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Abstract: The scientific community has come together in a mass mobilization to combat the public health
risks of COVID-19, including efforts to develop a vaccine. However, the success of any vaccine depends on the
share of the population that gets vaccinated. We designed a survey experiment in which a nationally repre-
sentative sample of 3,133 adults in the USA stated their intentions to vaccinate themselves and their children
for COVID-19. The factors that we varied across treatments were: the stated severity and infectiousness of
COVID-19 and the stated source of the risk information (White House or the Centers for Disease Control). We
find that 20% of people in the USA intend to decline the vaccine. We find no statistically significant effect on
vaccine intentions from the severity of COVID-19. In contrast, we find that the degree of infectiousness of the
coronavirus influences vaccine intentions and that inconsistent risk messages from public health experts and
elected officials may reduce vaccine uptake. However, the most important determinants of COVID-19 vaccine

hesitancy seem to be distrust of the vaccine safety (including uncertainty due to vaccine novelty), as well as

general vaccine avoidance, as implied by not having had a flu shot in the last two years.

INTRODUCTION

Vaccines have historically proven to be highly successful
and cost-effective tools for disease prevention in humans
(Rémy et al., 2015), domesticated species (Roth, 2011), and
expansion of their use in wild species has been advocated
(Cross et al., 2007). In the face of the current pandemic,
scientists from all over the world have come together to
rapidly develop a vaccine for COVID-19 (Callaway, 2020).
By April 2020, more than 100 COVID-19 vaccine candi-
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dates had been developed, several of which quickly ad-
vanced to being tested on humans (Le et al., 2020).
However, the effectiveness of a COVID-19 vaccine in
controlling the spread of disease depends on the coverage,
or uptake level, of the vaccine across a population. A suf-
ficiently high uptake of an effective vaccine may generate
herd immunity (a scenario where most people are immune
to the virus, preventing it from spreading in the popula-
tion; e.g., Fine et al., 2011), which protects also those who
are still susceptible to the virus." A barrier to reaching herd

"The threshold for herd immunity in the population (i.e., the proportion of the
population that needs to be immune, either from a vaccine, previous infections or
both, to ensure herd immunity) is typically inferred from the basic reproduction
number for COVID-19, RO. RO estimates vary across multiple dimensions, such as
data availability, geographical location and methods used to produce the estimates

(Liu et al., 2020). In the beginning of the pandemic, Sanche et al. (2020) used data
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immunity, or a vaccine that protects a large share of the
population, is, however, the prevalence of people who re-
fuse or are hesitant to take vaccines (MacDonald, 2015).
This share of the US population has grown in recent years
(Dubé et al., 2013; Olive et al., 2018). For instance, the
uptake level of seasonal influenza vaccines has declined, in
part due to vaccine hesitancy (Larson, 2018). During the
season 2017-2018, only 37% of adults got the flu vaccine,
even though that flu season was particularly severe (CDC,
2020a). Recent measles outbreaks in the USA and elsewhere
illustrate the importance of vaccine hesitancy to public
health, as the vaccine had succeeded in extinguishing
measles in the USA, but under and non-vaccinated com-
munities contributed to its reappearance (De Serres et al.,
2013; Sarkar et al., 2019). The World Health Organization
(WHO) named vaccine hesitancy one of the top 10 threats
to global health in 2019 (WHO, 2020a).

We examine the prevalence and determinants of
avoidance of a COVID-19 vaccine in the USA, early in the
pandemic—our data collection was conducted in the end
of March 2020. We also examine how vaccine avoidance is
affected by information about health risks associated with
SARS-CoV-2 (the novel coronavirus), including conflicting
risk messages from public authorities. Risk perceptions
have been shown to be key to vaccine decisions (Brewer
2007), and
acknowledged as the pillar of a coordinated response to

et al, effective risk communication is

infectious disease outbreaks (Sell, 2017). Observational data
suggest that risk information provided in the beginning of
the COVID-19 outbreak in the USA affected people’s
health behavior in response to the pandemic (Bursztyn
et al., 2020; Simonov et al., 2020). We examine whether
inconsistent risk messages may similarly affect health
behavior—in our case willingness to vaccinate. Previous
studies suggest beliefs about health risk are affected by who
communicates the risk message (e.g., Frewer et al., 1996;

Breakwell, 2000; Calman and Curtis, 2010). We focus on
inconsistent risk messages delivered by public health ex-

from outbreaks in China and estimated RO to be as high as 5.7, implying herd
immunity may be reached first when 82.5% of the population is immune (Keeling
and Rohani, 2008). Most estimates, across countries and regions, range between 2.5
and 4 (Fontanet and Gauchemez, 2020). Based on that range, the classical formula
for herd immunity (1-1/R0) generates a herd immunity threshold within 60 to 75
percent of the population being immune. However, local variations can be large. Sy
et al. (2020) estimated RO for COVID-19 at the county level within the U.S. and
found estimates ranging from 0.4 to 12.4, with a median county level RO of 1.66.
Further, the classic formula for herd immunity may be too simplistic to generate a

good approximation of the herd immunity threshold (Aguas et al., 2020).
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perts (i.e., the CDC) and White House officials, given these
authorities regularly address the pandemic in the US media.

To measure vaccine avoidance and how it depends on
risk levels and risk communication, we designed a survey
experiment that elicited vaccination intentions of adults
and their children. Participants consisted of a nationally
representative sample (N = 3133) of US adults. They were
randomized into eight treatment groups across which we
varied information about the probability of infection, the
conditional mortality ratio from COVID-19 (i.e., the
infection fatality ratio, IFR), and whether the different
health authorities in the USA provide consistent risk
information. Specifically, we examined how vaccine
avoidance is affected by elected or appointed White House
officials communicating lower risks from COVID-19 than
public health experts at the Centers for Disease Control
(CDC). The lower level of risk communicated by the White
House, compared to that of the CDC, is in line with
reporting in popular media at the onset of the current
pandemic (e.g., CNN, 2020; MSN, 2020).>

While vaccine hesitancy is growing, hesitancy is not
equivalent to refusal—many people who are vaccine hesi-
tant do not entirely refuse vaccines. Instead, they either
delay vaccines or are willing to take some vaccines but not
others (Dubé et al., 2013). Also relevant for a COVID-19
vaccine is the observation that people are more likely to
reject new vaccines than familiar ones (Dubé et al., 2013). A
US-wide study found that around 10% of the population
refuse all vaccines, including seasonal influenza vaccines
and those that comprise the recommended vaccine sched-
ule for children, while around 5% refuse only one vaccine.
A substantial share (40%) of those who agreed to at least
one vaccine still expressed concerns about vaccines
(ASTHO, 2010). The fact that many who are vaccine
hesitant are likely to take some vaccines, while perhaps
delayed, means it is possible that a portion of those cur-
rently reluctant to vaccinate can be swayed (Leask, 2011).
Here, risk communication may play an important role,
given the correlation between perceived risks and vaccine
acceptance (Brewer et al., 2007).

*Our study relates to a rich body of literature on consumer responses to conflicting
information, spanning multiple scientific disciplines. While not an exhaustive list,
examples of important work in this area are Viscusi and Magat (1992), Magat and
Viscusi (1992), Viscusi (1997), Viscusi et al. (1999), Rodgers (1999), Fox et al.
(2002), Hoehn and Randall (2002), Cameron (2005), Rousu and Shogren (2006),
Kelly et al. (2012), Carpenter et al. (2014) Hidmeen-Anttila et al. (2014), Pushkars-
kaya et al. (2015), and Binder et al. (2016).
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Our study provides important knowledge at a critical
point in time. Measuring the share of the population that is
reluctant to be vaccinated for COVID-19 can help policy
makers, healthcare workers, and other authorities to plan
ahead toward minimizing the impact on public health from
vaccine hesitancy. This might involve tailored public
communication programs designed to persuade vaccine-
hesitant individuals to accept a COVID-19 vaccine, or in-
creased efforts to ensure a high vaccine uptake level among
the remainder of the population, or both. Knowing why
people are hesitant to accept a COVID-19 vaccine may
enable design of more effective efforts to increase the
overall level of vaccine uptake in the general population.

The remainder of this paper is structured as follows.
Section 2 describes the survey experiment, Sect. 3 presents the
results of the experiment and Sect. 4 concludes by discussing
the results, limitations of the current study, and avenues for
future research on avoidance of a COVID-19 vaccine.

SURVEY TO EXAMINE VACCINE INTENTIONS
AND THEIR DETERMINANTS

To examine people’s willingness to vaccinate for COVID-19,
we designed a survey experiment in which participants were
asked whether they would choose to vaccinate themselves or
their children. The survey experiment was approved by the
IRB at University of Wyoming and was pre-registered in the
AEA RCT registry (RCT ID: AEARCTR-0005576).

We used a between-subjects experimental design with
eight information treatments (2 x 2 x 2). The experiment
varies information on (1) the probability of the average
American catching the coronavirus, (2) the IFR, i.e., the
probability of the average American dying if infected, and (3)
the source of information for the probability of catching
COVID-19 (CDC only/CDC jointly with the White House).

While there are clear benefits to measuring the
prevalence and implications of vaccine avoidance before a
vaccine is available, doing so comes with methodological
challenges—at the time the survey was administrated (the
end of March 2020), the true probability of infection in the
USA and the mortality rate from COVID-19 were still
highly uncertain, partly due to limited testing.” For this

3For instance, the few early estimates of the IFR available around the time of data
collection for this study (i.e., in March 2020) were based on non-US data, primarily
from Asia (see the meta analysis by Meyerowitz-Katz and Merone, 2020), which may
not be representative of the USA, given local differences in factors such as public

health and healthcare access and quality.

reason, our information treatments entailed presentations
of hypothetical scenarios to participants, as communicated
to participants prior to the treatments (Step 2 below).

Participants in our survey experiment were assembled
by the survey company Qualtrics, who was instructed to
recruit a sample of 3000 survey respondents representative
of the US general population in gender, age, income,
education, race, and residential region. Due to oversam-
pling by Qualtrics, our total sample size is N = 3133. The
advantage of using Qualtrics over less costly alternatives,
such as Amazon Mechanical Turk or Turk Prime, is that
Qualtrics continuously performs quality checks of their
participants, including with regard to background charac-
teristics and screens for professional survey takers, which
are otherwise known to contaminate online panels (see,
e.g., Chandler and Paolacci, 2017, and Sharpe Wessling
et al., 2017). Participants received standard compensation
for completing a Qualtrics survey. An additional benefit
was that Qualtrics could offer rapid data collection, which
was important given the information flow on COVID-19
that participants were exposed to outside of our study.
Approximately 80% of the data were collected between
March 24 and March 31, 2020.

The sequence of the study was as follows:

Step 1: Participants were asked questions about their
gender, age, education, race, income, and region of resi-
dence, to ensure the sample met US national quotas for
those characteristics.

Step 2: All participants received the following infor-
mation about COVID-19:

Coronaviruses (CoV) are a large family of viruses that
cause illness ranging from the common cold to more severe
diseases.

Common signs of infection include respiratory symptoms,
fever, cough, shortness of breath, and breathing difficulties. In
more severe cases, infection can cause pneumonia, severe
acute respiratory syndrome, kidney failure, and even death.

The new coronavirus (COVID-19) is still spreading
globally, meaning that the risks to average Americans of
catching the disease (currently or in a near future) are still
uncertain, as are the risks of developing symptoms severe
enough to cause deaths. In this study, we will present you with
plausible estimates of these risks, based on recent knowledge of
the virus and associated risks.

Public health risks caused by infectious diseases are often
communicated by the Centers for Disease Control and
Prevention (CDC). The CDC was established in 1946 and is
the leading National Public Health Institute in the USA. It is



a federal agency under the Department of Health and Hu-
man Services. CDC’s goal is to protect public health and
safety through the control and prevention of disease, injury,
and disability.

Step 3: Participants were randomized into one of the
eight information treatments.

If randomized into one the four treatments with CDC
information only, participants saw the following statement:

The Centers for Disease Control and Prevention (CDC)
has estimated that the probability of catching the coronavirus
in the next 12 months is 25 [85] percent for the average
American, meaning that 25 [85] out of 100 Americans are
expected to catch the coronavirus.

Medical scientists have estimated that 1.5 [10] percent of
Americans who catch the coronavirus will experience severe
consequences leading to death, meaning that 15 [100] out of
1000 Americans who catch the virus are expected to die.

If instead randomized into one of the four treatments
with both CDC and White House information, participants
saw the following statement:

The Centers for Disease Control and Prevention (CDC)
has estimated that the probability of catching the coronavirus
in the next 12 months is 25 [85] percent for the average
American. In other words, the CDC estimates that 25 [85] in
100 Americans will catch the virus.

The White House has indicated that the probability of
catching the coronavirus in the next 12 months is lower,
namely 10 [70] percent for the average American. In other
words, the White House predicts that 10 [70] in 100 Amer-
icans will catch the virus.

Medical scientists have estimated that 1.5 [10] percent of
Americans who catch the coronavirus will experience severe
consequences leading to death. In other words, 15 [100] out of
1000 Americans who catch the virus are expected to die.

Two considerations were important to us when
choosing the range of both the probability of infection and
the IFR to include in the experimental design of our survey.
First, we considered statistical efficiency: A reasonably large
difference in the levels between treatments is needed to
achieve a sufficiently precise estimate of the relevant
treatment effect (in this case, the effect on an individual’s
willingness to get vaccinated). Second, we aimed to set the
design levels in a plausible range for our survey participants
at the time. That said, what might constitute a “plausible
range” may be hard to determine, both because the risks of
the virus are unknown due to limited testing and because
the risks may change across time, as a result of changes to
policies and individual responses to the virus.
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As shown, if participants were treated with informa-
tion about the probability of infection from the CDC only,
then there was no discrepancy in the risk information
presented to participants, and high probability of infec-
tion = 85%, while low probability of infection = 25%. As a
reference point for the high probability of infection, we
used the Imperial College COVID-19 Response Team’s
estimate from mid-March 2020, suggesting that more than
80% of the UK and US populations could be infected
during the course of the pandemic, if individual mixing
behavior remained largely unaffected by the pandemic
(Ferguson et al., 2020). Further, as shown above, if par-
ticipants were treated with information about the proba-
bility from both the CDC and the White House, the
messages from these sources were inconsistent. In these
treatments, the probabilities communicated by the CDC
were complemented by lower probabilities from the White
House (the White House’s high probability = 70%; the
White House’s low probability = 10%).* Hence, while the
probabilities communicated by the White House also var-
ied between high and low, they were consistently lower
(more optimistic) than the probabilities communicated by
the CDC. The information treatments attributed state-
ments of risk made by the CDC or White House officials
that are not direct quotes but rather are paraphrased
summaries designed to provide a clean contrast between
the severity of the risk communicated by the two sources,
capturing the observation that the White House generally
communicates lower risk (CNN, 2020; MSN, 2020).

The above text excerpts from the survey also show that
the source of the treatment information on the IFR of the
disease was stated to be “medical experts” and high mor-
tality (IFR) = 10%, while low mortality (IFR) = 1.5%.
While the 10% level was higher than the contemporaneous
central estimates in March 2020 (e.g., Shereen et al. (2020)
estimated an IFR at around 3%, across 109 countries, and
Cascella et al. (2020) reported a mortality rate of 1-29%,
across multiple studies), we judged that this range would be
viewed as plausible by most survey participants, especially
in light of the wide variation in the early reports of COVID-

*We kept the disparity in risk communicated by the CDC and the White House
constant (at 15 percentage points) across both high and low infection risk treatments.
Viscusi (1997) shows that the disparity in the risks communicated by different
information sources may affect trust in all information sources, such that a change in
the disparity in percentage point probabilities across high and low infection risk

treatments could affect trust in both the CDC and the White House.
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19 risks.” As points of reference for this higher range, we
considered the high estimates of the case fatality ratio
(CFR) in March from Asia and Italy for individuals with
underlying health conditions, which were close to 10%
(Onder et al., 2020 and Jung et al., 2020). We also con-
sidered fatality ratios for previous coronaviruses. Common
estimates of the CFR for SARS and MERS are 10% and
34%, respectively (e.g., CDC, 2020b, and WHO, 2020b).
Much of the high initial uncertainty about the IFR in the
USA has, however, been resolved since data collection for
our survey concluded in March 2020. Central estimates of
the IFR from studies that account for asymptomatic
infections suggest that the IFR is likely below 1%
(Meyerowitz-Katz and Merone, 2020).

Step 4: All participants were asked to indicate their
beliefs about the probability that they and their children (if
they had children) will catch COVID-19 (higher/lower/
about the same as the probability for the average American)
and the probability that the average American will catch
COVID-19. Similarly, they were asked about the condi-
tional mortality risk (i.e., the IFR) for themselves and their
children (higher/lower/about the same as the conditional
mortality rate of the average American indicated to them in
the survey).

Step 5: All participants were asked whether they would
vaccinate for COVID-19. Before the vaccine question, they
were given additional information on the risks and benefits
of the vaccine. Because many people worry about vaccine
side effects, and because those worries might be elevated
when a vaccine is produced in a relatively short amount of
time, we included information about the vaccine being
approved by the Food and Drug Administration (FDA),
following standard protocols. Specifically, participants were
given the following information and question about whe-
ther they would take the vaccine:

Numerous pharmaceutical companies are working to
develop a vaccine against the coronavirus. Before any vaccine
can be provided to the public, the United States Food and
Drug Administration (FDA) must approve its use. The FDA

*While the IFR in our study is high, our data imply that both the 1.5% and 10% IFR
indicated in our survey were viewed as plausible by most study participants. After
presenting respondents with our chosen design levels for the IFR for the average
American (i.e., 1.5% or 10%), participants were asked whether they believed their
own risk was lower, about the same, or higher than the indicated level. In all
treatments, 65-70% of participants stated that they either considered themselves to
be at “about the same” or “higher” risk, and we find no statistically significant (or
substantive) difference in those beliefs across respondents in the low- and high-

mortality treatments.

grants approval only if the vaccine is manufactured in com-
pliance with all current regulations and medical scientists find
that the vaccine is effective and has minimal side effects.

Suppose that the vaccine was approved for use by the
FDA and was available today from your healthcare provider
for free.

Also suppose that the vaccine is as effective as the flu
vaccine in an average year, which is about 60 percent. In other
words, 60 out of 100 people who are vaccinated would be
protected from the coronavirus.

Would anyone in your family get the coronavirus vaccine
under the conditions described above?

Participants were asked to indicate WOULD get vac-
cinated or WOULD NOT get vaccinated, for themselves. If
they were parents of minors, they were also asked whether
they would vaccinate their child, if they had one child, and
whether they would vaccinate their youngest and oldest
child, if they had multiple children. If they indicated one or
more family members would not get vaccinated, they were
presented with a series of follow-up questions designed to
investigate the reasons for their choice.®

Step 6: Participants were asked about behavior
undertaken to protect themselves from COVID-19 (hand
washing, avoidance of crowds and public spaces, etc.), if
they (or their children) had received a flu shot in the last
2 years, if they were vaccinated for measles, if they generally
followed the recommended immunization schedule for
children, and questions underlying the psychological scale
for vaccinations (for measles and flu vaccines) developed by
Betsch et al. (2018).

Step 7: Participants were asked about their informa-
tion sources on COVID-19 (family, friends, conservative
media, liberal media, family physician, President Trump,
etc.), and their views about the trustworthiness of a variety
of information sources.

®Note that we asked participants to suppose that a vaccine that was available today,
although we expected participants to understand that a vaccine was in fact not yet
available. An alternative would have been to ask about intentions to vaccinate at a
future point in time, when a vaccine is more likely to be available. Our choice is
based on control over the study environment. Participants may differ in their beliefs
about when a vaccine will be available and how the risks of infection and death may
evolve over the course of the outbreak—they might expect the pandemic to have
concluded before a vaccine is available, herd immunity to be near, or that they
personally will already have been infected. The recent polls that have measured
COVID-19 vaccine hesitancy (see discussion in Sect. 4) vary in how they have dealt
with the timing of the vaccine when asking about the willingness to vaccinate. Like
our study, the poll by Pew Research Center (2020) asks about vaccine intentions if
the vaccine was available today, while the polls by ABC news/Ipsos (2020) and LX/
Morning Consult (2020) ask about willingness to vaccinate when a vaccine becomes

available without specifying when that might be.



Step 8: Participants were asked about underlying
health conditions that would put them at higher risk of
severe consequences if they were to develop COVID-19
(e.g., respiratory disease, cardiovascular disease, obesity,
diabetes, cancer, etc., see CDC, 2020c). They were also
asked about risk factors for contracting the virus (being a
healthcare worker, living in an urban area, etc.).

Step 9: Participants were asked about their religious
beliefs, questions underlying the social and fiscal conser-
vatism scale developed in Everett (2013), and their views
about the currently implemented social distancing mea-
sures in the USA.

The full experimental survey is given in Supplemental
online appendix.

Fifty-two percent of participants are female, and the
mean age in our sample is 46 years. Fifty-seven percent of
participants have a minimum of some college education.
Twenty-five percent of participants fall into the low-income
category ($24,999 per year or less), 55 percent into the
medium-income category ($25,000-$99,999 per year), and
20% into the high-income category ($100,000 per year or
more). About 37% of participants identify as Republican,
41% as Democrat, and 22% identify with neither political
party. Nearly 37% of our participants live in a rural area,
and 81% believe in God. Around 55% of our sample had
the flu shot in the last 2 years, and participants were nearly
evenly split among the low, middle, and high levels of trust
in government agencies. Of adult participants in our
sample, 82% have followed the recommended vaccination
schedule, and of participants with children, 86% have fol-
lowed the recommended vaccination schedule for their
children.
table with a more complete set of descriptive statistics,

Supplemental online appendix includes a
including the variables in the regression that generates
(Fig. 4).

The randomization of participants into the different
treatment groups resulted in relatively balanced sample
sizes across all treatment groups, ranging from 363 to 413
participants in each group. (An overview of the treatment
groups is provided in Supplemental online appendix.) Our
primary analysis of the treatment effects relies on statistical
analysis that tests the presence of these effects without
controlling for other variables that may affect vaccine
intentions. Our ability to identify the treatment effects by
excluding other control variables in the statistical analysis
relies on the assumption that the randomization of par-
ticipants into treatments was successful in eliminating any

meaningful differences in relevant covariates across treat-
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ments. If the randomization is unsuccessful, such that the
value of covariates that are a priori expected to impact the
outcome variable (e.g., general vaccine hesitancy) differ
across treatment groups, then Athey and Imbens (2017)
and Mutz et al. (2017) argue that it is appropriate to
control for those covariates in the statistical analysis.
Therefore, we also examined whether relevant covariates
(those included in Fig. 4 that we expected not to be affected
by the treatments) differ across treatments in meaningful
ways. We followed Imbens and Rubin (2015) and identified
“meaningful” differences by calculating normalized differ-
ences in mean values of covariates across pairs of treat-
ments and designating an absolute value of the normalized
difference as meaningful if it exceeds 0.25 in absolute value.
For no covariate, in any pairwise comparison of treatments,
did we find a value close to 0.25 (see Supplemental online
appendix for details on the outcome of normalized differ-
ences in means across subject characteristics and attitudes
across all treatments). We therefore concluded that the
randomization in our experiment was successful, which in
turn suggests that we should refrain from including
covariates in our statistical analysis of treatment effects.

RESULTS

Prevalence of COVID-19 Vaccine Avoidance Across
Risk, Mortality, and Mixed Information

First, we examined whether the treatment information on
the probability of infection affected participants’ beliefs
about the risk of the average American becoming infected
in the next 12 months. Figure 1 shows histograms of risk
perception across treatments.

While Fig. 1 shows substantial heterogeneity in the
beliefs about the risk of infection of the average American,
it is notable that the high/low probability of infection
treatment induced variation in the perceived probability:
The distribution is skewed to the right in the high-proba-
bility treatments and to the left in the low-probability
treatments. Figure 1 also shows that participants to some
extent gravitated toward stating a probability of 50 percent,
which is in line with findings from previous research about
stated probabilities for uncertain events (Bruine de Bruin
et al., 2002).

Panel (a) of Fig. 2 shows the mean values of partici-
pants’ beliefs about the risk of the average American
becoming infected in the next 12 months across the eight
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Fig. 2. Mean perceived risk of infection and vaccine uptake across treatments

treatment groups. It shows that the mean differences in risk
perceptions across high- and low-probability treatments are
large in magnitude (around 20 percentage points across all
four comparisons of perceived risk in high- versus low-
probability treatments). Visually, panel (a) of Fig. 2 also
suggests that participants’ mean risk perceptions are
somewhat lower in three out of four treatment compar-
isons when risk information is communicated by both the

CDC and the White House, compared to when commu-
nicated by the CDC only.

To examine treatment effects on perceived probability
of infection, we used a zero—one inflated beta regression.
Average marginal effects from the zero—one inflated beta
regression are shown in Fig. 3.

As shown in Fig. 3, the results from the zero—one in-
flated beta regression imply that the information about low
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Fig. 4. Determinants of decision to vaccinate for COVID-19—average marginal effects from a probit regression

probability of infection reduces perceived probability of
infection by 17.4 percentage points (adjusted p = 0.003),
which is consistent with the results displayed in Fig. 2a.” As
should be expected, the information on the IFR from
COVID-19 does not affect the perceived probability of
infection (its average marginal effect is close to zero; ad-
justed p = 1.000), given the perceived infection risk only
pertains to the probability of catching the disease, not its
mortality rate conditional on infection. The results from
the regression also suggest that we cannot detect an effect

7All results are adjusted for multiple hypothesis testing using the Bonferroni cor-
rection (Bonferroni, 1935) with a family-wise type I error rate of 0.05. Adjusted p-

values represent Bonferroni corrected p-values.

on perceived infection risk from the more optimistic risk
information communicated by the White House (the
average marginal effect is both small (1 percent) and not
statistically significant; adjusted p = 0.282).

Further, Fig. 1, panel (a) of Fig. 2, and Fig. 3 all show
that while the treatments succeeded in affecting risk beliefs,
participants were not basing their risk beliefs entirely on the
information provided to them in the experiment. Specifi-
cally, the mean perceived risk to the average American in
the four high-probability treatment groups in panel (a) of
Fig. 2 range between 61 and 63.5%, which is substantially
lower than the probability of catching COVID-19 com-
municated by the high-probability treatment—recall that
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participants in the high-probability treatment were told
either that the probability for the average American of
catching COVID-19 in the next 12 months was 85% (if
getting information from the CDC only—shown by the
dotted lines at the 85 percent mark in panel (a), Fig. 2) or
85% according to the CDC and 70% according to the
White House. Similarly, the mean perceived risk in the low-
probability treatment groups ranges from 40.8 to 44.2%,
which is substantially higher than the level of risk com-
municated by the low-probability treatments. Participants
in these treatments were told either that the probability for
the average American of catching COVID-19 in the next
12 months was 25% (if getting information from the CDC
only—shown by the dotted lines at the 25 percent mark in
panel (a), Fig. 2) or 25% according to the CDC and 10%
according to the White House.®

Next, we proceed to the focal point of our study and
examine COVID-19 vaccine uptake across treatments.
When we pool participants in all treatments, we find that
19.5% (n = 612/N = 3133) of adults do not intend to
vaccinate themselves and 19.7% (n = 228/n = 1156) of
those with children do not intend to vaccinate their chil-
dren against COVID-19. Panel (b) of Fig. 2 shows that the
share of people who intend to vaccinate is fairly large and
consistent across treatment groups at around 80 percent or
higher. The exception is the group with a low probability of
infection and high IFR that received information from both
the CDC and the White House, in which 69 percent stated
an intention to get vaccinated.

Across treatment groups, we varied (1) the probability
of infection for the average American, (2) the IFR of the
average American, and (3) whether the probability of
infection is communicated by the CDC and the White
House (and the White House downplays the risk). We
estimated a probit regression to examine the effects of these
three factors on the intention to vaccinate. The results from
the probit regression show that the vaccine uptake (i.e., the
intention to vaccinate) decreases by 5 percent if the prob-
ability of being infected is low compared to high (adjusted
p = 0.003) and decreases by 6 percent if inconsistent risk
information is given by both the CDC and the White
CDC only (adjusted
p < 0.001). Overall, these results suggest that inconsistent

House, compared to by the

information about risks may affect vaccination intention,
despite no discernible effect on perceived risk. We cannot

The results reported in Fig. 2 (a) remain highly similar even if we remove subjects

stating 50 percent (see figure included in Supplemental online appendix).

statistically detect an effect of IFR on vaccine intentions
(adjusted p = 0.498).°

Panel (b) of Fig. 2 visually displays that the share of
people who intend to vaccinate generally increases as the
probability of infection increases. It also shows that peo-
ple’s vaccination decisions are affected by the White House
communicating lower probabilities than the CDC. The
share of people who vaccinate is consistently lower in the
treatments where the White House communicates lower
probabilities of infection, compared to the CDC. In con-
trast, panel (b) of Fig. 2 shows that there is little consis-
tency in the response to the information on IFR from
COVID-19. If the probability of infection is low, and
communicated by both the CDC and White House, it even
seems like people are more likely to get vaccinated when the
IFR is low compared to when it is high. This finding results
from the particularly low vaccine uptake in the treatment
group that received information, from both the CDC and
the White House, with a low probability of infection and
high IFR."

Our finding of around 20 percent vaccine avoidance is
consistent with results from polls conducted in the earlier
stages of the pandemic. A survey by Pew Research Center
(2020) found that 27% of US adults would not get a
coronavirus vaccine if it was available today, a poll by ABC
news/Ipsos (2020) suggested that 25% of US adults were

The results from the probit regression are reported in Supplemental online ap-
pendix. It is the same model that generates the result in Fig. 4, but with the treatment
variables only (i.e., only the top three variables in Fig. 3), given the isolation of the
treatment effects relies on the randomization of participants across treatments. The
observed treatment effects are very similar to those generated by the model in Fig. 4.
For space saving reasons, we therefore refrain from including a separate figure in the

main text for the probit regression that has the treatment variables only.

'9The particularly low vaccine uptake in the group that received the “low-probability
(communicated by both the CDC and the White House) and high-mortality”
treatment can be partially explained by our finding that the IFR for the average
American (as communicated in our study) has little (if any) influence on partici-
pants’ decision to vaccinate, as shown in Fig. 4. The probability of infection and the
mixed messages from the White House and the CDC have larger effects on vaccine
uptake (as suggested by the results in Fig. 4). Therefore, we should expect the vaccine
uptake in this treatment to be lower than that in other treatments. Another factor
that could contribute to the low vaccine uptake in this group is differences in par-
ticipant characteristics between this group and the rest of the sample. As discussed in
Sect. 2, we found no “meaningful” differences (Imbens and Rubin, 2015) in par-
ticipant characteristics and attitudes across any treatment groups. However, there are
small differences between this group and the rest of the sample (statistically signif-
icant at conventional levels, but uncorrected for multiple hypotheses testing).
Specifically, the share of women, share of participants with low trust in government
agencies, and share of participants ascribing to neither Democrats nor Republicans
are all higher in this group than all other groups in the sample. These differences are
in the direction that would suggest a lower than average vaccine uptake for this

group, as suggested by our analysis of vaccine uptake for our sample as a whole.



unlikely to get vaccinated if an effective coronavirus vaccine
was developed, and a poll by LX/Morning Consult (2020)
found that 9% of US adults would not get vaccinated if a
vaccine became available, while another 15% did not know
if they would get vaccinated.

Previous studies show that people find health risk
information more believable if it is received from sources
that share their values (Siegrist et al., 2000, 2001). For
example, in a study of cancer cluster communication,
Siegrist and colleagues (2001) found that people were more
likely to believe clusters could occur randomly when they
believed risk managers shared their values. Based on these
findings, we hypothesized that individuals who identify as
Republican or conservatives would respond the most to the
White House information. To examine whether Democrats
and Republicans differ in their response to the White
House information, we re-estimated the zero—one inflated
beta regression reported in Fig. 2 on a sub-sample of par-
ticipants that identified as Republicans and Democrats only
(i.e., excluding participants who did not identify with either
political party). We also included two interaction terms: (1)
Republican x the low-probability risk treatment and (2)
Republican x the White House information treatment.
However, we could not detect any differences in responses
to the White House information across Republicans and
Democrats; both groups appear to be just as responsive to
the more optimistic White House information. Results are
reported in Supplemental online appendix.

Determinants of Vaccine Avoidance

Next, we pooled participants from all treatments to
examine a broad range of determinants of the vaccine
decision. Figure 4 shows the average marginal effects gen-
erated by a probit regression on the intention to vaccinate
for COVID-19.

We find that the most important determinant of the
decision to take a COVID-19 vaccine is vaccine confidence.
The average marginal effect for Vaccine confidence shows
that people who are confident that vaccines are generally
safe are 17% more likely to take the COVID-19 vaccine
(adjusted p < 0.001)."" Further, we find that having taken
the flu shot correlates with intentions of taking the COV-
ID-19 vaccine. The marginal effect for Flu shot shows that

""The dummy variables Vaccine confidence, Vaccine complacency, Vaccine calculation,
Vaccine collective responsibility, and Vaccine constraint represent the five key com-

ponents of the vaccine hesitancy scale developed by Betsch et al. (2018).
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people who took the flu shot in the last two years are 13%
more likely to take the COVID-19 vaccine (adjusted
p < 0.001). However, the estimated effect of whether a
person followed the recommended vaccine schedule was
not statistically significant (adjusted p = 1.000).

The estimated effects of the treatment dummies in the
probit regression are consistent with the results discussed in
conjunction with panel (b) in Fig. 2. We do not find a
effect of the IFR (adjusted
p = 1.000), as shown by the marginal effect generated by
the variable Treatment—Low IFR (which takes the value 1 if
the treatment communicated low IFR, and 0 if it com-
municated high IFR). In contrast, we do find that if the
probability of infection from COVID-19 is low, people are

statistically ~significant

less likely to vaccinate (adjusted p < 0.001). People are
also less likely to vaccinate if the probability of catching the
virus is communicated as 15 percentage points lower by the
White House than the risk communicated by the CDC
(adjusted p < 0.001).

The variable Preventative Behavior represents the
number (ranging from 0 to 12) of preventive measures
(e.g., washing their hands more, becoming better informed,
praying to stay resilient, and eating better) a participant
takes to avoid getting infected by COVID-19. We find that
people who self-protect more in other ways are also more
likely to vaccinate for COVID-19 (adjusted p < 0.001).

We do not find a statistically significant difference in
vaccine intentions between rural and urban households
(adjusted p = 1.000). Also, we cannot detect effect beliefs
about the individual mortality risk from COVID-19 devi-
ating from that of the average American. Specifically, we do
not find an effect of the risk being higher than that of the
average American (adjusted p = 1.000), or lower than that
of the average American (adjusted p = 0.168). Also, we do
not find an effect on vaccine intentions from political
identity. We do not find a difference in the probability of
vaccinating for Democrats versus Republicans (adjusted
p = 1.000) or people who identify as neither Democrat nor
Republican, as implied by Other political party (adjusted
p = 0.480). We do not find an effect from people agreeing
that everyday stress prevents them from getting vaccinated,
as implied by the estimated marginal effect for Vaccine
constraint (adjusted p = 1.000). Similarly, we do not find
an effect on the decision to vaccinate from people believing
vaccines are unnecessary because vaccine preventable dis-
eases are uncommon, as shown by the marginal effect for
Vaccine complacency (adjusted p = 1.000).
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Even though Fig. 4 shows that the 95 percent confi-
dence intervals for Low income and Belief in God do not
include zero, after adjusting their p-values for multiple
hypothesis testing we find no statistically significant effect
from these variables. Specifically, compared to our refer-
ence case (medium income), we find no statistically sig-
nificant effect of low income (adjusted p = 0.360) or high
income (adjusted p = 1.000). Further, we do not find that
vaccine intentions are different for those who believe in
God, compared to non-believers (adjusted p = 0.120).

In contrast, we find that trust in government agencies
might matter to people’s vaccine decision. People with a
low trust are 5% less likely to get vaccinated than those with
(adjusted
p < 0.001). This is consistent with previous findings on

a medium trust in government agencies
the positive correlation between government trust and
vaccine uptake (Lee et al., 2016). However, the effect on
vaccine uptake from trust might not be linear, since we do
not find an effect on vaccine decisions from having a high
trust in government agencies, compared to medium trust
(adjusted p = 1.000)."

We find that gender matters. Women are 6% less likely
to vaccinate than men (adjusted p < 0.001). Our data
further suggest that individual risk perceptions may matter
to the vaccine decision. Figure 4 shows that participants
who believe their risk of infection is lower than that of the
average American are 6% less likely to get vaccinated (ad-
justed p < 0.001)."> On the other hand, the difference in
vaccine intentions between participants who believe their
risk is higher versus the same as that of the average
American is much smaller, around 1%, and is not statis-
tically significant (adjusted p = 1.000).

Finally, we find that people who indicate that they
weigh benefits against costs for vaccines are almost 7% less
likely to get vaccinated (adjusted p < 0.001), as implied by
the average marginal effect for Vaccine calculation. People

""While we measured trust in government agencies as a continuous variable, it is
included in the regression as a categorical variable. The reason for this is to avoid
problematic multicollinearity. There is high bivariate correlation between the con-
tinuous trust measure and the vaccine confidence and the flu shot variables,
respectively. If the continuous trust variable is included in the regression, trust
(misleadingly) appears to have no effect on vaccine uptake. However, if either vac-
cine confidence or the flu shot variable is removed from the regression, the con-
tinuous trust variable is highly statistically significant. Binning the trust variable into

low, medium, and high trust eliminates the problematic multicollinearity.

We do not know the causality for this relationship—while people might be less
inclined to take a vaccine if they perceive the risk of the virus to be lower, it is also
possible that people who are hesitant to vaccines are motivated to downplay the risk

of the disease (for motivated risk beliefs, see, e.g., Kopetz and Woerner, 2021).

who agree that they do not need to get vaccinated if
everyone else is vaccinated are 8% less likely to get a
COVID-19 vaccine (adjusted p < 0.001), as implied by the
average marginal effect for Vaccine responsibility.

The effects reported in Fig. 4 are robust to a range of
inclusions of other (non-significant) explanatory variables,
such as college education, race, underlying health condi-
tions that increases the risk of severe consequences if in-
fected, or working in a high-risk profession (health care,
teaching). They are also robust to the inclusion of either the
compressed treatment variables (the top three variables in
Fig. 4), all eight treatment group dummy variables, or no
variables representing treatment effects. The outcome of
these robustness checks is presented in Supplemental online
appendix. Further, despite many variables measuring dif-
ferent aspects of vaccine hesitancy, the multicollinearity
among the variables in the model underlying Fig. 4 is low,
as implied by a variance inflation factor (VIF) of 1.27. Full
cross tabs of risk beliefs and vaccine intentions are pre-
sented in Supplemental online appendix.

Next, we report the main reasons people state they
choose not to vaccinate against COVID-19. All participants
who stated that they did not intend to vaccinate themselves
or their children were asked: “You indicated that one or
more of your family members would not get vaccinated.
Please mark the extent to which any of the below reasons
mattered to your decision not to take the vaccine.” The
reasons are shown in Fig. 5, and participants could mark if
these reasons did not matter at all, mattered some, or
mattered a lot. Figure 5 shows the share of participants
who stated the reason mattered some or a lot, of partici-
pants who indicated that they would not take the vaccine.

Figure 5 shows that at least 80% of those declining the
vaccine stated vaccine novelty and worry about negative
side effects as reasons for doing so. This is consistent with
previous findings that people are particularly skeptical to
new vaccines (Dubé et al., 2013). Other important reasons
for declining the vaccine are doubts that the vaccine will in
fact provide protection from catching the virus, general
vaccine hesitancy (avoiding most vaccines), and the belief
that COVID-19 is not severe enough to warrant vaccina-
tion.

DiscussioN

A vaccine for COVID-19 might be the best hope for ending
the pandemic. Scientists have raced to develop vaccines, in



The vaccine is too new

I worry about the side effects

The vaccine will not protect me

I avoid most vaccines

COVID19 is not severe enough

A doctor has recommended no vaccines

1 do not have access to a vaccine

My religion prevents vaccination
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Fig. 5. Reasons for declining the COVID-19 vaccine

unprecedented joint efforts within the scientific commu-
nity. However, as seen in the context of other diseases, in
humans, agriculture, and wildlife, the challenge to extin-
guish the spread of a disease does not end with finding an
effective vaccine. The implementation of the vaccine pro-
gram is keenly important. In this study, we focus on the
challenge posed to a vaccine program by vaccine hesitancy.
What if large parts of the population decline the vaccine,
once it is available? Vaccine hesitancy is well known for
other types of vaccines and has increased in recent years
(Dubé et al., 2013; Olive et al., 2018), for instance, causing
recent outbreaks of measles (De Serres et al., 2013; Sarkar
et al,, 2019), a disease that was extinguished in the USA
until recently.

We found that a substantial share (around 20 percent)
of Americans intent to decline a COVID-19 vaccine that
has been subjected to standard FDA vaccine safety proto-
cols, if it was available today (i.e., end of March 2020, for
the study participants). Even though we varied both the
IFR and infection risk quite dramatically in our experi-
mental survey, we found no consistent effect of the IFR on
vaccine intentions, and the treatment effect of the infection
risk is modest compared to the effects of other determi-
nants of vaccine intentions. The infection risk treatment
effect was estimated precisely enough to achieve statistical
significance, which suggests that participants assimilated

T T T
4 .6 .8 1

Share who stated reason mattered

and trusted the risk information. But the small size of the
effect suggests that they did not assign much weight to this
factor. Our results suggest that avoidance of a COVID-19
vaccine is highly determined by general vaccine hesitancy,
and the novelty of the vaccine and concerns about its safety
are likely to decrease the uptake in the population even
further. A prominent determinant of COVID-19 vaccine
avoidance is whether a person had the flu shot in the last
two years. This observation may be helpful in identifying
people who are particularly reluctant to vaccinate, given the
decision to take a flu shot is observable—healthcare pro-
viders, e.g., family physicians, have records (although per-
haps incomplete) of who had flu shots.

The consequences of individuals’ decisions whether (or
not) to vaccinate on community outcomes have been
mathematically illustrated (see, e.g., Fine and Clarkson,
1986). The key roles of perceived risk of the vaccine and the
effectiveness of the vaccine in the decisions of individuals
lead to a lower vaccine uptake than would be optimal for
the community as a whole. Our elicited individual uptake
rate of 80% (given the vaccine avoidance of 20%) in
combination with the effectiveness of a vaccine has impli-
cations on the potential proportion of the population
immunized (v,). Policy makers might target a proportion
of the population to be immunized with the deployment of
a vaccine. However, the proportion immunized depends on
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Fig. 6. Potential proportions of the population immunized

the effectiveness of the vaccine (¢), the uptake rate (u), and
the proportion of the population given the opportunity to
vaccinate (v), where v, = euv.

Figure 6 illustrates how the success of a vaccine program
in immunizing alternative proportions of the population (v,)
depends on the effectiveness of the vaccine (&) and the uptake
rate (u), if the entire population is given the opportunity to
vaccinate (v = 1). For ranges of each parameter, contours for
alternative levels of v, trace out the required combinations of
¢ and u. For combinations of ¢ and / below and to the left of
each contour, the proportion immunized is less than the
contour proportion. Parameter combinations above and to
the right of each contour result in proportions immunized
higher than the contour proportion.

Let u = 0.80 be our baseline value of vaccine uptake, as
generated by our experimental study with 20% vaccine
avoidance. For our baseline vaccine effectiveness of ¢ = 0.60,
since participants were told in the experimental survey that
the COVID-19 vaccine would be 60% effective, based on this
being the upper bound of effectiveness of the flu vaccine
(another, but more rapidly mutating, RNA virus).

At these baseline values, Fig. 6 shows that if the entire
population is given the opportunity to vaccinate, the pro-
portion of the population immunized will be (at best) 48%.

If, however, the effectiveness would be as high as 90% (as
suggested by early vaccine trial results, see press release
from Pfizer, November 9, 2020), then 72% of the popula-
tion could be immunized, given the vaccine avoidance
observed in our study. Note, however, that these results are
generated under the rather optimistic assumption that all
Americans are given the opportunity to take a COVID-19
vaccine.

Knowing about COVID-19 vaccine avoidance before a
vaccine is available can help government agencies, health-
care workers, and other authorities mitigate the impact of
vaccine avoidance. Such efforts may involve developing
policies and a preparedness for the vaccine avoidance. It
might also involve public information campaigns designed
to increase confidence in the effectiveness and safety of the
vaccine. Here, our results offer insights that may be helpful.
First, our results suggest that an inconsistent risk message
from government authorities may increase vaccine hesi-
tancy. This result relates to findings that risk information in
the news had direct effects on people’s health behavior
during the pandemic (Bursztyn et al, 2020). While the
negative effect on vaccine uptake from mixed messaging is
statistically significant, its importance to public health is
uncertain, and may also depend on how different the



messages are. In our study, we assumed the White House
downplayed the risk by 15 percentage points and found
that difference to cause a 6 percent reduction in vaccine
uptake. Per our example above, this results in a reduction
in the proportion immunized from 48 to 44% given a
vaccine that is 60% effective. Second, we found that distrust
in the government is higher among those who decline the
vaccine. To address COVID-19 vaccine hesitancy, broader
public health campaigns may therefore be less effective.
Instead, efforts might focus on reaching out to healthcare
providers (the most trusted source of vaccine safety infor-
mation, see, e.g., Freed et al., 2011) and local authorities,
including religious leaders. To identify effective strategies to
reduce COVID-19 vaccine hesitancy, government agencies
will likely benefit from the knowledge gathered during re-
cent measles outbreaks—the COVID-19 vaccine decliners
in our study share many attitudes with those generally
avoiding vaccines (MacDonald, 2015). Policy makers may
also consider regulations that require people to have
COVID-19 vaccinations in order to attend schools and
workplaces, similar in spirit to the bans of philosophical
exemptions from vaccinations in the wake of the recent
measles outbreaks (Kuehn, 2019).

Our study has several short comings. First, we only
considered one level of vaccine effectiveness. (It would
“protect” 60 percent of people who are vaccinated from the
coronavirus.) The level of vaccine avoidance observed in
our study could be unique to that effectiveness level. Fur-
ther, while we intended our description of the vaccine
effectiveness to signal that 60 percent of those vaccinated
and exposed to the virus would not contract the virus, it is
possible that participants interpreted the wording “pro-
tected from” to implicitly signal protection from severe
consequences or death from COVID-19, which may also
matter to the vaccine uptake. Second, COVID-19 risks are
yet to be resolved, and the upper and lower bounds of risks
communicated in our survey might be too low/high. In
fact, much of the high initial uncertainty has been resolved
since the time of our data collection. In the earlier stages of
the pandemic, the prevalence of asymptomatic infections
was largely unknown, such that perceived mortality rates
were inferred primarily from the CFR (generally an over-
statement of the IFR). For instance, around mid-2020, the
CEFR for the USA was estimated to be 5.1% (Johns Hopkins
University and Medicine (2020); Roser et al. (2020), which
is lower than our upper bound of the conditional mortality
rate (10%) and higher than our lower bound (1.5%).
However, studies that account for asymptomatic infections
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suggest that the IFR is likely below 1% (Meyerowitz-Katz
and Merone, 2020). Our results suggest that the fatality
ratio for the average American, within the range explored
in our study, might not matter much to vaccine decisions."*
However, future research might examine whether public
knowledge of an IFR that is lower than the lower bound of
our applied range might generate a different level of vaccine
avoidance. We would expect that, all else equal, intentions
to get a vaccine would be lower if the infection fatality ratio
is known to be lower. Our results offer some indication in
this direction—we found that participants who believe
their individual IFR is lower than that of the average
American (as communicated in our study) are less willing
to vaccinate. More generally, the evolving knowledge of
risks associated with COVID-19 suggests repeated studies
or polls measuring vaccine avoidance might be beneficial.

We also encourage future research to examine the
relationship between vaccine avoidance and costs. Partici-
pants in our study were asked to consider a costless
COVID-19 vaccine. Getting a vaccine will be associated
with some cost, whether it be a time, financial or incon-
venience cost, such that the vaccine avoidance in our study
is likely on the lower end. A study that measures the cost
people are willing to bear for a COVID-19 vaccine may be
helped by the literature examining willingness to pay for
health risk reductions, see, e.g., Sloan et al. (1998), Smith
and Desvousges (1987), Viscusi and Evans (1990), Viscusi
and Aldy (2003), Edwards (2008), Hammitt and Haninger
(2010), Alberini and Scasny (2013), Finkelstein et al.
(2013), and Gerking et al. (2017). Related, Serra-Garcia and
Szech (2020) find that costs to COVID-19 antibody tests
have substantial negative effects on people’s willingness to
get tested.

In the USA, conflicting risk messages about COVID-19
are regularly communicated to the public, by the media
and public authorities, and have been shown to affect other
types of health behavior related to COVID-19 (see, e.g.,
Bursztyn et al., 2020; Simonov et al. 2020). We encourage
future research to further explore the mechanisms by which
conflicting COVID-19 risk information affect vaccination
decisions, see, e.g., Viscusi (1997), Viscusi et al. (1999), and
Fox et al. (2002). Finally, other studies show that some
preventive behaviors during the current pandemic are
motivated by prosocial attitudes (Campos-Mercade et al.,
2020; Jordan et al., 2020; Thunstrom et al., 2020). Future

14Als0, the intended vaccine uptake for the treatments with low IFR only (n = 1,597)

is 81%, i.e., about the same as the average vaccine uptake for the study as a whole.
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studies might similarly examine whether prosocial mes-
saging might increase a COVID-19 vaccine uptake.
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