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Abstract

In order to reduce the spread of SARS-CoV-2, much of the US was placed under social dis-

tancing guidelines during March 2020. We characterized risk perceptions and adherence to

social distancing recommendations in March 2020 among US adults aged 18+ in an online

survey with age and gender quotas to match the general US population (N = 713). We used

multivariable logistic and linear regression to estimate associations between age (by gener-

ational cohort) and these outcomes. The median perceived risk of infection with COVID-19

within the next month was 32%, and 65% of individuals were practicing more social distanc-

ing than before the outbreak. Baby Boomers had lower perceived risk than Millennials

(-10.6%, 95% CI: -16.2%, -5.0%), yet were more frequently social distancing (OR = 1.64;

95% CI: 1.05, 2.56). Public health outreach should focus on raising compliance with social

distancing recommendations, especially among high risk groups. Efforts to address risk per-

ceptions alone may be inadequate.

Introduction

Beginning in January 2020, hundreds of millions of people worldwide have been subjected to

limitations in their movement in an effort to stem the spread of severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2) and its associated viral disease: COVID-19 [1, 2]. By mid-

to late-March 2020, one-fourth of the US population was under a shelter-in-place order [3],

and this rapidly increased to include most of the country by April [4].

“Social distancing”, or maintaining a physical distance of at least 2 meters (6 feet) is one

way to limit the virus’ transmission, which spreads through respiratory droplets [5, 6]. The

World Health Organization (WHO) [7] and the US Centers for Disease Control and Preven-

tion (CDC) [8] both recommend social distancing, as it is one of the only effective tools to

reduce the spread of COVID-19 in the absence of a vaccine or effective therapeutics [9].
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Widespread social distancing can also provide much-needed time to prepare for the produc-

tion and allocation of the Personal Protective Equipment (PPE), ventilators, testing kits, and

will ‘flatten the curve’ by delaying and reducing the peak number of cases [9].

Recent pleas by public health officials for social distancing and sheltering-in-place during

the COVID-19 pandemic have received imperfect public compliance, even when mandated by

state or local governments [10]. It is often difficult to encourage an individual to change their

mind or adopt new attitudes and behaviors [11]. Anecdotal evidence suggests that political,

cultural, and age/generational differences are major contributors to noncompliance [12], but

further research is needed to verify, understand, and address these factors. Additionally, risk of

severe infection from SARS-CoV-2 is dependent upon age, with older individuals typically

experiencing more severe disease and higher mortality [13]. As such, it is important to glean

insight from age-specific risk perceptions and social distancing behaviors to help inform rec-

ommendations to improve population adherence to social distancing, as well as epidemiologi-

cal transmission models to predict the course of the pandemic [14].

The COVID-19 pandemic is rapidly evolving and individual behaviors are constantly

changing over time, yet it is important to understand how individuals living in the US have

perceived the threat of COVID-19 early in the course of the pandemic, and how they have

practiced social distancing to determine patterns in contact-reduction. Understanding the fea-

tures of these behaviors at the beginning of an epidemic provides essential baseline data, as we

expect such attitudes and behaviors to change over time as the peak of the outbreak in the U.S.

approaches [15–17]. We thus aimed to characterize US adults’ social distancing behaviors in

the early phase of the COVID-19 pandemic, and to estimate age-specific differences in risk

perceptions and social distancing behaviors by generational cohort.

Materials and methods

Study population

In this cross-sectional study, adults over 18 years of age living in the US were sampled from an

online survey research firm, Dynata, from March 20th to 22nd, 2020. Dynata maintains a sampling

frame, into which participants are recruited through social media, websites, and direct email mes-

sages [18]. The survey was closed and only open to the Dynata sampling frame. We set age and

gender sampling quotas to diversify the sample by age and gender. We report our methods and

results in line with the Checklist for Reporting Results of Internet E-Surveys (CHERRIES) [19].

We sought a sample size of 800 such that the margin of error would be 4%, sufficiently pre-

cise for estimation with an alpha of 0.05 and a power of 80%, and a proportion of 50% practic-

ing social distancing (a statistically conservative estimate).

Questionnaire

We developed a brief questionnaire that included questions on COVID-19 risk perceptions,

social distancing behaviors, and demographic characteristics. We conducted a pre-test of the

survey items with 16 adults ranging in age from early 20s to late 60s. We adjusted the survey

items in response to comments from the pre-testers about their comprehension and appropri-

ateness. The questionnaire was in English only. The questionnaire and dataset are available

from figshare: https://doi.org/10.6084/m9.figshare.12250034.

Outcome variables

The study had two main outcomes: perceived risk of COVID-19 and social distancing behav-

ior. Perceived risk of being infected within the next month was assessed on a scale from 0% to
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100%, similar to a previous study on H1N1 influenza [20]. This variable was treated as contin-

uous for analysis.

Social distancing was assessed using a categorical measure comparing behaviors within the

past week to before the COVID-19 outbreak. What “before the COVID-19 outbreak” meant to

the participants was self-determined; no specific date was provided as regional outbreaks

within the US have had varying timing. Participants were asked how often they tried to physi-

cally distance themselves more than 6 feet from others outside the home. They could respond

they had not been within 6 feet of someone, they had been within 6 feet of someone less often,

that there had been no change since the COVID-19 outbreak, or that they had been within 6

feet of someone more often. We dichotomized these choices between those practicing social

distancing (i.e., not being within 6 feet of someone, or being within 6 feet of someone less

often) versus those not (i.e., having no change since COVID-19 outbreak, or being within 6

feet of someone more often).

There were six additional questions which asked about specific social distancing behaviors:

going into work/school, having meetings with colleagues/classmates, meeting with friends,

going to a club/bar, going to a restaurant, or going outside with a child. Participants were first

asked if they typically did these activities, and then, in a similar scale as the primary outcome,

whether they had changed their behavior since the start of the COVID-19 outbreak. These var-

iables were analyzed separately and treated as secondary outcomes.

Independent variables

The primary independent variable in the analysis was age as determined by the individual’s

generational birth cohort. The definitions for generational categories are based on age ranges

from Pew Research [21]. Due to a limited number of responses among individuals of the

“Silent Generation” (individuals�75 years old, born 1928–1945), they were included in the

same category as Baby Boomers (56–74 years old, born 1946–1964) for analysis. The three

other generations were GenX (individuals 40–55 years old, born 1965–1980), Millennials

(individuals 24–39 years old, born 1981–1996), and GenZ (individuals 8–23 years old, born

1997–2012, although only individuals�18 years were included in the analysis).

Other characteristics were considered control variables. We asked respondents about race/

ethnicity in a series of questions similar to the US Census and the 2019 Behavioral Risk Factor

Surveillance System (BRFSS) [22]. Due to small sample sizes in some groups, we pooled race

into four categories: non-Hispanic White, non-Hispanic Black, Hispanic, and other. Partici-

pants also responded to a question on gender identity, formulated using guidelines from the

American Association of Public Opinion Researchers [23]. No one selected an “other” gender

in this survey. Respondents answered a question about urbanicity derived from the National

Health Interview Survey [24]. Finally, participants self-reported their political affiliation

(Republican, Democrat, or Independent).

Statistical analysis

We ran multivariable regression models corresponding to the two main outcomes: perceived

risk and social distancing. For social distancing, logistic regression was used, while perceived

risk employed a linear regression model after evaluating the outcome distribution and model

for homoscedasticity and linearity. The linear regression model outputted β estimates, which

can be interpreted as the percentage point difference across categories. Each model included

generation as the primary independent variable and also controlled for participant gender,

urbanicity, race/ethnicity, family income, and political affiliation. These variables were chosen

based on a priori considerations and not based on model fit. Models were specified using
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generalized linear model (GLM) framework in the multivariable regression models. From each

model, we also report the marginal means by generational cohort. The marginal means is the

mean value averaged across levels of the covariates. We assessed precision of results through

95% confidence intervals (CI). We used SAS version 9.4 (SAS Institute, Cary, NC) for analysis,

and R version 3.6.0 (R Foundation for Statistical Computing, Vienna, Austria) for figures. In

the figures which show results by age, we eliminated two individuals who reported being 99

years old. We did not weight the individuals to adjust for a non-representative sample.

Ethical approval

This study protocol was submitted to the University of Michigan Health Sciences & Behavioral

Sciences Institutional Review Board (#HUM#00179335). It was deemed exempt as the survey

was anonymous and limited to adults, and we obtained a waiver of documentation of informed

consent. Participants were given an information sheet, which explained the risks and benefits

of the study and that it would take <10 minutes, and they electronically consented prior to

starting the questionnaire.

Results

In total, 1,068 adults started the survey and filled in at least one screening question: 271

(25.4%) did not respond beyond questions on the start screen, and 50 (4.7%) did not consent,

leaving 747 participants (70.0%). We excluded 34 individuals (4.6%) who spent less than 3

minutes on the survey, yielding a final sample size of 713.

The demographic characteristics of the study population are shown in Table 1. The study

sample was 54.3% female and about one-third (32.5%) of participants lived in a rural area. In

Table 1. Demographics of online survey panel, United States, March 2020.

Demographic Variable Count %

Participant’s gender Male 326 45.7%

Female 387 54.3%

Participant’s residence Rural 227 32.5%

Urban 471 67.5%

Participant’s generation Baby boomer and silent generation (�56 years) 242 34.1%

GenX (40–55 years) 222 31.3%

Millennial (24–39 years) 176 24.8%

GenZ (18–23 years) 70 9.9%

Participant’s race/ethnicity Non-Hispanic White 531 74.5%

Non-Hispanic Black 50 7.0%

Hispanic 53 7.4%

Other 79 11.1%

Monthly family income <$2,000 140 20.2%

$2,000-$4,999 198 28.5%

$5,000-$9,999 212 30.5%

�$10,000 144 20.7%

Political affiliation Republican 216 31.8%

Democrat 262 38.5%

Independent 202 29.7%

Compliance with social distancing No 247 35.0%

Yes 459 65.0%

Perceived risk of infection within next month median (IQR) 32% 11%-51%

https://doi.org/10.1371/journal.pone.0239025.t001
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terms of age distribution, 34.1% of the study population was in the Baby Boomer (and Silent)

Generation, 31.3% GenX, 24.8% Millennial, and only 9.9% GenZ, who were limited to those

�18 years. About three-fourths of participants were non-Hispanic White (74.5%), with the

rest identifying as non-Hispanic Black (7.0%), Hispanic (7.4%), or other (11.1%). By political

affiliation, the population was distributed across those identifying as Republicans (31.8%),

Democrats (38.5%), and Independents (29.7%).

Perceived risk of infection

The median perceived risk of infection within the next month was 32.0% (interquartile range:

10.6%-51.0%). According to the multivariable linear regression analysis, perceived risk of

infection was 6.5% higher among those who lived in rural areas than those who lived in urban

areas (95% CI: 2.0%, 10.9%). A monotonic relationship was observed between generation and

perceived risk, with perceived risk lowest in Baby Boomers (vs. Millennials: -10.6%, (95% CI:

-16.2%, -5.0%)), and GenX (vs. Millennials: -7.1%, (95% CI: -12.6%, -1.5%)). Non-Hispanic

Black respondents had 11.5% lower perceived risk (95% CI: -20.1%, -2.8%) compared to non-

Hispanic White. Across the lower three categories of family income, there were no significant

differences in perceived risk, but those making�$10,000 a month believed they had 8.5%

higher perceived risk compared to those $2,000-$4,999 (95% CI: 2.4%, 14.5%). Additionally,

those who identified as Democrats perceived themselves to have a 5.5% higher risk than those

identifying as Independents (95% CI: 0.5%, 10.6%), with no significant difference between

Democrats and Republicans.

Fig 1 shows how risk perceptions varied by age. There was a slight increase between GenZ

and Millennials, with decreasing perceptions then in older ages. The marginal mean perceived

risk of COVID-19 was 39.8% (95% CI: 33.0%, 46.7%) among GenZ, 40.9% (95% CI: 36.2%,

Fig 1. Relationship between age and perceived risk of COVID-19 infection, US, March 2020. Loess line (red) with

95% confidence interval in gray.

https://doi.org/10.1371/journal.pone.0239025.g001
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45.6%) among Millennials, 33.8% (95% CI: 29.0%, 38.6%) among GenX, and 30.3% (95% CI:

25.1%, 35.4%) among Baby Boomers.

Social distancing

About two-thirds of participants (65.0%) reported practicing more social distancing (staying

more than 6 feet away from others) compared to before the COVID-19 outbreak. The odds of

social distancing were higher among Baby Boomers (OR = 1.64; 95% CI: 1.05, 2.56) than Mil-

lennials, with no difference across other generations. There were no statistically significant dif-

ferences in social distancing behaviors by gender, urbanicity, race, monthly family income, or

political affiliation (Table 2).

Large reported changes in usual behavior were observed for those who engaged in specific

types of social behaviors regularly prior to COVID-19 (Fig 2). Among those who regularly

worked or studied outside of the home (62.0%), 63.0% went out less or not at all after COVID-

19 outbreak began. For those who regularly met with colleagues or friends (65.9%), 76.6% met

less after COVID-19. Those who would normally regularly meet with friends (78.3%) met sig-

nificantly less (82.4%) since the COVID-19 outbreak. Among individuals who would go to res-

taurants (78.3%) or clubs (35.2%), over 80% went to these locations less due to COVID-19.

Two-thirds (67.8%) of adults who would regularly go outside with their children (25.2%) were

limiting this activity.

Fig 3 shows the relationship between age and social distancing. There was a slight increase

in the proportion who were social distancing as age increased. The marginal mean proportion

who reported social distancing was 62.2% (95% CI: 53.4%, 70.3%) among GenZ, 62.2% (95%

CI: 53.4%, 70.3%) among Millennials, 64.9% (95% CI: 55.9%, 73.0%) among GenX, and 72.9%

(95% CI: 64.0%, 80.4%) among Baby Boomers.

Table 2. Impact of demographic factors on vaccine hesitancy, novel coronavirus (COVID-19) risk perceptions, social distancing, and COVID-19 vaccine accep-

tance, online survey panel, US, March 2020.

Demographic Variable Perceived risk Social distancing

β (95% CI) OR (95% CI)

Participant’s gender Male ref ref

Female -3.5% (-7.7%, 0.7%) 0.81 (0.58, 1.13)

Participant’s residence Rural 6.5% (2.0%, 10.9%) 0.87 (0.61, 1.23)

Urban ref ref

Participant’s generation Baby boomer and silent generation (�56 years) -10.6% (-16.2%, -5.0%) 1.64 (1.05, 2.56)

GenX (40–55 years) -7.1% (-12.6%, -1.5%) 1.12 (0.73, 1.73)

Millennial (24–39 years) ref ref

GenZ (18–23 years) -1.1% (-9.0%, 6.8%) 0.79 (0.43, 1.44)

Participant’s race/ethnicity Non-Hispanic White ref ref

Non-Hispanic Black -11.5% (-20.1%, -2.8%) 1.00 (0.52, 1.95)

Hispanic -1.0% (-9.2%, 7.1%) 1.04 (0.56, 1.93)

Other -1.5% (-9.2%, 6.2%) 1.45 (0.77, 2.73)

Monthly family income <$2,000 3.6% (-2.4%, 9.6%) 0.67 (0.42, 1.06)

$2,000-$4,999 ref ref

$5,000-$9,999 3.4% (-2.0%, 8.7%) 1.07 (0.70, 1.65)

�$10,000 8.5% (2.4%, 14.5%) 1.02 (0.63, 1.66)

Political affiliation Republican -0.3% (-5.6%, 5.0%) 0.90 (0.59, 1.37)

Democrat 5.5% (0.5%, 10.6%) 0.98 (0.65, 1.46)

Independent ref ref

https://doi.org/10.1371/journal.pone.0239025.t002
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Fig 2. Changes in social distancing behaviors due to the COVID-19 outbreak, US, March 2020.

https://doi.org/10.1371/journal.pone.0239025.g002

Fig 3. Relationship between age and social distancing behaviors, US, March 2020. Loess line (red) with 95%

confidence interval in gray.

https://doi.org/10.1371/journal.pone.0239025.g003
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Discussion

This online, cross-sectional study is among the first to examine risk perceptions and social dis-

tancing practices in the US at the onset of the COVID-19 outbreak in the United States.

Around the time of the survey, large changes occurred in the governmental response to the

outbreak: on March 19, the California Governor issued a stay-at-home order [25], and by

April, most of the country was under various similar orders [4]. We observed generational

cohort differences in perceived risk of infection and social distancing practices. In particular,

compared to Millennials, Baby Boomers had lower perceived risk, but greater odds of practic-

ing social distancing behaviors.

Overall, the median perceived risk (32%) was relatively high. Although testing for COVID-

19 and serosurveys are not widely available [26], the proportion of the population infected is

unlikely to be as high, and the probability of being infected within the next month is likely to

be much lower than 32%. Even New York state, one of the hardest hit regions, has found sero-

prevalence of COVID-19 antibodies to be<15% of the general population [27]. It could be

that individuals ignored the time frame (within one month) in the question on perceived risk,

or are overestimating their monthly risk. Moreover, it can be difficult for individuals to process

risk estimates [28]. One concern from this high perceived risk is that if individuals think their

risk of infection is high, but discover that the true risk is actually lower (yet still nonzero), they

may grow less compliant with COVID-19 countermeasures overtime. Nonetheless, despite

this high perceived risk of COVID-19 infection, our study found that there was still imperfect

compliance with public health recommendations for social distancing.

Our study results indicate that a majority of the U.S. adult population was practicing social

distancing as of late March 2020. However, a substantial minority (35.0%) were not, which

may limit efforts to control the spread of COVID-19, especially given the relatively short time

from in which individuals have had to partake in social distancing behaviors so far. By late

March, the population may not yet have been experiencing fatigue from extended time indoors

and changes to their normal social behavior [29].

The COVID-19 pandemic is forcing everyone to decide–in the face of uncertainty–how to

behave, and form attitudes to guide their actions [30, 31]. Uncertainty can have a large impact

on perceptions about health risks [32]: when people do not have all the information necessary

to make a decision, the effort they put into making the leap to a decision depends on (1) their

perception of the gravity of the situation and (2) expectations of the consequences of their

actions. People who do not find a health threat to be serious are more likely to make knee-jerk

decisions and justify reasoning post-hoc, while those who think it serious are more likely to

research and weigh credible sources of information [30, 31, 33]. These factors make effective

public health messaging even more important in ensuring that the population broadly consid-

ers the risk of COVID-19 to be real and complies with social distancing guidelines.

Generational and sociodemographic differences

We found that social distancing behaviors varied by generational cohort, with more social dis-

tancing practiced in older than younger generations, even though risk perceptions were lower

in older groups. Anecdotally, it is thought that younger generations are not taking the virus

seriously, with frequent news stories about college students still going on spring break trips

[34] and not practicing social distancing [35, 36]. Younger adults also may believe that they are

less at risk for severe disease [12]. Although we did find a significant different in social distanc-

ing behaviors by generation, it is important to note that overall, more than 60% of adults of all

generations were trying to maintain physical distance of 6 feet or more from others, indicating

that a majority of the population was engaging in social distancing efforts.
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The differences in social distancing by generation could be due to a number of factors. For

example, it could be that, even before stay-at-home orders were issued, Baby Boomers

responded to initial reports of a high case burden of older adults in long-term care facilities

[37]. On the other hand, Millennials had higher perceived risk of infection, but did not practice

as many social distancing behaviors, potentially due to other barriers such as jobs, childcare, or

housing insecurity, or a lack of understanding of the term ‘social distancing’ [10].

Beyond age, there are other sociodemographic factors which could impact risk perceptions

and social distancing behaviors. Overall, it is important to promote social distancing behaviors

to protect those who cannot easily engage in them (e.g., essential workers and those of lower

socioeconomic status with less ability to decide to stay at home), and consider factors which

may make social distancing difficult, such as housing and food insecurity, child care, job secu-

rity, and health benefits.

Our study observed some differences in perceived risk by race and ethnicity. Early reports, at

least in urban areas of the US, have indicated a much higher infection and fatality rate for non-

Hispanic Blacks than for non-Hispanic Whites [38]. These differences may be related to income,

as those with lower-income jobs are less able to abstain from using public transportation, to be

permitted to work remotely, or live in environments that permit social distancing [39]. Our study

did find those in the highest income category (>$10,000) to have higher perceived risk. Though

emerging data appears to indicate that risk of disease may be higher among non-Hispanic Blacks,

their perceived risk in this study was lower. However, it is difficult to interpret the differences in

perceived risk, given that they are quite high in general, and so non-Hispanic Blacks’ lower per-

ceived risk may be more realistic. Nonetheless, it is important to consider that minority groups

may have less trust in governmental institutions as a result of longstanding structural racism [40,

41]. Accordingly, governmental health promotions should focus on addressing higher risk of

severe infection and morality in historically marginalized communities [42, 43].

We did not observe differences by political affiliation. Our finding that individuals of all

political parties adhered to social distancing behaviors, despite variable reporting on the sever-

ity of COVID-19 and the need for such measures by elected officials, is an important and

heartening indication of behavioral compliance. Current political differences and variable

messaging between conservatives and liberals in the US appear to contribute to uncertainty

and create differences in both fear of COVID-19 and behavioral compliance [10, 12, 44]. In

response to stay-at-home orders, there have been political demonstrations, but it is notable

that these are, at the current time, poorly attended [45].

Strengths and limitations

Although the use of an internet-based sample allowed us to rapidly collect responses in a short

time period and avoid in-person interactions, such samples may only represent those who

have access to the internet, and thus our findings may not be generalizable outside of internet

users. As of 2019 in the US, 90% of individuals use the internet, but this proportion varies by

age, with only about 73% of those�65 years using the internet [46]. Participants who self-

selected into the sample may differ from those who did not, even among internet users, which

could result in selection bias that is difficult to quantify or speculate about in the absence of

measured attributes of non-survey responders. We excluded individuals who quickly com-

pleted the survey, but there may be others who completed the survey without much thought.

We did not generate a nationally representative sample, and our sample includes more indi-

viduals who are non-Hispanic White (74.5%), than the general population (60.4%) [47]. We

acknowledge that quota sampling could lead to additional biases, for instance, individuals

changing their age or gender to be able to complete the survey [48].
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Conclusions

Overall, we found that perceived risk of infection from COVID-19 in the short term was high–

32%—and a majority of surveyed respondents were adhering to social distancing recommen-

dations, regardless of age, race/ethnicity, and political affiliation. However, we did find some

generational differences in behavioral responses to the COVID-19 outbreak in the US, with

older adults being more likely to socially distance themselves, but having lower perceived risk

of infection. Public health outreach and future epidemiological research on COVID-19 should

focus on raising compliance with social distancing recommendations among groups with rela-

tively low adherence to recommendations.
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