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Abstract

Background: During the COVID-19 pandemic, it is of vital importance to identify factors that promote behavioral compliance
of consumers to the recommendations of government agencies.

Objective: This study analyzed demographic characteristics, acquired knowledge, and personal beliefs, in combination with
anxiety and stress, as indicators of compliance in the general population to recommended behavioral changes during COVID-19.

Methods: Data from a survey that was administered on Facebook, Instagram, Twitter, and WhatsApp was analyzed.
Participation was voluntary and no compensation of any kind was provided. T tests and analysis of variance were used to
compare average scores of the different demographic groups, with degrees of freedom adjusted if the equal variance assumption
appeared to be violated. Logistic regression was used to determine the odds ratios for adoption of the various preventive
behaviors. Data were analyzed using SPSS (version 27, IBM Corp). Structural equation modelling was performed using
SmartPLS. The impact of personal characteristics – age, gender, education, race, and political affiliation, combined with acquired
knowledge about COVID-19, personal beliefs during the crisis, and the resulting anxiety and stress were evaluated for their
effect on the adoption of recommended behavioral changes during COVID-19.

Results: 5,677 social media users participated in the online survey, however, only 4,998 completed the entire survey and were
used in our analyses. Only respondents who were 18 years of age or older and U.S. residents were included in the final data set.
Females had a higher average knowledge about COVID-19 (t=3.09, df=4960, p<0.01), but the genders were similar in their
knowledge of protective factors (t=0.26, df=4960, p=0.79). Republicans had a lower average COVID-19 knowledge score
(t=-3.93, df=4996, p<0.001) and a lower average knowledge of protective factors (t=-2.82, df=4996, p<0.01). Those with higher
levels of education had higher mean COVID-19 knowledge scores (F=79.10, df=4,4993, p<0.001). Among the different age
groups, younger respondents had higher levels of COVID-19 knowledge (F=11.46, df=2,4995, p<0.001), but the age groups
were similar in their knowledge of protective factors (F=0.28, df=2,4995, p=0.645). About two-thirds of the sample (67%)
disagreed or strongly disagreed that COVID-19 was an act of bioterrorism. About 82% agreed or strongly agreed that COVID-19
is more deadly than the seasonal flu. About 84% agreed or strongly agreed that the amount of media attention paid to COVID-19
was adequate, and most (80%) disagreed or strongly disagreed that COVID-19 is not as big a problem as the media suggests.
Republicans on average had higher agreement that the virus was released as an act of bioterrorism (t=16.00, df=2030.3,
p<0.001), that the virus is not as big a problem as the media suggests (t=20.61, df=1908.3, p<0.001), and that warm weather will
reduce the spread of the virus (t=16.52, df=2286, p<0.001). Among the preventive behaviors that respondents reported adopting,
the most frequent were keeping away from crowded places (N=4863, 96.5%), using hand sanitizer or washing hands more often
(N=4826, 95.8%), starting to clean or disinfect things they might touch (N=4482, 89.0%) and avoiding public transportation
(N=4393, 87.2%).
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Conclusions: Individual beliefs in the severity of the pandemic, the level of stress/anxiety, and protective knowledge for
COVID-19 were significant indicators in the adoption of protective behaviors while the level of COVID-19 knowledge was
weakly and negatively associated with these indicators. Demographic factors including age, gender, political affiliation,
education level, and race were also significant indicators of behavioral compliance. Study findings can provide valuable insights
that can be used to further increase behavioral compliance among the population during COVID-19.
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An Empirical Analysis of Demographic Characteristics, Acquired
Knowledge, and Personal Beliefs as Indicators of Behavioral

Compliance during the COVID-19 Pandemic: A National Cross-
Sectional Study

Abstract

Background:  During the COVID-19 pandemic,  it  is  of  vital  importance to  identify factors  that
promote behavioral compliance of consumers to the recommendations of government agencies.
Objective: This  study  analyzed  demographic  characteristics,  acquired  knowledge,  and  personal
beliefs,  in combination with anxiety and stress, as indicators of compliance in the population to
recommended behavioral changes during COVID-19.
Methods: Data from a survey that was administered on Facebook, Instagram, Twitter, and WhatsApp
was analyzed. Participation was voluntary and no compensation of any kind was provided. T tests
and analysis of variance were used to compare average scores of the different demographic groups,
with degrees of freedom adjusted if the equal variance assumption appeared to be violated. Logistic
regression was used to determine the odds ratios for adoption of the various preventive behaviors.
Data  were  analyzed  using  SPSS  (version  27,  IBM  Corp).  Structural  equation  modelling  was
performed using SmartPLS. The impact of personal characteristics – age, gender, education, race,
and  political  affiliation,  combined  with  acquired  knowledge  about  COVID-19,  personal  beliefs
during the crisis, and the resulting anxiety and stress were evaluated for their effect on the adoption
of recommended behavioral changes during COVID-19.
Results: 5,677 social media users participated in the online survey, however, only 4,998 completed
the entire survey and were used in our analyses. Only respondents who were 18 years of age or older
and U.S. residents were included in the final data set. Females had a higher average knowledge about
COVID-19 (t=3.09, df=4960, p<0.01), but the genders were similar in their knowledge of protective
factors (t=0.26, df=4960, p=0.79). Republicans had a lower average COVID-19 knowledge score
(t=-3.93, df=4996, p<0.001) and a lower average knowledge of protective factors (t=-2.82, df=4996,
p<0.01).  Those  with  higher  levels  of  education  had  higher  mean  COVID-19  knowledge  scores
(F=79.10, df=4,4993, p<0.001). Among the different age groups, younger respondents had higher
levels of COVID-19 knowledge (F=11.46, df=2,4995, p<0.001), but the age groups were similar in
their knowledge of protective factors (F=0.28, df=2,4995, p=0.645). About two-thirds of the sample
(67%) disagreed or strongly disagreed that COVID-19 was an act of bioterrorism. About 82% agreed
or  strongly  agreed that  COVID-19 is  more  deadly  than  the  seasonal  flu.  About  84% agreed or
strongly agreed that the amount of media attention paid to COVID-19 was adequate, and most (80%)
disagreed or  strongly disagreed that  COVID-19 is  not  as  big a  problem as  the  media suggests.
Republicans on average had higher agreement that the virus was released as an act of bioterrorism
(t=16.00, df=2030.3, p<0.001), that the virus is not as big a problem as the media suggests (t=20.61,
df=1908.3, p<0.001), and that warm weather will reduce the spread of the virus (t=16.52, df=2286,
p<0.001). Among the preventive behaviors that respondents reported adopting, the most frequent
were keeping away from crowded places (N=4863, 96.5%), using hand sanitizer or washing hands
more often (N=4826, 95.8%), starting to clean or disinfect things they might touch (N=4482, 89.0%)
and avoiding public transportation (N=4393, 87.2%).

Conclusions:  Individual  beliefs  in  the severity  of  the pandemic,  the level  of  stress/anxiety,  and
protective  knowledge  for  COVID-19  were  significant  indicators  in  the  adoption  of  protective
behaviors while the level of COVID-19 knowledge was weakly and negatively associated with these
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indicators. Demographic factors including age, gender, political affiliation, education level, and race
were  also  significant  indicators  of  behavioral  compliance. Study  findings  can  provide  valuable
insights that can be used to further increase behavioral compliance among the population during
COVID-19.

KEYWORDS:
COVID-19; knowledge; behavior modification; protective practices; personal beliefs; pandemic

Introduction

Since the initial cases of a mysterious illness first began emerging in December 2019, society has
come under siege from the novel coronavirus SARS-CoV-2 in what has colloquially become known
as the COVID-19 pandemic. The COVID-19 virus is thought to have originated in Wuhan, China and
is characterized by a high transmission and fatality rate. COVID-19 spread rapidly, passing from one
host to another through small droplets in the air, establishing itself as a global presence in just a few
months. COVID-19 was declared a worldwide pandemic by the World Health Organization (WHO)
on March 11, 2020.
COVID-19 has proven to be one of the deadliest pandemics in history. Prior diseases that wreaked
havoc on human life included the Plague of Justinian in 541-542 A.D. which claimed 30-50 million
lives; Smallpox was responsible for 25-55 million deaths; the Russian flu and yellow fever accounted
for just over a million lives lost in the later 1800s [1]. The 1900s were marred by the Spanish flu in
1918-1920 (20 million deaths), the Asian flu of 1957-1958 (1 million deaths), and the Hong Kong flu
of 1968-1970 (1 million deaths) [1].  In the current century,  we battled SARS in 2002-2003 and
MERS in 2015 (each with less than 1,000 deaths), the Swine flu that began in 2009 (200,000 deaths),
and Ebola in 2014-2016 (11,000 deaths) [1]. HIV/AIDS, an ongoing battle since 1981, has claimed
approximately  35  million  lives  [1].  As  of  April  20,  2021,  219 countries  across  the  world  have
reported over 142 million infections of COVID-19 which have resulted in 3 million deaths [2]. In the
United States alone, 32 million cases have been documented and over 581,000 have died from the
virus [3].
COVID-19 has drastically affected everyday life, where people are strongly urged to wear masks in
public, eliminate group gatherings in favor of social distancing practices, vacate offices and public
buildings to  work from home,  opt  for online meetings to replace face-to-face conversations  and
social  interactions  that  were  once  the  norm in  offices,  and  transition  to  (asynchronous)  online
learning instead of  experiential  and interactive in-person learning in schools.  Efforts  for contact
tracing  for  those  that  become symptomatic  have  become commonplace  and drastic  measures  of
sheltering in quarantine at home and even citywide lockdowns have become all too familiar. 
In addition to the major restrictions on day-to-day activities and overall social disruptions, COVID-
19 has  caused economic  upheaval  and devastated  the  livelihoods  of  millions  of  individuals  and
businesses. Over 3.3 billion workers have lost their jobs or are at risk of losing them, causing many
to fall into poverty [4]. Travel restrictions have been imposed and international borders have been
closed, nearly paralyzing the airline and shipping industries, and debilitating the transportation of
goods. At a global level, supply chains for food harvesting, selling, and delivery have been severely
compromised  or  completely  shut  down,  pushing  numerous  families  into  lives  ridden  with  food
insecurity.  Health  systems  are  bursting  at  the  seams  and  healthcare  providers  have  reached
exhaustion. Makeshift medical facilities have proven inadequate as the struggles to accommodate the
very large numbers  of afflicted people in  the face of  dwindling or thoroughly depleted medical
supplies have become overwhelming.
Over a year has passed since COVID-19 first emerged; however, the world continues to grapple with
the  virus,  including  its  multiple  variants,  and  the  paralysis  that  it  continues  to  warrant  in  our
everyday life. For example, on April 19, 2021, New Delhi imposed yet another weeklong citywide
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lockdown in an attempt to combat the rapidly rising rate of infections and deaths, which continue to
break daily records [5]. To date, there is no known cure for COVID-19. 
In the midst of this worldwide struggle, it has become extremely important to effectively disseminate
news and instructions  to  the masses as quickly and efficiently  as possible,  as public  awareness,
reasonable  understanding,  trust,  and  the  maintenance  of  calm  contributes  to  a  compliance  to
recommended procedures in an effort to control the spread of the disease. News outlets, including
television, radio, print media, and websites and other social media as well as public health agencies
including the WHO and the Center for Disease Control (CDC) have been actively disseminating
information about COVID-19 to the public at large. Information has included scientific facts about
the virus as well as precautionary measures that should be taken and behavioral modifications that
should occur in order to avoid both becoming infected and, if  infected,  spreading the disease to
others. Amassing information from a variety of sources, people have attempted to identify errors and
sift  through biases to formulate their  own conclusions and beliefs [6,7].  However,  the deluge of
information, some of which has been based on scientific discovery and some of which amounts to
being fake news [8–11], has caused confusion, anxiety, and stress amongst the population all over the
world [12–14]. This has resulted in a lower than desired level of consumer compliance to the changes
in behaviors that have been recommended by the WHO and the CDC [15].
The purpose of the current study is to identify factors that contribute to the compliance of the general
population  to  recommended  behavioral  changes  during  the  COVID-19  pandemic.  As  shown  in
Figure 1, we analyze the impact of demographic characteristics on acquired knowledge as well as on
personal beliefs. The knowledge and understanding of what is happening around us [16–19] and our
belief in the veracity of the news and information [20–23] that we pull or that is being pushed upon
us  affects  the  level  of  anxiety  and  stress  that  we  feel.  For  example,  during  COVID-19,  being
bombarded  with  abysmal  daily  news  reports  of  record  hospitalizations  and  deaths  worldwide,
especially during the long period of time before any vaccines were developed, while living in round-
the-clock quarantine at home, contributed to a high level of personal anxiety and stress, which in turn
led to depression and in behavioral change in the form of an elevation in suicide rates [24]. Adopting
changes in  personal  behaviors,  in particular  drastic  changes that may be recommended during a
health crisis, are an outcome of the knowledge and understanding of the dire situation [17,19,25–27],
belief in the legitimacy of both the situation and the negative effects of the situation, and a reaction to
the level of anxiety and stress felt from the situation [12,28–30]. Therefore, it is imperative to study
how knowledge about COVID-19 and the recommended countermeasures, combined with people’s
personal beliefs, impacts people’s mental state and the preventive behaviors taken during this health
crisis. Our findings may help us understand the indicators for behavioral compliance during the early
stages of this pandemic and help us in formulating and establishing policies that further promote the
adoption of the recommended protective behaviors.
Figure 1. Research model.
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Methods

Study Design and Population

A survey instrument was designed to gain insights into the protective behavioral practices embraced
by the population during the COVID-19 pandemic. As shown in Figure 1, survey questions assessed
predictive factors – demographic characteristics, acquired knowledge, personal beliefs, and anxiety
and stress levels – that contribute to the modification of routine behaviors in order to adhere to the
new behaviors that comply with the recommendations of the WHO and the CDC. New behaviors
include,  for  example,  wearing  a  mask  in  public,  social  distancing,  and  using  hand  sanitizer  or
washing hands more frequently.

A detailed description of the methods of data collection has been published elsewhere [17]. Briefly
speaking, the study participants responded to an advertisement campaign conducted on Facebook
and  its  associated  platforms  –  Instagram,  Twitter,  and  WhatsApp  --  from  March  20-30,  2020.
Facebook and its platforms were chosen because they represent a wide swath of the population,
including  difficult-to-reach  populations  such  as  the  young,  LGBT,  and  the  homeless  [31–33].
Facebook is used by more than 2.7 billion active users around the world, including 69% of American
adults [34,35]. Prior studies have shown that Facebook is a successful platform for the recruitment of
survey  participants,  particularly  for  health  research  [33,36,37].  Using  Facebook  offers  several
benefits over the traditional participant recruitment methods (e.g., flyers, radio, email), including a
better representation of the population, shorter survey periods, and cost savings [37].
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The survey advertisements on Facebook and the three additional social media platforms used for data
collection in  this  study were linked to  a  Qualtrics  web-based survey.  The New York University
Institutional Review Board reviewed the procedures for the initial study [17], waiving explicit oral
and written consent  from survey respondents.  Survey respondents were volunteers and were not
compensated in any way.

Survey data was collected by Ali et al. [17] and made available upon request to the authors of the
current study. 5,677 social media users participated in the survey, however, only 4,998 completed the
entire survey and were used in our analysis. Only respondents who were 18 years of age or older and
U.S. residents were included in the final data set.  T tests and analysis  of variance were used to
compare average scores of the different demographic groups, with degrees of freedom adjusted if the
equal variance assumption appeared to be violated. Logistic regression was used to determine the
odds  ratios  for  adoption  of  the  various  preventive  behaviors.  Data  were  analyzed  using  SPSS
(version 27, IBM Corp). Structural equation modelling was performed using SmartPLS [38].

Results

Characteristics of the Sample

Table  1  shows  the  demographic  characteristics  of  those  who  responded  to  the  online  survey
(N=4,998). Compared to the U.S. population [39], respondents in this sample are more likely to be
female (50.8% vs. 58.3%), to have a bachelor’s degree or above (33.1% vs. 49.7%), and to identify
as white, non-Hispanic (72% vs. 91.6%). Persons in this sample are slightly less likely to identify as
Republican than the U.S. population (29% vs. 25.4%) [40].
In the online questionnaire, participants reported their age, gender, education level, race, and political
affiliation. In this analysis, age is coded 1 for 18 to 39 years, 2 for 40 to 59 years, and 3 for 60 years
and over; gender is coded 1 for female, 0 for other; education is coded as 0 for less than high school,
1 for high school, 2 for some college, 3 for Bachelor’s degree, and 4 for Masters or Professional
degree; race is coded as 1 for White, Non-Hispanic and 0 for other; and political affiliation is coded
as 1 for Republican and 0 for other.
Table 1. Demographic characteristics of survey respondents (N=4998).
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Variable Value

Age group, n (%)
   18 to 39 1231 (24.4)
   40 to 59 2314 (45.9)
   60 and up 1493 (29.6)
Gender, n (%)
   Female 2937 (58.3)
   Male 2014 (40.0)
   Other 11 (0.2)
   Prefer not to disclose 36 (0.7)
Education Level, n (%)
   Less than High School 59 (0.9)
   High School 726 (11.0)
   Some College 1711 (34.0)
   Bachelor’s Degree 1376 (27.3)
   Master’s or Professional Degree 1126 (22.4)
Race/Ethnicity, n (%)
   Asian/Pacific Islander 51 (1.0)
   Black, Non-Hispanic 37 (0.7)
   Hispanic/Latinx 145 (2.9)
   Interracial, Mixed race, or Other 102 (2.0)
   Native American or American Indian 50 (1.0)
   White, Non-Hispanic 4613 (91.6)
Political Affiliation, n (%)
   Democrat 1684 (33.4)
   Republican 1282 (25.4)
   Other 940 (18.7)
   Prefer Not to Say 1092 (21.7)

Knowledge Indicators (about COVID-19 and protective practices) 

A set of 23 true-false questions was used to ascertain participants’ level of knowledge about COVID-
19 [17]. Thirteen questions assessed knowledge of facts about the virus, while 10 questions measured
knowledge  of  effective  protective  practices  for  preventing  COVID-19  transmission  (Table  2).
Example virus knowledge questions included, “Coronavirus is a contagious disease,” “Older people
with other health conditions are more likely to die from Coronavirus,” and “People with Coronavirus
can have  not  symptoms at  all.”  The protective  practice  questions  asked,  “How can you protect
yourself from being INFECTED with Coronavirus,” and included practices such as “Washing your
hands frequently with soap and water,” “Wearing a face mask,” and “Staying away from people who
sneeze and cough.” Correct responses to these sets of questions were summed to create a COVID-19
knowledge score (0-13) and a protective knowledge score (0-10). 
Table 2. Survey Questions – Knowledge of Facts, Knowledge of Effective Protective Practices.

Knowledge of Facts About COVID-19 (T/F) Knowledge  of  Effective
Protective Practices (T/F)

(1) Coronavirus is a contagious disease. Washing  your  hands  frequently
with soap and water.

(2) A  person  infected  with  Coronavirus  is  not Getting a flu shot. 
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contagious until after symptoms appear.
(3) Coronavirus  cannot  be  spread through  sneezing

and coughing.
Wearing a face mask.

(4) Currently,  there  is  an  FDA approved  drug  for
treating individuals with Coronavirus.

Stop going to school/work.

(5) Coronavirus can live on surfaces  outside of the
body for a few hours or several days.

Wiping potentially contaminated
surfaces with a disinfectant.

(6) There is no vaccine currently available to prevent
infection with Coronavirus.

Staying away from Asian people.

(7) Children are at high risk for complications from
Coronavirus.

Staying away from people  who
sneeze and cough.

(8) Older  people  with  other  health  conditions  are
more likely to die from Coronavirus.

Avoiding  touching  your  eyes,
nose and mouth.

(9) People with Coronavirus can have no symptoms
at all.

Taking antibiotics.

(10
)

Most people with Coronavirus will have severe or
critical symptoms.

Stop eating Chinese food.

(11) Alcohol-based hand sanitizers cannot protect you
from Coronavirus. 

(12
)

Coronavirus  may  be  transmitted  by  mosquito
bites.

(13
)

Coronavirus originated from animals

Table 3 compares the different demographic groups on their knowledge of COVID-19 and protective
practices. Females had a higher average knowledge about COVID-19 (t=3.09, df=4960, p<0.01), but
the  genders  were  similar  in  their  knowledge  of  protective  factors  (t=0.26,  df=4960,  p=0.79).
Republicans had a lower average COVID-19 knowledge score (t=-3.93, df=4996, p<0.001) and a
lower average knowledge of protective factors (t=-2.82, df=4996, p<0.01). Those with higher levels
of education had higher mean COVID-19 knowledge scores (F=79.10, df=4,4993, p<0.001).

With  regard  to  knowledge  of  protective  practices,  in  general,  mean  knowledge  increased  with
education; however,  those with less than a  high school education also had higher  knowledge of
protective practices in this sample (F=6.92, df=4,4993, p<0.001). White non-Hispanics had a slightly
higher average knowledge of COVID-19 (t=3.77, df=430.02, p0.001), but were not different from
non-whites  in  their  knowledge  of  protective  practices  (t=0.05,  df=4996,  p=0.096.  Among  the
different age groups,  younger  respondents had higher  levels  of COVID-19 knowledge (F=11.46,
df=2,4995,  p<0.001),  but  the  age  groups  were  similar  in  their  knowledge  of  protective  factors
(F=0.28, df=2,4995, p=0.645).

Table 3. Knowledge and Demographics.

COVID-19 Knowledge
Knowledge of Protective

Practices
Gender, mean (std dev)

Female 12.13 ( 1.07) 9.17 (0.73)
Other 12.03 (1.14) 9.16 (0.87)

t=3.09, df=4960, p<0.01 t=0.26, df=4960, p=0.79
Political Party, mean (std dev)

Republican 11.98 (1.15) 9.11 (0.83)
Other 12.13 (1.08) 9.19 (0.76)
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t=-3.93, df=4996, p<.001 t=-2.82, df=4996, p<.01
Education Level, mean (std dev)

Less than HS 10.97 (1.74) 9.22 (0.87)
High School 11.70 (1.29) 9.04 (0.92)

Some College 11.99 (1.15) 9.16 (0.78)
Bachelors 12.22 (0.96) 9.19 (0.77)

Masters or Prof 12.39 (0.84) 9.23 (0.72)
F=79.10, df=4,4993,

p<0.001
F=6.92, df=4,4993, p<0.001

Race/Ethnicity, mean (std dev)
White, Non-

Hispanic
12.11 (1.08) 9.17 (0.78)

Other 11.85 (1.29) 9.17 (0.86)
t=3.77, df=430.02, p<0.001 t=0.05, df=4996, p=0.96

Age Group, mean (std dev)
18 to 39 12.16 (1.13) 9.17 (0.81)
40 to 59 12.12 (1.05) 9.18 (0.78)

60 + 11.97 (1.15) 9.15 (0.79)
F=11.46, df=2,4995, p<0.001 F=0.28, df=2,4995, p=0.645

Beliefs (about COVID-19) Indicators

As shown in Table 4, about two-thirds of the sample (67%) disagreed or strongly disagreed that
COVID-19 was an act of bioterrorism. About 82% agreed or strongly agreed that COVID-19 is more
deadly than the seasonal flu. About 84% agreed or strongly agreed that the amount of media attention
paid to COVID-19 was adequate, and most (80%) disagreed or strongly disagreed that COVID-19 is
not as big a problem as the media suggests. More than two-thirds (69%) agreed or strongly agreed
that COVID-19 is a bigger problem than the government suggests. The sample was about evenly
split on whether warmer weather would reduce the spread of COVID-19, with 50.8 % disagreeing or
strongly disagreeing with this statement.
Table 4. Beliefs about COVID-19.
Belief, n (%) Strongly

Disagree
Disagree Agree Strongly

Agree
I think that Coronavirus was released as an act
of bioterrorism.

2130 (42.3) 1748 (34.7) 770 (15.3) 350 (6.9)

Coronavirus is more deadly than the seasonal
flu.

158 (3.1) 700 (13.9) 1536 (30.5) 2604 (51.7)

The  amount  of  media  attention  devoted  to
Coronavirus has been adequate.

284 (5.6) 510 (10.1) 2680 (53.2) 1524 (30.3)

Coronavirus  is  not  as  big  a  problem  as  the
media suggests.

2236 (44.4) 1792 (35.6) 718 (14.3) 252 (5.0)

Coronavirus  is  a  bigger  problem  than  the
government suggests.

301 (6.0) 1210 (24.0) 1532 (30.4) 1955 (38.8)

I think warmer weather will reduce the spread
of Coronavirus.

486 (9.6) 2077 (41.2) 2163 (42.9) 272 (5.4)

Table  5  compares  the  mean belief  scores  for  the  different  demographic  groups.  Agreement  was
measured from 1 indicating strongly disagree to 4 indicating strongly agree, so higher mean scores
indicate more agreement. Females had lower average agreement that “Coronavirus was released as
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an act of bioterrorism” (t=-3.08, df=4087, p<0.01), “Coronavirus is not as big a problem as the media
suggests” (t=-13.92, df=3746.2, p<0.001) and that warmer weather will  reduce the spread of the
virus (t=-7.25, df=4960, p<0.001), but higher average agreement that the virus is more deadly than
the seasonal flu (t=7.37, df=4010.5, p<0.001), the amount of media attention to the virus is adequate
(t=6.32, df=4960, p<0.001), and the virus is a bigger problem than the government suggests (t=5.29,
df=4215.6, p<0.001). 
Republicans on average had higher agreement that the virus was released as an act of bioterrorism
(t=16.00, df=2030.3, p<0.001), that the virus is not as big a problem as the media suggests (t=20.61,
df=1908.3, p<0.001), and that warm weather will reduce the spread of the virus (t=16.52, df=2286,
p<0.001). Republicans had lower average agreement that the virus is more deadly than the season flu
(t=-118,7, df=2035.3,  p<0.001),  the amount of media attention to the virus is  adequate (t=-4.70,
df=1971.0, p<0.001), and that the virus is a bigger problem than the government suggests (t=-24.04,
df=2199.9, p<0.001).
Respondents with lower levels of education had higher average agreement that the virus was released
as an act of bioterrorism (F=68.8, df=4,4993, p<0.001), that the virus is not as big a problem as the
media suggests (F=19.5, df=4,4993, p<0.001), and that warmer weather will reduce the spread of the
virus  (F=4.39,  df=4,4993,  p<0.01).  Those  with  higher  levels  of  education  had  higher  average
agreement that the virus is more deadly than the seasonal flu (F=8.17, df=4,4993, p<0.001) and that
the virus is a bigger problem than the government suggests (F=6.5, df=4,4993, p<0.001). There was
no significant difference between the groups in their agreement that the amount of media attention to
the virus has been adequate (F=1.30, df=4,4993, p=0.52).
White  non-Hispanics  had  lower  average  agreement  that  the  virus  was  released  as  an  act  of
bioterrorism (t=-4.55, df=434.7, p<0.001) and that the virus is a bigger problem than the government
suggests  (t=-2.73,  df=4996,  p<0.01).  There  were  no  significant  differences  between  white  non-
Hispanics and others in their agreement with the other COVID-19 belief questions.
The oldest respondents had slightly less average agreement that the virus was released as an act of
bioterrorism (F=4.97,  df=2,4995,  p<0.01),  that  the  virus  is  not  as  big  a  problem as  the  media
suggests (F=3.45, df=2,4995, p<0.05), and that the virus is a bigger problem than the government
suggests (F=6.02, df=4,4995, p<0.01), but higher average agreement that media attention to the virus
has  been  adequate  (F=12.01,  df=2,4995,  p<0.001).  Middle-aged  respondents  had  lower  average
agreement that the virus is more deadly than the seasonal flu (F=6.11, df=2,4995, p<0.01). There was
no significant difference among the age groups in their agreement that warmer weather will reduce
the spread of the virus (F=1.12, df=2,4995, p=0.33).
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Beliefs

I think that
Coronavirus

was released as
an act of

bioterrorism.

Coronavirus is
more deadly

than the
seasonal flu.

The amount of
media attention

devoted to
Coronavirus has
been adequate.

Coronavirus  is  not
as big a problem as
the media suggests.

Coronavirus is a
bigger problem

than the
government

suggests.

I think warmer
weather will
reduce the
spread of

Coronavirus.
Gender, mean (std dev)

Female 1.84 (0.88) 3.39 (0.78) 3.15 (0.75) 1.65 (0.77) 3.09 (0.91) 2.38 (0.73)
Other 1.92 (0.97) 3.21 (0.88) 3.01 (0.84) 2.01 (0.95) 2.94 ((0.96) 2.54 (0.75)

t=-3.08,
df=4087,1,

p<0.01

t=7.35,
df=4010.5,

p<0.001

t=6.32, df=4960,
p<0.001

t=-13.92,
df=3746.2,

p<0.001

t=5.39,
df=4215.6,

p<0.001

t=-7.25,
df=4960,
p<0.001

Political Party, mean (std dev)
Republican 2.25 (0.96) 3.07 (0.88) 2.99 (0.88) 2.25 (0.95) 2.51 (0.89) 2.72 (0.71)

Other 1.74 (0.86) 3.40 (0.79) 3.12 (0.76) 1.64 (0.78) 3.20 ((0.88) 2.35 (0.73)
t=16.00,

df=2030.3,
p<0.001

t=-11.87,
df=2035.3,

p<0.001

t=-4.70,
df=1971.0,

p<0.001

t=20.61,
df=1908.3,

p<0.001

t=-24.04,
df=2199.9,

p<0.001

t=16.52,
df=2286.1,

p<0.001
Education Level, mean (std dev)

Less than HS 2.37 (1.02) 3.36 (0.83) 3.19 (0.78) 1.95 (0.94) 3.00 (0.87) 2.41 (0.93)
High School 2.21 (0.98) 3.20 (0.87) 3.08 (0.81) 1.92 (0.88) 2.95 (0.93) 2.51 (0.81)

Some College 1.98 (0.94) 3.26 (0.85) 3.07 (0.81) 1.89 (0.90) 2.96 (0.95) 2.48 (0.73)
Bachelors 1.72 ( (0.83) 3.35 (0.80) 3.08 (0.77) 1.75 (0.83) 3.09 (0.92) 2.43 (0.72)

Masters or Prof 1.62 (0.82) 3.43 (0.78) 3.12 (0.78) 1.64 (0.81) 3.12 (0.93) 2.38 (0.72)
F=68.8,

df=4,4993,
p<0.001

F=8.17,
df=4,4993,

p<0.001

F=1.30,
df=4,4993,

p=0.27

F=19.5, df=4,4993,
p<0.001

F=6.5,
df=4,4993,

p<0.001

F=4.39,
df=4,4993,

p<0.01
Race/Ethnicity, mean (std dev)

White, Non-
Hispanic

1.85 (0.91) 3.32 (0.83) 3.09 (0.79) 1.80 (0.87) 3.02 (0.93) 2.45 (0.73)

Other 2.10 (1.03) 3.32 (0.87) 3.11 (0.79) 1.75 (0.99) 3.15 (0.95)) 2.40 (0.73) 
t=-4.55,

df=434.7,
p<0.001

t=-0.11,
df=4996,
p=0.92

t=-0.65,
df=4996, p=0.52

t=1.03, df=4996,
p=0.30

t=-2.73,
df=4996, p<0.01

t=1.29,
df=436.1,

p=0.24
Age Group, mean (std dev)

18 to 39 1.90 (0.91) 3.35 (0.80) 3.02 (0.79) 1.83 (0.84) 3.11 (0.89) 2.44 (0.74)
40 to 59 1.90 (0.93) 3.27 (0.85) 3.07 (0.79) 1.81 (0.78) 3.01( 0.93) 2.46 (0.74)

60 + 1.80 (0.90) 3.36 (0.82) 3.17 (0.78) 1.75 (0.87) 2.98 (0.03) 2.42 (0.75)
F=4.97,

df=2,4995,
p<0.01

F=6.11,
df=2,4995,

p<0.01

F=12.01,
df=2,4995,

p<0.001

F=3.45, df=2,4995,
p<0.05

F=6.02,
df=2,4995,

p<0.01

F=1.12,
df=2,4995,

p=0.33

Table 5. Beliefs and Demographics.
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Anxiety, Depression and Stress Indicators

The levels of anxiety and stress were measured using an adapted version of the 4-item Patient
Health  Questionnaire  (PHQ-4)  [41,42],  which  consists  of  a  two-item  Generalized  Anxiety
Disorder 2 (GAD-2) subscale and a two-item PHQ-2 scale assessing depression [43]. Stress was
measured using an adapted version of the Impact  of Event  Scale (IES-6) [44].  Examples of
question items include, “I thought about Coronavirus when I didn’t mean to,” and “Other things
kept making me think about Coronavirus.” Both scales are highly reliable (PHQ-4: Cronbach’s
alpha=.891; IES-6: Cronbach’s alpha=.863). They are also highly correlated (r=0.798, p<0.001).
Table 6 shows the correlations between the knowledge indicators, the belief indicators, and the
stress and anxiety indicators. Stress and anxiety are not strongly correlated with the knowledge
of COVID-19 or protective practices. There are significant relationships between the knowledge
indicators and whether respondents believe COVID-19 is more deadly than the seasonal flu.
Respondents with higher stress and anxiety scores tend to agree with this statement (r=0.24,
p<0.001). Likewise, those with higher stress and anxiety tend to agree that COVID-19 is a bigger
problem than the government suggests (with PHQ-4, r=0.24; with IES-6, r=0.22, p<0.001)). On
the other hand, those with stress and anxiety scores tend to disagree that COVID-19 is not as big
a problem as the media suggests (with PHQ-4, r=-0.25; with IES-6. R=-0.24; p<0.001).
Table 6. Correlations Between Anxiety, Stress, Knowledge and Belief Indicators.

PHQ-4 IES-6
COVID-19 Knowledge Score 0.01 0.03*
Knowledge of Protective Factors Score 0.02 0.02
I think that Coronavirus was released as an act
of bioterrorism.

0.04** 0.03*

Coronavirus is more deadly than the seasonal
flu.

0.24** 0.24**

The  amount  of  media  attention  devoted  to
Coronavirus has been adequate.

0.07** 0.06**

Coronavirus  is  not  as  big  a  problem  as  the
media suggests.

-0.25** -0.24**

Coronavirus  is  a  bigger  problem  than  the
government suggests.

0.24** 0.22**

I think warmer weather will reduce the spread
of Coronavirus.

-0.12** -0.09**

* p<0.05; ** p<0.001

Behavioral Compliance Indicators

Study participants were asked a set of 12 questions designed to elicit COVID-19 prevention
behaviors they may have undertaken (Table 7). Examples of these behaviors included getting a
flu  shot,  purchasing  a  face  mask,  taking  antiviral  medications  or  antibiotics,  taking  dietary
supplements, cleaning or disinfecting surfaces, wearing rubber gloves in public, and taking more
hot baths. Participants responded if these activities were true or false for them. An additive scale
was constructed to count how many of the 8 behaviors thought to be protective against COVID-
19 in  March 2020 each  respondent  reported  adopting.  These  were  purchasing  a  face  mask,
starting to work from home, hand washing or using hand-sanitizer more often, drinking more
fluids  and/or  getting  more  rest,  avoiding  public  transportation,  keeping away from crowded
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places, cleaning or disinfecting surfaces, and wearing rubber gloves in public.
Among the preventive behaviors that  respondents reported adopting,  the most  frequent  were
keeping away from crowded places (N=4863, 96.5%), using hand sanitizer or washing hands
more often (N=4826, 95.8%), starting to clean or disinfect things they might touch (N=4482,
89.0%) and avoiding public transportation (N=4393, 87.2%). Slightly fewer reported drinking
more fluids or getting more rest (N=3818, 75.8%) or working from home (N=3187, 63.3%).
Only  minorities  of  respondents  reported  starting  to  wear  rubber  gloves  in  public  (N=1224,
24.3%) or purchasing a  face mask (N=921, 18.3%). The median number of the 8 behaviors
thought to be protective against COVID-19 in March 2020 that were adopted was 6 (mean=5.56,
std dev=1.37). About 60% of the sample adopted 5 or 6 new behaviors.

Table 7. Behavior Compliance Indicators.
COVID-19 Prevention Behaviors

(T/F)
Included  in
additive
scale

(1) Got a flu shot (or had my children get a flu
shot) after hearing about Coronavirus.

(2) Purchased a face mask. 

(3) Started working from home. 

(4) Started using hand-sanitizer and/or washing
my hands more often.



(5) Started  drinking more  fluids  and/or  getting
more rest.



(6) Started taking antiviral and/or antibiotics.
(7) Started  taking  dietary  supplements  (e.g.,

vitamins, probiotics).
(8) Avoided using public transportation. 

(9) Kept away from crowded places. 

(10) Started  cleaning  and/or  disinfecting  things
that I might touch (e.g., doorknobs, phone).



(11) Started wearing rubber gloves in public.
(12) Started taking more hot baths. 

Participant Characteristics and Preventive Behaviors

Table 8 shows the distribution of the behaviors adopted across the different demographic groups.
Table 9 shows the associations between participant demographic characteristics and the eight
preventive behaviors. Females were slightly less like to purchase face masks than others, but
were more likely to work from home, use hand sanitizer or wash their hands more frequently,
drink more fluids or get more rest, avoid public transportation, stay away from crowded places,
and start cleaning or disinfecting surfaces. There was no significant difference between females
and others in wearing rubber gloves in public.

Republicans were less likely than others to work from home, and to use hand sanitizer or wash
their hands more frequently. There was no significant difference between Republicans and others
on the other behavioral measures.

There  was  only  one  significant  difference  among  the  various  levels  of  education  on  the
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behavioral indicators: Those with masters or professional degrees were more likely to work from
home. 

White, non-Hispanic survey respondents were less likely to purchase face masks, work from
home,  drink  more  fluids  or  get  more  rest,  and  wear  rubber  gloves  in  public  than  other
respondents. Older respondents were more likely to purchase face masks or wear rubber gloves
in public compared to the youngest age group. Those aged 60 and over were more likely to drink
more fluids or got more rest. Middle-aged respondents were slightly less likely to avoid public
transportation.
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Table 8. Behaviors and Demographics – Distribution

Behaviors Total (%)

Purchased
Face
Mask 

Worked
From
Home 

Used Hand
Sanitizer /
Washed
Hands

Drank
More

Fluids / Got
More Rest

Avoided
Public

Transport 
Avoided
Crowds 

Started
Cleaning or
Disinfectin

g 

Started
Wearing

Gloves in
Public

Gender (%)
Female 2937 (59.2) 507 (55.3) 1970 (62.3) 2855 (59.6) 2287 (60.4) 2629 (60.3) 2872 (59.5) 2696 (60.6) 734 (60.4)

Other 2025 (40.8) 409 (44.7) 1193 (37.7) 1935 (40.4) 1502 (39.6) 1732 (39.7) 1955 (40.5) 1752 (39.4) 481 (39.6)

Political Party (%)
Republican 1282 (25.7) 251 (27.3) 739 (23.2) 1219 (25.3) 977 (25.6) 1118 (25.4) 1238 (25.5) 1140 (25.4) 298 (24.3)

Other 3716 (74.3) 670 (72.7) 2448 (76.8) 3607 (74.7) 2841 (74.4) 3275 (74.6) 3625 (74.5) 3342 (74.6) 926 (75.7)

Education Level (%)
Less than HS 59 (1.2) 13 (1.4) 37 (1.2) 58 (1.2) 43 (1.1) 51 (1.2) 58 (1.2) 55 (1.2) 17 (1.4)
High School 726 (14.5) 157 (17.0) 358 (11.2) 698 (14.5) 546 (14.3) 645 (14.7) 699 (14.4) 658 (14.7) 218 (17.8)

Some College 1711 (34.2) 335 (36.4) 957 (30.0) 1644 (34.1) 1340 (35.1) 1514 (34.5) 1657 (34.1) 1546 (34.5) 418 (34.2)
Bachelors 1376 (27.5) 223 (24.2) 927 (29.1) 1326 (27.5) 1037 (27.2) 1196 (27.2) 1344 (27.6) 1209 (27.0) 309 (25.2)

Masters or Prof 1126 (22.5) 193 (21.0) 908 (28.5) 1100 (22.8) 852 (22.3) 987 (22.5) 1105 (22.7) 1014 (22.6) 262 (21.4)

Race/Ethnicity (%)
White, Non-

Hispanic
4613 (92.3) 810 (87.9) 2922 (91.7) 4457 (92.4) 3498 (91.6) 4053 (92.3) 4485 (92.2) 4133 (92.2)

1096
(89.5)

Other 385 (7.7) 111 (12.2) 265 (8.3) 369 (7.6) 320 (8.4) 340 (7.7) 378 (7.8) 349 (7.8) 128 (10.5)

Age (%)
18 to 39 1231 (24.6) 194 (21.1) 794 (24.9) 1194 (24.7) 909 (23.8) 1113 (25.3) 1200 (24.7) 1094 (24.4) 257 (21.0)
40 to 59 2314 (46.3) 435 (47.2) 1469 (46.1) 2228 (46.2) 1734 (45.4) 2000 (45.5) 2240 (46.1) 2101 (46.9) 558 (45.6)

60 + 1453 (29.1) 292 (31.7) 924 (29.0) 1404 (29.1) 1175 (30.8) 1280 (29.1) 1423 (29.3) 1287 (28.7) 409 (33.4)
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Table  9. Behaviors  and  Demographics  –  Odds  Ratios.

Behaviors
Purchased Face

Mask 
Worked From

Home 

Used Hand
Sanitizer /

Washed Hands

Drank More
Fluids / Got More

Rest
Avoided Public

Transport 
Avoided
Crowds 

Started
Cleaning or
Disinfecting 

Started
Wearing
Gloves in

Public

Gender
Female Ref Ref Ref Ref Ref Ref Ref  Ref 

Other 1.21 (1.05-1.40) * 0.70 (0.63-0.79) * 0.62 (0.46-0.84)* 0.82 (0.72-0.93) * 0.69 (0.58-0.82)* 0.63 (0.45-0.89) 
0.57

(0.48-0.69)* 
0.94

(0.82-1.07) 

Political Party 
Republica

n
Ref Ref Ref Ref Ref Ref Ref Ref 

Other 0.90 (0.77-1.06) 1.42 (1.25-1.62)* 1.71 (1.25-2.35)* 1.01 (0.87-1.18) 1.09 (0.90-1.32) 1.42 (0.98-2.04) 
1.11

(0.91-1.37) 
1.10

(0.94-1.27) 

Education Level
Less than

HS
Ref Ref Ref Ref Ref Ref Ref Ref 

High
School

0.98 (0.51-1.85) 0.58 (0.33-1.00) 0.43 (0.06-3.22) 1.13 (0.62-2.05) 1.25 (0.57-2.72) 0.45 (0.06-3.34) 
0.70

(0.25-2.00) 
1.06

(0.59-1.90) 
Some

College
0.86 (0.46-1.61) 0.76 (0.44-1.29) 0.42 (0.06-3.10) 1.34 (0.75-2.42) 1.21 (0.56-2.58) 0.53 (0.07-3.93) 

0.68
(0.24-1.90) 

0.80
(0.45-1.42) 

Bachelors 0.68 (0.36-1.29) 1.23 (0.72-2.10) 0.46 (0.06-3.37) 1.14 (0.63-2.04) 1.04 (0.49-2.23) 0.72 (0.10-5.39) 
0.53

(0.19-1.47) 
0.72

(0.40-1.28) 
Masters
or Prof

0.73 (0.39-1.38) 2.48 (1.43-4.29) * 0.73 (0.10-5.47) 1.16 (0.64-2.09) 1.11 (0.52-2.40) 0.91 (0.12-6.86) 
0.66

(0.19-1.47) 
0.75

(0.42-1.34) 

Race/Ethnicity (%)
White,

Non-
Hispanic

Ref Ref Ref Ref Ref Ref Ref Ref 

Other 1.90 (1.51-2.40)* 1.28 (1.02-1.60)* 0.81 (0.48-1.37) 1.57 (1.19-2.07)* 1.04 (0.76-1.44) 1.54 (0.72-3.32) 
1.13

(0.79-1.61) 
1.60

(1.28-2.00)*

Age (%)
18 to 39 Ref Ref Ref Ref Ref Ref Ref Ref 

40 to 59 1.24 (1.03-1.49)* 0.96 (0.83-1.11) 0.80 (0.54-1.19) 1.06 (0.90-1.24) 0.68 (0.54-0.84)* .78 (0.51-1.20) 
1.24

(0.98-1.55) 
1.20

(1.02-1.42)* 

60 + 1.34 (1.10-1.64)* 0.96 (0.82-1.13) 0.89 (0.58-1.37) 1.50 (1.25-1.80)* 0.78 (0.61-1.00) 1.23 (0.74-2.04) 
0.97

(0.76-1.24) 
1.49

(1.24-1.77)* 
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Structural Equation Model Results

A partial least squares structural equation model (PLS-SEM) method was used to estimate the
relationships shown in Figure 1. This method is appropriate when several measures are formative
and the analysis uses large secondary data sets [45]. 
For the purpose of the SEM, three of the belief indicators were used to create a belief construct.
These were the responses to the questions “Coronavirus is a bigger problem than the government
suggests,” “Coronavirus is more deadly than the seasonal flu,” and “Coronavirus is not as big a
problem as the media suggests” (reverse coded). The combination of these responses resulted in
a  reliable  construct  (Cronbach’s  alpha=0.74,  composite  reliability=0.74,  AVE=0.49,
HTMT=0.04). These belief questions are the ones that were more highly related to the stress and
anxiety measures, as shown in Table 6, and were strongly related to the demographic measures,
as  shown  in  Table  5.  These  indicators  show  respondents’  beliefs  about  the  severity  and
importance of the disease. The stress and anxiety indicators are highly correlated, as previously
noted,  and were likewise combined,  resulting in  a  reliable  measure (Cronbach’s  alpha=0.89,
composite  reliability=0.89,  AVE=0.80,  HTMT=0.26).  All  other  constructs  in  the model  were
measured  formatively  with  single  indicators.  The  largest  variance  inflation  factor  was  2.75,
indicating little collinearity among the indicators.
Figure 2 and Table 10 show the results of the structural equation estimation of the model shown
in Figure 1. R2 values for the equations predicting the knowledge indicators are low, 0.06 for
COVID-19 knowledge and 0.005 for protective knowledge, indicating that factors other than
demographic characteristics are important in explaining the respondents’ levels of knowledge.
The R2 for the equation predicting the beliefs construct is more robust at 0.18, indicating slightly
less than a fifth of the variation in beliefs can be accounted for by demographic factors. The R2

measure for the equation predicting the stress/anxiety construct is 0.14. The R2  for the equation
predicting the number of behaviors adopted is 0.126, showing that a small but significant portion
of the variation in behavior can be accounted for by the predictors.
Age  is  positively  related  to  COVID-19  knowledge  and  negatively  related  to  beliefs  about
COVID-19, but not significantly related to knowledge of protective practices. Level of education
is positively related to COVID-19 knowledge, knowledge of protective practices, and beliefs
about COVID-19. Female gender is positively related to beliefs about COVID-19, but not to the
knowledge measures. White non-Hispanic race/ethnicity is negatively related to beliefs about
COVID-19 and negatively related to knowledge about COVID-19. It is not related to knowledge
of protective practices. Republican political identity is negatively related to COVID-19 beliefs,
indicating that Republicans were less likely to believe in the severity and importance of the
disease.  It  is  also negatively related to  knowledge of protective practices;  however,  it  is  not
related to general COVID-19 knowledge. 
Knowledge about  COVID-19 is  not  related  to  stress/anxiety,  while  knowledge of  protective
practices  is  negatively  related,  meaning  those  with  more  knowledge  of  protective  practices
reported less stress and anxiety. Beliefs about COVID-19 were positively related to stress and
anxiety, showing that those who believed COVID-19 is more dangerous than the flu, that the
disease was a bigger problem than the government suggests, and disagreed that it was not as big
a problem as the media suggests, reported more stress and anxiety.
Knowledge of protective practices, beliefs about the severity and importance of the disease, and
stress/anxiety are all positive predictors of the adoption of more preventive behaviors. Those
with higher levels of knowledge of protective practices were more likely to adopt more practices,
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as  were  those  with  more  stress/anxiety  and  those  who  believed  the  disease  is  severe  and
important. Knowledge of COVID-19 in general is negatively related to the adoption of more
behaviors, indicating that those with more knowledge of the disease were somewhat less likely to
adopt more protective behaviors. It should be noted, however, that the effects of the knowledge
indicators and the stress construct on behaviors are weak. 
Figure 2. SEM Model.

Table 10. SEM Results

 
Path
Coefficients

Standard
Deviation 

T Statistics P Values

Age -> Beliefs 0.034* 0.015 2.289 0.023
Age -> COVID Knowledge -0.072** 0.014 5.073 0.000
Age -> Protective Knowledge -0.009 0.014 0.660 0.510
Beliefs -> Behavior 0.284** 0.019 14.624 0.000
Beliefs -> Stress/Anxiety 0.381** 0.017 21.870 0.000
COVID Knowledge -> Behavior -0.040** 0.015 2.693 0.007
COVID Knowledge -> Stress/Anxiety -0.014 0.014 0.976 0.330
Education -> Beliefs 0.080** 0.016 5.129 0.000
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Education -> COVID Knowledge 0.223** 0.014 16.132 0.000
Education -> Protective Knowledge 0.060** 0.014 4.250 0.000
Female -> Beliefs 0.155** 0.015 10.084 0.000
Female -> COVID Knowledge 0.021 0.014 1.461 0.145
Female -> Protective Knowledge -0.003 0.014 0.234 0.815
Protective Knowledge -> Behavior 0.106** 0.016 6.564 0.000
Protective  Knowledge  ->
Stress/Anxiety

-0.038* 0.016 2.444 0.015

Race -> Beliefs -0.004 0.017 0.250 0.803
Race -> COVID Knowledge 0.073** 0.017 4.396 0.000
Race -> Protective Knowledge 0.005 0.016 0.340 0.734
Republican -> Beliefs -0.369** 0.016 23.263 0.000
Republican -> COVID Knowledge -0.028 0.014 1.959 0.051
Republican -> Protective Knowledge -0.033* 0.014 2.261 0.024
Stress/Anxiety -> Behavior 0.091** 0.016 5.724 0.000

 * p<0.05;** p<0.001

Discussion

Even  though  an  increasing  number  of  people  are  being  vaccinated,  the  CDC  is  still
recommending that protective actions continue to be implemented in order to curtail  disease
propagation [46]. In this paper, we have identified and evaluated several indicators of behavioral
compliance with WHO and CDC guidelines among the general population during the COVID-19
pandemic. Our data analyses using a SEM indicates that psychological factors – anxiety and
stress – as well as demographic characteristics, acquired knowledge, and personal beliefs are all
factors that contribute to behavioral compliance with recommended practices such as avoiding
crowds and washing hands frequently.
The SEM results suggest that the level of anxiety/stress mediated the effect of knowledge of
protecting against COVID-19 and the effect of belief about COVID-19 on protective behaviors.
This  demonstrates  that  the  knowledge of  protecting against  COVID-19 and the  belief  about
COVID-19 each have two paths to the association between protective behaviors. 
While some previous research has investigated the impact of knowledge on protective behavior
[26,47–49], the results have largely been inconclusive. When investigating protective behavior in
our study, we classify knowledge into two types: knowledge about COVID-19 and knowledge of
protecting against COVID-19. It is logical to expect that the more information people have about
the pandemic and on how to respond to the crisis, the more protective they will be in their daily
actions and behaviors. In our analyses, the effect of the respondents’ level of knowledge about
COVID-19 was significant but weak, while their knowledge of practices that were thought to be
protective against COVID-19 infection did have a significant effect (p<0.001). Our results show
that the two types of knowledge – COVID 19 and protective practices – have different effects on
the level of anxiety and on the protective behaviors that are adopted. While protective knowledge
against  COVID-19 increases  protective  behavior  and reduces  anxiety,  general  knowledge of
COVID-19 has a negative relationship to protective behavior and has no significant effect on
anxiety. This suggests that when disseminating knowledge about the pandemic, the WHO and the
CDC may want to focus on disseminating protective knowledge that can be used to navigate the
pandemic.
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The Health Belief Model [50] has theorized that individual beliefs predict individual protective
behaviors. Previous research has found that individual beliefs promote protective behaviors in
the context of pandemics [23,48,51]. In our study, we focus on the relationship between beliefs
about the severity of COVID-19 as well as additional belief variables, as shown in Figure 1. In
accordance with previous findings, our study also found that individual beliefs are associated
with protective behaviors [23,48,51]. Furthermore, our finding that belief is associated with the
level  of  anxiety/stress  is  consistent  with  previous  studies  [21,22].  Our  results  highlight  the
importance of managing population beliefs during COVID-19 and other public crisis.
Pandemics can cause a high level  of stress due to the possibility  of infection and economic
difficulties. In turn, anxiety is caused by these stressful situations [52]. Anxiety and stress have
long been regarded as significant predictors of protective behaviors such as handwashing and
wearing  of  face  masks  in  the  context  of  pandemics  [12,30,49,53].  Consistent  with  previous
research, we found that respondents’ levels of stress and anxiety had an effect (p<0.001) on the
number of protective behaviors adopted. These results suggest the importance of managing the
level  of  anxiety/stress  in  the  population  in  order  to  promote  behavioral  compliance  during
COVID-19. 
Our findings indicate that several demographic factors are related to knowledge of facts about
COVID-19 and knowledge of  effective  protective  practices.  Our results  show that  there  are
differences in COVID-19 knowledge among people of different race, educational level, political
affiliation,  gender,  and age.  Whites/non-Hispanics  and those with higher  levels  of  education
indicated having a higher level of knowledge of facts about COVID-19 and knowledge about
protecting against COVID-19, while Republican indicated having a lower level of both types of
knowledge. Age had a negative relationship with the level of knowledge of facts about COVID-
19, while it had no significant relationship with the knowledge of protecting against COVID-19.
Republicans had less beliefs in the severity of the pandemic, as one might expect based on the
previous research that shows that Republicans practice fewer protective behaviors [48,54–56].

Conclusions

Our  study  reveals  that  individual  beliefs  in  the  severity  of  the  pandemic,  the  level  of
stress/anxiety,  and  protective  knowledge  for  COVID-19  are  significant  indicators  for  the
adoption  of  protective  behaviors  while  the  level  of  COVID-19  knowledge  is  weakly  and
negatively  associated  with  these  indicators.  Our  findings  suggest  that  higher  levels  of
anxiety/stress  lead  to  a  higher  adoption  of  protective  behaviors.  The  level  of  stress/anxiety
appears  to  significantly  mediate  between  individual  beliefs  and  protective  knowledge  and
protective  behaviors.  Moreover,  several  demographic  factors  including  age,  gender,  political
affiliation, education level, and race emerge as significant indicators of behavioral compliance.
The  findings  from  our  study  provide  valuable  insights  that  may  be  used  to  help  increase
behavioral compliance among the population during COVID-19: (1) emphasis should be placed
on the dissemination of protective knowledge over general knowledge about the pandemic; (2)
behavioral compliance should be encouraged while managing anxiety and stress levels; (3) the
adoption  of  protective  behaviors  is  indirectly  driven  by  different  individual  demographic
characteristics including age, gender, and ethnicity; and (4) efforts should be made to prevent the
spread of fake news about the pandemic.

Limitations and Future Research Directions

As with all research, our study has some limitations. First, the data that is used in our study is
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from  a  self-selected  population  of  active  users  of  Facebook  and  its  associated  platforms.
Therefore,  members  of  the  general  population  that  do  not  engage  in  social  media  are  not
represented in the analyses. Since females have a higher propensity to engage in social media,
our data includes a significantly larger number of female respondents even though the males to
females  ratio  in  the  US is  98:100  [57].  Therefore,  while  the  results  of  this  study  are  very
informative, they are not generalizable.
Second, the data used in our analyses was collected in March 2020, during the height of the
COVID-19 pandemic. Behavioral compliance, beliefs, and levels of knowledge changed during
the course of the pandemic,  e.g.,  based on input from family,  friends,  neighbors,  as well  as
changes in CDC guidelines. For example, masks were worn more uniformly as they became
required in all public establishments. Data collected in late 2021 may provide additional insights
and guidance on consumer attitudes and compliance.
Third,  COVID-19 has affected the global population,  not  just  the population of the US. We
suggest that a future research study collect data from a larger constituency, including multiple
countries across multiple continents. This is a reasonable undertaking since surveys can easily be
administered over social media to cross international boundaries. Such a study could provide
additional insights that may be more generalizable to the population worldwide. 
Finally,  a  future  research  direction  is  to  incorporate,  categorize,  and  analyze  the  impact  on
behavioral compliance of news collected from different sources.  Evaluating the adherence to
governmental  recommendations  and  understanding  the  levels  of  behavioral  compliance  of
individuals whose beliefs have been formulated based on knowledge gathered from friends and
family versus social  media outlets  versus television and radio news versus information from
government entities could provide interesting insights.
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