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Introduction: In the race to deploy vaccines to prevent COVID-19, there is a need to understand factors
influencing vaccine hesitancy. Secondary risk theory is a useful framework to explain this, accounting
for concerns about vaccine efficacy and safety.
Methods: During the first week of July, 2020, participants (N = 216) evaluated one of three different
hypothetical vaccine scenarios describing an FDA-approved vaccine becoming available ‘‘next week,”
‘‘in one year,” or ‘‘in two years.” Dependent variables were perceived vaccine efficacy, self-efficacy, per-
ceived vaccine risk, and vaccination willingness. Covariates included vaccine conspiracy beliefs, science
pessimism, media dependency, and perceived COVID-19 risk. Data analysis employed multiple analysis
of covariance (MANCOVA).
Results: Perceived vaccine efficacy was lowest for the next-week vaccine (g2

p = .045). Self-efficacy was
higher for the two-year vaccine than the next-week vaccine (g2

p = .029). Perceived vaccine risk was higher
for the next-week vaccine than for the one-year vaccine (g2

p = .032). Vaccination willingness did not differ
among experimental treatments. In addition, vaccine conspiracy beliefs were negatively related to per-
ceived vaccine efficacy (g2

p = .142), self-efficacy (g2
p = .031), and vaccination willingness (g2

p = .143) and
positively related to perceived vaccine risk (g2

p = .216).
Conclusions: The rapid development of the COVID-19 vaccine may have heightened public concerns over
efficacy, availability, and safety. However, the current findings showed a general willingness to take even
the most rapidly developed vaccine. Nonetheless, there remains a need to communicate publicly and
transparently about vaccine efficacy and safety and work to reduce vaccine conspiracy beliefs.

� 2021 Elsevier Ltd. All rights reserved.
1. Introduction

Shortly into the COVID-19 pandemic, scientists began working
rapidly to develop a vaccine [15]. In the United States, these efforts
were supported by Operation Warp Speed, a public–private part-
nership coordinating efforts for rapid vaccine development and
deployment [53]. An ideal vaccine would evoke a lasting protective
immune response while avoiding side effects such as vaccine-
enhanced respiratory disease [13,22]. On 21 July 2020, the United
States House Committee on Energy and Commerce [54] held a
hearing with representatives of major pharmaceutical companies.
The committee heard statements concerning the development of
a COVID-19 vaccine, focusing on availability, efficacy, and safety.
The hearing addressed the capabilities to produce and distribute
an ideal vaccine and challenges related to public vaccine hesitancy.
On 11 December 2020, the U.S. Food and Drug Administration
(2020) [52] issued emergency use authorization for the Pfizer-
BioNTech COVID-19 vaccine and the first doses in the U.S. were
administered four days later on 15 December [16]. This was in line
with predictions of widespread availability of a vaccine by the end
of 2020 or in early 2021 [15,46]. In April 2021, the U.S. Centers for
Disease Control and Prevention [51] reported that more than half
of United States adults had received at least one dose and about
one-third were fully vaccinated. While those numbers were pro-
mising, vaccine hesitancy may have been sapping momentum.
On 23 April 2021, the Associated Press reported on waning demand
for the vaccine in some parts of the U.S., quoting one individual’s
concern over a vaccine ‘‘that was rushed in six, seven months” [57].

The current study focuses on the human dimension of vaccine
uptake. Despite widespread availability of the COVID-19 vaccine,
its effectiveness depends somewhat on public opinion and trust
[10]. This echoes the conclusions of a World Health Organization
[59] working group on the behavioural and social drivers of vacci-
nation. Such motivation is often described in terms of vaccine hes-
itancy, which is both an attitudinal and behavioural rejection of
vaccines [9]. Larson et al. [27] conducted a systematic review of
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research on vaccine hesitancy and identified contextual, vaccine-
specific, and individual and group factors hindering or promoting
vaccination. Among those factors were perceived risks and bene-
fits, vaccine knowledge and awareness, and health-related beliefs
and attitudes. Larson et al. [28] drew additional attention to com-
munication and the media environment as sources of anti-
vaccination beliefs. More recently, Shapiro et al. [47] developed a
vaccine hesitancy scale in the context of parental vaccine decisions.
That scale had two dimensions related to a lack of vaccine confi-
dence and perceived risk.

Scholars have examined vaccine hesitancy in the context of a
COVID-19 vaccine. Early polls suggested between 20% and 30% of
Americans were unwilling to get a COVID-19 vaccine [6,14]. Their
willingness to vaccinate was relatively high compared with some
countries, including the United Kingdom, and Russia, and relatively
low compared with other countries, including South Korea, Brazil,
and China (Lazarus et al., 2020) [30]. Fridman et al. [12] found that
political ideology explained a shift in attitudes toward the COVID-
19 vaccine over time, remaining relatively stable among Demo-
crats and decreasing among Republicans. They found a similar
trend in the perceived threat of COVID-19, where Republicans
becamemore concerned over time. Another study showed vaccina-
tion willingness in the United States was related to the perceived
severity of and susceptibility to COVID-19 and the perceived safety
of the vaccine [49]. Respondents with vaccine hesitancy expressed
concerns over the vaccine being too new, having potential side
effects, and not being effective. Similarly, Guidry et al. [17] found
perceived susceptibility to COVID-19, perceived vaccine efficacy,
and vaccination self-efficacy positively predicted vaccine uptake
intention. The conclusions of Tyson et al. [50] mirrored these find-
ings, as did a survey of people in several European countries [40].
Most respondents in the latter study expressed a willingness to
receive the vaccine, but those who were unwilling or unsure had
concerns over safety and side effects. In Ireland and the United
Kingdom, vaccine hesitancy was higher among females and youth
[38]. That study included several psychometric variables to further
characterize vaccine-hesitant individuals as self-interested, dis-
trusting of experts, and impulsive.

Those findings generally align with secondary risk theory,
which explains people’s intentions to engage in health-protective
behaviours [7]. That model is based on protection motivation the-
ory, which states that people form intentions to engage in a recom-
mended risk response action when they perceive a likely and
severe health risk, believe the recommended action will be effec-
tive to reduce the risk, and feel able to perform the action [44].
Extending that framework, secondary risk theory also states that
people are hesitant to engage in the recommended action when
they feel the action itself will expose them to a separate, or second-
ary, health risk. As the studies above suggest, COVID-19 vaccina-
tion hesitancy is related to perceived secondary risks, so
secondary risk theory is a helpful framework to understand this
human dimension.

The current study uses secondary risk theory as a framework for
a simple research question: Does the rapid development of the
COVID-19 vaccine make people more hesitant to take it? To answer
that question, we conducted a between-subjects experiment in
July 2020 in which participants evaluated three different timelines
of vaccine availability, including next week, in one year, and in two
years. Given the most immediate option, we expect lower per-
ceived vaccine efficacy and vaccination self-efficacy, and higher
perception of vaccine-related secondary risk. We also predict there
will be lower willingness to take that vaccine or encourage others
to take it. In addition to experimental effects, we examine several
covariates, including age, sex, education, political orientation, vac-
cine conspiracy beliefs, science pessimism, and media dependency.
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Modelling these covariates can address some of the more socio-
cultural aspects of vaccination willingness and hesitancy [2].

2. Methods

2.1. Sampling

The Institutional Review Board at Nanyang Technological Uni-
versity, Singapore, approved the study protocol, which included
documented informed consent (IRB-2020–06-003). We opted to
use a United States sample in anticipation of large variance in vac-
cine hesitancy against the backdrop of a presidential race that had
politicized the issue [18], affecting public perceptions [39]. Indeed,
recent work has linked perceptions of COVID-19 and vaccine hesi-
tancy with political orientation [4,11,12,50]. Admittedly, this phe-
nomenon is not unique to the United States, but it is pronounced
there.

The current study used an online research panel from Dynata, a
panel provider commonly used in the social sciences. Their United
States panel has more than 28 million members. Dynata sent invi-
tations to 1792 individuals between July 1 and July 7, 2020. There
were sampling quotas for age and sex. The age quota divided the
sample into those aged 18–30 (30%), 31–50 (40%) and 51–80
(30%). The sex quota evenly split the sample between men and
women with an allowance of ±5%. Of those invited, 216 completed
an anonymous online survey, with a median completion time of
419 s. This was after removing 24 individuals who completed the
study in under 150 s, which seemed too quick to have participated
attentively.

2.2. Treatment

Each participant evaluated one of three vaccine scenarios, pre-
sented at random. The three scenarios concerned a hypothetical
FDA-approved vaccine becoming available ‘‘next week,” ‘‘in one
year,” or ‘‘in two years.” At the time of data collection, an approved
vaccine was more than five months away, so it was possible for
respondents to imagine one becoming available at the different
time intervals. Had a vaccine already been approved, then it would
not have been possible to test responses to these scenarios. The
treatment involved a simple text-based manipulation. Prior to
answering the dependent measures, participants saw the following
text:

‘‘Imagine the first FDA-approved COVID-19 vaccine became
available [next week OR in one year OR in two years]. Please
indicate how much you agree or disagree with the following
statements.”
2.3. Measurement

We measured all items using five-point Likert scales from 1
(strongly disagree) to 5 (strongly agree), computed composite mea-
sures as item mean scores, and determined acceptable composite
reliability as Cronbach’s alpha estimates of 0.70 and higher. Prior
to creating composite measures, we assessed dimensionality using
factor analysis in IBM SPSS Statistics 25 (hereafter, SPSS) with max-
imum likelihood estimation and oblique factor rotation. We
retained items with strong loadings (k > 0.70) on a single factor
and weak loadings (k < 0.40) on all other factors. Such item reten-
tion exhibits what many scholars call simple structure, which
means that each item strongly indicates a single factor and does
not have large residual variance associated with any other factor
[60]. Table 1 contains the item wording and descriptive statistics.
See Table 2 for a summary of the measured variables and their



Table 1
Measurement items wording and descriptive statistics.

Scale/Item M SD Skewness Kurtosis

Vaccine efficacy
The vaccine would work to prevent infection by the virus. 3.67 1.06 �0.64 0.21
If I got the vaccine, I would be less likely to get the virus. 3.69 1.11 �0.71 0.04
Taking the vaccine would be an effective way of reducing the risk of infection. 3.78 1.13 �0.77 �0.02
Self-efficacy
I would be able to get the vaccine if I wanted. 3.66 0.95 �0.36 �0.03
The vaccine would be easy for me to get. 3.41 0.96 �0.25 �0.09
It would be difficult for me to get vaccinated. (reverse-coded) 3.54 1.09 �0.28 �0.62
Vaccine risk
If I received the vaccine, I would be at risk of getting side effects. 3.22 1.00 �0.34 �0.05
If I received the vaccine, my chance of getting side effects would be high. 2.80 1.03 0.02 �0.07
If I received the vaccine, I would be more likely than other people of getting side effects. 2.69 1.03 �0.14 �0.52
The vaccine would cause serious illness. 2.50 1.10 0.31 �0.35
Health effects of the vaccine would be severe. 2.62 1.12 0.23 �0.48
Effects of the vaccine would affect my usual activities. 2.73 1.01 0.06 �0.13
The vaccine would have considerable negative consequences. 2.64 1.10 0.14 �0.51
Vaccination willingness
I would be willing to take the vaccine. 3.68 1.30 �0.65 �0.69
I would avoid taking the vaccine. (reverse-coded) 3.69 1.38 �0.61 �0.94
I would encourage others to take the vaccine. 3.52 1.25 �0.46 �0.64

Scale/Item M SD Skewness Kurtosis

Vaccine conspiracy beliefs
Vaccine safety data is often fabricated. 2.42 1.25 0.51 �0.72
Immunizing children is harmful and this fact is covered up. 2.05 1.23 0.89 �0.31
Pharmaceutical companies cover up the dangers of vaccines. 2.67 1.31 0.21 �1.01
People are deceived about the effectiveness of vaccines. 2.44 1.31 0.51 �0.84
Data on the effectiveness of vaccines is often fabricated. 2.45 1.28 0.43 �0.85
People are deceived about vaccine safety. 2.49 1.29 0.44 �0.84
The government is trying to cover up the link between vaccines and autism. 2.24 1.23 0.53 �0.75
Science pessimism
The world would be better without today’s technology. 2.16 1.19 0.67 �0.60
Our leaders need to stop funding science research. 1.95 1.17 1.06 0.14
Science has created more problems in society than solutions. 2.18 1.19 0.67 �0.48
Scientists purposefully hide the truth from the public. 2.37 1.21 0.45 �0.87
Scientists don’t value my concerns when making decisions. 2.51 1.19 0.34 �0.77
Scientists exaggerate the truth for their own personal gain. 2.50 1.23 0.27 �1.05
Media dependency
Information in the mainstream media helps me find out about COVID-19. 3.70 1.05 �0.80 0.23
Information in the mainstream media helps me observe how others deal with COVID-19. 3.57 1.05 �0.67 0.14
Information in the mainstream media gives me ideas about how to discuss the issue of COVID-19 with others. 3.37 1.12 �0.57 �0.31
Information in the mainstream media helps me figure out how I can deal with COVID-19. 3.51 1.13 �0.70 �0.10
Scale/Item M SD Skewness Kurtosis

COVID-19 susceptibility
I am at risk of getting the virus. 3.43 1.16 �0.50 �0.47
My chance of getting the virus is high. 2.99 1.10 0.02 �0.51
I am more likely than other people to get the virus. 2.65 1.14 0.11 �0.70
COVID-19 severity
The virus causes serious illness. 4.19 0.98 �1.14 0.83
Health effects of the virus are severe. 4.00 1.02 �0.87 0.33
Effects of the virus would affect my usual activities. 3.98 1.07 �1.00 0.56
The virus has considerable negative consequences. 4.08 1.06 �1.19 1.02

S. Rosenthal and C.L. Cummings Vaccine 39 (2021) 7625–7632
intercorrelations. Table S1 in the supplementary material shows
the percent of respondents indicating each response option.

We measured efficacy beliefs using six items from prior
research [7]. Three items measured vaccine efficacy, for example,
‘‘The vaccine would work to prevent infection by the virus” (Cron-
bach’s a = 0.89). Another three items measured self-efficacy, for
example, ‘‘The vaccine would be easy for me to get” (Cronbach’s
a = 0.72).

Consistent with secondary risk theory [7], we measured second-
ary risk susceptibility and severity. However, factor analysis sug-
gested the items measured a single construct. Thus, seven items
measured perceived vaccine risk. Examples of these items are, ‘‘If
I received the vaccine, I would be at risk of getting side effects”
and ‘‘The vaccine would cause serious illness” (Cronbach’s
a = 0.91).
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Three items measured willingness to take and encourage others
to take the vaccine: ‘‘I would be willing to take the vaccine,” ‘‘I
would avoid taking the vaccine” (reverse-coded), and ‘‘I would
encourage others to take the vaccine” (Cronbach’s a = 0.92).

Prior to the experimental manipulation, participants responded
to items measuring several covariates, including vaccine conspi-
racy beliefs, science pessimism, media dependency, and perceived
COVID-19 risk. We measured vaccine conspiracy beliefs using the
seven-item Vaccine Conspiracy Beliefs Scale, which researchers
developed to explain vaccine hesitancy [47]. An example of these
items is, ‘‘Immunizing children is harmful and this fact is covered
up” (Cronbach’s a = 0.95). We measured science pessimism using
six items from the Science and Technology Beliefs Scale, which
has been validated by a work in progress. An example of these
items is, ‘‘Our leaders need to stop funding science research” (Cron-
bach’s a = 0.91). We adapted four items from prior research on



Table 2
Correlation/Covariance Matrix and Descriptive Statistics of the Measured Variables.

1 2 3 4 5 6 7 8 9

1. Vaccine conspiracy belief 1.24 0.71 �0.25 �0.14 �0.28 �0.64 �0.32 0.60 �0.80
2. Science pessimism 0.64 1.00 �0.40 �0.16 �0.32 �0.57 �0.28 0.44 �0.68
3. Media dependency �0.24 �0.42 0.92 0.32 0.35 0.44 0.16 �0.19 0.50
4. COVID-19 susceptibility �0.13 �0.17 0.34 0.94 0.43 0.34 0.08 0.02 0.32
5. COVID-19 severity �0.29 �0.37 0.42 0.51 0.74 0.42 0.19 �0.16 0.41
6. Vaccine efficacy �0.58 �0.57 0.47 0.36 0.49 0.99 0.31 �0.50 0.91
7. Self-efficacy �0.36 �0.35 0.21 0.10 0.28 0.39 0.65 �0.25 0.39
8. Vaccine risk 0.63 0.52 �0.23 0.03 �0.22 �0.58 �0.36 0.74 �0.61
9. Vaccination willingness �0.59 �0.56 0.43 0.27 0.39 0.75 0.39 �0.59 1.49
M 2.39 2.28 3.54 3.02 4.06 3.71 3.54 2.74 3.63
SD 1.11 1.00 0.96 0.97 0.86 0.99 0.80 0.86 1.22
t(215) �8.02 �10.61 8.26 0.35 ns 18.07 10.53 9.79 �4.41 7.55

Note. The diagonal (in bold typeface for ease of reference) shows variances. Numbers above the diagonal are covariances and numbers below the diagonal are correlations.
Correlations with magnitudes of 0.13 and larger are significant (p < .05, two-tailed). M = unadjusted mean. SD = standard deviation of the mean. t(215) is the one-sample t-
value with 215 degrees of freedom. The one-sample t-test compares mean scores against a test value of 3, which was the middle response option on the measurement items.
ns = not significant. All other t-values are significant at p < .001 (two-tailed).
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media dependency [21]. One study showed a positive relationship
between social media dependency and H1N1 vaccination intention
[32]. An example of these items is, ‘‘Information in the mainstream
media helps me find out about COVID-19” (Cronbach’s a = 0.90).
Finally, we measured perceived COVID-19 risk using seven items
from prior research [7]. Three items measured perceived suscept-
ibility, for example ‘‘I am at risk of getting the virus” (Cronbach’s
a = 0.81). Another four items measured perceived severity, for
example ‘‘The virus causes serious illness” (Cronbach’s a = 0.86).
2.4. Statistical analyses

We used multiple analysis of covariance (MANCOVA) in SPSS to
estimate treatment effects on the dependent variables, controlling
for vaccine conspiracy beliefs, science pessimism, media depen-
dency, and perceived COVID-19 risk. Consistent with secondary
risk theory, we modelled perceived COVID-19 risk as the condi-
tional main effect of perceived susceptibility plus the conditional
main effect of perceived severity plus the product term of per-
ceived susceptibility and severity [7]. The model had initially
included age, sex, education, political orientation, and estimated
time to vaccine availability as covariates, but their effects were
non-significant and we excluded them from the final analysis.
3. Results

3.1. Sample characteristics

The sample was 55% female and had a mean age of 45.67
(SD = 17.70). Participants identified their race as White (76%), Black
or African American (11%), American Indian or Alaskan Native
(<1%), Asian (9%), Native Hawaiian or Pacific Islander (1%), and
Other (2%). Most participants (96%) identified as non-Hispanic.
The median educational attainment was ‘‘Associate’s degree” and
the mode was ‘‘Bachelor’s degree.” Participants indicated their
political orientation as ‘‘extremely liberal” (6%), ‘‘very liberal”
(9%), ‘‘somewhat liberal” (17%), ‘‘neither liberal nor conservative”
(31%), ‘‘somewhat conservative” (17%), ‘‘very conservative” (12%),
and ‘‘extremely conservative” (9%). The median and mode were
both ‘‘Neither liberal nor conservative” and responses were nor-
mally distributed (M = 4.15, SD = 1.57). The normal distribution
suggests we had good coverage of the political spectrum, despite
not using quotas for political orientation.

We also asked participants roughly how long they think it will
be until an FDA-approved vaccine becomes available. Responses
were ‘‘One already exists” (1%), ‘‘One month or less” (1%), ‘‘More
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than one month and up to six months” (15%), ‘‘More than six
months and up to a year” (43%), ‘‘More than a year and up to
two years” (31%), ‘‘More than two years and up to three years”
(3%), ‘‘More than three years” (2%), and ‘‘Never” (4%).

3.2. Sample and cell means

We begin the main analysis with some descriptive statistics.
Table 3 shows marginal means, 95% confidence intervals of the
means, and standard deviations of the means for each treatment
group and the overall sample. It also shows one-sample t-tests
comparing mean scores against a value of 3, which was the middle
response option on the measurement items. Scores significantly
above 3 indicate agreement with the measurement items, while
those significantly below 3 indicate disagreement. Those t-tests
show participants consistently reported high levels of perceived
vaccine efficacy, self-efficacy, and vaccination willingness across
the treatments, and generally low perceived vaccine risk. The only
non-significant difference was for perceived vaccine risk in the
next-week condition. In that condition, participants were in
neither agreement nor disagreement about the likelihood and
severity of side effects.

3.3. Treatment effects

Next, we present the effects of the experimental treatment of
the four dependent variables—perceived vaccine efficacy, self-
efficacy, perceived vaccine risk, and vaccination willingness. These
analyses pertain to our stated predictions. The multivariate tests
for the treatment effect (p = .020, g2

p = .043) and covariate effects
(all p < .05) were significant. Below we report the univariate tests,
focusing on the treatment effects but also noting significant effects
of covariates. Table 4 contains the unstandardized parameter esti-
mates of pair-wise treatment effects and covariates. The parameter
estimates for the between-treatment comparisons (e.g., ‘‘Next week
vs. two years”) indicate the differences in mean scores between
groups. Fig. 1 shows cell means with 84% confidence intervals, which
allows for a visual comparison of mean differences roughly equiva-
lent to p = .05 [42]. Put another way, visibly non-overlapping confi-
dence intervals are significant at approximately p < .05.

First, perceived vaccine efficacy was different among the condi-
tions, F(2,207) = 4.84, p = .009, g2

p = .045. It was lower for the next-
week vaccine (M = 3.57, SD = 0.70) than the one-year vaccine
(M = 3.92, SD = 0.71; p = .003) and two-year vaccine (M = 3.80,
SD = 0.69; p = .041). This is consistent with our prediction. Further,
perceived vaccine efficacy was negatively related to vaccine conspi-
racy beliefs and science pessimism and positively related to media



Table 3
Marginal Means of Dependent Variables by Treatment.

Vaccine Efficacy Self-Efficacy Vaccine Risk Vaccination Willingness

Treatment n M [95% CI] SD t(n–1) M [95% CI] SD t(n–1) M [95% CI] SD t(n–1) M [95% CI] SD t(n–1)

Next week 74 3.57 [3.42, 3.73] 0.70 7.09 3.37 [3.20, 3.54] 0.75 4.23 2.86 [2.70, 3.01] 0.66 �1.86 ns 3.51 [3.30, 3.73] 0.94 4.71
One year 68 3.92 [3.75, 4.09] 0.71 10.71 3.43 [3.25, 3.62] 0.77 4.67 2.58 [2.41, 2.74] 0.67 �5.18 3.70 [3.48, 3.93] 0.95 6.10
Two years 74 3.80 [3.65, 3.96] 0.69 10.08 3.66 [3.49, 3.83] 0.74 7.63 2.68 [2.53, 2.83] 0.65 �4.26 3.70 [3.49, 3.91] 0.92 6.52
Overall 216 3.76 [3.66, 3.86] 0.75 14.90 3.49 [3.39, 3.60] 0.80 9.01 2.71 [2.61, 2.80] 0.71 �6.04 3.64 [3.50, 3.77] 0.99 9.46

Note. M = marginal mean controlling for covariates. SD = standard deviation of the mean. t(n–1) is the one-sample t-value with n-1 degrees of freedom. The one-sample t-test
compares mean scores against a test value of 3, which was the middle response option on the measurement items. ns = not significant. All other t-values are significant at
p < .001 (two-tailed).

Table 4
Parameter Estimates from MANCOVA.

Vaccine Efficacy
R2 = 0.561

Self-Efficacy
R2 = 0.218

Vaccine Risk
R2 = 0.468

Vaccination Willingness
R2 = 0.476

Predictor B SE p g2
p B SE p g2

p B SE p g2
p B SE p g2

p

Intercept 4.09 0.29 0.000 0.499 3.71 0.30 0.000 0.411 1.77 0.27 0.000 0.170 4.15 0.38 0.000 0.362
Next week vs. one year �0.35 0.11 0.003 0.043 �0.06 0.12 0.610 0.001 0.28 0.11 0.010 0.031 �0.19 0.15 0.212 0.008
Next week vs. two years �0.23 0.11 0.041 0.020 �0.29 0.12 0.018 0.027 0.18 0.11 0.092 0.014 �0.18 0.15 0.217 0.007
Vaccine conspiracy belief �0.32 0.05 0.000 0.142 �0.15 0.06 0.011 0.031 0.39 0.05 0.000 0.216 �0.43 0.07 0.000 0.143
Science pessimism �0.19 0.06 0.004 0.039 �0.10 0.07 0.152 0.010 0.15 0.06 0.016 0.028 �0.22 0.09 0.012 0.030
Media dependency 0.19 0.06 0.001 0.049 0.07 0.06 0.255 0.006 �0.05 0.05 0.330 0.005 0.25 0.08 0.001 0.049
COVID-19 susceptibility 0.15 0.06 0.006 0.036 �0.06 0.06 0.322 0.005 0.14 0.05 0.009 0.033 0.10 0.07 0.170 0.009
COVID-19 severity 0.12 0.06 0.056 0.017 0.19 0.07 0.006 0.036 �0.06 0.06 0.621 0.001 0.10 0.08 0.220 0.007
Susceptibility � severity �0.10 0.04 0.016 0.028 0.92 0.05 0.038 0.021 0.07 0.04 0.075 0.015 �0.02 0.06 0.742 0.001

Note. The treatment is coded in two dummy variables with the next-week option as the reference category. R2 = explained variance. B = unstandardized parameter estimates.
SE = standard error of the parameter estimate. p = two-tailed p-value. g2

p = effect size, partial eta squared.

Fig. 1. Marginal means of dependent variables showing treatment effects on
perceived vaccine efficacy (black bars), self-efficacy (hashed bars), and perceived
vaccine risk (dotted bars). All variables were on a scale of 1 to 5, where higher
scores indicated higher levels of the measured concepts. Error bars show 84%
confidence intervals for visual comparisons of mean differences at approximately
p = .05.
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dependency and perceived COVID-19 susceptibility. Also, the inter-
action of perceived COVID-19 susceptibility and severity was signif-
icant and negative. This interaction is not a key finding, but some
readers may find it interesting, so we have included the Johnson-
Neyman plot in the supplementary material (Figure S1).

Second, self-efficacy was different among the conditions, F
(2,207) = 3.11, p = .047, g2

p = .029. It was lower for the next-week
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vaccine (M = 3.37, SD = 0.75) than the two-year vaccine (M = 3.66,
SD = 0.74; p = .018), but not lower than the one-year vaccine
(M = 3.43, SD = 0.77; p = .610). This is partly consistent with our pre-
diction. Further, self-efficacy was negatively related to vaccine con-
spiracy beliefs and positively related to COVID-19 severity. Also, the
interaction of perceived COVID-19 susceptibility and severity was
significant and positive. Like the previous interaction, this not a
key finding, but we have included the Johnson-Neyman plot in the
supplementary material (Figure S2).

Third, perceived vaccine risk was different among the condi-
tions, F(2,207) = 3.47, p = .033, g2

p = .032. It was higher for the
next-week vaccine (M = 2.86, SD = 0.66) than the one-year vaccine
(M = 2.58, SD = 0.67; p = .010), but not than the two-year vaccine
(M = 2.68, SD = 0.65; p = .092). This is partly consistent with our pre-
diction. Further, perceived vaccine risk was positively related to vac-
cine conspiracy beliefs, science pessimism, and perceived COVID-19
susceptibility.

Fourth, vaccination willingness did not differ among the next-
week vaccine (M = 3.51, SD = 0.94), one-year vaccine (M = 3.70,
SD = 0.95), and two-year vaccine (M = 3.70, SD = 0.92), F
(2,207) = 1.04, p = .35. This is inconsistent with our prediction.
Finally, vaccination willingness was negatively related to vaccine
conspiracy beliefs and science pessimism and positively related
to media dependency.
3.4. Post hoc analyses of age, sex, and political orientation

It is worth addressing the null findings regarding age, sex, edu-
cation, and political orientation. None of them was a significant
predictor of any dependent measure, which seems to diverge from
prior research. The null findings may be due to the presence of cov-
ariates, which we can assess by conducting bivariate analyses, first
with the dependent variables. Age was positively correlated with
response efficacy (r = 0.18, p = .007) and vaccination willingness
(r = 0.17, p = .012), and vaccination willingness was higher for
males (M = 3.88, SD = 1.20) than for females (M = 3.42,
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SD = 1.20), F(1,214) = 11.51, p = .005. Those findings regarding age
are consistent with Murphy et al. [38], who found vaccine hesi-
tancy was higher among younger individuals and females. Among
the dependent measures, education correlated only with self-
efficacy (r = 0.15, p = .023). Political orientation had significant cor-
relations with response efficacy (r = �0.19, p = .005) and vaccina-
tion willingness (r = �0.18, p = .007). Those correlations suggest
the more conservative people are, the less effective they think a
vaccine will be and the less willing they are to take it, which is con-
sistent with Fridman et al. [12]. Next, we examined bivariate cor-
relations with other covariates. The first analysis showed age was
negatively related to vaccine conspiracy beliefs (r = �0.25,
p < .001) and science pessimism (r = �0.16, p = .017), suggesting
younger people are more likely to hold conspiracy beliefs and be
pessimistic about science. Similarly, education was negatively
related to vaccine conspiracy beliefs (r = �0.18, p = .005) and
science pessimism (r = �0.19, p = .005), which is intuitive. Finally,
political orientation also had significant correlations with science
pessimism (r = 0.26, p < .001) and media dependency (r = �0.27,
p < .001), suggesting the more conservative people are, the more
pessimistic they are about science and the less they depend on
media for information about COVID-19. Our full model controlled
for vaccine conspiracy beliefs, science pessimism, and media
dependency, which may explain why the effects of age, education,
and political orientation on the dependent variables were non-
significant.
4. Discussion

This discussion highlights five results. First, perceived COVID-19
risk was related to both perceived vaccine efficacy and self-
efficacy. Although this is not a tenet of secondary risk theory, it
is partly consistent with the extended parallel process model
[58], a closely related framework. That model suggests fearful
responses to perceived health threats can inhibit efficacy beliefs,
reducing both the perceived effectiveness of a risk response action
and the self-efficacy to perform it. This is called fear control. In con-
trast, when individuals have low or moderate levels of fear, they
are more likely engage in activities aimed at reducing the threat
directly, which is called danger control. Lithopoulos et al. [33] used
this model to understand physical distancing in the context of
COVID-19. They found individuals who perceived high threat and
coping ability exhibited lower fear control and were more likely
to practice physical distancing. In line with these and other find-
ings, scholars often recommend that risk communicators avoid
strong fear appeals and emphasize the effectiveness and ease of
performing the recommended behaviour. Yet, it may be necessary
to use targeted fear appeals to reach groups of people who under-
estimate their susceptibility to COVID-19 [5]. An important addi-
tion in contexts like COVID-19 is to highlight the safety of the
recommended behaviour [40,46]. This can allay concerns about
secondary risks, which might otherwise be an extra source of fear.
On that point, Wentzell and Racila [56] interviewed participants in
the Pfizer-BioNTech clinical trial, who described their efforts to
normalize vaccination by sharing their experiences, particularly
with respect to the mildness or absence of side-effects. This high-
lights a special role of interpersonal communication about the
COVID-19 vaccine that the current attention to media dependency
fails to capture.

Second, there is an intuitive conflict between rapid vaccine
development and ensuring safety [24]. Some recent qualitative
findings attest to that idea and provide some triangulation of the
current findings. Momplaisir et al. [36] conducted focus groups
with Black Americans to understand their thoughts about the
COVID-19 vaccine. Discussants expressed concerns about the
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speed of development, citing the usual multi-year timeline of vac-
cine trials. They were specifically concerned about potential side
effects and too little testing. Latkin et al. [29] reported data from
a survey about trust in the vaccine. Those who expressed distrust
answered an open-ended question to explain their distrust. The
most common theme, which appeared in nearly one-third of the
comments, was concern over the vaccine being too new. Even
Canadians expressed concerns over the rapid pace of vaccine
development in the U.S., which Benham et al. [3] reported from
focus groups with Alberta residents. One discussant expressed con-
cern about how ‘‘the US is sidestepping their normal routines and
their normal safety reviews to push through a new vaccine.” Those
qualitative findings are consistent with the current quantitative
findings that participants reported relatively low vaccine efficacy
and high perceived risk for the next-week vaccine.

Third, despite the significant treatment effects, perceived vac-
cine efficacy and self-efficacy were generally high and perceived
vaccine risk was generally low. This means the quickness of produ-
cing a vaccine did not incline participants away from the vaccine,
but rather lessened their inclination toward it. Participants had
an overall favourable impression of the vaccine, even for the
next-week option. It is worth noting most participants (83%)
expected a vaccine to become available after at least six months,
and nearly all (98%) expected at least a one-month wait. This sug-
gests the one-week option represented a sooner-than-expected
vaccine to nearly all participants. Even so, the participants
expressed a willingness to take the vaccine and encourage others
to take it. This suggests that for many Americans, rapid vaccine
development alone has not been a deterrent to them getting vacci-
nated. But that may apply only to individuals who had always
planned to receive the vaccine.

Fourth, of all the model predictors, vaccine conspiracy beliefs
had the largest effect on perceived vaccine efficacy, perceived vac-
cine risk, and vaccination willingness. This is consistent with other
research using vaccine conspiracy beliefs to explain vaccination
willingness and hesitancy [25,47,48]. Such beliefs may largely
define the thoughts of individuals who will outright reject a vac-
cine regardless of the speed of development. Addressing those
beliefs will likely require more than effective communication and
may need to bolster public engagement and scientific literacy.
However, recommending a specific strategy is beyond the scope
of this article.

Fifth, media dependency was positively related to perceived
vaccine efficacy and vaccination willingness, suggesting the main-
stream media can be an effective communication channel to allay
concerns about the vaccine and encourage uptake. However, that
effectiveness may be hampered by newspapers and network news
contributing to political polarization in their framing of COVID-19
severity [18,37]. It is unclear if this polarization extends to cover-
age of the vaccine, but there is evidence that ‘‘balanced” reporting
on vaccine risks and benefits can lead the public to perceive dis-
cord in the scientific community about vaccine safety [8]. And even
if the mainstream media use consistent framing in their COVID-19
vaccine coverage, the effects on public vaccine hesitancy might not
follow suit for a couple reasons. On the one hand, public under-
standing of scientific issues is not related to the use of any one type
of media, but rather to the variety of sources people use [26]. On
the other hand, regardless of the messaging appearing in the main-
stream media, there will still be groups of people who distrust it
[31]. Related, our post hoc analysis suggested more conservative
individuals use the mainstream media less for information about
COVID-19. Those same people may cluster, instead, around social
media messages promoting vaccine conspiracy beliefs and hesi-
tancy [1,23] and form echo chambers that actively undermine com-
peting viewpoints [41,43]. Earlier we called for bolstering scientific
literacy in public. In the same vein, there is a need to bolster media
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literacy in public [35], which can be an effective tool to reduce
selective exposure to media messages [55]. This is pertinent in
the context of social media, where viewpoints both consistent
and inconsistent with scientific consensus are unfiltered by the
gatekeepers of traditional media [45]. It is true the media are an
important source of risk-related information the public can use
to make decisions about advocated risk response actions. But the
media are useful only insofar as the public has media literacy skills
to search, access, and interpret that information.

This study has three notable limitations. First, the vaccines were
hypothetical, and participants may have had different reactions
when the first vaccine was approved. This limits external validity
and is an inherent limitation when predicting how individuals will
respond to a future scenario. Second, although our manipulations
established timelines for vaccine development, our measure of
vaccination willingness did not stipulate immediate vaccination.
Loomba et al. [34] found individuals had lower vaccine hesitancy
if they intended to wait for others to take the vaccine first. We have
no way of knowing if such intentions affected our results. Third,
despite efforts to capture a representative slice of the public, the
small and non-random online sample means the results are not
generalizable to the American public and further limits external
validity. In particular, Hatch et al. [19] raised concern about selec-
tion bias when using online samples in epidemiological research
but failed to find evidence of such bias. Admittedly, the current
study is not epidemiological, bearing more resemblance to public
opinion research. Public opinion researchers have concluded that
online survey panels are problematic if researchers need precise
estimates of the relationships between variables in a population
and the sample deviates from the population on key variables
[20]. The observed distribution of political orientation lends cre-
dence to the assumption that the current sample is representative
of the population with respect to political views, which prior
research has linked to vaccine conspiracy beliefs [11]. Despite that
sliver of confidence, there is a need to replicate current findings
using other samples and in other countries.
5. Conclusions

Although the speed of developing the COVID-19 vaccine was
unprecedented, it did not mean compromising on efficacy and
safety, a point that came up several times in the July 2020 hearing
by the United States House Committee on Energy and Commerce
[54]. Despite those assurances, it remained unclear how the public
would react when the first vaccine became available. As of writing,
the U.S. Centers for Disease Control and Prevention [51] report
nearly 80% of people in the United States aged 12 and above have
received at least one dose of the vaccine, which suggests a high
degree of willingness among the public. At the same time, pockets
of hesitancy remain [57]. That hesitancy is related to lingering con-
cerns about efficacy and safety, which may stem from beliefs that
vaccine development was too rapid. As vaccine efficacy and safety
data continue to emerge, some of those concerns will allay. Along
the way, it is important for governments and scientists to use the
mainstream media to communicate transparently about vaccine
development and undertake efforts to minimize vaccine conspi-
racy beliefs.
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