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Critical to limiting the spread of Coronavirus disease 2019 (COVID-19) and future pandemics is compliance
with behavioral recommendations such as mask wearing and social distancing. Compliance may depend
upon understanding the seriousness of the health consequences and the likelihood they will occur. However,
the statistics that speak to these issues in an ongoing pandemic are complex and may be misunderstood. An
online experiment with a U.S. sample tested the impact on perceived likelihood, trust, concern, behavioral
intentions, and agreement with government response of numeric (mortality/infection percentage by age
group) and gist expressions (which age group was smaller [mortality] or roughly equivalent [infected]).
While the differences in risk perception and willingness to engage in activities between younger and older
participants were small, “gist infection and mortality” increased willingness to wear a mask among younger
participants. Government restrictions (e.g., social distancing) impacted willingness to engage is risk-
reduction and risk-seeking activities. The biggest differences were due to political ideology. Although
conservatives perceived similar levels of risk as did liberals, they were much less willing to engage in
protective behaviors and support government policies. However, conservatives were affected by some risk
communication formats and restrictions suggesting that future work should be aimed at this issue.

Public Significance Statement
Peoples’ risk perception may be influenced by messaging that focuses on single outcomes (more elderly
among deaths) intended to protect the most vulnerable. Younger people may think they are also less
likely to become infected. However, messages including both mortality and infection statistics can
overcome this bias. Results also suggest that although there are large differences due to political
ideology, government restrictions encourage appropriate protective behavior across the political
spectrum.
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SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2),
which causes Coronavirus disease 2019 (COVID-19), had a devastat-
ing impact on global public health. Since being declared a pandemic in
March of 2020, there have been over 170 million confirmed cases of
COVID-19 and over 3.5 million deaths worldwide (Johns Hopkins
University andMedicine Coronavirus Resource Center, 2021). Experts

agreed from the outset that limiting the spread of the disease requires
substantial changes to everyday behavior by individuals (World Health
Organization, 2020), perhaps the most challenging of which involve
limiting social contact. Governments in the United States and abroad
issued recommendations andmandates to accomplish that goal ranging
from “social distancing,” “stay at home” to “shelter in place,” and
eventually the wearing of face masks in public. However, compliance
with such recommendations varied (Barari et al., 2020; Cohen et al.,
2020; Park et al., 2020; Roy-Chowdhury et al., 2020) and began to
wane in many locations as the time people were asked to sustain those
behavioral adjustments lengthened (Sblendorio, 2020). Although there
are clearly many factors that contribute to the lack of compliance, at
least part of the issuemay have been people’s understanding of the risk,
both in terms of the seriousness of the potential health consequences as
well as the likelihood that they would occur.

Indeed, many theories addressing willingness to engage in
protective behaviors (Janz & Becker, 1984; Lindell & Perry,
2012), such as Protection Motivation Theory (Rogers &
Prentice-Dunn, 1997), emphasize the importance of the decision
makers’ understanding of both the severity and likelihood of the
threat as well as other factors such as the efficacy of the
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recommended preventive behavior and trust in the information
source. In fact, evidence suggests that such factors predict inten-
tions to protect against COVID-19 (Al-Rasheed, 2020; Bruin de
Bruin & Bennett, 2020) as well as swine flu, which requires similar
measures (Rubin et al., 2009).
Therefore, risk communication may be successful to the degree

that it addresses these factors. Here, we focus on the communication
of the likelihood of the threat. Indeed, our own previous research in
the domain of weather has shown that people are aware of the
inherent uncertainty in predictions of adverse events (Savelli &
Joslyn, 2013), understand fairly complex expressions of uncertainty
such as numeric percent chance (e.g., 30% chance; Joslyn &
LeClerc, 2012) and have greater trust in predictions that include
such expressions (Joslyn & LeClerc, 2013). There is also evidence
that people are more willing to comply with recommendations to
protect themselves if the uncertainty of the outcome is acknowl-
edged (LeClerc & Joslyn, 2015). Therefore, similar principles may
be operating in the context of COVID-19. People may understand
that if they attend a holiday gathering with family, it is not certain
that they will contract or spread COVID-19. Thus, acknowledging
the uncertainty may increase trust in COVID-19 messaging and by
extension, willingness to comply with protective recommendations.

Communicating COVID-19 Risk

However, estimating and then communicating the risk of acquir-
ing the COVID-19 virus is more complex than is estimating the risk
of noncommunicable diseases with which members of the public
may be more familiar. For example, one’s risk of developing
cardiovascular disease is primarily driven by individual-level fac-
tors, such as one’s age, smoking history, weight/height, blood
pressure, and cholesterol level (Kannel et al., 1976). In contrast,
the risk of acquiring a communicable (infectious) disease depends
on multiple dynamic factors that extend beyond the individual who
is at risk of acquiring the infection. First, to become infected, one
must be exposed to another individual who is infected with COVID-
19. People who live in areas with a higher prevalence may be more
likely to come in contact with an infected individual. Prevalence,
which is an important measure of the frequency of a disease, is
defined as the number of cases divided by the size of the population
at a specified time. Random sampling and testing of large portions of
the community are needed to accurately estimate prevalence
(Menachemi et al., 2020); however, this type of data has been
scarce. To date, percent positive rates (i.e., the percentage of
SARS-CoV-2 tests performed that are positive) have been a com-
monmeasure of the frequency of cases of COVID-19. However, this
measure is prone to a selection bias, as individuals who have
concerning symptoms or have had a known exposure may have
been more likely to get tested than others. In addition, early in the
pandemic when this study was conducted, nationwide positivity
rates were unavailable in the United States. Second, even if accurate
prevalence estimates were available, the probability of coming in
contact with an infected individual also depends on behavior, that is,
how likely the infected and noninfected individuals are to stay home
and avoid public gatherings. This is further complicated by the fact
that some infected individuals may be asymptomatic and not realize
they should stay home. Finally, if an uninfected individual is indeed
exposed to an infected individual, the risk of transmission occurring
depends upon multiple factors. While there is general consensus that

greater distance relative to the infected individual, being outdoors
(compared to being indoors), and mask wearing by the infected
individual and/or the person at risk all reduce the risk of transmis-
sion, it is at present not possible to quantify the absolute or relative
risk associated with any of these factors. Thus, estimating the risk of
contracting COVID-19 with available data in an ongoing pandemic
is a complex and imperfect process at best. In contrast, estimating
the likelihood of dying once you contract COVID-19 is simpler, as it
can be informed by one metric known as a case-fatality rate (i.e., the
number of fatal cases divided by the number of total cases identi-
fied). In addition, there is evidence that characteristics such as being
older or having underlying medical conditions make some indivi-
duals more likely to suffer severe symptoms or die from COVID-19
(Onder et al., 2020). On the other hand, as far as we know, prior to
the vaccine rollout, it was behavior alone that impacted the likeli-
hood of contracting the disease (Bi et al., 2020; Koma et al., 2020;
Verity et al., 2020; Wu & McGoogan, 2020) rather than character-
istics such as age (e.g., Jones et al., 2020). Thus, the information
that speaks to health risk in the context of infectious diseases such as
COVID-19 is complex in both how it is expressed and how it relates
to the likelihood of specific outcomes. For these reasons, it may be
particularly difficult for people to understand.

Research Project

Risk Perception

In the research reported here, one of the major goals was to
determine how risk messaging, based on the statistics available in
the midst of the pandemic, impacted peoples’ perception of the
likelihood of contracting or dying from COVID-19. Indeed, perhaps
one of the most well-known statistics pertaining to these issues was
that more older than younger people become seriously ill and die
from COVID-19 (Center for Disease Control and Prevention
[CDC], 2020, COVID-19 Data Tracker). For instance, as of Decem-
ber 2020, according to the CDC website approximately 95% of the
deaths due to COVID-19 were among those 50 years of age or older.
Obviously, this does not mean that older people have a 95% chance
of dying if they contract COVID-19. That likelihood, closer to 8% at
the time, was estimated from the proportion of people who had died,
among older people who had tested positive for COVID-19, the
case-fatality rate. These two proportions (95%, 8%) are based on
different reference classes, that is, the class of events or objects to
which the percentage refers. People may not notice the difference in
reference class, mistaking the proportion of older people who died
among all COVID-19 deaths for the proportion of older people who
died among older people who tested positive for COVID-19. This
confusion could arise for a number of reasons. Because both
numbers are percentages and due to this shared feature, one might
be mistaken for the other, because users are expecting to hear about
the latter, more relevant proportion, and/or because people are prone
to reference class errors (Joslyn et al., 2009; Reyna & Brainerd,
2008). In other words, people may interpret messages describing
proportions of deaths to mean that their likelihood of dying if they
contract COVID-19 is much higher than it actually is. This inter-
pretation could, in turn, decrease trust, if it is subsequently identified
as an exaggeration (Rubin et al., 2009).

The prominence of risk messaging emphasizing the proportion of
older people among deaths could give rise to misinterpretations
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among younger people as well. Younger people may think that if
they are less likely to suffer serious consequences of COVID-19,
they are also less likely to contract and spread the disease. In fact, at
the time that this study was conducted, approximately equal propor-
tions of those testing positive were older and younger. Nonetheless,
younger people may be tempted to think that if the severity of the
event is low for them, so is the likelihood. Indeed, people have a
tendency to conflate severity and likelihood, known as the severity
bias (Bonnefon & Villejoubert, 2006; Harris et al., 2009). For
instance, there is evidence that people systematically interpret lower
probabilities for neutral than for more severe outcomes (Weber &
Hilton, 1990). If this principle is operating in the context of COVID-
19, then younger people may think that the likelihoods of getting
and spreading the disease are low for them because the severity is
low. This could, in turn, reduce willingness to comply with protec-
tive recommendations among younger people, as had been seen in
some early studies (e.g., Barari et al., 2020; Cohen et al., 2020;
Park et al., 2020; Roy-Chowdhury et al., 2020).
Thus, because the statistics that speak to the likelihood of

contracting and dying of COVID-19 are complex, both in their
expression as well as their relationship to the actual likelihood,
people may take reasoning shortcuts when processing this informa-
tion. Either of the assumptions described above, that proportions of
an age group among deaths indicate the likelihood of death or that
likelihood and severity are associated, may be due to common
mental shortcuts (Kahneman, 2003). As such, they may not be open
to conscious awareness. Many cognitive and behavioral scientists
believe that there are at least two major kinds of human reasoning
(Kahneman, 2011; Kahneman & Frederick, 2002), referred to as
dual processes or dual systems accounts (Carruthers, 2009; see
Keren, 2013; Keren & Schul, 2009; Kruglanski & Gigerenzer, 2011,
for alternative interpretations). One is fast, automatic, largely
unconscious, and based on associative processes such as pattern
matching (System 1). The other, System 2 is slow, deliberate, and
open to conscious awareness. Although System 2 supports logical
step-by-step reasoning, overall capacity is severely limited because
it depends on working memory, roughly synonymous with con-
sciousness. Therefore, when people encounter new information that
is complex, simplifications are inevitable. Thus, System 1 simplify-
ing assumptions may be applied to the available COVID-19 risk
information, leading some people to think that the risk they face is
greater than it is, and others to think that it is less. One of the main
goals of the research presented here was to determine the impact of
risk messages on users’ understanding of the risk they face. There-
fore, we manipulated several factors of risk messaging based on the
available early-stage pandemic data. We provided participants with
information about COVID-19 infections and mortality to determine
whether severity-likelihood biases would be observed. If so, we
would expect to see the following:

Hypothesis 1a: Younger people will perceive a lower likelihood
of infection with mortality than with infection statistics.

Hypothesis 1b: Younger people will perceive a higher likeli-
hood of dying with infection than mortality statistics.

Hypothesis 1c: Older people will perceive a higher likelihood of
infection with mortality than infection statistics.

Hypothesis 1 d: Older people will perceive a lower likelihood
of dying with infection than mortality statistics.

If such biases are observed, one way to overcome them may be to
present both of these statistics together so that people can see the contrast.

Question 1e: Will presenting mortality and infection statistics
together lead to fewer biases (1a–d) than when they are presented
singly?

In order to address the reference class confusion (e.g., mistaking
the proportion of older people among COVID-19 deaths for deaths
among older people infected with COVID-19), we included case-
fatality rates which describe the percent of those infected who died.

Hypothesis 2: People will perceive a more accurate (lower)
likelihood of dying if they contract COVID-19 when receiving
case-fatality rates compared to when given no information at all
or statistics describing proportions of age groups among deaths.

Another way to overcome potential biases may be to present age
group comparisons excluding precise numeric percentages that
might imply that they are likelihood estimates (see gist message
in Table 1). Indeed, there is now strong evidence that reducing
information to the meaningful essence (the gist) is preferred in
complex reasoning and problem-solving tasks and is independent of
working memory (Brainerd & Reyna, 2015). There is also evidence
that reducing information to the most relevant components improves
decisions (Peters et al., 2007). Moreover, this strategy has been
applied successfully in the health domain (Blalock & Reyna, 2016;
Reyna, 2012). Therefore, the gist format may be more compatible
with peoples’ natural tendency to condense complex statistics to
representations indicating simply which is more or less (Reyna &
Brainerd, 2008). This may in turn reduce processing load and allow
reasoners to better appreciate the outcome targeted and the reference
class. For these reasons, we also manipulated whether participants
received a gist or numeric format. Some participants received
messages that included a numeric expression (e.g., 6.3%) and others
a simplified format that described only which group was larger.

Question 3: Will gist expressions lead to fewer biases?

However, the vagueness of gist expressions may lead to a reduc-
tion in trust because they may be seen as less useful. Indeed, there is
some evidence that people prefer to receive numeric likelihood
estimates rather than categorical terms (Olson & Budescu, 1997).

Hypothesis 4: People will trust numeric estimates more than gist
estimates.

Concern and Behavior

Misperceptions of risk, due to some forms of messaging could in
turn, affect the degree of concern and subsequent behavior. Partic-
ularly worrisome is the possibility that younger people, thinking that
they are less likely to become infected or spread COVID-19 may
also be less inclined to engage in protective behavior, comply with
government restrictions, andmore inclined to take risks (Cammett &
Lieberman, 2020). Thus, the second major goal of the research
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reported below was to test the impact of risk messaging on concern,
willingness to engage in various activities and support for govern-
ment policies regarding such restrictions. Therefore, we asked
participants to rate their willingness to engage in various behaviors
and comply with government policies to determine the impact of
messaging on these responses as well.

Question 5: Will some forms of messaging increase concern,
willingness to engage in protective behavior, support for govern-
ment policies, and decreasewillingness to engage in risky behavior?

Political Ideology

Finally, it was becoming increasingly clear at the time that this
study was conducted that concern about COVID-19 (Brownstein,
2020; Chang, 2020; Rosenfeld, 2020) as well as attitudes toward
protective behaviors (Allcott et al., 2020; Cakanlar et al., 2020;
Rosenfeld, 2020) may differ due to political ideology. Indeed, there
is growing evidence that decisions to protect oneself in situations
like this (e.g., vaccination) are associated with sociopolitical char-
acteristics. In many cases, conservatives have been less willing to
take such measures than have liberals (Baumgaertner et al., 2018;
Hamilton et al., 2015). Moreover, recent research suggests that
conservatives have been less willing than liberals and moderates
to engage in recommended protective behaviors in response to
COVID-19 such as social distancing and restricting travel
(van Holm et al., 2020). This may be related to a greater distrust
in science among conservatives which has changed over time. A
study of trust in science among members of the public from 1974 to
2010 (Gauchat, 2012) revealed that conservatives began the period
with the highest trust in science, relative to liberals and moderates,
and ended it with the lowest. Therefore, we collected information on
political ideology to determine the impact on risk perception and
behavior, and to determine whether there were any differences in the
impact of messaging related to this factor.

Question 6: Will conservatives perceive less risk, have less
concern about COVID 19 and be less willing to take protective
action and support government restrictions than will liberals?

Thus, in the experiment reported here, participants received
messages in various formats (see Table 1), to determine the impact
on risk perception, concern, willingness to engage in various
activities, and support for government policies. In addition, we
examined differences in these variables due to age as well as
political ideology.

Experiment

To reiterate, at the time that the experiment was conducted (May
19–30, 2020), the data on COVID-19 in the United States were
incomplete making it difficult for individuals to assess their risk of
becoming infected with or dying from the disease. Nonetheless, it
was clear by this time that in terms of mortality, the percentage of
older individuals dying from COVID-19 was greater than that of
younger individuals, a fact that had been widely publicized in an
attempt to protect the elderly. However, this strategy may have had
unintended consequences. The primary goal for this study was to
determine whether this was the case as well as how available risk
expressions impacted key variables. To answer these questions, we
conducted an online survey experiment with a United States sample.

Method

Participants

Participants were 2,664 Amazon Mechanical Turk (MTurk)
workers. MTurk is a data-collection domain administered by Ama-
zon. Participants were accepted for this experiment if they met the
following requirements: (a) overall approval rate of 95% or higher,
(b) at least 100 approvals, (c) resided in the U.S., and (d) had not

T
hi
s
do
cu
m
en
t
is
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

P
sy
ch
ol
og
ic
al

A
ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le

is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al

us
e
of

th
e
in
di
vi
du
al

us
er

an
d
is
no
t
to

be
di
ss
em

in
at
ed

br
oa
dl
y.

Table 1
Risk Message Formats

Format condition Numeric message Gist message

No information (control)
Infected Among all those who tested positive for COVID-19, the

percentage who were in each age group
0–49 years of age 46.5%
50–80+ years of age 53.5%

Among all those who tested positive for COVID-19, the
percentage of people younger than 50 years of age is
approximately equal to the percentage of people
50 years of age or older.

Mortality Among all those who died of COVID-19, the percentage who
were in each age group

0–49 years of age 6.3%
50–80+ years of age 93.7%

Among all those who died of COVID-19, the percentage
of people younger than 50 years of age is much smaller
than the percentage of people 50 years of age or older.

Infected + Mortality
(both)

Among all those who tested positive for COVID-19, the
percentage who were in each age group

0–49 years of age 46.5%
50–80+ years of age 53.5%
Among all those who died of COVID-19, the percentage who
were in each age group

0–49 years of age 6.3%
50–80+ years of age 93.7%

Among all those who tested positive for COVID-19, the
percentage of people younger than 50 years of age is
approximately equal to the percentage of people
50 years of age or older.

Among all those who died of COVID-19, the percentage
of people younger than 50 years of age is much smaller
than the percentage of people 50 years of age or older.

Case fatality rate Among those who tested positive for COVID-19 in each age
group, the percentage who died in each age group.

0–49 years of age0.3%
50–80+ years of age 4.0%

—

Note. The seven risk messages and no-information condition, referred to as Format Conditions. COVID-19 = Coronavirus disease 2019.
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completed a pilot survey. They were paid $3.50 for their participa-
tion. Prior to conducting the analyses, 73 participants, who were
identified as nonhuman “bots,” by a Qualtrics ReCAPTCHA1 scores
less than 0.7, were excluded. Another 108 participants failed the
attention check (described in the Method section below) leaving
2,483 participants. Of these, 45% were female, 51% identified as
liberal, 17% identified as moderates, and 32% identified as con-
servatives. The mean age was 39 and 22% were over 50 years
of age.

Stimuli

Risk messaging was based on one of the most complete data sets
available at the time this experiment was conducted, from China
where the pandemic was abating (Wu et al., 2020), describing the
number of positive cases and deaths.2 This data set does not include
the number of tests administered. Table 1 shows the seven messages
created. “Infected”messages described the percentage of those older
and younger than 50 years of age, among all those who had tested
positive for COVID-19. “Mortality” messages described the per-
centage of all those who died of COVID-19, who were older and
younger than 50 years of age. Fifty years of age was chosen as the
dividing point to maximize the number of participants in the MTurk
sample who would fall into the older category, while still observing
a stark difference in proportions of deaths in the data. Here, we
tested numeric expressions that described the percentage in each age
group and gist messages that simply indicated which group was
smaller (mortality) or that they were roughly equivalent (infected).
In both conditions, we tested either a single outcome (mortality or
infected) or both (mortality + infected) to determine whether single
estimates led to oversimplifying assumptions (e.g., smaller rates of
infection for younger individuals with mortality). Finally, we tested
the case-fatality rate, which speaks more directly to one’s risk of
dying from COVID-19. It describes the percent who died among
those in each age group who tested positive. There was also a “no-
information” control condition to assess participant’s preexperi-
mental understanding of these risks.

Procedure

Participants were recruited from MTurk between May 19 and
May 31, 2020. After providing informed consent, participants
received one of the seven risk messages in Table 1 or no information
in the control condition. Messages were preceded by the following
phrase, which explained where the data were obtained: “The
information below is based on one of the most complete
COVID-19 data sets currently available (Wu et al., 2020). Consid-
ering this information, please answer the questions below.” Imme-
diately following the message (or no information in the control
condition) were three questions asking participants to rate their
perception of the likelihood of becoming infected with COVID-19,
infecting others, and of dying from the disease (Table 2), by moving
a marker on a Visual Analog Scale (VAS) anchored on the left with
“impossible” and on the right with “certain.” Then participants rated
how concerned they were about COVID-19 and, in the experimental
conditions, how much they trusted the information provided in the
messages, both with VAS scales anchored on the left by “not at all”
and on the right by “completely.”

Next participants were asked what activities they would be
willing to engage in and their opinions about the government
response. In an attempt to neutralize the impact of existing and
variable restrictions in different regions across the United States
where participants resided, we asked them to imagine that they were
under one of three recommendations, “stay at home,” “social
distance,” or “restriction lifted.”3 One of these three phrases ap-
peared on the top of the next screen. Then, in order to determine
whether restrictions or the messaging, reshown on the top of the
screen, affected behavioral intentions, participants rated their will-
ingness to engage in each of 52 activities4 (see Appendices A and B)
by moving a marker on a VAS anchored on the left by “Not at all
willing” and on the right by “Very willing.” Nine of these activities
were risk reducing (Appendix A: Q6.1–Q6.9) such as wearing a
mask indoors. The rest were risk seeking, such as attending a party.
The order in which the activities were presented was randomized for
each participant.5 On the next screen, the risk message was reshown
(or none in the no-information condition) and another set of risk
perception questions was asked (Table 2, items 4–6), using the
identical VAS response mode as those above. These involved risks
(e.g., being hospitalized) that were not directly related to our
hypotheses but may, nonetheless, have been affected by our mes-
saging. Then, in order to determine whether any of the messaging
impacted participant’s opinions of government response to COVID-
19, they were asked to rate their degree of agreement with a series of
statements (see Table 3) on a VAS anchored on the left with
“Disagree Completely” and on the right by “Agree Completely.”T
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Table 2
Risk Perception Rating Questions

Questions

1. How likely do you think it is that you would become infected with
COVID-19?

2. If you become infected with COVID-19, how likely do you think it is that
you would infect someone else with COVID-19?

3. If you become infected with COVID-19, how likely do you think it is that
you would die from COVID-19?

4. If you become infected with COVID-19, how likely do you think it is that
you would have no symptoms?

5. If you become infected with COVID-19, how likely do you think it is that
you would return to your previous state of health?

6. If you become infected with COVID-19, how likely do you think it is that
you would be hospitalized?

Note. COVID-19 = Coronavirus disease 2019.

1 An algorithm-generated score based on Google’s ReCAPTCHA tech-
nology provided by Qualtrics to identify automated scripts.

2 According to a CDC data set published after the completion of this
experiment, at this time in the U.S. approximately 52% of cases and 5% of
death were among those under 50 years old, aligning roughly with our
messaging. However, these data were not available until later.

3 We did not attempt to categorize by existing real-world restrictions in
order to ensure approximately equal group sizes in each message condition,
and representation of subject variables (e.g., age, political ideology) at each
level. We did not show these earlier because we thought their primary impact
would be on activities and policies.

4 The majority of these were pretested in a pilot study (see Appendix B) to
determine their perceived riskiness.

5 At the bottom of this screen, participants could provide comments for the
researcher to determine whether there were issues that we might have
overlooked, however, none were detected.
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Participants were also asked several demographic questions
including age, gender, and political ideology (see Appendix A).
The study ended with the following attention check question: “We
just want to make sure you are paying attention. This study is about
COVID-19, but we want you to choose Ebola for this question.
Options: COVID-19, Cancer, Ebola, Diabetes.” The survey
included several other questions that address issues that will be
reported in a separate paper. After answering all questions, on the
final page of the study a unique randomly generated survey code was
issued that allowed participants to receive payment.

Design

The experiment employed an eight (message format: numeric-
infected, numeric-mortality, numeric-both, gist-infected, gist-mortality,
gist-both, case fatality, no-information) by three (restriction wording:
stay at home, social distancing, restrictions lifted) between-groups
design. Restriction wording, in that it was not presented until the
page showing the activities questions, could not have affected the
risk perception (Table 2, items 1–3), trust, and concern variables
that preceded it.

Research Questions

In the analyses reported below, we tested each of the hypotheses
and questions delineated in the introduction above. To summarize:
We hypothesized (Hypotheses 1a–d) that messages including a
single statistic (mortality, infected) might give rise to biases in rating
the statistic not mentioned (e.g., lower infection likelihood rating
among younger participants for messages mentioning mortality
alone). In addition, we predicted that the case-fatality rate message
(Hypothesis 2) would lead to lower perceived likelihood of death
due to COVID-19. We predicted that any biases observed might be
reduced by combining statistics (Question 1e) or with gist messag-
ing (Question 3). However, we predicted that trust would be lower
for gist messages than for numeric messages (Hypothesis 4) because
they might seem vague. In addition, we asked how messaging
impacted participants’ willingness to engage in activities as well as
their opinions about government response to the pandemic
(Question 5). Finally, we asked whether there were differences in
the main dependent variables due to political ideology (Questions 6).

Results

The results are presented here in two sections. In the first we focus
on differences due to age, as our messaging emphasized these
differences. In the second, we focus on the differences due to

political ideology. This experiment was preregistered on the
Open Science Framework at https://osf.io/3yxzm/

Section 1: Age Differences

Likelihood ratings were analyzed first, comparing younger to
older participants, as our main hypotheses address this variable.
Then we analyzed trust, concern, willingness to engage in activities,
and support for government policies, comparing younger to older
participants with Analyses of Variance (ANOVA) and independent
samples t tests (or Welch’s version if unequal variances were
observed) using an α level of .05. All post hoc comparisons
were Bonferroni corrected.6 Because the older age group had fewer
participants (n = 557) than did the younger age group (n = 1,926),
Hedges’ g was used for effect sizes for independent sample t tests
comparing the two, while partial eta-squared (η2p) was used to report
effect sizes for ANOVAs.

Likelihood Ratings

Data Analysis Plan. Our primary questions concerned the
impact of messaging on likelihood ratings. Likelihood ratings were
summarized as the percent of the line from the left anchor (impossible)
to the point at which the participant placed the marker. For each rating,
we first conducted an ANOVA that included age and message format
(gist-infected, gist-mortality, gist-both, numeric-infected, numeric-
mortality, numeric-both, case fatality, no-information) as the indepen-
dent variables. Then, in order to determine the impact of the simplified
gist format and whether infection or mortality statistics were provided,
we conducted a second ANOVA with formats categorized by two
factors: as gist (gist-infected, gist-mortality, gist-both), or numeric
(numeric-infected, numeric-mortality, numeric-both) to which we
refer as “presentation” and whether the statistic described infection
or mortality rate, referred to as statistic. The three-factor ANOVAs
(age, statistic, presentation) were conducted on dependent variables
predicted to be impacted by statistic and gist (likelihood of infection,
dying, and trust and concern). The no-information and case-fatality
rate conditions were omitted from these analyses.

Self-Infected. The ANOVA on likelihood ratings for becoming
infected with COVID-19, with message format and age group
revealed a main effect of age, F(1, 2467) = 5.64, p = .02, η2p =
0.002, such that younger individuals rated the likelihood of infection
higher (M = 49.89, SD = 26.45) than did older individuals
(M = 46.96, SD = 25.93). Moreover, messaging tended to bring
the two age groups closer together. There was a significant interac-
tion between age group and message format, F(7, 2467) = 2.08,
p = .04, η2p = 0.006, such that the age difference was largest in the
no-information condition. Indeed, post hoc comparisons revealed
that younger participants rated infection likelihood significantly
higher in the no-information condition (M = 51.4, SD = 27.02),
than did older participants, M = 40.77, SD = 27.55; t(311) = 2.94,
p = .004, g = 0.39. No other between age group comparisons
reached significance. See Figure 1.

We predicted that younger individuals would rate the likelihood
of becoming infected with COVID-19 lower with mortality than
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Table 3
Government Response Questions

Questions

1. The government is overreacting to the danger from COVID-19.
2. The danger from COVID-19 is being exaggerated.
3. We should get back to normal as soon as possible.

Note. COVID-19 = Coronavirus disease 2019.

6 Here, we have chosen a conservative approach although we acknowl-
edge that this may increase the chance of Type II errors (Midway et al.,
2020).
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with infection statistics and that older individuals would do the
opposite (Hypotheses 1a and 1c). However, we thought this bias
might be attenuated bymessages including both statistics (Question 1e)
or a gist expression (Question 3). To address these issues, the
second ANOVA on likelihood rating for becoming infected was
conducted with statistic (infection, mortality, both), presentation
(gist, numeric), and age group as the independent variables.
Although the interaction between age and statistic did not reach
significance, planned contrasts (one-tailed t tests) revealed that, as
predicted, younger participants rated the likelihood of infection
significantly lower in the mortality (M = 48.09, SD = 28.03) than
in the infection condition, M = 51.71, SD = 25.82, t(953) = 2.08,
p = .02, g = 0.14. As predicted, the bias was attenuated by
including both mortality and infection statistics (M = 51.17,
SD = 24.49) which increased likelihood ratings, compared to
mortality alone, t(955) = 1.81, p = .04, g = 0.13. Although the
gist-mortality message increased the rating (M = 49.36, SD = 28.73)
compared to the numeric-mortality message (M = 46.38, SD = 27.22)
the difference failed to reach significance. Nor did the differ-
ence between the infection and mortality conditions reach sig-
nificance in the older group.
There was also an unpredicted significant interaction between

age group and presentation, F(2, 1838) = 4.34, p = .04, η2p =
0.002, such that gist expressions tended to increase likelihood
ratings for becoming infected among younger participants
(M = 51.57, SD = 27.07) compared to numeric expressions
(M = 49.12, SD = 25.23), while they decreased ratings among
older participants (M = 46.01, SD = 25.52) compared to
numeric expressions (M = 49.70, SD = 25.26), increasing the
difference in likelihood ratings between the two age groups.

Die if Infected. The ANOVA on the likelihood of dying ratings
with format and age group revealed a significant main effect of age
group, F(1, 2467) = 32.49, p < .0001, η2p = 0.01, such that older
participants rated the likelihood of dying (M = 43.17, SD = 30.54)
significantly higher than did younger participants (M = 35.23,
SD = 28.9). See Figure 2. The interaction between age group
and format, F(7, 2467) = 1.94, p = .06, η2p = 0.005, approached
but failed to reach significance.

As predicted (Hypothesis 2), the likelihood of dying was rated
lowest overall with the case-fatality message (M = 32.44,
SD = 29.88). Planned contrasts revealed that mean likelihood rating
in the case-fatality condition was significantly lower than in the no-
information condition, M = 39.86, SD = 30.89, t(631) = 3.07,
p = .002, g = 0.24, and the gist-infected condition, M = 40.17,
SD = 29.72, t(633) = −3.27, p = .001, g = 0.26. No other differ-
ences reached significance.

We predicted that younger individuals would rate the likelihood
of dying higher with infection than with mortality statistics and that
older individuals would do the opposite (Hypotheses 1b and 1d).We
thought this effect might be attenuated by having both statistics
(Question 1e) or by gist expressions (Question 3). To address these
issues, a second ANOVA was conducted on likelihood rating for
dying, with a presentation, statistic, and age group as the indepen-
dent variables. Although the interaction between age and statistic
did not reach significance, planned contrasts (one-tailed t tests)
revealed that, as predicted, younger individuals rated the likelihood
of dying higher with the infection (M = 38.37, SD = 29.04) than
with mortality statistics, M = 34.72, SD = 29.27, t(953) = 1.94,
p= .03, g = 0.13. As predicted, the bias was attenuated by including
both statistics, M = 33.32, SD = 27.23, t(958) = 2.78, p = .003,
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Figure 1
Likelihood Estimates of Being Infected With COVID-19

Note. Mean likelihood rating of being infected with COVID-19 for younger (18–49 years of age) and older
(50–82 years of age) age groups, are shown by message format (error bars show ±1 standard error).
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g = 0.18. Contrary to our prediction, however, the gist expression
enhanced (gist infection M = 39.4, SD = 29.74; numeric infection
M = 37.31, SD = 28.33) rather than attenuated the effect. No other
planned contrasts reached significance.
Again, there was a significant main effect of age, F(1, 1838) =

27.52, p < .0001, η2p = 0.01 such that older (M = 43.77,
SD = 29.81) rated the likelihood of dying higher than did younger
participants (M = 35.47, SD = 28.58). There was also a significant
unpredicted interaction between age and presentation, F(1, 1838) =
9.93, p = .003, η2p = 0.005. Among younger participants, the
likelihood of dying was rated highest in the gist condition
(M = 37.01, SD = 28.67) and least in the numeric condition
(M = 33.96, SD = 28.44). Among older participants the pattern
was reversed. Likelihood of dying was rated least in the gist
(M = 40.51, SD = 30.07) and highest in the numeric (M = 47.12,
SD = 29.25).
Thus, the severity-likelihood prediction (Hypotheses 1a–d, Ques-

tion 1e) was partially supported in that younger individuals rated the
likelihood of infection lower when mortality statistics were provided
and the likelihood of dying higher when infection statistics were
provided. In addition, these biases were attenuated by including both
statistics in the message. However, the impact of the gist expressions
among younger individuals was to enhance likelihood ratings overall
rather than to attenuate these biasing effects. Moreover, none of the
comparisons with older individuals reached significance.
Asymptomatic, Previous State of Health, and Hospitalized.

Participants also rated the likelihood of four possible COVID-19
outcomes (infecting others, asymptomatic, returning to previous
state of health, hospitalization), not directly related to the message
formats tested. A series of ANOVAs were conducted on these ratings

with age group and message format (gist-infected, gist-mortality, gist-
both, numeric-infected, numeric-mortality, numeric-both, case fatality,
no-information) as the independent variables. Younger participants
rated the likelihood of infecting others significantly higher (M = 65.27,
SD = 24.65) than did older participants,M = 60.68, SD = 25.94,F(1,
2467) = 14.68, p < .0001, η2p = 0.006. In addition, there was signifi-
cant interaction between age group and format, F(7, 2467) = 2.50,
p = .01, η2p = 0.007, such that the difference between younger and
older individuals was smallest in the numeric-mortality condition and
largest in the gist-mortality condition. Younger participants rated the
likelihood of being asymptomatic if infected (M = 55.34, SD = 23.54)
significantly higher than did older participants, M = 46.84, SD =
24.58, F(1, 2467)= 55.57, p < .0001, η2p = 0.02. Younger participants
rated the likelihood returning to their previous state of health if infected
(M = 70.05, SD = 22.00) significantly higher than did older partici-
pants, M = 63.34, SD = 24.9, F(1, 2467) = 38.09, p < .0001, η2p =
0.02. However, older participants rated the likelihood of being hospi-
talized if infected significantly higher (M = 54.41, SD = 27.93) than
did younger participants,M = 46.25, SD = 28.08,F(1, 2467)= 37.47,
p < .0001, η2p = 0.01. There were no other effects of message format
either predicted or observed.

Trust and Concern

We also asked participants the degree to which they trusted each of
the messages and how concerned they were about COVID-19. Both
ratings were summarized as the percent of the line from the left anchor
(not at all) to the point at which the participant placed the marker.

With regard to trust, we predicted that participants would provide
higher ratings for numeric (numeric-mortality, numeric-infected,
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Figure 2
Likelihood Ratings of Dying of COVID-19

Note. Mean likelihood ratings of dying from COVID-19 for younger (18–49 years of age) and older (50–82 years
of age) are shown by format condition (error bars show ±1 standard error).
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numeric-both) than for the gist formats (gist-mortality, gist-infected,
gist-both) because of the vagueness of the latter (Hypothesis 4). To
test this hypothesis, an ANOVA on trust was conducted with
presentation (gist, numeric), statistic (infection, mortality), and age
group (younger, older) as the independent variables. Indeed, there was
a significant main effect of presentation, F(1, 1838) = 6.43, p = .01,
η2p = 0.003. However, the effect was in the opposite direction to that
predicted. The mean trust rating of gist formats (M = 66.47,
SD = 23.11) was significantly higher than the mean of numeric
formats (M = 63.42, SD = 23.62). In addition, there was an interest-
ing effect of statistic, F(2, 1838) = 13.48, p < .0001, η2p = 0.01, such
that mortality statistics (M = 69.21, SD = 23.10) were trusted more
than were infection statistics (M = 60.59, SD = 23.47). There was
also a significant interaction between statistic and presentation,
F(2, 1838) = 3.41, p = .03, η2p = 0.004, such that the increase in
trust for mortality statistics was greater in the gist than in the numeric
formats. See Figure 3. Finally, there was a significant main effect of
age group, F(1, 1838) = 4.51, p = .03, η2p = 0.002, such that mean
trust rating was higher among younger (M = 65.57, SD = 22.76)
than among older participants (M = 62.73, SD = 25.45).
The ANOVA on concern with the independent variables presenta-

tion, statistic, and age group revealed a significant interaction between
age group and presentation,F(1, 1838)= 11.98, p= .0006, η2p = .006.
Following the pattern of the likelihood ratings, younger individuals
rated more concern with gist (M = 71.68, SD = 25.91) than with
numeric expressions (M = 67.8, SD = 27.73). Older individuals
rated more concern with numeric (M = 72.68, SD = 28.46) than
with gist expressions (M = 65.72, SD = 30.03).

Activities and Government Policies

Next, we turn to the participants’willingness to engage in various
activities and agreement with statements about the government
response to COVID-19, to determine whether messaging impacted
these variables (Question 5).

Data Analysis Plan. Willingness ratings were summarized as
the percent of the line between the left anchor “not at all” and the
point to which the participant moved the marker. In an attempt to
neutralize the impact of existing and variable restrictions in different
regions across the United States, we asked participants to imagine
that they were under one of three recommendations, “stay at home,”
“social distance,” or “restriction lifted.” Therefore, the ANOVAs
reported below include three independent variables, age group,
message format, and restrictions wording.

Risk Reduction: Willingness to Wear a Mask. First, because
of the increasing importance of masks in curtailing the spread of
COVID-19 (Fischer et al., 2020), we examined willingness to wear
a mask indoors (Appendix A: Q6.5). There was a main effect of age,
F(1, 2435) = 6.37, p = .01, η2p = 0.003. Older participants were
more willing to wear a mask indoors (M = 81.01, SD = 29.73) than
were younger participants (M = 77.58, SD = 27.75). No other main
effects or interactions reached significance. Nor were there signifi-
cant differences in mean willingness to engage in risk-reduction
activities (Q6.1–Q6.4, Q6.6–6.9 Appendix A) overall.

Because younger participants were significantly less willing to
engage in this crucial safety precaution, wearing a mask indoors, we
narrowed our focus to that group to determine whether there was any
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Figure 3
Trust Rating by Presentation Format and Age

Note. Mean trust ratings for COVID-19 information for younger (18–49 years of age) and older (50–82 years of
age) participants shown by presentation format (error bars show ±1 standard error). See the online article for the
color version of this figure.
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communication format that was more encouraging. In the ANOVA
on willingness to wear a mask among younger participants, with
message format and restriction wording as the independent vari-
ables, there was a significant main effect of message format, F(7,
1902) = 2.45, p = .02, η2p = 0.009, with the greatest willingness
among those receiving the gist-both (infection +mortality) message
(M = 81.70, SD = 24.42). Post hoc comparisons indicated that the
gist-both message led to significantly greater willingness to wear a
mask than the no-information condition, M = 74.38, SD = 30.05,
t(454.46) = 2.86, p = .004, g = 0.26. There was also a main effect
of restriction wording, F(2, 1902) = 4.16, p = .0174, η2p = 0.004,
with the greatest willingness among those in the social distancing
(M = 79.25, SD = 25.79) condition and the least in the restrictions
lifted condition (M = 75.09, SD = 29.75). Post hoc comparisons
revealed that this difference was significant as well, t(1269.2) =
2.69, p = .007, g = 0.15.
Risk-Seeking Activities. A mean was calculated for the risk-

seeking activities (Q6.10–Q6.52, Appendix A) and submitted to an
ANOVA with age group, format and restrictions wording as the
independent variables. There was significant main effect of age group,
F(1, 2435) = 4.62, p = .03, η2p = 0.002, with younger participants
being more willing on average (M = 39.36, SD = 24.36) than older
participants M = 36.78, SD = 23.14) to participate in risk-seeking
activities. There was also a main effect of restriction wording, F(2,
2435) = 19.88, p < .001, η2p = 0.02, such that participants were most
willing to engage in risk-seeking activities when restrictions were
lifted (M = 43.17, SD = 23.8) and least willing when “stay at home”
was in effect (M = 34.84, SD = 23.62).
Thus, for activities, the major factor influencing willingness was

restriction wording. This was seen among younger participants for
whom recommendations to maintain social distancing increased
willingness to wear a mask indoors. Both younger and older
participants were least willing to engage in risk-seeking activities
if “stay at home” was in effect. However, message format had little
impact here with the important exception of willingness to wear a
mask indoors among younger participants. The gist message
describing both the infection and the mortality proportions increased
willingness to wear a mask indoors.

Support for Government Policies

Next, we examined agreement with government policies regarding
COVID-19. Here, there were some differences between younger and
older participants. In an ANOVA on agreement rating with age group,
format and restriction wording as the independent variables, younger
participants rated significantly greater agreement with “the government
is overreacting” (younger:M = 35.12, SD = 33.76; older:M = 29.52
SD = 35.14); F(1, 2435) = 10.87, p < .001, η2 = .004, and “the
danger was exaggerated” (younger M = 35.16, SD = 34.00; older
M = 28.89 SD = 35.26); F(1, 2435) = 13.20, p < .001, η2p = .005).
However, for both groups, average agreement rating was only
about a third of the scale between not at all and completely. In
addition, there were no significant differences in agreement with
“get back to normal as soon as possible,” both groups were at
about the 50% mark (younger M = 48.77, SD = 33.03; older
M = 50.30, SD = 34.63). No significant effects of message
format or restriction wording were observed.

Summary: Section I

Thus, participants had fairly accurate perceptions of the age-
relative likelihood of COVID-19 outcomes. Younger participants
thought it was more likely that they would be asymptomatic and
return to their previous state of health than did older participants. In
addition, older participants thought it was more likely that they
would die and be hospitalized if infected with COVID-19 than did
younger participants. Interestingly, younger participants thought
they were more likely to become infected and to infect others
than did older people, which was not in line with the data upon
which our messaging was based or the proportions available in the
U.S. in May 20207 when this study was conducted. However,
younger people were more willing to engage in risk-seeking activi-
ties as well. Thus, their perception of increased risk of infection may
have been based on this knowledge as has been seen in previous
work (Mills et al., 2008).

As predicted, single outcomemessaging had a biasing effect among
younger participants, decreasing perceived likelihood of becoming
infected with mortality compared to infection statistics and increasing
the likelihood of dying with infection compared to mortality statistics
(Hypotheses 1a and 1b). In addition, there was some evidence that
these biases could be attenuated by providing both statistics together
in the same message (Question 1e). However, no such biases were
observed among older individuals (Hypotheses 1c and 1d).

In addition, there was the unpredicted effect of the gist compared
to the numeric presentation. Gist messages tended to have opposite
effects on the two age groups, increasing likelihood ratings among
younger participants for self-infected, and dying while decreasing
likelihood ratings among the older group for both (this will be
addressed further in the conclusion). In line with this result, younger
participants were more concerned about COVID-19 with gist
messaging and more willing to wear a mask indoors when the
message was presented as a gist expression and included both
infection and mortality statistics. In addition, participants in general
trusted the gist more than they did the numeric presentation. Taken
together these results suggest that there are some important practical
advantages for gist messaging.

Despite some differences in perceived likelihood, the two age
groups rated concern similarly overall and rated similar willing-
ness to engage in risk-reduction activities (excluding mask
indoors). In addition, both groups were impacted by government
restrictions, rating less willingness to engage in risk-seeking
activities when “stay at home” was in effect. Also similar between
groups, was their willingness to agree with statements critical of
government policies. Although younger rated slightly higher
agreement, both groups’ ratings were on the lower third of the
agreement scale.

Secton 2: Political Ideology

Those from different political perspectives might differ in terms
of perceived COVID-19 risks as well as how they should be
managed (Question 6). To determine whether that was the case,
we compared differences due to political ideology in likelihood
ratings, trust, concern, willingness to engage in activities, and
agreement with government policies.
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7 These did not include all data from the month of May 2020.
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Data Analysis Plan

We conducted ANOVAs on each dependent variable with
political ideology (liberal, conservative), age group (younger,
older), and message format (numeric-infected, numeric-mortality,
numeric-both, gist-infected, gist-mortality, gist-both, case fatality,
no-information) as the independent variables. The independent
variable, restriction wording (stay at home, social distancing,
restrictions lifted) was included in analyses on willingness to engage
in activities and agreement with government policies, which were
rated after restriction wording was shown. For all of these analyses,
we included participants who identified as liberals (extremely
liberal, liberal, slightly liberal, n = 1,273) and those who identified
as conservatives (extremely conservative, conservative, slightly
conservative, n = 781).8 We omitted the 429 participants who
identified as moderates to more clearly observe the contrast in
viewpoints. All of the age group differences reported in Section
1 above reached significance in these analyses as well. In the interest
of brevity, they will not be reported here.

Likelihood Ratings

Self-Infected. In the ANOVA on infection likelihood ratings,
there was a significant main effect of political ideology, F(1, 2022) =
7.48, p = .005, η2p = 0.004, such that liberals rated the likelihood
higher (M = 50.98, SD = 25.01) than did conservatives (M = 48.06,
SD = 28.92). There was also a significant age group by political
ideology interaction, F(1, 2022) = 4.36, p = .037, η2p = 0.002, such
that among conservatives, older participants rated the likelihood
lower (M = 43.19, SD = 28.01) than did younger participants
(M = 49.97, SD = 29.08). However, among liberals the ratings
were similar (older M = 50.12, SD = 24.74; younger M = 51.19,
SD = 25.32).
Die if Infected. In the ANOVA on ratings for the likelihood of

dying, there was a significant main effect of message format that
mirrored the analysis reported in Section 1 above. Mean rating was
lowest with case fatality and highest in the no-information condition.
There was also a significant interaction between political ideology and
age. Among conservatives, the likelihood rating was similar between
older (M = 40.10, SD = 31.59) and younger participants
(M = 38.82, SD = 32.16). However, among liberals, older partici-
pants rated the likelihoodmuch higher (M = 47.28, SD = 28.03) than
did younger participants (M = 34.57, SD = 28.03). There was also a
significant three-way interaction among format, political ideology, and
age, F(7, 2022) = 2.10, p = .04, η2p = 0.007. As Figure 4 shows, for
conservatives, messaging tended to increase ratings among younger
individuals, while it decreased ratings among older. For liberals, the
pattern reversed: Messaging tended to decrease ratings for younger
and increase ratings for older.
Infecting Others, Asymptomatic, Previous State of Health,

and Hospitalized. A series of ANOVAs with age, format, and
political ideology as the independent variables was also conducted
on the likelihood of the four possible COVID-19 outcomes not
directly related to the message formats tested. In every case, there
was a significant effect of political ideology. In the ANOVA the
likelihood of infecting others, liberals rated the likelihood higher
(M = 65.54, SD = 24.63) than did conservatives, M = 62.88,
SD = 25.88, F(1, 1958) = 4.33, p = .04, η2p = 0.002. In the
ANOVA on the likelihood of being asymptomatic, conservatives

(M = 55.35, SD = 25.44) rated the likelihood higher than did
liberals, M = 53.43, SD = 23.35, F(1, 1958) = 4.56, p = .03,
η2p = 0.002. Similarly, in the ANOVA on likelihood of returning
to ones’ previous state of health, conservatives (M = 72.40, SD =
22.77) rated the likelihood higher than did liberals, M = 66.56,
SD = 22.76, F(1, 1958) = 30.41, p < .001, η2p = 0.02. Here, there
was also a significant interaction between format and age, F(7, 1958)
= 2.06, p = .04, η2p = 0.007, such that with the exception of a few
formats (Case Fatality, gist infection, and gist both) ratings tended to
be lower among older than younger participants. In the ANOVA on
rating for the likelihood of hospitalization, there was a significant
interaction between age and political ideology, F(1, 2022) = 4.12,
p= .04, η2p = 0.002, such that among liberals, older participants rated
the likelihood of hospitalization much higher (M = 57.57,
SD = 26.18) than did younger (M = 46.37, SD = 27.25). However,
among conservatives, older participants rated the likelihood only
slightly higher (M = 53.03, SD = 29.41) than did younger
(M = 47.89, SD = 30.16).

Thus, the impact of political ideology on likelihood ratings was as
one might expect: Liberals rated the likelihood of being infected and
infecting others, higher than did conservatives. Conservatives rated
the likelihood of being asymptomatic and returning to one’s previ-
ous state of health higher than did liberals. However, the effects were
small and failed to reach significance in the analyses on the
likelihood of dying and being hospitalized. For these ratings, as
well as for likelihood of infection, the interaction with age revealed
that the main differences due to political ideology were among older
individuals. Older liberals rated the likelihood of dying and being
hospitalized higher than the other groups, which aligns with the risk
information available at the time. Whereas older conservatives rated
these items similarly to younger participants. Moreover, they rated
the likelihood of becoming infected, lower than other groups.

Trust and Concern

The effect of political ideology extended to trust and concern. See
Figure 5. In the ANOVA on trust rating, with political ideology, age
group and message format as the independent variables, liberals
rated significantly higher trust (M = 65.60, SD = 22.01) than con-
servatives, M = 58.17, SD = 27.33, F(1, 1958) = 66.69, p < .001,
η2p = 0.03. There was also an age group by political ideology
crossover interaction, such that among conservatives, older parti-
cipants rated lower trust (M = 51.73, SD = 29.19) than did younger
(M = 60.71, SD = 26.15), while, among liberals older rated higher
trust (M = 68.81, SD = 19.79) than younger participants
(M = 64.81, SD = 22.46).

Similarly, in the ANOVA on concern, there was a main effect of
political ideology, F(1, 1958) = 100.76, p < .001, η2p = 0.05, such
that liberals rated trust higher (M = 75.08, SD = 23.71) than did
conservatives (M = 62.59, SD = 31.39). There was also a signifi-
cant crossover interaction between political ideology and age,
F(1, 1958) = 9.03, p = .003, η2p = 0.005). Among conservatives
older participants rated concern lower (M = 58.87, SD = 33.95)
than did younger participants (M = 64.06, SD = 30.22), whereas
among liberals, older participants rated concern higher (M = 77.76,
SD = 23.21) than younger participants (M = 74.42, SD = 23.80).
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8 There were slightly fewer younger participants (72%) among conserva-
tives than liberals (80%).
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Thus, the impact of political ideology was greater on trust and
concern than on likelihood ratings. Conservatives had less trust in
the message and were less concerned about COVID-19. Moreover,
the interaction between age and political ideology seen in some
previous analyses was more distinct. Older conservatives rated both
trust and concern lower than did younger conservatives or liberals.
The pattern reversed among liberals with older liberals rating both
trust and concern higher than other groups.

Activities

Next, we turn to the participants’ willingness to engage in the 52
activities to determine whether these differed by political ideology.
These ANOVAs included as independent variables, age group, mes-
sage format, political ideology, as well as restriction wording. Indeed,
conservatives were significantly less willing to wear a mask indoors
(M = 70.26, SD = 32.21) thanwere liberals,M = 84.47, SD = 23.13,
F(1, 1958)= 118.94, p< .001, η2p = 0.06. There was also a significant
interaction between political ideology and age, F(1, 1958) = 4.72,
p = .03, η2p = 0.002. Among conservatives, older (M = 70.72,
SD = 35.06) and younger participants (M = 70.08, SD = 31.05) rated
similar willingness to wear a mask. However, among liberals older
(M = 89.59, SD = 21.37) rated much higher willingness to wear a
mask than did younger participants (M = 83.20, SD = 23.39). Here,
there was also a significant interaction between political ideology and
message format, F(7, 1958) = 2.68, p = .03, η2p = 0.008. For both
groups themessages tended to increase willingness ratings compared to
the no-information condition, although thiswas less true among liberals
whose willingness was already high. However, the most striking
difference appears to be with the case-fatality rate which decreased
willingness ratings among conservatives and increased willingness
ratings among liberals. See Figure 6.

Liberals were also more willing to engage in risk-reduction
activities in general (M = 75.59, SD = 16.72) than were conserva-
tives, M = 67.52, SD = 20.00, F(1, 1958) = 89.53, p < .001,
η2p = 0.04. Nonetheless, the main effect of restriction wording
approached significance, F(2, 1958) = 2.57, p = .08, η2p = .003,
with willingness highest when social distancing was in place
(M = 73.49, SD = 17.89) and lowest when restrictions were lifted
(M = 71.22, SD = 19.04).

Again, there was a significant interaction between age group and
political ideology, F(1, 1958) = 5.30, p = .02, η2p = 0.003. Among
conservatives, older rated similar willingness (M = 66.89,
SD = 21.47) to younger participants (M = 67.76, SD = 19.40).
However, among liberals older (M = 78.05, SD = 15.14) rated
higher willingness to engage in risk-reduction activities than did
younger participants (M = 74.98, SD = 17.04). There was also a
significant interaction between political ideology andmessage format,
F(7, 1958)= 2.92, p= .005, η2p = 0.01. For both groups the messages
tended to increase willingness ratings compared to the no-information
condition, although this was less true among liberals whose willing-
ness was already high. Again, the most striking difference appears to
be with case-fatality rate, which, unlike all other message formats,
reduced willingness among conservatives compared to the no-
information condition, while it increased willingness among liberals
compared to the no-information condition. See Figure 7.

Conservatives were more willing to engage in risk-seeking activities
(M = 48.30, SD = 26.18) thanwere liberals,M = 34.08, SD = 22.01,
F(1, 1958)= 135.63, p< .001, η2p = 0.06. Therewas also amain effect
of restriction wording, F(2, 1958) = 21.58, p < .001, η2p = 0.02,
mirroring that reported in Section 1 above, with participants in general
rating much higher willingness when restrictions were lifted
(M = 44.02, SD = 24.25) than when social distancing (M = 39.01,
SD = 24.55) or stay at home (M = 39.43, SD = 24.46) were in effect.
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Figure 4
Likelihood of Dying Rating by Age, Political Ideology, and Format

Note. Mean likelihood of dying rating for younger (18–49 years of age) and older (50–82 years of age)
participants by message format and political ideology (error bars show ±1 standard error). See the online article
for the color version of this figure.
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Thus, with respect to activities, the effects of political ideology
were larger than with risk perception, although they followed the
same general pattern. Conservatives were less willing to engage in
risk-reduction activities, including wearing a mask, and more
willing to engage in risk-seeking activities than were liberals. As
with the analyses reported in Section 1 above, restriction wording
appeared to matter most. Here, this effect was seen across political
boundaries. Participants in general were more willing to engage in
risk-reduction activities and less willing to engage in risk-seeking
activities when social distancing and stay-at-home orders were in
effect compared to when restrictions were lifted.

Government Policies

Although it is clear that there are distinct differences between
conservatives and liberals in terms of their willingness to engage in
risk-reduction and risk-seeking activities, perhaps the biggest differ-
ences were in ratings on agreement with the government response (see
Figure 8). For all these statements, “government is overreacting,”
“danger is exaggerated,” and “get back to normal as soon as possible,”
conservatives rated agreement much higher than did liberals.
In the ANOVA on agreement with the statement “The govern-

ment is overreacting,” conservatives rated much higher agree-
ment (M = 52.38, SD = 33.25) than did liberals (M = 23.04,
SD = 30.83), F(1, 1958) = 358.87, p < .001, η2p = 0.15. There
was also a significant interaction between political ideology and
age, F(1, 1958) = 7.49, p = .006, η2p = 0.004, such that among
conservatives the ratings of older (M = 50.03, SD = 36.02) and
younger (M = 53.31, SD = 32.08) were similar. However,

among liberals older rated much less agreement (M = 13.10,
SD = 25.89) than did younger (M = 25.50, SD = 31.47). In
addition, there was a three-way interaction between political
ideology, message format and restriction wording, F(14, 1958) =
2.09, p = .01, η2p = 0.01. This appears to be due to a tendency for
most messaging to decrease agreement ratings, compared to the
no-information condition, among conservatives when restrictions
were lifted or social distancing was in place. However, messaging
slightly increased agreement among liberals in the same condi-
tions. See Figure 8.

Conservatives were in much greater agreement with “the danger is
exaggerated” (M = 52.38, SD = 33.25) thanwere liberals, (M = 23.04,
SD = 30.83), F(1, 1958) = 335.61, p < .001, η2p = 0.14. There was a
significant interaction between political ideology and age, F(1,1958) =
4.63, p = .03, η2p = 0.002, such that among conservatives the ratings of
older were slightly lower (M = 48.62, SD = 37.04) than younger
(M = 53.36, SD = 32.25). However, among liberals older rated
much less agreement (M = 13.31, SD = 25.76) than did younger
(M = 25.52, SD = 31.75). There was also a three-way interaction
between political ideology, message format and restriction wording,
F(14, 1958) = 1.88, p = .02, η2p = 0.01. As with “overreacting” this
appears to be due to the tendency for most messaging to decrease
agreement ratings, compared to the no-information condition, among
conservatives when restrictions were lifted or social distancing was in
place. However, messaging tended to increase agreement among liberals
in the same conditions. See Figure 9.

Conservatives were in much greater agreement with “get back to
normal as soon as possible” (M = 67.63, SD = 28.65) than were
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Figure 5
Trust and Concern Ratings by Age and Political Ideology

Note. Mean trust and concern rating for younger (18–49 years of age) and older (50–82 years of age)
participants by political ideology (error bars show ±1 standard error).
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liberals, M = 37.56, SD = 31.61, F(1, 1958) = 406.89, p < .001,
η2p = 0.17. There was also an age group by political ideology
interaction, F(1, 1958) = 13.44, p < .001, η2p = 0.007, such that
among conservatives, older participants (M = 71.26, SD = 29.46)

rated higher agreement than did younger (M = 66.20, SD = 28.22).
However, among liberals, the pattern reversed with older rating
lower agreement (M = 32.60, SD = 29.62) than younger (M =
38.79, SD = 31.98).
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Figure 7
Willingness to Engage in Risk-Reduction Activity by Political Ideology and Format

Note. Mean rating for willingness to engage in risk-averse activities by message format and political ideology
(error bars show ±1 standard error). See the online article for the color version of this figure.

Figure 6
Willingness to Wear a Mask Indoor by Political Ideology and Format

Note. Mean rating for willingness to wear a mask indoors by message format and political ideology (error bars show ±1
standard error). See the online article for the color version of this figure.
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Thus, conservatives were significantly more critical of govern-
ment policies than were liberals. In addition, it is clear that the most
prominent differences were among older participants. Although
older liberals appear to be less critical than younger liberals, this
pattern was absent or reversed among conservatives. There were
also two interesting three-way interactions with political ideology,
restrictions wording, and message formatting. Among conserva-
tives, agreement with both “the government is overreacting” and
“the danger was exaggerated” was reduced among conservatives by
most messaging formats when restrictions were lifted or social
distancing was in place. However, messaging did not seem to
impact agreement when the more stringent “stay-at-home”
restrictions were in place.

Summary: Section II

In sum, although conservatives’ likelihood ratings for COVID-19
outcomes were similar to liberals, their other responses to COVID-
19 were quite different. Conservatives were less concerned and less
willing to engage in risk-reduction activities than were liberals. They
were more willing to engage in risk-seeking activities and in greater
agreement with statements that the danger was exaggerated, the

government was overreacting and we should get back to normal as
soon as possible. Despite this, conservatives appeared to be at least
somewhat responsive to messaging. The case-fatality expression
reduced perceived likelihood of dying among conservatives as it did
the larger group. However, this may also have reduced conserva-
tives’willingness to engage in risk-reduction activities as evidenced
by the interactions between political ideology and message format.
On the positive side, conservatives were influenced, like the larger
group, by restrictions wording, being more willing to engage in risk-
reduction activities, and less willing to engage in risk-seeking
activities when social distancing was in place. In addition, there
was an interesting set of interactions between message format,
restriction wording, and political ideology suggesting that some
messaging may reduce conservative’s agreement with government
critical statements when the less restrictive policies (lifted, social
distancing) were in place.

Discussion

The statistics related to the risk of contracting and dying of
COVID-19 that were available during the course of the COVID-19
pandemic were not only complex but bore a complex relationship to
one’s actual risk. This makes it challenging for members of the
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Figure 8
Government Overreacting Rating by Political Ideology, Message Format, and Restriction Wording

Note. Mean rating of government is overreacting for conservatives and liberals by message format and restriction wording (error bars show
±1 standard error). See the online article for the color version of this figure.
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public to judge the likelihood that they will become infected and/or
suffer serious consequences in situations like this. Because per-
ceived likelihood is an important factor in willingness to engage in
protective behaviors (Janz & Becker, 1984; Lindell & Perry, 2012),
we sought to assess the impact of risk messaging on risk perception
during the early stages of the pandemic.

Risk Perception

Participants had fairly accurate (CDC; Feng et al., 2020) intuitions
about some aspects of COVID-19-related risks. They appeared to
understand the age-relative likelihood of being asymptomatic, returning
to their previous state of health (younger greater than older) and the
likelihood of being hospitalized as a result of COVID-19 (younger less
than older). In addition, participants trusted the mortality statistics to a
greater degree than the infection statistics, suggesting that they under-
stood that mortality statistics were more closely related to the risk of
dying from COVID-19 than were the infection statistics to the risk of
infection. In otherwords, participantsmay have had intuitions about the
multiple dynamic factors extending beyond the individual, eachwith its
own level of risk, that determine the risk of acquiring the infection.
However, it is interesting to note that participants in general

greatly overestimated the likelihood of dying if infected with

COVID-19, suggesting a reference class confusion (Reyna &
Brainerd, 2008). For instance, older individuals may have thought
that 94%of deathsmeant a 94% chance of death. However, if thiswere
the case overall, we would expect to see more participants indicating
higher likelihoods, when in fact the distribution of likelihood estimates
among older individuals was slightly right skewed indicating more
lower than higher estimates. Moreover, the overestimation was also
observed in the no-information condition, which hovered around 40%
for both groups. Thus, although these misunderstandings may explain
a few overestimates, they do not explain the majority of cases, nor do
they explain overestimation among younger participants. In fact, the
case-fatality rates in May when this study was conducted were less
than 1% for younger and about 8%9 for older people. Thus, partici-
pants’ estimates were about 39 times greater for younger and about 5
times greater for the older group.

Perhaps a more plausible explanation for the overestimation
observed here is that participants were overweighting the likelihood
of death due to a combination of well-known biases. Overestimating
the small likelihoods could be due in part to the classic probability
weighting function, in which people tend to perceive greater
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Figure 9
Danger Exaggerated Rating by Political Ideology, Message Format, and Restriction Wording

Note. Mean rating of danger is exaggerated for conservatives and liberals by message format and restriction wording (error bars show ±1
standard error). See the online article for the color version of this figure.

9 As of this writing the case-fatality rate for younger (18–49) is 0.2% and
for older (50+) is 5%.
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differences in changes of likelihoods near 0% and 100% than in the
midranges (e.g., Gonzalez & Wu, 1999; Tversky & Kahneman,
1992). Alternatively, as predicted by fuzzy trace theory (Brainerd &
Reyna, 1992) the difference between 0% and 1% (or 8%) might
seem larger because it is the difference between no risk and some
risk. However, the degree of overestimation observed here across
conditions suggests an additional impact of affect (e.g., fear), which
can also enhance risk perception (Keller et al., 2006; Rottenstreich
& Kivetz, 2006; Slovic et al., 2005). In the case of COVID-19, the
numbers available at the time did not speak directly to ones’ risk,
making some additional estimation on the part of the user reason-
able. In addition, in situations like this, the error of underestimating
the likelihood carries greater costs than does overestimating the
likelihood (Weber, 1994). Thus, fear may have consciously or
unconsciously led people to estimate a greater likelihood than
was warranted, despite messaging to the contrary. In other words,
overestimating the likelihood of death due to COVID-19 may be a
System 1 tendency to err on the side of cautiousness. Indeed,
although perceived likelihood of dying was reduced to some degree
in the case-fatality condition (to about 30% chance), it was still
many times greater than indicated by the case-fatality messages.
Overestimation of this risk might seem advantageous in terms of
motivating protective behavior. However, it could reduce trust if it
comes to be seen as the result of an exaggeration on the part of the
information source (Rubin et al., 2009).

Risk Messaging

We worried that the prominence of warnings describing the
serious outcomes for older people would have unintended conse-
quences. In particular, it might have led younger people to think that
they would be less likely to become infected with and spread
COVID-19. This might, in turn, encourage more risky behavior
among younger people, enhancing the spread of this virus. As
predicted, for younger participants, mortality statistics describing
the larger proportion of older people among deaths, decreased
perceived likelihood of infection compared to infection statistics.
Similarly, infection statistics describing similar proportions of older
and younger among infections increased perceived likelihood of
dying compared to mortality statistics. However, these biases were
attenuated when both infection and mortality statistics were pro-
vided in the same message. Thus, emphasizing increased risks of
severe outcomes for some groups, as was done in the U.S. and
elsewhere in course of the COVID-19 pandemic, may indeed have
had an unforeseen cost in terms of people’s understanding of the risk
of infection. For that reason, future messaging should include both
critical outcomes to provide a balanced picture of the risks facing
members of the public in general.
In addition, we found that gist expressions increased perceived

likelihood of becoming infected and dying among younger
participants, while they decreased perceived likelihood among
older participants, compared to numeric expressions. This ap-
pears to have been because younger participants tended to
overestimate the likelihoods when less explicit gist expressions
were presented, while precise numeric estimates provided a
corrective effect. The opposite may have been true of older adults
with precise numeric expressions increasing likelihood estimates.
Indeed, this appears to be supported by the age differences in no-
information group. Younger participants rated the likelihood of

infection significantly higher than did older participants in the no-
information condition, when in fact the proportions were similar
for age groups. For likelihood of dying, ratings in the no-
information condition were similar between older and younger
when in fact, the likelihood of dying was much higher for older
adults. In sum, for statistics that describe the comparison between
age groups the numeric format brought relative perceived likeli-
hood into alignment with the best estimates available at the time,
making the two groups more similar to one another for likelihood
of becoming infected but increasing the difference in the two age
groups for perceived likelihood of dying of COVID-19. Gist
expressions may have allowed more room for previous percep-
tions to be maintained. Interestingly, numeric expressions despite
nudging participants toward more accurate risk perception were
trusted less; perhaps because participants doubted the level of
precision they implied (Olson & Budescu, 1997).

It is also important to note that a gist format may have encouraged
more appropriate protective intentions among younger participants
by increasing risk perception in general for that group. The gist-both
(infection + mortality) message increased willingness to wear a
mask among younger participants, bringing their willingness in line
with that of older participants. This is similar to effects noted in
previous work showing that gist representations are beneficial in
reducing risk-seeking behaviors among young adults (Brainerd &
Reyna, 2015). However, the gist both (infection and mortality) may
have been particularly effective in this case because it addressed
the discrepancy between age groups in likelihood to die but
clarified that it did not extend to becoming infected. This contrast
may have been more accessible in the simplified gist format. Thus,
although numeric formats may communicate likelihood slightly
better, gist formats may better motivate appropriate protective
behavior, perhaps in part by reducing processing load. Granted,
this effect of message format was only observed on willingness to
wear a mask indoors among the activities tested here. Nonetheless,
this form of gist messaging may be a promising avenue to pursue in
future research.

Government Restrictions

The strongest impact on behavioral intentions was due to
government restrictions introduced prior to the activities section
in the survey. “Social distancing” recommendations increased
willingness to wear a mask among younger participants and
“stay-at-home” recommendations decreased willingness to
engage risk-seeking activities for the group as a whole. In
addition, there was, surprisingly, no difference detected in effec-
tiveness of restrictions due to political ideology. This suggests
that these kinds of measures may be widely, if not universally
effective.

Thus, older and younger individuals were not as different as one
might expect in terms of their risk perception or their willingness to
engage in risk-reduction and risk-seeking activities. Although there
were some differences with respect to agreement for government
policies, younger were in greater agreement with “the government is
overreacting” and “the danger is exaggerated,” these effects were
also small. The bottom line is that contrary to our initial intuitions,
the differences along the age divide in risk perception and response
to COVID-19 were small.
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Political Ideology

The biggest differences were due to political ideology; these effect
sizes were much larger than those for any of the differences between
younger and older participants. Conservatives were less willing to
wear a mask, engage in risk-reduction activities, more willing to
engage in risk-seeking activities, and more critical of government
policies than were liberals.10 This was despite the fact that the
differences in risk perception among the two groups were negligible,
suggesting that in some cases risk perception is not as important to
protective decisions as are other factors. Indeed, it was clear that even
in May 2020, that political ideology was an important driver of
attitudes toward protective behavior in the context of COVID-19.
There were some interesting interactions between political ideol-

ogy and age in this MTurk sample that suggested that the largest
differences due to political ideology were among older participants.
Older liberals tended to be more trusting of messaging, more
concerned about COVID, more cautious in terms of activities
and less critical of government policies than were younger liberals.
Among conservatives however older and younger tended to be more
similar (both groups less cautious and more critical of government
policies than liberals).
Nonetheless, there were some encouraging results suggesting that

some forms of communication are effective across the boundaries of
political ideology. Indeed, liberals and conservatives appeared to be
equally sensitive to governmental restrictions (stay at home, social
distancing, restrictions lifted) when considering risk-seeking activi-
ties. In addition, there were some interesting interactions between
political ideology and messaging. Messaging describing infection
and mortality statistics tended to decrease agreement among con-
servatives with “government is overreacting” and “the danger is
exaggerated”when less restrictive policies (lifted, social distancing)
were in place. This suggests that some forms of communication may
well be helpful in guiding behavioral choices despite political
ideology. This will be a particularly important line of research to
pursue as similar issues will be important in making sure that
vaccines are more widely accepted.
However, the case-fatality rate may have had a boomerang effect

(Hart & Nisbet, 2012) among conservatives. Recall that due to the
fact that participants generally vastly overestimated the likelihood of
dying from COVID-19, the case-fatality rate, describing the number
of deaths among those who tested positive, may have been much
lower than participants anticipated. Although this message did not
impact behavioral intentions among liberals, it may have further
reduced willingness among conservatives to wear a mask and
engage in risk-reduction activities as the analyses for those depen-
dent variables suggested. However, we interpret these effects due to
message format, when broken down by age and political ideology,
with caution due to the smaller n in some conditions. Thus,
additional research is necessary to better understand this potentially
negative impact and the form of messaging that might attenuate it.
In sum, this work suggests that risk messaging plays an important

but complex role in risk perception, behavioral intentions, and
support for government policies in the course of an ongoing
pandemic such as COVID-19. In this study, in which age-relative
statistics were provided, peoples’ risk perception was biased by
single outcome messaging, such as the greater proportion of the
elderly among deaths. Similar expressions in widespread use at the
time were intended to protect the most vulnerable. These results

suggest that they may have inadvertently decreased risk perception
among younger people. However, as we demonstrated here, mes-
saging including a combination of outcomes can overcome these
biases and should be employed in the future.We also discovered that
gist messaging may be effective in some cases, especially among
younger individuals. Moreover, these results suggest that, although
conservatives are generally more reluctant to take protective mea-
sures, government restrictions are effective in encouraging appro-
priate protective behavior across the political spectrum.

10 Although there were slightly more younger participants among liberals,
the age difference observed for this variable was in the opposite direction
(older more willing to wear a mask than younger).
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Appendix A

Questions Asked in Experiment

Risk Perception Questions (1)

1. How likely do you think it is that you would become
infected with COVID-19? VAS with endpoints Impos-
sible (left) and Certain (right)

2. If you become infected with COVID-19, how likely do you
think it is that you would infect someone else with COVID-
19? VAS with endpoints Impossible (left) and Certain (right)

3. If you become infected with COVID-19, how likely do
you think it is that you would die from COVID-19? VAS
with endpoints Impossible (left) and Certain (right)

Trust and Concern Questions

4. How concerned are you about COVID-19? VAS with
endpoints Not at all (left) and Completely (right)

5. How much do you trust the information about COVID-19
that is provided above? VAS with endpoints Not at all
(left) and Completely (right)

Activity Questions

6. How willing would you be to participate in the activities
below, [if you were advised to Stay at Home/if you were
advised to practice Social Distancing/if all the COVID-
19-related restrictions in your community were lifted?
VAS with endpoints Not at all willing (left) and Very
willing (right)

6.1. Maintain a 6-foot distance from people (with whom I
am not living)
6.2. Use a delivery service to get my groceries
6.3. Use a delivery service to get my restaurant to-go order
6.4.Avoid people who have traveled or been to large
gatherings recently
6.5. Wear a mask in all public indoor spaces
6.6. Wear a mask in all public outdoor spaces
6.7. Avoid personal contact with people with whom I am
not living
6.8.Avoid personal contact with older relatives and friends
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6.9. Disinfect packages before bringing them into
the house.

6.10. Walk a pet
6.11. Jog/Walk/Run in your neighborhood
6.12. Go hiking on a trail with few other people
6.13. Go for a bike ride on public roadways
6.14. Participate in outdoor activities, such as boating,

fishing, swimming, kayaking, etc.
6.15. Play a low contact sport, such as golf
6.16. Play a high contact sport, such as basketball
6.17. Go swimming in a public pool
6.18. Visit a public park or beach
6.19. Work out at a gym
6.20. Go to a restaurant to pick up to-go order
6.21. Go to the grocery store or pharmacy
6.22. Use grocery carts or touch surfaces in public places

without using sanitizing wipes
6.23. Dine at an outdoor cafe/restaurant
6.24. Dine indoors at a restaurant
6.25. Visit a hair salon, barbershop, or spa
6.26. Go to a shopping mall for nonessential items, such as

clothing
6.27. Go to bar or club
6.28. Go to a movie at an indoor movie theater
6.29. Get together with a few friends in an outdoor setting
6.30. Get together with a few friends in an indoor setting
6.31. Host/Attend a large party in an outdoor setting
6.32. Host/Attend a large party in an indoor setting
6.33. Attend a wedding
6.34. Attend a funeral
6.35. Visit a church or other religious gathering
6.36. Attend large gatherings in an outdoor venue (e.g.,

concerts, sporting events, etc.)
6.37. Visit or volunteer at care facilities, such as hospitals,

nursing homes, homeless shelters, etc.
6.38. Visit a doctor’s or dentist’s office for a routine

checkup.
6.39. Attend medical appointments in person for non-

COVID related issues (e.g., sprained ankle)
6.40. Go to the emergency room for non-COVID-related

issues (e.g., heart attack or stroke symptoms)
6.41. Ride in friend’s vehicle or drive a friend
6.42. Use a ride-hailing service (e.g., Uber, Lyft, etc.) or

other small vehicle where you do not personally
know the driver

6.43. Ride on public transportation (e.g., bus)
6.44. Go on a cruise
6.45.Visit an amusement park
6.46. Airline travel within the United States
6.47. Airline travel outside of the United States
6.48. Stay at a hotel or motel
6.49. Vote in person at your local polling place
6.50. Go to workplace/school in person
6.51. Send pre-Kindergarten children back to daycare,

if open
6.52. Send Kindergarten to 12th-grade children back to

school, if district opens schools

7. Do you have any comments for the researcher on the
activities listed above?

Risk Perception Questions (2)

8. If you become infected with COVID-19, how likely is it
that you would have no symptoms? VAS with endpoints
impossible (left) and Certain (right)

9. If you become infected with COVID-19, how likely is it
that you would return to your previous state of health?
VAS with endpoints impossible (left) and Certain (right)

10. If you become infected with COVID-19, how likely is it
that you would be hospitalized? VAS with endpoints
impossible (left) and Certain (right)

Government Response Questions

11. How much do you agree with the following statements?
VAS with endpoints Disagree Completely (left) and
Agree completely (right)

11.1. The government is overreacting to the danger
from COVID-19.

11.2. The danger from COVID-19 is being exaggerated.
11.3. We should get back to normal life as soon as

possible.

Demographic Questions:

1. Gender (Options: Male, Female, Other)t

2. Age (in years): Numeric

3. What is the highest degree or level of school that you
have completed? Please select ONE option. Options: Did
not complete high school, High school diploma or GED
equivalent, Some college, technical school, or associate’s
degree, Bachelor’s degree (e.g., BA, BS), Master’s
degree (e.g., MA, MS, MEng, MEd, MSW, MBA),
Professional degree or doctorate (e.g., MD, DDS,
DVM, LLB, JD, PhD, EdD)

4. Please select ALL that apply to you. Options: White,
Black or African American, American Indian or Alaska
Native, Asian, Native Hawaiian or Pacific Islander,
Hispanic/Latinx, Middle Eastern/North African, Other,
Prefer not to answer

5. Marital status. Options: Single, Married with children,
Married without children, Divorced, Separated, Wi-
dowed, Domestic partnership, Prefer not to answer

6. How many people are currently living or staying in your
home (count everyone living and sleeping in your home
most of the time, including yourself, young children,
roommates, and friends and family members who are
living with you, even temporarily)?

7. Which of the following categories best describes your
current employment? Select one from Essential personnel,
working 40 hr or more per week; On-call essential
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personnel, working only when called to work; Nonessential
personnel, working 40 hr or more per week from home;
nonessential personnel, working fewer than 40 hr from
home; Full-time or part-time student working from home;
Nonessential personnel, not currently allowed to work due
to stay safe orders; Nonessential working out of the home

8. Please indicate the answer that includes your entire
household income in (previous year) before taxes.
Select one from: less than $10,000; $10,000–$19,999;
$20,000–$29,999; $30,000–$39,999; $40,000–$49,999;
$50,000–$59,999; $60,000–$69,999; $70,000–$79,999;
$80,000–$89,999; $90,000–$99,999; $100,000–
$149,999; $150,000 or more; Prefer not to answer

9. Have you been tested for COVID-19? Yes, No, Prefer not
to answer

10. Have you tested positive for COVID-19? Yes, No, Prefer
not to answer

11. Political ideology: In general, do you think of yourself as:
Extremely Liberal; Liberal; Slightly Liberal; Moderate,
middle of the road; Slightly conservative; Conservative;
Extremely Conservative

12. In which State do you currently live. Options: All 50
states and 5 inhabited territories

13. City [test field, free format]

14. Community [urban/suburb/rural]

15. Is there a person in your family or group of friends, who is
elderly or has chronic health problems? Yes, No

Appendix B

Pilot Study Assessing Risk Perception

Mean rating for the degree of risk associated with each of these activities, on a VAS anchored on the left by “not at all risky” and on the right
by “extremely risky,” converted to a 5-point scale.

Activities M SD

Risk reduction
Maintain a 6-foot distance from people 2.29 1.13
Use a delivery service to get my groceries 2.60 1.08
Use a delivery service to get my restaurant to-go order 2.75 1.10

Risk seeking
Walk a pet 2.33 1.14
Jog/Walk/Run in your neighborhood 2.45 1.17
Go hiking on a trail with few to no other people (10 or fewer) 2.90 1.22
Go to a restaurant to pick up to-go order 3.12 1.05
Visit a park 3.18 1.15
Get together in person only with those who have not traveled or not been to large

gatherings in the past 2 weeks
3.50 1.08

Go to the grocery store or pharmacy 3.58 0.92
Ride in friend’s vehicle or drive a friend 3.66 0.99
Host/attend a small dinner party with a few friends (four or fewer) 3.70 1.02
Attend medical appointments (non-COVID related) in person 3.77 0.96
Visit an outdoor cafe 3.86 0.94
Ride on Uber or other small vehicles where you do not personally know the driver 4.07 0.90
Have personal contact with people with whom I am not living 4.07 1.09
Use grocery carts or touch surfaces in public places without using sanitizing wipes 4.09 0.91
Have personal contact with older relatives and friends 4.10 0.93
Go to workplace/school in person 4.21 0.89
Visit a church or other religious gathering 4.36 0.83
Ride on public transportation (e.g., bus) 4.40 0.78
Visit a hospital 4.41 0.77
Visit or volunteer at care facilities, such as hospitals, nursing homes, homeless

shelters, etc.
4.41 0.78

Attend large gatherings in an outdoor venue 4.47 0.80
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