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Abstract Perceiving ambiguity in health information—
that is, uncertainty elicited from believing information
lacks credibility, reliability, or adequacy—is typically
associated with pessimistic appraisals (e.g., high perceived
disease risk) and behavioral avoidance. We examined the
effect of ambiguous health information about COVID-19
on health cognitions and vaccination intentions, and tested
a “normalized-uncertainty” intervention. Two studies with
identical methodology (online adult sample: n = 299, undergraduate sample: n = 150) were conducted in March to April
2020. Participants were randomly assigned to read one of
three health messages about COVID-19 that emphasized
what was currently unknown (ambiguity condition), what
was currently unknown but that scientific uncertainty is
expected (intervention condition), or what was currently
known (control condition). The ambiguity condition led to
greater perceived ambiguity than the control condition and
perceived ambiguity in the intervention condition was comparable to the ambiguity condition. There were few differences in health cognitions, and no differences in vaccination
intentions, when examining pairwise comparisons across the
three conditions. Correlational analyses collapsing across
condition indicated evidence of pessimistic appraisal but
not behavioral avoidance among individuals who perceived
greater ambiguity. Future research should examine longer,
more detailed normalized-uncertainty interventions.
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Introduction
In medical contexts, scientists and experts often do not
have all the answers or definitive information about the
best course of action. This is particularly true with novel
or unprecedented health treatments, diseases, or devices,
such as electronic cigarettes (Katz et al., 2017, 2018; Pepper et al., 2019; Simonovic & Taber, 2020) or lung cancer
screening (i.e., low-dose computed tomography; Schapira
et al., 2016; Yang et al., 2019). SARS-CoV-2 (more colloquially referred to as COVID-19 or the novel coronavirus)
is a global pandemic that emerged in the United States in
January 2020 about which very little scientific information
was known with certainty at the start of the pandemic (CDC,
2020). In March 2020, when COVID-19 was first considered
a worldwide pandemic (WHO, 2020a), experts did not have
precise understanding of the extent and nature of the health
risks or how best to prevent transmission. As a result, medical authorities provided conflicting recommendations to the
lay public, such as about whether to wear a mask (see Liang
et al., 2020 for an overview of the contradicting perspectives
as well as robust evidence that face masks reduce transmission). However, the extent of uncertainty about COVID-19
reflects the nature of scientific inquiry: advances are made
continuously, and information accumulates through ongoing
research.
Information emerging from ongoing research can lead
people to experience and perceive ambiguity. According to
a conceptual taxonomy of uncertainty in health care, ambiguity is a type of uncertainty (Han et al., 2011a, 2011b)
that people experience when information is lacking in reliability, credibility, or is in some way inadequate (Camerer
& Weber, 1992; Ellsberg, 1961). Ambiguity can be thought
of as uncertainty that arises from limitations in the existing
knowledge base about a particular topic. Some people who
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perceive greater ambiguity about a particular topic engage
in pessimistic appraisal and behavioral avoidance; these
responses to ambiguity have been termed ambiguity aversion as a general pattern of responding. The term ambiguity
aversion is also used to describe an extreme in a continuum
of individual level differences in tolerance for ambiguity,
such that individuals high in ambiguity aversion are said to
have low tolerance for ambiguity (see Simonovic et al., 2020
for a discussion of the different uses of the term “ambiguity
aversion”). Pessimistic appraisal in health contexts has been
shown as associations of greater perceived ambiguity with
greater worry (Han et al., 2006, 2007a, 2007b), decreased
trust in health officials and lower reliance on doctors (Han
et al., 2018; Simonovic et al., 2020), and lower perceived
response and self-efficacy (Simonovic et al., 2020; Taber
et al., 2015). All of these constructs are health cognitions
that are often associated with lower engagement in preventive behavior. Behavioral avoidance, or avoiding options
that have unknown probabilities, has been shown as lower
intentions to engage in a behavior [e.g., hesitancy to vaccinate (Blaisdell et al., 2016; Han et al., 2018; Meszaros et al.,
1996; Ritov & Baron, 1990)]. These findings have important
consequences: for example, a person who perceives higher
ambiguity about COVID-19 might also be more likely to
express behavioral avoidance through hesitancy to vaccinate, thus increasing their risk of contracting COVID-19 and
potentially spreading it to other people.
A strategy that might promote adaptive responses to
ambiguous information is normalization of uncertainty
(Han et al., 2018). According to the “Competence Hypothesis,” people respond aversively to ambiguity when they
perceive themselves as having low competence—that is,
if they do not feel knowledgeable—in a particular area
of decision-making (Han et al., 2018; Heath & Tversky,
1991; Klein et al., 2010). Making people feel more competent in assessing their risk, such as by emphasizing that
risk is unknowable for everyone rather than for a specific
individual, can decrease the maladaptive effects of ambiguous information (Chow & Sarin, 2001, 2002). Based on
these findings, Han et al. (2018) hypothesized that emphasizing that uncertainty is common and thus expected—a
strategy they termed “normalized-uncertainty”—might
promote more adaptive responses to ambiguous information within the context of a hypothetical health pandemic
which was described as preventable by a vaccine. An
important distinction about normalization of uncertainty
is that it should not decrease ambiguity, but rather influence how people respond to ambiguity. In an online study
about a hypothetical health pandemic, Spanish adults were
assigned to read an ambiguous health message, an unambiguous health message, or an ambiguous health message
coupled with text suggesting that uncertainty is normal
and expected (Han et al., 2018). Contrary to hypotheses,
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normalization of uncertainty did not decrease maladaptive health cognitions associated with ambiguity. The low
external validity regarding the hypothetical health pandemic may have undermined the efficacy of this strategy,
such that normalization of uncertainty during an actual
health pandemic might be more effective. More specifically, a non-hypothetical situation should increase relevance and thus engagement with the message, such that
a normalized-uncertainty message about a real pandemic
may be more likely to elicit responses consistent with
how people would respond if they came across ambiguous
information in their day-to-day lives than would a message about a hypothetical scenario. Thus, a real-world context may provide more insight into intervention efficacy.
Because a real-world contextmay provide more insight into
intervention efficacy, (DeAngelis, 2021; Salive, 2017),
the aim of the present study was to examine whether a
normalization of uncertainty intervention promoted adaptive responses to ambiguous health information about
COVID-19.
Although the normalization of uncertainty intervention
did not work in this prior study, results demonstrated several maladaptive effects of ambiguous information on health
cognitions (Han et al., 2018). Specifically, participants who
read a message emphasizing ambiguity about a vaccine for
the hypothetical disease reported less trust in public health
officials, lower perceived vaccine effectiveness, and most
importantly, lower intentions to vaccinate than participants
who read a control message in which ambiguity was not
emphasized (Han et al., 2018). The finding that the ambiguity condition led to lower intentions to vaccinate is consistent with the behavioral avoidance typically associated with
ambiguity aversion. Researchers also demonstrated a surprising moderating role of health literacy, such that individuals who were more health literate reported lower intentions
to vaccinate when exposed to ambiguous health information compared to participants who read a control message
(i.e., participants who were more health literate were more
ambiguity averse). Ambiguity aversion is considered to be
a “highly moderated phenomenon” (Han et al., 2011b, p.
361) and so it is important to further examine the role of
health literacy and other moderators in research on ambiguity. Further, participants who read ambiguous health information also perceived lower likelihood of and lower severity
of contracting the disease at the center of the hypothetical
health pandemic, which is inconsistent with a pattern of pessimistic appraisal. Perceived severity and likelihood (also
called susceptibility) are two distinct dimensions of risk perceptions (El-Toukhy, 2015). Risk perceptions, or subjective
beliefs about one’s risk, are an important predictor of health
behavior (Brewer et al., 2007; Ferrer & Klein, 2015). As part
of subjective beliefs about risk, susceptibility perceptions
refer to one’s chance of experiencing a negative outcome,
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whereas severity perceptions refer to people’s expectations
of how serious or harmful the negative outcome would be
(Brewer et al., 2007; El-Toukhy, 2015).
Hypotheses
Here, we report the results of two experiments that were
conceptualized as direct replications. Hypotheses were the
same for both experiments. First, we hypothesized that participants randomly assigned to read an ambiguous message
about COVID-19 (ambiguity condition) would report more
maladaptive health cognitions (i.e., lower risk perceptions,
self-efficacy, and trust in public health officials and doctors)
and lower intentions to vaccinate compared to participants
who received a normalization of uncertainty intervention
(intervention condition) and to participants who read an
unambiguous message (control condition). This hypothesis was based in part on prior research in which perceived
ambiguity was associated with lower perceived self-efficacy
(Simonovic et al., 2020), and lower trust in health officials
(Han et al., 2018). Although hypothesizing that ambiguity
would lead to lower risk perceptions is inconsistent with
theoretical background (i.e., pessimistic appraisal), this
hypothesis was based on the effect of ambiguity on risk perceptions in the study informing the current study (Han et al.,
2018). Further, whether lower or higher risk perceptions
are maladaptive is context-dependent, and we expected that
lower disease risk perceptions would be maladaptive in the
present context (i.e., if people underestimate their risk, they
might be less likely to engage in health protective behavior).
Second, we hypothesized that among participants who
read an ambiguous message about COVID-19, those with
higher, dispositional optimism, and tolerance for ambiguity would report more adaptive health cognitions. We
included health literacy because it was a significant moderator of effects in the study which informed the present one
(Han et al., 2018), but because the direction of their effect
was opposite of predictions, we did not have a directional
hypothesis for health literacy. We hypothesized moderating
effects of dispositional optimism because of prior research
suggesting that individuals with greater optimism (Biesecker
et al., 2014; Han et al., 2011b; Taber et al., 2015) would
respond more positively to ambiguous and uncertain health
information. Finally, we also examined moderating effects
of tolerance for ambiguity, as this variable can influence
responses to ambiguous health information (Han et al.,
2014). To reduce the number of analyses and the likelihood
of Type I error, we only conducted moderation analyses on
our primary dependent variables of interest: perceived susceptibility, worry, severity (all conceptualized as aspects of
risk perceptions), and behavioral intentions. These variables
were of interest because they are commonly examined in
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research on ambiguity in health contexts (e.g., Han et al.,
2006, 2007a, 2007b, 2018; Pepper et al., 2019).

General method
Overview
Two experiments were conducted. The online sample
recruited for Experiment 1 was older, M = 56.36, SD = 16.41,
range = 18–91 years, than the undergraduate sample
recruited for Experiment 2, M = 19.93, SD = 1.81, range = 18
to 29 years. A CDC report indicated less uptake of COVID19 protective behaviors among younger adults than older
adults (Hutchins et al., 2020), thus supporting our decision
to collect separate data from a student sample and a sample
of online adults. Kent State University’s IRB approved both
experiments. Criteria for eligibility included aged 18 years
and older, fluency in English, and no self-reported prior or
current diagnosis of COVID-19. Data from both experiments
were collected between March to April 2020, shortly after
COVID-19 was first considered a worldwide pandemic on
March 11th (WHO, 2020a) and lockdowns were first implemented across the U.S. (Moreland et al., 2020). Of note, data
collection from both experiments occurred simultaneously,
and although we consider both experiments to be direct replications of each other, we report data from Experiment 1
first simply because data collection was completed first and
because we considered these data to be a stronger test of
our research questions (as the sample in Experiment 1 was
adequately powered, whereas the sample in Experiment 2
was somewhat underpowered, as explained in the Methods).
The procedure was consistent across studies and measures
were nearly identical (except for education). Sample sizes
were determined from an a priori power analysis conducted
in G*Power 3.1.9.2 (Faul et al., 2007). According to the
power analysis, a sample size of 159 was required to conduct a univariate analysis of variance (ANOVA) with main
effects and interactions with three groups (representing
each of the three experimental conditions) considering 0.80
power, alpha = 0.05, and a medium effect size. We powered
for a medium effect size based on odds ratios of 1.46, 1.53,
and 2.60 reported in two prior studies for the relationship
between perceived ambiguity and perceived cancer susceptibility and worry (Han et al., 2006, 2007a). Because these
odds ratios ranged from small-medium to large effect sizes,
we powered for a medium effect size.
Study design and procedure
Both experiments, administered through Qualtrics, were
described as a study about COVID-19 attitudes and beliefs.
Participants who provided informed consent were randomly
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assigned to receive one of three health messages: one-third
received information emphasizing what was known about
COVID-19 (unambiguous control condition); one-third
received information emphasizing limitations of the scientific knowledge about COVID-19 (ambiguity condition);
and one-third received information emphasizing limitations
of the scientific knowledge about COVID-19 and additional information to normalize the inherent uncertainty
(intervention condition). After reading the health message,
participants completed two items that served as a manipulation check, followed by a measure of discrete emotions
(discrete emotion data are not reported here as they were
considered pilot data for a future study). Next participants
completed a 4-item measure of perceived ambiguity about
COVID-19 used as another manipulation check followed by
a questionnaire assessing health cognitions, individual differences hypothesized as moderators, and standard demographic items. Upon completing the study, participants were
debriefed and given links to resources to learn more about
COVID-19.
Intervention
The full text and a longer description of each health message
is available on Open Science Framework (OSF; https://osf.
io/n9f7x/). The three health messages were factually accurate and created using information from authoritative sources
(e.g., the World Health Organization) and popular and credible media sources (i.e., the World Economic Forum). Importantly, all the information presented was considered accurate
at the time of data collection (March 26, 2020).
The health messages all contained standard information
about COVID-19, including a description and symptoms.
After this introductory paragraph, the message differed
based on condition. In the unambiguous health message,
participants read about what scientists know about COVID19. In the ambiguous health message, participants read about
what scientists do not know about COVID-19. Lastly, in the
normalization of uncertainty message, participants read the
same text from the ambiguous health message with the addition of four sentences that served to normalize uncertainty
and were taken verbatim from a prior study (Han et al.,
2018): “Often at the beginning of outbreaks, we just don’t
have all the information we wish we had. For now, we have
to do the best we can with the information we do have. In
life, we never have perfect knowledge of any health risks,
and our information commonly changes. All we can ever do
is take action based on the limited knowledge we do have.”
Measures
A document including the full text of all survey measures
can be found on OSF (https://o sf.i o/n 9f7x/). Not all included
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measures were analyzed as part of the present study as they
were not central to hypotheses. Further, we included measures of response efficacy and reactance consistent with the
rationale specified in other studies (Simonovic & Taber,
2021; Taber et al., 2015); however, after conducting analyses that demonstrated null effects, we realized that the health
messages did not adequately target these variables (i.e., the
messages did not make recommended actions salient or
explicitly tell participants how to act). Therefore, we do not
describe these analyses further, but they are available upon
request from the corresponding author. Measures below are
described in the order they were administered.
Manipulation checks
Two items were used as a manipulation check to assess
whether perceived ambiguity differed across conditions.
In the first item [adapted from Jensen et al. (2017)], participants indicated their agreement with: “There are many
limitations of the existing information about COVID-19”
on a scale from 1 (strongly disagree) to 4 (strongly agree).
In the second item (written for this study), participants were
given the same response options to indicate the extent of
their agreement with: “There is a lot that is unknown about
COVID-19.” In Experiment 1, both items were significantly
correlated and thus averaged (r = 0.61, p < 0.001). In Experiment 2, the associations were weaker (r = 0.39, p < 0.001),
but we averaged the items for ease of interpretation. Results
did not differ when analyses were conducted with the individual items.
We also included an additional 4-item measure of perceived ambiguity about COVID-19 [adapted from Simonovic and Taber (2020) and written for the present study].
These items were introduced with, “The next set of questions will ask about your beliefs and attitudes towards the
novel coronavirus, or COVID-19. These questions will
refer to ‘COVID-19’, which we use to refer to the novel
coronavirus.” Participants then reported the extent to which
they agreed that “leading scientists and experts…do not
know enough about COVID-19/have conflicting opinions
about how severe COVID-19 is and how it is spread/do not
know whether the spread of COVID-19 will decrease when
weather becomes warmer,” and that “Whether one is at risk
for COVID-19 cannot be accurately predicted or precisely
measured.” Items were assessed on a scale from 1 (strongly
disagree) to 4 (strongly agree) and averaged such that higher
values indicated greater perceived ambiguity (αExp1 = 0.70,
αExp2 = 0.58).
To distinguish these two perceived ambiguity measures, the former 2-item manipulation check is hereafter
referred to as “perceived message ambiguity” and the latter 4-item manipulation check is hereafter referred to as
“perceived COVID-19 ambiguity.” We refer to the former
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2-item manipulation check as “perceived message ambiguity” because these items were broad and meant to capture
the overall message of the ambiguous health message and
because they occurred immediately after the messages. We
refer to the latter 4-item measure as “perceived COVID-19
ambiguity” because these items were more tailored to details
specific to the health context of COVID-19 and were separated from the messages by a discrete emotion scale. When
referencing both, we use the term “perceived ambiguity.” We
retained each measure as separate scales because analyses
showed some differences in zero-order correlations of each
measure with outcomes.
Dependent variables
Risk perceptions were conceptualized as including perceived
susceptibility of getting COVID-19, worry about COVID19, and perceived severity of COVID-19. Susceptibility and
worry were assessed with separate items referring to the self
and to family members/friends.
Perceived COVID-19 susceptibility [adapted from
De Zwart et al. (2009) and Klein and Ferrer (2018)] was
assessed with six items, such as, “Overall, how likely is it
that you will be infected with COVID-19 in the next year?”
Response options varied across items but ranged from
1 to 5 and higher scores indicated greater susceptibility.
Because reliability was high (αExp1 = 0.89, αExp2 = 0.78), all
six items were averaged to create a score of perceived susceptibility. “Don’t know” was also provided as an explicit
response option. Participants who selected “don’t know”
were excluded from analyses involving perceived susceptibility. COVID-19 worry [adapted from Weinstein et al.
(2007) and Taber et al. (2019)] was assessed as the average
of six items assessing worry, concern, and anxiety about
being infected with COVID-19 (1 = not at all, 4 = a lot;
αExp1 = 0.94, αExp2 = 0.91).
Trust in public health officials [adapted from Eisenman
et al. (2012) and Han et al. (2018)] was assessed with four
items (1 = not at all, 4 = a lot). For example, participants
were asked the extent to which they were confident that public health officials could “respond effectively to protect the
health of the public.” Items were averaged to create a scale
(αExp1 = 0.81, αExp2 = 0.80). Trust in doctors was assessed
with one item adapted from the Health Information National
Trends Survey (National Cancer Institute, 2003): “In general, how much would you trust information about COVID19 from a doctor?” (1 = not at all, 4 = a lot).
Self-efficacy [adapted from De Zwart et al. (2009)]
was assessed as the average of three items (α Exp1 = 0.92,
αExp2 = 0.92): “How [confident/sure/certain] are you that you
could prevent being infected with COVID-19?” on a scale
from 1 (not at all) to 4 (very).
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Perceived COVID-19 severity [adapted from Lipkus
et al. (2003)] was assessed as the average of three items
(αExp1 = 0.89, αExp2 = 0.80) to which participants rated their
agreement that COVID-19 is a serious condition, dangerous,
and life-threatening on a scale from 1 (strongly disagree) to
4 (strongly agree).
Intentions to vaccinate [adapted from Han et al. (2018)]
was assessed with one item on a scale from 1 (strongly
disagree) to 4 (strongly agree): “At this time, there is no
approved vaccine to protect against COVID-19. However,
scientists are working to develop a vaccine. Please rate how
much you agree or disagree with the following statement:
Once a vaccine is available, I intend to get vaccinated against
COVID-19.”
Moderators
Tolerance for ambiguity was assessed as the average of six
items [αExp1 = 0.82, αExp2 = 0.72 (Han et al., 2009, 2014)].
Participants were asked to “Please imagine that you are considering having a medical test that checks for cancer. Experts
have conflicting opinions about this medical test.” and then
rated their agreement with statements such as, “I would be
afraid of trying the test” (1 = strongly disagree, 4 = strongly
agree). After reverse scoring necessary items, greater
scores indicated higher tolerance for ambiguity. Dispositional optimism was assessed as the average of the six items
(αExp1 = 0.84, αExp2 = 0.82) from the Life Orientation Test—
Revised (Scheier et al., 1994), such as “In uncertain times, I
usually expect the best” (1 = strongly disagree, 5 = strongly
agree). Health literacy (Chew et al., 2008) was assessed as
the average of three items (αExp1 = 0.71, αExp2 = 0.53), such
as about how confident participants are in filling out forms
by themselves (1 = none of the time, 5 = all of the time).
Finally, participants reported standard demographic factors including age in years (continuous), gender (coded as
0 = “female,” 1 = “male”), and race (coded as 0 = “nonwhite,” 1 = “white”). Participants also reported their level of
education in Experiment 1 or their year in school in Experiment 2.
Pre‑registration
A brief pre-registration is available on OSF (https://osf.io/
n9f7x/) that includes the general research question, study
design, hypotheses, and power analyses and planned samples. There are differences between the preregistered plan
and what is reported here. In the current paper, we clarified
hypotheses to better explicate expectations for specific conditions. The current paper includes intentions to vaccinate
as an outcome (not mentioned in pre-registration) but not
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perceived social support (we did not run any analyses with
this variable). The preregistration only specified that we
would conduct individual ANOVAs across the three groups
on each dependent variable and did not include any information about testing moderators, examining bivariate correlations, or examining pairwise comparisons.
Overview of analyses
First, we used ANOVAs to test whether the manipulation led
to greater perceived ambiguity in the ambiguity versus the
control condition. Next, we tested whether random assignment was successful by using ANOVAs and chi-square tests
to examine whether demographic factors or hypothesized
moderators differed across conditions. We then examined
bivariate correlations among all conceptual study variables
(i.e., excluding demographics).
To test for differences in what we conceptualized as the
primary (i.e., perceived susceptibility, worry, severity, and
vaccination intentions) and secondary (i.e., self-efficacy,
trust in officials, and trust in doctors) dependent variables,
we conducted ANOVAs to test whether there were omnibus differences across the three conditions and to examine
pairwise comparisons across conditions. We also tested the
interactive effects of three potential moderators (i.e., tolerance for ambiguity, optimism, and health literacy) with
condition on the four primary dependent variables. This was
tested using regression analyses with dummy variables created for the three conditions. The continuous moderators
were mean centered before creating interaction terms. Consistent with the hypotheses outlined in the pre-registration,
we were interested in interactions involving the ambiguity
versus control conditions (Dummy code 1) and ambiguity
versus intervention conditions (Dummy code 2).

Experiment 1
Participants
Participants (n = 299; 53.8% female; 76.6% white;
Mage = 56.36; education: 5% high school or less, 28.8% high
school graduate; 26.8% some college or associated degree
completed; 30.1% college degree; 9.4% post graduate or
professional degree) were U.S. adults who were recruited
through Dynata and were each compensated with $5 for the
approximately 28-min study. Dynata is a research firm that
recruits participants through a US-based online panel vetted
from invitations sent out to thousands of organizations (e.g.,
award programs and social media). Participants completed
the study between March 27 and April 2, 2020. Data were
excluded from participants who completed the study in less
than 30% of the bid length of the study (n = 42), failed at
least one of two attention checks (n = 12), completed less
than 60% of the survey (n = 2), wrote in nonsense responses
to open-ended questions (n = 15), and had duplicate IP
addresses (n = 6). These exclusions were not included in the
final sample size noted above. The sample size drops to 263
participants for analyses including perceived susceptibility
because of participants who responded to this item with the
response option of “don’t know.”
Results and discussion
Manipulation checks
As expected (see Table 1), participants in the ambiguity
condition reported significantly greater perceived ambiguity, M = 3.26, than participants in the control condition,
M = 2.92, p < 0.001. However, perceived message ambiguity

Table 1  Experiment 1: unadjusted means and standard deviations of study variables across conditions
ANOVAs

Message ambiguity
COVID-19 ambiguity
Susceptibility
Worry
Severity
Vaccination intentions
Self-efficacy
Trust in public health officials
Trust in doctors

Control,
M (SD) n = 100

Ambiguity,
M (SD) n = 107

Intervention,
M (SD) n = 92

F

p Value, test of
between subjects

Partial eta
squared

2.92 (0.75)a
2.78 (0.60)a
2.61 (0.81)
2.53 (0.87)
3.68 (0.51)a
3.21 (0.97)
2.43 (0.83)a
2.76 (0.71)a
3.04 (0.82)

3.26 (0.66)b
3.05 (0.57)b
2.63 (0.87)
2.48 (0.79)
3.50 (0.64)b
3.20 (0.96)
2.29 (0.81)ab
2.60 (0.73)ab
2.99 (0.78)

3.28 (0.60)b
3.19 (0.54)b
2.70 (0.85)
2.40 (0.77)
3.69 (0.50)a
3.27 (1.01)
2.19 (0.89)b
2.54 (0.71)b
2.92 (0.82)

9.07
12.79
0.26
0.67
4.08
0.16
2.09
2.40
0.50

< 0.001
< 0.001
0.773
0.512
0.018
0.849
0.126
0.092
0.606

0.058
0.080
0.002
0.005
0.027
0.001
0.014
0.016
0.003

Mean values with different superscripts differ significantly at p < 0.05 and were drawn from the ANOVA. Absence of superscripts denotes that
no pairwise comparisons were statistically significant. Degrees of freedom is 2, 260 for susceptibility and 2, 296 for all other measures
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Table 2  Experiment 2: unadjusted means and standard deviations of study variables across conditions
ANOVAs

Message ambiguity
COVID-19 ambiguity
Susceptibility
Worry
Severity
Vaccination intentions
Self-efficacy
Trust in public health officials
Trust in doctors

Control,
M (SD) n = 49

Ambiguity,
M (SD) n = 50

Intervention,
M (SD) n = 51

F

p value, test of
between subjects

Partial eta
squared

2.80 (0.64)a
2.49 (0.56)a
2.85 (0.64)ab
2.62 (0.70)
3.52 (0.50)
3.31 (0.77)
2.19 (0.75)
2.57 (0.63)
3.02 (0.75)

3.35 (0.48)b
3.06 (0.58)b
3.10 (0.69)a
2.70 (0.74)
3.38 (0.60)
3.30 (0.84)
2.27 (0.75)
2.45 (0.76)
3.10 (0.65)

3.27 (0.47)b
2.94 (0.45)b
2.82 (0.70)b
2.61 (0.69)
3.55 (0.48)
3.08 (1.04)
2.35 (0.96)
2.56 (0.72)
3.02 (0.76)

15.30
15.87
2.49
0.24
1.48
1.07
0.45
0.42
0.21

< 0.001
< 0.001
0.086
0.786
0.230
0.345
0.640
0.658
0.815

0.172
0.178
0.033
0.003
0.020
0.014
0.006
0.006
0.003

Mean values with different superscripts differ significantly at p < 0.05 and were drawn from the ANOVA. Absence of superscripts denotes that
no pairwise comparisons were statistically significant. Degrees of freedom is 2, 144 for susceptibility and 2, 147 for all other measures

did not differ between the intervention and ambiguity conditions, p = 0.883, and those in the intervention condition,
M = 3.28, reported greater perceived message ambiguity
than those in the control condition, p < 0.001. Thus, the normalized uncertainty intervention did not reduce perceived
ambiguity. The same pattern of effects was observed for perceived ambiguity about COVID-19 (Table 1), providing further evidence of the successful induction of perceived ambiguity in the ambiguity compared to the control condition.

Main effects of condition

Differences in demographic factors and moderators
by condition

Moderators

Confirming successful randomization, there were no significant differences in age, gender, race, education, tolerance
for ambiguity, optimism, or health literacy (all p’s > 0.159)
across conditions.
Associations among variables
Table 3 provides descriptive statistics and correlations among
study variables. When collapsing across conditions, greater
perceived message ambiguity was significantly associated
with greater perceived COVID-19 ambiguity. Individuals who
reported greater perceived ambiguity also reported greater
perceived susceptibility, greater worry about COVID-19, and
lower perceived self-efficacy to prevent COVID-19, consistent with a pattern of pessimistic appraisal; these patterns were
shown for both indices of perceived ambiguity. Those who
reported greater perceived ambiguity in response to the health
message also reported greater perceived COVID-19 severity,
and those who reported greater perceived ambiguity about
COVID-19 more generally reported less trust in public health
officials and doctors. Neither measure of perceived ambiguity
was significantly associated with vaccination intentions.

As shown in Table 1, a main effect of condition was found for
perceived severity only; the nature of this effect was consistent with predictions of more maladaptive health beliefs—but
not with pessimistic appraisals—such that the participants in
the ambiguity condition reported lower perceived severity,
M = 3.50, than participants in the control, M = 3.68, and intervention, M = 3.69, conditions.

We next used hierarchical linear regressions with dummy
codes to test whether condition interacted with each of three
possible moderators (i.e., tolerance for ambiguity, optimism, and health literacy) to predict the primary outcomes
of perceived susceptibility, worry, severity, and vaccination
intentions (in total, 12 regression analyses were run). Only
one interaction reached statistical significance of p < 0.05.
Specifically, tolerance for ambiguity interacted with condition (Dummy 1) to predict vaccination intentions. However,
because this effect would not survive correction for multiple tests and was not replicated in Experiment 2, we do not
describe this interaction further.

Experiment 2
Participants
Participants (N = 150; 76% female; 77.3% white; Mage = 19.93;
year in school: 46% freshman, 22.7% sophomore; 14.7% junior, 16.7% senior) were undergraduates who were recruited
through a psychology participant pool and compensated with
course credit for the approximately 27 min study (calculated
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Table 3  Correlations among study variables. Experiment 1 (online adult sample, n = 299) above the diagonal, Experiment 2 (undergraduate
sample, n = 150) below the diagonal
1

2

3

4

5

6

7

8

9

10

11

12

Manipulation checks
1. Message ambiguity

–

2. COVID-19 ambiguity

0.39**

0.50**

–

0.13*

0.21**

0.18**
0.16**

0.23**
0.09

− 0.16**

0.09
− 0.04

− 0.20**

− 0.03

− 0.20**

− 0.04

− 0.02

− 0.02

− 0.06

− 0.07

0.07

− 0.06

0.04

− 0.04

0.04

− 0.17**

− 0.23**

− 0.01

0.28

0.20

− 0.23**

0.02

Dependent variables
3. Susceptibility

0.16

4. Worry

0.05

5. Severity

− 0.05

6. Vaccination intentions

0.22**

–

0.43**

0.03

0.04

0.29

0.09

0.14

0.08

0.02

7. Self-efficacy

− 0.13

− 0.02

8. Trust in public health
officials

− 0.06

− 0.12

− 0.16*

0.01

− 0.11

10. Tolerance for ambiguity

0.10

11. Dispositional optimism

− 0.05

9. Trust in doctors

0.58**

0.17*

–

**

− 0.42** − 0.18*

0.23**

0.38**
–

0.22**
0.15*

**

− 0.52**

− 0.17**

0.36

− 0.13

–

− 0.08

0.12

*

0.22
0.22

0.04

− 0.05

–

− 0.10

0.02

0.07

0.26**

0.04

0.03

0.10

0.04

0.11

0.09

0.09

− 0.12

0.07

0.10

0.00

− 0.03

− 0.15

− 0.04

0.13

− 0.01

0.32

**
**

0.25**
–

0.23

**
**

0.14*

0.64**

0.12

**
*

− 0.05

0.16**

0.51**

–

0.09

0.25**

0.13

–

0.17

0.02

0.00

− 0.29**
0.06
0.07

0.21**

0.20**

− 0.11

− 0.23**
0.15*
0.06
− 0.10
0.09

0.06

0.10

0.30**

0.30**

Moderators

12. Health literacy
Possible Range

0.07
1–4

0.07
1–4

0.03
1–5

− 0.07

− 0.10

1–4

1–4

0.06
1–4

0.02
1–4

**

*

0.04
1–4

0.15
1–4

0.04
1–4

–

0.37**

− 0.04
1–5

–
1–5

Experiment 1
M

3.15

3.00

2.64

2.47

3.62

3.22

2.31

2.63

2.99

2.65

3.54

4.35

SD

0.69

0.59

0.84

0.81

0.56

0.97

0.84

0.72

0.80

0.62

0.79

0.78

Experiment 2
M

3.14

2.83

2.92

2.64

3.48

3.23

2.27

2.53

3.05

2.55

3.06

3.91

SD

0.59

0.58

0.68

0.70

0.53

0.89

0.82

0.71

0.72

0.51

0.75

0.72

*

p < 0.05

**

p < 0.01

after excluding one upper range outlier). Participants completed the study between March 30, 2020 and April 24, 2020.
Data collection ended once the semester was over and we did
not continue data collection in the subsequent semester despite
being underpowered for a priori ANOVA analyses due to rapid
changes in COVID-19 information that would have necessitate
changes to our materials. One participant was excluded for
not completing the majority of the survey. This exclusion was
not included in the final sample size noted above. No other
participants were excluded for any of the reasons specified in
Experiment 1. Additionally, no participants responded “don’t
know” for the perceived susceptibility item.
Results and discussion
Manipulation checks
As expected (see Table 2), participants in the ambiguity
condition reported significantly greater perceived message
ambiguity, M = 3.35, than participants in the control condition, M = 2.80, p < 0.001. Perceived message ambiguity did
not differ among the intervention and ambiguity conditions,
p = 0.425, and those in the intervention condition, M = 3.27,
reported greater perceived message ambiguity than those in
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the control condition, p < 0.001. Similar to Experiment 1,
this confirmed that the message manipulation for the ambiguity condition was successful. The same pattern of effects
was observed for perceived ambiguity about COVID-19
(Table 2).
Differences in demographic factors and moderators
by condition
Confirming successful randomization, there were no significant differences in age, gender, race, education, tolerance for ambiguity, optimism, or health literacy (all
p’s > 0.268) across conditions.
Associations among variables
Table 3 provides descriptive statistics of and correlations
among study variables. When collapsing across conditions,
perceived message ambiguity was significantly associated
with greater perceived COVID-19 ambiguity. In contrast
to Experiment 1, when collapsing across conditions,
there were no significant associations among perceived
ambiguity and the dependent variables. Specifically, individuals who reported greater perceived ambiguity about
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COVID-19 more generally reported greater perceived susceptibility to COVID-19 and greater worry about COVID19, consistent with a pattern of pessimistic appraisal.
However, perceived ambiguity about the health message
was not significantly associated with any of the dependent variables, and neither index of perceived ambiguity
was associated with vaccination intentions. Although the
associations of perceived message ambiguity with perceived susceptibility, r = 0.16, p = 0.055, and self-efficacy,
r = -0.13, p = 0.111, did not reach statistical significance,
the magnitude of the associations were similar to what
was seen in Experiment 1, rs = 0.13 and -0.16, respectively. The association of perceived message ambiguity
with worry, r = 0.05, p = 0.578, was not comparable to the
magnitude of the effect in Experiment 1, r = 0.18.
Main effects of condition
As shown in Table 2, there were no main effects of condition on any of the primary or secondary dependent variables. Although not statistically significant, p = 0.230, the
pattern of severity across conditions was consistent with
the main effect on severity observed in Experiment 1, such
that participants in the ambiguity condition, M = 3.38,
reported lower perceived severity than participants in the
control, M = 3.52, and intervention, M = 3.55, conditions.
Moderators
We next used hierarchical linear regressions with dummy
codes to test whether condition interacted with each of
three possible moderators to predict the four primary outcomes (in total, 12 regression analyses were run). There
were no statistically significant interactions between condition and any of the possible moderators.

Discussion
The emergence of the global COVID-19 pandemic in the
early months of 2020 has caused countless disastrous effects,
including substantial death and illness (Klein et al., 2020;
Slotman, 2020; UNICEF, 2020). As of late September, 2020,
over 23,000 academic papers were published about COVID19, but only 1,400 fell within the scope of health psychology (Freedland et al., 2020). Many of these were about
mental disorders or stress; only a small proportion focused
on health communication (4.5%; Freedland et al., 2020).
Yet, understanding what types of communications lead to
engagement in preventive health behaviors—e.g., physical
distancing, wearing facial coverings, and vaccination—is
critical to stemming the spread of COVID-19 and future
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contagious diseases. Recommendations to prevent disease
spread are typically behavioral and thus rely on individual
action. Across two experiments, we examined the effects of
an ambiguous health message about COVID-19 on beliefs
underlying engagement in health behaviors and tested the
efficacy of a normalization of uncertainty strategy for use
within public health communications about COVID-19.
Results have practical and theoretical implications.
Efficacy of normalization of uncertainty interventions
Contrary to hypotheses, participants randomly assigned to
receive a normalization of uncertainty intervention—consisting of statements that it is normal and expected for scientists not to have all the information necessary at the start of
an outbreak and that there is never absolute certainty when
it comes to health risks—did not report lower perceived
ambiguity about COVID-19 compared to participants who
read unambiguous messages or ambiguous messages without the normalization intervention. The intervention also
did not have a unique effect on any other health cognitions.
This lack of effects regarding the intervention was demonstrated across two experimental studies functioning as direct
replications of each other, with a combined sample size of
449 participants. The potential efficacy of a normalization
of uncertainty intervention is supported by behavioral economic theory and empirical studies (Chow & Sarin, 2001,
2002; Heath & Tversky, 1991). However, the null effects
from the current study replicate those of similar research
conducted concerning hypothetical pandemics (Han et al.,
2018; Valley et al., 2019) and revised antibiotic recommendations (Lyons et al., 2020).
The normalization of uncertainty interventions tested
here and in prior research (Han et al., 2018) may have been
too subtle to elicit effects. Medical professionals seem to
experience naturalistic normalization of uncertainty over
time: medical students became more tolerant of ambiguity the more time they spent in medical school (Han et al.,
2015), and genetic counselors reported that their own
uncertainty became more “routine” and expected over time
(Zhong et al., 2019). Thus, normalization of uncertainty
interventions might be more effective if they were longer,
more detailed, and/or implemented more than once or at
regular intervals. Indeed, unbeknownst to the authors of the
current study, Han et al. (2021) also conducted a similar
study during COVID-19 informed by Han et al. (2018).
Han et al. (2021) demonstrated evidence for the efficacy of
a normalization of uncertainty intervention using a longer
and more detailed message. More specifically, the intervention message led to levels of perceived likelihood of getting
COVID-19 and worry about COVID-19 similar to levels
reported by participants in the control condition that simply
emphasized uncertainty. Our normalization of uncertainty
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message was shorter than that used by Han et al. in their
(2018) study because we removed portions that were not
applicable to the context of COVID-19 so as not to include
false information. Further, the original intervention used by
Han et al. (2018) consisted primarily of direct quotes from
the point of view of a healthcare professional, whereas the
intervention used by Han et al. in their (2021) replication
study did not consist of quotes from any particular expert.
These differences across the messages might have influenced
the efficacy of the various interventions. For example, individuals may be less likely to attend to information from an
unknown healthcare professional. Thus, future work on normalization of uncertainty interventions should be attentive
to these details of the intervention. Future work might also
test and adapt other interventions aimed at reducing maladaptive responses to ambiguity, such as construal manipulations (Simonovic & Taber, 2021) and self-affirmation (Klein
et al., 2015).
Effects of ambiguous versus unambiguous health
information about COVID‑19
In the absence of intervention effects, we consider results
concerning the main effects of ambiguity versus a control condition as well as the bivariate correlations among
dependent variables (collapsed across conditions). Importantly, the ambiguity manipulation did successfully induce
greater perceived ambiguity about COVID-19 compared to
the control condition.
In the present study, adults randomly assigned to read an
ambiguous health message about COVID-19 perceived the
novel coronavirus to be less severe than participants who
read an unambiguous message and those who were in the
intervention condition (although this effect was only significant in Experiment 1, the pattern was the same in Experiment 2). Surprisingly, in Experiment 1, adults who reported
greater perceived ambiguity about the message (regardless
of condition) also reported greater perceived severity of
COVID-19. This former effect provides partial support for
our first hypothesis that an ambiguous message would lead
to more maladaptive health cognitions and is consistent with
prior research (Han et al., 2018), whereas the latter effect
is consistent with theoretical predictions that greater perceived ambiguity is associated with pessimistic appraisal
(Han, 2016; Viscusi, 1997; Viscusi et al., 1991). Han et al.
(2018) suggest that individuals who respond to ambiguity
with lower perceived severity may be engaging in motivated
reasoning: the ambiguous nature of the health message may
provide an opportunity to downplay disease severity (see
Dieckmann et al., 2017). Indeed, the authors of one study
proposed that participants engaged in motivated reasoning
processes when interpreting ambiguous numerical ranges
(Dieckmann et al., 2017). Further, cognitive dissonance can
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elicit motivated reasoning (Stone & Wood, 2018). For example, it is possible that individuals feel cognitive dissonance
from receiving conflicting information (i.e., they feel discomfort from conflicting thoughts that vaccines are effective
but they are not sure whether a new COVID-19 vaccine will
be effective), so they lower their perception of risk as part
of motivated reasoning to resolve their cognitive dissonance
and justify their avoidance behavior (i.e., “It’s unlikely that
I will get this illness, and if I do, it won’t be that bad, so I
do not have to get this vaccine”). This finding and potential
interpretation has important implications for how people
might behave during the pandemic, such that individuals
who perceive lower severity might be more likely to engage
in riskier behavior.
The associations of ambiguity with perceived susceptibility and COVID-19 worry were somewhat inconsistent:
perceived susceptibility and worry did not differ across the
experimental conditions, but correlations provided general support for an association of greater ambiguity with
greater perceived susceptibility and worry in both studies. A recent experimental test of the effects of ambiguous information about alcohol consumption compared to
a message without ambiguity found similar null effects
of the ambiguity manipulation on perceived susceptibility and worry (Simonovic & Taber, 2020), although
other experimental tests have found that ambiguity leads
to lower perceived susceptibility (Han et al., 2018; Pepper et al., 2019). Correlational studies have consistently
shown that greater perceived ambiguity is associated with
greater perceived susceptibility and worry (Han et al.,
2006, 2007a, 2007b). Perhaps people who are more likely
to perceive ambiguity may also be more pessimistic in
other judgments, such as their beliefs about their personal
disease susceptibility and worry about getting the disease.
Future correlational research on perceived ambiguity
may benefit from controlling for potentially confounding
constructs such as neuroticism. To date, there is stronger
evidence in health contexts that perceived ambiguity and
pessimistic appraisals co-occur than there is to suggest that
perceived ambiguity causes pessimistic appraisals.
Han et al. (2018) found that ambiguous messages about
a hypothetical pandemic influenced vaccination intentions,
perceived vaccine effectiveness, and perceived disease
likelihood. We did not replicate these effects, which may
be due to differences across the studies. One difference is
that in the current study, participants may have had strong
pre-existing attitudes that influenced their reaction to the
manipulated health messages, but we did not measure any
pre-existing beliefs. Another difference across the two
studies pertains to the specific information included in
the health messages. Han et al.’s (2018) ambiguity message included ambiguity about disease severity, about the
probability of the disease affecting individuals, and about
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the effectiveness of the vaccine. The control message
described the disease as severe and the vaccine as effective, and in both the ambiguity and control conditions, the
vaccine was recommended as the best available option.
In the present study, the ambiguity about the vaccine was
more subtle and did not pertain to its effectiveness: both
the ambiguous and control messages stated that a vaccine was in development, with the ambiguous condition
further stating that “it was unknown whether or when a
vaccine would be approved.” The nature of main effects of
ambiguity on outcomes may depend on the nature of the
control or comparison condition. It is perhaps unsurprising that the control condition in Han et al.’s (2018) study
—which described the disease as severe and the vaccine
as effective—led to greater vaccination intentions, greater
perceived vaccine effectiveness, greater perceived disease
likelihood and severity, and greater trust in officials than
the ambiguity condition. Future research is needed to continue untangling the effects of ambiguous information on
health cognitions and intentions.
Lack of moderation effects
Contrary to hypotheses, there was little evidence that tolerance for ambiguity, optimism, or health literacy moderated
how individuals responded to the health messages. Whereas
null effects for tolerance for ambiguity and optimism replicate prior null effects, we did not replicate prior interactions
involving health literacy (Han et al., 2018). The same scale
was used in both our experiments and Han and colleagues’,
although Han et al. (2018) included only one of the three
items in the scale. Future research is needed to continue to
test the role of health literacy with respect to ambiguous
health information.
Limitations
There may have been significant differences across conditions in baseline variables that were not assessed, including
pre-existing beliefs and attitudes about COVID-19. Additionally, the sample for Experiment 2 was somewhat underpowered, and both studies were underpowered to identify
small or small-medium effect sizes. Another limitation of
the present study is that the health messages included some
differences in content, such that there were more differences
across the ambiguity and control conditions than is ideal in
an experimental study. Our aim was to balance experimental
control with capitalizing on external validity and providing accurate information about an existing pandemic; we
did not wish to provide inaccurate information (1) given
the sensitivity of the topic and potential for harm, and (2)
to maintain ecological validity of this study with respect to
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an actual pandemic. Nonetheless, every attempt was made
to ensure that the content of the messages was as similar as
possible and only differed in the degree of ambiguity. We
also ensured that the length of the messages was similar
across conditions, as well as the reading level (Flesch Reading Ease: Ambiguity: 51.9, Intervention: 56.9, Control: 46.7;
Flesch-Kincaid Grade Level: Ambiguity: 10.3, Intervention:
9.5, Control: 10.6). It is also possible that the title used for
the control health messages (“COVID-19—What Scientists
Do Know”) inadvertently primed participants to think of
ambiguity. However, given that we found significant differences in perceived ambiguity in the control and ambiguity
conditions, it is unlikely that any such priming had a major
effect on outcomes. As for the intervention group, it is possible that some participants did not read the normalization of
uncertainty message considering it was placed at the end of
the message, which may have contributed to the null effects
that were demonstrated.
Future studies should consider including reading checks
to confirm that participants attended to key information in
presented messages. The current study will contribute to
future reviews and meta-analyses that might assess the effectiveness of normalization of uncertainty interventions across
multiple studies and contexts, as our results contribute to a
body of research examining the effects of ambiguous information and interventions aimed at reducing maladaptive
effects of ambiguity.

Conclusion
Determining how to communicate complex, uncertain,
and potentially conflicting health information is of critical importance. Ambiguity in scientific information is not
going away, and ambiguity already exists about vaccines
developed for COVID-19 due to the use of novel mRNA
technology (Abbasi, 2020). It is thus important to develop
interventions that help individuals manage ambiguity that
arises from scientific information; results suggest here that
brief statements emphasizing that uncertainty is expected
and normal are unlikely to be strong enough. These findings
also provide additional information on how people respond
to ambiguity, with important consequences: for example, a
person who perceives higher ambiguity about COVID-19
and thus lower trust in health officials and doctors may then
disregard medical advice.
Author’s contribution NS led the study conception and design with
input from JMT. Both authors contributed to data collection and statistical analysis. NS conducted the literature review and created tables.
Both authors contributed to the interpretation of the findings, manuscript writing, and read and approved the final manuscript.
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