino 3% 6% 6%    

     Pacific Islander 0% 1% 0%    

     White 87% 70% 75%    

     Native American  1% 2% 0%       

 
 
4.3. PREDICTIVE VALIDITY OF CLUSTERS – 
MULTINOMIAL LOGISTIC REGRESSION 
Another purpose of this study was to determine 
which TPB constructs (attitude, subjective norms, and 
perceived behavioral control) most significantly 
influenced the formation of the three clusters 
identified in Section 4.1. The focus of this analysis 
was on identification of the key distinguishing factor 
that can be used to discriminate between air 
travelers in the Comfort First, Balanced, and Risk 
Avoider segments. To that end, multinomial logistic 
regression was performed to determine the ability 

of the three independent variables (attitude toward 
masks, subjective norms, and perceived behavioral 
control) to predict the dependent variable 
(classification of the respondents into the three 
clusters). While multinominal logistic regression does 
not require assumptions commonly required for 
many multivariate analysis techniques, it requires 
the absence of multicollinearity between 
independent variables. As shown in Table 4, all 
values of VIF were less than ten, indicating that no 
factor was redundant with the other factors in 
explaining the variance in cluster classification.  
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Table 3. Profiling the Clusters with Travel Experience and COVID-19 Factors 

  

Cluster 1: 
Comfort 
First 

Cluster 2: 
Balanced 
View 

Cluster 3: 
Risk 
Avoider 

Chi-
square  

  

Category  
(n= 150, 
13.38 %) 

(n= 421, 
37.56%) 

(n= 550, 
49.06%) 

 X2 df sig.  

Travel Frequency/Year 
Before COVID-19 
     Less than 1 time                          
     1 time          
     2-3 times 
     4-5 times 
     Over 5 times                           
Travel Frequency/Year 
during COVID-19 

18%                
26% 
37% 
11% 
8%  

10% 
29% 
38% 
16% 
6% 

9% 
27% 
44% 
13% 
7% 

15.847 8 ** 

     Less than 1 time 38% 36% 51% 41.501 8 *** 
     1 time 33% 33% 32%    

     2-3 times 25% 22% 13%    

     4-5 times 2% 7% 3%    

     Over 5 times 3% 2% 2%       

Wear Masks in Crowded 
Settings before COVID-19 

      

     Yes 1% 28% 4% 138.815 2 *** 
     No 99% 72% 96%       

Wear Masks in Crowded 
Settings during COVID-19 

      

     Yes 79% 95% 97% 77.373 2 *** 
     No 21% 5% 3%       

Do you think wear Masks 
Keeps You Safe during 
COVID-19 

      

     Yes 12% 84% 93% 475.086 2 *** 
     No 88% 16% 7%       

Do you think wear Masks 
Keeps Others Safe during 
COVID-19 

        

     Yes 22% 92% 99% 597.286 2 *** 
     No 78% 8% 1%       

Where are you from in the US       

     Northeast  18% 18% 23% 7.05 6 .316 
     Midwest 25% 21% 22%     

     South 35% 36% 33%     

     West 23% 25% 21%       

If You Have Option, Will 
You Choose to Wear Masks 
on Airplanes During COVID-
19 

      

     Yes 8% 83% 95% 557.861 2 *** 
     No 92% 17% 5%       

Note: ** < .05; ***  < .001 
 
Table 4 shows the results of the multinomial logistic 
regression analysis. The estimated MLR model 
showed a significant improvement from the baseline 

model (χ2=1088.826, p<.001), providing support 

for cluster difference and predictive validity of the 
cluster solution identified in Section 4.1. The test of 

Pearson χ2 produced similar results, with a non-

significant p value indicating good model fit to the 
data (1602.520, p=1.000). For the purpose of 
examining the impact of attitude, subjective norms, 
and PBC on cluster membership of the respondents, 
Comfort First was used as the reference group (or 
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baseline category) against which the other two 
clusters were compared. Hence, the coefficients and 

odds ratio for Comfort First was represented by “R” 
in Table 4.  

 
Table 4. 

  
Cluster 1                          
Comfort First                                    
n = 150  

Cluster 2                       
Balanced Group               
n=421 

Cluster 3                     
Risk Avoider                
n=550 

VIF  

Model Factor Coefficient (B) Coefficient (B) Coefficient (B)   

Attitude  R 3.730*** 5.364*** 4.324 
Subjective norms R 0.817** 0.167 3.692 
PBC R -1.669** 0.418 2.089 
Constant  R -9.056***  -21.869***   

  Odds Ratio Odds Ratio Odds Ratio   

Attitude R 41.687 213.665  

Subjective norms R 2.264 1.182  

PBC R 0.188 1.519   

Model Assessment      

-2LL 1122.448    

χ2 1088.826***    

Pearson χ2 1602.520 (p=1.000)    

Cox & Snell R2 0.621      

Classification  
Accuracy 

88.70% 65.80% 84%   

Notes: *** = p<.001, ** = p<.05; R=Reference Category 
 
All the three factors were found to be significant, 
yet the magnitude of their impact varied 
substantially across the clusters. The comparison 
between the reference group of Comfort First 
(Cluster One) and Balanced Group (Cluster Two) 
indicated significance of all three factors. The 
regression coefficients associated with attitude and 

subjective norms were positive values (β=3.737 

and β=0.817, respectively), suggesting that air 

travelers scored higher on attitude and subjective 
norms were more likely to belong to Balanced 
Group instead of Comfort First group. As PBC 

showed a negative coefficient (β=-.1669), 

individuals scored higher on perceived control were 
less likely to be in the Balanced Group than the 
Comfort First group. The likelihood of being in 
Clusters One and Cluster Two was given by the 
odds ratio. The odds ratio associated with attitude 
was 41.687, indicating that for one unit increase in 
the score of attitude toward masks, the odds of an 
air traveler been classified into Balanced Group 
rather than Comfort First group would increase by 
40.687 units, holding subjective norms and 
perceived behavioral control constant. Similarly, the 
odds ratio associated with subjective norms (2.264) 
indicated that for one unit increase in scores 
representing subjective norms, the odds of an air 
traveler being classified into Balanced Group 
would increase by 1.264 units. The negative 
coefficient for PBC indicated that for one unit 
increase in perceived control on mask-related issues, 

the odds of a traveler belonging to Balanced 
Group would decrease, holding the other two 
factors constant. Comparison between Cluster One 
(Comfort First) and Cluster Three (Risk Avoider) 
indicated that attitude was the only significant 
predictor with a positive regression coefficient 

(β=5.364) and a very large odds ratio of 213.665. 

This means that air travelers who scored higher in 
attitude toward masks were far more likely to be 
classified in Risk Avoider cluster instead of Comfort 
First cluster. Subjective norms and PBC were not 
significant when Clusters One and Three were 
compared. Clearly, attitude toward masks, 
compared to the other two TPB factors, was the key 
factor to predict air travelers’ classification into the 
three clusters.  
 
Finally, the classification statistics in Table 4 
quantify the accuracy of model prediction. Air 
travelers in Comfort First group (Cluster One) were 
correctly classified by the model at the rate of 
88.7%, followed by 84% for Risk Avoider (Cluster 
Three), demonstrating the strong predictive power 
of the model regarding these two clusters. The 
model achieved a lower accuracy predicting the 
membership of Balanced Group (Cluster 2) (65.8%), 
likely due to the lack of clear characteristics of air 
travelers in this group (which was different from the 
other two clusters). Table 5 summarizes the unique 
characteristics of the three clusters. 
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Table 5. Passenger Characteristics in Three Clusters – Mask-Wearing on Airplanes in COVID-19 

 Comfort First Balanced Group Risk Avoider 

 
 
 
 
1 

• Equal gender mix 

• Generally older, lower 
education, and moderate 
incomes  

• Predominantly White 
travelers - highest 
percentage of all clusters 

• Equal gender mix 

• Youngest and high in 
education 

• moderate incomes 

• Mostly White travelers – 
but lowest percentage of 
all clusters 

 

• More female than male 

• Relatively young and high 
in education 

• Relatively high incomes 

• Mostly White travelers  

 
 
 
 
 
2 

• Less frequent travelers 
before COVID-19 

• Almost two third still 
traveled during COVID-
19 

• Residing in all regions 
across the country 

• Relatively frequent 
travelers before COVID-
19 

• Almost two third still travel 
during COVID-19 

• Residing in all regions 
across the country 

• Relatively frequent 
travelers before COVID-
19 

• Half of the group 
stopped traveling during 
COVID-19 

• Residing in all regions 
across the country 

 
 
 
 
3 

• Almost no one wore 
masks in crowded settings 
before COVID-19 

• Lowest mask-wearing in 
crowded settings during 
COVID-19 

• Lowest approval of the 
effect of masks in 
protecting wearer and 
others 

• Nearly 30% wore masks in 
crowded settings before 
COVID-19 

• Almost everyone wore 
masks in crowded settings 
during COVID-19 

• High approval of the 
effect of masks in 
protecting wearer and 
others 

• Very few wore masks in 
crowded settings before 
COVID-19 

• Almost everyone wore 
masks in crowded settings 
during COVID-19 

• Highest approval of the 
effect of masks in 
protecting wearer and 
others 

 
 
 
4 

• Comfort was the absolute 
priority when it comes to 
mask use 

• Risk avoidance and 
information searches of 
COVID-19 were not 
important 

• Most negative attitude 
toward masks 

• Attitude best distinguishes 
this cluster from the other 
clusters 

• Risk avoidance was the 
most important 
consideration 

• Information acquisition and 
comfort of mask-wearing 
were also important  

• Positive attitude toward 
mask-wearing 

• Attitude best distinguishes 
this cluster from the other 
clusters 

• Risk avoidance was the 
absolute priority when it 
comes to mask use 

• Information-searching of 
COVID-19 was also 
important 

• Comfort of mask-wearing 
almost neglectable 

• Most positive attitude 
toward masks 

• Attitude best distinguishes 
this cluster from the other 
clusters 

Notes: 1= Demographics; 2=Travel Experience; 3=Mask Experience and Perception; 4=Importance 
Associated with Three Cluster Variables & Key Factor to Discriminate Between Clusters 
 

5. Discussion 
The cluster analysis, using the three cluster variables 
(comfort, risk avoidance, and information-seeking), 
led to the formation of three passenger segments 
(Comfort First, Balanced Group, and Risk Avoider). 
Each segment yielded different results, indicating 
that the joint use of the cluster variables, instead of 
separate evaluations, can provide more meaningful 
insights into the group patterns of air travelers’ 
mask-wearing decisions onboard airplanes in 
COVID-19. The Comfort First segment assigned the 

highest value to comfort of mask-wearing and the 
lowest values to risk avoidance and information 
searching. This group is the smallest in size, likely 
representing air travelers who deny the seriousness 
of COVID-19, are not interested in seeking 
information about the pandemic, and are more 
concerned with the physical comfort of wearing a 
mask onboard an airplane. This finding is consistent 
with the literature that mentions a small but vocal 
group of individuals who are strongly opposed to 
mask use, often citing inconvenience and discomfort 
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as the reasons for refusing to wear a mask.36,52 
Previous studies have estimated that 15-20% of 
Canadian and American adults do not regularly 
wear masks during COVID-19,36 which is roughly 
equivalent in size to the Comfort First segment 
(almost 15% of the total respondents). 
 
At the other end of the spectrum, the Risk Avoider 
segment was the largest group of travelers giving 
the highest values to risk avoidance and 
information-seeking and the lowest value to comfort 
of mask-wearing. This group likely represents air 
travelers who pay more attention to avoiding the 
risks of COVID-19, seek as much information about 
COVID-19 as possible to stay informed, and 
basically ignore the comfort of mask-wearing. Air 
travelers in this group seriously consider the risks of 
in-flight infection and are willing to use all available 
means to mitigate the risks, even when it could 
compromise their physical comfort. The 
identification of risk avoiders in COVID-19 and 
their mask-wearing behaviors are well documented 
in the literature, as numerous studies suggest a 
strong relationship between risk perception of 
COVID-19 and a willingness to use face 
masks.6,27,35 The Risk Avoider segment also 
demonstrated the greatest motivation to find 
information about COVID-19, when compared to 
the other two groups. For these travelers, their 
active search for information reinforced their risk 
perception of COVID-19, which enhanced their 
decision to wear a mask during flight. 
 
Between the two extreme clusters was the Balanced 
Group segment, which has a balanced view about 
the importance of comfort, risk avoidance, and 
information-seeking when the three factors were 
evaluated simultaneously in the context of mask use 
onboard airplanes. This passenger segment is the 
second largest group in the study, accounting for 
one-third of the total respondents. Unlike the other 
two segments that exhibited vastly different views 
about the importance of the three factors, the air 
travelers in the Balanced Group prioritized risk 
avoidance of COVID-19, while recognizing the 
importance of information-seeking and comfort of 
mask-wearing. These findings show that, in the 
context of flying during COVID-19, many air 
travelers tend to balance comfort, risk avoidance, 
and information when they decide to wear or not 
wear a mask onboard an airplane. In other words, 
many air travelers prefer to avoid the risk of 
COVID-19 without sacrificing too much physical 
comfort during flight, a finding that has not been 
addressed previously in the literature. 
 
The three segments exhibited different 
characteristics with regards to the thirteen variables 

that were not included in the clustering process, 
indicating that different demographic, travel, and 
mask-wearing patterns can be identified among air 
travelers onboard airplanes during COVID-19. The 
data shows that female travelers who had more 
education were more likely to be risk aversive 
about inflight infection, and there seemed to be a 
more balanced racial mix among these travelers. 
On the other hand, the predominantly White, male 
travelers and travelers with less education 
appeared to emphasize physical comfort rather 
than the risks of COVID-19 during flight. Moreover, 
the respondents from the three segments were not 
significantly different in terms of age, income, or 
geographic location. The finding of age is 
particularly surprising as the age factor has been 
frequently related to different mask-wearing 
perceptions and behaviors.53 The finding may be 
related to the examination of passenger clusters, 
rather than to individual travelers, when multiple 
COVID-19 factors are analyzed simultaneously. 
The three segments also demonstrated different 
travel behaviors as the Risk Avoider segment 
reduced travel frequency of air travel most 
extensively, compared to that of the other two 
segments. More than half of the Risk Avoider 
segment stopped flying at the start of the pandemic. 
 
The Comfort First and the Risk Avoider segments 
showed the most differences in terms of their mask-
wearing perceptions and behaviors, even though 
they had similar mask-wearing behaviors before 
COVID-19. Almost all of the members of these 
groups did not wear a mask before COVID-19 in 
crowded settings such as conferences and 
supermarkets, which agrees with the fact that face 
covering is not a tradition custom in the US. During 
COVID-19, however, almost all members of the Risk 
Avoider segment wear a mask, and nearly 80% of 
the Comfort First group do likewise. This difference 
is even more striking with regards to voluntary 
mask-wearing, where 95% of the Risk Avoider 
segment chose to wear a mask, and nearly the same 
percentage of the Comfort First segment chose not 
to do so. Thus, the different mask-wearing 
behaviors may be driven by different degrees of 
recognition and acceptance of the risks of COVID-
19. Generally, air travelers who accept the 
seriousness of COVID-19 are more likely to wear a 
mask during flight, and the converse is also true. 
These findings are supported by previous studies 
that show a positive relationship between risk 
perception and willingness to wear a mask.6,35 The 
three segments also differed with regards to their 
perceived effectiveness of mask-wearing. The Risk 
Avoider group overwhelmingly believed that mask-
wearing is an effective means to protect the wearer 
and others, while only a small number of those in the 

https://esmed.org/MRA/index.php/mra/article/view/4342


  

 

 
Medical Research Archives |https://esmed.org/MRA/index.php/mra/article/view/4342  13 

Mask-Wearing Onboard Airplanes During COVID-19 

Comfort First group held the same view. This is 
consistent with numerous reports of the mixed views 
about mask-wearing during COVID-19.52 

 
All three TPB constructs – attitude, subjective norms, 
and perceived behavioral control – can be used to 
predict the membership of the three segments, 
though their predictive power varies. Subjective 
norms and PBC can effectively predict the 
classification of air travelers in the Balanced Group, 
versus the two extreme segments (Comfort First and 
Risk Avoider). Most travelers who followed the 
expectations of their important ones for mask-
wearing tended to be in the Balanced Group. 
Regarding PBC, the findings showed that air 
travelers with higher levels of perceived control in 
issues related to mask-wearing were likely 
classified in the Comfort First group or in the Risk 
Avoider group. Nevertheless, subjective norms and 
PBC were not significant in differentiating travelers 
in either of the two extreme segments (Comfort First 
and Risk Avoider). While previous studies have 
shown the importance of social norms and perceived 
control in mask use,7 the findings in this study show 
that normative and control influences may be less 
effective in predicting the passenger segments with 
extremely strong views about comfort and risk 
avoidance, with regards to mask-wearing on 
airplanes. 
 
In this study, attitude toward mask-wearing was the 
only factor that could predict the classification of all 
three segments. The three segments demonstrated 
significant differences in attitude toward mask-
wearing, with increasing positive attitude in order 
from the Comfort First group, to the Balanced 
Group, and to the Risk Avoider group. A large 
increase in favorable attitudes toward mask-
wearing was seen when moving from the Comfort 
First group to the Balanced Group, though a more 
dramatic increase was seen when moving from the 
Comfort First group to Risk Avoider group. Thus, in 
the context of mask-wearing onboard airplanes 
during COVID-19, air travelers who prioritized risk 
avoidance (the Balanced Group and Risk Avoider 
group) held far more favorable attitudes toward 
mask-wearing than those who prioritized comfort 
(Comfort First group). These findings are consistent 
with the literature on the importance of attitude 
about mask use during COVID-19.25,36 This study 
adds to the literature by showing that attitude 
toward mask-wearing is significant when comparing 
passenger segments, and among the three TPB 
constructs, attitude is the key factor that 
distinguishes between the passenger segments in 
this study. 
 

6. Conclusions 
This study collected survey data about mask-
wearing onboard airplanes during COVID-19, with 
the purpose of segmenting air travelers based on 
their views about the importance of comfort, risk 
avoidance, and information-seeking. The findings 
identify which TPB constructs – attitude, subjective 
norms, and perceived behavioral control – are the 
best for discriminating between the segments. 
Comfort, risk avoidance, and information-seeking 
were examined together as cluster variables to 
form the three clusters: 1) Comfort First, 
emphasizing comfort in mask-wearing onboard 
airplanes; 2) Risk Avoider, focusing mostly on 
avoiding risks of inflight transmission; and 3) 
Balanced Group, prioritizing risk avoidance of 
COVID-19, while also recognizing the importance 
of comfort and information-seeking about mask-
wearing onboard airplanes. Overall, the three 
segments demonstrated different demographic, 
travel, and mask-use characteristics, supporting the 
validity of the cluster results. Of the three TPB 
constructs, attitude was the only one that could 
significantly predict membership in all of the 
passenger segments. 
 
The findings of this study are important in several 
ways. To the best of our knowledge, this study is the 
first to examine mask use of air travelers from the 
perspective of passenger segments, contributing to 
an understanding of mask use during a global 
pandemic. At a practical level, this study can inform 
airlines and aviation policy-makers in developing 
health and safety strategies. By understanding 
different passenger groups and how they evaluate 
the importance of comfort, risk avoidance, and 
information-seeking with regards to mask-wearing 
onboard airplanes, airlines may be better able to 
develop strategies to help the industry recover from 
the pandemic. In particular, the finding of this study 
that the largest passenger segment assigned the 
highest level of importance to risk avoidance 
onboard airplanes, may help guide airlines to 
develop strategies for the long-term distribution of 
free masks. In addition, given the importance of 
attitude in distinguishing between passenger 
segments with regards to mask-wearing onboard 
airplanes, more effort should be made to promote 
positive attitudes toward mask use in society. 
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Appendix A. 
 
Cluster Solution Comparison – Hierarchical Cluster Analysis  
Determining the Optimal Number of Clusters - Change in Agglomeration Coefficient 

Stage 
Number of 
Clusters 

Coefficient Increase in % 

1115 6 865.695 15.53% 

1116 5 991.49 15.17 

1117 4 1141.906 18.35 

1118 3 1351.411 41.67 

1119 2 1914.505 81.85 

1120 1 3481.441   

        

 
Comparison between Two-Cluster Solution and Three-Cluster Solution 
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