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Abstract

Purpose — The purpose of this paper is to intelligibly demonstrate the effectiveness of face mask wearing as a
means to prevent COVID-19 transmission. Through understanding the benefits of wearing masks, it is hoped to
facilitate the change of societal behavior and more people are willing to wear face mask.
Design/methodology/approach —The paper investigates the 50 states in the United States of America (U.S.)
and Washington, D.C. that implemented the mask mandates before September 30, 2020, which are divided into
four groups: (1) those implemented the statewide mask mandates before June 5, 2020 when World Health
Organization (WHO) recommended mask wearing; (2) those implemented statewide mask mandates after June
5, 2020; (3) those implemented partial mandates affecting 30 percent or more of the state’s population; and (4)
those implemented partial mandates affecting less than 30 percent. Simple descriptive statistics are analyzed.
Findings — For the 50 U S. states and Washington, D.C,, the higher the mask wearing rate, the lower the number
of COVID-19 cases (correlation coefficient: —0.69 (p<0.001)). For the 23 states with mobility reduction of less than
15 percent, the higher the proportion of population required to wear masks, the lower the number of cases. This
can be seen from the difference in the number of cases among the four groups by ANOVA (p = 0.013).
Originality — The positive effect of wearing masks is shown based on simple descriptive statistics for intuitive
and intelligible understanding, which may lead people to comprehend the importance of wearing masks, and
break through their custom, culture, and norms, and wear masks.
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Introduction

COVID-19 pandemic

During the COVID-19 pandemic, it is essential to reduce the infection risks in daily life as
much as possible. COVID-19 vaccination has started in many countries, and the effect of the
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vaccines has gradually taken effect. However, even if the infection can be suppressed in some
countries, eradication of COVID-19 is difficult because of increasing globalization and the
appearance of coronavirus variants. It will be tough to return to a coronavirus-free society.
Therefore, activities that enable society to coexist with COVID-19 are needed for the
foreseeable future.

This paper will investigate the effect of face mask mandates in the U.S. on COVID-19
infection rates as a means to effect a change in societal behavior and promote the wearing of
masks, which is necessary if society is to coexist with coronaviruses.

Changing societal behavior

A key concern when contemplating which measures to take against COVID-19 infection is
how potential societal restrictions will affect the economy. The balance between restrictions
and the economy depends on the country and the political position of its leader. For example,
the former president of the U.S., Donald Trump, emphasized the economy more. In addition, it
is widely known through television news and other forms of mass media that there were
many Americans who did not wear masks at numerous Republican rallies before and after
the presidential election. Furthermore, the implementation of such measures as mask
mandates and stay-at-home orders as well as the timing of the strengthening these measures
differed greatly among states depending on whether the state was under Republican or
Democratic control.

Purpose

Unlike hand disinfection, social distancing and ventilation, there will be resistance to wearing
face masks due to long-standing custom, social and cultural backgrounds, and subjective
norms across countries or regions. In this paper, the effect of wearing masks is shown by a
descriptive statistical approach so that people can easily understand and probably be
convinced on the positive effect of mask wearing. Hopefully more people will break through
their custom, culture, and norms and take actions of wearing masks.

Research methodology

Data collection

The effect of mask mandates on the number of COVID-19 cases was analyzed using data for
the 50 U.S. states and Washington, D.C. through September 30, 2020. The data included the
start date of mask mandates, the proportion of people required to wear masks, other
measures taken before and after the mask mandates were implemented, the mask wearing
rate and the mobility rate estimated by the Institute for Health Metrics and Evaluation
(HME, 2021), and the number of cases compiled by the Centers for Disease Control and
Prevention (CDC, 2020). The authors used the IHME mask wearing rate rather than that of
Carnegie Mellon University (Delphi Group, 2021) since the study focused on the period until
September 30, 2020. Number of cases was standardized per million of state population
(person per million / PPM). The U.S. was chosen for this study since each state makes their
own health policy decisions independently, thus enabling comparison among various
policies. In that sense, the U.S. can be regarded as a field for social experiments. In particular,
the U.S. does not have a mask-wearing culture, and the specifics of the mask mandates are
different among states.

Design and statistical analysis
First, the states and the D.C. (collectively referred to as a “state”) were divided into two
groups, those that implemented it throughout the state and those that implemented it in only



certain areas (Ballotpedia, 2021; Kim et al, 2020; Markowitz, 2021; The New York Times,
2020). The former group was further divided into two groups: the states in which the mandate
was implemented before June 5, 2020 when the WHO recommended mask wearing, and those
in which it was implemented after June 5, 2020. Similarly, the latter group was further divided
into two groups, the states with 30 percent or more of the population required to wear masks
and those with less than 30 percent. In those states where the implementation date differed
depending on areas, the implementation date of the county or city with the largest population
was set as the start date. The population targeted for mask mandates was the total population
of the areas where a mask mandate was implemented within two weeks before and after the
set start date (four weeks in total). The four groups investigated are defined as follows.

Group A: Statewide mask mandate before June 5, 2021

Group B: Statewide mask mandate after June 5, 2021

Group C: 30 percent or more of the state’s population required to wear a mask
Group D: Less than 30 percent of the state’s population required to wear a mask

Measures such as stay-at-home orders, school closures, large-gathering prohibitions, and
restaurant, bar, and recreational facility closures greatly affect mobility. Therefore, the effect
of a mask mandate was examined only for the states where the mobility for four weeks (two
weeks before and after the start date) was reduced by less than 15 percent compared with
normal mobility. Table 1 shows the data for the 23 states with a mobility reduction rate of less
than 15 percent. The number of cases two weeks after the start date was set to 100, and the
increase or decrease in the number of cases was investigated for the following six weeks (from
the 3rd to the 8th week). Besides, a scatter plot between the mask wearing rate for all the
states and D.C. on September 30, 2020, and the number of cases for one month (September)
was created, and the correlation was examined.

Mask mandates start date and relevant population

When a mask mandate was implemented in a part of the state and the implementation date of
each area was different, the implementation date of the most populous area was set as the
implementation date of the mask mandate in the state. When the implementation date of the
mask mandate in multiple areas was consecutive, the authors compared the total population
of those areas with that of the area implemented on another day before setting the state
implementation date of the mask mandate. For example, in Georgia, five cities implemented a
mask mandate on July 9 and two other cities did it on July 10. July 9 and 10 are consecutive
and so the total population of seven cities was compared with that of the area implemented on
another day. As a result, the total population of seven cities was more than the others. Next,
the authors compare the population of the areas where the mask mandate was conducted on
July 9 with that of the areas implemented on July 10. Since the total population of the areas
implemented on July 9 is more, July 9 was set as the implementation date of the mask mandate
in Georgia. The population covered by a mandate implemented within two weeks before
(including the start day) and after the start date (four weeks in total), was about 2.12 million.
The total population of the state was about 10.62 million, so 20.0 percent of the population
was required to wear a mask.

Appearance of mask mandates effect

Figure 1 is a time series graph showing the daily number of newly infected people per million
in Ohio (Group B), South Carolina (Group C), and Nebraska (Group D). The curved line shows
the seven-day moving average. In general, the effect of the mask mandate appeared about
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Figure 1.

Time series graph of
number of newly
infected people in Ohio
(Group B), South
Carolina (Group C), and
Nebraska (Group D)

two weeks after the mandate start date as shown in the graph of South Carolina. That is, there
was a peak in the number of cases in the second week from the start date (July 6). The same
situation also occurred in Indiana, Kentucky, Montana, Kansas, Oklahoma, South Carolina,
and Tennessee (Table 1). However, as shown in the table, there were several exceptions. For
Alabama, Arkansas, and Idaho, the larger number of COVID-19 cases appeared on the
mandate start date, which is attributed to the effect of the Independence Day holiday on July
4, just about 2 weeks before the mandate start date. For Ohio, the larger number on the
mandate start date, July 23, is probably because seven major counties implemented mandates
on July 7, about two weeks prior to statewide implementation on July 23. The total population
of the seven counties was 4.87 million of the 11.69 million state population (41.7 percent).
Therefore, there was a peak in the number of cases two weeks after July 7 (Figure 1).

Results

Relationship between number of COVID-19 cases and mask mandate start date

The number of COVID-19 cases per million population in September 2020 is plotted against
the mask mandate start date in Figure 2 for the four groups investigated. It is noted that each
plot point in the figure represents a state or D.C. Differences in the total number of COVID-19
cases among these four groups can be clearly seen. In particular, the states that mandated
mask wearing statewide before June 5 had a lower number of cases.

Relationship between number of COVID-19 cases and mask wearing rate
The number of COVID-19 cases per million people in September 2020 is plotted against the
estimated mask wearing rate (IHME, 2021) on September 30, 2020 in Figure 3 for the four
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groups. There is a clear correlation between the rate of mask wearing and the number of
cases. The correlation coefficient for September was —0.69 (p<0.001) including Wyoming and
—0.79 (p<.001) excluding Wyoming. That is, the higher the rate, the fewer the cases.

Effect of mask mandate considering mobility
In Figure 4, the average number of COVID-19 cases from the 3rd to the 8th weeks normalized
by the 2nd week number of cases is plotted against the average mobility for four weeks (two
weeks before and after the start date of mask mandates) for the 50 US. states and
Washington, D.C. stratified by the four groups investigated. The number of cases for the 2nd
week was set to 100. The vertical dotted line corresponds to a 15 percent reduction in the
mobility rate. Figure 5 shows the average mobility for four weeks (two weeks before and after
the start date of mask mandates) for the 50 U.S. states and Washington, D.C. classified into
the four groups. With the threshold of “—15 percent”, the number of states for Groups A, B, C
and Dis 0,9, 7 and 7, respectively, and they are renamed as A’, B, C, and D’, respectively.
Graphs for these 23 states with mobility reduction of less than 15 percent are shown in
Figure 6 for the three groups described above (Groups B’, C, and D', there was no state in
Group A’). There was no significant difference in mobility between groups (p=0.109 by
ANOVA). The ANOVA result for the difference in covered population means of the groups in
terms of the number of COVID-19 cases was significant (p = 0.013), indicating that mask
mandates were effective in decreasing the number of COVID-19 cases. Sensitivity analysis
showed that with the threshold of the population percentage required to wear a mask
changed from 30 percent to 20 percent, the ANOV A result would be still significant (p=0.010).
Also, if the threshold changed from 30 percent to 40 percent, the result would be still
significant (p=0.045).
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Figure 2.

Number of COVID-19
cases in September
2020 versus start date
of mask mandate
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Figure 3.

Number of COVID-19
cases in September
2020 versus mask
wearing rate
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Discussion
This study has three key implications as discussed below.

Perceiving the benefits of mask wearing

For changing societal behavior, Hung (2018) indicated the importance of perceived benefits of
mask wearing and lack of perception of being at risk, and barriers to social interaction of
mask wearing during the flu pandemic. Moreover, based on the theory of planned behavior
(TPB), it was shown that risk perceptions of the pandemic and perceived benefits of face
masks are the major influencing factors that positively affect public willingness to wear face
masks besides attitude and social norms (Irfan et al, 2021). For perceiving the benefits of
mask wearing, it is important to provide data and scientific evidence in a way that people can
easily understand so that hopefully they can be convinced of the genuine need to wear
a mask.

Face coverings can have both social and cultural meanings. In the U.S, mask mandates
have become a political issue because being required to wear a mask in public is thought by
many people to be a violation of freedom (Rojas, 2020). Wearing one has been described as
dehumanizing as well (MacFarquhar, 2020). Several U.S. government officials including the
former president, Donald Trump, initially refused to wear a mask, describing it as a sign of
weakness. They asserted their authority by not wearing a mask (Ball, 2020).

Social and community thinking may affect mask wearing. For example, the mask wearing
rate varied among states depending on whether the state supported the Republican or
Democratic party in the 2020 U.S. presidential election. Figure 7 shows the same data as
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Figure 4.

Number of COVID-19
cases from 3rd to 8th
weeks versus mobility

Figure 5.

Average mobility for
four weeks (two weeks
before and after the
start date of mask
mandates) for the

50 US. states and
Washington, D.C.
stratified by the four
groups
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Figure 6.
Comparison of
normalized number of
COVID-19 cases by
different population
groups required to
wear a mask

Figure 7.

Number of COVID-19
cases in September
2020 versus mask
wearing rate stratified
by political party

supported in 2020 U.S.

presidential election
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4 Republican P Democratic

Figure 3, with the states labeled with the party they supported in the 2020 presidential
election. The states in which self-responsibility is highly valued were likely to have supported
the Republican Party and that valuation may have influenced the way the residents think
about wearing a mask. Schoeni et al. (2021) showed that both the rate of not wearing a mask in
the past week and the adjusted percentage of at-risk adults never wearing a mask were higher
for Republicans than Democrats. Also, Green et al. (2020) showed that Democratic members of



congress were more likely to frame the pandemic as a public health threat than Republican
members.

As shown in this study, protecting public health requires compromising individual
freedom although individual freedom should not be taken lightly. This is because people who
do not wear a mask present a higher risk of infection to others. This is analogous to smokers
presenting a risk to non-smokers through passive smoking. The similarities between mask
wearing and smoking are discussed in the literature (Vuolo et al., 2020). Bavel et al. (2020) also
focused on protecting others, besides several social scientific insights such as emphasizing
benefits to the recipient, aligning with the recipient’s moral values and appealing to social
consensus or scientific norms. To bring some advantages to other people, using evolutionary
game theory, Kabir ef @l (2021) quantified how people use mask-wearing and related
protecting behaviors. To promote mask wearing for protecting others, it is important to
provide data and scientific evidence in an easy-to-understand way. Behavior change is a
multi-step, multi-factor process, and how to incorporate scientific findings into public health
policy is an issue for future study.

Differences from previous research

Previous studies on the effects of mask wearing were summarized by Brooks and Butler
(2021) from an epidemic point of view. Lyu and Wehby (2020) focused on requirements to
wear a mask in public as well as restrictions on movement such as banning gatherings and
closing schools. Using a model based on an exponential growth curve, they found that the
increase in the rate of COVID-19 infections was possibly reduced by up to 2.0 percent by
implementing mask mandates. X. Wang ef /. (2020) and Y. Wang et al. (2020) used a weighted
nonlinear regression model, and a multivariable logistic regression model respectively, to
show the effect of mask wearing. Model-based analysis and a descriptive statistical approach
used in this paper have a complementary relationship. In formulating health policy, it is
important to make decisions based on the knowledge obtained by various methods in view of
the magnitude of the impact.

To investigate the effects of mask wearing, Lyu and Wehby (2020) focused on the number
of days since the declaration of a mask mandate while Gallaway et al. (2020) focused on the
number of days since the start date of a mandate. This study used the latter approach in order
to reveal the effects of mask mandates more clearly. While the study of Gallaway et al. (2020)
was limited to one U.S. state, this study expanded the scope to all U.S. states plus D.C.

Effectiveness of early mask mandates

As can be seen from Figure 2, the earlier the mask mandates were issued by the states, the
smaller the number of infected people. Also, from Figure 3, it is found that the higher the mask
wearing rate, the smaller the number of infected people. The above result may be attributed to
whether the state supported the Republican or Democratic Party in the 2020 U.S. presidential
election from Figure 7. On the other hand, the graphs of mask wearing rates on the IHME web
site ([HME, 2021) revealed that once statewide mask mandates were implemented, the mask
wearing rate either increased or stayed the same for the most part. The mask wearing rates
varied depending on the state, however, it rarely decreased before the end of September. This
further demonstrates how important mask mandate was in changing people’s behavior
within a certain period.

Mechanism of infection prevention by masks
The transmission of COVID-19 can be roughly divided into three main routes: droplet
infection by release of droplets 5 y or more in diameter from the oral cavity, aerosol infection
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caused by droplet nuclei (less than 5 y in diameter) formed due to evaporation of the moisture
in droplets due to low humidity (particularly in winter), and contact infection due to touching
the face and eyes. For droplet infection, masks and social distancing are effective. For aerosol
infection, ventilation and safety glasses in addition to masks are effective. For contact
infection, hand hygiene is definitely important. Also, masks are effective since wearing a
mask helps to reduce the frequency of touching the face (Chen et al, 2020). In short, masks are
indispensable items for all three infection routes.

In addition, from the micro perspective, the effectiveness of mask wearing should be
considered on the basis of various factors such as the mask design and material, the
manufacturing process, humidity, ventilation, and population density. These factors are
addressed in the research literature (Riken, 2020; Ueki et al, 2020). Various experiments as
well as a descriptive statistical approach are indispensable to facilitate people’s
understanding on the effects of mask wearing.

Strengths and limitations

There are two strengths of this study. First, the analysis method is based on descriptive
statistical approach to demonstrate the effect of mask wearing using comprehensively
summarized data in each US. state and D.C. This study makes it easier for people to
understand the importance of mask wearing. Hopefully, this could contribute to probable
changes in mask wearing behavior.

Second, regarding the advantage of wearing masks, an important point is that masks do
not substantially interfere with economic activities if appropriate measures are taken related
to eating, drinking, singing, speaking, yelling, etc. Since infection spreads through human
movement and face-to-face communication, infection can be prevented by using virtual
communication like web conferencing under stay-at-home orders that restrict the movement
of people (Kano et al,, 2020)). However, real face-to-face communication is difficult. In addition,
under various restrictions, the economic activities of travel-related businesses including
railways, airlines, and hotels are limited. Masks are an effective way to reduce these
difficulties.

This study is an ecological study and thus does not directly explain causal relationships.
Moreover, factors other than mask wearing may have affected the results. The two main
limitations are as follows. First, there are effects other than masks. In addition to promoting
mask wearing and limiting mobility, it is important to enforce social distancing to prevent
droplet infection, improve ventilation to prevent aerosol infection, and disinfect surfaces to
prevent contact infection. This study set a four-week mobility condition (two weeks before
and after the start date of mask mandates), i.e., a reduction in mobility of less than 15 percent,
and made no assumptions about other major changes in behavior such as disinfecting
surfaces, improving ventilation, and social distancing. In addition, the effect of being
vaccinated on mask wearing was not considered.

Second limitation is related to mask wearing rate, how to wear, and the types of mask.
According to the data on mask wearing from IHME (2021), on September 30, 2020, the
maximum rate of mask wearing was 77 percent in the U.S., much less than 100 percent.
Although infection rates are affected by the types of mask worn and the way in which masks
are worn (Tamamoto et al., 2020), measures aimed at improving the mask wearing rate, using
effective masks, and wearing masks properly were not taken into account.

Conclusion
The effectiveness of mask wearing was investigated using data for the 50 U.S. states and
Washington, D.C. through September 30, 2020. The effect of mask mandate was clarified



under a similar mobility condition, thereby excluding the effects of restrictions on movement
such as stay-at-home orders and gathering limitations. This study revealed that the higher
the mask wearing rate, the lower the number of COVID-19 cases, and the higher the
proportion of population required to wear masks, the lower the number of cases. Mask
wearing could last for a relatively long period of time once a mask mandate is declared.
Presenting the effects in an easy-to-understand manner may lead to better understanding by
the general public of the effectiveness of mask wearing and to changes in their mask-wearing
behavior. This approach may prove useful in promoting measures aimed at controlling other
types of infections as well.
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