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Abstract

Various efforts to increase COVID-19 vaccination rates have been employed in the United

States. We sought to rapidly investigate public reactions to these efforts to increase vaccina-

tion, including self-reported responses to widespread reduced masking behavior, monetary

incentive programs to get vaccinated, and work vaccination requirements. Using a unique

method for data collection (Random Domain Intercept Technology), we captured a large (N

= 14,152), broad-based sample of the United States Web-using population (data collected

from June 30 –July 26, 2021). About 3/4 of respondents reported being vaccinated. The like-

lihood of vaccination and vaccination intention differed across various demographic indica-

tors (e.g., gender, age, income, political leaning). We observed mixed reactions to efforts

aimed at increasing vaccination rates among unvaccinated respondents. While some

reported that specific efforts would increase their likelihood of getting vaccinated (between

16% and 32%), others reported that efforts would decrease their likelihood of getting vacci-

nated (between 17% and 42%). Reactions differed by general vaccination intention, as well

as other demographic indicators (e.g., race, education). Our results highlight the need to

fully understand reactions to policy changes, programs, and mandates before they are com-

municated to the public and employed. Moreover, the results emphasize the importance of

understanding how reactions differ across groups, as this information can assist in targeting

intervention efforts and minimizing potentially differential negative impact.

Introduction

As of January 5, 2022, 85.9% of the United States adult population had received at least one

COVID-19 vaccination [1]. Immunizing the remaining 36 million adults is a challenging and
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complicated task, as there are a variety of reasons that underpin vaccination decision-making.

Although COVID-19 vaccinations are effective at preventing severe disease and death—even

with high prevalence of infections due to SARS CoV2 variants (e.g., [2, 3])—national polls,

such as those conducted by the Kaiser Family Foundation, have found that almost half of the

unvaccinated population are firmly resistant to COVID-19 vaccination [4]. Some local govern-

ments have implemented monetary incentive programs to increase vaccinations [5]. Work-

place vaccination mandates have also been imposed [6], and the removal of mask mandates

for vaccinated citizens could encourage some people to seek vaccination. However, relaxed

mask wearing requirements, monetary incentive programs, and work vaccination mandates

could backfire, tightening resistance to vaccination within some demographic groups (e.g., [7,

8]). Understanding reactions to these measures (e.g., becoming more or less willing to get vac-

cinated) would be helpful in designing effective, data-driven policies, interventions, and

programs.

Most previous studies on reactions to behavior change efforts implement an experimental

design and/or aim to uncover complex theory-based processes (e.g., research on psychological

reactance), and they often do not focus on identifying groups who may respond negatively (or

positively) to efforts aimed at increasing intentions to get vaccinated. While this approach and

aim are crucial to the expansion of scientific knowledge, the findings are often not directly

and/or immediately relevant to policy makers, community leaders, intervention specialists,

and business leadership. There is a need for direct assessment of reactions that can be immedi-

ately applied in a real-world setting. The current work was conducted by the CDC-funded

COVID Vaccines Information Equity and Demand creation (COVIED) program, focused on

evidence-based context-specific/tailored messaging to increase vaccination, especially among

minority and hard-to-reach populations. In line with the program’s aim, this work emphasizes

the need to rapidly assess public sentiment broadly and among subpopulations to characterize

how different groups perceive and respond to COVID immunization campaigns. To do this,

we harnessed a unique data collection method that allowed us to reach the broadest, most

diverse population of respondents possible quickly, so that we could in turn inform policy as it

was being formed/implemented.

We set out to assess reactions to widespread reduced masking behavior and efforts to

increase COVID-19 vaccination rates (i.e., monetary incentive programs and work vaccination

requirements). We aimed to characterize reactions among the unvaccinated population, as

well as identify differences across general vaccination intention level and basic demographic

characteristics (e.g., age, gender, race). We conducted this assessment using a unique method

for data collection that allowed us to capture a large, broad-based sample of the Web-using

population quickly across the United States—in doing so, we were able to rapidly reach sub-

populations and uncover differential reactions that could shed light on issues surrounding vac-

cine equity and could, in turn, inform messaging and policy.

Method

Procedure and design

We conducted an internet-based cross-sectional survey collecting data from June 30 –July 26,

2021, using a standardized survey format. We utilized RIWI (Real-Time Interactive World-

Wide Intelligence) technology to engage with a sample of the US Web-using population.

RIWI’s Random Domain Intercept Technology works as follows: first, Web users land on an

inactive (broken) Web domain that RIWI temporarily manages. RIWI then validates the Web

user’s country location and delivers the appropriate survey to the Web user. Web users choose

whether to safely and anonymously opt-in to participate in the study, and they may end their
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participation at any time. Unlike panel surveys, no incentives are provided and no personally

identifiable information is exchanged. RIWI technology has been described as nonprobability,

online intercept sampling [9], and has been previously employed to assess various topics such

as health care quality [10–12], mental illness stigma [13–15], and anti-vaccine sentiment [16].

Participants first identified whether they would like to complete the survey in English or

Spanish. Following the language selection, participants reported their age (to participate,

respondents had to be 18 years of age or older), gender, and COVID-19 vaccination status.

Those who reported receiving at least one dose of a COVID-19 vaccine answered several ques-

tions about the vaccine (e.g., which vaccine they received and when). Those who reported that

they were unvaccinated were asked up to 17 questions (depending on skip/display logic) sur-

rounding their vaccination intentions, reactions to reduced mask-wearing, incentive pro-

grams, and work vaccination requirements, reasons for not getting vaccinated, and

discussions with healthcare providers about vaccination, among other vaccination-related

questions. All respondents (regardless of vaccination status) completed measures assessing

their primary daily news source, entertainment sources, and basic demographics (i.e., race,

education, living location, political leaning, and annual household income). We designed the

survey to take less than 5 minutes to complete. The Institutional Review Boards at Emory Uni-

versity and Johns Hopkins University designated this project as public health practice (not

human subjects research). Respondents implied consent by voluntarily participating in the

survey.

Participants

Of the 1,026,850 Web-users who landed on the RIWI-operated inactive Web domain, 63,853

opted in, were eligible to participate (18+ years old, located in the US), and answered the first

three questions of the survey (age, gender, vaccination status). Among those, 14,152 completed

the entirety of the survey (22%) and were included in the current analysis (see S1 Fig for survey

progression). Participant demographics are displayed in Table 1.

Primary measures

The primary measures reported in the current manuscript are described below. In addition to

these items, we also measured demographic information on age, gender, race, education level,

living location, political leaning, and annual household income. See S1 File for the full survey

instrument.

Vaccination status and intention. We measured vaccination status and, among unvacci-

nated respondents, intentions to get vaccinated. The five response options for the vaccination

intention item ranged from I will definitely get it as soon as I can to I will definitely not get vacci-
nated. For the current manuscript, we categorized respondents as either vaccinated (with at

least one dose of a COVID-19 vaccine received) or unvaccinated, and, among those unvacci-

nated, as either leaning toward vaccination (definitely/likely to get vaccinated or likely to get

vaccinated but not right away) or resistant to vaccination (definitely/likely to not get

vaccinated).

Masking. We asked unvaccinated respondents how fewer people wearing masks impacted

their intentions to get vaccinated (more likely; less likely; no effect).
Monetary incentives. We asked unvaccinated respondents to indicate how monetary

incentive programs ($25 gift card and $100,000 lottery) impacted their intention to get vacci-

nated (I would be more likely to get vaccinated right away; I would be less likely to seek vaccina-
tion; there would be no effect on my getting vaccinated).
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Table 1. Demographic characteristics of the full sample, vaccinated subsample, and unvaccinated subsample.

Total (N = 14,152) Vaccinated (N = 10,866) Unvaccinated (N = 3,286)

Age

18–25 2,702 (19.1%) 1,967 (18.1%) 735 (22.4%)

26–35 2,280 (16.1%) 1,588 (14.6%) 692 (21.1%)

36–45 2,149 (15.2%) 1,540 (14.2%) 609 (18.5%)

46–55 2,103 (14.9%) 1,617 (14.9%) 486 (14.8%)

56–64 1,803 (12.7%) 1,466 (13.5%) 337 (10.3%)

65–74 1,759 (12.4%) 1,559 (14.3%) 200 (6.1%)

75–84 725 (5.1%) 658 (6.1%) 67 (2.0%)

85+ 631 (4.5%) 471 (4.3%) 160 (4.9%)

Gender

Male 7,097 (50.1%) 5,537 (51.0%) 1,560 (47.5%)

Female 6,305 (44.6%) 4,804 (44.2%) 1,501 (45.7%)

Other 750 (5.3%) 525 (4.8%) 225 (6.8%)

Race

White 8,151 (57.6%) 6,352 (58.5%) 1,799 (54.7%)

Black 1,656 (11.7%) 1,210 (11.1%) 446 (13.6%)

Latinx 1,476 (10.4%) 1,119 (10.3%) 357 (10.9%)

Asian 793 (5.6%) 696 (6.4%) 97 (3.0%)

NA/AN 340 (2.4%) 244 (2.2%) 96 (2.9%)

Other 706 (5.0%) 456 (4.2%) 250 (7.6%)

Multi-racial 1,030 (7.3%) 789 (7.3%) 241 (7.3%)

Education

High school or less 4,498 (31.8%) 3,140 (28.9%) 1,358 (41.3%)

Tech/vocational training 1,915 (13.5%) 1,397 (12.9%) 518 (15.8%)

College degree 4,803 (33.9%) 3,852 (35.5%) 951 (28.9%)

Masters or higher 2,936 (20.7%) 2,477 (22.8%) 459 (14.0%)

Living Location

Large city 3,969 (28.0%) 3,096 (28.5%) 873 (26.6%)

Suburb 4,607 (32.6%) 3,709 (34.1%) 898 (27.3%)

Town/village 3,172 (22.4%) 2,373 (21.8%) 799 (24.3%)

Rural area/farm 2,404 (17.0%) 1,688 (15.5%) 716 (21.8%)

Political Leaning

Democrat 4,015 (28.4%) 3,466 (31.9%) 549 (16.7%)

Independent, lean Democrat 1,663 (11.8%) 1,401 (12.9%) 262 (8.0%)

Independent 3,985 (28.2%) 2,809 (25.9%) 1,176 (35.8%)

Independent, lean Republican 1,410 (10.0%) 975 (9.0%) 435 (13.2%)

Republican 3,079 (21.8%) 2,215 (20.4%) 864 (26.3%)

Income

Under $20,000 3,360 (23.7%) 2,377 (21.9%) 983 (29.9%)

$20,000 - $50,000 2,975 (21.0%) 2,218 (20.4%) 757 (23.0%)

$50,001 - $75,000 2,307 (16.3%) 1,770 (16.3%) 537 (16.3%)

$75,001 - $125,000 2,457 (17.4%) 2,016 (18.6%) 441 (13.4%)

$125,001 - $250,000 1,547 (10.9%) 1,321 (12.2%) 226 (6.9%)

Over $250,000 1,506 (10.6%) 1,164 (10.7%) 342 (10.4%)

NA/AN = Native American / Alaska Native. Income = annual household income.

https://doi.org/10.1371/journal.pone.0267154.t001
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Work requirements. We asked working unvaccinated respondents to indicate how

employer vaccination requirements impacted their vaccination intentions (I would get vacci-
nated; I would not get vaccinated; I am not sure what I would do). Workers who said that they

would not get vaccinated then reported what they would do instead (quit my job; protest; con-
sider legal action; other).

Analysis

We report on a series of chi-square tests, multiple logistic regression analyses, multinomial

logistic regression analyses, and correlational analyses. We provide odds ratios in-text where

appropriate, as well as the 95% confidence intervals surrounding any odds ratios that are not

provided in the tables.

We first outline basic demographic differences in vaccination status (Table 1). We then fur-

ther assess unique demographic predictors of vaccination status (vaccinated vs. unvaccinated)

and vaccination intention among those unvaccinated (leaning toward vaccination vs. resistant

to vaccination) using two multiple logistic regression models (Table 2). The models predict

each variable as a function of the following factor variables: age group, gender, race, education,

living location, political leaning, and annual household income. We next report results from a

series of chi-square tests assessing the relationship between reactions to each effort and vacci-

nation intention among those unvaccinated (Table 3).

To assess unique demographic differences in how reduced mask-wearing, monetary incen-

tive programs, and work vaccination requirements impact intentions to get vaccinated, we

conducted a series of multinomial logistic regression models predicting each outcome of inter-

est as a function of the following factor variables: age group, gender, race, education, living

location, political leaning, and annual household income. Due to the consistent observation of

differences across general intention to vaccinate, we also adjusted for this individual difference

in analyses. Of note, we originally aimed to perform a series of ordinal logistic regressions;

however, our data violated the proportional odds assumption. As such, we performed multino-

mial logistic regressions and chose to highlight demographic comparisons between those who

report being more likely to get vaccinated vs. those who report being less likely to get vacci-

nated in response to each vaccination effort (Table 4).

Finally, we performed correlational analyses to assess the relationships between reactions to

reduced mask-wearing, monetary incentives, and work vaccination requirements.

Results

Vaccination status and intention

Of the 63,853 individuals who opted in to take the survey, 44,524 (69.7%) were vaccinated and

19,329 (30.3%) were unvaccinated (manuscript submitted for publication). The survey

designed for unvaccinated respondents was longer than the survey designed for vaccinated

respondents. As such, we retained proportionately more vaccinated respondents relative to

unvaccinated respondents in the final analytic sample. Among the analytic sample (i.e., those

who completed the entire survey), 10,866 (76.8%) had received at least one dose of a COVID-

19 vaccine at the time of data collection and 3,286 (23.2%) respondents were unvaccinated.

We first assessed demographic indicators of vaccination status without adjusting for other

demographic variables (Table 1). Those 46 years of age or older were 1.8 [1.7, 2.0] times more

likely to be vaccinated than those 45 years of age or younger. Those with more than a high

school education were 1.7 [1.6, 1.9] times more likely to be vaccinated than those with a high

school education or less. Those living in towns/villages, suburbs, or large cities were 1.5 [1.4,

1.7] times more likely to be vaccinated than those living in rural/farm areas. Individuals who

PLOS ONE COVID-19 Vaccination Intentions in the US

PLOS ONE | https://doi.org/10.1371/journal.pone.0267154 April 21, 2022 5 / 15

https://doi.org/10.1371/journal.pone.0267154


identified as Democrat or Democrat-leaning Independent were 2.5 [2.3, 2.7] times more likely

to be vaccinated than those who identified as Independent, Republican-leaning Independent,

or Republican. Those with annual household incomes greater than $50,001 were 1.5 [1.4, 1.7]

Table 2. Multiple logistic regression analyses predicting vaccination status and intention (dichotomized) by demographics.

Vaccinated (vs. Unvaccinated) Leaning Toward (vs. Resistant)

AOR 95% CI p AOR 95% CI p
(Intercept) 4.37 3.70 – 5.16 < .001 1.56 1.15 – 2.11 .004

Age (ref = 18–25)

26–35 0.77 0.68 – 0.88 < .001 0.80 0.64 – 0.99 .045

36–45 0.84 0.74 – 0.96 .013 0.78 0.62 – 0.98 .032

46–55 1.10 0.96 – 1.27 .179 0.66 0.52 – 0.85 .001

56–64 1.51 1.30 – 1.77 < .001 0.69 0.52 – 0.92 .011

65–74 2.64 2.21 – 3.16 < .001 0.54 0.37 – 0.78 .001

75–84 3.32 2.54 – 4.41 < .001 0.56 0.31 – 0.99 .051

85+ 1.21 0.97 – 1.51 .097 0.41 0.25 – 0.66 < .001

Gender (ref = Male)

Female 0.82 0.75 – 0.89 < .001 0.88 0.76 – 1.03 .114

Other 0.69 0.57 – 0.85 < .001 0.65 0.44 – 0.96 .034

Race (ref = White)

Black 0.78 0.68 – 0.89 < .001 1.37 1.09 – 1.72 .007

Latinx 1.13 0.98 – 1.29 .096 2.47 1.93 – 3.16 < .001

Asian 2.27 1.82 – 2.86 < .001 1.86 1.21 – 2.88 .005

NA/AN 0.84 0.65 – 1.09 .187 0.82 0.49 – 1.32 .430

Other 0.62 0.52 – 0.74 < .001 1.00 0.72 – 1.38 .988

Multi-racial 1.14 0.97 – 1.34 .122 1.30 0.97 – 1.73 .073

Education (ref = High school or less)

Tech/vocational training 1.05 0.93 – 1.20 .426 1.04 0.83 – 1.30 .709

College degree 1.52 1.37 – 1.69 < .001 1.08 0.89 – 1.30 .452

Masters or higher 1.89 1.64 – 2.17 < .001 0.72 0.55 – 0.95 .022

Living Location (ref = Large city)

Suburb 1.13 1.01 – 1.26 .033 1.05 0.86 – 1.29 .617

Town/village 0.93 0.83 – 1.05 .237 0.99 0.81 – 1.23 .949

Rural area/farm 0.80 0.71 – 0.91 < .001 0.75 0.60 – 0.94 .014

Political Leaning (ref = Democrat)

Independent, lean Democrat 0.81 0.69 – 0.96 .012 0.97 0.71 – 1.32 .824

Independent 0.42 0.37 – 0.47 < .001 0.64 0.52 – 0.80 < .001

Independent, lean Republican 0.31 0.26 – 0.36 < .001 0.48 0.36 – 0.63 < .001

Republican 0.37 0.33 – 0.42 < .001 0.41 0.32 – 0.52 < .001

Income (ref = Under $20,000)

$20,000 - $50,000 1.04 0.92 – 1.17 .523 0.79 0.64 – 0.96 .021

$50,001 - $75,000 1.05 0.92 – 1.20 .486 0.72 0.56 – 0.91 .006

$75,001 - $125,000 1.38 1.20 – 1.59 < .001 0.78 0.60 – 1.01 .062

$125,001 - $250,000 1.64 1.38 – 1.96 < .001 0.76 0.54 – 1.07 .116

Over $250,000 1.05 0.90 – 1.24 .534 0.69 0.51 – 0.94 .021

AOR = adjusted odds ratio. Ref = reference category. Income = annual household income. The AORs compare the given subgroup to the referent group, adjusting for

all other variables in the model. For example, Asian respondents were 2.27 times more likely to be vaccinated than White respondents, adjusting for age, gender,

education, living location, political leaning, and income. Model R2 Nagelkerke were 0.13 and 0.08 for the vaccination status and vaccination intention models,

respectively.

https://doi.org/10.1371/journal.pone.0267154.t002
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times more likely to be vaccinated than those with annual household incomes at or under

$50,000.

Among the unvaccinated respondents, 15.6% indicated that they would definitely get vacci-

nated as soon as they could, 5.7% that they would likely get vaccinated as soon as they could,

17.3% that they would likely get vaccinated but not right away, 18.7% that they would likely

not get vaccinated, and 42.8% that they would definitely not get vaccinated (i.e., 38.5% were

leaning toward vaccination and 61.5% were resistant).

Vaccination status. Adjusting for all demographic variables (Table 2), those ages 56

+ were 2.1 [1.9, 2.3] times more likely to be vaccinated than those 55 years of age or younger.

Males were 1.2 [1.1, 1.3] times more likely to be vaccinated than females. White respondents

were 1.3 [1.1, 1.5] times more likely to be vaccinated than Black respondents, whereas Asian

respondents were 2.3 times more likely to be vaccinated than White respondents. Those with

college degrees or higher were 1.6 [1.5, 1.7] times more likely to be vaccinated than those with

technical/vocational training or less. Those living in large cities or suburbs were 1.2 [1.1, 1.3]

times more likely to be vaccinated than those living in towns/villages or rural/farm areas.

Democrats and Democrat-leaning Independents were 2.4 [2.2, 2.7] times more likely than

Independents, Republican-leaning Independents, and Republican respondents to be vacci-

nated. Those with annual household incomes between $75,001-$250,000 were 1.4 [1.3, 1.6]

times more likely to be vaccinated than those with household incomes under $75,000.

Vaccination intention. Adjusting for all demographic variables (Table 2), those unvacci-

nated and from the youngest age group (18–25 years old) were 1.4 [1.2, 1.7] times more likely

to lean toward vaccination relative to those unvaccinated and 26 years of age and older. Unvac-

cinated Black, Latinx, and Asian respondents were 1.4, 2.5, and 1.9 times more likely to lean

toward vaccination relative to unvaccinated White respondents. Unvaccinated Democrats and

Democrat-leaning Independents were 1.8 [1.5, 2.2] times more likely to lean toward vaccina-

tion, than Independents, Republican-leaning Independents, and Republican respondents.

Masking

Among unvaccinated respondents, 20.9% reported that fewer people wearing masks in public

made them more likely to get vaccinated, whereas 16.7% said it made them less likely to get

Table 3. Chi-square analyses predicting impact on vaccination intention by general vaccination intention (dichotomized).

Resistant Leaning Toward X2 df p
Reduced Masking

More likely 106 (5.2%) 580 (45.8%) 786.69 2 < .001

No effect 1,544 (76.4%) 507 (40.0%)

Less likely 370 (18.3%) 179 (14.1%)

Gift Card

More likely 161 (8.0%) 378 (29.9%) 387.12 2 < .001

No effect 1,047 (51.8%) 695 (54.9%)

Less likely 812 (40.2%) 193 (15.2%)

Lottery

More likely 206 (10.2%) 438 (34.6%) 378.73 2 < .001

No effect 1,042 (51.6%) 637 (50.3%)

Less likely 772 (38.2%) 191 (15.1%)

Work Requirement

Would vaccinate 146 (11.8%) 539 (60.3%) 728.10 2 < .001

Unsure of response 297 (23.9%) 252 (28.2%)

Would not vaccinate 798 (64.3%) 103 (11.5%)

https://doi.org/10.1371/journal.pone.0267154.t003
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Table 4. Multinomial logistic regression analyses predicting impact on vaccination intention by demographics (more likely vs. less likely to get vaccinated

comparison).

Reduced Masking Gift Card Lottery Work Requirement

AOR 95% CI p AOR 95% CI p AOR 95% CI p AOR 95% CI p
(Intercept) 0.37 0.22 – 0.63 < .001 1.00 0.63 – 1.60 .992 1.20 0.76– 1.88 0.433 0.68 0.39 – 1.17 .160

Intention (ref = Resistant)

Lean Toward 10.46 7.88 – 13.87 < .001 9.02 6.97 – 11.67 < .001 7.47 5.86 – 9.51 < .001 26.99 20.10 – 36.23 < .001

Age (ref = 18–25)

26–35 1.12 0.78 – 1.61 .528 0.72 0.52 – 1.01 .061 0.74 0.53 – 1.02 .064 1.17 0.81 – 1.68 .404

36–45 1.52 1.04 – 2.22 .030 0.82 0.57 – 1.17 .271 0.70 0.50 – 0.98 .038 0.93 0.63 – 1.37 .704

46–55 1.29 0.86 – 1.95 .220 1.00 0.68 – 1.49 .992 0.76 0.52 – 1.10 .141 0.93 0.61 – 1.42 .748

56–64 1.74 1.08 – 2.79 .023 0.91 0.56 – 1.47 .687 0.85 0.54 – 1.33 .477 0.84 0.51 – 1.39 .507

65–74 1.87 1.01 – 3.48 .046 0.60 0.31 – 1.16 .126 0.46 0.24 – 0.87 .017 0.74 0.34 – 1.62 .450

75–84 1.07 0.44 – 2.65 .876 0.51 0.20 – 1.28 .151 0.33 0.12 – 0.88 .026 4.20 1.10 – 16.10 .036

85+ 1.20 0.56 – 2.55 .643 1.12 0.62 – 2.03 .702 0.74 0.42 – 1.32 .314 0.59 0.22 – 1.63 .314

Gender (ref = Male)

Female 1.06 0.82 – 1.37 .649 0.82 0.64 – 1.05 .110 0.87 0.69 – 1.10 .250 1.14 0.88 – 1.49 .324

Other 1.36 0.72 – 2.55 .341 1.67 0.99 – 2.82 .055 1.78 1.07 – 2.96 .027 0.72 0.33 – 1.58 .410

Race (ref = White)

Black 1.07 0.74 – 1.54 .721 0.48 0.33 – 0.69 < .001 0.61 0.44 – 0.86 .005 0.73 0.49 – 1.08 .115

Latinx 1.17 0.79 – 1.72 .428 0.69 0.47 – 1.02 .063 0.77 0.53 – 1.11 .161 0.72 0.47 – 1.10 .133

Asian 1.18 0.64 – 2.17 .599 1.16 0.62 – 2.18 .647 0.72 0.39 – 1.33 .292 0.84 0.35 – 2.04 .705

NA/AN 1.01 0.47 – 2.19 .970 0.72 0.37 – 1.38 .319 0.33 0.16 – 0.71 .004 0.16 0.05 – 0.50 .001

Other 0.92 0.53 – 1.58 .764 0.47 0.29 – 0.75 < .001 0.51 0.33 – 0.80 .004 0.58 0.31 – 1.10 .095

Multi-racial 1.34 0.82 – 2.18 .243 0.55 0.35 – 0.88 .012 0.83 0.54 – 1.27 .395 1.04 0.62 – 1.73 .891

Education (ref = High school or less)

Tech/vocational training 0.82 0.57 – 1.19 .301 1.16 0.81 – 1.65 .419 1.45 1.03 – 2.02 .032 0.46 0.31 – 0.68 < .001

College degree 0.82 0.60 – 1.12 .207 0.99 0.74 – 1.34 .968 0.97 0.73 – 1.30 .854 0.62 0.45 – 0.85 .003

Masters or higher 0.60 0.38 – 0.95 .029 0.67 0.44 – 1.02 .062 0.72 0.49 – 1.08 .109 0.58 0.36 – 0.94 .027

Living Location (ref = Large city)

Suburb 0.95 0.68 – 1.33 .787 0.85 0.62 – 1.16 .308 0.79 0.59 – 1.07 .130 0.88 0.62 – 1.25 .466

Town/village 0.95 0.67 – 1.33 .756 0.70 0.51 – 0.97 .034 0.63 0.46 – 0.85 .003 0.84 0.59 – 1.20 .332

Rural area/farm 0.74 0.50 – 1.08 .119 0.58 0.41 – 0.83 .003 0.68 0.49 – 0.94 .020 0.66 0.44 – 0.98 .037

Political Leaning (ref = Democrat)

Independent, lean Democrat 1.12 0.67 – 1.88 .670 0.74 0.45 – 1.19 .213 0.88 0.55 – 1.43 .616 1.01 0.57 – 1.76 .985

Independent 0.71 0.50 – 1.00 .053 0.44 0.32 – 0.61 < .001 0.55 0.41 – 0.75 < .001 0.62 0.42 – 0.91 .015

Independent, lean Republican 0.49 0.30 – 0.79 .004 0.25 0.15 – 0.39 < .001 0.24 0.16 – 0.38 < .001 0.34 0.20 – 0.57 < .001

Republican 0.56 0.37 – 0.84 .005 0.25 0.17 – 0.37 < .001 0.30 0.21 – 0.43 < .001 0.54 0.35 – 0.83 .005

Income (ref = Under $20,000)

$20,000 - $50,000 1.17 0.84 – 1.63 .344 1.31 0.95 – 1.80 .096 1.13 0.83 – 1.54 .426 0.99 0.70 – 1.40 .945

$50,001 - $75,000 1.07 0.73 – 1.58 .723 0.83 0.57 – 1.22 .352 1.09 0.76 – 1.55 .648 0.83 0.55 – 1.24 .366

$75,001 - $125,000 0.83 0.53 – 1.30 .418 0.56 0.36 – 0.87 .009 0.76 0.51 – 1.13 .181 0.70 0.44 – 1.09 .114

$125,001 - $250,000 0.92 0.51 – 1.66 .789 0.73 0.42 – 1.28 .275 1.02 0.61 – 1.69 .950 0.47 0.26 – 0.83 .009

Over $250,000 0.96 0.58 – 1.59 .871 0.83 0.53 – 1.30 .413 0.70 0.46 – 1.08 .105 0.45 0.25 – 0.81 .008

AOR = adjusted odds ratio. Ref = reference category. Income = annual household income. The AORs compare the given subgroup to the referent group, adjusting for all

other variables in the model. For example, those leaning toward vaccination were 9.02 times more likely to get vaccinated in response to a gift card incentive than those

resistant to vaccination, adjusting for age, gender, race, education, living location, political leaning, and income. Model R2 Nagelkerke ranged from 0.23 to 0.41.

Coefficients significant at p< .05 are in bold.

https://doi.org/10.1371/journal.pone.0267154.t004

PLOS ONE COVID-19 Vaccination Intentions in the US

PLOS ONE | https://doi.org/10.1371/journal.pone.0267154 April 21, 2022 8 / 15

https://doi.org/10.1371/journal.pone.0267154.t004
https://doi.org/10.1371/journal.pone.0267154


vaccinated, and the majority (62.4%) said it had no effect on their vaccination intentions.

These reactions differed by overall intention to get vaccinated (Table 3). Those leaning toward

vaccination were 11.3 [8.6, 14.9] times more likely than those resistant to vaccination to report

an increased (vs. decreased) likelihood of getting vaccinated in response to reduced mask-

wearing.

Monetary incentives

Among unvaccinated respondents, only 16.4% reported that a $25 gift card would make them

more likely to get vaccinated, whereas 30.6% said it would make them less likely to get vacci-

nated and 53.0% said it would have no effect on their vaccination intention. Reactions to the

$100,000 lottery incentive were similar– 19.6% said they would be more likely to get vacci-

nated, 29.3% said they would be less likely to get vaccinated, and 51.1% said the lottery incen-

tive would have no impact on their vaccination intentions. These reactions again differed by

overall intention (Table 3). Those leaning toward vaccination were 9.9 [7.8, 12.6] and 8.6 [6.8,

10.8] times more likely than the resistant population to report an increased (vs. decreased)

likelihood of getting vaccinated in response to the gift card and lottery incentive, respectively.

Work requirements

Among working unvaccinated respondents (N = 2,135), 32.1% said that they would get vacci-

nated in response to a work requirement, 42.2% said they would not get vaccinated, and 25.7%

reported that they were unsure if they would get vaccinated. These reactions to work require-

ments differed by overall vaccination intention (Table 3). Those leaning toward vaccination

were 28.6 [21.8, 37.8] times more likely than resistant unvaccinated workers to get vaccinated

(vs. refuse vaccination) in response to a workplace requirement. Among those who reported

that they would not get vaccinated despite a mandate (n = 901), 43.1% said that they would

consider legal action, 30.1% would quit their jobs, 9.0% would protest, and 17.9% chose an

unspecified course of action (see S1 Table for an analysis of demographic differences in antici-

pated reactionary responses).

Demographic differences

Adjusting for all demographic indicators (Table 4), those leaning toward vaccination were 7.5

to 27.0 times more likely to report an increased (vs. decreased) likelihood of getting vaccinated

in response to each vaccination effort (i.e., reduced masking, gift card incentive, lottery incen-

tive, and workplace requirements). Those who identified as Democrat or Democrat-leaning

Independent were 1.6 [1.2, 2.2] to 2.6 [2.0, 3.4] times more likely to report an increased (vs.

decreased) likelihood of getting vaccinated in response to each effort relative to those who

identified as Independent, Republican-leaning Independent, or Republican. Those with high

school educations or less were 1.7 [1.1, 2.7] times more likely than those with masters degrees

or higher to report an increased (vs. decreased) likelihood of getting vaccinated in response to

reduced mask-wearing. White respondents were 2.1 [1.5, 3.0] and 1.6 [1.2, 2.3] times more

likely than Black respondents to report an increased (vs. decreased) likelihood of getting vacci-

nated in response to a gift card and lottery incentive, respectively. Those living in large cities

or suburbs were 1.4 [1.1, 1.8] and 1.4 [1.1, 1.7] times more likely to be vaccinated than those

living in towns/villages or rural/farm areas in response to a gift card and lottery incentive,

respectively. Those with high school educations or less were 1.8 [1.4, 2.4] times more likely

than those with tech/vocational training or higher to report an increased (vs. decreased) likeli-

hood of getting vaccinated in response to a workplace requirement. Finally, those with annual

household incomes under $125,000 were 1.9 [1.3, 2.9] times more likely than those with
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incomes over $125,001 to report an increased (vs. decreased) likelihood of getting vaccinated

in response to a workplace requirement.

Relationships among reactions

Reactions were significantly and positively related to one another (at p< .001; see S2 Table for

full correlation matrix). In general, people who respond positively to one program are likely to

respond positively to others, and vice versa. However, most reactions were only moderately

correlated with one another, indicating that there are nuances in reactions to different incen-

tives/mandates that require further investigation.

Discussion

At the time of data collection, about 3/4 of our respondents were vaccinated, and the likelihood

of vaccination uniquely differed across all demographic indicators. For example, men were

more likely to be vaccinated than women, those with lower education (technical/vocational

training or less) were less likely to be vaccinated than those with higher education (college

degree or higher), and Democrats were more likely to be vaccinated than those with other

political leanings. We again saw unique demographic differences in vaccination intention

among the unvaccinated respondent group (e.g., those in the youngest age group were more

likely to lean toward vaccination than all other age groups). These findings support previous

research identifying individual differences in vaccination rates and vaccination hesitancy

based on race, income, and political leaning [17, 18], and they highlight the importance of con-

tinuing to monitor demographic differences in vaccination status/intention moving forward.

Moreover, these findings emphasize the necessity for targeted assessment and messaging to

meet the needs of different populations.

Reduced public masking (especially in response to changing public health guidelines) could

differentially impact vaccination intentions. Although reduced masking made many of those

already leaning toward vaccination more likely to get vaccinated, the positive impact is mini-

mally observed among those resistant to vaccination. Perhaps more importantly though, we

found that reduced mask-wearing deterred some individuals from seeking vaccination. While

we did not collect data on this point, it is conceivable that reduced mask-wearing signaled to

some people that the pandemic was winding down, so the need to “risk” immunization was

correspondingly reduced. As we enter an endemic COVID-19 [19], society needs to be pre-

pared for changing public health policies. However, policy makers should also be fully aware

of how such changes might influence (and perhaps impede on) other efforts, such as efforts to

increase vaccination.

Monetary incentive programs have been implemented across the United States, but it is

unclear how unvaccinated individuals respond to these programs. We observed mixed reac-

tions, with most unvaccinated respondents indicating that these programs have no impact on

their intention, followed by large proportions (over a quarter) of respondents indicating that

the programs make them less likely to get vaccinated. The promising effects of these programs

on vaccination intention are more prevalent among those who are already leaning toward vac-

cination (vs. resistant to vaccination), but even so, less than half of respondents who are lean-

ing toward vaccination say that the programs would make them more likely to get vaccinated.

These findings support previous claims that monetary incentives do not have a widespread,

positive impact on vaccination intention (e.g., [20]). Nonetheless, a recent program in Dekalb

County, GA offering $100 for people receiving their first dose of a COVID-19 vaccine resulted

in immunization of more than 2,500 people on a single Saturday in one location [21]. Clearly,

there are nuances about incentive programs that need further characterization. Moreover, we
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should point out that, at the time of data collection, some of those who were recently vacci-

nated may have been favorably impacted by incentives and mandates, and thus were not

included in our unvaccinated analyses.

As workplaces begin to require vaccinations, it is important to be prepared for potentially

differential reactions among unvaccinated workers. We also observed mixed reactions to such

requirements, with relatively equal proportions of respondents saying that they would get vac-

cinated, would not get vaccinated, and were unsure of if they would get vaccinated. These reac-

tions again differed by intention, with a small proportion of those resistant to vaccination

saying that they would get vaccinated in response to a work requirement. While such require-

ments might be helpful in pushing those leaning toward vaccination to get vaccinated, it is

likely to be accompanied with widespread refusal and discontent among those already resistant

to vaccination (which, we remind the reader, makes up a large proportion of the unvaccinated

population). Such widespread negative reactance could result in legal action, protests, and loss

of employees. Nonetheless, a substantial proportion of hospitals, major corporations, Universi-

ties, and the military are moving ahead with mandates (e.g., [6, 22]); it will be important to

fully characterize the response to these incentives, including long term attitudes and behaviors

regarding public health recommendations.

We placed emphasis on the assessment of different demographic indicators as uniquely pre-

dicting reactions to reduced mask wearing, monetary incentive programs, and work vaccina-

tion requirements (e.g., race as a predictor of reactions while adjusting for vaccination

intention, age, gender, etc.). We specifically focused on comparing reports of being more likely

to get vaccinated to reports of being less likely to get vaccinated; however, further analysis

could highlight differences centered on the middle “no impact” response option (i.e., no

impact vs. less likely and more likely vs. no impact). General intention to get vaccinated and

political leaning served as meaningful and consistent predictors in all models, and in turn,

they should be included in future analyses and intervention development/implementation (cf.

[23]). Various other individual differences emerged that are also of note and expand our

understanding of differential reactions to reduced mask-wearing and efforts to increase vacci-

nations. For example, when adjusting for all other demographic indicators, those with high

school education or less were more likely to get vaccinated in response to a work requirement

than those with more than a high school education. Similarly, those with lower household

incomes were more likely to get vaccinated than those from higher income brackets. These

findings indicate that work vaccination requirements might produce inequality in autonomy

over one’s health decision making. As another example, White respondents reported more

positive intentions to get vaccinated in response to monetary incentive programs relative to

Black respondents. Future research should investigate contributing factors for this difference,

including differential mistrust stemming from historic mistreatment of Black populations.

Additional factors could be assessed to further this line of work, such as differences based on

religion. Emphasizing individual differences in reactions to changing public health practices

and deliberate efforts to increase intentions to get vaccinated are necessary, because without

such emphasis, messages to encourage immunization could backfire, negatively impacting vac-

cine uptake.

Finally, there were substantial numbers of respondents for whom reduced mask-wearing,

monetary incentive programs, and work vaccination requirements were reported to have no

impact on vaccination intention. For example, 76% of those resistant to vaccination reported

that changes in local masking behavior did not impact their intentions. The increased “no

impact” or “neutral” response among resistant respondents is likely a reflection of the harden-

ing of vaccination intentions among a proportion of the unvaccinated population, highlighting

the difficulty that public health officials face when designing efforts to move many
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unvaccinated individuals into the “vaccinated column.” An alternative explanation is that

researchers, public health officials, and policy makers have not yet “found” the optimal ingre-

dients to impact intentions.

Limitations and future directions

There are several limitations that we should note. First, our findings are limited to the Web-

using population, and in turn, we were not able to hear from respondents who do not have

access to the Web. However, our use of RIWI’s novel online data collection technology allowed

us to reach the most diverse Web-population possible using nonprobability sampling, serving

as a strength relative to other online data collection platforms (e.g., panel-based research). All

Web-users in the US had a chance of encountering this survey, thus minimizing self-selection

biases, and maximizing our reach to a broader set of respondents who might otherwise not

participate in research. Future research could consider alternative, non-Web-based forms of

data collection as a means of reaching non-Web-using respondents (e.g., random digit dialing

procedures); however, those methods of course come with their own limitations.

Second, we observed a high drop off in respondents from opt-in to survey completion. Of

note, RIWI’s methodology does not allow for the collection of any personally identifying infor-

mation (avoiding social desirability bias), and, in turn, no incentives are provided to respon-

dents that would encourage their continued participation beyond general interest in the

survey (avoiding incentive bias). A 22% completion rate is typical compared to other RIWI

surveys in the US and expected considering the survey length and its non-incentivized nature

(e.g., [24]). Future research could highlight demographic differences in drop-off to better

understand which populations choose to engage (and disengage) with COVID-19 related con-

tent. In the current survey, we observed similar age and gender distributions among those who

opted-in to participate and those who completed the entire survey. In any case, we retained a

large sample size at the conclusion of our survey that provided substantial power for the

analyses.

Third, we were unable to confirm the vaccination status given by respondents, and instead

had to rely on self-reported vaccination status. Among our total opt-in sample, 69.7%, 95% CI

[69.4%, 70.1%] of respondents self-reported that they had received at least one dose of a

COVID-19 vaccine (manuscript submitted for publication). This is comparable to the CDC’s

reported adult vaccination rate of 67.9% midway through our data collection period (on July

15th, 2021) [25]. Although we were unable to confirm vaccination status, this comparison sug-

gests that what people are reporting is similar to what the active vaccine coverage data shows.

We aimed to measure reactions to changing masking behavior and efforts to increase vacci-

nation (i.e., monetary incentives and work vaccination requirements) by directly asking

respondents to report on such reactions. It is possible that reactions are more nuanced than

this and require more comprehensive measures for deeper understanding, which could be

achieved in focus groups or key informant interviews. Our findings are also limited in provid-

ing a theoretical extension to the existing literature on reactance and public health policy.

However, these limitations are offset by the strengths of producing actionable evidence that is

accessible to public health policy makers and communication programs and can be immedi-

ately applied in a real-world setting.

Finally, future research might wish to assess the efforts relative to one another, and pinpoint

which effort works best (or works worst) for different demographic groups. While we focused

on within-effort demographic differences in this report, a comparative analysis could prove

useful to those who are determining which policies to implement in their communities.
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Conclusion

The findings of this report suggest that the targeting of vaccine uptake strategies needs to be

aligned with those populations who behave quite differently. For example, unvaccinated Black

respondents were more likely to lean toward vaccination than unvaccinated White respondents,

however White respondents were more likely than Black respondents to report positive reac-

tions to monetary incentive programs. Rural residents not only had lower vaccination coverage

and more resistance to vaccination relative to urban dwellers, but they were also more resistant

to monetary incentive programs and work vaccination requirements, and in turn, may require

novel, targeted messaging/incentives. Awareness of such nuances, and the ability to gauge them

quickly and broadly, can assist practitioners, policy makers, and public health officials in design-

ing and implementing communication strategies and policies that will yield optimal outcomes.
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