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Preface to ”COVID-19: Impact on Public Health and

Healthcare”

The sudden arrival of COVID-19 pandemic caused severe disruption in our lives. Initially, with

no development of vaccines, preventive strategies, including social distancing, face mask wearing,

handwashing, disinfection practices, and lockdown measures took precedence. These indirectly

created issues of balance between public health interventions and individual rights. The lack of

compliance towards preventive measures, insufficient knowledge about the transmission routes, and

fear of contagion set a ”perfect storm” for COVID-19 pandemic to take an aggressive form. The

limited understanding about the COVID-19 pandemic triggered research in this area, which provided

evidence for public health leaders and government agencies to design new programs and modify

existing policies along the course of the pandemic.

This book aims to draw a comprehensive landscape of approaches utilized to reduce the

far-ranging impacts of COVID-19 pandemic. Additionally, this compendium offers a diverse outlook

of the preventive approaches to reduce COVID-19 transmission. The first two chapters in this book

describe the preventive approaches, including handwashing behavior and facemask usage. Asian

scientists from Bangladesh, Thailand, Malaysia, and Saudi Arabia describe a laser-based sensing

sanitizer dispenser through an automated touchless process. The following two chapters describe

protective behaviors and risk perceptions among dental staff, including doctors and students.

Interestingly, awareness and knowledge about COVID-19 has also been investigated among Seafarers

and legal controversies in the prevention/control of COVID-19 Pandemic on International Cruise

Ships are explained in the next two chapters. Japanese researchers studied the predictors of staying

home based on the Protection Motivation Theory. A group of Korean researchers investigated the

avoidance of public transportation among older adults. Next study is about predicting the use

of new technology to promote social connectedness during the COVID-19 pandemic using the

fourth-generation multi-theory model (MTM) of health behavior change. Last chapter adds the useful

dimensions of forecasting the COVID-19 burden for the effective control.

Manoj Sharma, Kavita Batra

Editors

ix





healthcare

Article

Explaining Handwashing Behavior in a Sample of College
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Abstract: Amidst the COVID-19 pandemic, handwashing offers a simple and effective hygienic
measure for disease prevention. Reportedly, a significant proportion of college students did not
follow handwashing recommendations provided by the Centers for Disease Control and Preven-
tion (CDC) in the pre-COVID era. The purpose of this cross-sectional study was to explore and
explain the handwashing behavior among college students during the COVID-19 pandemic using
a contemporary fourth-generation multi-theory model (MTM) of health behavior change. Data
were collected from 713 college students at a large public university in the Southern U.S. in Oc-
tober 2020 using a validated 36-item survey. Statistical analyses included independent samples
t-tests, Pearson correlation, and hierarchical regression modeling. Among students not following
handwashing recommendations, the constructs of participatory dialogue (β = 0.152; p < 0.05) and
behavioral confidence (β = 0.474; p < 0.0001) were statistically significant and accounted for 27.2% of
the variance in the likelihood of initiation of the behavior. Additionally, the constructs of emotional
transformation (β = 0.330; p < 0.0001), practice for change (β = 0.296; p < 0.0001), and changes in
the social environment (β = 0.180; p < 0.05) were statistically significant and accounted for 45.1%
of the variance in the likelihood of sustaining handwashing behavior. This study highlights the
applicability and usability of the MTM in designing and testing behavior change interventions and
media messaging in campaigns targeting college students.

Keywords: multi-theory model; behavior change; COVID-19; pandemic; handwashing; young adults;
college students

1. Introduction

The novel coronavirus (COVID-19) disease caused by the SARS-CoV-2 virus has
rapidly spiraled across the world and took the course of pandemic [1,2]. As of 18 November
2020, there are a total of 55,064,128 confirmed cases and 1,328,015 deaths attributable to
COVID-19 worldwide, with a sizable proportion reported in the United States alone [2,3].
To reduce the spread of COVID-19, public health officials have encouraged various safety
and mitigation strategies, including hygiene measures, such as handwashing, sneezing
into an elbow, avoiding touching surfaces, and wearing personal protective equipment [1].

One of the simple yet effective measures recommended by the government and
public health agencies is frequent and thorough handwashing [4,5]. Handwashing is a
longstanding, non-pharmacologic public health measure, which has proven to minimize

Healthcare 2021, 9, 55. https://doi.org/10.3390/healthcare9010055 https://www.mdpi.com/journal/healthcare
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the spread of gastrointestinal and respiratory infections by 31% and 21%, respectively [6,7].
Handwashing removes microorganisms from the hands and prevents their transfer through
different media, such as foods, beverages, and inanimate objects [8]. The CDC recommends
scrubbing hands thoroughly with soap and water for at least 20 s under running water and
drying hands with a clean towel or air drying for effective hand cleaning [4,8]. The CDC
encourages public to wash their hands at a minimum during the following circumstances:
(1) after being in public; (2) before and after providing care for someone who is sick; (3) after
blowing their nose, sneezing, or coughing; (4) before, during, and after food preparation;
(5) before eating food; (6) after using the toilet; (7) after touching an animal; and (8) after
touching garbage [4,8].

College campuses and their surrounding communities became a central concern for
COVID-19 prevention due to surging trends of COVID-19 among young adults aged 20–29
in the U.S. since June 2020 [9,10]. The CDC and American College Health Association
published guidelines and considerations for reopening campuses amid the pandemic, in-
cluding recommendations to emphasize hand hygiene practices on campus [8,11]. Research
in the pre-COVID-19 era reported a lack of adherence or compliance to the handwashing
regimen among college student and university community samples [12–14]. The rate of
compliance varied from 38.5% to 66.9%, which underscores the need for interventions to
promote handwashing behavior in this group [12–14]. Previous theory-based interventions
successfully promoted good handwashing practices among young adults [15–17]. How-
ever, more research is needed to reinforce and sustain these handwashing practices among
college students at the time of COVID-19 crisis, while the development of pharmacologic
interventions is underway.

Recent studies reported that female students and those with the positive attitudes and
knowledge towards handwashing for COVID-19 prevention were more likely to adopt
handwashing behavior [18,19]. Further, studies utilized the theory of planned behavior,
health action process approach, and health belief model to explain handwashing behavior
in college students and adults during the COVID-19 pandemic [20]. Positive attitudes,
positive subjective norms about handwashing behavior, higher perceived benefits of hand-
washing, and lower barriers to handwashing were associated with adherence to proper
handwashing [20]. Additional information on factors related to initiation and continuation
of the handwashing behavior to prevent COVID-19 spread is needed to ensure greater
behavior adoption rates among college students.

The current study uses a contemporary, fourth-generation theoretical framework, the
multi-theory model (MTM) for health behavior change, to explore handwashing behavior
among college students. The MTM is a health behavior change theory with the unique
ability to explain factors related to one-time (e.g., initiation) and long-term (e.g., suste-
nance) engagement in health behavior [21]. The constructs are adaptable across health
behaviors and have been used to explain a variety of health behaviors among college stu-
dents [22–27]). For initiation, the MTM posits that participatory dialogue (i.e., advantages
counterweighing disadvantages of handwashing), behavioral confidence (i.e., a sureness
in properly following steps of thorough handwashing despite obstacles), and changes
in the physical environment (i.e., availability and accessibility of necessary resources for
handwashing) will be instrumental in behavior change [21,28–30]. Whereas, for sustenance,
emotional transformation (i.e., converting feelings into goals for regular handwashing),
practice for change (i.e., creating a habit of handwashing and making it a way of life), and
changes in the social environment (i.e., fostering social support from the environment) are
important for long-term adherence to the changed behaviors [21,30,31].

Previous health behavior theoretical models focused on behavior acquisition rather
than change have yielded mixed results when exploring behavior change, are documented
to lack substantive predictive power, and are not suited to determine long-term behavior
change [21]. The MTM is a unique theoretical framework due to identifying antecedents for
both initiation and sustenance of behavior. Identifying factors related to the initiation and
sustenance of handwashing using the MTM can inform the development of handwashing
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interventions for college students in the short and long term. Therefore, the study aimed to
explain handwashing behavior during the COVID-19 pandemic among college students
using the MTM. The findings of this study can be utilized to develop effective health
promotion interventions to encourage handwashing behavior for this target audience.

2. Materials and Methods

2.1. Study Design and Study Participants

This descriptive, quantitative, cross-sectional survey study was conducted from 8
October 2020, to 29 October 2020, among college students at a large public Southern
US university. The survey was deemed the most appropriate design due to its inherent
capacity to collect information with relative ease from large population groups within a
given period [32]. Students currently enrolled in any university programs, who were aged
18 years or above, had internet access, could provide informed consent, and comprehend
English, were invited to participate in this survey. Alumni and those with no Internet
access and an inability to understand English were excluded from this study.

2.2. Ethical Considerations

This study followed the Checklist for Reporting Results of Internet E-Surveys (CHER-
RIES) guidelines [33]. This study was deemed exempt from the university’s institutional
review board (Protocol # 2009281493) on 21 September 2020. All participants were re-
quested to provide their informed consent by answering an agree/disagree question,
thereby confirming their willingness to participate. Informed consent included detailed
information related to the study’s aim and significance and informed participants of their
right to withdraw at any point. Participants who selected the “agree” option were directed
to complete an online questionnaire. Personal identifiers, including names, email I.D.s,
and details of COVID-19 exposure, were not collected. Only one response per I.P. address
was allowed.

2.3. Recruitment and Data Collection

The convenience sampling method was used for sample recruitment. Participants
were recruited through advertisements posted on the university’s daily e-news bulletin,
intended to disseminate information to faculty, students, and staff with a valid university
email address. The recruitment advertisement containing an anonymous survey link with
complete details of the study was sent out every Thursday for three consecutive weeks to
all currently enrolled students (27,562). Upon clicking the link, interested participants were
connected to the Qualtrics (Provo, UT) interface to access and fill out the web-based survey.
As an incentive, participants were informed that by participating, they had the opportunity
to enter a drawing to win one of five $20.00 Walmart gift cards. The final survey item
asked students about their willingness to enter the drawing to receive one of the gift cards.
Interested students clicked ‘yes’, which functioned as a link to a separate survey where an
email address could be collected for contact purposes. This process preserved participant
anonymity by making it impossible to link the provided email address to data previously
disclosed during the data collection process. The Qualtrics survey options were set to
prevent “ballot box stuffing.” This option restricts the same IP address from contributing in
multiple surveys. Participants who accessed the survey link more than once would receive
a message that their responses had already been recorded.

2.4. Survey Instrument

Handwashing encompasses five steps from wetting the hands with running water,
applying lather by rubbing soap, scrubbing hands thoroughly for at least 20 s, rinsing
hands under running water, followed by drying with a clean towel or air drying them [34].
Utilizing the MTM theoretical framework, a survey instrument to assess the likelihood of
initiating and sustaining handwashing behavior was developed. The instrument consisted
of 36 items with six items related to participant demography. The remaining 30 items
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correspond to two main components of the MTM, such as initiation and sustenance, with
a total of seven constructs. In the initiation, the first construct is participatory dialogue
measuring advantages (five items) and disadvantages (five items) of handwashing be-
havior on a 5-point scale from never (0) to very often (5). The possible score ranges of
advantages and disadvantages were 0–20, with a high score on advantages and a low
score on disadvantages depicting the likelihood of the behavior change. The score of
the participatory dialogue was computed after deducting the disadvantages score from
the advantages score. The score range of participatory dialogue varies from −24 to +24
units [35]. The second construct of initiation was behavioral confidence, which implies
confidence in making the behavior change with external or internal driving sources [35].
Behavioral confidence measured the likelihood of initiation of behavior change with six
items and a score ranging from 0 to 24 [35]. Another construct of initiation was “changes in
the physical environment,” which encompasses alterations related to the accessibility of
resources or factors to initiate behavior change [35]. The physical environment change was
assessed on three items, and the score ranges from 0–12 units.

The second element of MTM: sustenance has three constructs, namely emotional
transformation (converting emotions to the goals), practice for change (self-assessment,
overcoming barriers, focused on consistency with the behavior change), and changes in
the social environment (support from the social circle for the behavior change). These
constructs were measured using three items, each with a score range of 0–12 units [35].
The instrument used clear and appropriate language, which corresponds to the Flesch
reading ease of 69.6 and Flesch–Kincaid Grade Level of fifth grade [36]. A panel of six
subject matter, instrumentation, and target group experts assessed the instrument’s face
and content validity and provided feedback. The instrument was advanced to the second
round after addressing the feedback (16 modifications were made) before the finalization
of the tool.

2.5. Statistical Analyses

Participants’ responses from QualtricsXM were exported to Microsoft Excel (Microsoft
Corporation, Richmond VA, USA) and then imported to IBM SPSS version 26.0 (IBM Corp.
Armonk NY, USA). Confirmatory factor analysis using the maximum likelihood method
and internal consistency diagnostic tests using Cronbach’s alpha were performed to check
the construct validity and internal consistency of the tool. For establishing a one-factor
solution following the Kaiser criterion of Eigenvalue greater than or equal to 1.0, factor
loadings on each item greater than 0.326 (after doubling the critical value for a sample size
of 250 at an α = 0.01 for a two-tailed test) were established a priori as per the generally
accepted recommendations from previous literature [36–38]. For establishing internal con-
sistency reliability, a Cronbach’s alpha of ≥0.70 was considered acceptable [36]. Descriptive
statistics, including the frequencies, proportions, mean, and standard deviations, were
generated. The likelihood of intention and sustenance of handwashing behavior were
the dependent variables, while the constructs were used as independent variables. To
analyze the differences in mean scores across different groups who follow or did not follow
handwashing recommendations, an independent-samples t-test was utilized. Pearson’s
correlations test was utilized to calculate correlations among the variables. p-values less
than 0.05 (two-sided) were considered statistically significant, and data were reported with
95% confidence intervals. Hierarchical multiple regression was utilized to predict the likeli-
hood of initiation and sustenance of handwashing behavior based on multiple regressors
or independent variables, such as age, gender, race/ethnicity, and individual constructs
of the MTM. Gender and race/ethnicity variables were dummy coded. Assumptions of
independence of observations (i.e., Durbin–Watson statistic), linearity (e.g., scatterplot and
partial regression plots), homoscedasticity, multicollinearity, and normality (1.e., P-P plot
and Q-Q plot) were evaluated on the full model.
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2.6. Sample Size Justification

G*power software (version 3.1) was used to perform a priori power analysis [39]. The
a priori power analysis was conducted to ascertain the required sample size for a test with
a predetermined alpha and beta (power) level. For multiple regression, the alpha was set
at 0.05, power at 0.80, five predictors (three MTM constructs and three covariates), and the
effect size at 0.06 (small to medium), and this yielded a sample size of 234. After factoring
in 10% incomplete entries or missing values, our minimum sample requirement was 257
(234 + 23 = 257).

3. Results

3.1. Sample Characteristics

A total of 713 valid responses were recorded during the survey period. The de-
mographic profile of the respondent’s shows that 501 (70.3%) respondents identified as
females and 176 (24.7%) were males (Table 1). The average age of the sample was 24.61
years (SD = 8.60 years). Nearly three-fourths of the participants were white (74.3%, n = 503)
(Table 1). Most of the participants were undergraduate students (67.7%, n = 483), with
nearly one-fourth (n = 197) being enrolled in the graduate program (Table 1). Further, 68.6%
of students reported washing their hands at least six times over the past day (Table 1).

Table 1. Descriptive statistics of the demographic variables of the study population (n = 713).

Variable Characteristics Mean ± S.D. n (%)

Age - 24.61 ± 8.60 -

Gender

Female - 501 (70.3)

Male - 176 (24.7)

Others - 14 (2.0)

Not reported - 22 (3.1)

Race/ethnicity

White/Caucasian - 530 (74.3)

Black or African - 33 (4.6)

Hispanic or Latino - 56 (7.9)

Asian American - 39 (5.4)

Others - 31 (4.4)

Not reported - 24 (3.4)

Current year in school

First-year undergraduate - 164 (23.0)

Second-year undergraduate - 95 (13.3)

Third-year undergraduate - 90 (12.6)

Fourth-year undergraduate - 104 (14.6)

Fifth-year undergraduate - 30 (4.2)

Graduate - 195 (27.3)

Professional degree - 11 (1.5)

Not reported - 24 (3.4)

Employment

Yes - 373 (52.3)

No - 318 (44.6)

Not reported - 22 (3.1)

Number of hours worked weekly * - 23.0 ± 12.3

Hand washing at least six times in the past day
Yes - 489 (68.6)

No - 224 (31.4)

* Numbers of hours were reported by 340 (47.7%) participants only.
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3.2. Characteristics of Study Variables and Inferential Statistics

Construct validation revealed a one-factor solution for each subscale and Eigenvalues
greater than 1. All factor loadings were over the critical value of 0.326. The Cronbach’s
alpha for all subscales was at least 0.70 (lowest = 0.70; highest = 0.96; Table 2) and were
deemed acceptable [36].

There were significant differences in mean scores of initiation and sustenance across
groups following or not following handwashing recommendations (Table 2). The mean ini-
tiation score was higher among those following handwashing recommendations (M = 3.40,
SD = 0.88) than those not following (M = 2.3, SD = 1.14), with a statistically significant mean
difference, M = 1.1, 95% CI [1.01, 1.29], p < 0.0001, Table 2). Similarly, the mean score of
sustenance was higher (M = 3.35, SD = 0.90) following handwashing recommendations than
those not following (M = 2.16, SD = 1.13), with a statistically significant mean difference,
M = 1.2, 95% CI [1.01, 1.4], p < 0.0001, Table 2). The likelihood of initiation and sustenance
was significantly correlated with all the constructs, at 0.01 levels of significance, for both
groups (Table 3).

Hierarchical multiple regression was run to determine if the sequential addition of
participatory dialogue, changes in the physical environment, and behavioral confidence
improved the likelihood of initiation over and above demographic variables (Table 4).
Among participants following handwashing recommendations, the full model (Model 4)
to predict initiation was statistically significant, R2 = 0.479, F (6, 406) = 62.157, p < 0.0001;
adjusted R2 = 0.471 (Table 4). The addition of participatory dialogue to the prediction of
initiation (Model 2) led to a statistically significant increase in R2 of 0.240, F (1, 408) = 130.32,
p < 0.0001. The addition of behavioral confidence to the prediction of initiation (Model 3)
led to a statistically significant increase in R2 of 0.222, F (1407) = 170.97, p < 0.0001.

In the hierarchical regression with sustenance as the dependent variable, the full model
(Model 4) was statistically significant, R2 = 0.434, F (6, 415) = 52.953, p < 0.0001; adjusted
R2 = 0.425 (Table 4). The addition of emotional transformation to the prediction of suste-
nance (Model 2) led to a statistically significant increase in R2 of 0.372, F (1, 417) = 255.710,
p < 0.0001. The addition of practice for change to the prediction of sustenance (Model 3)
led to a statistically significant increase in R2 of 0.038, F (1, 416) = 27.413, p < 0.0001.

Among participants not following handwashing recommendations, the full model
(Model 4) to predict initiation was statistically significant, R2 = 0.295, F (6, 181) = 12.615,
p < 0.0001; adjusted R2 = 0.272 (Table 5). The addition of behavior confidence to the
prediction of initiation (Model 3) led to a statistically significant increase in R2 of 0.162,
F (1, 182) = 41.784, p < 0.0001 (Table 5). The addition of participatory dialogue to the
prediction of initiation (Model 2) also led to a statistically significant increase in R2 of
0.117, F (1, 183) = 24.682, p < 0.0001. In the hierarchical regression with sustenance as
a dependent variable, the full model (Model 4) was statistically significant, R2 = 0.468,
F (6184) = 26.972, p < 0.0001; adjusted R2 = 0.451 (Table 5).The addition of emotional
transformation to the prediction of sustenance (Model 2) led to a statistically significant
increase in R2 of 0.344, F (1, 186) = 100.790, p < 0.0001. The addition of practice for change
to the prediction of sustenance (Model 3) led to a statistically significant increase in R2 of
0.080, F (1, 185) = 26.772, p < 0.0001. The addition of changes in the social environment to
the prediction of sustenance (Model 4) led to a statistically significant increase in R2 of
0.023, F (1, 184) = 7.957, p < 0.05.
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4. Discussion

The study utilized the MTM, a novel fourth-generation behavioral theory, to explain
handwashing behavior among college students during the COVID-19 pandemic. Despite
the aggressive media messages and recommendations from governmental authorities, the
study revealed that 31.4% of the college students did not practice frequent handwashing
in the recommended manner compared to 33.1% to 61.5% reported in pre-COVID-19
era [12–14]. This study shows that the proportion of young adults not following the
handwashing guidelines remains a matter of concern in these times. This finding points to
the urgent need to design individual-level behavior change educational interventions and
community-level media campaigns directed specifically toward this subgroup to mitigate
the COVID-19 transmission.

This study revealed that approximately 27.2% of the variance in the likelihood to
practice initiation was significantly predicted by behavioral confidence (i.e., a sureness
in properly following steps of thorough handwashing despite barriers) and participatory
dialogue (i.e., assessing advantages and disadvantages of handwashing), among those not
following the handwashing recommendations (p < 0.0001). Participatory dialogue will be
higher in the magnitude if advantages outweigh disadvantages and will be lower in the
reverse scenario. This can be validated by the participatory dialogue score among students
not following the handwashing recommendations, who perceive handwashing having
more disadvantages than advantages. Every unit increase in behavioral confidence resulted
in a 0.474 unit increase in the likelihood of the initiation of handwashing behavior. Similarly,
for every unit increase in participatory dialogue, a 0.152 increase in the likelihood of the
initiation of handwashing behavior ensued. Among students following the handwashing
recommendations (n = 489, Table 4), all three constructs of initiation are statistically signifi-
cant and account for approximately 47.1% of the variance in the response variable. The
magnitude of these associations, as represented by adjusted R2, is considered substantial in
behavioral and social science research [36]. Similar to behavioral confidence, a construct of
self-efficacy has adequately been used to reinforce handwashing behavior among general
populations [40–43]. The statistical significance of participatory dialogue and behavioral
confidence has already been established in studying other behaviors (intake of sweetened
beverages, binge drinking, portion size consumption, fruits, and vegetable consumption,
and intentional outdoor nature contact) among college students [22–27,44,45].

Further, it is worth noting that significant differences between all three initiation
constructs in the MTM for initiation were statistically significant (p < 0.0001) and greater
among those who were practicing the recommendations for handwashing compared
to those who were not. This finding lends support to the predictability of MTM for
the initiation of handwashing behavior among college students. Future research and
individual-level behavior change interventions and media campaigns should utilize the
constructs of participatory dialogue and behavioral confidence in promoting handwashing
behavior among college students.

Regarding the MTM’s ability to predict maintaining handwashing behavior, the exam-
ination of the sustenance model among those not following the recommendations revealed
45.1% of the variance in the likelihood to continue the practice of handwashing. Addition-
ally, sustenance significantly predicted by all three constructs: emotional transformation
(i.e., converting feelings into goals of regular handwashing) (p < 0.0001), practice for change
(i.e., creating a habit of handwashing and making it a way of life) (p < 0.0001), and changes
in the social environment (i.e., fostering social support from the environment) (p < 0.05).
For every unit increase in emotional transformation, there is a 0.33 unit increase in the
likelihood of maintaining handwashing behavior; for every unit increase in practice for
change construct, there is a 0.296 increase in the likelihood of maintaining handwashing
behavior; and for every unit increase in the changes in the social environment score, there
is a 0.180 increase in the likelihood of maintaining handwashing behavior. The findings are
also supported by data of students practicing handwashing according to recommendations
(n = 489, Table 4), in which emotional transformation and practice for change are statis-
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tically significant and account for approximately 42.5% of the variance in the likelihood
of sustaining handwashing behavior. Furthermore, the differences between all the three
constructs of MTM for sustenance were statistically significant (p < 0.0001) and higher
among those who were practicing the recommendations for handwashing as compared to
those who were not, which further lends support to the predictive potential of MTM for
the sustenance of handwashing behavior among college students.

Emotional transformation (i.e., converting feelings into goals) plays an important role
in the sustenance of a behavior [21,35,46–49]. The construct of emotional transformation
has also been found to be a statistically significant construct in other studies done among
college students with other behaviors [22,24,26,27,44,45]. Individual-level behavior change
interventions and media campaigns for college students must be designed to appeal to their
emotions and get them toward concrete goals of handwashing behavior. Among studies
conducted with non-college student populations, there is limited evidence of changes in
the social environment or social support about maintaining handwashing behavior [41,50].
However, similar to previous constructs, the construct of changes in the social environment
also derives backing from studies with other behaviors, such as sleep, eating, and drinking
behaviors that have been done among college students [22,24,26,27,44,45]. Therefore, the
importance of these constructs to the maintenance of handwashing behavior is also justified.

4.1. Implications for Practice

The study has important implications for designing handwashing promotion interven-
tions, especially during the COVID-19 pandemic. The findings point to the fact that, despite
the pandemic mounting at alarming rates, a substantial proportion of college students
do not wash their hands as per the CDC recommendations. This issue can be addressed
by designing individual-level behavioral change educational interventions and media
campaigns (i.e., including social media) directed toward college students. Individual-level
behavior change interventions can be delivered through classrooms or other university
channels using the learning management systems (LMS) such as Blackboard, Canvas,
Moodle, Brightspace, which almost all universities utilize to access course content. Further,
as a policy measure supportive of behavior change, such interventions can be mandated by
the university administration.

MTM has been used in designing similar technology-based brief and specific inter-
ventions [51–53] and can be effectively used for handwashing promotion among college
students. The construct of participatory dialogue, which is quite intuitive and points to the
underscoring the advantages of handwashing over any possible disadvantages, can be built
by effective tailored messaging. Messages such as, “Handwashing is cool,” “Handwashing
makes hands smell good,” and “Handwashing makes you attractive” can be used on both
an individual level as well as media campaigns. Social media sites such as Facebook, Insta-
gram, WhatsApp, and Twitter can be mobilized to promote these messages. Behavioral
confidence can be built by demonstrating handwashing through videos that show the
handwashing process in small steps. Additionally, potential barriers can be addressed by
tailored messages such as making time to wash hands, having reminder messages, and
overcoming inconvenience. These messages can be incorporated into the public health
educational campaigns along with the standard guidelines of the regulatory agencies.
Physical barriers, such as readily available water supply and soap, did not emerge as a
significant factor in this U.S. sample but may be necessary for resource-constrained low
and middle-income countries for which appropriate policy measures should be considered.

Concerning sustenance constructs, emotional transformation emerged as the most
influential construct in this study, and the importance of channeling one’s feelings cannot
be overemphasized. To build this construct, the first step is to be cognizant of one’s feelings,
which is vital in changing handwashing behavior and changing any behavior and self-
improvement [31]. After identifying feelings, especially negative ones, individuals should
be directed toward establishing goals. In the case of handwashing promotion interventions,
the goal should be to wash hands frequently in the recommended manner until it becomes

12



Healthcare 2021, 9, 55

second nature. The construct of practice for change can be built by teaching college students
to self-reflect and self-monitor their handwashing behavior. Finally, the support of family,
friends, peers, instructors, health professionals, and other significant influences must be
emphasized in handwashing promotion interventions.

4.2. Strengths and Limitations of the Study

To our knowledge, this study is among the very few theory-based or evidence-based
studies that have been performed on handwashing behavior among college students during
the COVID-19 pandemic. This study offers a unique perspective by utilizing newer multiple
theory models for studying handwashing behavior among college students. Among the
few preventive measures that we have available to combat this pandemic, frequent and
adequate handwashing seems to be an effective approach that a substantial number of
college students are not practicing. Hence, this study provides direction for designing
efficacious, brief educational interventions to promote handwashing. The scale utilized
was psychometrically robust and met the acceptable criteria for validity and reliability and
can be used for future cross-sectional and interventional studies.

However, this study has some limitations, which merit discussion. First, this study is
based on only one large, public Southern U.S. university. Therefore, the findings may not
be extrapolated to students of other institutions, and caution should be applied while inter-
preting the results. However, our sample was nearly representative of the institution where
study took place. University racial breakdown for previous year was White/Caucasian
(73.7%), Black/African American (4.4%), Hispanic (8.6%), and Asian (2.5%) (available at
https://oir.uark.edu/quickfacts/factbook-2019-2020.pdf.

Second, the study relied on self-reported information, which can subject to measure-
ment error. However, when it comes to measuring attitudes towards health behavior, this
is the only method for the measurement. Third, in testing the instrument’s reliability, the
instrument’s stability over time was not assessed. This offers a potential avenue for future
research and will be especially important before conducting experimental studies. Fourth,
actual availability of resources for handwashing were not measured in this study. Finally,
the study used a cross-sectional design in which the independent and dependent variables
are measured simultaneously, thereby preventing any causal inferences.

5. Conclusions

Amid the COVID-19 pandemic, this is a timely study that identifies a newer fourth-
generation behavior change theory, MTM, to address handwashing behavior among college
students. This study found that a substantial number of college students are not following
handwashing recommendations. Further, the study provided evidence that MTM can help
promote handwashing behavior among college students. There is a need to design and test
individual-level behavior change interventions and media campaigns based on MTM for
efficacy and effectiveness to change handwashing behavior among college students.
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Abstract: The usage of face masks has been mandated in many countries in an attempt to diminish
the spread of SARS-CoV-2. In this cross-sectional study, we aimed to determine face mask-wearing
behaviors and practices in 1173 young Polish people during the second wave of the COVID-19
epidemic in October 2020. The majority of respondents (97.4%) declared that they wore face masks in
areas/situations where it is mandatory. The most common types of utilized face masks were cloth
masks (47.7%) and surgical masks (47%), followed by respirators (N95/FFP3) (3.2%) and half-face
elastomeric respirators (0.9%). Over 38% reported frequently disinfecting their face masks, especially
females. Respondents reporting personal atopic predisposition (64.5% vs. 72.1%; p = 0.02) or sensitive
skin (65.5% vs. 74.3%; p = 0.005) declared multiple use of face masks less commonly than other
individuals. Individuals suffering from facial skin lesions declared disinfecting face masks more
commonly (40.8% vs. 34.9%; p = 0.04). Overall, the self-declared utilization of face masks among
young people in Poland has improved since the beginning of the epidemic as compared with our
previous study. Until the mass vaccination of the public is achieved and government policy is
changed, face mask use remains a valuable tool to decrease the transmission of SARS-CoV-2.

Keywords: face masks; COVID-19; young people; behaviors

1. Introduction

Since the beginning of the COVID-19 pandemic, all countries have been subjected
to a situation largely unknown previously. Over a year since pandemic onset (as of 26
April 2021), the number of confirmed cases of SARS-CoV-2 infection exceeds 146.8 million
worldwide, with over 3.1 million confirmed deaths [1]. Concurrently, the epidemic situation
remained concerning throughout the entire European Union. For example, the total number
of confirmed COVID-19 cases in Poland has exceeded 2.7 million (26 April 2021), claiming at
least 65,000 officially reported deaths [2]. Owing to the dominance of airborne transmission
of SARS-CoV-2 between humans [3] and unavailability of a specific vaccine, prophylactic
safety precautions instigated by each individual, endorsed and verified by relevant official
services, constituted the crucial step to decrease the development of the pandemic in
2020. The World Health Organization (WHO) and European Centre for Disease Prevention
and Control (ECDC) recommendations were aimed at the general public and focused on
social distancing, hand hygiene, and usage of personal protective equipment (PPE) [4,5].
These recommendations were also reflected in the official regulations issued by the Polish
Government [6,7], which forbade certain activities (e.g., social gatherings, running hotel
or restaurant businesses), while particular behaviors became mandatory. An example
of the latter is the obligation to strictly cover the nose and the mouth either with face
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masks or alternatively with a piece of clothing in certain places and routine everyday
situations. These include workplaces, public transport, streets, shops, or churches. There is
some evidence that the use of face masks may contribute to the prevention of SARS-CoV-2
spread [8,9]. According to Leffler et al. [10], in countries with cultural norms or official
regulations which supported face mask-wearing, the COVID-19 epidemic resulted in an
average per-capita mortality increase by 16.2% each week. In contrast, other countries
experienced a 61.9% weekly mortality increase. More frequent usage of face masks during
the COVID-19 pandemic is associated not only with better physical, but also mental health
in terms of anxiety, depression, and stress, as recounted in a study comparing Chinese and
Polish respondents [11].

Despite the literature evidence and official regulations, these factors still cannot guaran-
tee that each person will continue to wear face masks during the pandemic. Unsurprisingly,
there have been significant differences in mask-wearing behaviors and practices during the
COVID-19 pandemic in the general public [12–15]. It seems that certain factors, such as age,
sex, education, or dwelling location might affect the face mask-wearing prevalence and/or
type of mask used. The possible associations between age and face mask-wearing behaviors
are particularly interesting. Firstly, certain studies reported that younger age is related to
diminished compliance with face mask-wearing recommendations [13,14,16]. There are
multiple causes of this observation, such as certain common inconveniences (e.g., breathing
difficulties, sweating, misting of the glasses) [17] which can occur regardless of age. Unfor-
tunately, some individuals regard obligatory face mask usage as a restriction of personal
freedom and unethical [18,19]. Secondly, younger people infected with SARS-CoV-2 are
relatively more prone to experience an asymptomatic course of COVID-19 [20,21]. Conse-
quently, they do not actively seek medical advice and continue with their usual everyday
activities. Additionally, the phenomenon of superspreading deserves particular attention as
well. A superspreading event (SSE) refers to a situation in which particular individuals can
infect an unusually high number of secondary cases, as reviewed by Lloyd-Smith et al. [22].
The SSE seems to play an important role in the transmission of SARS-CoV-2 [23–25]. In a
study based on contact tracing, it was revealed that 19% of all detected cases were in fact
responsible for 80% of the entire local transmission of SARS-CoV-2 [23]. Epidemiological
data from the USA support that SARS-CoV-2 superspreading might also be associated
with age. The group of non-elderly (<60 years) subjects with COVID-19 was 2.78 times
more likely to spread the infection than the elderly [24], whereas at least 65 out of 100
SARS-CoV-2 infections originated from people aged 20–49 [25]. Such tendencies among
age groups may be explained by different associated factors, e.g., occupation or lifestyle.

Notably, due to the prolonged and evolving nature of the COVID-19 pandemic,
different epidemiological regulations and restrictions were issued by the authorities. As
they changed over time, this could have stimulated confusion and impeded compliance [26].
The dynamic course of the epidemic situation could have also contributed to a scenario
in which certain attitudes and behaviors of the general public regarding the use of PPE
have also changed over time. Therefore, our study aimed to evaluate the prevalence and
detailed characteristics of face mask-wearing behaviors and practices, focusing on young
Polish people during the second wave of COVID-19, seven months after the first confirmed
case in Poland.

2. Materials & Methods

Our study was conducted using an original online survey developed in Google Forms®

and subsequently sent to young Polish people, mainly students. Participation in the study
was voluntary, with WhatsApp®, Facebook®, e-mail, or SMS invitation containing a direct
link to the questionnaire. Based on the snowball sampling technique [27], each participant
was able to send the link further and invite additional participants. We have gathered
demographic data, as well as detailed characteristics of self-reported face mask-wearing
behaviors and practices, including the type of face masks used, disinfection practices, mul-
tiple uses of face masks, as well as the personal history of atopic predisposition, sensitive
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skin, and facial skin lesions. We intended to perform statistical analysis with a particular
emphasis on sex and the presence of skin-related conditions, as previous studies revealed
their associations with face mask-wearing practices and behaviors [13,17,28,29]. Data col-
lection occurred between 1–7 October 2020, during the second wave of the COVID-19
epidemic in Poland. The chosen time period was intentional, as it directly preceded the
portended reintroduction of official government restrictions and regulations on 9 October
2020 [7]. Prior to those, it had been necessary to wear face masks in closed spaces (e.g.,
shops), whereas in open spaces (e.g., streets) it had been voluntary, although recommended.
Since the introduction of the regulations on October 9th, strict face covering was man-
dated, either with a face mask or cloth, in various locations and situations in public space.
These included public transport, streets, squares, cemeteries, promenades, boulevards,
parking lots, and a variety of buildings (offices, schools, banks, shops, healthcare facilities,
churches). In total, 1173 individuals aged 20.9 ± 2.9 years (mean ± standard deviation [SD];
range 17–27 years) provided data for further analysis. The number of included participants
provided a confidence level of 95%, with a 2.86% margin of error. The majority of respon-
dents in our cohort were females (74.7% vs. 25.3%). Statistical analysis was performed
with Statistica 13 software (Dell, Inc, Round Rock, TX, USA) using the Chi-square test. A
p-value less than 0.05 was considered as statistically significant. The study was performed
based on the statutory activity of the department, in accordance with the ethical approval
of the Wrocław Medical University Institutional Review Board (ST.C260.18.019).

3. Results

3.1. Basic Results

The vast majority of our cohort (97.4%) declared that they “often” or “always” wear
face masks in areas/situations where it was mandatory. This tendency was also more
frequent among females (98.3% vs. 95%; p = 0.002). On the other hand, 23% declared that
they wear face masks “often” or “always” in areas or situations where it is not mandatory.
The most common types of used face masks were cloth (47.7%) and surgical masks (47%),
followed by respirators (N95/FFP3) (3.2%) and half-face elastomeric respirators (0.9%)
(Table 1). Multiple-use face masks were used by 24.9% of subjects, while 69.6% declared
that they use their face masks multiple times (regardless of whether the mask is designed
to do so or not). Over one-third (38.3%) reported that they regularly disinfected their face
masks, especially females (40.1% vs. 33%; p = 0.03). Regarding skin-related conditions
reported by our cohort, personal atopic predisposition concerned 33.8%, with a similar
prevalence in both sexes. Furthermore, sensitive skin (52.3%) and current presence of facial
skin lesions (57.5%) were both reported more commonly by females (60.7% vs. 26.9%;
p < 0.0001; and 62.6% vs. 42.4%; p < 0.0001; respectively).

Table 1. The basic results of the entire cohort according to sex. The p-values in bold were considered
statistically significant.

Characteristics Entire Cohort Females Males p-Value

N (%) 1173 876 (74.7%) 297 (25.3%) -

Age (mean ± SD) (years) 20.9 ± 2.9 20.9 ± 2.0 21.2 ± 4.5 p = 0.65

Type of face mask used

Cloth 560 (47.7%) 426 (48.6%) 134 (45.1%) p = 0.29

Surgical 552 (47.0%) 409 (46.7%) 143 (48.1%) p = 0.66

Respirator (N95/FFP3) 37 (3.2%) 25 (2.9%) 12 (4.0%) p = 0.31

Half-face elastomeric
respirator 10 (0.9%) 6 (0.7%) 4 (1.4%) p = 0.28
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Table 1. Cont.

Characteristics Entire Cohort Females Males p-Value

None 14 (1.2%) 10 (1.1%) 4 (1.4%) p = 0.79

Only multiple-use face
masks 292 (24.9%) 225 (25.7%) 67 (22.6%) p = 0.28

Behaviors associated with face mask use

Face masks worn in
areas/situations where it is

mandatory (“often” or
“always”)

1143 (97.4%) 861 (98.3%) 282 (95.0%) p = 0.002

Face masks worn in
areas/situations where it is
not mandatory (“often” or

“always”)

270 (23.0%) 192 (21.9%) 78 (26.3%) p = 0.12

Disinfection 449 (38.3%) 351 (40.1%) 98 (33.0%) p = 0.03

Multiple use of face masks 613 (69.6%) 445 (68.4%) 168 (73.0%) p = 0.18

Skin-related conditions

Personal atopic
predisposition 396 (33.8%) 309 (35.3%) 87 (29.3%) p = 0.06

Sensitive skin 613 (52.3%) 532 (60.7%) 81 (26.9%) p < 0.0001

Current facial skin lesions 674 (57.5%) 548 (62.6%) 126 (42.4%) p < 0.0001

3.2. Skin-Related Conditions and Their Influence on the Type of Face Masks Used and Face
Mask-Related Behaviours

Individuals with personal atopic predisposition were less likely than their healthy
peers to use face masks multiple times (64.5% vs. 72.1%; p = 0.02) (Table 2). Similarly,
multiple uses of face masks were also less common among those with sensitive skin (65.5%
vs. 74.3%; p = 0.005) (Table 3). Additionally, individuals who reported the current presence
of facial skin lesions were more prone to disinfect face masks than those with healthy skin
(40.8% vs. 34.9%; p = 0.04) (Table 4). The presence or absence of skin-related conditions
did not favor our participants’ habit of wearing masks in areas/situations in which their
use was mandatory or not. Personal atopic predisposition (p = 0.26), sensitive skin (p =
0.98) and facial skin lesions (p = 0.58) did not seem to influence the participants’ choice of
particular type of face mask.

Table 2. The influence of personal atopic predisposition on the type of face mask used and other face
mask-related behaviors. The values in bold are considered statistically significant.

Characteristics
Atopic

Predisposition
(n = 396)

No Atopic
Predisposition

(n = 777)
p-Value

Type of face mask used

Cloth 183 (46.2%) 377 (48.5%) p = 0.45

Surgical 186 (47.0%) 366 (47.1%) p = 0.97

Respirator (N95/FFP3) 18 (4.5%) 19 (2.4%) p = 0.05

Half-face elastomeric respirator 5 (1.3%) 5 (0.7%) p = 0.28

None 4 (1.0%) 10 (1.3%) p = 0.68

Only multiple-use face masks 100 (25.3%) 192 (24.7%) p = 0.84
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Table 2. Cont.

Characteristics
Atopic

Predisposition
(n = 396)

No Atopic
Predisposition

(n = 777)
p-Value

Behaviors associated with face mask use

Face masks worn in
areas/situations where it is

mandatory (“often” or “always”)
387 (97.7%) 756 (97.3%) p = 0.66

Face masks worn in
areas/situations where it is not

mandatory (“often” or “always”)
90 (23.7%) 180 (23.2%) p = 0.87

Disinfection 165 (41.7%) 284 (36.6%) p = 0.09

Multiple use of face masks 191 (64.5%) 422 (72.1%) p = 0.02

Table 3. The influence of sensitive skin on the type of face mask used and other face mask-related
behaviors. The values in bold are considered statistically significant.

Characteristics
Sensitive Skin

(n = 613)
No Sensitive Skin

(n = 560)
p-Value

Type of face mask used

Cloth 292 (47.6%) 268 (47.9%) p = 0.94

Surgical 287 (46.8%) 265 (47.3%) p = 0.86

Respirator (N95/FFP3) 20 (3.3%) 17 (3.0%) p = 0.82

Half-face elastomeric respirator 6 (1.0%) 4 (0.7%) p = 0.62

None 8 (1.3%) 6 (1.1%) p = 0.71

Only multiple-use face masks 140 (22.8%) 152 (27.1%) p = 0.09

Behaviors associated with face mask use

Face masks worn in
areas/situations where it is

mandatory (“often” or “always”)
597 (97.4%) 546 (97.5%) p = 0.91

Face masks worn in
areas/situations where it is not

mandatory (“often” or “always”)
155 (25.3%) 115 (20.5%) p = 0.05

Disinfection 248 (40.5%) 201 (35.9%) p = 0.11

Multiple use of face masks 310 (65.5%) 303 (74.3%) p = 0.005

Table 4. The influence of facial skin lesions on the type of face mask used and other face mask-related
behaviors. The values in bold are considered statistically significant.

Characteristics
Facial Skin Lesions

(n = 674)
No Facial Skin

Lesions (n = 499)
p-Value

Type of face mask used

Cloth 326 (48.4%) 234 (46.9%) p = 0.62

Surgical 319 (47.3%) 233 (46.7%) p = 0.83

Respirator (N95/FFP3) 18 (2.7%) 19 (3.8%) p = 0.27

Half-face elastomeric respirator 4 (0.6%) 6 (1.2%) p = 0.26

None 7 (1.0%) 7 (1.4%) p = 0.57

Only multiple-use face masks 173 (25.7%) 119 (23.9%) p = 0.48
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Table 4. Cont.

Characteristics
Facial Skin Lesions

(n = 674)
No Facial Skin

Lesions (n = 499)
p-Value

Behaviors associated with face mask use

Face masks worn in
areas/situations where it is

mandatory (“often” or “always”)
660 (97.9%) 483 (96.8%) p = 0.23

Face masks worn in
areas/situations where it is not

mandatory (“often” or “always”)
162 (24.0%) 108 (21.6%) p = 0.34

Disinfection 275 (40.8%) 174 (34.9%) p = 0.04

Multiple use of face masks 348 (69.5%) 265 (69.7%) p = 0.93

4. Discussion

It seems reasonable to expect that in countries with a cultural habit of wearing face
masks (e.g., Japan) [30], this behavior would be easier to achieve during the ongoing
COVID-19 pandemic. Conversely, and despite the epidemic situation, it cannot be ensured
that the general public in other countries would adhere to the official mandatory regula-
tions, even when the lack of compliance may result in penalties such as being fined by
police or sanitary inspectors. The discussion on personal safety behaviors of the general
population may focus on different baseline aspects, with age being one of the most im-
portant. Luo et al. [31] postulated that there is a generational gap in terms of undertaking
preventive measures recommended by the CDC against SARS-CoV-2, with elderly individ-
uals being more prone to abide by them. There are multiple possible explanations, ranging
from higher risk of hospitalization, severe course, and fatal outcome of COVID-19 in the
elderly [13,32] to more common adherence to the social norms in their area of residence [33].
Unsurprisingly, some publications revealed that wearing face masks during the COVID-19
pandemic is insufficient among young adults [13,16,28,33–35]. As an example, an American
study by Haischer et al. [13] reported that among 5517 individuals entering shops in the
state of Wisconsin, only 41.5% wore masks. When accounting for age groups, younger
subjects (2–30 years old) wore face masks less commonly (37%) than middle-aged (30–65
years) (41%) or elderly (>65 years) (57%). Adjusted odds ratio (aOR) for a middle-aged
wearing a face mask was 1.597 higher than for younger individuals (95% confidence in-
terval [CI] 1.359–1.877), while the proportion was even higher when comparing elderly
vs. younger individuals (aOR 3.434; 95% CI 2.811–4.195). Likewise, a study conducted
on the Spanish population revealed that young individuals (aged 18–25 years) were least
likely to wear face masks when compared to all the other age groups [33]. Consequently,
in our previous study, we assessed the face mask usage prevalence and mask-related
behaviors and practices, deciding to strictly focus attention on young Polish people [12].
The latter study was conducted during the first COVID-19 wave in Poland in April 2020,
shortly before the introduction of the first official governmental policy which included
mandatory face mask-wearing in public [6]. Therein, out of 2307 young individuals, only
60.4% admitted to wearing face masks, regardless of sex [12]. In contrast, the current study
revealed that 97.4% of young respondents wore face masks in mandatory areas/situations
during the second COVID-19 wave in October 2020. Although the cohorts were different
in both studies and do not justify performing a direct comparison, there was a tendency for
higher adherence to the safety regulations throughout the course of the epidemic in Poland.
Strzelecki et al. [36] observed a correlation between the spread of the COVID-19 epidemic
in Poland and Google Trends searches on PPE, including face masks. We deem these
results as important evidence that, as the epidemic develops, people actively broaden their
knowledge by seeking health- or life-preserving solutions, as the first step to more frequent
and successful usage of PPE. They are also in line with the dynamics of our current and
past [12] observations that a change in health-preserving behaviors is a process that occurs
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over time. Interestingly, the current study revealed that females were more compliant
with the face mask-wearing regime (98.3% vs. 95.0%; p = 0.002), confirming the findings
of previous studies [13,28]. In the setting of an epidemic, women have a crucial role in
promoting preventive behaviors among their family members and social community [37].
Notably, 23% of participants also reported that they wear face masks in areas/situations
where it is not mandatory. Such careful behavior may be beneficial in certain situations,
e.g., when both healthy and COVID-19 positive households wear face masks. Thereby, as
reported by Chinese investigators, SARS-CoV-2 transmission to other family members may
be reduced by 79%. However, Wang et al. [9] noted that the primary cases needed to wear
face masks before the onset of symptoms, whereas later introduction did not seem to play
a protective role.

We determined that young people mostly used cloth face masks (47.7%), closely
followed by surgical face masks (47%), while respirators (3.2%) and half-face elastomeric
respirators (0.9%) were worn less commonly. Still, over half of our cohort utilized face
masks with better protective properties (filtration efficacy) than cloth masks [38,39]. In
our previous study [12], cloth face masks were also the most frequently used modality
(46.2%), while surgical masks (39%) were employed relatively less commonly. The changes
in cloth vs. surgical mask usage over time might stem from the fact that, during the
initial stages of the epidemic, there was a shortage of surgical masks supply, making it
necessary to rely on cloth masks, which are also easier to manufacture. On the other hand,
the use of respirators in October 2020 (4.1% in total) was much lower than in April 2020
(14.1% in total). With a more serious epidemic scenario later in 2020, we would expect
the general public to use gear with better protection properties, especially acknowledging
its better availability over time. Nevertheless, due to their cost, respirators might be in
fact less suitable for the general public to use daily. Regarding the impact of baseline skin
conditions on face mask-wearing behaviors, the participants of our study with an atopic
predisposition or sensitive skin were less prone to use face masks multiple times. Several
recent studies have proven the association between face mask usage during the COVID-19
pandemic and diverse cutaneous problems [12,40,41], including the exacerbation of atopic
dermatitis predominantly in mask-covered areas [42]. Multiple use of a single face mask
could be associated with friction, warmth, and moisture. Additionally, the presence of
formaldehyde and other preservatives could predispose to contact dermatitis [41]. These
tendencies may be more pronounced, especially in a person with an atopic predisposition
or sensitive skin. We also theorize that people with such predispositions (essentially of
chronic nature) may possess higher knowledge on proper health-related behaviors and
consequently follow the recommendations more thoroughly. Similarly, the current presence
of facial skin lesions in our cohort was associated with the more common practice of face
mask disinfection. This procedure was undertaken more frequently by females and seems
in accordance with a higher prevalence of sensitive skin and current facial skin lesions.
People with active inflammatory skin lesions may regard their nature as purely infectious
and put more emphasis on hygiene. Conversely, the use of certain chemical disinfectants
could predispose to the development of allergic contact dermatitis or contact urticaria [43]
and further reinforce the appearance of facial skin lesions.

Our study has several limitations. The design resulted in the self-reported nature
of the data acquired from the respondents. Therefore, it is unknown whether all the
participants responded to all the questions truthfully. Moreover, a recall bias could also
impact the results. Due to the chosen methodology, it is impossible to determine the true
response rate. Notwithstanding the frequent declaration of face mask-wearing by the
young people participating in this study, it must be noted that the general public and
even healthcare workers may not comply with the guidelines on proper utilization of face
masks according to the WHO guidelines [29,30]. Therefore, even a high proportion of
respondents assessed in a dichotomous manner (wearing vs. not wearing a mask) may
not actually benefit from their seemingly protective behavior. Furthermore, despite the
rationale of this study explained in precedent paragraphs, a minor limitation might stem
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from the study concept itself. Essentially, there are conflicting reports in the literature,
some of them undermining the basic rationale of the study. As an example, in the only
randomized controlled trial assessing face mask-wearing in the community (DANMASK-
19), the implementation of surgical masks did not result in a significantly decreased risk of
SARS-CoV-2 acquisition [44]. According to ECDC, the effectiveness of medical face masks
in preventing COVID-19 in the community is small to moderate, with the certainty of the
recommendation being low to moderate [45]. Additionally, our assessment of face mask-
wearing behaviors strictly within the particular age group might be debatable. Despite the
quoted evidence regarding inadequacies in face mask-wearing behaviors among young
people [13,16,28,33–35], Howard [15] observed that it is in fact the older individuals who
are slightly less likely to wear face masks. We infer that face mask-wearing is not only
associated with age, as other cultural and social aspects have to be considered as well.
Obviously, due to the young age of the participants, the results of our study cannot be
extrapolated to the general public; the situation in other countries, especially those outside
of Europe, may also differ. Finally, it is vital to avoid superficial and literal conclusions that
could potentially cause harmful accusations and stigmatization towards any fraction of
society.

Future evaluations on the use of face masks in the general population should ideally
include other age groups from different geographic regions, while the method of assessing
face mask-wearing behaviors should more be objective, perhaps by utilization of external
observers. In the light of more vaccinated individuals, it would be interesting to determine
if the continuous usage of face masks in mostly vaccinated societies could still contribute
to the prevention of further SARS-CoV-2 spread. However, it is hoped that with mass
anti-COVID-19 vaccination, there will ultimately be no need for mandatory wearing
of face masks, at least in certain situations [46]. Therefore, despite the scientific value
and potential influence on public health policy, even healthcare professionals may not
necessarily anticipate a vast influx of such reports in the near future. Lastly, setting aside
the definite eradication of SARS-CoV-2, it is unknown whether another pathogen, possibly
of animal origins [47–51], will eventually emerge to reenact the pandemic scenario in the
following years or decades, with mandatory re-masking yet again.

5. Conclusions

In the light of the second COVID-19 wave in October 2020, the majority of young
people in Poland declared that they regularly utilized face masks, as required by official
government regulations. Almost half of the respondents utilized cloth masks, closely
followed by surgical masks, whereas respirators were reported rarely. Female sex was
associated with a higher reported prevalence of sensitive skin and current facial skin
lesions. More than one-third of the respondents utilized face mask disinfectants. Females
were more likely to perform this action; when compared to males, they were also more
prone to wear face masks in areas/situations where it is mandatory. In comparison to
our previous study on face mask-wearing behaviors in Poland which was performed in
April 2020, it seems that half a year later young people followed the recommendations
more meticulously, possibly as a consequence of a more serious epidemic situation and
improved awareness of safety behaviors.
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Abstract: Background: The use of a touchless automated hand sanitizer dispenser may play a key role
to reduce contagious diseases. The key problem of the conventional ultrasonic and infra-red-based
dispensers is their malfunctioning due to the interference of sunlight, vehicle sound, etc. when
deployed in busy public places. To overcome such limitations, this study introduced a laser-based
sensing device to dispense sanitizer in an automated touchless process. Method: The dispensing
system is based on an Arduino circuit breadboard where an ATmega328p microcontroller was pre-
installed. To sense the proximity, a light-dependent resistor (LDR) is used where the laser light is
to be blocked after the placement of human hands, hence produced a sharp decrease in the LDR
sensor value. Once the LDR sensor value exceeds the lower threshold, the pump is actuated by
the microcontroller, and the sanitizer dispenses through the nozzle. Results and discussion: A
novel design and subsequent fabrication of a low-cost, touchless, automated sanitizer dispenser
to be used in public places, was demonstrated. The overall performance of the manufactured
device was analyzed based on the cost and power consumption, and environmental factors by
deploying it in busy public places as well as in indoor environment in major cities in Bangladesh,
and found to be more efficient and cost-effective compared to other dispensers available in the
market. A comprehensive discussion on this unique design compared to the conventional ultrasonic
and infra-red based dispensers, is presented to show its suitability over the commercial ones. The
guidelines of the World Health Organization are followed for the preparation of sanitizer liquid. A
clear demonstration of the circuitry connections is presented herein, which facilitates the interested
individual to manufacture a cost-effective dispenser device in a relatively short time and use it
accordingly. Conclusion: This study reveals that the LDR-based automated hand sanitizer dispenser
system is a novel concept, and it is cost-effective compared to the conventional ones. The presented
device is expected to play a key role in contactless hand disinfection in public places, and reduce the
spread of infectious diseases in society.

Keywords: novel design; fabrication; automated dispenser; LDR based controller; reduction of
COVID-19 spread

1. Introduction

At present, the whole world is going through a pandemic due to coronavirus disease
(COVID-19), which was first spotted in December 2019 in Wuhan, China. Since this
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virus is highly contagious, the World Health Organization (WHO) [1] has provided some
guidelines to reduce its community transmission in various ways. One of the mandatory
recommended actions is to perform hand washes/rub with soap/hand sanitizer in a
frequent manner [1].

In principle, hand hygiene is now recognized as one of the most crucial issues for
infection prevention and control. In the wake of the increasing severity of disease and
treatment complexity, and a global pandemic superimposed by multidrug resistant (MDR)
pathogen infections, the healthcare professionals (HCPs) are now returning to the basics
of infection prevention by simple measures such as hand hygiene [2]. A relevant study
conducted by White et al. [3] has shown a decrease of 14.8–39.9% in the upper respiratory
disease symptoms among residential students (university) due to a general improvement
of hand hygiene behavior.

Alcohol-based hand sanitizer (ABHS) is a useful material against the spread of infec-
tious viruses in crowded areas such as clinics, workplaces, schools, etc. [2] It also helps to
reduce the spread of disease-causing germs and bacteria. Early comprehensive research on
the effectiveness of antiseptic hand rubs revealed that ABHS significantly reduces bacterial
counts on hands [3]. Ehrenkranz et al. [4] reported that the ABHS is more effective in
preventing the hand transfer of Gram-negative bacteria than the bland soap hand wash.

The hand sanitizer dispenser plays a significant role to allow individuals to wash/rub
their hands using ABHS while on the go. A study by Fournier et al. [5] reported that the use
of a strategically positioned hand sanitizer dispenser was successful in raising hand hygiene
activity from 1.52% to over 60%. A few types of dispensers such as mechanical, automated
with pushbuttons, touchless, etc., are available to dispense the liquid or gaseous sanitizing
materials. In public places including hospitals, the use of mechanical dispensers is found
widespread. Since physical contact is mandatory for using mechanical dispensers, they are
vulnerable to pathogen infection. By performing a study on the hospital-based mechanical
hand sanitizer dispenser, Erief et al. [6] concluded that the infected person may contaminate
the dispenser which may trigger hospital-acquired infection. Automated pushbutton hand
sanitizer dispensers are usually deployed in healthcare facilities, but these devices often
have the possibility of being contaminated and become a center for pathogens [7]. Based
on some other earlier studies [6,7], it is clear that mechanical and electrical dispensers
(having a pushbutton) are vulnerable as these can be contaminated with pathogens that
cause hand-associated infections (HAI). Consequently, nowadays, automated touchless
sanitizers are taking place in healthcare facilities, especially in developed countries [8]. As
this dispenser does not require any human contact to operate, it can be very effective to
stop the spread of infectious diseases if used carefully.

A sanitizer dispenser can be made touchless automatic in different ways since various
types of sensors can be used to sense the proximity [8]. Generally, ultrasound sensors [9–15]
and infrared sensors [16–20] are used to make a low-cost sanitizer dispenser, but they show
poor performances in public places where there is a lot of noise. Some dispensers are based
on infrared radiation (IR) sensors, but they show malfunctions especially on sunny days
where sunlight intensity varies because of clouds or reflection from the ground. However,
such drawbacks can be easily overcome by using a light-dependent resistor (LDR) or pho-
toresistive light sensor. In the present study, a laser light is used to block other reflections of
light in the photoresistive light sensor, and this method of laser-based proximity tracking
using an LDR sensor has proven to be more effective and more user friendly while consid-
ered to be used in busy public places. It is true that a large number of very low-income
populations are living in the so-called developing countries like Bangladesh, Afghanistan,
Cambodia, Guinea, Haiti, Laos, etc., and most of the time, some public places like bus
stands, train stations, raw markets, hospitals, etc., remain crowded in those countries.
The common population usually does not have the capability or is careless to maintain
individual sanitization in a frequent manner. In such a situation, a touchless automated
hand sanitizer dispenser is essential to stop the spreading of pathogens. Fortunately, due
to the advancement of science and technology, it becomes possible to locally fabricate a

30



Healthcare 2021, 9, 445

low-cost automated hand sanitizer dispenser, and such a low-cost device may be very
effective to be deployed in public places and individual use as well.

After a thorough analysis of both the online and offline market authors found that
photo resistor sensor-based dispenser devices are not available in the market. In most of
the dispenser devices, an infrared sensor is used for reducing the complexity and some
devices are based on ultrasonic sensors. Based on the authors’ knowledge, this unique
concept of making dispenser devices using an LDR (light dependent resistor) sensor with a
laser light has received less attention from the scientific community, thus forms the main
subject matters of this study.

The main objective of this study is to facilitate the process of assembling and making
a low-cost hand sanitizer dispenser, which is fully touchless and automated using laser
detection technology. In this paper, a novel design of an automated hand sanitizer dis-
penser is proposed, and subsequently, fabricated using the low-cost components that are
commonly available in almost every developing country. A photoelectric resistor (LDR) is
used to detect human hands inside the laser detection chamber, and this sensor is perfectly
compatible with both daylight and night. A comprehensive discussion of the fabricated
device with respect to the conventional ones is presented to show the pros and cons of this
device. Thus, this study may help to stop the COVID-19 transmission in densely populated
developing countries where industrial/commercial dispensers are costly and not readily
available.

2. Materials and Methods

The main objective of this study is to develop an automated hand sanitizer dispenser
that will be able to reduce the spread of viruses such as COVID-19 and save people from a
pandemic. The dispenser device was fabricated under two key objectives: user-friendly and
cost-effective. The materials to be used in the device fabrication were selected and actuated
with these goals in mind. A brief information of the hardware components together with
their key features is presented in Table 1. Furthermore, an overview of the fabrication
process of the dispenser device is shown via a flow chart in Figure 1.

Table 1. List of all components that were used to fabricate the automated hand sanitizer dispenser.

Major Components Manufacturer/Brand Advantages Price (USD)

R3 Board ATmega328P with USB
Cable for Arduino-Compatible Kuman

• Inexpensive
• Cross-platform-runs on Windows,

Macintosh OSX, and Linux operating
systems while other microcontroller
circuits only run on windows

• User-friendly programming environment

10.690

MCIGICM Photoresistor Photo Light
Sensitive Resistor, Light Dependent

Resistor 5 mm
MCIGICM

• Light resistance (at 10 Lux): 5–10 Kohm
which is useful in this study

• Perfect dark resistance: 0.5 Mohm
• Good response time: 20 ms (Rise), 30 ms

(Down)
• Resistance illumination: 4

0.133

HiLetgo® L298N Motor Drive
Controller Board Module Dual H
Bridge DC Stepper For Arduino

HiLetgo®

• Over-temperature protection
• Maximum supply voltage 35 V
• Maximum output DC current 4 A
• Low saturation voltage
• Logical “0” input voltage up to 1.5 V

2.470
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Table 1. Cont.

Major Components Manufacturer/Brand Advantages Price (USD)

Uxcell Female DC Power Jack Socket
Connector Uxcell

• Easy to connect
• Barrel connectors are not rare and used

universally
1.018

HiLetgo 5V 650 nm 5 mW Red Dot
Laser Head Red Laser Diode Laser

Tube with Leads Head Outer
Diameter 6mm

HiLetgo®
• Optimal temperature tolerance:

−36~65 ◦C operating temperature range
• Low working voltage: 5 V DC

0.599

EDGELEC 100 K ohm Resistor 1/4 w
(0.25 Watt) ± 1% Tolerance Metal

Film Fixed Resistor
EDGELEC

• Long working life
• High temperature resistance
• Moisture proof

0.057

JOVNO 12V 1A Power Supply
Adapter 100–240 V AC to DC 12volt
12 W 1amp 800 mA 500 mA Power

Converter Transformer with
5.5 × 2.5 mm Tip

JOVNO

• Universal adapter:
• Built in automatic over-voltage

protection,
• Over-current protection
• Over-temperature protection
• Short circuit protection
• Fire retardant shell

3.990

Zlolia 12 V Waterproof LED Strip
Light 5 M 300LEDs Zlolia

• Waterproof
• Long life span: 50,000 h 0.010

Mini DC Brushless Water Pump
JT-600C-12 16 mm Internal Thread Zjchao

• Long life and low noise, easy to install
• The pump is made of resin glue seal

which is of good insulation
6.280

Figure 1. Flow diagram of the working process.

2.1. Design and Modeling

The performance of any device relies on different factors such as durability, the
endurance of environmental change or it can be a totally psychological issue whether
people are noticing the device or not. These factors mostly depend on the design or
architecture of that device. The automated hand sanitizer dispenser device is designed
in CAD software and the dimensions are shown in Table 2. The isometric view of the
designed dispenser model is shown in Figure S1 with the dimensional parameters.

PVC flexible pipe was used in this work, which is sterile by a nontoxic, nonpyrogenic
ethylene oxide (EO) gas. The pipe is divided into two sections; the diameter of the first
section and the second section of the pipe is 3 and 2 mm, respectively. The first section
is connected in between the motor pump and the sanitizer container, and the second
section is connected to the outlet of the pump, which is directly connected to the spray
nozzle/dispensing point. This nozzle is used to spray the sanitizer liquid. The two sections
combined can supply 20 drops to 60 drops/mL, and it is disposable, also environmentally
friendly. The rate of drops/mL is controlled by the pressure from the pump programmed
into the microcontroller using Arduino IDE. The nozzle and piping system are commonly
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used as medical equipment for intravenous tubing for the rapid infusion of fluids. The
piping system is shown in a block diagram (Figure 2a).

Table 2. Design parameters of the dispensing device.

Physical Quantity or Measurand Parameters Units (cm)

Basement Length (l) × width (w) 20 × 20

Sidewall Length, l1, l2 27, 32

Laser detection chamber Height, hc 13
l1 = Height of the lower part of the left and right side wall of the device from the base, l2 = Height of the upper
part of the left and right wall of the device from the basement, hc = Height of the chamber where users may put
their hand palms.

(a) 

(b) 

Figure 2. (a) Three-dimensional graphical representation of the piping system, (b) schematic diagram
of the pump system

Theoretical Aspect

The dispenser device was designed based on some numerical assessment. The place-
ment of the pipe in Section 1 was designed so that gravitational pull can be used to increase
the fluid outlet pressure which helps to reduce the energy to be used by the motor pump to
pump out the sanitizer. On the other hand, the placement of pipe in Section 2 was actuated
by considering the loss of sanitizer from the nozzle due to the gravitational pressure and
capillary pressure while the pump is off. This is ensured by optimizing the nozzle height
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based on the following calculations. The total pressure at the inlet of the pipe “Section 1”
and outlet pressure at the end of the pipe “Section 2”, is calculated using Bernoulli’s Equa-
tions between the fluid (sanitizer) surface of the container and the fluid issuing from the
nozzle [21].

V2

2g
+

P
γ
+ Z = constant (1)

where V is the velocity of the dispensing media, P is the pressure at specific elevation, ρ is
the fluid density, g is the acceleration due to gravity, V2

2g is the kinetic energy, P
γ is the flow

work, and Z is the potential energy. Here, losses due to the minor bending of the pipe are
neglected. The schematic diagram showing the parameters is shown in Figure 2b.

The amount of energy required by the pump to process per unit weight of the fluid
can be calculated by Equation (2).

Z = γQ(ΔH) (2)

where Q is the volumetric flow rate and ΔH is the head imparted to liquid by the pump,
and γ is the specific weight which can be calculated from

γ = ρg (3)

where ρ is the density of the sanitizer liquid and g is the acceleration due to gravity. The
velocity at pump inlet point A and outlet point B is calculated using Equations (4) and (5).

Vin =
Q

Area
(4)

Vout =

(
r2
r1

)2
× Vin (5)

Then applying Bernoulli’s equation to the free surface in the container and the inlet
point A, taking the horizontal line through the inlet point A as the datum pressure at the
pump inlet, Equation (5) gives:

Hc =
Pin
γ

+
Vin2

2g
(6)

Here, Hc is the distance of the centerline of the pump inlet pipe from the surface of the
sanitizer inside the container. Energy per unit weight of liquid at outlet point B is greater
than at A by the energy per unit weight supplied by the pump. Now applying Bernoulli’s
equation between A and B, the pressure at the pump outlet is calculated from Equation (6),

Vin2

2g
+

Pin
γ

+ ΔH = Hout +
Vout2

2g
+

Pout
γ

(7)

Here, Pin and Pout are the inlet and outlet pressures and Hout is the height from the
pump inlet pipe axis to the nozzle. Using the similar method, the pressure and velocity at
the nozzle outlet is also determined, and based on these calculations the required height of
the nozzle is calculated using the constant power output value of the motor pump.

2.2. Control System and Connection

Several control systems are available in the literature such as Arduino, Raspberry
pie, Teensy 3.6, Particle photon, Adafruit Feather Huzzah, Beagleboard pocket Beagle,
STM32F3 Discovery. However, in this study, the control system of the dispensing device
was maintained by using Arduino software. The Arduino system consists of H-bridge,
Arduino board, breadboard, pushbuttons, LED, and connectors. The main reasons behind
the selection of the Arduino Uno system are its low cost compared to other systems, and the
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suitability to be used in cross-platforms. As a result, this system is compatible with every
platform—Linux operating system, windows, Macintosh OS. While other control systems
are only compatible with a particular system, either Linux or Windows, or Macintosh OS.
Moreover, the supported signal bandwidth and RAM also show better features in Arduino
than the other aforementioned control systems. Further favorable features are that it can be
operated by a USB cable or a battery with a voltage range from 7 to 20 V(Volt). To protect
the board from overload, and to control the 12 V motor pump properly, an L298 motor
controller system was used. Figure S2 shows the overall connections between components
with the Arduino board.

2.2.1. L298 Controller Connection

This system is powered by a 12 V DC input from the adapter through a 12 V port and
GND port (see in Figure 3). It has an additional 5 V port besides these two ports. A 5 V
capacitive laser is connected using this 5 V port and the GND port. The system has two
enable (ENA) pins along with four input pins. These pins are connected to the analog and
digital pins of the Arduino board. By these pins, the microcontroller is connected to the
H-bridge of the L298 driver, and thus the motor pump can be controlled.

   
(a) (b) (c) 

Figure 3. Original image of the proposed automated hand sanitizer dispenser; (a) placement of Arduino UNO, motor driver
and pump, (b) setup of laser light, indicator LED, LDR sensor cabinet and nozzle, (c) sanitizer dispenser isometric view.

The motor controller has two output channels, and each channel was supplied 12 V
DC. Any 12 V capacitive device can be connected using these output channels. In this study,
the motor pump is connected by these channels (OUT3, OUT4). This type of connection
arrangement provides an added advantage compared to conventional circuit connections.
Generally, other devices operating within the range of 7–12 V can be powered directly from
Arduino board (UNO). The ratings are listed below [22];

• The absolute maximum for any single IO pin is 40 mA (basically, it is the threshold at
which Atmel can no longer guarantee that the chip will not be damaged);

• The total current from all the IO pins together is 200 mA max;
• The 5 V output pin is good for ~400 mA on USB, ~900 mA when using an external

power adapter;
• The 900 mA is for an adapter that provides ~7 V. As the adapter voltage increases, the

heat regulator has to deal with also increased values, so the maximum current will
drop as the voltage increases. This is called thermal limiting.
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The rating of the motor pump that is used in this study is 12 V–0.7 A; if the motor
pump is directly connected to the Arduino board via GND pin and 5 V pin or other I/O
pins three possible outcomes may occur:

• The pump will not run due to the low power supply;
• If the pump runs, the temperature of the voltage regulators will rise instantly and due

to thermal limiting, the whole system will shut down temporarily;
• The motor pump will draw out the maximum threshold current and as a result, the

chip can be damaged.

To overcome these problems L298 motor controller was used in this study which can
supply DC 5 V–35 V; peak current 2 A. As a result, the motor pump can run continuously
with a sufficient power supply.

2.2.2. LDR Connection

The connection of the LDR photoresistor with the Arduino board is shown in the right
panel of Figure 3. Here the LDR sensor is powered from 5 V and GND pins. A 10 KΩ
resistor is connected with the GND line of LDR. Arduino measures voltages from analog
pins A0 to A5. On the other hand, LDR is a variable resistor whose value changes based
on the intensity of light, which cannot be measured by Arduino. Therefore, to convert the
varying resistance to a voltage that can be measured by Arduino directly, the LDR is used
with a resistor in a potential divider circuit.

The voltage at pin A0 is measured from:

V0 =
5 ∗ R1

R1 + R2
(8)

Here, if the resistance value of the LDR (R2) varies, the voltage at pin A0 will also vary.

2.2.3. Sanitizer Level Indicator

According to the algorithm of the present study, if the sanitizer level is lower than the
threshold level, the whole process will stop. The main purpose of adding this system is to
reduce power loss and also not to allow air bubbles inside the pipe through the container
to pump inlet. Two probes are used here; one is connected to the 5 V pin of the Arduino
circuit and the other probe is directly connected to the analog pin A1. The 5 V probe is
placed at the bottom of the container and the other probe is placed just above the container
outlet pipe. As a result, whenever the sanitizer level is above the limit, A1 gets a constant
input signal. However, whenever below the limit, the A1-connected probe is disconnected
and A1 gets “0” as a signal and the system recognizes this as the low sanitizer level.

2.3. Creating an Algorithm

An algorithm is what needed to be done before coding and fabrication. It is the
step-by-step visualization of the total functionalities of the device. The working sequence
of the device is depicted in a flowchart in Figure 4. A laser detection technology is
used here to detect the object under the sensor and act accordingly. Whenever the LDR
sensor detects a disturbance of the laser due to the hand of the user, the voltage of the
photoresistor increases and the microcontroller can detect this phenomenon. Afterward, the
microcontroller commands the motor driver to run the DC motor pump, which pumps out
the desired amount of the sanitizing liquid from the container. Here, to ensure the desired
functionality, the microcontroller is programmed according to the algorithm, considering
the predictable accidental problems.
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Figure 4. Flowchart of working pattern of the fabricated sanitizer dispenser.

Programming, Coding, and Debugging

Arduino IDE was used in this study to program the atmega328P microcontroller. The
Arduino IDE integrated development environment offers different libraries that can be
used for programming. Library functions are simple and easy to use and do not require
individual microcontroller registers to be addressed in the programming. The developed
coding that is used in this study is shown in Figure S3.

Here, the limit 550 declared is the threshold limit for the LDR photoresistor which is
set after various trials and errors in various lighting conditions. Motor pump speed control
is introduced here. The pump start speed value is set to 10 initially which will gradually
increase over time by adding 2 with the previous value. After that, the pump will stop
instantly to stop the sanitizer flow instantly. Here, as the pump does not speed up instantly,
the durability of the pump is increased.

After coding testing and debugging again and again this programme (shown in
Figure S3) was made which was installed in the dispenser devices used in this study. The
delay times were set after about 100 trial and error tests so that the run-time of the pump is
perfect to pump out the required amount of sanitizer.

2.4. Fabrication Process

The fabrication and placements of the components are shown in Figure 3. To maintain
the device’s stability, the pump was placed on the bottom surface of the container while the
nozzle was placed at about ≤ half-height of the container’s height to take the advantage of
liquid flow driven by gravity. Otherwise, the sanitizer may not get the needed pressure
and the pump might not pump out the desired amount of liquids. The LDR sensor is
kept inside a box or cabinet that is open to one side. Such an arrangement helps to make
the nonfunctioning of the sensor due to the interference of natural sunlight or light from
other sources such as vehicles, lamp posts, etc. This is a typical drawback of commercially
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available sensor-based dispensers, and some dispensers have a limitation to be placed
only indoors because of the interference from unwanted light and sound signals (if an
ultrasound sensor is used). An indicator LED strip was placed above the nozzle. This
acts as an instruction for the user when to remove his/her hands from the laser detection
chamber. Moreover, a cutout was made beside the transparent container and a LED strip
was attached to the container. This action may help the user or maintenance authority to
know the sanitizer level.

Preparation of Hand Sanitizer

At present, alcohol-based hand rubs are the only known means for rapidly and effec-
tively inactivating a wide array of potentially harmful microorganisms on hands [23–28].
To help the countries and healthcare facilities, the World Health Organization (WHO) has
recommended formulations for local preparation of alcohol-based hand rubs to be used
for hand hygiene. Logistic, economic, safety, cultural, and religious factors have all been
carefully considered by WHO before recommending such formulations for use worldwide.
Hand sanitizer used in the automated touchless hand sanitizer dispenser developed in
this study was prepared strictly following the WHO recommended formulation and pro-
cedure for local production [1], as shown in Table 3. The choice of components for the
WHO-recommended hand rub formulations takes into accounts the cost constraints and
microbicidal activity.

Table 3. World Health Organization recommended formulations for local production of alcohol-based hand sanitizer.

Formulation
Required Ingredients

(Starting % of Ingredient)

Concentrations in Final
Product, % (v/v), (Final %

of Ingredient)

Required Volume of
Ingredients for 10-L

Preparation, mL

1

(i). Ethanol 96% 80 8333
(ii). Hydrogen peroxide 3% 0.125 417

(iii). Glycerol 98 1.45 145
(iv). Sterile distilled water or boiled cold water — 1105

2

(i). Isopropanol 99.8% 75 7515
(ii). Hydrogen peroxide 3% 0.125 417

(iii). Glycerol 98% 1.45 145
(iv). Sterile distilled water or boiled cold water — 1923

The required volume of ingredients (isopropyl alcohol, hydrogen peroxide and glyc-
erol) was calculated using the following equation:

Volume of starting ingredient required, (mL) =
(Final % o f ingredient)(Final volume o f preparation)

Starting % o f ingredient
(9)

Note: when the concentration of alcohol (e.g., ethanol or isopropyl alcohol) in the
starting ingredient is not exact, the calculation should be adjusted accordingly to ensure a
final concentration of at least 80% ethanol or 75% isopropyl alcohol.

Hand sanitizer for the dispenser developed in this study was prepared as of formu-
lation 2, though both of the formulations can be followed depending on the availability
of ingredients in the local market. By using a measuring cylinder, an amount of 7515 mL
isopropyl alcohol (99.8%), 417 mL hydrogen peroxide (3%), and 145 mL glycerol (98%)
were poured into a precleaned plastic bottle to prepare 10-L sanitizer. The bottle was then
topped up with sterile distilled or cold boiled water to make a total volume of 10-L. The
screw cap was placed on the bottle as soon as possible in order to prevent evaporation.
The solution was then mixed thoroughly by shaking gently. An alcoholmeter was used
to control the isopropyl alcohol concentration of the final solution. The concentration of
hydrogen peroxide was measured by the titrimetric method (oxidation-reduction reaction
by iodine in acidic conditions). The absence of microbial contamination (including spores)
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was checked by filtration, according to the European Pharmacopeia specifications [26].
National safety guidelines and local legislation were strictly followed in the purchase,
transportation and storage of ingredients, and the final product.

3. Working Principle of the Dispenser

At first, the device should be plugged in using a 12 V AC-DC adapter. Then the process
will automatically start to run without any human interaction. The functionality of this
dispenser device is simple. Whenever the user puts his/her hand inside the laser detection
chamber, the laser light is distracted (or intensity of light is reduced) due to the opaque
media; human—hand. As a consequence, the voltage gain from the LDR sensor increases
and the current flow through the LDR photoresistor decreases. Whenever the voltage gain
exceeds the threshold value, the microcontroller acts according to the inserted program
and sends a command to the motor driver to operate the pump and the indicator LEDs.

In the working algorithm, a delay time was set before the microcontroller passes the
trigger signal to run the pump. This initiative was taken to reduce the wastage of the liquid
sanitizer in case of accidental disruption of the laser light signal. After the pump runs for a
preprogrammed time, it turns off automatically and stops the flow of sanitizer. Then the
process delays for a limited time (or the system becomes refreshed within a short time).
Following the system revitalization, the loop starts again, and the machine becomes ready
for rapid action. A delay time was also set between two consecutive full operations of the
dispensing system, which also helps to reduce the wastage of sanitizer.

A cutaway was included by which one can observe the sanitizer liquid level inside
the container and refill whenever needed. For refill and maintenance purposes, a portion
of the upper surface of the device was made foldable at about 120◦ angle. Two probes were
inserted inside the container. These probes act as the sanitizer level indicator by which the
microcontroller can check whether the liquid level is high or low. Whenever the sanitizer
level goes down, the connection between two probes gets disconnected and it lets the
microcontroller know that the sanitizer level is low.

The running pump indicator LED strip is used to indicate that the pump is running
and also it acts as an indication for users not to remove their hands from the chamber while
the pump is still running. This initiative is also for reducing the wastage and also ensuring
that the user gets the necessary amount of sanitizer needed to perfectly sanitize his/her
hands. This indicator LED strip also indicates the low sanitizer level by blinking again and
again, which is introduced in the code and also in the flowchart. As a result, the user may
instantly know if there is sufficient sanitizer inside the container or not.

4. Results and Discussion

Deployment and Performance Analysis of the Device

A total of 20 units of fabricated devices, were deployed in four different metropolises
in Bangladesh, and these regions have a clear variation in weather conditions. Figure 5
demonstrates the geographical locations of Bangladesh where the dispenser devices were
deployed. Specifically, in each metropolis, several public locations such as hospitals,
roadside bus stands, tea-stalls, varsity premises, etc., were chosen to deploy the devices. A
list of the indoor and outdoor locations (where the devices were deployed) together with
the GPS coordinates is shown in Table 4. These devices were deployed in the first week of
June 2020, and their performances were analyzed from one to four months. Most of the
deployed devices, that were fabricated according to the proposed design in this study, have
shown an expected performance under the monitoring period.

Among 20 units of the dispenser devices, two units were found malfunctioned, another
two units showed minor malfunctioning after a monitoring period of 1 month.

It was found that either the LDR sensor or the laser was damaged in the malfunc-
tioned units. On the other hand, the disconnection of wires was observed in the minor
malfunctioning units which could be the result of a transport problem or accidental shake
or vibrations. For further confirmation of the reasons of malfunctioning, the malfunctioned
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units were analyzed by disassembling and reassembling the whole device. However, a
number of external factors such as temperature, humidity, rainfall, UV index were iden-
tified as responsible for the damage of the sensor and laser light in the malfunctioned
units. Analytics of these factors, particularly temperature and humidity are shown in
Figures 5 and 6, respectively.

 
79% 80% 81% 82% 83% 84%

Bogra
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Dhaka

Chittagong

Average Humidity in June 2020

Figure 5. Average humidity comparison chart in June 2020.

Table 4. Deployment of the fabricated hand sanitizer dispenser units in various major cities in Bangladesh.

Deployed Locations Address GPS Coordinates
Number of
Machines

Placement
Environment

Observed
Working

Condition

Shaheed Ziaur Rahman
Medical College

Bogra City Bypass,
Bogura 5800

24◦49′40.6′′ N
89◦21′10.8′′ E 1 Indoor Working

Mohammad Ali Hospital 01 Sherpur Rd,
Bogura 5800

24◦50′08.2′′ N
89◦22′27.0′′ E 1 Indoor Working

Choumatha Markaj
Jame Masjid

C & B Rd,
Bhanga-Barisal Hwy,

Barishal 8200

22◦42′02.9′′ N
90◦21′11.4′′ E 1 Outdoor Malfunctioned

Chittagong Medical
College Hospital

57 K.B. Fazlul Kader Rd,
Chattogram 4203

22◦21′33.7′′ N
91◦49′50.6′′ E 8 Four Indoor

Four Outdoor

Working
One unit minor

malfunction

Nagar Bhaban Batali Hill, Tiger Pass,
Chattogram

22◦20′39.9′′ N
91◦48′51.3′′ E 2 Indoor Working

GEC Circle Bus Stop GEC More, Chattogram 22◦21′32.7′′ N
91◦49′16.5′′ E 1 Outdoor Minor

malfunction

Askar Ali Jame Masjid Gundip, Anowara,
Chattogram

22◦20’22.1′′ N
91◦84’33.1′′ E 1 Outdoor Working

Sadar Thana Bogura Bogura 24◦51’01.6′′ N
89◦22’22.1′′ E 1 Indoor Working

Satmatha Traffic
Police Box Park Rd, Bogra 24◦50′50.8′′ N

89◦22′21.3′′ E 1 Outdoor Malfunctioned

Chatori Choumohoni
Bazar

Gundip, Anowara,
Chattogram

22◦23′27.4′′ N
91◦87′18.1′′ E 1 Indoor Working

Bangladesh Awami
League Central Office

23 Bangabandhu Ave,
Dhaka

23◦43′36.3′′ N
90◦24′40.4′′ E 2 Indoor Working
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Figure 6. Maximum and minimum temperatures of the four districts in June 2020.

Figure 6 shows the maximum and minimum of temperature of the studied region
with the following order Chittagong < Dhaka < Barisal < Bogra, while the humidity of the
studied regions show an order of Barisal < Bogra < Dhaka < Chittagong (see in Figure 5).

It can be assumed that the performance of the photoresistor and the laser was affected
by the temperature and humidity. The two malfunctioned units (that were deployed
outdoors) were found in Barisal and Bogra. Since these two cities show relatively higher
temperature, it can be assumed that the LDR sensor or the laser was damaged because
of higher daytime temperature or excessive sunlight. On the other hand, the two semi
malfunctioned units were found in Chittagong city where they were deployed in the
outdoor environment. Since a greater value of humidity was found in this city, such a
high humidity might cause the partial malfunctioning of the devices via dampening the
sensor surface which prevented the laser to penetrate. Excessive dust can also be a reason
for the partial malfunctioning. These assumptions are based on the fact that all dispenser
units that were deployed in the indoor environment showed smooth functioning even after
four months of deployment. It is thus assumed that the devices that were deployed in the
outdoor environment and showed a partial or full malfunction were because of either the
laser and LDR damage or affected due to the excessive dust, temperature, or humidity.

A review of literature revealed that numerous dispenser devices of various designs
and sensing techniques are available in the market. However, all of these devices are rather
expensive for the general population, especially for the people of the third world countries
where a great portion of the total population are living under the poverty line. However, in
order to perform a cost-effective analysis, the commonly used automated dispenser devices
are listed in Table 5.

The prices shown in Table 5 were taken from different online shopping platforms like
amazon.com and Aliexpress which are accessible to most of the countries in the world.
After a thorough analysis of the online market prices, the commercial dispensers show
a price range from USD 29 to 180, where our fabricated dispenser shows a maximum
cost of only around USD 25. As this device is made of components that are available in
almost every country at a very low price, mostly available on online sites, it is helpful for
normal people to make a dispenser of their own. The present device can be made more
cost-effective if the Arduino and motor driver circuits are replaced by a custom-made
circuit using a relay instead of a microcontroller.
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Table 5. Available dispenser devices name sensor power price.

Name Price in (USD) Sensor
Power Consumption/Cycle (W)

P = VI

Bremmer Hand Sanitizer Dispenser
Wall Mounted (1000 mL) 73.0583 Approx. Infrared sensor

4 AA dry cell batteries.
(1.5 V–0.5 Amp)

3 W

Zurio Automatic Hand Sanitizer
Dispenser Wall Mount (450 mL) 59.99 Infrared sensor 12 V–0.5 A

6 W

JS LifeStyle Automatic Hand
Sanitizer Dispenser (1000 mL) 29.99 Infrared sensor 3 AA battery (1.5 V–0.5 A)

2.25 W

Luxtonusa Automatic Hand Sanitizer
Dispenser (500 mL) 179.95 Motion activated sensor

4 C-sized battery
(1.5 V–3.8 A)

22.8 W

CasaTimo Automatic Touchless Hand
Sanitizer Dispenser (450 mL) 35.99 Motion activated sensor

4 AA dry cell batteries.
(1.5 V–0.5 Amp)

3 W

Safeline 360 Automatic
Sanitizer/soap Dispenser (1000 mL) 59 Infrared sensor

4 AA dry cell batteries.
(1.5 V–0.5 Amp)

3 W

Guukar Automatic Soap Dispenser
Hand Sanitizer (500 mL) 41.99 Infrared sensor

4 AA dry cell batteries.
(1.5 V–0.5 Amp)

3 W

Kent Auto Hand Sanitizer Dispenser
(12,000 mL) 161.846 Approx. Infrared sensor

Input: 230 V AC
24 V DC–1.5 A

Total rated Consumption: 40 W

SaniQuick Touch Free Soap and
Sanitizer Dispenser (3200 mL) 155.102 Approx. Ultrasonic sensor Input: 220 V AC

Most of these dispensing devices are operated based on AA batteries. However, since
these batteries discharge faster, they need to be changed quite frequently which adds extra
expense. To minimize such expenses and also to ensure a constant good performance,
a 12 V–1 A AC to DC adapter was used in our fabricated device. Compared to the
dispenser from KENT and SaniQuick, the present device consumes much less power (only
12 W/cycle) without sacrificing an equal graded performance. Table 5 shows that most
of the automated sanitizing devices do not use a specific pump rather they are operated
by a DC volt battery. However, as these devices rely on gravity, the mechanical pumping
system becomes malfunctioning after a certain time of use because of “Buoyant force” and
“Capillary force”. Moreover, to take the advantage of gravity, these devices need to be set
only at a position perpendicular to the ground.

Almost all of these devices used a custom-made valve to control the flow of the
sanitizer; the working principle of this valve is mainly based on the gravitational pull. As
a result, sometimes these devices face some leakage issues which can be avoided in the
proposed designed dispenser as it is partially dependent on gravity but totally dependent
on the pump.

The commercial devices (shown in Table 5) are using two types of sensors—infrared
(IR) and ultrasound sensors. In general, the IR sensors show better accuracy than ultrasonic
sensors. However, the IR sensors show some drawbacks like “Reading effects” by the
infrared radiation of the sun light [29]. As a result, the IR sensor-based sanitizer dispensers
cannot be deployed in an outdoor environment or in places having bright sunlight. On
the other hand, to understand the effectiveness of our dispenser device compared to the
ultrasound sensors, a real-time experiment was performed using the same experimental
setup in this study. About 500 trials were recorded and after analyzing the results of the
trial the outcome is shown in Figure 7.
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Figure 7. Comparison of trial-based success rate: (1) LDR sensor, (2) ultrasonic sensor.

Both devices with the LDR sensor and ultrasound sensor were placed in a crowded
bus station (GEC Circle Bus Stop; 22◦21′32.7′′ N, 91◦49′16.5′′ E). From the column chart
shown in Figure 7, it is crystal clear that for outdoor use, the ultrasonic sensor has shown
underperformance compared to the current device of the laser detection system with an
LDR sensor. One of the main drawbacks of the ultrasound sensor is that it provides garbage
readings from different sound sources named the “Reading effect” [29]. As a result, the
device sometimes runs automatically even if there is no user, consequently wasting the
sanitizing material and making a mess underneath the device.

In the present device, the use of laser detection by an LDR sensor helps to avoid the
reading effects typically found in the ultrasonic sensor. The LDR sensor is placed inside
a 7 cm tall cabinet so that the reflected sunlight or other light sources cannot disturb the
performance of the device. Moreover, the default delay time between two working cycles is
lower in the case of LDR than the ultrasonic. As a result, LDR sensors have higher response
frequency and lower delay time. In the present device, the volume of the container is
1000 mL. Since an approximate amount of 1 mL sanitizer is dispensed through the nozzle
in an operation cycle, therefore 1 L of the sanitizing material is sufficient to serve about
1000 people.

5. Conclusions

In this study, a novel design of an automated hand sanitizer dispenser was demon-
strated. The components needed for the device fabrication were described in detail. The
circuit diagram was discussed, which clarifies the connection between the components
with the microcontroller circuit (Arduino UNO). The piping conditions were shown and
described accordingly. The relevant diagrams and components of the original device
were presented in sequential order for a better understanding of the device fabrication
process/model. Arduino IDE was used to input the program into the microcontroller. The
algorithm used in this device was described with a flowchart to depict the functionality
of the dispenser. A comparison was made to assess the effectiveness of the current LDR
sensor with the ultrasonic and IR sensor which are generally used for commercial purposes.
Based on this study, our fabricated device shows the following advantages:

• Superior performances for indoor use;
• Consumes low power; while in standby mode it consumes only 0.05 mA, and during

the operating cycle it consumes about 12 V and 0.5 A;
• Cheap readymade components like Arduino Uno, L298 motor driver, 5 V laser, 5 mm

LDR are used. As a result, this device can be made at a low cost with a price range
from about USD 20 to 25;

• LDR sensor is more efficient to be used for proximity sensing than ultrasonic sensor in
the case of the outdoor use of this dispenser.
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The automatic touchless hand sanitizer device demonstrated in this study is expected
to play a key role in contactless hand disinfection in public places and reduce the spread of
infectious diseases in society.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/healthcare9040445/s1, Figure S1: 3D isometric view with parameters, Figure S2: Schematic of
the dispenser circuit, Figure S3: The coding of the dispenser according to the algorithm.
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Nomenclature

V Fluid velocity (m/s)
P Fluid pressure (N/m2)
g Gravitational acceleration (m/s2)
γ Specific weight (N/m3)
Z Potential energy per unit weight (J/kg)
Q Volumetric flow rate (m3/s)
r Radius (m)
ΔH The head imparted to liquid by the pump (m)
H Height (m)
V0 Voltage at A0 pin of Arduino (Volt)
R1 10 kΩ resistance
R2 Resistance value of LDR (kΩ)
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Abstract: Objective: This study’s objective was to examine the knowledge, performance in practicing
protective behaviors, and risk perception of Coronavirus disease-19 (COVID-19) among dental
students of India. Methods: A web-based cross-sectional survey was conducted from 10–30 August
2020, involving 381 dental students that were enrolled at the Uttaranchal Dental and Medical Research
Institute in India. A web-based structured questionnaire assessed the COVID-19 related knowledge,
protective behaviors, and risk perception performance. The independent-samples-t and analysis of
variance tests were used to analyze the differences in knowledge, protective behaviors, and perception
across the groups. Results: Of the dental students surveyed, 83% had adequate knowledge of COVID-
19, and nearly 80% followed appropriate practices regarding COVID-19. The COVID-19 related risk
perception was higher among females as compared to males. COVID-19 related knowledge was
significantly correlated with preventive behaviors (r = 0.18; p < 0·01) and risk perception (r = 0.10;
p < 0.05). We found a high score of COVID-19 related knowledge and precautionary behaviors
and moderate risk perception among students. Conclusions: Knowledge and protective behaviors
towards infectious diseases, such as COVID-19, have clinical applications in developing educational
and formal training programs to promote adherence to the infection control practices among dental
students. Clinical significance: The findings of this study will inform policymakers to emphasize
on effective risk communication. Dental institutions can incorporate infection control modules in
the current curriculum, thereby making future dental professionals capable of performing effective
infection control management in the clinical settings. This is critical in improving their knowledge of
infection control practices to minimize the risk of nosocomial infections.

Keywords: COVID-19; dental precautions; dental students; India; infection control; knowledge;
perception; survey

1. Introduction

The World Health Organization (WHO), on 11 March 2020, declared novel Coronavirus
disease (COVID-19) a pandemic caused by a viral strain, named as SARS-CoV-2 [1]. There
are more than 104,370,550 confirmed cases globally, and 2,271,180 deaths were reported
as of 5 February 2021, while writing this manuscript [1]. Currently, there are nearly
10,814,656 confirmed COVID-19 cases in India alone [2]. COVID-19 reported to be highly
contagious when compared to its previous predecessors [3], and it possesses a relatively
higher reproductive number (R0), ranging from 2 to 4. In other words, on an average, a
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COVID-19 infected individual can transmit the virus or infect 2–4 individuals during the
course of time [3]. The primary mode of transmission of COVID-19 is person-to-person
via respiratory droplets either inhaled or through contact, with the typical incubation
period ranging from 2–14 days [4–6]. Globally, regulatory bodies provided infection control
guidelines and standard operating procedures to curb the COVID-19 transmission in the
dental settings [7]. These guidelines were related to clinical workspace, the use of personal
protective equipment (PPE), disposal of PPE, disinfection of surfaces, and operatory to
minimize the COVID-19 transmission. In March, 2020, the Dental Council of India (DCI)
issued its first set of advisory, which were later updated during the course of pandemic [8].

To minimize the transmission of the virus, public health organizations have recom-
mended standard preventive measures, including the use of face coverings, practicing
social distancing, maintaining hand hygiene, and limiting contact with infected individ-
uals [9,10]. These public health actions are necessary to minimize the spread; however,
challenges that are associated with behavior adoption can pose significant barriers [11].
Furthermore, the dissemination of a vast amount of unreliable and unclear information on
social media can complicate containment measures of COVID-19 and induce panic among
the public [11–13].

Dental professionals and dental students are especially vulnerable due to their proxim-
ity to symptomatic or asymptomatic patients and their oral fluids [14,15]. According to one
Japan-based study, the SARS-CoV-2 virus was found in 11 out of 12 COVID-19 patients [15].
The aerosols and droplets that were generated through dental procedures, the possible
inhalation of airborne microorganisms, and direct or indirect contact with contaminated
instruments are the potential routes of transmission in the dental care settings [16–18]. Pre-
vious studies that were conducted in Iran, Peru, and India reported insufficient knowledge
of infection control practices among dental professionals [19–22]. The adherence to pro-
tective behaviors among healthcare students is enormously crucial among countries with
healthcare workforce scarcity [23]. According to the National Health Profile, India has one
doctor per 10,000 population of patients instead of the WHO recommendation of having
one doctor per 1000 population of patients [11]. The apparent deficiency in the number
of healthcare workforce can be potentially offset by dental workforce [23]. India achieved
a higher dentist-to-patient ratio of 1:5000 as compared to WHO recommended ratio of
1:7500, with the rural–urban distribution being uneven [11]. In times of a healthcare crisis,
dental professionals/students can be assigned hospital-based responsibilities to assist in
the response efforts and gain practical experience to handle such future outbreaks [23]. In
this context, knowledge regarding the prevention and control of COVID-19 transmission
is essential for dental professionals/students to improve the preparedness and response
actions. Informing future dentists about a pandemic disease at the initial learning stage
is critical. Thus, they will be better equipped to play an active role in preventing and
controlling disease during future outbreaks or spikes in the ongoing pandemic. Therefore,
this study aimed to assess the knowledge, risk perception, and adherence to preventive
behaviors among dental students regarding the COVID-19 pandemic.

2. Materials and Methods

2.1. Study Design and Study Participants

This descriptive, cross-sectional survey study was conducted from 10 August 2020 to
30 August 2020, among dental students in India. Full-time dental students (undergradu-
ate, interns, and postgraduate), currently enrolled in any of the private, government, or
deemed universities, who were of Indian nationality, were aged 18 years or above, had
internet access, could provide informed consent, and comprehend English, were invited to
participate in this survey. Part-time students, alumni, and those with no internet access
and an inability to understand English were excluded from this study.
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2.2. Ethical Consideration

The ethical approval was obtained from the institutional ethics committee (Uttaranchal
Dental and Medical Research Institute [UDMRI], Mazri Grant, Dehradun, India., Ref. No.
IEC/PA-02/2020, 8 August 2020). The ethics committee reviewed and approved this
study protocol, participant information sheet (PIS), informed consent form, and the survey
questionnaire. All of the study participants were requested to sign the informed consent to
confirm their willingness to participate by answering an agree/disagree question. Informed
consent included detailed information that was related to the aim and significance of the
study so that participants could make an informed choice about whether to participate or
withdraw at any time if he/she so wished. The participants who selected the “agree” option
were directed to complete the self-administered questionnaire. All of the participants’
anonymity was ensured, and no personal identifiers, including names, email IDs, and
details of COVID-19 exposure, were collected. Only one response per Internet Protocol (IP)
address was allowed.

2.3. Recruitment and Data Collection

This web-based survey was developed through Qualtrics (Provo, UT). The conve-
nience sampling method was used for sample recruitment. The survey link was dissemi-
nated through emails and WhatsApp groups among the target student populations. The
WhatsApp groups was otherwise used by faculty members to deliver notes, announce-
ments, and lectures as part of a virtual instruction model that was recently implemented in
response to the COVID-19 pandemic. The questionnaire was sent to 480 students, and 381
completed the survey. Therefore, the response rate was 80.2%.

2.4. Survey Instruments and Variables

The online survey questionnaire had a total of 33 questions and four sections: (1) de-
mographic information; (2) COVID-19 related knowledge; (3) questions that were related to
preventive behaviors for COVID-19; and, (4) questions to assess risk perception of COVID-19.

Demographics: the first section of the questionnaire contained six questions related
to demographics, including gender, age, degree course, and COVID-19 education. These
questions were developed based on previous literature [24,25].

COVID-19 related knowledge: we used 15 items questionnaire for assessing COVID-
19 related knowledge. This tool has been validated by previous studies during historical
outbreaks, such as Middle East Respiratory Syndrome (MERS) and Severe Acute Respi-
ratory Syndrome (SARS), and has the reliability (Cronbach’s α) of 0.72 with a content
validity index of 0.95 [25,26]. This tool includes questions on the COVID-19 causes (three
items); modes of transmission (two items); symptoms and latent period (two items); pre-
vention, assessment, and treatment methods (seven items); and, guidelines for patient
care (one item) [25,27]. These questions had possible responses of true/false/not sure
options [25–27]. A correct answer was assigned one point, and an incorrect/unknown
answer was assigned 0 points [25–27]. The total knowledge score ranged from 0 to 15, with
a higher score [25–27] indicating a better knowledge of COVID-19.

Preventive behaviors for COVID-19: this tool was used to assess the performance
rate for COVID-19-related preventive behaviors among participants. This tool has been
previously used and validated by previous studies [25] on MERS. There was a total of nine
items, of which five items were related to minimizing the use of public spaces, avoiding
social gatherings, outdoor activities, and enclosed spaces, and minimizing contact with
people showing cough symptoms, three items about practicing good hygiene, includ-
ing handwashing, cleaning, and sanitization, and one item about talking with people
about measures to take after COVID-19 infection [25,27]. The behavior (if practiced) was
assigned 1 point, and 0 points were assigned if a behavior was not practiced by the partici-
pant. The total score ranged from 0–9; a high score was indicative of a high-performance
rate [25,27]. The questionnaire has been validated and has a reliability index (Cronbach’s
α) of 0.77 [24–27].
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Risk perception of COVID-19: COVID-19 related risk perception was conceptual-
ized as the participant’s fear of being infected with COVID-19. The scale of risk percep-
tion [25–27] had two items (i.e., ‘I may be infected with COVID-19 more easily than others’
and ‘I am afraid to be infected with COVID-19’). Each item was assessed on a five-point
scale from 1 (Never) to 5 (Always). The scale has been validated by previous studies [25–27],
which were performed during SARS [26] and MERS [27] outbreaks.

2.5. Statistical Analysis

Participants’ responses, from Qualtrics, were exported to Microsoft Excel (Microsoft
Corporation, Richmond, WV, USA), and then imported to IBM SPSS version 26.0 (IBM
Corp. Armonk, NY, USA). COVID-19 related knowledge, preventive practices, and risk
perception were the quantitative variables in this study. Descriptive statistics, including the
frequencies, proportions, mean, and standard deviations, were generated. Independent-
samples- t-test and analysis of variance were utilized to analyze the differences in mean
scores across different students’ groups. The Pearson’s correlations test was utilized to
calculate the correlations among the variables. p-values less than 0.05 (two-sided) were
considered to be statistically significant, and data were reported as 95% confidence intervals.
The priori power analysis was conducted through G power (version 3.1) to ascertain the
required sample size for a test with a predetermined alpha, beta (power), and Cohen’s
effect size conventions [28,29]. The sample size of n = 302 was considered to be appropriate
after factoring in 20% incomplete entries or missing values.

3. Results

Sample Characteristics

A total of 381 responses were recorded during the survey period. The average time
that was taken to complete the survey was 8.4 min. The demographic profile of the
respondents shows that 268 (70.3%) respondents were females, and 79 (20.7%) were males
(Table 1). The average age of the sample was 22.8 years (SD = 2.8 years). The majority of the
participants were undergraduates (80%, n = 320), with nearly 48% (154 out of 320) being in
the third and fourth year of the undergraduate dental program (Table 1). Approximately
64.8% participants had received some form of COVID-19 related education, and 50.7%
of the COVID-19 related information was received from social media (Table 1). There
were significant gender differences in the mean scores of knowledge and risk perception
(p < 0.05). The mean knowledge scores were higher among male participants (M = 13.91,
SD = 0.78) than females (M = 13.66, SD = 0.9), with a statistically significant mean difference,
M = 0.25 95% CI [0.028, 0.46], p = 0.04, Table 1). Significant differences in the risk perception
across gender were also noted (p = 0.01, Table 1). The mean score of risk perception
was slightly higher (M = 3.0, SD = 1.0) among participants without prior COVID-19
education when compared to those who had some sort of education (M = 2.7, SD = 1.0),
with a statistically significant mean difference, M = −0.30, 95% CI [−0.05, −0.55], p = 0.02,
Table 1). There were no statistically significant differences found in the mean scores of
preventive behaviors across any sample categories. The mean level of COVID-19-related
knowledge was 83.0%. The COVID-19 knowledge item with the highest correct-answer rate
(91.3%) was ‘The first case of COVID-19 was diagnosed in Wuhan, China. (T)’. However,
the items with the lowest correct answer rates were ‘The disease can be treated by usual
antiviral drugs. (F)’ (45.4%) and ‘Only during intubation, suction, bronchoscopy, and
cardiopulmonary resuscitation, you have to wear an N95 mask (T)’ (50.4%). The mean
performance rate of COVID-related preventive behaviors was 79.9%. The behavior items
with the highest performance rates were ‘I reduced the use of public transportation’ and ‘I
went shopping less frequently’ and ‘I reduced the use of closed spaces, such as library and
theatre’ (90.8%, Table 2). However, the items with relatively lower performance rates were
‘I discussed, with my family and friends, what we should do if infected with COVID-19’
(82.9%) and ‘I increased the frequency of cleaning and disinfecting items that can be easily
touched with hands (i.e., door handles and surfaces)’ (86.3%). The total mean score of
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COVID-19 related risk perception was 2·78 out of 5, and the score for fear of being infected
with COVID-19 was 3.1 out of 5 (Table 3). COVID-19 related knowledge was significantly
correlated with preventive behaviors (r = 0.18; p < 0.01) and risk perception (r = 0.10;
p < 0.05). Besides, risk perception was significantly correlated with age (r = 0.27; p < 0.01;
Table 4).

Table 1. Demographic characteristics of the study population (n = 381).

Knowledge
(Range: 0–100%)

Preventive Behaviors
(Range: 0–100%)

Risk Perception
(Range: 1–5)

Variables Characteristic n (%) M ± SD p-value M ± SD p-value M ± SD p-value

Gender

Male 79 (20.7) 13.91 ± 0.78 0.04 * 8.75 ± 0.55 0.27 ** 2.48 ± 1.1 0.01 *

Female 268 (70.3) 13.66 ± 0.94 8.82 ± 0.47 2.90 ± 1.0

Not reported 34 (9) - - - - - -

Degree course

Undergraduate dental 320 (84) 13.68 ± 0.91 0.2 * 8.79 ± 0.50 0.8 * 2.7 ± 1.0 <0.001 *

Post-graduate dental 33 (8.7) 13.88 ± 0.90 8.81 ± 0.54 3.6 ± 1.0

Not reported 28 (7.3)

Received formal
education about

COVID-19

Yes 247 (64.8) 13.70 ± 0.87 0.1 * 8.83 ± 0.50 0.09 * 2.7 ± 1.0 0.02*

No 102 (26.8) 13.69 ± 1.03 8.73 ± 0.51 3.0 ± 1.0

Not reported 32 (8.4)

Source of
education

Social media 193 (50.7) 13.72 ± 1.0 0.2 ** 8.78 ± 0.52 0.4 ** 2.7 ± 1.0 0.5 **

TV/Radio 62 (16.3) 13.69 ± 1.0 - 8.82 ± 0.45 - 2.6 ± 1.0

College 36 (9.4) 13.94 ± 0.9 - 8.83 ± 0.51 - 3.2 ± 1.1

Newspapers 33 (8.7) 13.57 ± 0.75 - 8.76 ± 0.50 - 3.0 ± 1.0

Others (Family/Friends) 29 (7.6) 13.43 ± 0.91 - 8.83 ± 0.40 - 2.8 ± 1.0

Not reported 28 (7.3)

* Independent-samples-t-test. ** Analysis of variance.

Table 2. Assessment of knowledge related to COVID-19 (n = 381).

Items (True or False); Possible Range: (0.0–100.0%) Correct Answer Rate (Range 0–100%)

1. COVID-19 is a respiratory infection caused by a new species of coronavirus family. (T) 86.6

2. The first case of COVID-19 was diagnosed in Wuhan, China. (T) 91.3

3. The origin of COVID-19 is not clear, but it seems that it has been transmitted to humans by
seafoods, snakes, or bats. (T) 83.2

4. Its common symptoms are fever, cough, and shortness of breath, but nausea and diarrhea
were reported rarely. (T) 87.6

5. Its incubation period is up to 14 days with a mean of 5 days. (T) 88.7

6. It can be diagnosed by PCR test on samples collected from nasopharyngeal and
oropharyngeal discharge or from sputum and bronchial washing. (T) 86.6

7. It is transmitted through respiratory droplets such as cough and sneeze. (T) 89.8

8. It is transmitted through close contacts with an infected case (especially in family, crowded
places and health centers). (T) 90.8

9. The disease can be prevented through handwashing and personal hygiene. (T) 88.7

10. A medical mask is useful to prevent the spread of respiratory droplets during coughing. (T) 89.5

11. The disease can be prevented through no close contacts such as handshakes or kissing, not
attending meetings and frequent hand disinfection. (T) 89.2

12. All people in society should wear masks. (T) 87.4

13. Only during intubation, suction, bronchoscopy and cardiopulmonary resuscitation, you
have to wear N95 mask. (T) 50.4

14. The disease can be treated by usual antiviral drugs. (F) 45.4

15. If symptoms appear within 14 days from direct contact with a suspected case, the person
should inquire at a nearby public health center. (T) 89.2

Total 83.0

51



Healthcare 2021, 9, 574

Table 3. Preventive behaviors and risk perception of COVID-19 (n = 381).

Items: Preventive Behaviors for COVID-19 Correct Answer Rate (Range 0–100%)

I canceled or postponed meetings with friends, eating out, and sport Events 89.5

I reduced the use of public transportation 90.8

I went shopping less frequently 90.8

I reduced the use of closed spaces, such as library and theatre 90.8

I avoided coughing around people as much as possible 89.2

I avoided places where many people gathered 90.0

I increased the frequency of cleaning and disinfecting items that can be easily touched
with hands (i.e., door handles and surfaces) 86.3

I washed the hands more often than usual 89.5

I discussed, with my family and friends, what we should do if infected with COVID-19 82.9

Total 79.9

Risk Perception of COVID-19 (Possible Range: 1–5) M ± SD

I may be infected with COVID-19 more easily than others 2.44 ± 1.25

I am afraid to be infected with COVID-19. 3.11 ± 1.30

Total 2.78 ± 1.05

M, mean, SD, Standard deviation, COVID-19, Coronavirus disease-2019.

Table 4. Correlation between COVID-19 knowledge, protective behaviors, risk perception and age
(n = 381).

Variables Knowledge Preventive Behaviors Risk Perception Age in Years

Knowledge 1.00 - - -
Preventive behaviors 0.18 ** 1.00 - -

Risk perception 0.10 * −0.03 1.00 -
Age in years −0.08 0.03 0.27 * 1.00

* p < 0.05; ** p < 0.01.

4. Discussion

The current descriptive study assessed the knowledge, risk perception, and adher-
ence to the protective behaviors of dental students in India regarding COVID-19. We
found moderate levels of COVID-19 related knowledge (83.0%) and adherence to pro-
tective behaviors (79.9%) among the dental students. In our sample, nearly half (50.7%)
of the study participants obtained COVID-19 education through social media, and only
9.4% reported obtaining the knowledge from college. These results were consistent with
another Nigeria based study of undergraduate dental students [18]. Every three out
of four students reported lack of formal COVID-19 related education or training in the
college settings, as reported by a Turkish study [30]. This might be due to the lack of
time available to the universities or colleges to design education programs focused on
transmission-based infection control practices following the sudden invasion by the COVID-
19 pandemic [11,16,25]. Transmission-based precautions differ from standard measures in
providing additional guidance in controlling the spread of rapidly evolving pathogens,
such as Coronavirus [31–33]. In addition, previous studies found that dental education
in India emphasizes blood-borne infection control practices with limited training on the
prevention and control of airborne or droplet infections [16]. The dental council of India
published comprehensive infection control guidelines in 2009, which seem to be under-
utilized, even after a decade now [32]. In 2011, knowledge, attitudes, and practices of
dental safety among 1874 dentists across eight countries were assessed and only 50% of
participants reported utilizing standard infection control practices [33]. Therefore, this
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study underscores the need to revise the dental curriculum for developing a comprehensive
module to teach effective transmission-based infection control practices to the students.

The study item with the highest scores of 91.3% was about the knowledge related to
the origin of the COVID-19 pandemic. However, one item (i.e., ‘disease could be treated
by common antiviral drugs’) had the lowest correct answer rates of 45.4%. This may be
attributed to the rapidly evolving information that was related to the treatment of COVID-
19 and surrounding controversies [34]. In this study, an 88.7% correct answer rate was
found with the question that was related to the incubation period, which is greater than that
reported in a Jordan based research (36.1%). This disparity may be due to the study period’s
difference; the Jordanian study was conducted in the early phases of the pandemic when
epidemiological characteristics of the COVID-19 were not yet unfolded [35]. Consistent
with previous reports [18,35,36], our study participants had a good knowledge of COVID-
19 symptoms, which is essential for the early detection of suspected cases to take prompt
actions. The performance rate to adhere to the protective behaviors was 79.9%, which was
slightly higher than the 73.8% reported by a study conducted in China [37].

Inconsistent with a Nigeria-based study, our study found variations in the risk percep-
tions by gender [38]. The mean scores for risk perception about the COVID-19 were higher
among female students than males (2.90 vs. 2.48, p = 0.01). The higher risk perception
among females can be explained by their unrealistic perception, gender socialization, and
awareness of health warnings [39–41]. Additionally, gender also predicted adherence to
the protective behaviors, suggesting that females had a higher score of protective behaviors
than males. These findings were consistent with the previous study [38]. The knowledge
scores of females were lower than the males, and this finding was inconsistent with the
other studies [37,42]. Our study found a higher score among postgraduate students than
undergraduates, because clinical students rely more on science-based resources, such as
the Ministry of Health rather than social media [43]. There were significant differences
found in the COVID-19 knowledge and protective behaviors among clinical and preclinical
students, and the results were consistent other studies that were conducted in Turkey,
China, Saudi Arabia, Italy, and Nigeria [18,30,43–46]. The lower knowledge scores among
undergraduate students highlight the need to refine the current dental curriculum, in-
cluding infectious diseases epidemiology and control practices. This formal training of
the preclinical students will help in increasing their understanding of the safety protocols.
Students in the health sciences disciplines should acquire appropriate practical skills for
infection control practices. Continuous education and assessment in the clinical setting
may aid in improving the learning outcomes [47]. During the COVID-19 pandemic, the
lack of practical training among students emerged as a concern, which can be addressed
through new technological innovations [46–50]. Educators need to be trained for adopting
new virtual platforms of teaching, which could be used in the future crisis. In addition,
dental operatories need to be observed for the safety of patients as well as dental profes-
sionals [46–50]. In addition, future studies can be conducted to investigate the adherence
of healthcare professionals with the recommended infection control practices.

Study Limitations

This investigation has some limitations. First, by the cross-sectional nature of this
study, cause–effect relationships have not been studied. Second, this study’s nonprobability
sampling method may have introduced a selection bias as participants were approached
via web-based platforms. Third, the sample was not nationally representative, and it was
recruited from only the Northern region, limiting our ability to extrapolate our findings
to the other dental institutions. Fourth, this study only assessed the general protective
behaviors that were related to COVID-19, and it did not include any question related to
the adoption of precautionary behaviors in dental clinics. Last, this study may encounter
some degree of selection bias due to its cross-sectional design. Prospective studies can be
designed to measure safety compliance in the dental practice to dental practice guidelines.
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5. Conclusions

Our study indicated that dental students had sufficient knowledge regarding the
COVID 19 pandemic. The students displayed responsible social behavior, which could be
correlated to their level of knowledge on the pandemic. This study highlights the need to
restructure the educational curriculum to prepare students to handle COVID-19 and future
pandemics. This is critical in improving their knowledge of infection control practices to
minimize the risk of nosocomial infections.
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Abstract: Dentists are highly exposed and vulnerable during the coronavirus disease (COVID-
19) pandemic, as physical proximity to patients is necessary for effective dental examination and
treatment. The objective of this study was to describe the concerns, knowledge, and infection
control practices of dentists in Mexico during the COVID-19 pandemic. In this cross-sectional study
conducted from 22 May 2020 to 8 July 2020, an anonymous survey was distributed to dentists, which
covered information regarding dentists’ sociodemographic and professional characteristics, clinical
practices during the pandemic, and perceptions regarding the application of infection prevention and
control guidance for dental settings during the COVID-19 pandemic. Out of 703 respondents, 73.1%
(n = 514) were women and 53.6% (n = 377) were dentists with 1–10 years of experience. Regarding
the statements issued by the World Health Organization (WHO) and the Centers for Disease Control
and Prevention (CDC), the responses for 11 survey items had total agreement rates >90% (high
frequency); seven and nine items had moderate and low frequency of total agreement, respectively.
Most dentists in this study agreed with the WHO and CDC statements and were concerned regarding
the possibility of infection, despite using the protective gear.

Keywords: dentist; infection control practices; knowledge; concerns; COVID-19; SARS-CoV-2;
pandemic; dental practice

1. Introduction

The spread of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus
has been established in most countries worldwide, including Mexico, and has led to the
coronavirus disease (COVID-19) pandemic. This virus will possibly remain in our lives
for a long time. It can be transmitted through direct, indirect, or close contact with the
saliva, respiratory secretions, or respiratory droplets of infected persons. These droplets
are usually >5–10 μm in diameter; droplets <5 μm in diameter are known as droplet nuclei
or aerosols [1].

Effective prevention of oral health issues and optimal personal care remains a high
priority during this COVID-19 pandemic [2]. Dentists are some of the most exposed and
vulnerable healthcare professionals during this pandemic, mainly owing to the physical
proximity that is necessary to effectively perform a dental examination on a patient [3]. In
addition, the use of dental instruments usually generates aerosols, which can cause the air
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borne transmission of SARS-CoV-2 by remaining suspended in air over a long duration of
time [4]. Therefore, each dental patient must be considered a possible carrier of the virus
and maximum infection control measures should be applied to avoid viral transmission [3].

Dentists, as well as other health professionals, will have to continue their professional
practice assuming that their everyday patients may have been infected with SARS-CoV-2,
are asymptomatic, are in the incubation period and will subsequently develop symptoms,
or are patients with COVID-19 infection.

In this current scenario, dentists must be able to provide adequate care by complying
with the measures for infections control recommended by the World Health Organization
(WHO) [2] and the Centers for Disease Control and Prevention (CDC) [5]. In Mexico,
information on the number of dentists with dental practice, or verification of dentists’
adherence to the recommended measures for infections prevention, is lacking. A study
carried out in a small sample reported the changes made by Mexican dentists during the
pandemic [6].

However, in this study, information related to the dentists’ biosafety and economic
concerns, their knowledge of protocols for infection control, and their sources of funding
during the closure of their professional activity, is not addressed. Finally, we believe that the
dentists’ knowledge to prevent contagions during the pandemic is important information
for the development of strategies that ensure that oral health professionals in Mexico are
effectively informed and implement adequate security measures. Thus, the objective of this
study was to describe the concerns, knowledge, and infection control practices of dentists
in Mexico during the COVID-19 pandemic.

2. Materials and Methods

2.1. Study Design and Population

This was a cross-sectional study. An anonymous survey was designed, using Google’s
online survey system (Google Forms Questionnaire). The questionnaire consisted of
64 items categorized into three sections. The participating dentists were required to
provide sociodemographic and professional information in Section 1. Information on
the clinical practices of the participants during the COVID-19 pandemic was required
in Section 2. The perception of the dentists on the application of the ‘Interim Infection
Prevention and Control Guidance for Dental Settings During the COVID-19 Pandemic’ was
explored in Section 3, using a Likert scale [2,4]. The questionnaire was distributed through
the social networks of different dental associations between 22 May 2020 and 18 July 2020.
Paramedical staff and dental students were not included in this survey.

The Ethics Committee of the Faculty of Higher Studies, Iztacala, at the National
Autonomous University of Mexico granted ethical approval for this study and for the use
of survey results and responses (CE/FESI/062020/1357). Informed consent to participate
in the study was obtained from all participants. This study and its methods followed all
relevant guidelines and regulations, in accordance with the Declaration of Helsinki.

2.2. Sample Size Calculation

The required sample size was 707, with an “n” of the study universe of 100,000, a
heterogeneity of 50%, a margin of error of 2%, and a confidence level of 95%. The sample
size was calculated by using the online Netquest calculator (https://www.netquest.com/
es/calculadora-tamano-muestra; accessed on 20 May 2020). The response acceptance was
closed (18 July 2020) when the required sample size was nearly achieved and there were
no new responses for 10 days.

2.3. Statistical Analysis

The data were statistically analyzed using SPSS version 21.0 for Windows (IBM Corp.,
Armonk, NY, USA). Descriptive statistics (frequencies and percentages) were used to
describe the quantitative and categorical variables. The Mann–Whitney and Kruskal–
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Wallis tests were used to assess differences in mean values for Likert scale items. The level
of significance was set at p < 0.05.

3. Results

A total of 703 dental surgeons completed the survey; 73% of the respondents were
women. Regarding the participants’ experience in dental practice, 54%, 21%, 13%, and
12.7% of the respondents had 1–10, 11–20, 21–30, and ≥31 years of experience, respectively.
Regarding the type of dental practice, 6% of the respondents practiced in a government
institution, 51% owned their clinic, 24% worked on contract in a private clinic, 19% un-
derwent both institutional and private practice, and 45% of the participants were general
practice dentists (Table 1).

Table 1. Sociodemographic characteristics of the participants.

Variables n = 703 %

Sex
Female 514 73
Male 189 27

Years of clinical experience
1–10 377 54
11–20 145 21
21–30 92 13
>30 89 12.7

Type of dental practice
Institutional 44 6.3
Private, I am the owner 356 51
Private, I am not the owner 170 24
Institutional and private 133 19

Specialty
General practice (not specialist) 321 45
Orthodontics 210 30
Endodontics 48 6.8
Pediatric dentistry 28 4
Other types of postgraduate degree 26 3.7
Prosthetics/rehabilitation 23 3.3
Periodontics 22 3.1
Oral/maxillofacial Surgery 20 2.8
Pathology 5 0.7

Out of the 703 respondents, 197 stated that they worked during the national program
of the Mexican Ministry of Health called “Jornada Nacional de Sana Distancia” (National
Journey of Healthy Distance). The program was implemented with an aim to contain
the COVID-19 pandemic in Mexico, and it was conducted between 23 March 2020 and
30 May 2020. Among dentists who reported that they closed their clinic, 197 closed their
offices during March–June (134 in March, 48 in April, 7 in May, and 3 in June); 171 closed
their offices following the recommendations of the Mexican Ministry of Health; and one
reported that he was infected and developed COVID-19. Among the respondents who did
not have a dental practice, 31% overcame their lack of income by managing their savings,
22% earned income from other activities not related to dentistry, and 18% received financial
assistance from their families. The activities performed by the dentists who stayed at home
were mainly hobbies (n = 73), exercise (n = 47), and spending time with family (n = 47); only
21 (11%) reported that they conducted classes or attended dental lectures online (Table 2).
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Table 2. Activities of dentists who did not work during the active phase of the pandemic.

n = 197 %

Date of office closure or halting work
March 134 68
April 48 24.4
May 7 3.6
June 3 1.5
Did not respond 5 2.53

Dental office was closed because:
I followed the general recommendations for the control of the pandemic 171 86.8
I found out that a colleague was infected 1 0.5
Someone close to me was infected (friend or relative) 5 2.5
No patient wanted to attend a consultation 4 2
Some third party forced me (my boss, landlord, partner, others) 2 1
I got COVID-19 1 0.5
Did not respond 13 6.6

Source of income (n = 197)
I received income from a private clinic/office 10 5
I received income from a public clinic/clinic 11 5.6
I received income from another job not related to dentistry 44 22.3
I received financial support from a government agency 6 3
I received financial support from close family/friends 35 17.8
I managed with my savings 60 30.5
I received loans or credit (institutional, bank) 5 2.5
I received income as a teacher 21 1.5
Did not respond 5 2.5

I dedicated my free time at home to (n = 197):
Hobbies (guitar, drawing, music, cooking, others) 73 37
Exercise/Sports 47 24
Family 47 24
Online dentistry classes, courses, or conferences 21 11
Studying or reading on my own 5 3
Watching television, series, movies 1 0.5
Did not respond 3 1.5

Among the 506 dentists who reported that they worked between April and June, only
14% stated that they worked under the normal conditions, while the remaining 86% worked
under different conditions. Among the 436 dentists who worked under different conditions,
only 60% attended to emergencies and 26% attended to patients who were undergoing
previously initiated treatments. In total, 444 dentists performed high-risk dental activities;
73% used a dental air water spray and 80% used a handpiece. The dental procedures
performed by dentists who were working during the active phase of the pandemic were
as follows: dental examination and prescription of non-steroidal anti-inflammatory drugs
(NSAIDs) and antibiotics (69.4%), exodontia (63%), diagnosis (59%), and endodontics (46%)
(Table 3).

The infection transmission control measures applied before consultation were frequent
cleaning of surfaces in between consultations (97%), asking patients to rub their hands with
alcohol gel (90%), and placement of disinfectant mats with 0.5% sodium hypochlorite in
the clinic (70%). The personal protective equipment (PPE) that the dentists used included
heat-sealed, three-layer surgical masks (47%), N95 respirators (60.3%), gloves (98%), and
face shields (94%). The agents used to disinfect the surfaces of the office prior to the
consultation included sodium hypochlorite solution (58%), Lysol (54%), disinfectant wipes
(47%), alcohol (23.7%), and liquid detergents (17%) (Table 4).
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Table 3. Work patterns of dentists who worked during the active phase of the pandemic.

n = 506 %

I worked normally 70 14
To complete unfinished treatments 131 25.9
I only attended to emergencies 305 60.2
I turned on the air compressor 444 87.7
I used dental air water spray triple syringe 367 73
I used dental handpiece 406 80.2

Type of treatments performed during the pandemic(one
alternative do not exclude others) F %
Dental examination and prescription of NSAIDs and antibiotics 351 69.4

Exodontia 320 63.2
Diagnosis 300 59.2
Endodontics 232 45.8
Operative dentistry 208 41.1
Pathology 190 37.5
Dental prosthesis 130 25.7
Periodontics 64 12.6
Orthodontics 64 12.6

NSAIDs, non-steroidal anti-inflammatory drugs

Table 4. Prevention of transmission during clinical dental care (multiple selections possible).

n = 506 %

Control measures performed prior to dental care:
Placement of disinfectant mats with sodium hypochlorite concentrations

of at least 0.5% in the clinic 355 70
Request that patients wash their hands 324 90
Request patients to rub their hands with alcohol gel 453 90
Administer a questionnaire to inquire about the places the patient

visited and explore respiratory symptoms 310 61.2
Measurement of temperature 304 60
Request patients rinse hands with chlorhexidine or hydrogen peroxide 341 67.4
Frequent cleaning of surfaces in between consultations 488 96.5

PPE used
Goggles 367 73
Face shield mask 476 94
Simple two-layer surgical mask 119 24
Heat-sealed three-layer surgical mask 239 47.2
N95 respirator or equivalent 305 60.3
PPE overalls 223 44
Surgical cap 437 86.4
Gloves 498 98.4
Disposable surgical boots 164 32.4

Substances used to disinfect surfaces before care interventions
Lysol 275 54.3
Chlorine 291 58
Alcohol 120 23.7
Liquid detergent 88 17.4
Disinfectant wipes 238 47

PPE, personal protective equipment.

The percentages, by which these measures increased the costs of services by 10%, 20%,
and 30%, were 19%, 8%, and 3%, respectively. The main reasons some dentists did not
increase the costs of dental services included solidarity with patients (41%), the fact that the
budgets were previously agreed upon (15%), or because they had reserve materials (10%).

Among the dentists who worked, 61% indicated that the number of patients they
saw per day was 1–3, 68% (n = 344) reported that they did not increase the costs of their
services, and 32% increased them. Those who increased the cost of their services reported
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that the increase was mainly attributed to the increase in the cost of inputs (26%) and the
use of more PPE (4.2%). Regarding teleconsultation, 186 dentists reported that they did not
provide remote consultation. Among those who provided remote consultation, most used
WhatsApp (n = 290), telephone calls (n = 214), and video conferencing (n = 55) (Table 5).

Table 5. Accounting in the office.

F % n = 506

Average number of patients seen
1–3 309 61
4–7 132 26
>7 47 9.3
They did not respond 18 3.6

Increased the costs of their services 162 32
Reasons for increasing costs

Increased cost of materials and equipment 132 26
Use of more PPE 21 4.2
Because of the risk we run during the pandemic 5 1

Percentage of dental services cost increase
10% 95 18.8
20% 39 7.7
30% 20 3.4
40% 5 1

Reasons for not increasing costs
The budgets had been agreed in advance 77 15.2
I had reserve material 51 10
Out of solidarity with my patients and my country 209 41.3

Media used for remote consultation (multiple response)
Phone call 214 42.3
Email 14 2.8
WhatsApp 290 57.3
Videoconference (Google Meet, Zoom) 55 10.9
Social Networks (i.e., Facebook, Twitter, Blog) 40 7.9
Messages (SMS) 35 6.9
I do not give remote consultation 186 36.8

PPE, personal protective equipment.

The perception of the dentists regarding the recommendations or statements on
biosecurity in the dental clinic issued by different organizations was also measured.

Regarding general knowledge on working safely during the COVID-19 pandemic,
the statement that had the highest frequency of total agreement was item 34 (“the virus
that causes COVID-19 is spread primarily through respiratory drops when an infected
person coughs, sneezes, or speaks”); 11 items had a percentage of total agreement > 90%,
seven and nine items had a moderate and a low frequency of total agreement, respectively
(Table 6).

Regarding the concerns of dentists concerning the effectiveness of preventive measures
against the transmission of SARS-CoV-2, 88.5% agreed with statement 38 (“face masks
do not provide complete protection against inhalation of airborne infectious agents such
as SARS-CoV-2”), 86.5% agreed with statement 47 (“I am concerned that I may become
infected despite using PPE”), and 88% agreed with statement 59 (“I will continue with the
same measures that I have worked with during the pandemic”). These statements had the
highest frequencies of agreement. In addition, the dentists were concerned regarding the
economic impact of the pandemic on their clinics. Details of the economic concerns, the
perception of the dentists regarding the characteristics of dental settings, and how they see
the future, are summarized in Table 7.
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Table 6. General knowledge of the dentists regarding working safely during the COVID-19 pandemic (n = 703).

Statement
Agree with the
Statement (%)

Source of
Statement

The virus that causes COVID-19 is spread primarily through respiratory drops when an
infected person coughs, sneezes, or speaks. 97.7 CDC-WHO
Dentists and their assistants should be considered professionals at high exposure risk,
as their practice has a high potential for exposure to known or suspected sources of the
virus that causes COVID-19 during specific procedures. 97.2 WHO
It is important not to use a cellphone while caring for my patients. 97 CDC
Asymptomatic individuals or those in the incubation period may also be able to
transmit SARS-CoV-2. 96.7 CDC-
During dental procedures, the use of the handpiece or ultrasonic scaler and the triple
syringe produce a visible aerosol containing large droplets of water particles, saliva,
blood, microorganisms, and other debris. 96.7 WHO
I must consider that every patient who comes to the office is potentially a transmitter of
SARS-CoV-2. 96.2 CDC
I must proactively communicate to staff and patients the need to stay home if they
are ill. 95 CDC
Dentists are directly exposed to inhalation of viral particles in aerosols, where the virus
can remain viable for up to 3 h. 93.6 WHO
It is important for the office to have good natural ventilation. 93.6 CDC-WHO
If a patient comes to the office and is suspected or confirmed to have COVID-19, I
should defer dental treatment. 92.7 CDC
Aerosols generated by using a dental handpiece or dental air water spray travel a short
distance and land on the floor and surfaces of the dental unit and on the patient. 91.5 WHO
I must record everyone’s temperature before they enter the office. 88.5 CDC
The virus survives in aerosols for hours and on some surfaces for days. 88.8 WHO
During the COVID-19 pandemic, the dental clinic or office has unique characteristics
that warrant additional considerations for infection control. 85.3 CDC
It is necessary to verify that my N95 respirator has been approved by the NIOSH. 84.8 CDC
Using the rubber dam can minimize the production of aerosols contaminated with
saliva and blood when I use the high-speed handpiece. 84.6 WHO
To ensure that infection control is up to high quality standards, the dental procedures
must be done in an infection isolation room. 82.1 CDC
During and after the COVID-19 pandemic, the use of N95 respirators
becomes necessary. 80.4 CDC-WHO
During the pandemic, I must postpone elective procedures, surgeries, and non-urgent
reviews or consultations in the clinic. 78.2 CDC-WHO
Disinfection of the patient’s footwear is useful. 1 74.3
It is important that the patient use a mouthwash with 1% hydrogen. 67.7 CDC
To inactivate SARS-CoV-2 in the handpiece, I have to use heat sterilization. 66.4 CDC
It is important to work with an assistant. 58.7 WHO
I can work alone without an assistant. 48.6 WHO
It is useful to use a rinse with chlorhexidine to inactivate the SARS-CoV-2 present in the
mucosa and saliva. 47.4 WHO
To inactivate SARS-CoV-2 in the handpiece, simply immerse it in a 70% alcohol solution
for 15 min. 33.7 CDC
It is important that the office has air conditioning. 17.8 CDC-WHO

1 Local guideline. COVID-19, coronavirus disease; CDC, Centers for Disease Control and Prevention; WHO, World Health Organization;
NIOSH, National Institute for Occupational Safety and Health; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2. There were
no differences based on sex (Mann–Whitney, p > 0.05) or years of experience (Kruskal–Wallis, p > 0.05) for any of the items.
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Table 7. Concerns regarding the COVID-19 pandemic and the effectiveness of preventive measures against its transmission.

Item Statement Agree with the Statement (%) Mean SD

38 Face mask does not provide complete protection against
inhalation of airborne infectious agents, such as SARS-CoV-2. 88.5 4.3 0.9

59 I will continue with the same measures that I worked with
during the pandemic. 88 3.8 1.2

47 I am concerned that I may become infected despite using PPE. 86.5 3.8 1.1

39 No data to assess the risk of transmission during
dental treatment. 70 4.3 0.9

54 Surgical masks or face masks are not designed to protect the
user from inhaling viral particles. 70 3.8 1

51 Standard protective measures in daily clinical practice are not
effective enough to prevent the transmission of SARS-CoV-2. 70 1.8 0.9

60 It will no longer be necessary to have as many
preventive measures. 4.6 4.3 0.9

Concerns regarding the economic impact of
COVID-19 pandemic

62 The costs of implementing measures to ensure stricter
protection barriers will increase the costs of my services. 88.8 4.1 0.9

61 I believe the economic impact on my office will be severe. 77.4 4.1 0.9

There were no differences in responses based on sex (Mann–Whitney, p > 0.05) or years of experience (Kruskal–Wallis, p > 0.05) for any of
the items. COVID-19, coronavirus disease; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SD, standard deviation; PPE,
personal protective equipment.

4. Discussion

In this study, we aimed to describe the attitude, knowledge, and infection control
practices of dentists in Mexico during the COVID-19 pandemic. Although it is still too
early to be certain regarding the general trends of the clinical experiences of dentists on the
transmission of COVID-19 during dental care, this study outlines their perceptions, atti-
tudes, and concerns during the pandemic. Most of the dentists performed risky procedures,
such as turning on air compressors and using handpieces. The use of the dental handpiece
and triple syringe are considered biological risk factors in the transmission of COVID-19,
as they favor the diffusion of aerosol particles from saliva, blood, and secretions [7,8]. In
addition, since SARS-CoV-2 can persist in aerosols for up to 3 h and has a relatively long
half-life of approximately 1.1–1.2 h, this aerosol production facilitates the contamination
of the environment, including the dental surfaces, instruments, and appliances [9]. The
most frequent activity performed in the clinic was patient screening and the prescription of
antibiotics and NSAIDs, which probably led to an increase in the prescription of antibiotics
during the months of the pandemic, as reported by an English team [10].

Regarding the general knowledge of dentists on working safely during the COVID-19
pandemic, most respondents indirectly showed good knowledge of concepts and attitudes
as demonstrated through their degree of agreement to work according to the guidelines
obtained from the scientific literature and the provisional guidelines of the CDC [5] and
the WHO [2].

Our survey showed that 72% of the respondents worked during the active phase of
the pandemic, a percentage that is similar to that reported for Brazilian dentists (64%) [11].
The main types of treatments performed by dentists in Mexico were related to dental pain,
in line with the results of the previous work [11]. Since the start of the pandemic, telecon-
sultation has become an auxiliary mean of delivering dental services related to education,
consultation, and triage [12]. The medium most frequently used for teleconsultation among
dentists in our study was WhatsApp (58%), whereas in the study performed in Brazil, the
frequency of its use was up to 70.6% [11].

Our results were similar to those reported by Kamate et al. [13], Nasser et al. [14],
and Sesgin et al. [15]. These studies also reported that dentists had good knowledge and
practice scores, which are important in the prevention of COVID-19. They advised dentists
to follow the guidelines of the CDC [5] and the WHO [2] in their clinics, and to sensitize
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their staff on the best biosecurity practices to ensure that the effects of this pandemic
are mitigated.

However, responses to certain items in the questionnaire reflect practices that are not
in full accordance with the recommended guidelines for infection control as established
in the Guidelines for Infection Control in Dental Health-Care Settings [16]. For example,
regarding the guideline for heat sterilization of the dental handpiece, only 66.4% of the
respondents agreed, whereas 33.7% agreed with the following statement: “To inactivate
SARS-CoV-2 in the handpiece, simply immerse it in a 70% alcohol solution for 15 min.” This
practice is specifically flagged as an unacceptable and unsafe sterilization method [16,17].

Another risky practice is not following the WHO recommendation when using the
handpiece, which is working with four hands; only 58.7% agreed that it is important to
work with an assistant, whereas 77% indicated that they can work without an assistant.
In addition, regarding working with a rubber dam and using a respirator, such as N95 or
FFP2, 80.4% and 84.6% agreed with the use of N95 respirators and rubber dam, respectively;
both results were consistent with those reported in another survey conducted in Mexico [6].
The use of the rubber dam has traditionally been looked down on, even among endodon-
tists [18]. However, given the risk of generating aerosols during clinical dental work,
the importance of its use among general practice dentists has to be reconsidered [19,20].
Another critical point in the work of dentists is in relation to the ventilation requirements
that the operating room must have. The current recommendation is that it must be well
ventilated or have an air conditioning system with EPA filters [2,21].

In a survey conducted in Poland, 71.2% of the dentists who responded to the question-
naire decided to suspend clinical practice during that specific reported time [22]. In our
study population, only 28% stopped working during the study period, in contrary to the
results reported by Casillas et al., which stated that only 14.8% did not attend to patients [6].
Perhaps the dentists in Mexico worked during the study period because of financial need or
because they are used to following infection control protocols as established in the Guide-
lines for Infection Control in Dental Health-Care Settings, thus, making them confident
enough to work during that period [16]. In the Polish survey, the authors reported that the
main factor behind the decision to suspend clinical practice was the shortage of PPE, unlike
the present study in which the participants reported that the application of the general
recommendations for pandemic control was the main cause of work suspension in the
office. Some elements of our survey explore the concerns of dentists, which was mainly
that, despite protective measures, they may become infected. The dentists in the Polish
study expressed a general feeling of anxiety and uncertainty regarding the COVID-19 situ-
ation. Another study indicated that despite having a high level of knowledge and practice,
dentists worldwide are in a state of anxiety and fear while working in their respective
fields [23].

Knowledge of infection control practices in the dental community may enable the
reaffirmation of professional training recommendations and may serve to update the
programs of dental curriculums at the undergraduate and postgraduate levels as well as in
continuing education courses. This would allow dentists to become aware of the possible
mistakes that may occur in professional practice and would allow for the provision of a
safe clinical environment for the benefit of dentists and patients.

At the time of the survey, only one dentist claimed to have been infected with SARS-
CoV-2. However, as dental office care routines are activated, more dentists are likely to
be affected by COVID-19, because they were infected in their dental practice or through
other activities.

Regarding concerns about the efficacy of preventive measures for SARS-CoV-2, the
face mask mentioned in item 38 does not provide complete protection against the inhalation
of airborne infectious agents. Ideally, the transmission of SARS-CoV-2 among dentists
should be monitored. We hope that the arrival of a vaccine will allow dentists to work
without fear. However, this can be done only with the awareness of maximizing the use of
protective barriers to avoid the transmission of infectious diseases and applying prevention
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protocols against the spread of COVID-19 [24]. Although the data collection was conducted
within a 2 month period, it is well known that multiple revisions on the guidelines for the
management of COVID-19 have been recommended from the initial stages of the pandemic
by organizations, such as the CDC. These modified recommendations do not always reach
the dental professionals promptly. Therefore, it is essential to monitor these changes and
promote their dissemination.

The limitations of this study should be noted. As this was a cross-sectional study
and the survey was conducted online, the risk of bias cannot be ruled out. In addition, no
sampling technique was used to make the study representative. Therefore, the results of
this survey cannot be generalized.

5. Conclusions

In conclusion, most of the surveyed dentists worked during the pandemic. They had
a good level of knowledge regarding the transmission routes of SARS-CoV-2 and infection
control measures to manage and care for patients and themselves. However, there are great
concerns regarding the possibility of becoming infected and suffering from COVID-19.
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Abstract: Background: The ongoing pandemic due to the novel coronavirus (COVID-19) is becoming
a serious global threat. Experts suggest that the infection can be controlled by immediate prevention
measures. Sailing is one of the occupational categories more vulnerable to this virus outbreak due
to the proximity of the working conditions. Objective: Awareness and knowledge assessments of
seafarers towards the current epidemic is mandatory to understand the effectiveness and success of
the infection control measures adopted by shipping companies. Methods: In this study, we presented
an online questionnaire survey to determine the knowledge levels of COVID-19 among seafarers.
The data were collected by self-reported survey, and analysis was done by the analysis of variance
(ANOVA). The t-test was used to understand the knowledge attitude differences to COVID-19 among
different occupational groups of seafarers, and the p-value ≤ of 0.05 was considered statistically
significant. Results: Among 1,458 responses received, 92.82% had a college or university degree.
The results reported that the mean COVID-19 knowledge score was 5.82 (standard deviation = 0.51,
range 0–6), and the overall correct percentage was 97%. There was a statistically significant difference
between age groups (F (4, 1453) = 5.44, p < 0.001) and educational groups (F (4, 1453) = 1.52, p < 0.001).
The knowledge score was not significantly different across the educational status of the participants
(F (2, 1455) = 1.52, p = 0.220). Conclusions: The present study highlighted good knowledge and
behaviours among sailors about COVID-19. However, shipping companies need to come up with
new campaigns to hold optimistic practices and suitable guidelines on ships, including cruise boats,
to keep sea workers always alert and collaborative in mitigating the spread of COVID-19.

Keywords: COVID-19 spreading; online survey; awareness and knowledge; ships; seafarers

1. Introduction

The novel coronavirus disease, or COVID-19, was first identified in December 2019
at a Wuhan wet market in China and then constantly spread all over the world at a rapid
pace [1]. As of 5 January 2021, more than 85 million cases have been reported, including
1.86 million deaths [2]. In many cases, COVID-19 develops mild-to-moderate symptoms.
In some cases, it might cause severe sickness, including pneumonia and, consequently,
death. A person who is infected by the virus usually takes five to seven days to develop
symptoms, and it can extend up to 14 days [3].

Currently, many European countries like Italy, France, Germany, and others have been
exposed to the second wave of the COVID-19 pandemic [4]. These countries were severely
hit by the first wave of pandemic during the spring, which was followed by the second
wave during late summer and autumn. Epidemic data present the virus characteristics,
and its effects are varied between these two periods. The symptoms like pneumonia,
dyspnea, fever, cough, chronic neurological diseases, and type 2 diabetes mellitus are often
found in both waves. In severe cases, the symptoms usually get worse gradually after
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the initial appearance. To slow down the spreading of the virus and reduce its effects,
governments around the world have made travel restrictions and closed their country’s
borders [5]. Various ports and air terminals are closed, ships’ entries are denied, and all
planes grounded.

Due to the limited medical resources, natural exposure to new environments and
crowded, enclosed areas make the high risk of the present novel pandemic spread among
many cruise ships [6]. On 4 February 2020, the UK-registered ship named the Diamond
Princess was exposed to a large outbreak of COVID-19, and this was quarantined for
about one month at Yokohama, Japan. More than 700 individuals were infected, including
14 deaths [7]. Over 40 cruise ships have confirmed positive cases of COVID-19 infection
onboard, and port authorities and governments are advising people to avoid travelling
on cruise ships and restraining ships from docking [8]. Besides, many maritime transport
lines have been suspended to prevent the epidemic spread [9].

Seafarers are the unsung heroes of this pandemic, because over 90% of the world trade,
including medical goods, raw materials, essential foods, and manufactured goods, depends
on them [10]. Based on a report published by the International Maritime Organization
(IMO), seafarers are collateral victims of this pandemic emergency, as travel limitations
have left a huge number of them abandoned on boats or unfit to join ships [11]. Moreover,
commercial fishing is a main source of the world’s food. Several sailors are ready for
stretched out work timeframes; to maintain a strategic distance from becoming infected,
crewmembers need to change all the time, and this includes nearly 100,000 sailors every
month [12,13].

The COVID-19 pandemic has introduced phenomenal circumstances around the world.
The worldwide health authorities have been focused on controlling the disease by mitigat-
ing actions to limit the fast-spreading. Currently, two vaccines—namely, Pfizer-BioNtech
and Moderna’s—are authorized and recommended to prevent COVID-19; additionally,
the presence of more than 50 COVID-19 vaccines are in trials, yet the world is looking for
safe and effective ones [14]. Of the problems caused by the COVID-19 pandemic, around
90,000 sailors are now stuck on cruise ships without passengers [15]. Since the ship is a
closed environment, there is a high chance of being infected. After being at sea for at least
14 days, and if no crewmember shows the symptoms of the COVID-19 illness, then a ship
can be considered as virus-free and, eventually, safe.

The recent literature on COVID-19 highlights scientific knowledge or epidemic projec-
tions, especially in the public health environment [16]. Outcomes integrated with scientific
knowledge tend to identify the key safety-related issues. Apart from the clinical and
healthcare aspects like the safety of medical doctors, social and occupational safety, and,
in particular, mental health, they have gained large attention from the COVID-19 scientific
community [17]. The individuals living in closed environments like ships should have basic
knowledge when addressing key social issues, including an urgent need to understand
and believe the science about the COVID-19 pandemic that is shattering the present world.

This study presents an online cross-sectional survey designed to understand seafar-
ers’ behaviour and knowledge during COVID-19. A similar study was conducted on
USA residents during the early epidemic phase to evaluate their knowledge levels and
behavioural characteristics [18]. This study is among one of the first attempts to measure
the knowledge on COVID-19 among crew members of merchant ships addressing requests
for telemedical advice to the Centro Internazionale Radio Medico (C.I.R.M., International
Radio Medical Centre).

2. Methods

2.1. Participants

The current cross-sectional investigation enlisted a sample of seafarers from the
C.I.R.M. [19]. With more than 100,000 seafarers assisted onboard ships, the C.I.R.M. is
the maritime telemedical centre with the largest experience of medical assistance to sail-
ing seafarers. It was established in 1935 to give free radio medical advice to ships of all
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nationalities navigating in international waters. The C.I.R.M. is the Italian Telemedical Mar-
itime Assistance Service (TMAS). The online questionnaire was delivered to 5000 seafarers,
and 1458 (about 30%) agreed to provide consent to participate in this survey. We assumed
that the participants that did not show interest in this study was due to a lack of internet on-
board, staying with family because of fear caused by COVID-19, or a low-level knowledge
of English.

2.2. Survey

The questionnaire included in the survey was refined by phrase changing, the possi-
bility of adding new questions, and modifications of other research studies that provide
extensive knowledge on the COVID-19 epidemic. Two C.I.R.M. doctors thoroughly re-
viewed the final questionnaire to make sure each item of the survey was clearly understood.
The final questionnaire consisted of 25 questions and was distributed through a Google
Form link.

The survey was organized into three sections: demographic characteristics, including
age, rank onboard, members onboard, and educational status, etc. (5 items); personal char-
acteristics (14 items); and the knowledge questionnaire had 6 questions regarding clinical
presentation (2 questions), COVID-19 transmission routes (2 questions), and prevention
and control (2 questions). Moreover, the questionnaire was adapted from previous studies
on COVID-19 knowledge [18,20]. These questions were answered by correct and incorrect
options. As a result, a correct answer was assigned “1”, and an incorrect answer was
assigned “0”.

Before starting the survey, seafarers read an informed consent explanation that por-
trayed that cooperation was deliberate and that they could stop whenever. By tapping on
a “next” button, members were considered as agreeing to finish the online questionnaire.
The survey consisted of closed-ended questions, of which six permitted the seafarers to
have the chance to give further details if the “other” alternative was chosen from the
multiple-choice questions. The closed-ended questionnaire consisted of categorical, di-
chotomous, multiple-choice, and Likert-type questions on five-point rating scales. At the
end of the questionnaire, we requested the participants provide final feedback regarding
their participation in the study.

2.3. Reliability and Validity of Responses

The main objective of any questionnaire is to gather relevant information most reliably
and validly. These factors are commonly associated with the conduction and selection of
valid research instruments. As mentioned, this was a study related to onboard behavioural
characteristics of seafarers, and we adopted the face validity method that was done by an
analysis of the data using Cohen’s Kappa Index (CKI). A kappa value that was greater than
0.6 was accepted as a valid question [21]. The items in the knowledge questionnaire were
further validated with the CKI scale.

2.4. Statistical Analysis

Demographic variables such as age, rank, and educational status were done using
frequency analysis. Frequencies of correct answers to knowledge questions were deter-
mined. A one-way analysis of variance (ANOVA) was used to determine the differences
in the mean knowledge scores between the age groups, rank groups, and educational
status. The t-test was used to understand the knowledge attitude differences to COVID-19
among different occupational groups of seafarers, and a p-value of ≤0.05 was considered
statistically significant. Statistical analysis was carried out by IBM SPSS v.26 (Armonk,
New York, NY, USA).

2.5. Ethical Approval

The review board members and the Ethics Committee of C.I.R.M. approved this study.
The checklist for research ethics during the COVID pandemic was adopted from the UK
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research integrity office (UKRIO) guidelines [22]. This study was reviewed and approved
by the C.I.R.M. Research Ethics Committee (ESI/2020/017). All participants provided
consent by responding to a yes/no inquiry toward the beginning of the survey before they
responded to the first question.

3. Results

Table 1 includes the participants’ basic demographic characteristics: age group, rank
onboard, and educational status. Table 2 presents nine questionnaires that were adminis-
tered to measure the awareness about COVID-19, including clinical characteristics, trans-
mission, prevention, and control. Among the total number of the respondents, the majority
(97.87%) of them reported that they are aware of the novel coronavirus outbreak. Of the re-
spondents that reported, 93.63% said that they were never infected by the new coronavirus,
and 88.73% of the respondents reported that none of the people in their immediate social
environments were infected.

Table 1. Participant demographic and awareness characteristics.

Demographic Characteristics N %

Gender
Male 1241 85.11
Female 217 14.89
Age (Years)
<20 21 1.4
20–30 332 22.8
30–40 431 29.6
40–50 571 39.2
>60 103 7.1
Education
Primary education 44 1.01
College/University education 1237 92.82
Secondary School education 177 6.17
Rank on board
Deck Officers 579 39.72
Deck Rating 281 19.24
Engine Officers 268 18.35
Engine Rating 220 15.11
Galley 111 7.58

Regarding behaviours, 42.57% of the participants reported that they were moving
with other staff onboard, and just 0.22% of participants used a bed previously used by
someone who got infected. Most seafarers (98.4%) provided a correct response on the
transmission of the novel coronavirus. Regarding mental health status, 33 (2.24%) seafarers
reported feeling lonely, 862 (59.13%) seafarers reported feeling well, 395 (27.10%) seafarers
reported missing family/friends and 168 (11.53%) seafarers reported feeling overstressed.

The correct answers to knowledge questions ranged from 91.8% to 99.4% (Table 3).
The mean COVID-19 knowledge score was 5.82 (standard deviation = 0.51, range 0–6),
and the overall correct percentage was 97%. Most of the seafarers (99.4%) were aware of
the COVID-19 clinical symptoms, and 95.7% realized that all infected individuals did not
develop into severe cases. Viral infections are highly contagious among the people who
live nearby and spread by respiratory droplets. Most respondents (97.3%) were aware that
COVID-19 can be caused by human transmission when infected persons cough or sneeze.
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Table 2. Awareness on COVID-19 onboard.

Q1. Are you aware of the novel coronavirus outbreak?

Heard from Others 13 0.90

No 18 1.23

Yes 1427 97.87

Q2. Are you or have you been infected with the novel coronavirus?

Do not know 86 5.92

No 1365 93.63

Yes, confirmed 7 0.45

Q3. Do you know people in your immediate social environment who are or have been infected
with the novel coronavirus?

Do not know 106 7.25

No 1294 88.73

Yes, confirmed 42 2.91

Yes, not confirmed 16 1.11

Q4. Are you closely moving with other staff onboard?

No 196 13.41

Sometimes, I cannot avoid 642 44.02

Yes 621 42.57

Q5. Was your travel history associated with infected countries in the last two months?

Maybe 52 3.58

No 414 28.41

Yes 992 68.01

Q6. Have you used a bed previously used by someone who got infected by coronavirus?

May be 18 1.23

No 1436 98.5

Yes 3 0.22

Q7. Which of the following is correct about the transmission of the novel coronavirus?

Do not know 11 0.78

The novel coronavirus is
not transmissible 3 0.22

The novel coronavirus is
transmissible from person
to person.

1435 98.44

The novel coronavirus is
transmitted by animals to
humans only

8 0.56

Q8. Are your handwashing for at least 20 s?

Yes 1366 93.68

No 92 6.32

Q9. How is your mental health during these periods

Missing family and friends 395 27.1

Feeling lonely 33 2.24

More often getting stress 168 11.53

Feeling well 862 59.13
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Table 3. Frequency of correct answers to the knowledge questions. CKI: Cohen’s Kappa Index.

Knowledge Questions N (Correct%) CKI

KQ1: The main clinical symptoms of COVID-19 are fever, fatigue,
shortness of breath, and dry cough. 1449 (99.4) 0.7

KQ2: Not all persons with COVID-19 will develop into severe cases.
Those who are older and have chronic illnesses such as diabetes, heart
diseases, cancer, and chronic kidney diseases are more likely to have
severe cases.

1395 (95.7) 0.6

KQ3: The COVID-19 virus spreads via respiratory droplets of
infected individuals. 1418 (97.3) 0.8

KQ4: By wearing masks onboard, it is possible to control the speed of
the virus spreading. 1338 (91.8) 0.9

KQ5: Isolations and treatment of people who are infected with
COVID-19 are effective ways to reduce the spread of the virus. 1443 (99) 0.8

KQ6: People who have contact with someone infected with the
COVID-19 virus should be immediately isolated. In general,
the observation period is 14 days.

1448 (99.3) 0.7

Based on the guidelines provided by the World Health Organization (WHO), it is
evident that wearing facemasks only can help prevent becoming infected with the virus [23].
In this study, 92% of participants agreed that spreading of the virus can be controlled by
wearing masks onboard; 99% mentioned that treatment and isolation are promising ways
to reduce the virus transmission, and 99.3% provided the correct response on the incubation
period of COVID-19. These findings appreciate the well-known knowledge of emphasizing
maintaining onboard social distancing to control further infections. There was a statistically
significant difference between the age groups (F (4, 1453) = 5.44, p < 0.001) and rank
groups (F (4, 1453) = 32.18, p < 0.001), as determined by one-way ANOVA. The knowledge
scores were not significantly different across the educational statuses of the participants
(F (2, 1455) = 1.52, p = 0.220) (Table 4).

Table 4. Background characteristics of seafarers and knowledge scores of COVID-19 by age, rank,
and educational status.

Demographic Characteristics

N (%) Knowledge (Mean + S.D) F-Test p-Value

Age Group
<20 Years 21 (1.44) 5.43 + 0.81

5.44 <0.001
20–30 Years 312 (21.4) 5.76 + 0.56
31–40 Years 440 (30.2) 5.84 + 0.49
41–50 Years 573 (39.3) 5.86 + 0.44
>51 Years 112 (7.7) 5.79 + 0.60
Rank category
Deck officer 579 (39.7) 5.98 + 0.12

32.18 0.220
Engine officer 268 (18.4) 5.76 + 0.57
Deck Rating 281 (19.3) 5.73 + 0.61
Engine Rating 220 (15) 5.74 + 0.60
Galley 110 (7.5) 5.51 + 0.76
Educational status
Primary school 44 (3) 5.70 + 0.55

1.52 <0.001Secondary school 177 (12) 5.85 + 0.45
College/University 1237 (85) 5.82 + 0.52

The data on the knowledge of daily preventive measures by seafarers are summarized
in Figure 1. As shown, few respondents had limited knowledge due to a low educational
status. Among the total respondents, 1412 (97%) indicated that they avoid face touching,
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1347 (92.38%) anticipated covering their faces when they sneezed or coughed, and 986
(68%) chose disinfectants for cleaning their hands when soap was not available. Moreover,
1226 (84%) followed social distancing onboard, and 1128 (77.3%) wore masks while moving
onboard. To increase their immune systems, 801 (55%) preferred to do exercise, 481 (33%)
habitually drank ginger tea, and only 47 (3%) were interested in using antibiotics.

 

1412

1226

1347

1128

47

481

801

986

Avoid touching face

Maintain social distance on board

Cover face when Sneazing and coughing onboard

Mask wearing

Using antibiotics

Drinking ginger tea

Daily exercise

Use of disinfectants to clean hands

Figure 1. Onboard individual prevention measures by seafarers.

4. Discussion

Many studies were found related to the knowledge, attitudes, and practices (KAP)
concerning the COVID-19 outbreak [24–27], but the literature search did not identify any
works on seafarer COVID-19 knowledge assessments. Due to this, we developed a tool to
investigate COVID-19 knowledge, including behavioural characteristics and the necessity
of onboard health measures.

4.1. Personal Awareness

The personal awareness questionnaire was created to understand the factors that de-
cide virus transmission onboard and further classified into three constructs, such as environ-
ment hygiene, socio-travel characteristics, and poor health literacy. These, indeed, are con-
sidered the four factors that demonstrate seafarers’ knowledge of COVID-19 transmission.

Early data on public health practices embraced to forestall the spread of COVID-19
might help control the virus transmission; it is also necessary to publicize knowledge of the
psychological characteristics of the stigma and social discrimination (SAD) in pandemic
realities [28,29]. Recent evidence confirmed that the COVID-19 disease is transmitted by
either physical contact or respiratory droplets of an infected person [30]. Moreover, contact
transmission can be possible when an infected individual onboard touch their nose, eye,
or mouth mucosa, and the virus can also be transferred from one surface to another by
contaminated hands. Due to this, hand hygiene is mandatory to prevent the COVID-19
virus spread. In this study, 97.3% of seafarers agreed with the concept that the virus spread
was caused by respiratory droplets of contaminated individuals. Rubbing hands with
alcohol-based soap for at least 20 s is an effective approach to neutralize viruses like corona
because of an oily surface membrane that is decomposed by soap [31]. The highest number
(93.68%) of seafarers mentioned that they do 20-s hand washes with alcoholic soaps.

Travel behaviour is another important characteristic of the spread of COVID in any
working culture. Due to global trading during the pandemic, the percentage of the popula-
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tion engaged in international travel is higher in Western countries like Europe, the USA,
and others. In the present study, 992 (68.01%) seafarers mentioned that they travelled to
infected nations during April and May 2020. Moreover, COVID-19 can largely spread
among the populations of infected cases in the next social environment [32]. Respondents
mentioned that about 58 (4%) people were suspected of contracting COVID-19 during
working conditions, and 42 members were confirmed as infected. Maintaining social
distancing with other employees also prevents the virus spread, but sometimes, it is hard
to avoid staff movements in closed environments. 40% of participants mentioned that
they are aware of social distancing but are unable to escape from unexpected situations,
and 42.57% are closely moving with others. Maintain isolation onboard for people who
are confirmed or suspected by COVID-19. A person in isolation is not supposed to leave
the place and keep away from the public on the ship. Others should also be aware of not
sharing the belongings of infected people. Most of the seafarers (98.5%) did not intend to
use the bed of a COVID-19-infected person.

Poor health literacy about COVID-19 is an underrated global public health issue.
Significant health literacy already seems like an important tool for the prevention of non-
communicable diseases like an ongoing epidemic [33]. In the present research, 97.87% of
members said that they were aware of the present virus outbreak, and 98.44% of respon-
dents were well informed about it being caused by human transmission.

4.2. Seafarers’ COVID-19 Knowledge

COVID-19 is an ongoing pandemic with serious threats to public health [34]. Since
most of the vaccines are under trails, preventive measures are the only solution to control it,
and therefore, everyone should have minimum knowledge on this novel virus. Attempts
to change behaviours are basic in limiting the easy transmission of diseases like COVID-
19, and it is unclear whether people knew about the risk of disease and adjusted their
behaviours during the early times of the pandemic [35]. Due to its highly contagious nature
in enclosed areas, seafarers’ behaviours on a ship are probably the main factor in deciding
the spread of a COVID-19 epidemic. Their behaviours are affected by their perceptions and
individual knowledge.

The study outcomes indicated that most of the seafarers were knowledgeable, and re-
spondents achieved a mean of 97% in the knowledge questionnaire. This value is higher
than other audiences, like the general public and health workers, which ranged from 62%
to 81.4% [24–27]. In this study, the 92.82% rate of correct answers is probably related to the
cultural background of the respondents that mostly had a college or university education.
This is also due to the time that the questionnaire distribution happened during the virus
outbreak. During this time, seafarers already gained some knowledge regarding COVID-19
prevention and transmission causes via the internet, media platforms, or colleague discus-
sions. The close associations found among educational background, age, and knowledge
(p < 0.001) supports our claims. On the other hand, the knowledge of daily preventive
measures by seafarers was much appreciable. Very few respondents had limited knowledge
due to a low educational status.

In terms of the seafarers’ behavioural characteristics on ships, the respondents pre-
sented a positive and encouraging approach towards COVID-19. About 96% agreed that
the virus does not develop into a serious illness unless in the presence of other chronic
diseases. These inspirational mentalities and high trust in the control of COVID-19 can
be clarified by the marine industries’ phenomenal activities and brief reaction times for
taking tough control and prudent steps against COVID-19 to defend ship workers and
guarantee their better health. These measures include isolation, avoid travelling on other
ships, regulations on mask-wearing, and sanitization of the workplace regularly.

4.3. Study Strengths and Limitations

This is probably the first study that investigated the awareness and knowledge re-
garding COVID-19 among the seafarer population. The data collection involved nearly
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30 shipping companies, including more than 1,000 ship workers. The preliminary results
encourage ship authorities to provide explicit guidelines and plan preventive actions
to avoid the future spread of the virus at ship working places. Despite the promising
knowledge outcomes, the present study had some limitations. Since the data analysis
was conducted with the help of a self-reported questionnaire, there is a chance of biased
outcomes. Forthcoming works must use administrative questionnaire data to overcome
this issue. Besides, community-based sample (like seafarers) studies cannot provide as
much evidence on the severity of pandemics as the data collected through participants
of author networks. On the other hand, the highest number of participants were from
European shipping companies, and future research needs to include worldwide merchant
ship members.

5. Conclusions

The current global pandemic caused by the COVID-19 disease is creating awful
situations for both seafarers and marine industries. By maintaining a close relationship
between shipping companies, flag and port states, and others, maritime service providers
can protect seafarers’ health and, simultaneously, the public [36]. Certain web-based
interventions like online questionnaires can enhance the individual knowledge of seafarers
by informing, educating, reminding, and monitoring to fight against the ongoing epidemic.
Hygiene conditions, waste management, and room sanitation onboard are mandatory to
protect an individual’s health during virus outbreaks, including COVID-19. Guaranteeing
continuous handwashing and practices in waste management at working stations will help
to control the person-to-person transmission of the virus. This study was conducted during
the COVID-19 first wave, and we would like to recontact the participants to evaluate their
behaviours at the surge of the present second wave. Alternatively, telemedicine represents
the most realistic approach to provide medical assistance at sea. The same technologies
respecting legal and ethical standards [37] should be considered for providing health
education of seafarers.
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Abstract: During the COVID-19 pandemic in 2020, a number of international cruise ships were
infected, thereby resulting in serious public health and human rights problems. Multiple difficulties
were encountered in the prevention and control of the coronavirus disease onboard ships, while
rule-based international cooperation in this regard appeared inefficient and ineffective. By applying
interdisciplinary methodologies, including empirical research of law, policy science, and health
studies, this research reviewed the legal difficulties in the prevention and control of COVID-19
on international cruise ships and sought solutions from a policy-making and strategic perspective.
We found that, apart from the inherent nature of cruise ships such as crowded semi-enclosed areas,
shared sanitary facilities and limited medical resources, there are also nonnegligible legal reasons
affecting the effectiveness of containment measures on board. In particular, there is ambiguity and
even inconsistency of relevant international norms and domestic regulations, and some of the key
rules are neither mandatory nor enforceable. We conclude by suggesting that rule-based international
cooperation on this issue must be strengthened with respect to information sharing and management,
a more effective supervisory mechanism, clarification of key rules over jurisdiction and distributions
of obligations among the port states, flag states, nationality states, and cruise ship companies.

Keywords: COVID-19; infectious disease; international cruises; health policy and regulation; control
strategies; international cooperation; global health governance

1. Introduction

International cruise tourism is the fastest growing sector of the travel industry since
the early 1990s. Statistics show that in the past decade, cruising around the world has
continued to boom with an average annual growth rate of 6.8 percent, and it was estimated
that in 2020 the global ocean cruise industry would carry over 32 million passengers [1].
However, the sudden outbreak of COVID-19 at the end of 2019 deeply impacted this
$150 billion industry as a number of international cruise ships were infected. The British-
registered Diamond Princess cruise ship was the first one to have a major onboard outbreak,
with over 700 people being infected, and the ship being quarantined at the Yokohama port
of Japan on 4 February 2020, for nearly one month. By the end of May 2020, over 40 cruise
ships had confirmed coronavirus cases. The last infected cruise ship with passengers
onboard during the first wave of COVID-19, the German-based Artania, docked at its home
port with its last passengers on 8 June 2020 [2]. During this period, many countries closed
their borders and blocked international cruise ships from docking in order to prevent
and control the pandemic. The United States Centers for Disease Control and Prevention
(CDC), for instance, issued a No Sail Order effective on 13 March 2020 that suspended all
cruise ship passenger operations [3]. As a consequence, thousands of passengers were
quarantined on board for weeks before coming ashore, while seafarers were trapped at sea
for an even longer time before being repatriated, resulting in “a humanitarian, safety and
economic crisis” as described by the International Maritime Organization (IMO) [4].
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Outbreaks of COVID-19 on international cruise ships attracted worldwide concern
not only from stakeholders including cruise lines and national governments but also from
researchers and the public. As a matter of fact, due to the inherent features of cruise
ships such as the high population density, shared food supplies, and semi-enclosed living
environments, the spread of infectious diseases occurs relatively easily on board [5]. There is
scientific evidence in existing epidemiological studies suggesting that respiratory diseases,
including influenza, legionnaires’ disease, avian influenza A(H7N9) and Middle East
Respiratory Syndrome (MERS), are all among the most dangerous and high-risk viruses on
cruise ships [6,7]. Once such infectious diseases break out on board, the viruses usually
transmit rapidly and lead to public health emergencies that pose substantial challenges
to the safety of ports and coastal states. During the COVID-19 pandemic, there is clear
evidence that passengers aboard cruise ships played a role in spreading the coronavirus
disease to a number of countries [8].

Both the prevention and the control of infectious diseases on cruise ships are relatively
more complicated and problematic, especially for those international ships with passengers
of different nationalities and docking ports located in different countries. Apart from
the limited healthcare and medical conditions onboard, there are also difficulties with
respect to the rule-based international cooperation and coordination of treatment measures.
During the first wave of the COVID-19 pandemic, a number of international cruise ships
were denied from docking or entering into the costal ports, as states applied different,
changing, and sometimes even conflicting rules. The Holland America MS Westerdam
cruise ship is a typical case in point. After departing from Hong Kong with 1455 passengers
and 802 crew members on 1 February 2020, because of suspected coronavirus cases on
board, the ship was denied entry not only by its destination port of Yokohama but also
by other nearby ports in Japan, South Korea, Guam, Thailand, and the Philippines. On 13
February 2020, the ship was finally accepted by Sihanoukville Port in Cambodia, ending
its two weeks’ helplessly drifting at sea. From a legal perspective, do these states have
the right to deny entry? Which state is obligated to provide assistance in a public health
emergency? If an infected ship is permitted to dock and disembark passengers, what
measures can the port state take under its governing laws? How can it be ensured that all
involved parties, including the flag state, the coastal state, and the ship operator/owner’s
state, will cooperate effectively in the face of a global pandemic? All these issues are
important for international cruise ships to prevent and control the on-going COVID-19
pandemic. However, they largely remain unclear and even unanswered. Existing literature
and research mainly focus on textual interpretation of relevant legal provisions under
normal circumstances, but without concurrently taking into account the unique features of
international cruise ships. Much less is discussed under the on-going COVID-19 pandemic
circumstance, which have brought upon unprecedented new challenges to the whole
world.

Against this backdrop, this research article aims to analyze the international regulatory
issues relating to the prevention and control of epidemics on international cruise ships, with
a special focus on investigating those legal mechanisms from the perspective of strategies
and policies of epidemic prevention and control. Section 2 introduces the collection of data,
research materials, and methods of this research. Section 3 presents the research findings
about the various legal difficulties of preventing and controlling COVID-19 on international
cruise ships, and briefly summarizes the legal issues and conclusions. Section 4 further
analyzes and discusses those regulatory issues in detail. Section 5 provides suggestions for
addressing the aforementioned issues.

2. Materials and Methods

2.1. Research Data

Regarding the facts about outbreaks of the COVID-19 pandemic on international
cruise ships, relevant information and data were collected mainly through the official web-
sites of involved institutions, such as the International Maritime Organization (IMO), the
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International Cruise Line Association (ICLA), and other public sources such as Wikipedia
and international news reports. The searching period for the factual data is set between
January 2020 and December 2020.

For policies and strategies of COVID-19 prevention and control on cruise ships, re-
search materials and data were collected mainly through relevant governmental depart-
ments, such as Japan’s Ministry of Health, Labour and Welfare, China’s National Health
Committee and Maritime Safety Administration, and the United States Centers for Dis-
ease Control and Prevention (CDC) as well as its Vessel Sanitation Program (VSP). For
academic analysis and discussions of these policies and strategies, research literature and
references were obtained by searching databases such as PubMed, Medline, and Embase
using keywords cruise ships, infectious disease, COVID-19, travel health, ship sanitation,
and PHEIC.

For research questions on the governing laws and precedent cases, such as the interpre-
tation and application of relevant provisions of the United Nations Convention on the Law
of the Sea (UNCLOS), the WHO’s International Health Regulations (IHR), and the IMO’s
Guidelines on Places of Refuge for Ships in Need of Assistance, references were acquired
by searching Heinonline, Westlaw, LexisNexis and other professional legal databases.

2.2. Research Methods

Interdisciplinary methodologies including empirical research of law, policy science,
and health studies were adopted. The comprehensive search and literature review of
COVID-19 cases that are linked to cruise ships were conducted so as to provide a strong
basis for empirical analysis and further discussions. Past public health incidents on inter-
national cruise ships during other pandemics such as SARS and MERS are also referred to.
Based on findings of these facts, the actual effects of relevant rule-based mechanisms on
tackling cruise ships’ public health emergencies are evaluated. These empirical studies will
facilitate our understanding on the functioning of relevant legal regime and its impact on
the formulation of pandemic control policies in the face of the COVID-19.

Doctrinal research, named “black letter” methodology, is fundamental to the study
of legal issues. We will identify, describe, and critically analyze the text of relevant legal
provisions contained in the UNCLOS, the IHR, and other relevant international conventions,
as well as relevant domestic regulations of Japan, the United States, and other countries.
The aim of textual analysis is to explore the original intention of legislation and identify
ambiguities, inefficiencies, and even inconsistencies in relevant rules, based on which
improvement suggestions and solutions are provided.

Case studies are also important for this research. We particularly focused on those
representative cases such as the Diamond Princess cruise ship, which is considered a
de facto epidemiological laboratory during the first wave of COVID-19 outbreaks in
2020. Lessons learned from this high-profile case are worth carefully studying in terms of
strengthening rule-based international cooperation and improving health conditions on
future cruise ships in similar pandemic situations. Major questions of these case studies
include emerging regulatory issues encountered by various parties, whether and to what
extent they are liable, whether their measures comply with relevant international and
national norms and whether the right to health of people on board is sufficiently protected.

3. Results

Through data retrieval and analysis, we found that there was a COVID-19 pandemic
outbreak on nearly 50 international cruise ships. A number of typical cases are listed in
Table 1 below, which clearly indicates the complexity of this issue [9]. We also found that
different cruise ships, ports, and coastal states adopted different measures to prevent and
control the pandemic, which directly led to controversies. In particular, many ports were
closed for travel restrictions and denied entry to international cruise ships and foreign
nationals. Some countries such as Australia and the United States banned all foreign flagged
ships from docking and directed them to leave, making no allowance for disembarkation.
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As a consequence of these controversial measures, thousands of passengers and crew
members around the world were stranded on board and unable to be repatriated home.

Table 1. List of selected COVID-19 cases on cruise ships.

Ship Name Passenger Crew Cases Dock/Location Owner/Operator

Artania 800 500 89 Fremantle, Australia Phoenix Reisen, German
Braemar 682 38 5 Mariel, Cuba FOCL, Norway

Coral Princess 1020 878 12 Miami, USA Princess Cruises, Bermuda
Costa Luminosa 1370 410 36 Marseille-Fos, France Costa Cruises, Italy

Costa Magica 2309 945 2 Miami, USA Costa Cruises, Italy
Diamond Princess 2666 1045 712 Yokohama, Japan Princess Cruises, Bermuda

Grand Princess 2422 1111 122 Oakland, USA Princess Cruises, Bermuda
Paul Gauguin 148 192 1 Papeete, France Ponant, France
River Anuket 101 70 45 Luxor, Egypt Holland America, USA

Roald Amundsen 177 160 36 Tromsø, Norway Hurtigruten, Norway
Silver Shadow 318 291 2 Recife, Brazil Royal Caribbean, USA

Westerdam 781 747 1 Sihanoukville, Cambodia Holland America, USA
World Dream 1871 1820 12 Hong Kong, China Dream Cruises, China

Zaandam 1243 586 11 Everglades, USA Holland America, USA

The factors resulting in the difficulties of COVID-19 prevention and control on inter-
national cruise ships, apart from those inherent physical circumstances such as close living
and working conditions and medical treatment restrictions on board, we found that the
inadequacy and even failure of cooperation by involved parties were incredibly salient.
The WHO has indicated that health on international cruise ships is a shared responsibility
of all relevant stakeholders, involving equitable access to essential care and collective
defense against transnational threats [10]. In terms of international cooperation when
there is a Public Health Emergency of International Concern (PHEIC), ideally, all involved
parties and states could make effort to cooperate with each other, whether for humanitarian
purposes or to fulfill a specific obligation. During the first wave of the COVID-19 pandemic,
we found that the fundamental international cooperation was weak. By taking cooperation
under the United Nations framework as an example, although there are several specialized
agencies such as the WHO, the ILO, and the IMO that are closely connected with the
prevention and control of COVID-19 on international cruise ships, cooperation among
them remains largely at the level of making joint declarations, with few joint actions. As
a result, the functioning of these key international organizations appears inefficient and
ineffective in the face of the COVID-19 pandemic.

We further found complicated legal motivations, as all measures and cooperation
are rule-based. A large number and variety of laws and regulations, both national and
international, are applicable to the issue of prevention and control of COVID-19 on in-
ternational cruise ships. The UNCLOS, the foremost international agreement on law of
the sea, for example, provides rules including the general obligation of maritime rescue
and cooperation, jurisdiction of port states and flag states. Meanwhile, more substantial
regulations on the management of ships and ports, entry and exit control, and health and
quarantine requirements are contained and scattered in other international and national
laws of the countries involved. In this regard, we discovered that there are certain am-
biguity and even inconsistency with regard to the relevant international norms and the
domestic regulations of individual states. Such a lack of regulatory harmony directly led to
problems of conflicted jurisdictions, unbalanced liabilities, and an uncertainty of rescue
obligations during the COVID-19 pandemic.

Moreover, some key rules are not enforceable or mandatory. For example, in order
to cope with coastal states’ prohibition of environmentally threatening foreign ships from
entering their ports, the IMO passed two resolutions to address the issue of places of refuge
for ships in distress: the Guidelines on Places of Refuge for Ships in Need of Assistance [11]
and the Maritime Assistance Services [12], which contain provisions for the coastal states
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to establish a ship refuge system. Nevertheless, these norms are soft law in nature and
are not mandatory for implementation by any party. Under the PHEIC circumstances,
in consideration of other factors such as self-safety, high risks and costs, environment
protection and even geopolitics, most coastal states are understandably disinclined to
accept infected ships entering their refuge areas. As a consequence, those distressed ships
usually could not be timely and efficiently rescued. Similarly, we found that another
key international organization, the WHO, only has limited legislative and enforcement
power to regulate epidemic control measures on international cruise ships, while most
of its IHR provisions serve more as guidelines for the national governments. The free
pratique principle and restrictions on it is a case in point in terms of implementing the IHR
regulations during the COVID-19 pandemic.

4. Discussion

4.1. Free Pratique, Rescue Obligation, and Refusal of Entry
4.1.1. Application of the Free Pratique Principle

As a general principle, according to the IHR, a country shall grant ships the right of
free pratique; that is, ships shall not be prevented from calling at any point of entry for
public health reasons [13]. This is also in line with relevant UNCLOS provisions which
require the coastal states to recognize the right of innocent passage for foreign ships [14].
Therefore, at the early stage of the COVID-19 outbreak, the WHO together with the IMO
had called on all countries to respect the free pratique principle when noticing that several
international cruise ships either experienced delayed port clearance or were denied entry
to ports because of the coronavirus [15].

A limitation to the free pratique principle is that, when infection or contamination
sources are found on board, a country may require disinfection, decontamination, disin-
section or deratting, or other necessary measures that should be taken to prevent the
spread of the infection or contamination [13]. The IHR also authorizes a country to take
additional health measures pursuant to its national law, given that such measures are
based on scientific principles, available scientific evidence of risk to human health, and
the specific guidance or advice from the WHO [16]. Accordingly, a justified decision on
whether there is a risk to human health requires actual and reliable research data; otherwise,
the additional measures taken by an individual country will likely be challenged by other
parties for lacking necessary evidence. This is the underlying reason why controversies
arose when, during the COVID-19 pandemic, international cruise ships were denied entry
into a number of costal states without justifications. For application of the “free pratique”
principle, despite the insufficiencies of implementing relevant IHR provisions, whether a
cruise ship might result in the spread of the coronavirus or bring other risks to the coastal
states needs to be assessed with sufficient scientific methods. It is a scientific rather than a
legal issue.

Though the UNCLOS allows costal states to deny a foreign ship’s right of innocent
passage in their territorial waters and prohibit ships from entering for sanitary reasons [17],
some ships were actually denied entry into ports without an evidence-based risk assessment
(EBRA). The dilemma under the COVID-19 circumstance is that, on the one hand, the
EBRA shall be based on actual and existing scientific data and requires professionals to use
scientific methods to analyze the relevant data of the coronavirus; on the other hand, the
coronavirus as a new disease has a certain degree of concealment in terms of its detection,
infection, and transmission, especially at the early stage when not much was known.
Therefore, the uncertainty of necessary scientific evidence would lead to hysteresis and
insufficiency in applying those rules.

4.1.2. Rescue Obligations of Coastal and Port States

From a legal perspective, when a pandemic outbreak occurs on board and an inter-
national cruise ship needs to be rescued, the first thing to ascertain is which country has
an obligation to rescue. The UNCLOS stipulates two major types of maritime states: the
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coastal states and the port states [18]. According to its Article 98, every coastal state shall
promote the establishment, operation and maintenance of an adequate and effective search
and rescue service regarding safety at sea and where circumstances require cooperation
with neighboring states for this purpose. Outbreak of COVID-19 on cruise ships would
inevitably endanger passengers and crew members on board as well as the general safety
at sea. In this sense, all costal states are under the general obligation of international law to
rescue infected ships and people under their jurisdiction.

There are virtually two types of port states: one involves a cruise ship that has
already entered the port, and the other involves a scheduled port of call without entering.
In the latter case, according to relevant provisions of the IHR [19], if the port of call is
an international sanitation port as accredited by the WHO, implying that it has certain
sanitary facilities and the necessary capability to take such measures as quarantine on
board or ashore, then its state should fulfill the relevant rescue obligations. In addition,
the state of the ship’s home port shall also undertake the rescue obligation, even in the
absence of explicit provisions in existing international conventions and related laws. This
is because the home port, as the main place of operation of an international cruise ship, has
the closest connection by nature with the ship and therefore should provide assistance to
the endangered ship under any circumstance.

4.1.3. The Right of Refusal to Entry

The rescue obligations of coastal and port states have limitations. Under the UNCLOS,
the rescue obligation primarily concerns dangerous situations such as typhoons and colli-
sions at sea, under which circumstances the nearby ships are obliged to render assistance
when a cruise ship calls for rescue in international waters. The COVID-19 pandemic,
whereas, is somewhat different from those circumstances. When a pandemic occurs, not
only does the cruise ship require special treatment, but the rescuers, including the port
states, also need to consider whether they have the necessary capability to prevent and
control infectious disease. This is particularly the case in the early stages of the COVID-19
outbreak when many things were unknown in terms of transmission, containment, and
treatment. It would be unjustified to request a costal or port state to undertake rescue obli-
gations while putting its own people at risk. Therefore, in the case of the Westerdam cruise
ship, Guam refused to rescue by stating that it had limited resources to “screen, quarantine,
or treat 1400 patients at one time”, and its “obligation [was] to protect the people of Guam”
first [20]. Other ports in Japan, South Korea, Thailand, and the Philippines also denied the
ship from entry for similar reasons.

Under UNCLOS, innocent passage through territorial sea is an important right of all
ships, as long as it is not prejudicial to the peace, good order, or security of the coastal
state [21]. As a balance, the coastal state may take necessary steps in its territorial sea to
prevent passage that is not innocent and, in its contiguous zone, may also exercise control
necessary to prevent infringement of its custom, immigration or sanitary laws within its
territorial sea [22]. Accordingly, the premise of an international cruise ship’s innocent
passage is not to jeopardize the security of coastal states. In other words, if the coastal state
deems that the infected international cruise ship may pose a threat to its own safety, it may
choose to deny entry of the ship.

If a ship may bring about serious safety threats, costal states are inclined to refuse
its entry. Environmental pollution excuses are mostly seen in the past. For example, in
November 2002, when the Greek-operated oil tanker MV Prestige carrying 77,000 tonnes
of heavy fuel oil was in danger while passing through the waters near Spain, not only the
Spanish but the French and Portuguese governments also refused to allow the ship to dock,
as these costal states claimed that such an oil leakage accident would cause tremendous
damage to their local ecological environment. Compared with oil pollution, the impact of
an unpredictable pandemic could be greater. Hence, it can be assumed that the coastal and
port states were under pressure to deny entry of an infected international cruise ship in the
COVID-19 pandemic circumstance.
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4.2. Who Is Accountable?

Apart from the coastal and port states, there are other stakeholders who are also
accountable for the prevention and control of COVID-19 on international cruise ships,
we found that the flag state, the cruise ship company, and the states of the nationalities of
onboard passengers and crew members are also legally involved.

4.2.1. Flag State

The flag state of an international cruise ship is the jurisdiction under whose laws
the ship is registered or licensed, namely, the nationality of the ship. Many international
agreements including various IMO conventions require the flag states to effectively exercise
their jurisdiction and control in administrative, technical and social matters over ships
flying their flags [23]. Hence, when encountering COVID-19 issues, a cruise ship can
choose to call at the port of its flag state. Even if the ship is in the waters of other states, its
flag state cannot be exempted from those obligations and responsibilities under the flag
state principle.

The UNCLOS requires that all ships should have the nationality of the state whose
flag they are entitled to fly, and there must be a genuine link between the real owner of
the ship and the flag with which the ship flies [24]. However, for various reasons and for
a long time, to date there is still no uniform standard in implementing this crucial rule,
which has led to the so-called “flag of convenience” problem. According to the UNCTAD’s
latest Review of Maritime Transport, in 2019, 7 of the world’s top 10 ship-owning states
had their national flags weight under 20% [25]. Under COVID-19, even though they are
legally bound, flag states have neither pressure nor motivation to undertake epidemic
prevention and control responsibilities. This is also the underlying reason why most
flag states chose to shy away from exercising their jurisdictions when their cruise ships
encountered COVID-19 problems.

4.2.2. Cruise Ship Company

While a flag state has the legal authority and responsibility to enforce inspection
and safety regulations on international cruise ships that are registered under its flag, the
safe operation of ships and the safety of people onboard are primarily the ship operators’
responsibility. Article 1 of the IHR defines an operator as “a natural or legal person in
charge of a conveyance or their agent,” which may include ship operators, ship managers
and other enterprises, generally referred to as cruise ship companies. Under the current
international law framework, there are regulations that specify responsibilities of the states
and cruise ship companies with respect to safety and health issues. Article 24 of the IHR,
in particular, provides that a state shall take all practicable measures to ensure that ship
operators (a) comply with the health measures recommended by WHO and adopted by
the state, (b) inform travelers of the health measures recommended by WHO and adopted
by the state for application on board, and (c) permanently keep ships free of sources of
infection or contamination, including vectors and reservoirs. Corresponding measures
to control sources of infection or contamination may be required to apply if evidence is
found. When the COVID-19 pandemic is confirmed as a PHEIC, cruise ship companies are
obligated to further strengthen their healthcare measures and to cooperate with authorities
of coastal and port states as well as their flag state so as to carry out epidemic prevention
and control actions effectively, which includes reporting the ship’s actual situation quickly
and accurately.

4.2.3. State of Nationality of the People on Board

As far as the protection of human rights is concerned, the states of nationality of
passengers and crew members on international cruise ships are also legally accountable
when they are in danger during the COVID-19 pandemic. Both international treaties, such
as the International Covenant on Economic, Social and Cultural Rights (ICESCR), and
national laws contain relevant provisions that require the state of the nationalities of the
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people on board to protect its citizens, which entails protecting the right to health, i.e., “the
highest attainable standards of physical and mental health” [26]. From this perspective,
all involved states of nationality are obligated to rescue the infected cruise ship in order
to protect their nationals’ basic right to health. In the Diamond Princess case, largely out
of humanitarianism considerations, Japan eventually decided to permit onboard people
to disembark so as to take care of their health. Other states of nationality in this case,
such as China and the United States, also arranged to evacuate their nationals and to
quarantine them further in their own countries. Indeed, as a UN expert recently pointed
out, in the fight against the unprecedented COVID-19 pandemic, binding obligations shall
be grounded first and foremost on the right to health framework which compels all parties
involved to examine the adequacy of their measures [27].

4.3. Rationality and Legality of Certain Measures
4.3.1. Quarantine at Sea

While the Diamond Princess cruise ship was at berth in the Yokohama Port, the
Japanese authorities decided to quarantine the entire ship, including all passengers and
crew members, on the sea instead of at a designated medical institution on shore for
inspection and observation. Some of the measures brought about challenges in terms of
rationality and legality.

According to related international agreements, such as the Convention on the Inter-
national Regime of Maritimes Ports, the assessing criteria mainly include the necessity,
reasonableness, appropriateness, and non-discrimination of applying the measures. Article
28(5) of the IHR provides that, if a suspect or affected ship berths elsewhere than at the
port at which the ship was due to berth for reasons beyond the control of the officer in
command of the ship, as soon as the competent authority has been informed, it may apply
health measures recommended by the WHO or other IHR health measures. Nevertheless,
these criteria are generally broad, and, apart from them, there are no other compulsory
requirements under existing international legal frameworks. Hence, whether a state’s
specific measures are legitimate or not, it should be assessed by the applicable laws of the
concerned state.

When the Diamond Princess was permitted to berth, Japan as the port state had
the discretionary right to take inspection and sanitary measures deemed necessary in
accordance with its own domestic laws so as to prevent and control the pandemic, including
requiring mandatory quarantine for 14 days. However, the consequence of applying these
measures during the quarantine period was that the number of confirmed COVID-19 cases
on board continued to rise. There are reasons to doubt that such a situation is directly linked
with the quarantine environment of the ship itself as well as certain measures adopted
by the Japanese authority. In other words, it appeared that some of Japan’s measures
failed to fully consider or even ignored whether the cruise ship itself has the necessary
conditions for an effective quarantine. If this can be established, then the rationality and
appropriateness of these measures adopted on board would be subject to challenge.

4.3.2. Prohibiting Persons on Board from Disembarking

Another controversial measure taken by the Japanese government in the Diamond
Princess case was that all passengers and crew members on board were prohibited from
disembarking, while some held that those healthy people should be allowed to go on shore
first. Article 28(2) of the IHR stipulates that ships “shall not be prevented from embarking or
disembarking” for public health reasons. However, again, this may be subject to inspection
or other measures necessary to prevent the spread of infection or contamination. Article
43(1) further provides that in response to specific public health risks or PHEIC, a country
may apply additional health measures in accordance with its relevant national laws if
these measures can achieve the same or a greater level of health protection than WHO
recommendations. Such measures shall not be more restrictive of international traffic
and not more invasive or intrusive to persons than reasonably available alternatives that
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would achieve the appropriate level of health protection. In addition, from a human rights
perspective, IHR Article 3 requires that “the implementation of these Regulations shall
be with full respect for the dignity, human rights and fundamental freedoms of persons”.
As such, if a country adopts certain public health measures that impose restrictions on
free movement or require other interventions at a personal or community level, these
measures must consist with human right protection requirements and be balanced with
ethical considerations.

In the case of the Diamond Princess, because of the poor circulation of fresh air on
board, especially in narrow cabins, being quarantined in such a confined space would be
more likely to increase cross-infection. Even for healthy people, their immunity would
decrease as a consequence of excessive psychological pressure who suffered from the
depressive environment, therefore increasing the probability of infection [28]. In other
words, those healthy people quarantined on board are below the appropriate level of health
protection and would be more likely to be infected than under normal circumstances.
If fact, on the Diamond Princess, it was reported that quarantined passengers and crew
members increasingly felt helpless, anxious, and fearful, and over time various degrees of
mental and physical exhaustion were common [29]. There are studies showing that close
confinement helps the coronavirus to spread on board, and passengers could still infect
their room-mates and crew members during cabin quarantine [30]. In this sense, Japan’s
prohibition of healthy people onboard from disembarking appears problematic.

5. Conclusions

During the COVID-19 pandemic, many international cruise lines were suspended
in an effort to prevent the global spread of the new coronavirus disease. Some national
governments prohibited foreign cruise ships from entering their ports, making thousands
of passengers and seafarers unable to disembark while the ships were at sea. These
predicaments highlight the lack of international cooperation and coordination for handling
such emergencies. COVID-19 is not the first time that international cruise ships encountered
predicaments because of a pandemic. After establishing the public health emergency
mechanism under the IHR, the WHO has declared the PHEIC six times. SARS in 2003,
the H1N1 influenza in 2013, the Ebola virus disease in 2014, and MERS in 2015 affected
the global cruising industry substantially. Similar public health problems are likely to
happen again in the future. Therefore, we make the following recommendations for the
prevention and control of highly contagious epidemics such as COVID-19 on international
cruise ships.

First, it must be recognized that in the era of globalization and in the face of a global
pandemic, no single state can manage everything, nor can any single international organi-
zation solve the problems independently [31]. The predicaments international cruise ships
encountered in the early stages of the COVID-19 pandemic, including the above-mentioned
legal controversies, clearly indicate that international coordination and cooperation in this
field must be strengthened and improved systemically. For instance, the rapid spread of
coronavirus on some cruise ships partially resulted from the design of ships, which pre-
vents the effective inspection and isolation of the disease, and a shortage of quarantine and
medical facilities, screening, and monitoring protocols. Therefore, in terms of the technical
standards of cruise ships, the international community should jointly revise and upgrade
the construction specifications and epidemic prevention standards of cruise ships by means
of, inter alia, coordinating expert groups on a ship’s air-conditioning systems, ship design,
operation, and management, and promoting these more advanced technical standards
to key stakeholders via international organizations such as the International Association
of Classification Societies (IACS). In the meanwhile, it must be acknowledged that the
capabilities of different stakeholders are varied and a national government’s priority is
always to protect its own citizen’s rights. Any future international cooperation shall take
into consideration the imbalances among all stakeholders.
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Information sharing and management is also crucial for the prevention and control of
the pandemic. Operating international cruise lines usually involves multiple ports, states,
and regions; in the case of epidemic outbreaks, cruise ship companies are expected to
work closely with relevant public health authorities to enforce health requirements. It is
particularly necessary for them to collect information on the occurrence and development
of the epidemic quickly and accurately and to establish a risk assessment mechanism so as
to cope with public health emergencies. In this regard, we advise the port states to consider
epidemics as an essential indicator in assessing the safety of cruise ships, make files for
each visiting ship, and review their emergency response mechanisms regularly.

All this international cooperation should be rule-based and under the framework
of relevant international organizations including the WHO, the IMO, the ILO, and the
International Chamber of Shipping (ICS). Their primary mission is to coordinate diversified
regulations and practices of different countries, make suggestions on establishing harmo-
nized or even unified rules, and evaluate whether a country is fulfilling its responsibilities
and obligations under relevant legal frameworks. In view of the regulatory controversies
that occurred during the COVID-19 pandemic, these international organizations are partic-
ularly expected to take a leading role in evaluating key international rules embodied in
the IHR, the International Labour Convention, the Convention on Facilitation of Interna-
tional Maritime Traffic and the International Convention for the Safety of Life at Sea. We
recommend that these organizations be more actively involved in addressing those new
legal issues under the COVID-19 pandemic circumstances by way of improving existing
cooperation and surveillance mechanisms of involved parties. In view of strengthening the
future global health governance framework, a more effective supervisory mechanism is
highly recommended so as to harmonize various national laws on pandemic control with
the international health standards.

With respect to the specific rules in relation to the prevention and control of COVID-19
on international cruise ships, the future legal frameworks are expected to define more
clearly the roles and responsibilities of all stakeholders, especially the coastal states, port
authorities, and cruise operators. As a general rule, human rights protection shall be the
priority consideration when humanitarian crises occur due to the quarantine of people
onboard. Contemporary international law has actually been increasingly highlighting
human rights, such as the rights “to just and favourable conditions of work [and] to rest
and leisure, including reasonable limitation of working hours and periodic holidays with
pay” as stipulated by the UN Human Rights Charter [32]. The general duties to render
assistance under the UNCLOS, including requiring coastal states to rescue people whose
safety are endangered at sea, are also for humanitarian protection [33]. During the COVID-
19 pandemic in 2020, numerous seafarers were stranded on cruise ships and were unable
to return home as a result of travel restrictions imposed by various states, leading to a
humanitarian and safety crisis [34]. Their fundamental human rights were apparently
not well respected and protected. An encouraging move was that, on 8 December 2020,
the ILO called for urgent action by adopting a special resolution to address the situation
and placed the issue of seafarer’s rights at the forefront of state consideration [35]. This is
the direction in which the international community shall direct their efforts, and a more
explicit highlighting of applicable human rights regulations shall be included in future
international health law frameworks.

In line with the human rights principle as well as other UNCLOS rules such as
the flag state principle, we recommend further clarification on exercising jurisdiction
and distributing responsibilities, so that all involved parties can provide the necessary
assistance as much and as conveniently as possible in response to COVID-19 control on
international cruise ships. Figure 1 presents the priority order of stakeholders undertaking
responsi-bilities. More specifically, when a cruise ship is sailing on international waters
that are not within any of the state’s jurisdiction, the flag state shall maintain its prior right
and obligation to rescue the ship. Other coastal states and states of nationality may exercise
jurisdiction on the basis of human rights protection. However, when the ship is on the
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territorial sea of a coastal state and called at a specific port, we recommend that the port state
take precedence so as to implement public health measures in accordance with the IHR and
other applicable laws. In the meantime, all other stakeholders of the infected ship, including
its flag state, the states of the nationality of those on board, and cruise ship companies, shall
also actively coordinate and cooperate to fulfill their responsibilities, respectively. That is,
a multiple or combined responsibility mechanism is highly recommended.

 
Figure 1. Priority Order of Stakeholders undertaking Responsibilities.
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Abstract: During the COVID-19 pandemic, a social lockdown should be put in place and individuals
should stay at home. Behavioral change is the only way to prevent the pandemic and overwhelmed
healthcare systems until vaccines are available. We aimed to examine the psychological factors
that predict staying at home during the COVID-19 pandemic and social lockdown. A total of
1980 participants in Japan completed a survey for this study from 9 to 11 May 2020, when the
state of emergency covered all prefectures in the country. Self-reported behavior in terms of
staying at home, the perceived severity of the pandemic, vulnerability to the pandemic, response
efficacy, and self-efficacy based on protection motivation theory were assessed. Multiple regression
analysis showed that perceived severity (standardized β = 0.11, p < 0.001) and self-efficacy
(standardized β = 0.32, p < 0.001) significantly predicted greater levels of staying at home,
after controlling for socio-demographics. However, perceived vulnerability and response efficacy did
not. To encourage people to stay at home during the pandemic and social lockdown, increasing the
perceived severity of infection by COVID-19 and self-efficacy in terms of exercising restraint with
respect to going out may consequently encourage people to stay at home.

Keywords: COVID-19; novel coronavirus; social lockdown; protection motivation theory;
health behavior; health communication

1. Introduction

The outbreak of the coronavirus disease (COVID-19) has emerged as the largest global pandemic
in recent history [1]. Currently, no medicine has been identified for the treatment of the disease [2].
COVID-19 is a transmissible disease that can be passed from an infected individual through any
object that carries the virus to anyone who comes into contact with it. Therefore, social lockdown
has been recommended by health experts as a preventive measure [3,4]. Social lockdown is a
restriction of inter-individual physical contacts [5]. Under social lockdown, unnecessary movements
and contacts between individuals are not allowed. Experts have proposed that social lockdown
would generate better consequences, such as controlling the increase in the number of infected
individuals, restricting community infection, preventing the healthcare system from becoming
overloaded, and providing better health care to the infected individuals [5]. Owing to its importance,
the governments of many countries across the world have declared local and national social
lockdowns [5,6].

In Japan, the government declared a state of emergency on 7 April 2020 [7]. The state of
emergency allowed the prefectural governors to request residents to refrain from unnecessary
and non-urgent outings, and also to request business operators to restrict their use of stores and
facilities [7]. Initially, the state of emergency covered the period from 8 April 2020 to 6 May 2020,
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and the target area was seven prefectures, including Tokyo and Osaka [7]. As of 7 April 2020,
the number of infected individuals was 4625, and the number of deaths was 80 [8]. Those numbers
rapidly increased after the declaration, rising to 14,034 cases and 170 deaths as of 15 April 2020 [8].
Therefore, on 16 April 2020, the area covered by the state of emergency was expanded to all prefectures
in Japan [9]. Moreover, the Japanese government designated “specified warning prefectures” where
there had been a particular increase in the number of infected individuals. There were six “specified
warning prefectures”, including Hokkaido and Kyoto, in addition to the seven prefectures targeted
first [9]. Furthermore, on 2 May 2020, the target period was extended to 31 May 2020 [9].

However, the Japanese state of emergency had few legally enforceable measures [10], and it was
not a legal lockdown of the type imposed in some countries [11]. The Japanese stay-at-home order
was just a “request” by the governors, and they had no legal powers to penalize individuals who
disregarded calls to stay at home [11]. Accordingly, only about 40% of individuals reduced their
frequency of shopping trips, and only about 30% reduced outing for the purpose of commuting in
the seven prefectures first targeted in the state of emergency between a week and ten days after the
declaration of emergency [12]. Even in countries in Europe and states in the U.S. where the lockdown
had legal force, some people resisted it and disregarded calls to stay at home (e.g., [13,14]). Even if
the number of newly infected individuals decreases, relaxing the interventions and resuming going
out could cause a second wave of the spread of infections [15]. Because social lockdown is the only
existing weapon to prevent the spread of the COVID-19 pandemic until vaccines are available to halt it,
changing individuals’ behavior regarding staying at home is crucial [5].

In the early stages of a pandemic, effective communication of risk and preventive behaviors to the
general public is one of the main public health strategies to reduce morbidity and mortality [16–19].
Protection motivation theory (PMT) [20,21] is one of the behavioral change theories that have
been employed in such public health communications during pandemics [22,23]. PMT assumes
that the motivation (i.e., intention) to protect oneself from danger is determined by two processes:
threat appraisal and coping appraisal. Threat appraisal depends on the perceived severity of the health
threat and on the perceived vulnerability to it. Coping appraisal depends on the perceived response
efficacy (i.e., evaluation of whether the behavior is effective for alleviating the threat) and on perceived
self-efficacy (i.e., evaluation of whether one will be able to carry out the behavior). PMT posits a
positive linear relationship between the threat and coping appraisals and behavioral intention. In fact,
previous studies showed that individuals’ perceived severity of the situation, vulnerability to the
situation, response efficacy, and self-efficacy predicted their motivation to protect themselves during
an influenza pandemic [22–25].

It is crucial to investigate factors that predict the behavior of staying at home during the COVID-19
pandemic, especially psychological factors that can be influenced through interventions. One previous
study investigated the impact of online information regarding the intention to voluntarily self-isolate
during the pandemic in Finland using PMT as a framework [26]. That study reported that perceived
severity and self-efficacy had a positive impact on self-isolation intention [26]. However, no studies
have investigated the relationship between PMT constructs and the intention to stay at home in Japan.
Such an investigation is urgent under the situation where the Japanese state of emergency only included
a few legally enforceable measures, as mentioned earlier. If psychological factors that predict the
behavior of staying at home during the COVID-19 pandemic are revealed, the findings will contribute
to more persuasive public health campaigns to encourage people to stay at home in Japan. Such public
health campaigns are especially important in situations where vaccines are not yet available. We aimed
to examine the psychological factors that predict the behavior of staying at home during the COVID-19
pandemic and social lockdown based on the PMT. Our research question was which construct of PMT
predicted staying at home during the COVID-19 pandemic and social lockdown in Japan.
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2. Materials and Methods

2.1. Study Design and Setting

This cross-sectional study was conducted from 9 May 2020 to 11 May 2020, when the state of
emergency covered all prefectures in Japan. This cross-sectional study was conducted as part of
another intervention study in Japan [27]. Participants in this cross-sectional study were the same as
those in that intervention study. The sample size was determined for that intervention study [27].
Based on the effect size in a previous randomized controlled study [28], we estimated a small effect size
(Cohen’s d = 0.20) in that intervention study [27]. We conducted a power analysis at an alpha error
rate of 0.05 (two-tailed) and a beta error rate of 0.20. The power analysis indicated that 330 participants
were required in each of the five intervention groups and one control group (i.e., 1980 participants in
total). All participants in this study responded to all measures described below prior to the intervention
in that study.

2.2. Participants and Procedures

The participants were recruited from people registered in a survey company database in Japan.
E-mails were sent to 47,874 registered users. Of those, 5599 e-mail recipients responded to screening
questions. Men and women aged 18–69 years were eligible to participate. The exclusion criteria
were individuals who answered in the affirmative to screening questions asking if they are unable to
cooperate with a study on the novel coronavirus infection being conducted by the University of Tokyo;
if they could not go out due to illness or disability; if they had been diagnosed with a mental illness;
or if they or their family members had been infected with COVID-19. In total, 1320 individuals were
excluded from the screening questions.

A total of 4279 respondents who were determined to be eligible and consented to participate
were invited to complete a web-based survey. The respondents answered questions on a computer or
smartphone that was connected to the Internet. We stopped the invitations to complete the web-based
survey once 3569 individuals had completed the survey. We set the number to 3569 individuals so
as to recruit a larger sample of respondents than the required sample size, to avoid under-sampling
owing to incomplete responses. A database of the survey company was used for allocation of
sex, age, and residential area. Finally, 1980 participants were randomly selected from among the
3569 respondents. That random selection was conducted in keeping with the allocation according to
the population composition ratio of Japan.

2.3. Ethical Considerations

The protocol was approved by the ethical review committee at the Graduate School of Medicine,
University of Tokyo (number 2020032NI). All participants gave written informed consent in accordance
with the Declaration of Helsinki.

2.4. Measures

2.4.1. Sociodemographic Measures

The participants were asked for their sociodemographic information: gender, age, residential prefecture,
educational background, and household income.

2.4.2. Dependent Variable

Because there was no validated scale to assess behaviors of staying at home that was applicable to
the present study, a measure was adapted from previous studies of influenza pandemic [29,30] and
modified. Namely, from those measures of the previous studies [29,30], we excluded a question about
the reduction of the amount of using public transport because those who live in city areas use public
transport whereas those who live in rural areas use cars in Japan. We also excluded a question about
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taking time off work because it depended on workplaces whether to allow workers to commute to
work under the Japanese state of emergency. Additionally, we changed a term of “the new flu” in
the measures of those previous studies [29,30] to “the novel coronavirus” in the present study. In the
present study, the participants responded to the following three questions on 1–10 scales ranging from
“same as normal” to “not going out at all”: (1) Have you deliberately canceled or postponed plans such
as “meeting people,” “eating out,” or “attending events” because of the novel coronavirus infection?
(2) Have you deliberately reduced the time you spend shopping in stores outside your home because
of the novel coronavirus infection? (3) Have you deliberately avoided crowded spaces because of the
novel coronavirus infection? A mean score was calculated.

2.4.3. Independent Variables

For perceived severity, the participants responded to the following two questions: (1) How seriously
do you think your health will be affected if you are infected with the novel coronavirus? (2) How serious
do you think the social situation will be if the novel coronavirus spreads? For perceived vulnerability,
participants responded to the following two questions: (1) How likely are you to be infected with
the novel coronavirus? (2) How likely are you to be infected with the novel coronavirus when
compared to someone of the same sex and age as you? These measures were adapted from previous
studies [31,32]. We changed a term of “the new flu” in the measures of those previous studies [31,32] to
“the novel coronavirus” in the present study. For perceived response efficacy, participants responded
to the following explanation and three questions: Please share your thoughts on the effectiveness
of staying at home to prevent the spread of novel coronavirus infection. (1) Do you think that
you can save your life from the new coronavirus infection and prevent the spread of infection by
canceling or postponing appointments such as “meeting people,” “eating out,” and “attending events”?
(2) . . . . by reducing the time you spend shopping at stores outside your home? (3) . . . . by avoiding
crowded spaces? For perceived self-efficacy, participants responded to the following explanation
and three questions: Please share your thoughts regarding your confidence in the effectiveness
of staying at home to prevent the spread of novel coronavirus infections. (1) Do you think that
you can cancel or postpone appointments such as “meeting people,” “eating out,” and “attending
events” because of the novel coronavirus infection? (2) Do you think you can reduce the time you
spend shopping in stores outside your home . . . .? (3) Do you think you can avoid crowded spaces
. . . .? Because there was no validated scale to assess response efficacy and self-efficacy regarding the
COVID-19 pandemic, these measures were adapted from previous studies [29,30]. We changed a
term of “the new flu” in the measures of those previous studies [29,30] to “the novel coronavirus”
in the present study. The participants responded to these questions based on PMT on 1–6 scales
on which the intervals indicated “extremely unlikely,” “unlikely,” “a little unlikely,” “a little likely,”
“likely,” or “extremely likely” in ascending order. Mean scores were calculated for these measures.
Higher scores indicated greater intention and perception.

2.5. Statistical Analysis

Cronbach’s α values were used to determine internal reliability of the measures. Descriptive
statistics were used to describe participants’ sociodemographic information by summarizing categorical
variables in percentage terms and giving mean ± SD for continuous variables. The residential areas of
the participants were dichotomized to a binary variable indicating whether or not the area was within the
“specified warning prefectures”. We examined the associations between sociodemographic information
and staying at home using a two-sample t-test and a one-way ANOVA. We then calculated Pearson’s
product-moment correlations to examine the simple association among study variables. We employed
multiple regression analysis using perceived severity, vulnerability, response efficacy, self-efficacy,
and sociodemographic measures as independent variables, and staying at home as a dependent
variable. Additionally, we conducted subgroup analyses including only participants who lived in
the “specified warning prefectures” using multiple regression analysis. In those multiple regression
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analyses, sociodemographic measures such as sex, age, educational background, and household
income were included, based on published literature [16,23]. Participants’ residential area and whether
they were living in one of the specified warning prefectures were also used as independent variables
because they were presumed to be related to participants’ social behavior and social lockdown in
Japan during the COVID-19 pandemic. A p-value of < 0.05 was set as significant in all statistical tests.
All statistical analyses were performed using IBM SPSS Statistics for Windows, Version 21.0 (IBM Corp.,
Armonk, NY, USA).

3. Results

3.1. Descriptive Statistics

The mean values of the participants’ responses to the questions about staying at home were as
follows: 7.25 (SD = 2.51) for canceling or postponing plans; 6.39 (SD = 2.51) for a reduction in time
spent shopping; 7.67 (SD = 2.17) for the avoidance of crowded spaces. The Cronbach’s α values for
the internal consistency of the responses to the questions were as follows: 0.835 for the behavior
of staying at home; 0.480 for perceived severity; 0.875 for vulnerability; 0.921 for response efficacy;
0.853 for self-efficacy. Table 1 shows the participants’ characteristics and their associations with staying
at home. As mentioned earlier, the participants’ sex, age, and place of residence were consistent
with the population composition ratio in Japan. The behavior of staying at home was significantly
associated with gender (p < 0.001), younger age (p = 0.002), residential area (p < 0.001), being in one of
the specified warning prefectures (p < 0.001), higher educational background (p < 0.001), and larger
household income (p < 0.001).

Table 1. Sociodemographic characteristics of the participants and their associations with staying at
home (n = 1980).

Sociodemographic Characteristics Overall (%) Mean (SD) a p

Gender
Men 49.7 6.76 (2.2) <0.001 b

Women 50.3 7.45 (1.9)
Age

18–29 years old 16.1 7.39 (1.9) 0.002 c

Men 50.9
30–39 years old 18.5 7.32 (2.0)

Men 50.8
40–49 years old 23.6 7.03 (2.2)

Men 50.0
50–59 years old 20.6 7.00 (2.1)

Men 50.0
60–69 years old 21.2 6.88 (2.2)

Men 47.1
Residential area

Hokkaido 4.8 7.10 (2.2) <0.001 c

Tohoku 7.9 6.46 (2.3)
Kanto 32.4 7.37 (1.9)

Hokuriku and Chubu 17.9 6.89 (2.3)
Kinki 16.7 7.22 (1.9)

Chugoku and Shikoku 8.8 6.75 (2.3)
Kyushu and Okinawa 11.5 7.22 (1.9)

Specified warning prefectures
Applicable 64.3 7.31 (1.9) <0.001 b

Not applicable 35.7 6.73 (2.3)
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Table 1. Cont.

Sociodemographic Characteristics Overall (%) Mean (SD) a p

Highest education
Less than high school 1.7 6.40 (2.5) <0.001 c

High school graduate 26.0 6.79 (2.3)
Some college 24.1 7.12 (2.2)

College graduate 40.7 7.27 (1.9)
Graduate school 7.5 7.40 (1.5)

Household income d

Less than 2 million yen 9.2 6.57 (2.6) <0.001 c

2–6 million yen 43.9 7.07 (2.1)
More than 6 million yen 37.2 7.34 (1.7)

Unknown 9.6 6.87 (2.4)
a Standard deviation. b two-sample t-test. c a one-way ANOVA. d One US dollar is roughly equivalent to 100 yen.

Table 2 shows the bivariate intercorrelations among study variables. Perceived severity,
response efficacy, and self-efficacy showed positive correlations with staying at home and gender
with weak to moderate associations (p < 0.001), respectively. However, perceived vulnerability did
not. Perceived severity showed weak positive correlations with greater age, perceived vulnerability,
response efficacy, and self-efficacy (p < 0.001, respectively). Perceived response efficacy showed a
moderate positive correlation with self-efficacy (p < 0.001).

Table 2. Correlations between variables (n = 1980).

. Mean (SD) 1. 2. 3. 4. 5. 6. 7. 8. 9.

1. Staying at home 7.10 (2.08)
2. Gender a - 0.17 **

3. Age - −0.09 ** 0.01
4. Specified warning

prefectures b - 0.13** 0.02 −0.01

5. Education - 0.11 ** −0.20 ** −0.18 ** 0.13 **
6. Income - 0.06 * −0.03 0.01 0.03 0.12 **
7. Severity 4.33 (0.86) 0.18 ** 0.07 ** 0.12 ** −0.03 −0.07 ** −0.01

8. Vulnerability 3.10 (0.91) 0.03 0.02 −0.08 ** 0.03 0.02 0.02 0.26 **
9. Response efficacy 4.44 (0.82) 0.29 ** 0.13 ** −0.03 0.03 −0.01 0.03 0.23 ** −0.04 *

10. Self-efficacy 4.68 (0.75) 0.39 ** 0.15 ** −0.00 0.05* −0.03 0.03 0.23 ** −0.03 0.64 **

* p < 0.05; ** p < 0.001. a The reference category is men. b The reference category is prefectures other than the
specified warning prefectures.

3.2. Regression Analysis

As shown in Table 3, when including all prefectures, perceived severity (Standardized β = 0.11,
p < 0.001) and self-efficacy (Standardized β = 0.32, p < 0.001) significantly predicted more staying at
home, controlling for gender, age, residential area, being in one of the specified warning prefectures,
educational background, and household income. However, perceived vulnerability and response
efficacy did not. The independent variables explained 21% of the variance in the dependent variable
(adjusted R2 = 0.21).

The number of participants who lived in the “specified warning prefectures” was 1274.
When including only participants who lived in the “specified warning prefectures”, perceived severity
(Standardized β = 0.07, p = 0.006) and self-efficacy (Standardized β = 0.342, p < 0.001) significantly
predicted more staying at home. However, perceived vulnerability and response efficacy did not.
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Table 3. Regression analysis to predict staying at home (n = 1980) (Adjusted R2 = 0.21).

Variables β SE 95% CI Std β t p

(Intercept) −0.25 0.45 [−1.13, 0.63] −0.55 0.580
Gender a 0.54 0.09 [0.37, 0.71] 0.13 6.29 0.000

Age −0.01 0.00 [−0.02, −0.01] −0.09 −4.13 0.000
Residential area 0.04 0.03 [−0.01, 0.09] 0.03 1.49 0.137

Specified warning prefectures b 0.47 0.09 [0.29, 0.64] 0.11 5.14 0.000
Education 0.25 0.05 [0.16, 0.33] 0.12 5.49 0.000

Income 0.10 0.05 [−0.01, 0.20] 0.04 1.81 0.070
Severity 0.27 0.05 [0.16, 0.37] 0.11 5.03 0.000

Vulnerability −0.02 0.05 [−0.11, 0.08] −0.01 −0.32 0.746
Response efficacy 0.10 0.07 [−0.03, 0.23] 0.04 1.46 0.145

Self-efficacy 0.88 0.07 [0.74, 1.02] 0.32 12.10 0.000

SE = Standard Error. CI =Confidence Interval [lower-bound, upper-bound]. Std β = Standardized β. a The reference
category is men. b The reference category is prefectures other than the specified warning prefectures.

4. Discussion

The regression analysis in the present study found that, of the four variables in the PMT,
perceived severity and self-efficacy were significant predictors of staying at home during the COVID-19
pandemic and social lockdown in all Japanese prefectures, as well as the “specified warning prefectures”.
This result was consistent with a previous study of voluntary self-isolation based on the PMT conducted
during the COVID-19 pandemic in Finland, in which perceived severity and self-efficacy positively
impacted self-isolation intention [26]. Perceived self-efficacy was a stronger predictor than perceived
severity in the present study. This finding was consistent with previous studies of preventive behavior
in the context of pandemic influenza, which showed that perceived self-efficacy is the strongest
predictor of the intention of staying at home among the variables in the PMT [24,25]. These studies
of pandemic influenza also showed that perceived severity was a significant predictor of staying at
home [24,25], as found in this study.

However, perceived vulnerability and response efficacy were not significant predictors of staying
at home in this study. This finding was inconsistent with previous studies [24,25]. As Table 2
shows, the perceived vulnerability of the participants in this study was not high: the mean value
was 3.10, and participants’ response of 3 on a 1–6 scale was equivalent to a perception of being “a
little unlikely” to be infected. This indicates that the participants in this study thought that they
were unlikely to be infected and, therefore, that they were not motivated to restrain themselves
from going out. Communication to increase perceived vulnerability is thus necessary. For example,
health professionals and the mass media should place more emphasis on the fact that a characteristic
of the novel coronavirus is that it is sometimes difficult to notice that someone is infected and,
consequently, that it is hard to prevent infection if people come into contact with others. On the
contrary, as Table 2 shows, the perceived response efficacy of the participants in this study was not low
(mean = 4.44). This indicates that, even if the participants in this study thought that staying at home
was somewhat effective in saving their lives and the spread of the disease, they were not motivated to
restrain themselves from going out. This inference may indicate the difficulty of voluntary self-restraint
with respect to going out.

The results of this study indicate that perceived severity rather than vulnerability should be
increased to increase the threat appraisal, and that perceived self-efficacy rather than response efficacy
should be improved to increase the coping appraisal, in order to encourage staying at home during the
COVID-19 pandemic and social lockdown in Japan. To increase the perceived severity of infection
with COVID-19, narrative communication can be a tool [33,34], e.g., a narrative message from a
patient that conveys how severe the consequences of COVID-19 are [35]. Another example is a
narrative message from a physician, stating that no treatment is available for COVID-19, that some
patients rapidly develop severe symptoms, and that hospitals are overwhelmed [36]. Although social
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lockdown presumably evoked psychological reactance in many individuals [37], studies indicated that
narrative messages obfuscate persuasive intent, subsequently reducing the psychological reactance
and generating more persuasiveness than expository messages [38–40].

The heuristic rule of social norms—how others act in a given situation—is the self-protection
system acquired by humans throughout evolutionary history [41] and has been shown to influence
individuals’ judgment and behaviors [42]. In particular, it has been proposed that Japanese individuals
has a collectivistic culture, and that there is a lot of pressure to conform to others in Japan [43].
Japanese individuals tend to be susceptible and influenced by information about how others act in a
given situation [43]. Therefore, the heuristic rule of social norms can be used to increase perceived
self-efficacy to stay at home [44]. For example, messages such as indicating the rate of reduction of
movement of people, showing a picture of a downtown location without any people, and communicating
narratives of people who spend time meaningfully at home, may increase self-efficacy to stay at
home [44,45]. Additionally, providing behavioral alternatives, such as amusements at home or
online social interaction, can also be a strategy to reduce psychological reactance and increase
self-efficacy [46,47]. Public health experts, physicians and nurses, media workers, and individuals
in general may be able to increase perceived severity and self-efficacy and subsequently encourage
people to stay at home by disseminating such messages through the mass media and social networking
services on the internet. Further, exposure to images of illness and death and news that inspires fear
can increase anxiety and decrease confidence in coping with pandemic. Therefore, to avoid bias in
news coverage, it will be crucial that public health professionals to work more effectively with the
media; e.g., being readily accessible for journalists and providing reliable and useful information
resources [48].

Finally, multiple regression analysis in this study found that female gender, younger age, and higher
educational background were associated with more staying at home. The gender difference in this
study was consistent with previous studies that females engaged in more precautionary behavior than
their male counterparts during a swine flu pandemic [29,49] and pandemic COVID-19 [50], and with
a literature review that indicated that females more often reported higher levels of risk as a concern
than do males in general [51]. There has been discussion of social roles as a possible cause: due to
their role as nurturer and care provider, females tend to avoid risks more than males, and due to
their role as income earner, males tend to avoid risks less than females [51]. The reason why younger
participants tended to stay at home may have been that they had more choices of home entertainment
using the internet than older participants [52]. A higher educational background may contribute to
the formation of enduring cognitive and emotional skills to foster health decisions, such as adopting
behaviors to protect oneself against infectious diseases [53]. These results also should be considered
for future research and practice to encourage people stay at home during pandemic.

Our study has several limitations. While the use of a panel database and a web-based survey had
the advantage of allowing us to quickly recruit participants under the state of emergency, the selection
bias of participants needs to be taken into account when interpreting the study results; participants in
the present study did not represent the Japanese population. We assessed self-reported behavior
rather than objectively measured behavior. The study results should be interpreted with caution
because the measures used in the present study have not been validated and outcome scores may
not appropriately reflect participants’ perception and behavior. The independent variables in this
study did not include the response costs, as in some previous studies of infectious disease using
PMT [54,55]. The cross-sectional design of this study constrains the ability to make causal inferences.
Longitudinal research and randomized controlled studies will be necessary in the future to examine
the temporal, causal relations. It is unclear to what extent the present findings are generalizable to
populations other than the participants in this study.
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5. Conclusions

During the COVID-19 pandemic and social lockdown in Japan, perceived severity and self-efficacy
were the significant predictors of staying at home among the variables of the PMT. Perceived self-efficacy
was a stronger predictor than perceived severity. Our findings indicate that, when encouraging people
to stay at home during a pandemic, increasing perceived severity and self-efficacy by public health
campaigns may consequently encourage people to stay at home. In future research, intervention
studies will be needed to examine persuasive message content in terms of psychological factors,
to encourage people to stay at home, e.g., determining whether intervention messages that increase
perceived severity and self-efficacy encourage recipients to stay at home. We call for more studies to
examine psychological factors that can encourage people to stay at home, especially in countries hit by
second and third waves of infection. Public health experts, physicians and nurses, media workers,
and influential individuals should disseminate messages that have been verified as influential by
such studies. In that way, public health research, campaigns, and subsequent changes in individual
behavior can help to slow the COVID-19 pandemic. Furthermore, examining psychological factors and
messages to encourage people to stay at home based on the behavioral change theories will contribute
to prevent the spread of other highly infectious diseases in the future as well.
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Abstract: With the spread of the coronavirus worldwide, nations have implemented policies restrict-
ing the movement of people to minimize the possibility of infection. Although voluntary restriction
is a key factor in reducing mobility, it has only been emphasized in terms of the effect of governments’
mobility restriction measures. This research aimed to analyze voluntary mass transportation use after
the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) outbreak by age group to explore
how the perception of the risk of infection affected the public transit system. Mass transportation big
data of Seoul Metro transportation use in the capital city of Korea was employed for panel analyses.
The analysis results showed that in the period with both the highest and lowest number of infections
of SARS-CoV-2, users aged 65 years and over reduced their subway use more than people aged
between 20 and 64. This study also found that the decrease in subway use caused by the sharp
increase of coronavirus disease 2019 (COVID-19) cases was the most prominent among people aged
65 years and over. The results imply that the elders’ avoidance of public transportation affected their
daily lives, consumption, and production activities, as well as their mobility.

Keywords: COVID-19; avoidance of infection; social distancing; free tickets for the aged; subway
use demand

1. Introduction

Since the World Health Organization (WHO) declared the coronavirus disease 2019
(COVID-19) pandemic, the spread of infections around the world has not abated. While
the total number of global COVID-19 cases was 0.7 million in March 2020 when the WHO
announced the COVID-19 outbreak a global pandemic, the number of cases exceeded
79.2 million in December 2020 [1,2]. With the incessant outbreaks of community transmis-
sion, clusters of cases, and sporadic infections, coronavirus is still spreading throughout
the world.

The spread of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infec-
tions was inevitable, even in Korea. Figure 1 shows the progress of COVID-19 cases in
Seoul, the capital of Korea, between February and September. As of December 24, the num-
ber of COVID-19 cases in South Korea reached 53,533, with 756 deaths, and the incidence
rate (i.e., the cumulative number of confirmed cases per 100,000 population) was 103.25 [3].

With the spread of the coronavirus worldwide, nations implemented policies restrict-
ing the movement of people to minimize the amount of contact between people, as WHO
reported that COVID-19 is rapidly transmitted through human contact and respiratory
organs [4]. Asymptomatic “silent spreaders” were found, making it difficult to track the
routes of transmission [5]. Wuhan, the Chinese city where the pandemic is believed to have
started, was effectively sealed off from the rest of the country immediately, and movement
between regions in China was strictly banned [6]. In Europe, strict restrictions, such as
lockdowns, curfews, and permits for movement, were imposed by governments [7]. In
the United States, which has the most coronavirus cases worldwide, heightened mobility

Healthcare 2021, 9, 448. https://doi.org/10.3390/healthcare9040448 https://www.mdpi.com/journal/healthcare

107



Healthcare 2021, 9, 448

restrictions, such as stay-at-home orders, bans on gathering, and travel restrictions, were
implemented, depending on the status of each state [8].

 
Figure 1. Number of cumulative confirmed cases in Seoul in 2020. The upper and lower figures show
the number of infections in February and September, respectively.

The Korean government implemented social distancing measures instead of strong
restrictions on movement to curb the contagion of SARS-CoV-2. The call for social distanc-
ing is a campaign, guidance, or recommendation of the Korean government to achieve
regulated mobility through citizens’ voluntary cooperation and compliance. In social
distancing phases 1 and 1.5, it was recommended to wear a mask, report meetings and
events, and work from home for one-fifth of each institution. In phase 2, all meetings
with more than 100 people were prohibited, and a third of employees were encouraged to
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work from home. Furthermore, the use of entertainment facilities was prohibited and the
reduction of store operating hours to 9 p.m. was applied. In phases 2.5 and 3, all of the
above restrictions applied to more facilities.

The mobility restriction policies of countries and voluntary restrictions, which were
driven by the fear of the coronavirus infection, have led to a decrease in transit demand.
In France, consumer mobility, which was estimated based on the use of payment cards,
decreased by 75% during the national lockdown compared to 2019 [9]. According to Google
Trend data, mass transit demand in ten countries, including Italy, Brazil, and the United
Kingdom, fell sharply since the COVID-19 outbreak [10]. In Mexico, the use of automobiles
decreased by 10 to 25% since the outbreak [11].

Seoul has also witnessed a drastic reduction of transit demand amid the pandemic,
which can be measured based on the changes in mass transit system use in Seoul, which
is among the top ten in the world in terms of efficiency and user satisfaction [12]. The
population of Seoul was 9,668,465 as of December 2020, and the number of uses of buses
and subways surpassed 100 million each month. Figure 2 shows the number of bus and
subway rides in 2018, 2019, and 2020. As the number of cases of COVID-19 began to rise
in late January 2020, mass transit demand fell dramatically and rebounded after March,
but it was still well below the demand recorded in the same periods of 2018 and 2019.
Furthermore, in August, the mass transportation demand declined again after the outbreak
of cluster infections in Seoul, showing that mass transportation was significantly affected
by the pandemic. Statistics on bus and subway use are in Table A1 of the Appendix A.

Most studies on the decrease of mass transit demand are focused on the effect of
governments’ mobility restriction measures. However, there is a lack of studies on the
impact of the voluntary restriction that significantly affected the decrease in transit demand.
This may be attributed to the fact that, as many countries are implementing restrictions on
mobility, it is difficult to isolate the effect of citizens’ voluntary restraint of movement.

Data on subway transit demand in Seoul is useful for studying the voluntary mobility
reduction during the pandemic since it has three characteristics that are not found in other
cities. First, it is a type of mass transit that carries a high probability of infection. Mass
transportation involves very high risks of infection because of the high density, diversity
of contacts, and potential presence of patients [13]. Hence, when traveling in the subway,
passengers are aware of the risk of infection. Second, the government did not issue any
specific restrictions on subway use. Without enforced mobility regulation, subway use
reflects the voluntary mobility of people. Third, people aged 65 and over in Seoul can ride
a subway for free due to Article 19 of the Welfare of Senior Citizens Act [14]. For the elderly
without income earned through economic activity participation, the subway is an essential
and the most common means of mass transit for leisure.

However, after the COVID-19 outbreak, subways were classified as facilities that
carried the highest infection risk, and the age group most prone to fatality because of
a SARS-CoV-2 infection is the elderly group. Therefore, though they have free access
to the subway, i.e., the most efficient means of movement, the aged cannot ride on a
subway train without concern regarding COVID-19’s impact. As such, the change in the
subway ride patterns by the elderly most effectively reflects the perception of the risk of
the COVID-19 infection.

The pandemic negatively affected the labor market, as well as people’s perceptions of
the risk of infection. At the outbreak of Middle East Respiratory Syndrome, the older adults
were the most vulnerable in the labor market, and the confusion in the urban labor market
was greater than in the rural areas [15,16]. With the prolonged period of the COVID-19
pandemic, the deterioration of the labor market caused a decline in people’s consumption
and income. These changes eventually lead to mobility changes.

109



Healthcare 2021, 9, 448

Figure 2. Number of uses of mass transit during 2018–2020.

This study aimed to empirically analyze the changes in subway use patterns by the
elderly and the economically active population amid the risk of SARS-CoV-2 infection.
First, the period when cases spiked sharply was separated from other periods for the
analysis. The Korean government controlled the social distancing level according to the
number of cases. The rise of the social distancing level imposed by the government was
intended to heighten citizens’ awareness of the pandemic and cause behavioral change.
As such, by focusing on the social distancing level imposed in each period, changes in
the behavior of each age group associated with the changes in the social distancing level
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can be identified. Next, the elasticity of the demand for subway use in response to the
number of COVID-19 cases was measured to determine whether the elderly, who are most
vulnerable to the coronavirus, were more sensitive to the risk of infection than young
people. Lastly, through analysis based on the number of subway stations by period, this
study attempted to determine whether changes in subway ride decisions were related to
the fear of SARS-CoV-2 infection. In areas near transfer stations (the number of transfer
stations was counted based on the number of subway lines available for the station; for
instance, for a subway station on three subway lines, the number of stations was counted
as three) and multiple stations, there was more transit demand because of easy access to
the subway. That is, such areas carry a higher risk of infection from more human contacts.
Accordingly, if areas with a greater number of stations are found to experience a higher
decrease in passengers than areas with a smaller number of stations, that can be interpreted
as a behavioral change to avoid SARS-CoV-2 infection.

Change in the Pattern of Subway Use Demand Amid the Pandemic in Seoul

The number of deaths because of SARS-CoV-2 infection rises as the age of patients
climbs. According to the Center for Disease Control and Prevention data, 80% of deaths
from the coronavirus are associated with people over 65 years old [17]. Reports on the case
fatality rate (CFR) in China and Italy found that the CFR for people aged under 60 was less
than 2%, while the CFR for the aged over 60 years old was 20% [18]. In the United States,
the CFR of those aged 65 or older was 3 to 27%, higher than that of younger people [19].
In Korea, the COVID-19-related CFR for the elderly was like other countries. Figure 3
shows the share of Korean coronavirus cases and CFR by age group. Over 70% of people
infected with COVID-19 were aged under 50, whereas the CFR showed a rapid nonlinear
rise for people aged over 60. Figure 4 shows the incidence rate of the coronavirus by age
group. The number of confirmed cases per 100,000 population was relatively high among
the elderly aged 60 or older.

The COVID-19 pandemic has led to changes in the hours of subway use and the
number of rides. Figure 5 shows a change in the share of the number of subway rides by
the hour in 2020 and 2019. Compared with 2019, the number of subway rides of passengers
aged 20 to 64 in 2020 rose by 0.2% to 1% during 6–9 a.m. (commute to work) and rose
by 0.5 to 0.9% during 5–6 p.m. (commute from work). In hours other than those, the
use of the subway transit dropped. This was likely to be attributed to the reduction of
operating hours of stores owing to the social distancing rule and a decrease in the number
of permitted persons for meetings and dinners. The subway use for passengers aged 65
and over rose by 0.5% during 5–7 a.m., and the use of the subway decreased during hours
other than this. Such changes in time for the use of the subway for the aged people who
were not constrained by time for their social activities seemed to be meant to reduce human
contact and restrict external activities voluntarily to avoid SARS-CoV-2 infection.
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Figure 3. COVID-19 status in South Korea as of 24 December 2020.

 

Figure 4. Incidence rate per 100,000 in South Korea as of 24 December 2020.

112



Healthcare 2021, 9, 448

Figure 5. Change in the share of subway use hours.

2. Materials and Methods

2.1. Data

This study collected data from the Seoul Bigdata Campus and the Seoul Open Data
Plaza of the Seoul Metropolitan government. The period for this analysis ran from January
to September in 2018, 2019, and 2020. Data for the cases of COVID-19 in Seoul relied on
data from the Seoul Metropolitan government and the data for the Korean cases were from
the Center for Systems Science and Engineering of Johns Hopkins University.

2.1.1. Seoul Bigdata Campus

The Seoul Bigdata Campus collects big data provided by organizations of the Seoul
Metropolitan government and provides it to public institutions, academics, and private
companies to help with research and solve social issues. As the collected data contains
personal information, the sources of that data needed to be visited to get the preprocessing
and approval for exporting that data before it can be used. Figure 6 shows the procedure
of using raw data obtained from the Seoul Bigdata Campus.
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Figure 6. Data collection procedure of the Seoul Bigdata Campus.

The data on subway use in Seoul was the raw data provided by Tmoney Co., Ltd. to
the Seoul Bigdata Campus, which could not be used without preprocessing and approval
for exporting it. In Seoul, passengers must use smart cards equipped with a transportation
card function to use the subway, and thus data from Tmoney Co., Ltd. that lists the details
of the transportation card transactions are highly reliable. This data includes the date and
time for the subway use, the station for departure and arrival, the type of subway user
(type of subway user refers to senior citizens, persons of national merit, children, foreign
senior citizens, general citizens, disabled persons, and youth; about 80% of subway users
are general citizens aged between 20 and 64, the elderly aged 65 and older account for 12
to 13% of users, and the rest account for 6 to 7%), and the number of passengers.

This research focused on the changes in demand for the subway from residents in
Seoul. While Seoul Metro also covers subway stations in both Seoul Metropolitan City and
Gyeonggi-do province, this study conducted analysis only for subway stations located in
25 districts of Seoul Metropolitan City and collected data of the Korea Smart Card Co. on
the number of rides by the district at departure stations.

2.1.2. Seoul Open Data Plaza

Like the Seoul Bigdata Campus, Seoul Open Data Plaza collects data provided by
organizations of the Seoul Metropolitan government. However, unlike Seoul Bigdata Cam-
pus, it makes public data open to all citizens and does not require visits to organizations
providing such data. Seoul Open Data Plaza provides links to providers of a vast amount
of data such that the latest data can be obtained from the links. Data for independent vari-
ables used in this study were based on the data of Seoul Open Data Plaza, the Ministry of
Land, Infrastructure, and Transport, and the Transport Operation and Information Service
of Seoul.

2.2. Empirical Model

This study used panel data of 25 districts in Seoul. Analyses were conducted in
Stata/SE (version 16.1, StataCorp., College Station, TX, USA). Using the fixed-effects model,
changes in the pattern of subway use by passengers aged 20 to 64 and passengers aged 65
and older amid the COVID-19 pandemic were analyzed. Fixed-effects models are effective
at controlling for omitted variable bias because of unobserved heterogeneity [20]. Hence,
this kind of model was suitable for controlling the environmental characteristics of each
district of Seoul Metropolitan City.

The Korean government adjusted the social distancing levels based on variations
of the number of confirmed cases. In phase 2 or higher of social distancing, there were
significantly more restrictions on the economically active population than below phase 2.
Hence, it was necessary to distinguish the period according to the social distancing level.
The formula was as follows:

yit = β1SDLv1 + β2SDLv2 + β3CarSpeedit + β4Popit + β5OwnCarit + β6Wealthit + αi + εit. (1)

In Formula (1) above, subscript i means the districts of Seoul and t refers to the
monthly data. yit is the logarithm of the number of subway rides per month in each district.
SDLv1 is a dummy variable taking 1 for January, February, May, June, and July 2020 when
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social distancing was in phase 1 to 1.5 and taking 0 for other periods. SDLv2 is a dummy
variable taking 1 for March, April, August, and September of 2020 when social distancing
was at phase 2 or higher and taking 0 for other periods. CarSpeed is the average speed
of automobiles measured by each district. Pop refers to the population registered in each
district office. OwnCar refers to the share of privately owned cars out of the total registered
vehicles in each district. Wealth is the average price per square meter of an apartment
house in each district. αi refers to the time-invariant location fixed effects. βi and εit are
coefficients and error term respectively.

Next, the elasticity of subway use in response to the number of COVID-19 cases was
measured. The elasticity indicates the sensitivity of the number of subway uses in response
to an increase in cases, and also reveals the differing sensitivity to the number of cases
among age groups. The formula was as follows:

yit = β1Covidt + β2CarSpeedit + β3Popit + β4OwnCarit + β5Wealthit + αi + εit. (2)

Additionally, concerning the Covid variable, the number of cases in Seoul and the
number of cases in Korea were used to see the differences between residents’ responses to
infection in local communities and nationwide, respectively.

Last, if the decrease in mass transit demand was due to the perception of the risk of the
infection from the coronavirus, regions with a higher subway demand would experience a
larger decrease in subway use. Areas with a large number of subway stations and transfer
stations have a higher demand for subway use than other areas due to better accessibility
to subways. The high demand for subway use not only increases the population density
but also increases the floating population. This environment makes it easier for people
to be more exposed to SARS-CoV-2 infection. Accordingly, analysis by period was made
separately for areas with 16 or more stations, including transfer stations, and areas with
less than 16 stations.

3. Results

The Seoul Metropolitan Subway with a potentially higher rate of SARS-CoV-2 cluster
infections saw the number of users declining significantly since the outbreak of the pan-
demic. Figure 7 shows the changes in the number of rides for passengers aged between 20
and 64 and those aged 65 and older. During 2018 and 2019 before the pandemic, those aged
between 20 and 64 took 94,130,730 subway rides a month on average, and those aged 65
and older took 14,278,200 rides per month. After the COVID-19 outbreak, people between
20 and 64 used the subway 72,398,975 times a month while those aged 65 and older used
the subway 10,815,514 times a month, showing a dramatic decrease.

Table 1 shows the change in the number of subway rides in each age group. Under
stronger social distancing levels, the subway use of the two groups decreased. People
aged 20 to 64 decreased their number of subway rides by 13% in phases 1 and 1.5 of social
distancing, and by 30% as the social distancing level rose to phase 2 or higher. Likewise,
the elderly aged 65 and older reduced their subway use by 19% in phases 1 and 1.5 and
by 42% in phase 2 or higher. This suggests changes in the users’ behavioral patterns to
avoid cluster infection risk by reducing subway use during the periods when the number
of cases of the coronavirus increased, and thus the social distancing level was heightened.
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Figure 7. Number of subway uses during 2018–2020.
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Table 1. Panel results: change in the subway demand by age and period.

Independent Variable

Dependent Variable

Log(Number of Subway Use Cases)

Aged 20 to 64 Years Old Over 65 Years Old

Social distancing level 1
period

−0.1301 *** −0.1973 ***
(0.0143) (0.0109)

Social distancing level 2
period

−0.3092 *** −0.4212 ***
(0.0208) (0.0158)

Average car speed −0.0309 *** −0.0437 ***
(0.0061) (0.0045)

Population 0.0016 −0.0009
(0.0011) (0.0013)

Percentage of cars that were
privately owned

−0.0314 ** −0.0006
(0.0146) (0.0079)

Average apartment price per
square meter

−0.0001 * 0.0002 ***
(0.0000) (0.0000)

Cons
18.0675 *** 14.3751 ***

(1.3860) (0.7550)

R-squared 0.7674 0.7782

Observations 675 675

Location Fixed Effect Yes Yes
Note: Cluster robust standard errors are given in parenthesis. * p < 0.1, ** p < 0.05, *** p < 0.01.

Although the subway use demand decreased in both the 20–64 years and 65+ years
age groups, the subway use of the elderly fell more prominently regardless of the social
distancing phase. For the economically active population of Seoul, the subway is an
essential transportation means to commute to work. Accordingly, this study expected that
in phase 1 of social distancing, the decrease in subway use demand by people aged 20
to 64 years would be smaller than that for the elderly aged 65 years and older, and this
expectation was consistent with analysis results. When the social distancing level was
lifted to phase 2 or higher, the subway use demand by the economically active population
decreased by a larger margin than for people aged 65 years and older due to activity-related
reasons, such as remote work and a ban on nonessential meetings and events. Nevertheless,
in phase 2 or higher of social distancing, subway use demand by people aged 65 years and
older dropped by a significantly larger margin than the economically active population.
For the elderly, the strengthening of social distancing did not change much in daily life, but
the increase in the possibility of SARS-CoV-2 infection caused decision-making changes.
Therefore, the result implies that the subway use demand by people aged 65 years and older
was affected more by the voluntary restraint of mobility to avoid coronavirus infection
than the social distancing policy.

Table 2 shows the change in subway use in tandem with the increase in the number
of coronavirus cases. Both in Seoul and Korea as a whole, the increase in the number of
coronavirus cases was negatively related to subway use. However, subway use was more
sensitive to the number of cases in Seoul than to the number of cases nationwide. For
subway users aged 20 to 64 years, a 1% increase in the number of Seoul cases led to a
decrease in subway use by 0.06%, but a 1% increase in the number of cases nationwide
reduced subway use by 0.03%. As for the elderly aged 65 years and older, the elasticity of
subway use was higher in response to the number of cases in both Seoul and the whole
nation than for people aged 20 to 64 years. A 1% increase in the number of Seoul cases
reduced subway use by 0.08%, while a 1% increase in the number cases nationwide led
to a decrease in subway rides by 0.06%. This finding suggests that despite the differing
elasticities of subway use in response to the number of cases in a given region and the
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nation as a whole, the sensitivity to the risk of SARS-CoV-2 infection was higher for the
aged people than for the younger people.

Table 2. Panel results: elasticity of subway use demand by age in response to the number of COVID-19 cases.

Independent Variable

Dependent Variable

Log (the Number of Subway Use Cases)

Aged 20 to 64 Years Old Over 65 Years Old

Log(number of cases in Seoul) −0.0600 *** - −0.0810 *** -
(0.0051) (0.0048)

Log(number of cases in Korea) - −0.0357 *** - −0.0627 ***
(0.0022) (0.0022)

Average car speed −0.0252 *** −0.0315 *** −0.0501 *** −0.0410 ***
(0.0044) (0.0046) (0.0034) (0.0029)

Population −0.0002 0.0016 −0.0057 * −0.0028
(0.0029) (0.0020) (0.0033) (0.0020)

Percentage of cars that were
privately owned

0.0284 −0.0323 0.1656 *** 0.0871 **
(0.0344) (0.0430) (0.0395) (0.0410)

Average apartment price per
squre meter

0.0001 −0.0008 *** 0.0008 *** −0.0000
(0.0001) (0.0001) (0.0002) (0.0001)

Cons
12.8778 *** 18.9296 *** 0.4762 7.2712 *

(3.1716) (3.7799) (3.4244) (3.5412)

R-squared 0.5893 0.6058 0.5671 0.7323

Observations 225 225 225 225

Location Fixed Effect Yes Yes Yes Yes

Note: Cluster robust standard errors are given in parenthesis. * p < 0.1, ** p < 0.05, *** p < 0.01.

The results of the analysis given above confirmed that subway use demand decreased
because of the coronavirus and that the aged were more sensitive to the risks associated
with the virus than other age groups. Table 3 illustrates the analysis results by area based
on the number of subway stations, including transfer stations. The findings revealed
that the change in subway use pattern to avoid the infection risk was similar in all areas.
Passengers aged 65 years and older decreased their number of subway rides more than
those aged 20 to 64 years, regardless of the number of subway stations. Moreover, the
elderly reduced their number of subway rides by a larger margin in areas with 16 or more
stations, including transfer stations, than in areas with less than 16 stations. Both groups
showed a greater drop in mass transit demand in areas with a large number of subway
stations. This implies that people were trying to avoid high-risk areas.
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Table 3. Panel results: change in the subway use demand with respect to the number of subway stations.

Independent Variable

Dependent Variable

Log (Number of Subway Use Cases)

Less than 16 Stations At Least 16 Stations

Aged 20–64 Over 65 Aged 20–64 Over 65

Social distancing level 1 −0.1211 *** −0.1751 *** −0.1462 *** −0.2193 ***
(0.0185) (0.0109) (0.0155) (0.0146)

Social distancing level 2 −0.2928 *** −0.3877 *** −0.3349 *** −0.4538 ***
(0.0301) (0.0164) (0.0227) (0.0197)

Average car speed −0.0287 *** −0.0500 *** −0.0304 *** −0.0386 ***
(0.0069) (0.0081) (0.0085) (0.0059)

Population 0.0009 −0.0017 ** 0.0016 −0.0006
(0.0015) (0.0007) (0.0020) (0.0032)

Percentage of cars that
were privately owned

0.0335 −0.0072 −0.0462 *** −0.0021
(0.0358) (0.0223) (0.0131) (0.0112)

Average apartment
price per squre meter

−0.0002 ** 0.0001 ** −0.0000 0.0002 ***
(0.0000) (0.0000) (0.0000) (0.0000)

Cons
11.9597 *** 15.2013 *** 19.7357 *** 14.4994 ***

(3.0686) (2.0075) (1.3862) (1.1523)

R-squared 0.7617 0.7740 0.7833 0.7861

Observations 351 351 324 324

Location Fixed Effect Yes Yes Yes Yes

Note: Cluster robust standard errors are given in parenthesis. ** p < 0.05, *** p < 0.01.

4. Discussion

The results of this study showed the change in subway use demand in Seoul after the
outbreak of SARS-CoV-2. The significant decrease in mass transit demand in both groups
suggested that people’s mobility was greatly affected by the risk of infection. In particular,
people aged 65 years and over avoided using the subway more than those aged between
20 and 64 years. The sensitivity to the risk of SARS-CoV-2 infection was also found to be
high in the elderly. This suggests that because of the high fatality rate from the coronavirus
among the elderly, the elderly’s fear of the pandemic was stronger, leading to an avoidance
of public transportation. In sum, this study suggests that the differences in perceptions of
the risk of coronavirus varied with age, and this was manifested through their mobility
changes. The decline in people’s mobility cannot be interpreted as just an evasive behavior
due to the risk of coronavirus infection. The decrease in spaces of consumption can be
one factor that reduces mobility. These include a meeting cancellation, store closures,
prohibition of leisure activities, and so on. The deteriorating labor market conditions can
also contribute to the change of mobility. A decrease in income due to unemployment
would shrink the amount of consumption, which can lead to a decline in mobility. There
can be many other factors that can cause changes in human mobility. In this study, we
focused on the overall change in people’s mobility by age. Therefore, if the socioeconomic
factors mentioned above can be analyzed with mobility changes, we believe that the effect
of infection risk on mobility reduction can be identified in detail. Furthermore, through
an analysis of the relationship between mobility and the regional economic damage due
to the coronavirus, we will be able to find the link between the consumption pattern and
human mobility.

5. Conclusions

As the COVID-19 pandemic is protracted for an extended period, cases of COVID-19
are found in all age groups, but a high case fatality rate is still concentrated in the elderly.
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This means that in older adults, a coronavirus infection is more likely to result in the loss
of life. In this respect, the difference in the human mobility between the young and the
elderly presented in this study can be said to be a natural result. However, human mobility
is associated with socioeconomic activities; therefore, it is difficult to explain the change
in mobility solely in terms of the coronavirus risk. In order to analyze the effects of the
coronavirus in more detail, an analysis of factors by age will be needed.

The Korean government is implementing a subsidy policy and plans to give additional
subsidies to help small business owners who are suffering due to the COVID-19 pandemic.
Since not all small business owners have suffered the same damage, the controversy over
the target of the COVID-19 subsidy is increasing. The biggest impact for small business
owners is the decline in sales due to people’s reduced mobility. Mobility encompasses
various types of movement for living, leisure, consumption, and production. Therefore, if
there is a regional analysis using the big data based on the result of mobility changes of
this study, it will be helpful for the government to decide upon a subsidy policy.
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Appendix A

Table A1. Statistics on mass transit use in Seoul during 2018 to 2020.

Subway Use (Number of Rides)

Age Group Year Mean Min Max SD

Total
2018 114,920,221 100,453,195 123,690,832 6,874,797
2019 117,422,892 100,588,781 126,864,286 7,447,456
2020 87,755,394 75,018,658 111,563,274 11,061,701

20 to 64 years
2018 93,219,289 81,810,105 100,149,309 5,413,155
2019 95,042,169 81,525,891 102,024,162 5,930,896
2020 72,398,975 62,409,113 90,678,007 8,662,742

Over 65 years
2018 13,789,837 11,678,379 14,856,445 944,777
2019 14,766,562 12,435,456 15,931,192 960,168
2020 10,815,514 8,410,424 14,265,611 1,587,980

Bus Use (Number of Rides)

Total
2018 138,688,913 120,557,605 149,004,732 8,411,540
2019 144,219,373 120,915,659 154,087,859 9,389,018
2020 113,406,948 98,244,352 134,661,069 11,473,515
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Abstract: Loneliness or social isolation, recently described as a “behavioral epidemic,” remains a
long-standing public health issue, which has worsened during the COVID-19 pandemic. The use
of technology has been suggested to enhance social connectedness and to decrease the negative
health outcomes associated with social isolation. However, till today, no theory-based studies
were performed to examine the determinants of technology use. Therefore, the current study aims
to test theory-based determinants in explaining the adoption of new technology in a nationally
representative sample during the COVID-19 pandemic (n = 382). A psychometrically reliable and
valid instrument based on the multi-theory model (MTM) of health behavior change was administered
electronically using a cross-sectional study design. A total of 47.1% of the respondents reported high
levels of social isolation, and 40.6% did not use any new technology. Among technology users (59.4%),
the three initiation constructs participatory dialogue (b = 0.054, p < 0.05), behavioral confidence
(b = 0.184, p < 0.001), and changes in the physical environment (b= 0.053, p < 0.05) were significant
and accounted for 38.3% of the variance in the initiation of new technologies. Concerning sustenance
in technology users, all three constructs emotional transformation (b = 0.115, p < 0.001), practice
for change (b = 0.086, p < 0.001), and changes in the social environment (b = 0.061, p < 0.001) were
significant and accounted for 42.6% of the variance in maintaining the use of new technology. MTM
offers a powerful framework to design health promotion interventions encouraging the use of new
technologies to foster greater social connectedness amid the COVID-19 pandemic and beyond it.

Keywords: social isolation; social connectedness; loneliness; depression; technology; internet; smart-
phones; m-health; COVID-19; pandemic

1. Introduction

Loneliness or perceived social isolation were recently described as a “behavioral
epidemic,” which has worsened in the wake of the COVID-19 pandemic [1–3]. Loneli-
ness reflects subjective experiences, while social isolation describes the objective state of
an individual’s social interactions [4,5]. Research has shown that loneliness and social
isolation have adverse physical and mental health outcomes. Loneliness and social isola-
tion are associated with an increased risk of depression, cognitive decline, heart disease,
stroke, and premature mortality [6–8]. A meta-analysis found that both subjective and
objective loneliness or social isolation increases the risk of mortality, with a 26% increased
likelihood of mortality for individuals reporting loneliness, 29% for those reporting social
isolation, and 32% for those living alone [7]. Moreover, the risk of mortality following
loneliness/social isolation was equivalent to the mortality risk among individuals with
extreme or severe obesity.

The COVID-19 pandemic has heightened both the public’s and public health practi-
tioners’ concerns about loneliness and social isolation. Specifically, stay-at-home orders
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and social distancing measures to reduce the spread of COVID-19 have resulted in people
avoiding public spaces and crowds, canceling social activities, and avoiding close contact
with others. These preventive behaviors are essential for those at a greater risk of severe
illness from COVID-19 and related hospitalization and mortality [9]. Individuals at higher
risk for severe illness, those with pre-existing conditions (hypertension, pulmonary disease,
diabetes, and cardiovascular disease), racial/ethnic minorities, older age, and male sex,
may also be more likely to experience loneliness and social isolation [10]. Studies have
suggested that COVID-19 preventive behaviors may result in greater odds of reporting
loneliness and social isolation [11–13]. For instance, a population-based study in the United
States (U.S.) examining the impact of COVID-19 social distancing and preventive behaviors
found that 54% of participants reported loneliness [14]. Loneliness was associated with
more significant depressive symptoms among people with fewer social interactions than
those who had more frequent in-person social interactions or connections [14].

Given the COVID-19 pandemic and the need for continued social distancing and
preventative measures, novel ways to promote social connectedness and reduce feelings
of loneliness are greatly needed. New technologies have been proposed as one way to
counter social distancing and stay-at-home orders while encouraging social interactions
and social connectedness [15]. Studies examining COVID-19 preventive behaviors and
technology use suggest that novel technologies may promote social connectedness and
reduce feelings of loneliness [16,17]. However, there is a need for a theory-driven approach
to aid understanding of factors associated with new technology and ways that promote the
technology use to improve social connectedness during the COVID-19 pandemic.

The Multi-Theory Model (MTM) of health behavior change is a unique theory that
can be utilized to explain the factors related to both initiating and sustaining new health
behaviors [18]. Three constructs of MTM represent the initiation phase of behavior change,
including participatory dialogue (advantages offsetting the disadvantages of the health
behavior change), behavioral confidence (beliefs that one can perform the behavior change),
and changes in the physical environment (having resources at one’s disposal for the
behavior change). Sustenance includes the following constructs: emotional transformation
(translating feelings into goals for the behavior change), practice for change (creating new
habits that support the health behavior change), and changes in the social environment
(obtaining social support to help one maintain the health behavior change). Previous
studies have shown that the MTM of health behavior change is effective in promoting and
sustaining a variety of health behaviors, including handwashing, physical activity, portion
sizes, consuming water instead of sugar-sweetened beverages, and potentially increasing
the uptake of technology [19–23].

To our knowledge, no studies have investigated the use of MTM or related theories in
promoting technology use among populations at risk for loneliness and social isolation
due to the COVID-19 pandemic. This study explores the determinants of new technology
use for promoting social connectedness during the COVID-19 pandemic by utilizing the
conceptual paradigm of MTM. Specifically, we investigated whether the factors related to
both the initiation and sustainability constructs of MTM would be associated with new
technology use during the COVID-19 pandemic in a nationally representative sample of
adults in the United States.

2. Materials and Methods

2.1. Study Design and Data Collection

This cross-sectional study collected data from 22 February 2021 to 25 February 2021
through Qualtrics utilizing a high-quality panel of participants. Available online: https:
//www.qualtrics.com/research-services/online-sample/). The general information to use
Qualtrics panel platforms has been described by Miller and colleagues [24].
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2.2. Eligibility Criteria:

The sample was recruited through Qualtrics to include U.S. residents aged 18 years or
above with a sufficient understanding of the English language. A priori quota sampling
was established to recruit a targeted sample. Quota sampling was performed to recruit a
sample that mirrored Census representation by sex, race, and ethnicity. Sampling quotas
for age and regional/geographical distribution were not used for sampling.

2.3. Ethical Considerations

The study (protocol # 1721549-1) was considered an exempt research study by the
Institutional Review Board (IRB). Participation in the study was voluntary, and details about
the study’s objectives and significance were provided to participants before completing the
survey. Personal identifiers were not collected to ensure anonymity. Multiple responses
from the same participants were restricted by enforcing the Ballot Box Stuffing option.
In other words, only one response per participant was allowed. Quality checks were
performed to exclude responses completed in less than 2 min (reflective of participants not
responding thoughtfully).

2.4. Data Protection and Information Security

This study utilized data obtained through a contractual agreement between the prin-
cipal investigator (PI) and Qualtrics Research Services group. As an essential part of the
contract, all data privacy laws and regulations were followed by both parties. Qualtrics
research services do not allow the collection of any respondent’s personal information. All
personal identifiers were completely removed to maintain confidentiality. All electronic
files of de-identified data were kept secure within the institution file storage network and
regularly backed up to an encrypted and password-protected external hard drive, stored
in a locked safe in a locked office of the researchers. Only researchers approved by this
proposed protocol had access to the file storage network that housed these data. Desktop
computers and user logins associated with this study were password-protected.

2.5. Survey Questionnaire

As guided by MTM, a 40-item survey questionnaire was developed to measure the use
and acceptance of new technologies for improving social connectedness during the COVID-
19 pandemic. The survey comprised 14 items related to demographic background, 3 items
for social isolation, and 23 items for the two primary MTM theoretical constructs (initiation
and sustenance). The face and content validity of the questionnaire was assessed by a panel
of 6 subject matter experts (SMEs), who provided feedback to improve the survey. The
panel review was blinded, meaning SMEs were not aware of other’s input on the survey. A
total of 23 changes/clarifications, primarily to improve readability, were incorporated in the
instrument between rounds 1 and 2 of the SMEs’ review. The questionnaire was reviewed
3 times after incorporating SMEs’ feedback before dissemination of the survey. Detailed
information about MTM constructs (initiation, sustenance, and social isolation) is shown
in Figure 1. All constructs of initiation and sustenance were measured on a 5-point Likert
scale [18]. To examine social isolation during the COVID-19 pandemic, 3 items were used
to assess. The summative score of 3 social isolation items ranged from 1–12 units, and a
higher score indicated more social isolation. The instrument was developed using clear and
appropriate language corresponding to the Flesch reading ease of 66.0 and Flesch-Kincaid
Grade Level of 6.7 grade [18,25].
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Figure 1. Flowchart detailing multi-theory model framework to predict social connectedness.

2.6. Statistical Analysis

Participants’ responses to Qualtrics were exported to a spreadsheet and then imported
to IBM SPSS version 27.0 (IBM Corp. Armonk, NY, USA) for analysis. Confirmatory
factor analysis (CFA) using the extraction method of maximum likelihood was utilized.
Reliability diagnostics or Cronbach’s alpha was computed for all the subscales. Critical
values for determining one-factor solution were set according to the prespecified literature’s
criteria [26]. The critical value for a correlation coefficient at α = 0.01 for a 2-tailed test for
the sample size of 400 participants was 0.129. This was doubled for testing the significance
of loading [26]. Hence, a critical value of 0.258 was deemed appropriate [26]. The normality
assumption of data was assessed using the Shapiro–Wilk test and normal Q-Q plots.
An independent-samples- t-test was utilized to compare the mean scores across new
technology users and non-user groups. A chi-square test was conducted to compare
categorical variables. A post-hoc contingency table analysis using adjusted residuals (or
Z scores) was performed in case of multiple comparisons. Bonferroni corrected p-values
were generated. Bootstrapped significance testing for the chi-square test was conducted
to examine replicability and consistency. The score of social isolation was dichotomized
as low social isolation (≤6.0) and high social isolation (>6.0) by using the median-split
method [27]. Categorical variables were expressed as counts and proportions, whereas
continuous variables were represented as means and standard deviations. Two separate
Hierarchical Regression Models (HRM) were built to predict the variance in the likelihood
of initiation and sustenance of new technology behavior by multiple factors, such as
demographic characteristics, social isolation, and MTM constructs. All assumptions of
HRM were assessed. The significance level was set at 0.05, and 95% confidence intervals
were reported wherever applicable.

2.7. Testing of HRM Assumptions

Our data meet all the 8 assumptions of HRM, which were as follows:

Assumption # 1: The dependent variables of this study (initiation and sustenance) were measured
on a continuous scale.

Assumption # 2: There were 2 or more independent variables, which were measured either at
continuous (initiation and sustenance constructs) or nominal level (demographic variables).
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Assumption # 3: There was a linear relationship between the continuous independent and depen-
dent variables as assessed by partial regression plots.

Assumption # 4: There was independence of residual errors as assessed by a Durbin–Watson statistic.

Assumption # 5: No multicollinearity between the variables was assessed.

Assumption # 6: There were no significant outliers, as no data point was above 3 standard deviations.

Assumption # 7: The errors (residuals) were normally distributed, as assessed by a Q-Q plot.

Assumption # 8: There was homoscedasticity of residuals as assessed by visual inspection of a plot
between residual versus predicted values.

2.8. Sample Size Justification

Priori power analysis was conducted to determine sample size using G* Power statisti-
cal software. The sample sizes for independent-samples t-test and chi-square analysis were
estimated depending upon Cohen’s effect sizes conventions [28,29]. The total sample size
estimated with a power of 0.99 was n = 254 for the t-test, n = 297 for the Chi-square test, and
n = 146 for the regression analysis using the effect sizes of 0.5, 0.3, and 0.15, respectively.
The sample size with the greatest value (n = 297) was considered appropriate given it
satisfied the minimum requirement of all statistical tests proposed. After factoring in 25%
oversampling to offset missing values, our minimum sample requirement was n = 371.

3. Results

Sample Characteristics

The survey was completed by a total of 382 participants. Only five responses (1.8%)
were incomplete and were deleted (case-wise) from the study. Among the 382 participants,
the distribution was comparable among sex categories (50.3% females vs. 49.5% males,
Table 1). The mean age of the sample was 43.9 ± 18.3 years. The sample was predom-
inantly White (71.2%, n = 272) and non-Hispanic (82.7%, n =316; Table 1). Nearly 25%
(99 of 382) of participants had a yearly income of less than $25,000. Nearly a third of
participants reported being “never married” (Table 1). Of 382 participants, 202 (52.9%)
used new technology during the COVID-19 pandemic, and video conferencing was the
most commonly used technology in combination with other technologies. More than
50% of the sample population had a higher social isolation score indicative of loneliness
(Table 1). Participants who reported new technology use were younger (<55 years of age)
(73.1% vs. 26.9%; p = 0.02), non-Hispanic/Latino (78.9% vs. 21.1%; p = 0.02), employed
(56.4% vs. 43.6%; p < 0.0001), had an income over $125,000 (12.3% vs. 3.2%; p < 0.0001),
had health insurance (88.5% vs. 11.5%; p < 0.0001), were socially isolated (54.6% vs. 45.4%;
p < 0.0001), and more likely to access smartphones with internet (Table 2).

Except for the score of disadvantages, there were significant differences in the mean
scores for all constructs of initiation and sustenance among technology users and non-users
(Table 3). Technology users had a statistically significant higher mean scores for initiation
compared to technology non-users (2.72 ± 1.2 vs. 1.82 ± 1.3, 95% Confidence Interval
[−1.151, −0.646], p < 0.0001, Table 3). Similarly, the mean score for sustenance was higher
among technology users compared to non-users (2.78 ± 1.09 vs. 1.99 ± 1.23, 95% CI
[−1.028, −0.544], p < 0.0001, Table 3). Participants who used new technology were more
likely to report social isolation than technology non-users (M = 6.96 vs. 5.51; p < 0.0001
with a mean difference of 1.46 [95% CI: 0.784, 2.13].
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Table 1. Descriptive statistics of the study population (n = 382).

Variable Characteristics Mean ± SD n (%)

Age - 43.9 ± 18.3 -

Sex
Female - 192 (50.3)

Male - 189 (49.5)

Race
White/Caucasian - 272 (71.2)

Non-white - 110 (28.8)

Ethnicity
Hispanic - 66 (17.3)

Non-Hispanic - 316 (82.7)

Employment
Yes - 177 (46.3)

No - 205 (53.7)

Number of hours worked
weekly * Income

- 36.1 ± 25.3 -

<$25,000 - 99 (25.9)

$25,001–$50,000 - 92 (24.1)

$50,001–$75,000 - 77 (20.2)

$75,001–$100,000 - 37 (9.7)

$100,001–$125,000 - 24 (6.3)

>$125,000 - 33 (8.7)

Prefer not to answer - 20 (5.2)

Residence

Rural - 111(29.1)

Semiurban - 129 (33.8)

Urban - 142 (37.1)

Health insurance
Yes - 325 (85.1)

No - 57 (14.9)

Marital status

Married - 170 (44.5)

Never married - 117 (30.6)

Divorced/separated - 43 (11.3)

Widowed - 16 (4.2)

Others ** - 36 (9.4)

Smartphone with internet
Yes - 357 (93.5)

No - 25 (6.5)

Used new technology during
COVID-19

Yes - 227 (59.4)

No - 155 (40.6)

Social isolation
Low (score ≤6.0) - 202 (52.9)

High (score > 6.0) - 180 (47.1)

Type of technology used

Video conferencing - 48 (12.6)

Smartphone apps - 36 (9.4)

M-health - 11 (2.9)

Other *** - 33 (8.7)

More than one (the combination of the above) - 155 (40.6)

None - 99 (25.9)

Mobile phone
Yes - 365 (95.5)

No - 17 (4.5)

* Number of hours were reported by 169 (44.2%) participants only. ** Other categories include a member of unmarried couple+ regis-
tered domestic partnership. *** Other categories in a type of technology include Virtual reality, video games, social sharing platforms,
and exergames.
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Table 2. Comparison of categories across technology users and non-users, (n = 382).

Variable Characteristics
New Technology Use During COVID-19 n (%)

p-Value
(Yes, n = 227, 59.4%) (No, n = 155, 40.6%)

Age groups
<55 years 166 (73.1) 95 (61.3) 0.02

≥55 years 61 (26.9) 60 (38.7) -

Sex
Female 119 (52.4) 73 (47.1) 0.4

Male 107 (47.1) 82 (52.9) -

Race
White/Caucasian 162 (71.4) 110 (71.0) 0.9

Non-white 65 (28.6) 45 (29.0) -

Ethnicity
Hispanic 48 (21.1) 18 (11.6) 0.02

Non-Hispanic 179 (78.9) 137 (88.4) -

Employment
Yes 128 (56.4) 49 (31.6) <0.0001

No 99 (43.6) 106 (68.4) -

Income

<$25,000 43 (18.9) 56 (36.1) <0.0001 *

$25,001–$50,000 52 (22.9) 40 (25.8) 0.5

$50,001–$75,000 51 (22.5) 26 (16.8) 0.2

$75,001–$100,000 23 (10.1) 14 (9.0) 0.7

$100,001–$125,000 20 (8.8) 4 (2.6) 0.6

>$125,000 28 (12.3) 5 (3.2) <0.0001 *

Residence

Rural 58 (25.6) 53 (34.2) 0.1

Semiurban 77 (33.9) 52 (33.5) -

Urban 92 (40.5) 50 (32.3) -

Health insurance
Yes 201 (88.5) 124 (80.0) 0.02

No 26 (11.5) 31 (20.0) -

Marital status

Married 106 (46.7) 64 (41.3) 0.5

Never married 69 (30.4) 48 (31.0) -

Divorced/Separated 21 (9.3) 22 (14.2) -

Widowed 8 (3.5) 8 (5.2) -

Others 23 (10.1) 13 (8.4) -

Social isolation
Low (score ≤ 6.0) 103 (45.4) 99 (63.9) <0.0001

High (score > 6.0) 124 (54.6) 56 (36.1) -

Smartphone with
internet

Yes 219 (96.5) 138 (89.0) 0.004

No 8 (3.5) 17 (11.0) -

Mobile phone
Yes 223 (98.2) 142 (91.6) 0.002

No 4 (1.8) 13 (8.4) -

* p-values in multiple comparisons are Bonferroni corrected.

Two separate hierarchical multiple regression models were utilized to predict the
variance in initiation and sustenance of the behavior by MTM constructs beyond demo-
graphic variables among technology users and non-users (Table 4). Among participants
using technology during a pandemic, the full model (Model 4) to predict initiation was
statistically significant, R2 = 0.408, F (9216) = 16.545, p < 0.0001; adjusted R2 = 0.383
(Table 4). All MTM constructs added statistical significance to the prediction. The stan-
dardized regression coefficient value indicated that the behavior confidence was associated
with the maximum increase of 0.455 points on the initiation score (Table 4). Similarly,
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for sustenance model, the Model 4 was statistically significant and improved prediction,
R2 = 0.449, F (9216) = 19.546, p < 0.0001; adjusted R2 = 0.426 (Table 4). The value of the
standardized regression coefficient in the sustenance model indicated that the emotional
transformation was associated with the maximum increase of 0.326 points on the initiation
score among technology users (Table 4).

Table 3. Comparing mean scores of MTM constructs and reliability diagnostics across groups.

Groups
Those Who Used Technology During COVID-19

(n = 227)
Those Who Did Not Use Technology During COVID-19 (n =

155)

Constructs
Possible

Score Range
Observed

Score Range
Mean ± SD

Cronbach’s
Alpha

Possible
Score Range

Observed
Score Range

Mean ± SD
Cronbach’s

Alpha
p-Value *

Initiation 0–4 0–4 2.72± 1.2 - 0–4 0–4 1.82 ± 1.3 - <0.0001

Social isolation 0–12 0–12 6.96 ± 3.0 0.83 0–12 0–12 5.51 ± 3.6 0.83 <0.0001

Participatory
dialogue:

advantages
0–12 0–12 7.16 ± 2.79 0.83 0–12 0–12 4.77 ± 3.3 0.90 <0.0001

Participatory
dialogue:

disadvantages
0–12 0–12 4.68 ± 3.11 0.79 0–12 0–12 4.68 ± 3.13 0.77 0.9

Participatory
dialogue ** −12–+12 −8–+12 2.48 ± 3.4 - −12–+12 −12–+10 0.09 ± 3.8 - <0.0001

Behavior
confidence 0–12 0–12 8.25± 2.87 0.81 0–12 0–12 6.48 ± 3.4 0.87 <0.0001

Changes in the
physical

environment
0–12 0–12 7.61 ± 3.1 0.81 0–12 0–12 5.72 ± 3.5 0.86 <0.0001

Entire initiation
scale - - - 0.82 - - - 0.84 -

Sustenance 0–4 0–4 2.78 ± 1.09 - 0–4 0–4 1.99 ± 1.23 - <0.0001

Emotional
transformation 0–12 0–12 7.48± 3.05 0.85 0–12 0–12 5.63 ± 3.45 0.89 <0.0001

Practice for
change 0–12 0–12 7.43 ± 3.04 0.83 0–12 0–12 5.80 ± 3.58 0.90 <0.0001

Changes in the
social

environment
0–12 0–12 7.49 ± 2.98 0.73 0–12 0–12 5.75 ± 3.46 0.81 <0.0001

Entire
sustenance scale - - - 0.90 - - - 0.94 -

Entire scale - - - 0.91 - - - 0.93 -

* p-values of independent-samples-t test ** participatory dialogue (advantages-disadvantages).

Table 4. Predicting likelihood for initiation and sustenance of technology users (n = 227) through HRM.

Variables Model 1 Model 2 Model 3 Model 4

B β B β B β B β

The Likelihood for Initiation as a Dependent Variable

Constant 2.34 ** - 2.23 ** - 1.22 ** - 0.59 -

Age −0.074 −0.028 −0.176 −0.067 −0.015 −0.006 −0.016 −0.006

Sex −0.130 −0.056 −0.107 −0.046 −0.155 −0.067 −0.140 −0.060

Income 0.054 0.083 0.059 0.090 −0.012 −0.019 0.003 0.005

Social isolation 0.056 0.146 0.046 0.119 0.023 0.059 0.017 0.043

Participatory dialogue - - 0.105 ** 0.307 0.056 ** 0.163 0.054 * 0.158

Changes in the physical environment - - - - 0.176 ** 0.472 0.053 * 0.143

Behavioral confidence - - - - - - 0.184 ** 0.455

R2 0.038 - 0.130 - 0.310 - 0.408 -

F 1.43 - 4.64 ** - 12.19 ** - 16.55 ** -
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Table 4. Cont.

Variables Model 1 Model 2 Model 3 Model 4

ΔR2 0.038 - 0.092 - 0.180 - 0.098 -

ΔF2 1.43 - 23.03 ** - 56.75 ** - 35.74 ** -

The Likelihood for Sustenance as a Dependent Variable

Constant 2.51 ** - 1.12 ** - 0.94 ** - 0.80 ** -

Age −0.011 −0.005 0.059 0.024 0.122 0.050 0.167 0.069

Sex −0.161 −0.075 −0.153 −0.071 −0.165 −0.076 −0.161 −0.074

Income 0.035 0.059 0.005 0.008 −0.003 −0.005 −0.017 −0.027

Social isolation 0.029 0.082 −0.005 −0.014 −0.005 −0.014 −0.012 −0.032

Emotional transformation - - 0.218 ** 0.619 0.138 ** 0.390 0.115 ** 0.326

Practice for change - - - - 0.100 ** 0.282 0.086 ** 0.243

Changes in the social environment - - - - - - 0.061 * 0.169

R2 0.040 - 0.408 - 0.433 - 0.449 -

F 1.507 - 21.46 ** - 20.68 ** - 19.55 ** -

ΔR2 0.040 - 0.368 - 0.025 - 0.016 -

ΔF2 1.507 - 135.64 ** - 9.40 ** - 6.389 * -

B (Unstandardized coefficient); β (Standardized coefficient), * p-value < 0.05; ** p-value < 0.001.

Among participants not using new technology during the pandemic (Model 4), ini-
tiation was statistically significant, R2 = 0.430, F (9, 145) = 12.178, p < 0.0001; adjusted
R2 = 0.395 (Table 5). In addition, in a regression analysis with sustenance as a dependent
variable, the full model (Model 4) was statistically significant, R2 = 0.513, F (9, 145) = 16.941,
p < 0.0001; adjusted R2 = 0.482 (Table 5). The value of standardized regression coefficients
indicated that the changes in the physical environment were associated with an increase of
0.300 units on the initiation score among technology non-users (Table 5). Regarding suste-
nance, changes in the social environment were associated with an increase of 0.393 units in
the sustenance among technology non-users (Table 5).

A confirmatory factor analysis (CFA) was performed on eight theoretical constructs
(7 MTM construct and 1 social isolation) to establish construct validity of the subscales.
The suitability of CFA was assessed before the analysis. Bartlett’s Test of Sphericity was
statistically significant (p < 0.0005), indicating that the data were likely factorizable. In-
spection of the correlation matrix indicated that all variables had at least one correlation
coefficient greater than 0.3. The overall Kaiser–Meyer–Olkin (KMO) measure was 0.87,
which classifies as “middling” to “meritorious”, according to Kaiser [30]. CFA revealed
that all MTM constructs (advantages, disadvantages, behavior confidence, changes in the
physical environment, emotional transformation, practice for change, changes in the social
environment, and construct of social isolation met Eigenvalue-one criteria and explained
71.0%, 54.5%, 66.0%, 65.0%, 71.0%, 69.4%, 56.0%, and 65.2% of the total variance, respec-
tively. All subscales had a one-factor solution, and all factor loadings were more than twice
the critical value of 0.28 [31]. The minimum factor loading was 0.643.
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Table 5. Predicting likelihood for initiation and sustenance of technology non-users (n = 155) through HRM.

Variables Model 1 Model 2 Model 3 Model 4

B β B β B β B β

The Likelihood For Initiation As A Dependent Variable

Constant 1.965 ** - 1.899 ** - 0.909 * - 0.596 -

Age −0.466 * −0.179 −0.450* −0.172 −0.317 −0.121 −0.286 −0.110

Sex 0.459 * 0.180 0.567 ** 0.222 0.358 * 0.140 0.372 * 0.146

Income 0.066 0.090 0.063 0.085 0.025 0.035 0.036 0.049

Social isolation 0.033 0.095 0.021 0.059 −0.009 −0.027 −0.005 −0.014

Participatory dialogue - - 0.099 ** 0.030 0.051 * 0.154 0.039 0.117

Changes in the physical environment - - - - 0.190 ** 0.526 0.109 ** 0.300

Behavioral confidence - - - - - - 0.109 ** 0.293

R2 0.083 - 0.166 - 0.400 - 0.430 -

F 2.23 * - 4.18 ** - 12.17 ** - 12.18 ** -

ΔR2 0.083 - 0.083 - 0.234 - 0.030 -

ΔF2 2.23 * - 14.61 ** - 56.99 ** - 7.76 ** -

The likelihood for Sustenance as a dependent variable

Constant 1.639 ** - 0.092 - 0.052 - 0.006 -

Age −0.221 −0.087 0.103 0.041 0.079 0.031 0.030 0.012

Sex 0.443 * 0.180 0.288 0.117 0.311 0.126 0.323 * 0.131

Income 0.018 0.025 −0.023 −0.033 −0.026 −0.037 −0.041 −0.058

Social isolation 0.072 ** 0.211 0.057 * 0.167 0.54 * 0.159 * 0.048 0.141

Emotional transformation - - 0.215 ** 0.602 0.106 * 0.295 0.052 0.144

Practice for change - - - - 0.117 * 0.341 0.072 0.208

Changes in the social environment - - - - - - 0.140 ** 0.393

R2 0.092 - 0.417 - 0.439 - 0.513 -

F 2.495 * - 15.05 ** - 14.3 ** - 16.94 ** -

ΔR2 0.092 - 0.326 - 0.021 - 0.074 -

ΔF2 2.50 * - 82.5 ** - 5.55 * - 21.94 ** -

* p-value < 0.05; ** p-value < 0.001.

4. Discussion

The purpose of this study was to assess the determinants of new technology adoption
to promote social connectedness during the COVID-19 pandemic utilizing the conceptual
paradigm of MTM. The scientific value of this research lies in its contribution to building
evidence-based or theory-based support for developing putative interventions to build
social connectedness in the COVID-19 pandemic. As expected, all the three initiation
constructs of MTM (participatory dialogue, changes in the physical environment, and
behavioral confidence) were statistically significant predictors of the likelihood of initiating
new technology use among technology users. These accounted for 38.3% of the variance.
Similarly, all the three sustenance constructs of MTM (practice for change, emotional trans-
formation, and changes in the social environment) were statistically significant predictors
of the likelihood of continuing new technology use among technology users and accounted
for 42.6% of the variance. These findings confirm that the MTM constructs help understand
both starting and continuing the use of technology during the COVID-19 pandemic in
a nationally representative sample of the population. Our findings reached substantial
explanatory power in the behavioral and social sciences [25]. There can be other potential
factors that contribute to the performance of any behavior, such as genetics, personality
characteristics, irrational beliefs, social norms, policies, etc., that cannot be measured in
any given study, thus preventing accountability of predictability to close to 100%. The
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findings are further supported by modeling conducted with non-technology users in
which behavioral confidence and changes in the physical environment were significant
contributors along with sex for starting the use of the new technology and accounted for
39.5% of the variance. These were indicative of a positive association in consonance with
the theoretical proposition. Similarly, changes in the social environment and sex were
significant, accounting for 48.2% of the variance and indicative of a positive association per
the theoretical proposition. These findings among non-technology users combined with
the findings mentioned above with technology users, lend credibility to MTM as a strong
explanatory model on which interventions to promote technology use can be designed. All
the constructs of MTM are modifiable, making it easy to translate them into intervention
designing and evaluation.

The study also found that social isolation (6.24 ± 3.3) was a problem during the
COVID-19 pandemic. While the sample size was limited, a total of 47.1% of the respondents
reported having high levels of social isolation (score above 6.0 units on a scale of 0–12).
These findings were consistent with reports from Rosenberg and colleagues (2020) that the
prevalence of loneliness was 54% during the COVID-19 pandemic in April 2020 [14]. Our
study was conducted in March 2021 when restrictions were relatively relaxed, resulting
in slightly lower rates of social isolation. While social isolation has been reported as a
significant problem during the COVID-19 pandemic [5,12,31], and the use of technology
has been suggested as a means to cope with it [15,32,33]. We could not find any systematic
studies that linked the use of technology with social isolation or loneliness during the
COVID-19 pandemic. Prior to the COVID-19 pandemic, the problem of social isolation and
loneliness was still relatively high and was known to have adverse health consequences [34].
Nearly half the population in our sample reported that social isolation was a problem,
which underscores the need for rigorous public health efforts. The promotion of new
technology can serve as an effective tool in the repertoire of public health professionals.
The COVID-19 pandemic has provided an impetus for the promotion of new technology,
which should be channeled into future intervention planning.

Regarding the use of new technology, it was found that 40.6% have not used any new
technology. This is especially relevant because 93.5% of participants had reported current
access to a smartphone with the internet, and 95.5% owned a mobile phone. Smartphones
can be used as potent means to promote interventions in the future. Furthermore, this
study found a higher mean score of social isolation among technology users than non-
technology users. This may be due to a high degree of socially isolated individuals in this
group being more motivated to use new technology to connect with others. Our study
examined the following types of new technology use: video conferencing, smartphone
apps, mHealth, virtual reality, video games, social sharing platforms, and exergames. Since
the questionnaire asked the respondents to mark all the options they were using, 40.7% of
respondents marked more than one category, followed by the use of video-conferencing
alone (12.6%).

A closer examination of each construct of MTM guides health promotion program
planning to address social isolation and the role of new technology use. In the initiation
model, the construct of behavioral confidence had the largest and statistically signifi-
cant contribution for technology users and non-technology users, indicating it to be the
strongest predictor. This finding is supported by several studies, for example, Yoshany and
colleagues (2021) found behavioral confidence to be a significant and strongest predictor
in their study of nutritional behaviors among menopausal women [35]. Sharma and col-
leagues, in their study predicting handwashing behavior, found a significant and strongest
behavioral confidence construct in the study sample [21]. Williams and colleagues also
found a significant and strongest contribution of behavioral confidence for changes in
fruit and vegetable consumption behavior among Black men [36]. Our findings suggest
that behavioral confidence must be developed among the general population to use new
technology during the COVID-19 and post-pandemic periods to improve social connect-
edness and reduce social isolation and loneliness. Behavioral confidence can be built in
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interventions promoting new technology by introducing the learning into small steps,
using multiple internal and external sources that infuse confidence, projecting acquisition
of behavior change to a future date, and reducing associated stress.

The second construct found to be important in our study for starting the adoption
of new technology to improve social connectedness was physical environment changes
that entail accessibility and availability of newer technology. This finding is also supported
by other studies on MTM with the availability of fruits and vegetables [36] and healthy
nutritional options [35]. The construct also aligns with the diffusion of innovations theory
construct involving adopting innovations [36,37]. With technology innovations, various
environmental factors such as reducing complexity, increasing compatibility, improving
demonstrability, reducing costs, and allowing for modifications by the user may be useful
aspects to keep in mind for interventions promoting new technology, especially among
those experiencing social isolation [23,38].

The construct of participatory dialogue (e.g., the participant is convinced that the
positives of using new technology outweigh the negatives of using new technology) was
significant for technology users but not for non-technology users. This finding underscores
the need for designing interventions that promote the positives aspects of new technology
to enhance its adoption among potential users. This finding is also supported by the
construct of the relative advantage, or how new technology may appear to be better than
other alternatives, as advocated in Roger’s diffusion of innovations theory [37]. Other
constructs from this model such as compatibility, reduction of complexity, demonstrability,
reduction of costs, and clarity of results may also be important aspects to highlight during
participatory dialogue.

For continued use of new technology, the construct of changes in the social environ-
ment in MTM was statistically significant for both technology users and non-technology
users. The higher values of estimated coefficients indicate the need for continued social
support to maintain putative behavior change among non-users. This construct is impor-
tant in several studies, which tested the applicability of MTM. For example, studies have
found that changes in the social environment were important for physical activity behav-
ior change [39], portion size behavior change [22], and fruit and vegetable consumption
behavior change [40]. This construct is also important from the perspective of diffusion
of innovations theory that emphasizes the construct of the social system. Social networks,
change agents, opinion leaders, and person-to-person dissemination are important for
adopting innovations such as new technology [37].

The construct of emotional transformation in MTM or directing feelings towards using
new technology to connect with others was significant for technology users (β = 0.326,
p < 0.001) but not for non-technology users. The recognition and regulation of emotions
is an essential part of emotional intelligence [41]. This concept is gaining popularity and
could be pivotal for promoting the use of technology for social connectedness. In several
applications of MTM, this construct has demonstrated significance regarding physical
activity behavior change [39], portion size behavior changes [22], and replacing sugar-
sweetened beverage consumption with water [42]. The negative emotions of sadness,
helplessness, despair, feeling stressed, feeling anxious, and so on can all be channeled into
positive applications of applying energy toward learning and using technology to connect
with others, especially during the COVID-19 pandemic.

The construct of practice for change in MTM or persistent thinking about using
technology to connect with others was significant for technology users (β = 0.243, p < 0.001)
but not for non-technology users. This construct facilitates the initial adoption of new
technology and then supports its continued use [18,23]. In several MTM based studies, this
construct is influential in explaining the maintenance of behavior change [23,39,40]. Thus,
ample opportunity for practicing and reflecting on the use of technology holds promise for
increasing social connectedness and reducing social isolation during the COVID-19 pandemic.

In our study, several demographic characteristics were found to be significant with
technology use. For example, there was a significant difference between older and younger
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populations. We operationalized age as a dichotomous variable comprising those under
55 years of age and those 55 years of age and older. As expected, we found that the use of
new technology was significantly lower among those over 55 years of age. Future research
on identifying technology use correlations specific to older populations may be necessary
for reducing social isolation during the COVID-19 pandemic. There is a need to design
different interventions for younger and older populations.

Another demographic characteristic that we found to be significantly different between
users and non-users of technology was ethnicity, with fewer Hispanics (21.1%) using new
technology (p = 0.02). This finding is somewhat contrary to the findings of a study on HIV
prevention among Hispanic women that found high levels of comfort with technology
use [43], and also a study was performed in New York that a large majority of Hispanics
had computers at home and used the internet regularly [44]. Further, as expected, 68.4%
of unemployed participants were not using new technology (p <0.0001). This could be
related to their non-affordability of new technology. Likewise, respondents earning less
than $25,000 per year (36.1%) were more non-users. This could also be related to the
non-affordability of new technology. There is a need to target some of these subgroups that
exhibit greater disparities.

4.1. Implications for Practice

There is a need for technology promotion programs at all levels to improve social
connectedness to alleviate social isolation during the COVID-19 pandemic. Such pro-
grams can be promoted by health education specialists, healthcare providers, health
workers, counselors, mental health professionals, public health professionals, policy-
makers, computer professionals, etc. The new technology can include the utilization
of m-Health (i.e., use of mobile phones as part of a health program), smartphone apps
(e.g., WhatsApp, Instagram, Facetime, Skype, etc.), virtual reality in groups (e.g., guided
meditation in groups using virtual assets), video conferencing (e.g., Zoom, WebEx, etc.),
videogames (i.e., multi-player games), exergames using multiple users (i.e., phone or
computer-based group exercise in groups), and social sharing platforms (e.g., “My Country
Talks”; https://www.mycountrytalks.org) [45].

MTM serves as a useful framework in promoting new technology use. For instance,
facilitating behavior change is part of behavioral confidence, which can be built by ex-
ploring the sources for enhancing the ability to use technology that appeals to the person.
This can come in the form of letting users experiment with newer technology, having
YouTube tutorial guides, providing short and simple stepwise guides both online and in
technology. Secondly, changes in the physical environment in the form of new technology
availability are also important for starting the adoption of new technology. Subsidizing
availability, especially for individuals from lower-income backgrounds, should be a priority
for policy action.

For the continuation of the use of new technology also MTM constructs can help.
The construct of changes in the social environment helps to explain the fostering of social
networks, utilizing change agents, mobilizing opinion leaders, and using friends and family
members can serve as effective means to promote the continued use of new technology. In
previous interventions of MTM, changes in social environment construct have been used
to promote behavior change and foster the use of technology [19,46]. The constructs of
emotional transformation whereby directing negative feelings into positive ones for the
use of technology and practice for change of constant practice of new technology will also
go a long way in improving the continued use of technology.

4.2. Strengths and Limitations

To our knowledge, this is the first study that looks at theory-based correlates of the
use of new technology in the COVID-19 pandemic to improve social connectedness. The
study provides evidence that social isolation is becoming a problem in modern times, and
new technology can help in this process. The study provides a psychometrically robust
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instrument that can be used for testing future intervention applications. The utilization of
an up-to-date model such as MTM can help in adopting new technology. There are also
several limitations of the study. A cross-sectional study limits the establishment of causal
inferences due to data on independent correlations and dependent variables being collected
simultaneously. Further, reliance on self-reports introduces potential measurement bias.
Next, there can be other potential factors, including genetics, personality characteristics,
irrational beliefs, social norms, policies, which may affect the performance of the behavior
change and cannot be measured in any given study. These unmeasured variables may
prevent accountability of predictability to close to 100%. Finally, even though we collected
data from a nationally representative sample in terms of gender and race, all other variables,
including age and region/geographical distribution, could have introduced sampling bias,
which limits the generalizability of our findings. Moreover, the sole purpose of this study
was model testing and did not determine the prevalence estimates. Moreover, COVID-19
restrictions posed challenges in the sampling. Future studies with a relatively bigger
sample size can be planned to estimate prevalence.

5. Conclusions

During the COVID-19 pandemic, social isolation has grown, and there is a need to
improve social connectedness through new technology. The study provides evidence that
MTM is a useful model in explaining the promotion and adoption of new technology to
address the issue of social isolation and promoting social connectedness. Future research
should discern the determinants of social connectedness based on MTM for various sub-
groups based on factors such as age, race/ethnicity, employment status, etc. There is an
ardent need to design and test the efficacy of interventions based on MTM that can be
utilized to promote social connectedness through the use of new technology. In summary,
MTM can lead the way for evidence-based intervention planning in this regard.
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Abstract: From November to December 2020, the third wave of COVID-19 cases in Korea is ongoing.
The government increased Seoul’s social distancing to the 2.5 level, and the number of confirmed
cases is increasing daily. Due to a shortage of hospital beds, treatment is difficult. Furthermore,
gatherings at the end of the year and the beginning of next year are expected to worsen the effects.
The purpose of this paper is to emphasize the importance of prediction timing rather than prediction
of the number of confirmed cases. Thus, in this study, five groups were set according to minimum,
maximum, and high variability. Through empirical data analysis, the groups were subdivided
into a total of 19 cases. The cumulative number of COVID-19 confirmed cases is predicted using
the auto regressive integrated moving average (ARIMA) model and compared with the actual
number of confirmed cases. Through group and case-by-case prediction, forecasts can accurately
determine decreasing and increasing trends. To prevent further spread of COVID-19, urgent and
strong government restrictions are needed. This study will help the government and the Korea
Disease Control and Prevention Agency (KDCA) to respond systematically to a future surge in
confirmed cases.

Keywords: time-series; ARIMA; forecasting; confirmed cases; COVID-19; pandemic

1. Introduction

The COVID-19 pandemic has had a significant impact on human life. The G20 Summit
held in a virtual conference on March 2020 to discuss pending global issues resulting from
COVID-19. Coping and confronting the pandemic includes activities such as protecting
lives, protecting jobs and income, restoring trust, preserving financial stability, restoring
growth, minimizing disruption of trade and global supply chains, and providing assistance
to countries in need of support. COVID-19 has caused major economic losses, paralyzing
national economies around the world. The International Monetary Fund (IMF) predicted
that global trade volume would shrink by 10.4% on-year [1]. The World Bank Group (WBG)
is expecting that the global trade volume will drop 5.2% and to have its worst year since
World War II [2].

COVID-19 has been called a novel coronavirus (2019-nCoV), but on 11 March 2020,
the World Health Organization (WHO) announced its official name as COVID-19 [3].
On 13 February 2020, the International Committee on Taxonomy of Viruses (ICTV) officially
announced the virus’ name as SARS-CoV-2. Coronavirus is a ribonucleic acid (RNA) virus
that causes respiratory diseases, such as colds. It was named coronavirus because its
outer skin is shaped like a crown surrounded by bumps. It causes infection in a variety
of animals, including humans. The WHO classifies pandemic alarm levels from 1 to 6,
according to the infectious disease risk. This pandemic corresponds to the highest warning
level—6. When an infectious disease spreads worldwide and spreads across continents,
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it is called a pandemic. Thus far, the WHO has declared three pandemics: the Hong Kong
Flu in 1968, the Swine Flu in 2009, and COVID-19 in 2020 [4].

Until recently, the top five affected countries were as follows: the United States
death toll record with 17 million, India with 10 million, Brazil with 7 million, Russia with
2.7 million, and France with 2.4 million. In terms of death rate, Mexico has the highest death
rate at 9.1%, China has 5.3%, Iran has 4.7%, and Italy has 3.5%. In Korea, the cumulative
number of confirmed cases is about 47,000, and the death rate is approximately 1.4% [5].

Various studies have been conducted on past pandemic infections and disease.
Guan et al. [6] predicted the incidence of hepatitis A virus (HAV) using an auto regres-
sive integrated moving average (ARIMA) model and an artificial neural network (ANN).
Earnest et al. [7] forecasted the number of confirmed cases by applying the ARIMA model
to the number of confirmed cases per day for severe acute respiratory syndrome (SARS).
By applying ARIMA to China’s HFRS data, Liu et al. [8] predicted the incidence of hem-
orrhagic fever with renal syndrome (HFRS) from 2009 to 2011. Wu et al. [9] predicted
the incidence of HFRS over one year by using a hybrid model that combines ARIMA,
a generalized regression neural network (GRNN), and the non-linear autoregressive neu-
ral network (NARNN) with ARIMA. Nsoesie et al. [10] tried to predict the hantavirus
pulmonary syndrome (HPS) using an ARIMA model. Chen et al. [11] used the seasonal
autoregressive integrated moving average (SARIMA) to predict the incidence of influenza
in China; they found that the incidence rate varies according to region and season.

Based on past infectious diseases, research related to COVID-19 has also been ac-
tively conducted. Using a differential equation model that reflected social distancing and
transmission rate as parameters, Webb et al. [12] predicted and compared the number of
confirmed cases considering the number of report and the presence of symptoms in Italy,
Spain, and Korea. This demonstrates the importance of controlling COVID-19 infection
through social distancing. Alakus et al. [13] developed a prediction algorithm using deep
learning and had a positive impact on clinical prediction studies of COVID-19. Pham [14]
studied the cumulative number of deaths, the mortality per capita per unit time, and the
maximum total number of deaths as functions, and the solution of differential equations
composed of the functions is proposed as the numerical model of COVID-19. Pham [15]
generalized by introducing a function of recovered cases to the model in [14]. Additionally,
Pham [16] developed a new mathematical model by introducing the time-dependent ef-
fort of social restrictions—the resumption of states, wearing masks, and social distancing.
Arias et al. [17] suggested a generalized logistics regression to predict the number of cases
of COVID-19.

In addition to the aforementioned methods, studies have also been conducted us-
ing the ARIMA model to estimate the spread of COVID-19, examples of which are as
follows. Using ARIMA and Richard’s model, Kumar et al. [18] conducted a study that
forecast the population impact of COVID-19 in India compare goodness-of-fit for models.
Petropoulos et al. [19] predicted the number of COVID-19 patients in a short period of time
using a simple time series in Denmark, Norway, and Sweden. Additionally, [19] tracked
and compared the stringency level of each country. Using the ARIMA model, Ceylan [20]
predicted the number of COVID-19 cases in Italy, Spain, and France. Alzahrani et al. [21]
forecasted the number of COVID-19 confirmed cases in Saudi Arabia for the next four weeks.
Yang et al. [22] predicted the number of cases in Italy for the next few days. Kufel [23] pre-
sented ARIMA to forecast the rate of infection in 32 European countries over the next seven
days. In addition, there is a variety of research that studies the impact of COVID-19 [24–30].

In this paper, we apply the ARIMA model and empirical data analysis to forecast
the number of confirmed COVID-19 cases in Korea. Using actual data, dividing the
wave into several cases, predicting the number of cumulative confirmed cases for each
case, and comparing the criteria. In doing so, we emphasize the importance of timing of
forecasting to make a meaningful forecast. In particular, the period from 20 January 2020
(first confirmed case) to 26 October 2020 (the beginning of the third wave of COVID-19)
is divided into five groups, which are subdivided into a total of 19 cases (the division is
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detailed in Section 2). Section 2 briefly describes the material and methods. Additionally,
the current status of confirmed cases in Korea, empirical data analysis of group and case
information, ARIMA models, and criteria are introduced. Section 3 presents the analysis
and results. Section 4 concludes the paper.

2. Material and Methods

2.1. The Number of COVID-19 Confirmed Cases in Korea

Figure 1 shows the number of confirmed cases and cumulative confirmed cases by
month in Korea [31]. On 20 January 2020, a tourist from Wuhan became the first confirmed
case in Korea. Then, 11 cases were reported, bringing the cumulative number of confirmed
cases to 12. In February and March, the number of confirmed cases increased sharply.
The primary cause of infections was indoor religious gatherings. Within three months of
the first outbreak, the cumulative number of confirmed cases reached 9887. The period
between February and April 2020 is defined as the first wave of COVID-19 in Korea [31,32].

Figure 1. The number of confirmed cases and cumulative confirmed cases of COVID-19 in Korea in 2020 (including
imported cases).

After the first wave, the number of confirmed cases decreased rapidly and there was a
stable infection rate across the country. Nevertheless, in August and September, the second
wave was generated by political rallies and church gatherings. During the second wave,
the cases increased sharply, and the government raised social distancing to level 2. There
were 2757 cases in October, which was only slightly lower than in September. This period
showed a stable infection rate, in comparison to other waves, but it included the day with
the largest increase in confirmed cases; this study did not thoroughly address the third
wave, because it is still underway [31,33].

From November to present, the number of confirmed cases increased rapidly again.
This is defined as the third wave. In November, the total number of cases was 8017. Small
gatherings among families and friends accounted for more than 20% of the third wave’s
infections. Some of the provincial governments decided to raise the social distancing level
to 2.5, which is the second highest. Worst of all, the confirmed cases in Seoul are being
housed in retrofitted containers because of hospital bed shortages. The government and
citizens fear the need to raise social distancing to level 3 [31,34].
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All information related to confirmed cases in this paper was provided by the govern-
ment and was aggregated daily at midnight (00:00) [31].

2.2. Information of Groups and Cases Using Empirical Data Analysis
2.2.1. Empirical Data Analysis

Empirical analysis is an evidence-based approach to the study and interpretation
of information. The empirical approach relies on real-world data, metrics, and results,
rather than theories and concepts. Empirical analysis is a common approach used to
study probable answers through quantified observations of empirical evidence. However,
empirical analysis never gives an absolute answer, only the most likely answer based
on probability.

We can formulate the increasing number of confirmed cases of COVID-19 as follows:

y′(t) = lim
Δt→0

y(t + Δt)− y(t)
Δt

(1)

where y′(t) illustrates the increasing number of confirmed cases of COVID-19 during the
time interval Δt. Then, y(t) is the observed cumulative number of confirmed cases of
COVID-19 over time t. Therefore, y(t + Δt) denotes the observed cumulative number
of confirmed cases of COVID-19 over time t + Δt. Given different values of Δt, we are
interested in investigating the pattern of y′(t).

2.2.2. Information of Groups and Cases

Figure 2 shows the increasing number of confirmed cases of COVID-19 during the
time interval Δt. As shown in Figure 2, the five points of high variability were divided
and examined in detail. The criteria for defining the five groups are as follows: Group
1 and Group 4 were based on the day when the number of confirmed cases per day was the
highest in the first and second waves. Group 2 was based on the day when the number of
confirmed cases was the lowest. Last, Group 3 and Group 5 were based on the days with
the greatest variability (the point at which more than 100 confirmed cases began to appear),
which signaled the beginning of the second and third waves.

Figure 2. The increasing number of confirmed cases of COVID-19 by time interval.142
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Details can be found in Table 1. In Group 1, with the time interval Δt = 1, the maxi-
mum frequency was 813 cases (28 February 2020), the time intervals Δt = 2–4 were 699.5,
656.7, and 618.8 cases (29 February 2020), and the time internals Δt = 4–5 were 618.8 and
609.2 cases (2 March 2020). Time internals Δt = 6–7 were 593.7 and 581.0 cases (3 March
2020) in the first wave of the COVID-19 pandemic, respectively.

Table 1. The number of confirmed cases of COVID-19 during time interval Δt by Group.

Group Date

Number of Confirmed Cases
of COVID-19

Number of Confirmed Cases of COVID-19during Time Interval Δt

Daily Cum. Δt=1 Δt=2 Δt=3 Δt=4 Δt=5 Δt=6 Δt=7

Group 1

27 February 2020 571 2337 571.0 538.0 453.3 373.5 345.8 317.3 304.7

28 February 2020 813 3150 813.0 692.0 629.7 543.3 461.4 423.7 388.1

29 February 2020 586 3736 586.0 699.5 656.7 618.8 551.8 482.2 446.9

1 March 2020 476 4212 476.0 531.0 625.0 611.5 590.2 539.2 481.3

2 March 2020 600 4812 600.0 538.0 554.0 618.8 609.2 591.8 547.9

3 March 2020 516 5328 516.0 558.0 530.7 544.5 598.2 593.7 581.0

4 March 2020 438 5766 438.0 477.0 518.0 507.5 523.2 571.5 571.4

Group 2

4 May 2020 3 10,804 3.0 5.5 8.0 7.5 7.8 7.2 7.4

5 May 2020 2 10,806 2.0 2.5 4.3 6.5 6.4 6.8 6.4

6 May 2020 4 10,810 4.0 3.0 3.0 4.3 6.0 6.0 6.4

7 May 2020 12 10,822 12.0 8.0 6.0 5.3 5.8 7.0 6.9

8 May 2020 18 10,840 18.0 15.0 11.3 9.0 7.8 7.8 8.6

Group 3

12 August 2020 56 14,770 56.0 55.0 48.0 43.0 41.6 41.8 38.7

13 August 2020 103 14,873 103.0 79.5 71.0 61.8 55.0 51.8 50.6

14 August 2020 166 15,039 166.0 134.5 108.3 94.8 82.6 73.5 68.1

15 August 2020 279 15,318 279.0 222.5 182.7 151.0 131.6 115.3 102.9

16 August 2020 197 15,515 197.0 238.0 214.0 186.3 160.2 142.5 127.0

Group 4

16 August 2020 320 18,265 320.0 300.0 288.7 315.8 319.0 319.8 315.3

25 August 2020 441 18,706 441.0 380.5 347.0 326.8 340.8 339.3 337.1

26 August 2020 371 19,077 371.0 406.0 377.3 353.0 335.6 345.8 343.9

27 August 2020 323 19,400 323.0 347.0 378.3 363.8 347.0 333.5 342.6

28 August 2020 299 19,699 299.0 311.0 331.0 358.5 350.8 339.0 328.6

29 August 2020 248 19,947 248.0 273.5 290.0 310.3 336.4 333.7 326.0

Group 5

20 October 2020 91 25,424 91.0 74.5 75.0 79.0 77.8 72.7 78.0

21 October 2020 119 25,543 119.0 105.0 89.3 86.0 87.0 84.7 79.3

22 October 2020 155 25,698 155.0 137.0 121.7 105.8 99.8 98.3 94.7

23 October 2020 77 25,775 77.0 116.0 117.0 110.5 100.0 96.0 95.3

24 October 2020 61 25,836 61.0 69.0 97.7 103.0 100.6 93.5 91.0

25 October 2020 119 25,955 119.0 90.0 85.7 103.0 106.2 103.7 97.1

26 October 2020 88 26,043 88.0 103.5 89.3 86.3 100.0 103.2 101.4

27 October 2020 103 26,146 103.0 95.5 103.3 92.8 89.6 100.5 103.1

In Group 2, with the time interval Δt = 1, 2, and 7, the minimum frequencies
were 2, 2.5, and 6.4 cases (5 May 2020). The time intervals Δt = 3–4 and 6–7 were 3,
4.3, 6, and 6.4 cases (6 May 2020), and the time intervals Δt = 5 was 5.8 cases (7 May
2020), respectively.

In Group 3, with the time interval Δt = 1, the frequency with high variability
(based on more than 100 cases) was 103 cases (13 August 2020). The time intervals Δt =
2–3 were 134.5 and 108.3 cases (14 August 2020). The time internals Δt = 4–7 were 151,
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131.6, 115.3, and 102.9 cases (15 August 2020) before the second wave of the COVID-19
pandemic, respectively.

In Group 4, with the time interval Δt = 1, the maximum frequency was 441 cases
(26 August 2020). The time intervals Δt = 2 and 6–7 were 406, 345.8, and 343.9 cases
(27 August 2020). The time internals Δt = 3–4 were 378.3 and 363.8 cases (28 August
2020). Time internals Δt = 5 was 350.8 cases (29 August 2020) in the second wave of the
COVID-19 pandemic.

In Group 5, with the time interval Δt = 1–2, the frequency with high variability (based
on more than 100 cases) was 119 and 105 cases (21 October 2020). The time intervals
Δt = 3–4 were 121.7 and 105.8 cases (22 October 2020). The time internals Δt = 5 was
100 cases (23 October 2020); the time internals Δt = 6 was 103.7 cases (25 October 2020);
and the time internals Δt = 7 was 101.4 cases (26 October 2020) before the third wave of
the COVID-19 pandemic, respectively.

As shown in Table 2, we set cases by date for forecast analysis based on the time point
mentioned in each group. In addition, it was used for predictive analysis using the data up
to the mentioned time point.

Table 2. Groups and cases by period for forecast analysis.

Group Case Date Group Case Date

1

Case 1 20 January 2020~28 February 2020

4

Case 11 20 January
2020~26 August 2020

Case 2 20 January 2020~29 February 2020 Case 12 20 January
2020~27 August 2020

Case 3 20 January 2020~2 March 2020 Case 13 20 January
2020~28 August 2020

Case 4 20 January 2020~2 March 2020 Case 14 20 January
2020~29 August 2020

2

Case 5 20 January 2020~5 May 2020

5

Case 15 20 January
2020~21 October 2020

Case 6 20 January 2020~6 May 2020 Case 16 20 January
2020~22 October 2020

Case 7 20 January 2020~7 May 2020 Case 17 20 January
2020~23 October 2020

3

Case 8 20 January 2020~13 August 2020 Case 18 20 January
2020~25 October 2020

Case 9 20 January 2020~14 August 2020 Case 19 20 January
2020~26 October 2020

Case 10 20 January 2020~15 August 2020 Recent Case 20 January
2020~27 October 2020

2.3. Time Series

In the autoregressive (AR) model, the partial autocorrelation coefficient (PAC) had a
significant spike, and the autocorrelation coefficient (AC) decreased in sequence. In this
case, the order of AR (p) is determined based on the number of significant spikes of the
PAC. The formula for the AR (p) model is as follows:

Yt = εt + α1Yt−1 + α2Yt−2 + · · ·αpYt−p (2)
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Unlike AR, in the moving average (MA) model, the AC has a significant spike.
The PAC decreases in sequence, and the order q of the MA model is determined based on
the number of significant spikes of the AC. The formula for the MA (q) model is as follows:

Yt = εt − β1εt−1 − β2εt−2 − · · ·βqεt−q (3)

The autoregressive moving average (ARMA) model shows a form of sequentially
decreasing in both the AC and the PAC. The formula is as follows:

Yt = α1Yt−1 + α2Yt−2 + · · ·αpYt−p + εt − β1εt−1 − β2εt−2 − · · ·βqεt−q (4)

where εt is called the error or white noise. The εt is assumed to be independently normal
distribution. The ARIMA model converts a non-stationary time series data into a stationary
time series that is expressed as ARIMA (p,d,q), where p is the order of the AR model,
d is the differencing order, and q is the order of the MA model. For example, AR (1) is
equivalent to ARIMA (1,0,0), and MA (2) is equivalent to ARIMA (0,0,2).

There is no clear trend in the stationary time series, and the average and variance
are constant over time. In the case of a known time series analysis model, analysis is
possible when the data is in the form of time series data that shows normality without
trend or seasonality. In the case of data having a long period, a trend with a sudden and
unpredictable change in direction, or data showing seasonality, the analysis is conducted
after making the data in the form of a stationary time series through the difference using
the difference between observed values. To check whether it is a normal time series or
a non-stationary time series, check through a sequence chart or ACF (auto correlation
function) [35].

This paper dealt only with the ARIMA (p,2,q) model. In general, a non-stationary
time series becomes a stationary time series by a first or second differencing. In the data
of this study, when the difference was 0 or 1, the sequence chart had an inconsistent form
of mean and variance, and it can be seen that the ACF had an abnormal time series in the
form of slowly decreasing. When the difference was 2, the mean and variance appeared in
a certain form, indicating that the time series was normal.

When d = 1, the cumulative number of confirmed cases predicted by the ARIMA
model, gradually decreased or showed a negative value, which is a contradiction. However,
when d = 2, the predicted value of the cumulative cases increased stably, so the ARIMA
(p,2,q) model was used.

2.4. Criteria for the Comparion of Goodness-of-Fit

To compare the goodness-of-fit by ARIMA for each case, the following four criteria
were used:

First, root mean square error (RMSE) is as follows:

RMSE =

√
1
n

n

∑
t=1

et2 (5)

Second, mean absolute error (MAE) is as follows:

MAE =
1
n

n

∑
t=1

|et
2| (6)

Third, mean absolute percentage error (MAPE) is as follows:

MAPE =
100
n

n

∑
t=1

et
2 (7)
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Finally, the sum of square error (SSE) is as follows:

SSE =
(n+1)+14

∑
t=n+1

(
Yt − Ŷt

)2 (8)

Here, et is the difference (error) between the actual cumulative number of cases Yt
and the predicted value Ŷt of the ARIMA model at time t. Additionally, n is the length of
time t. The SSE was calculated as the difference between the predicted values and the data
for 14 days—two weeks from the end of the truncated case. The smaller the values of all
four criteria mentioned above, the better the fit, relative to other models.

3. Results

For the data set, the time series method was applied to compare the criteria of each
section using SPSS 25 (IBM, Armonk, NY, USA). The ARIMA (p,d,q) models were fitted
p = 0, 1, . . . , 5, d = 2, q = 0, 1, . . . , 5 for 19 cases, with 684 models to be compared. Among
them, only the top six models of each case were selected based on the RMSE.

3.1. Prediction of Cumulative Confirmed Cases of COVID-19 by Group and Case Using ARIMA
3.1.1. Comparison of Goodness-of-Fit by Group and Case

Tables 3–7 show the fitting ARIMA models and criteria for groups and cases, and sorts
by RMSE (in ascending order).

Table 3. Results of auto regressive integrated moving average (ARIMA) models for Group 1 (Case 1–4).

Case Model RMSE MAPE MAE

1

ARIMA (5,2,5) 41.181 279.699 21.819

ARIMA (5,2,3) 43.399 248.562 24.118

ARIMA (5,2,4) 43.842 245.299 23.871

ARIMA (5,2,2) 43.898 210.373 23.854

ARIMA (3,2,3) 44.380 170.642 22.634

ARIMA (4,2,2) 44.985 186.538 25.879

2

ARIMA (5,2,5) 41.618 280.246 22.416

ARIMA (5,2,4) 42.445 264.567 23.586

ARIMA (4,2,5) 43.134 185.019 23.488

ARIMA (5,2,3) 43.212 233.869 24.876

ARIMA (4,2,4) 43.358 197.110 25.585

ARIMA (4,2,2) 44.134 180.253 25.783

3

ARIMA (5,2,5) 49.641 162.569 25.548

ARIMA (5,2,4) 53.291 185.799 28.713

ARIMA (5,2,3) 53.474 185.343 29.178

ARIMA (4,2,3) 53.571 197.765 31.706

ARIMA (4,2,4) 54.185 196.412 31.613

ARIMA (5,2,1) 56.478 200.521 33.533

4

ARIMA (5,2,5) 49.869 149.950 25.762

ARIMA (5,2,2) 52.173 177.074 29.535

ARIMA (5,2,4) 52.491 172.811 28.209

ARIMA (5,2,3) 52.593 177.511 28.595

ARIMA (4,2,4) 53.320 191.480 30.849

ARIMA (4,2,3) 53.340 184.271 30.593
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Table 4. Results of ARIMA models for Group 2 (case 5–7).

Case Model RMSE MAPE MAE

5

ARIMA (2,2,5) 56.172 5.963 27.920

ARIMA (5,2,5) 56.428 5.968 27.800

ARIMA (3,2,5) 56.471 5.885 28.122

ARIMA (4,2,5) 56.711 5.965 28.064

ARIMA (5,2,3) 56.901 5.805 28.879

ARIMA (1,2,5) 57.573 5.741 29.995

6

ARIMA (2,2,5) 55.895 5.719 27.720

ARIMA (5,2,5) 56.147 5.748 27.637

ARIMA (3,2,5) 56.185 5.668 27.886

ARIMA (4,2,5) 56.424 5.708 27.934

ARIMA (5,2,3) 56.589 5.737 28.651

ARIMA (1,2,5) 57.283 5.719 29.760

7

ARIMA (2,2,5) 55.629 5.656 27.576

ARIMA (5,2,5) 55.856 5.705 27.451

ARIMA (3,2,5) 55.911 5.697 27.726

ARIMA (4,2,5) 56.074 5.880 27.739

ARIMA (5,2,3) 56.314 5.772 28.552

ARIMA (1,2,5) 57.000 5.821 29.559

Table 5. Results of ARIMA models for Group 3 (case 8–10).

Case Model RMSE MAPE MAE

8

ARIMA (2,2,5) 41.712 3.338 21.422

ARIMA (3,2,5) 41.842 3.324 21.452

ARIMA (5,2,4) 41.908 3.357 21.539

ARIMA (5,2,3) 42.149 3.332 21.863

ARIMA (1,2,5) 42.659 3.443 22.016

ARIMA (4,2,5) 43.019 3.400 21.602

9

ARIMA (2,2,5) 41.912 3.826 21.639

ARIMA (3,2,5) 41.948 3.929 21.489

ARIMA (5,2,3) 42.327 3.750 21.909

ARIMA (5,2,4) 42.670 3.789 22.007

ARIMA (1,2,5) 42.830 3.941 22.299

ARIMA (4,2,5) 43.182 3.658 21.863

10

ARIMA (2,2,5) 42.796 5.012 22.084

ARIMA (4,2,5) 42.953 4.557 22.098

ARIMA (5,2,4) 42.961 4.570 22.007

ARIMA (5,2,3) 43.140 5.146 22.399

ARIMA (1,2,5) 43.640 5.178 22.863

ARIMA (2,2,3) 44.011 4.337 22.637
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Table 6. Results of ARIMA models for Group 4 (case 11–14).

Case Model RMSE MAPE MAE

11

ARIMA (5,2,5) 44.253 5.333 23.426

ARIMA (3,2,5) 44.313 5.304 23.198

ARIMA (4,2,5) 44.417 5.334 23.291

ARIMA (2,2,5) 44.558 5.417 23.484

ARIMA (5,2,3) 44.904 5.330 23.665

ARIMA (5,2,4) 45.051 5.390 23.746

12

ARIMA (3,2,5) 44.405 4.711 23.263

ARIMA (4,2,5) 44.476 4.797 23.207

ARIMA (2,2,5) 44.643 4.866 23.504

ARIMA (5,2,3) 45.015 4.755 23.653

ARIMA (5,2,4) 45.314 4.626 23.801

ARIMA (1,2,5) 45.397 4.467 23.848

13

ARIMA (3,2,5) 44.471 4.190 23.417

ARIMA (4,2,5) 44.536 4.313 23.344

ARIMA (2,2,5) 44.675 4.372 23.506

ARIMA (5,2,4) 44.779 4.452 23.463

ARIMA (5,2,5) 44.798 4.352 23.527

ARIMA (4,2,4) 44.867 4.352 23.050

14

ARIMA (3,2,5) 44.449 3.845 23.491

ARIMA (4,2,5) 44.484 4.056 23.391

ARIMA (5,2,4) 44.707 4.247 23.410

ARIMA (5,2,5) 44.714 4.188 23.457

ARIMA (4,2,4) 44.773 4.242 22.997

ARIMA (5,2,3) 44.941 4.116 23.740

Table 7. Results of ARIMA models for Group 5 (case 15–19).

Case Model RMSE MAPE MAE

15

ARIMA (3,2,5) 41.744 2.511 23.107

ARIMA (4,2,5) 41.811 2.513 23.150

ARIMA (2,2,5) 41.892 2.495 23.300

ARIMA (5,2,3) 42.234 2.524 23.307

ARIMA (5,2,4) 42.308 2.536 23.433

ARIMA (1,2,5) 42.622 2.509 23.948

16

ARIMA (4,2,5) 41.852 2.647 23.268

ARIMA (2,2,5) 41.932 2.624 23.408

ARIMA (5,2,3) 42.285 2.636 23.714

ARIMA (5,2,4) 42.319 2.651 23.534

ARIMA (1,2,5) 42.631 2.628 24.053

ARIMA (4,2,4) 42.779 2.609 23.730
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Table 7. Cont.

Case Model RMSE MAPE MAE

17

ARIMA (3,2,5) 41.957 2.429 23.375

ARIMA (4,2,5) 42.030 2.428 23.410

ARIMA (2,2,5) 42.100 2.419 23.532

ARIMA (5,2,3) 42.416 2.432 23.727

ARIMA (1,2,5) 42.782 2.414 24.175

ARIMA (4,2,4) 42.892 2.458 23.869

18

ARIMA (3,2,5) 41.938 2.444 23.457

ARIMA (2,2,5) 42.072 2.449 23.619

ARIMA (5,2,4) 42.349 2.489 23.824

ARIMA (5,2,3) 42.366 2.472 23.791

ARIMA (5,2,5) 42.390 2.498 23.826

ARIMA (1,2,5) 42.714 2.447 24.212

19

ARIMA (3,2,5) 41.871 2.392 23.431

ARIMA (4,2,5) 41.940 2.391 23.491

ARIMA (2,2,5) 42.005 2.397 23.589

ARIMA (5,2,2) 42.278 2.386 23.846

ARIMA (5,2,3) 42.319 2.398 23.796

ARIMA (5,2,5) 42.401 2.394 23.943

As can be seen in Table 3, in case 1, the RMSE of ARIMA (5,2,5) was 41.181, which was
closer to the actual data than other models. In addition, the MAE of the model was 21.819,
which was the smallest of all models. The MAPE of ARIMA (3,2,3) was 170.642, which
was the smallest among case 1. In case 2, the RMSE and MAE of ARIMA (5,2,5) were the
smallest. Based on MAPE, the value of ARIMA (4,2,2) was the closest to the actual data.
In Cases 3 and 4, all criteria of ARIMA (5,2,5) appeared to be predictive models with the
best descriptive.

As can be seen in Table 4, in case 5, the RMSE of ARIMA (2,2,5) was 56.172, which was
the smallest among case 5. Based on MAPE, the value of ARIMA (1,2,5) was 5.741, which
was the smallest. The MAE of ARIMA (5,2,5) was 27.800, which was the smallest. In case
6, based on the RMSE, the value of ARIMA (2,2,5) was 55.895, which was the smallest.
The MAPE of ARIMA (3,2,5) was 5.668, which appeared to be a predictive model with the
best descriptive. The MAE of ARIMA (5,2,5) was 27.637, which was the smallest. In case 7,
the RMSE and MAPE of ARIMA (2,2,5) were the closest among case 7, and the MAE of
ARIMA (5,2,5) was the smallest of all the models.

As can be seen in Table 5, in case 8, the RMSE and MAE of ARIMA (2,2,5) were the
closest among case 8. The MAPE of ARIMA (3,2,5) was 3.324, which was the smallest
among the other models. In case 9, the RMSE of ARIMA (2,2,5), the MAPE of ARIMA
(4,2,5), and the MAE of ARIMA (3,2,5) were 41.912, 3.658, and 21.489, which were the closest
to the actual data in comparison to the other models. In case 10, the RMSE of ARIMA (2,2,5)
was 42.796, which was the closest to the others. The MAPE of ARIMA (2,2,3) and the MAE
of ARIMA (5,2,4) appeared to be predictive models with the best goodness-of-fit.

As can be seen in Table 6, in case 11, the RMSE of ARIMA (5,2,5) was 44.253, which was
closer to the actual data than the other models. Based on the MAPE and MAE, the values
of ARIMA (3,2,5) were the closest among case 11. In case 12, the RMSE of ARIMA (3,2,5)
was 44.405, which appeared to be the best predictive value. The MAPE of ARIMA (1,2,5)
was 4.467, which was the smallest. The MAE of ARIMA (4,2,5) was 23.207, which was the
closest to the others. In cases 13 and 14, the RMSE and MAPE of ARIMA (3,2,5) provided
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the best fit. Based on MAE, ARIMA (4,2,4) appeared to be a predictive model with the
best fit.

As can be seen in Table 7, in case 15, the RMSE and MAE of ARIMA (3,2,5) provided
the best fit. The MAPE of ARIMA (2,2,5) was 2.495, which was closer to the actual data
than the other models. In case 16, the RMSE and MAE of ARIMA (4,2,5) provided the best
fit. The MAPE of ARIMA (4,2,4) was 2.609, which predicted significantly better results than
the others. In case 17, as in case 15, the RMSE and MAE of ARIMA (3,2,5) show the best
fit. The MAPE of ARIMA (1,2,5) was the smallest. In case 18, all criteria of ARIMA (3,2,5)
provided the best fit among the other models. In case 19, as in case 15, the RMSE and MAE
of ARIMA (3,2,5) were predictive with the best fit. The MAPE of ARIMA (5,2,2) was 2.386,
which was the closest to the actual data.

3.1.2. Comparison of Predictive Value by Group and Case

Table 8 describes the results of the ARIMA models for each group and case, based on
SSE. Here, note means the time interval, including the variability (maximum, minimum,
and high variability of the point at which more than 100 confirmed cases began to appear),
elapsed from the base date of each group.

Table 8. Results of ARIMA models for each group and case based on SSE.

Group Case Model SSE Rank of SSE Note

1

2 ARIMA (4,2,5) 138,245,907 1 Δt = 2, 3, 4

4 ARIMA (5,2,5) 159,104,779 2 Δt = 6, 7

3 ARIMA (5,2,5) 195,270,591 3 Δt = 4, 5

3 ARIMA (5,2,4) 273,033,961 4 Δt = 4, 5

4 ARIMA (5,2,4) 311,756,668 5 Δt = 6, 7

2

7 ARIMA (5,2,5) 21,750 1 Δt = 5

5 ARIMA (5,2,5) 978,159 2 Δt = 1, 2, 7

6 ARIMA (5,2,5) 182,580,231 3 Δt = 3, 4, 6, 7

6 ARIMA (1,2,5) 250,929,996 4 Δt = 3, 4, 6, 7

5 ARIMA (4,2,5) 282,621,031 5 Δt = 1, 2, 7

3

10 ARIMA (1,2,5) 16,973,894 1 Δt = 4, 5, 6, 7

9 ARIMA (4,2,5) 28,752,738 2 Δt = 2, 3

9 ARIMA (5,2,3) 311,216,609 3 Δt = 2, 3

8 ARIMA (5,2,3) 360,558,068 4 Δt = 1

8 ARIMA (5,2,4) 948,734,643 5 Δt = 1

4

14 ARIMA (4,2,5) 26,281,173 1 Δt = 5

14 ARIMA (5,2,3) 30,701,687 2 Δt = 5

12 ARIMA (5,2,3) 39,839,429 3 Δt = 2, 6, 7

12 ARIMA (4,2,5) 43,645,283 4 Δt = 2, 6, 7

11 ARIMA (5,2,3) 47,148,618 5 Δt = 1

5

17 ARIMA (2,2,5) 45,812 1 Δt = 5

18 ARIMA (3,2,5) 48,181 2 Δt = 6

19 ARIMA (3,2,5) 64,905 3 Δt = 7

15 ARIMA (1,2,5) 397,393 4 Δt = 1, 2

19 ARIMA (2,2,5) 2,161,447 5 Δt = 7

As can be seen in Table 8, in Group 1, the SSE of ARIMA (4,2,5) for case 2 was
138,245,907, which was significantly smaller than the others. In Group 2, the SSE of ARIMA
(5,2,5) for case 7 was 21,750, which was the smallest. The SSE of ARIMA (1,2,5) for case
10 in Group 3, ARIMA (4,2,5) for case 14 in Group 4, and ARIMA (2,2,5) for case 17 in
Group 5 were the closest to actual data compared to the other models in the same group.
We confirmed that the analysis should be performed taking into account the time interval
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of the last five days or more, including the maximum, minimum, and high variability
(when more than 100 confirmed cases started to appear).

For reference, it was confirmed that the analysis should be performed taking into
account the time interval of the last five days or more, including the maximum, minimum,
and high degeneration (when more than 100 confirmed cases started to appear).

Note the consideration of the maximum, minimum, and expensive modification, (a
confirmed case is the time more than 100 people begin to appear) over the last five days,
confirmed that this analysis should be done.

Based on the note above, Δt of the best model in Group 1 was 2, 3, and 4, a period that
was the initial period of the COVID-19 outbreak. Thus, its data was small; Δt was smaller
than other groups. In Groups 2, 4, and 5, the values of the best models for each group were
5. In Group 3, Δt of the best model was 4, 5, 6, and 7 and the minimum was 4. That is,
we found that the best prediction in Group 3 was to analyze it using the data up to the
point of high variability (minimum and maximum) over four days. Except for Group 1,
which was unstable due to low data, the remaining groups were required to predict using
the data up to the point of high variability (minimum and maximum) for the last five days.

3.2. Results of Fitting and Forecasting for the Latest Period Using ARIMA

The ARIMA model was fitted to the data set of confirmed COVID-19 cases, including
the data set from the latest period of the third wave outbreak (up to 27 December 2020).
As in Section 3.1.1, ARIMA (p,d,q) models were fitted p = 0, 1, . . . , 5, d = 2, q = 0, 1, . . . ,
5 for 19 cases. Table 9 lists the top 10 based on the RMSE among the fitted ARIMA models.

Table 9. Criteria of confirmed cases according to ARIMA.

Model RMSE MAPE MAE

ARIMA (3,2,5) 53.031 4.190 29.780

ARIMA (5,2,4) 53.323 4.216 29.925

ARIMA (2,2,5) 53.333 4.449 30.232

ARIMA (5,2,3) 53.591 4.120 30.061

ARIMA (4,2,3) 54.150 4.914 30.567

ARIMA (4,2,4) 54.177 4.811 30.602

ARIMA (5,2,5) 54.638 4.296 30.976

ARIMA (1,2,5) 54.680 3.860 30.569

ARIMA (3,2,4) 55.385 4.568 31.593

ARIMA (0,2,5) 55.621 4.609 30.879

Based on the RMSE, ARIMA (3,2,5) provides the best fit, the value was 53.031. Ad-
ditionally, the MAE of the model was 29.780, the closest to actual model than others.
Compared to other models based on MAPE, the value of ARIMA (1,2,5) was 3.860, ap-
peared to be the best predictive model. The model with the least SSE in each group in
Table 8 also had smaller RMSE, MAPE, and MAE values compared to cases in the same
group. Therefore, we estimated the predicted values and 95% confidence intervals over the
next 14 days for the best models, ARIMA (3,2,5) and ARIMA (1,2,5) based on three criteria.

Table 10 shows the predicted values, UCL (upper confidence limit), and LCL (lower
confidence limit). According to Table 10, the number of cumulative confirmed cases for
the next 14 days might be 58,532–70,389 in ARIMA (3,2,5), and 58,533–69,877 in ARIMA
(1,2,5). Figures 3 and 4 show the predicted values, 95% confidence intervals, and actual
data values for each model.
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Table 10. Prediction of cumulative confirmed cases according to the best models with 95% confidence interval.

Date Real Data

Based on RMSE and MAE
ARIMA (3,2,5)

Based on MAPE
ARIMA (1,2,5)

Forecast UCL LCL Forecast UCL LCL

28 December 2020 58,714 58,532 58,636 58,427 58,533 58,640 58,425
29 December 2020 59,764 59,456 59,668 59,243 59,477 59,697 59,256
30 December 2020 60,731 60,428 60,756 60,101 60,417 60,755 60,079
31 December 2020 61,758 61,448 61,912 60,984 61,358 61,832 60,883

1 January 2021 62,578 62,432 63,046 61,818 62,248 62,875 61,622
2 January 2021 63,235 63,327 64,106 62,547 63,113 63,920 62,306
3 January 2021 64,255 64,153 65,125 63,180 63,964 64,983 62,945
4 January 2021 64,969 64,975 66,175 63,775 64,809 66,070 63,548
5 January 2021 65,807 65,847 67,308 64,386 65,651 67,181 64,121
6 January 2021 66,676 66,770 68,515 65,025 66,493 68,318 64,669
7 January 2021 67,350 67,710 69,752 65,667 67,336 69,477 65,195
8 January 2021 67,991 68,628 70,978 66,278 68,181 70,660 65,702
9 January 2021 68,648 69,515 72,185 66,845 69,028 71,864 66,192
10 January 2021 69,099 70,389 73,394 67,384 69,877 73,088 66,665

Figure 3. Time-series plot for ARIMA (3,2,5).
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Figure 4. Time-series plot for the best ARIMA (1,2,5).

4. Discussion

In Section 3, we used ARIMA to compare the criteria of each case using data sets from
Korea. The period between 20 January to 26 October 2020 was divided into five based
on (1) peak of the first wave; (2) the day when the increase in confirmed cases is at its
minimum; (3) the day when the variability of the confirmed case is high before the peak
of the second wave; (4) peak of the second wave; and (5) the day when the variability of
the confirmed cases is high before the peak of the third wave. Tables 3–7 show the top six
results by comparing the goodness-of-fit of the ARIMA model for each group and case,
and Table 8 shows the top five results based on SSE to examine the predicted values.

In general, if the goodness-of-fit is high, the predicted value is thought to be high,
but the results were different. As can be seen from the note of the results in Table 8,
the SSE value of the ARIMA model derived using Δt 5 was significantly lower than that of
other models.

It is recommended because it performs much better at predicting the number of
confirmed cases using data at each point in time of the time interval 5, i.e., the average data
of 5 days. By predicting the number of confirmed patients based on the results of analysis
at various points in time using empirical data analysis and the ARIMA model using it, it is
possible to preemptively respond to the variability (increase, decrease, rapid increase, etc.)
of the number of confirmed patients through daily updates.

Additionally, in Korea, since the case definition is clear and data collection is almost in
real time, the predictive power of the ARIMA model is relatively excellent and stable. There
were unpredictable events due to the blind spot, but the blind spot is expected to gradually
decrease due to the learning effect and preemptive examination on the similar exposure
pathway. In addition, they successfully conducted a blind test as a way to cope with the
phenomenon of avoiding tests due to social stigma, and there is a foundation for imposing
legal sanctions in case of false reports on the route of infection. Prediction through the
ARIMA model provides an important basis for KDCA to predict the necessary severe
disease constant and prepare it in advance. In Korea, the proportion of public medical
services is small, so the number of beds that can treat critically ill patients is limited. This is
because it takes time to secure the number of severe illnesses by seeking cooperation from
the private medical field. The accuracy of the prediction model is expected to improve as
data is accumulated. However, there is a need for a model that can reflect the effects of
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external factors such as the effect of policy measures such as adjustment of the quarantine
stage and the influx of mutant viruses.

5. Conclusions

This study aimed to suggest an appropriate prediction time point to significantly
predict the number of confirmed cases. To significantly predict the number of confirmed
COVID-19 cases in Korea, we proposed it should be analyzed and predicted using data
at each point in time of the time interval 5, i.e., the average data of 5 days. Forecasting
at this time can clearly confirm whether the number of cases will increase or decrease in
the future.

The ARIMA model was fitted using the most recent data in progress for the third
wave. As a result of predicting the number of cumulative confirmed cases for the next
14 days based on the best models of each criterion, the number of cumulative confirmed
cases by the beginning of next year was expected to reach 70,000. Currently, Korea has a
shortage of hospital beds. The results are expected to effectively estimate at the point the
number of beds required by predicting variability (decrease and, increase) and the number
of confirmed cases. In addition, this study is expected to help the government and Korea
Disease Control and Prevention Agency (KDCA) to respond systematically to a future
surge in confirmed cases.

However, it is difficult to accurately predict the changing cases, because various
factors affect the increase in the number of confirmed cases. Furthermore, the influence
of mass inflection is large. Therefore, it is necessary to study various techniques, such as
reinforcement of machine learning, modeling research based on deep learning, and the
application of prediction algorithms.
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