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ABSTRACT KEYWORDS
Pandemics are characterized by extreme uncertainty and effective Public communication;
communication is critical to help the public manage this uncertainty. media; uncertainty;

We summarized scholarship on public communication related to uncertain science;
uncertainty during the COVID-19 pandemic, synthesizing insights  tansparency; COVID-19;
published from January 2020-February 2022. We reviewed key findings theory

and arguments from 39 empirical papers and 21 nonempirical papers

with a particular focus on the theories and concepts that underpinned

them. While this work shed light on elements of effective

communication, conceptual and operational treatments of uncertainty

varied considerably, and less than half of papers used a theory to

analyze or discuss uncertainty-related communication. In all, this review

highlights opportunities to strengthen our field's theoretical and

practical contributions to public communication in uncertain situations.

The coronavirus disease 2019 (COVID-19) pandemic has been marked by tremendous uncertainty,
and understanding the roles of public communication in addressing this uncertainty has been a
pressing question for our discipline (Dunwoody, 2020; Finset et al., 2020; Guttman & Lev, 2021;
Paek & Hove, 2020; Pearce, 2020; Sauer et al.,, 2021). As de Vreese (2021) pointed out in his ICA Pre-
sidential Address, COVID-19 has not merely been a public health issue. Thus, it is not surprising that
public communication during this pandemic—especially communication about uncertainty—has
involved health communication, science communication, political communication, risk and crisis
communication, journalism, and many other subdomains of the discipline (Caulfield et al., 2021;
Gollust et al., 2020; Hanson et al., 2021; Hyland-Wood et al., 2021; Lilleker & Stoeckle, 2021).

This public communication has occurred largely through mass media platforms, which have but-
tressed public COVID-19 communication around the globe. Journalists have been key translators of
emerging science for the public (Dunwoody, 2020; Rajkhowa, 2020). News and social media have
been relied upon to convey official public health guidelines and government policies (Fernandes,
2021; Tsao et al,, 2021). Social media platforms have also created spaces for dynamic debate
about COVID-19 among scientific and medical experts, politicians, journalists, and citizens (Prettner
et al.,, 2021; Trevisan et al., 2021; van Dijck & Alinejad, 2022).

One way in which communication theory and evidence prove critical during a pandemic is in
guiding the development of effective public messaging. As Sauer et al. (2021, p. 65) argued, ‘To
reduce fear and uncertainty ... COVID-19 communication should be rapid and accurate, while build-
ing credibility and trust and showcasing empathy—all with a unified voice.” Other scholars have simi-
larly prescribed the need for public COVID-19 communication that is fast, accurate, simple, clear, and
transparent (Caulfield et al., 2021; Finset et al., 2020; Ho & Huang, 2021; Lasser et al., 2020; Sauer et al.,
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2021). However, achieving these aims in a highly complex and uncertain environment—such as a
global pandemic, which is characterized by rapidly evolving scientific information and changing cir-
cumstances—poses a colossal challenge for scientists, public health experts, government leaders,
journalists, and other communicators tasked with conveying COVID-19 information to the public.
How should these in many ways competing objectives be achieved in public messaging? What is
the best way to communicate uncertainties to the public or to communicate in ways that help
the public to manage uncertainty?

As communication scholars work to address the questions outlined above, an important consider-
ation is whether our discipline’s theories and concepts related to uncertainty have been sufficient to
guide communication research and practice in the COVID-19 context. Twenty years ago, Bradac (2001)
highlighted a lack of sufficient and clear theorizing to guide investigations of uncertainty as it relates
to communication processes, criticizing theories such as Problematic Integration Theory (Babrow,
1992) and Uncertainty Management Theory (Brashers, 2001) for being vague and not truly testable
or disprovable. Has much changed in 20 years, or do flaws and gaps in our field’s uncertainty theoriz-
ing remain? Further, do our conceptual and operational treatments of ‘uncertainty’ create a coherent
and useful body of scholarship, or do we use the term to mean vastly different things?

As a step toward answering these questions, we conducted a scoping review of the literature on
public communication and uncertainty in the context of COVID-19. We examined empirical papers
that assessed communication processes related to uncertainty, as well as nonempirical papers
describing these processes. To clarify our concepts of interest, we defined communication as ‘the
transfer of information between individuals or groups’ and uncertainty as ‘the condition in which
reasonable knowledge regarding risks, benefits, or the future is not available.” We aimed to summar-
ize key challenges and solutions that have been identified pertaining to communicating uncertainty
in the COVID-19 context, as well as to characterize features of this scholarship. Concurrently, we
sought to address whether current communication theories and concepts of uncertainty are
sufficient to enable scholars to examine public reactions to uncertainty and guide public communi-
cation during COVID-19 and beyond.

Uncertainty, communication, and COVID-19

Without a doubt, uncertainty—referring to a lack of knowledge about a current or future situation or
outcome (Babrow et al., 1998)—is a central aspect of a pandemic, and thus pandemic communi-
cation. The COVID-19 pandemic has been characterized by ongoing uncertainty about the emerging
science (Capurro et al.,, 2021), uncertainty about official guidelines (Zhang et al., 2021), uncertainty
about impacts on the economy (Dietrich et al., 2022) and the environment (Coll, 2020), and uncer-
tainty about health, social, and financial impacts on individuals, families, and communities (Dietrich
et al., 2022; Huang & Yang, 2020). How these sources of uncertainty are handled in public communi-
cation may have significant and wide-ranging implications for public trust in science, public officials,
and the media (Balog-Way & McComas, 2020; Caulfield et al., 2021; Finset et al., 2020), as well as
public adherence to behaviors that slow the spread of the virus (Huang & Liu, 2021; Kelp et al.,
2021). Further, it may influence people’s ability to navigate information uncertainty amidst the
COVID-19 infodemic, characterized by a high volume of information and rapid spread of conflicting
and misleading information (Escandén et al, 2021; Vraga & Jacobsen, 2020;
World Health Organization, 2021; Zhou et al., 2021).

The COVID-19 pandemic is unique in its nearly universal impact, as well as the ways in which
different parts of the world and different populations and communities have been affected in
vastly different ways (Kim et al., 2020). A broad cast of public communicators—including public
health experts, scientists, government leaders, news reporters, and healthcare workers—has been
tasked with helping public audiences to navigate COVID-19 uncertainty, using the internet and tra-
ditional and social media to do so (Dunwoody, 2020; Gesser-Edelsburg, 2021; Malecki et al., 2021;
Tsao et al., 2021; Vraga & Jacobsen, 2020).
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Together, the above factors make uncertainty-related communication unique, and uniquely chal-
lenging, in the COVID-19 context. Communication scholars worldwide have responded by producing
a rich body of research to understand and address these challenges. Here we review insights from
the first two years of the pandemic, focusing on literature examining uncertainty communication
processes involving public audiences. Public COVID-19 communication and information seeking
have largely occurred in mass media settings (e.g. print newspapers, online news, public health
and government websites, broadcast media, and social media), making this a salient topic for the
special issue’s theme.

Below we outline our research objectives and the rationale for each of the research questions that
guided our review. Codebook categories are italicized.

Characteristics of the literature

First, we sought to understand what types of empirical and nonempirical scholarship have been con-
ducted to examine communication related to COVID-19 uncertainty. Taking note of these character-
istics can help to contextualize trends in the literature and identify gaps where more research is
needed.

Given the global nature of the pandemic, it is important to consider for which countries COVID-19
uncertainty communication has been examined; that is, which geographic regions are focused on in
nonempirical papers and which are represented in study samples (i.e. study participants or media
content). Following extant typologies for characterizing public uncertainty communication (Gustaf-
son & Rice, 2020; Peters & Dunwoody, 2016; Ratcliff, 2021), we also consider the public communi-
cation settings (e.g. news media, public health websites, social media, etc.), message or information
sources (e.g. public health officials, scientists, journalists, politicians, etc.), and COVID-19 topics, for
both empirical and nonempirical papers. We address type of uncertainty as a separate research
question.

For empirical papers, we also sought to characterize features of the authors’ methodological
approaches, including study type, sample size, sample type (i.e. student or general population for
studies with human participants; unit of analysis for content analyses), and whether the paper
reported results of multiple studies or preregistered studies (i.e. preregistration of hypotheses,
methods, and/or analyses). These features help to contextualize research results, as well as serve
as indicators of robustness and representativeness, which may be especially important for evaluating
COVID-19 research quality (Quinn et al., 2021). Lastly, given the continually evolving COVID-19
environment, the timing of empirical observations could significantly influence the nature of uncer-
tainty communication and audience responses. With these factors in mind, we address the following
research question:

RQ1. What are the characteristics of this empirical and nonempirical literature?

Treatment of the concept of uncertainty

Uncertainty, broadly, is a state of not (fully) knowing—for example, about a current or future situ-
ation or outcome—caused by having complex, ambiguous, incomprehensible, incomplete, or con-
tradictory information (Babrow et al., 1998). Uncertainty can be a self-perception (e.g. perceiving that
one does not have sufficient information), or it can describe the state of knowledge more generally
(e.g. within an organization or a scientific discipline; Brashers, 2001). The former is sometimes termed
‘internal,” ‘personal,’ or ‘subjective’ uncertainty and the latter ‘external’ or ‘situational’ uncertainty
(Bradac, 2001; Peters & Dunwoody, 2016). Since this review focuses on assessments of public com-
munication, we categorize uncertainty along similar dimensions: as communicated or experienced.

We define communicated uncertainty as uncertainty that is present within the message (related to
external uncertainty) and experienced uncertainty as a subjective perception or feeling of uncertainty
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held by the message recipient or information seeker (related to internal uncertainty). In general,
experienced uncertainty is usually treated as a cognitive state, referring to a perceived lack of knowl-
edge or a knowledge gap, but it is sometimes treated as a negative emotional state akin to anxiety
(Bradac, 2001; Griffin et al, 1999). In the COVID-19 context, uncertainty may refer to unknowns
caused by incomplete information, conflicting information, or unvalidated information, all of
which may be communicated to or experienced by public audiences. It is also possible the term
‘uncertainty’ will be used to characterize an affective state experienced by individuals during the
pandemic.

Although we present a simple classification scheme above, we recognize that scholars may con-
ceptualize, operationalize, and label uncertainty in vastly different ways. It may also be the case that
researchers are not explicit about the type of uncertainty being examined. Therefore, in posing the
following research question, we intend to classify according to the above definitions, when possible,
but to also provide a detailed description of how uncertainty is treated.

RQ2. How has uncertainty been conceptualized and operationalized in this literature?

Use of theoretical frameworks

Given the social scientific focus of this review, we adopt the definition of theories as explanations of
causal processes, which can include explanations of mechanisms and boundary conditions—the
how and under what circumstances—of these processes (DeAndrea & Holbert, 2017; Popper, 1959;
Slater & Gleason, 2012). Theoretical frameworks are important tools for social scientific inquiry,
guiding scholars in producing interpretable and replicable discoveries (Popper, 1959). Using well
developed theoretical frameworks to guide research foci and the generation of hypotheses can
help scientists to make sense of and assimilate discoveries across disciplines, ensuring we don't
end up with ‘a potpourri of disconnected empirical findings’ (Muthukrishna & Henrich, 2019,
p. 221). In addition to applying theory in empirical communication research, scholars can engage
social scientific theories in nonempirical communication scholarship to offer explanations for obser-
vations or to underpin critiques and recommendations. Being able to understand causal processes is
important for building reliable knowledge about communication phenomena (DeAndrea & Holbert,
2017; Slater & Gleason, 2012).

Despite the importance of theory, it is unclear whether we have sufficient theories (or make
sufficient use of existing theories) to address uncertainty communication. In a systematic review
of the literature on uncertainty communication during public health emergencies, Sopory et al.
(2019, p. 81) concluded that ‘the research literature remains generally atheoretical’ and that ‘theories
of communication research that directly speak to uncertainty have not been used to investigate this
phenomenon in the context of public health emergency events.’ In another review of literature on
communicating crisis uncertainty, Liu et al. (2016, p. 479) summarized: ‘Despite the well-recognized
role of uncertainty in crisis communication, research has not theorized exactly how communicators
should best ‘manage’ uncertainty to help publics cope and respond appropriately.’

Scholars have similarly observed a lack of theorizing about how public audiences process mess-
ages about uncertain science. Recent work in science communication highlighted a need for formal
theorizing about boundary conditions (e.g. message features, audience characteristics, and topics)
and processing mechanisms (Ratcliff et al., 2021; Steijaert et al., 2021), in order to make sense of
the vastly mixed evidence about public reactions to the communication of scientific uncertainty
(Gustafson & Rice, 2020).

In light of persistent criticisms about lack of sufficient theory to guide communication research
about uncertainty, both in general (Bradac, 2001) and in the areas of crisis and risk communication
(Liu et al.,, 2016; Sopory et al., 2019) and science communication (Ratcliff et al., 2021; Steijaert et al.,
2021), we examined theory use in this literature in order to identify strengths and weaknesses of
extant theories for the COVID-19 context.
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RQ3. How have theories been used to guide empirical investigations and nonempirical scholarship related to
public communication and COVID-19 uncertainty?

Uncertainty communication trends and effects

At the root of the goal to understand uncertainty communication in the COVID-19 context are ques-
tions about how to communicate uncertainty without causing panic, distrust in experts, or lack of
adherence to public guidelines (Finset et al., 2020). Related to this are questions about how citizens
manage the uncertainty they perceive or experience during the pandemic, and how communication
influences these experiences, including whether certain communication approaches can help to
mitigate negative outcomes of experienced uncertainty (Finset et al., 2020; Sauer et al.,, 2021).

The most prominent arguments for and against communicating uncertainty center on its impact
on public trust. There are, from one camp, calls for transparency about COVID-19 uncertainty as a
way to preserve public trust in experts and in science (e.g. Caulfield et al, 2021; Finset et al.,
2020; Saitz & Schwitzer, 2020). Indeed, there is some evidence from non-pandemic contexts to
support this claim (Gustafson & Rice, 2020; Jensen, 2008; Steijaert et al., 2021). Yet some scholars
worry that transparency can erode public trust in experts (e.g. Nguyen, 2021a; O'Neill, 2003). In
the COVID-19 context, there is also concern that disclosing uncertainty can cause confusion, increase
vulnerability to misinformation, decrease belief in authorities’ competence to manage the situation,
and lower compliance with public health guidelines (see Guttman & Lev, 2021).

To best answer whether and how uncertainty should be communicated in the context of a global
pandemicg, it is essential to assess current communication approaches and the impacts of such com-
munication. What does the empirical literature suggest will be the effects of either communicated or
experienced uncertainty on trust, information seeking, precautionary health behaviors, and other
COVID-19 related outcomes? For example, does disclosing uncertainty actually increase or decrease
trust in scientists and public health experts? Does communicated or experienced uncertainty have
an impact on compliance with COVID-19 behavioral guidelines? What are the emotional impacts
of uncertainty, and how do these relate to outcomes like information seeking or intentions to
comply with recommended precautionary behaviors? Lastly, do empirical results align with rec-
ommendations and arguments in nonempirical work? To address this, we investigate the
following open-ended question:

RQ4: What trends emerged in terms of empirical findings and nonempirical critiques or recommendations for
communication?

Method
Inclusion Criteria and Definition of Terms

Empirical and nonempirical articles were included if they focused on an examination of uncer-
tainty in the context of public or mass mediated COVID-19 communication, either describing
communication of uncertainty or examining uncertainty as a predictor or outcome of a communi-
cation process (e.g. reactions to uncertainty communication, seeking information to manage
uncertainty, etc.). In line with the Medical Subject Headings controlled vocabulary provided by
the National Library of Medicine, we defined uncertainty as ‘the condition in which reasonable
knowledge regarding risks, benefits, or the future is not available’ (National Library of Medicine,
n.d.[a]) and communication as ‘the transfer of information between individuals or groups.’
(National Library of Medicine, n.d.[b]). We included only papers that specifically addressed uncer-
tainty, as opposed to discovering it as an incidental finding (e.g. as a post hoc theme emerging in
qualitative research) or merely mentioning it (e.g. by contextualizing findings ‘in these uncertain
times’). We included nonempirical papers to capture narrative reviews, commentaries, and
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rhetorical analyses of uncertainty communication. However, some coded categories were irrele-
vant to nonempirical papers.

Literature Search

We searched for papers published in academic journals and written in English. To locate relevant
papers, we performed a search of the entire Web of Science™ Core Collection, an electronic data-
base that provides broad coverage across disciplines. We used the advanced topic search function
with the Boolean search phrase ‘(communicat* OR messag* OR media) AND (uncertain* OR ambigu*
OR conflict*) AND (COVID* OR coronavirus OR pandemic OR sars-cov-2)." Our search phrase was
developed in line with our operational definitions described above and to capture additional com-
monly used terms for communication in the public domain (i.e. media and messages or messaging)
and for uncertainty in COVID-19 contexts (i.e. conflicting information and ambiguity or ambiguous).
We limited our search to papers published between January 1, 2020 (roughly the onset of the COVID-
19 public health crisis; Centers for Disease Control and Prevention [CDC], 2021) and February 16,
2022. This search identified 1,451 papers.

The research team scanned paper titles and abstracts in the Web of Science™ interface. We
retrieved 117 papers for further screening based on our inclusion criteria. After screening full
papers, we retained 57 papers. Additionally, we scanned reference lists for papers missed in the
search and 3 additional papers were identified, screened, and ultimately included. This generated
a final set of 60 papers. The PRISMA diagram presents full details (Figure 1).

Data Extraction Protocol

Prior to data extraction, all three authors collaboratively developed a coding form based on our
research questions and relevant analytic frameworks (Chavez-Yenter et al., 2021; Peters &
Dunwoody, 2016; Ratcliff, 2021). To further establish the validity of the coding scheme, we sought
input from two communication scholars with expertise in pandemic uncertainty communication.

To examine theory use, we applied a framework presented in a scoping review by Chavez-Yenter
et al. (2021). Specifically, we assessed whether a paper referenced a theory, conceptual model, or
theoretical framework (henceforth referred to as ‘theory’) in line with our definition in the previous
section. A theory had to be explicitly referenced and named for us to include it. We did not assess
implicit use of theory due to the difficulty in reliably coding inexplicit theory use (see DeAndrea &
Holbert, 2017; Slater & Gleason, 2012). Reference to theory without naming a specific theory (e.g.
‘theoretical frameworks,” ‘crisis and risk communication theory,” ‘framing theory’) was also not
counted. However, if authors explicitly presented their own novel theory in the paper but did not
name it, we counted this as a specific theory. To be relevant for our purposes, the theory had to
be related to the authors’ examination of uncertainty.

Following the framework developed by Chavez-Yenter et al. (2021), we also assessed how the
theory was used: (1) to guide hypotheses/research questions, (2) to guide measure/theme selection,
(3) to explain or speculate about reasons for findings/observations, (4) to discuss implications for the
theory based on study findings, or (5) only mentioned in the paper’s introduction. For nonempirical
papers, we considered only the third category (i.e. to explain or speculate about reasons for the
authors’ observations) to be relevant.

After retrieving the literature, all three members of the research team tested the coding form with
arandom subset of 10 papers and refined the coding definitions and instructions. Following protocol
used in prior work (Chavez-Yenter et al., 2021), the total pool of papers (N = 60) was then coded by a
single coder (BH, RW) and 20% of papers (N = 12) were coded by a second coder (CR, RW). Given the
low number of papers, complexity of some categories, and exploratory nature of the project, we cal-
culated percent agreement and deemed a threshold of 80% to be satisfactory (Saldafa, 2013). Inter-
coder agreement was above 80% for all categories except two. Agreement was 100% for country,
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Identification of studies via databases and registers

Identification of studies via other methods

Records removed before
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i (n=3)
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abstract) (n = 1451) (n=1334)
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! (n=3)
Papers sought for retrieval ».| Reports not retrieved l
2 (n=117) (n=0)
& Included papers (n = 3)
g i e Empirical (n = 3)
7] e Nonempirical (n = 0)
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Papers assessed for eligibility o Not focused on uncertainty
(Full paper) (n = 117) i related to COVID-19 (n = 43)
Not focused on public
communication (n = 16)
Not in English (n = 1)
A4
T -
g Included papers (n = 57) >
= e  Empirical (n = 36) Total included papers (n = 60)
2 e Nonempirical (n = 21)

Figure 1. PRISMA flow diagram. Note. We performed the literature search in line with Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines. For more information, visit: http://www.prisma-statement.org/.

time period, study type, sample type, sample size, number of studies, use of preregistration, and com-
munication setting; 92% for type of uncertainty, whether specific theory was mentioned, and name
of specific theory; 83% for conceptual treatment of uncertainty and message source; 75% for COVID-
19 topic; and 67% for how theory was used.

For categories with agreement above 80%, discrepancies were resolved by a third coder. For the
two categories with agreement below 80%, a second coder extracted data for all remaining papers
(CR, RW) and agreement was recalculated. Ultimately, we had difficulty extracting reliable data for
these two categories given ambiguous reporting in some papers, and interrater agreement was mini-
mally improved. We therefore present details qualitatively in text as described by the paper authors,
where possible, but we do not report quantified data for these two categories or present them in the
tables. The challenges in coding theory use in communication research have been previously docu-
mented (DeAndrea & Holbert, 2017; Slater & Gleason, 2012) and we reflect on this in the Discussion.

Results
Characteristics of the Literature (RQ1)

Of 60 included papers, 39 papers were empirical and 21 were nonempirical. We highlight overall
trends below and report specific details for each paper in Tables 1 and 2.

Empirical papers
Among empirical papers, 13 presented experimental data (4 of which included multiple experiments,
and 4 of which were preregistered), 12 presented survey data (9 cross-sectional and 3 longitudinal or
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multi-wave), 11 presented an analysis of media content (e.g. content analysis, discourse analysis), 2 pre-
sented results of focus group interviews, and 1 was a meta-analysis of studies. As shown in Table 1,
many studies were conducted during the first six months of the pandemic (i.e. January-June 2020;
see CDC, 2021).

More studies (N=11) were focused solely on the United States than any other single country.
Other studies in North America had a Canadian focus (N=3). A few studies were focused on
Asian countries (China, N =8; Singapore, N = 1) or European countries (Germany, N = 4; the United
Kingdom, N =1; Denmark, N = 1; Netherlands, N = 1). Other studies k(N =7) included samples from
multiple countries. Only 2 papers had an international focus (i.e. presented data from many
countries).

Most participant-based studies used samples drawn from the general population, while four
relied on student samples, or a combination of adult and student samples. Two used a specific popu-
lation for their sample (i.e. Texas residents or employees). Across study types, sample size ranged
from very small (around 50-100 participants or messages) to very large (thousands of participants
or units of analysis).

Several authors employed rigorous designs, such as using large national or multinational samples
to strengthen the generalizability of their findings. Two papers used the same sample of participants
from Singapore, South Korea, and the United States to create comparisons of culturally variable traits
such as government trust and reaction to misinformation (Ahn et al,, 2021; Kim et al., 2020). Three
papers reported the results of two nonidentical studies (Gretton et al., 2021; Kerr et al., 2021; Peter-
sen et al.,, 2021), and Kreps and Kriner (2020) conducted five related experiments to investigate par-
ticipants’ reactions to uncertainty in COVID-19 projections under different circumstances.

Many studies (N = 10) focused on public communication settings broadly, mentioning multiple
channels (e.g. social media, government websites, and news). Subsets focused specifically on
news media (N =7), social media (N =5), or communication by public health departments (N =38).
Others focused on the internet (N = 3), generic informational messaging (N = 2), public statements
and press releases (N=3), and apps (N=1). Among studies examining communication or infor-
mation seeking from a specific source, many were focused on journalists or government public
health authorities, while some were focused on politicians, scientists or a mix of all the above. A
few papers examined content from a particular entity, such as the U.S. CDC (Lambrecht, 2021) or
statements attributed to former U.S. president Donald Trump (Rafkin et al., 2021).

Many papers did not assess or describe a specific aspect of COVID-19 uncertainty, making it difficult
to code and report details for specific COVID-19 topics, as previously noted. Empirical studies were
more likely than nonempirical papers to focus on uncertainty pertaining a specific topic, such as
the efficacy of mask-wearing or COVID-19 vaccines, the accuracy of epidemiological models, or the
status of public health guidelines. Yet many had a broader focus, such as general uncertainty surround-
ing COVID-19 or scientific uncertainty pertaining to a range of COVID-19-related evidence.

Nonempirical papers

The nonempirical papers (N =21) provided commentary or guidance on communication related to
uncertainty surrounding the global pandemic. Of these, some (N = 6) focused on the United States,
while others (N=5) had an explicit international focus. European countries of focus included the
United Kingdom (N=2), Germany (N=1), Sweden (N=1), and Austria (N=1). Only two papers
focused on the Asia Pacific region (South Korea, N=1; Australia, N=1). A few (N=5) did not have
an explicit focus on any particular country or region.

Most nonempirical papers (N = 14) specified a communication setting in which their perspectives
or guidance applied, while seven did not. Half (N = 7) of the papers that did specify a communication
setting addressed more than one setting. Communication settings included the news (N = 8), public
health messaging (N =7), and social media (N =6).

The nonempirical papers generally did not concentrate on a specific topic within COVID-19 uncer-
tainty. Some mentioned scientific uncertainty as a topic of interest. There was less emphasis on



Table 1. Empirical Papers Included in Review.

Conceptual
Time Study Type(s) of uncertainty treatment of Theory used to examine
Paper Country period type Sample type addressed uncertainty Communication setting Message/Info Source* uncertainty
Ahn etal., 2021° South Korea, 2020 Feb- CS Gen pop.: S. Korea (N = Experienced Knowledge gap &  Various (e.g. news, social Not Applicable RISP
Singapore, US Mar 1500); SG (N =1023); emotional state media, health websites)
US (N=419)
Blom et al,, Denmark 2020 Jan-  MCA News interviews (N = 43) Communicated Knowledge gap News (TV), press meetings ~ Government/Public Health,  Theoretical Model of
2021 Mar Scientists, Journalists Interactional
Speculations
Capurro et al.,  Canada 2020 Mar- MCA News stories (N =1,143) Communicated Knowledge gap News (online & print; hard  Journalists None
2021 Jul news, opinion)
Chen et al., China 2020 May- E Gen pop. (N=413) Communicated Knowledge gap News Not specified Prospect Theory
2021 Jun
Chu et al,, 2022  International 2020 M Studies (N = 47) Experienced Knowledge gap &  News, social media Not specified RISP
emotional state
Crowley et al,  US 2020 Mar  CS Gen pop. (N =1,000) Experienced Knowledge gap News, social media Not specified T™MIM
2021
Daoust & Canada 2020 Jun E Gen pop. (N=1,002) Communicated Knowledge gap Public health messages Government/Public Health, ~ None
Bastien, 2021 Scientists
Fleerackers International 2020 Jan-  MCA News stories (N = 457) Communicated Knowledge gap Online news Journalists None
et al., 2021 Apr
Gretton et al,  Canada, US 2020 Oct-  EMP Gen pop.: CA (N =190); Communicated Knowledge gap Public health messages Politicians, Government/ None
2021 Dec US (N =1509) Public Health
Han et al,, 2021 US 2020 May- E Gen pop. (N=1,497) Communicated & Knowledge gap &  Public health messages Not Specified Competence Hypothesis
Jun experienced emotional state
Huang & Liu, us 2020 Dec E Houston TX residents (N=  Experienced Knowledge gap Social media Government/Public Health UMT, Prospect Theory
2021 382)
Huang & Yang, US 2020 Apr LS Gen pop. (N =381) Experienced Knowledge gap Internet, news (radio, TV) Not Applicable UMT, UIT, RISP
2020
Janssen etal.,  Germany 2020 May E Gen pop. (N =398) Communicated Knowledge gap Public statements Politicians, Scientists None
2021
Kelp et al., 2021 US 2020 Dec Student (N=117) Communicated Knowledge gap Public health messages Not Specified None
Kerr et al,, 2021 UK 2021 Jan-  EMP Gen pop. (N=4,314) Communicated & Knowledge gap Social media, public health  Government/Public Health None
Feb experienced websites
Kim et al., 20207 South Korea, 2020 Feb- CS Gen pop.: S. Korea (N = Experienced Knowledge gap Various (e.g. news, social Not Applicable RISP
Singapore, US Mar 1500); SG (N=1023); media, health websites)
US (N=419)
Kreps & Kriner,  US 2020 May- EM Gen pop. (N=6,817) Communicated Knowledge gap Informational message Politicians None
2020 Jun
Lambrecht, us 2020 Jan-  MCA CDC message (N =147) Communicated Knowledge gap Press releases Government/Public Health None
2021 Apr
Li & Zheng, China 2020 Jan-  CS Gen pop. (N =741) Experienced Emotional state Internet Not Applicable RISP
2022 Feb
Lin et al., 2020  China 2020 Jan-  CS Student (N =780) Experienced Knowledge gap Internet Not Applicable None
Feb
Logar et al., France, ltaly, 2020 Mar  MCA Google trends (23-day Experienced Emotional state Internet Not Applicable None
2022 Spain, UK, US period)

(Continued)
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Table 1. Continued.

Conceptual ©
Time Study Type(s) of uncertainty treatment of Theory used to examine
Paper Country period type Sample type addressed uncertainty Communication setting Message/Info Source* uncertainty
Lu et al., 2021 China 2020 Jan-  MCA Weibo posts (N =570) Communicated & Knowledge gap Social media Internet/Social Media Unnamed novel theory @]
May experienced -
Miiller et al., Germany, UK 2020 Feb- MCA News stories (N=23,108)  Communicated Knowledge gap &  News Journalists None &
2021 May emotional state a
Ngai et al., 2020 China 2020 Jan-  MCA Weibo posts (N = 608) Communicated Knowledge gap Social media Government/Public Health, ~ None =
Mar Journalists, Internet/Social )
Media 2
Oldeweme Germany 2020 Jun- LS Gen pop. (N=1,003) Experienced Knowledge gap Mobile app Not Applicable URT
et al.,, 2021 Jul
Park & Shapiro, US 2020 May E Gen pop. (N =570) Communicated Knowledge gap Informational message Not Specified Implicit Self-Theories
2021 & Sept
Pentzold et al,  Germany, UK, US 2020 Feb- MCA News stories (84) Communicated Knowledge gap News (online major outlets) Journalists None
2021 Aug
Petersen et al,  Denmark, US 2020 Feb- EMP US (N=6914) Communicated Knowledge gap Public health messages Not Specified None
2021 Mar & DK (N = 6877)
Oct
Post et al,, 2021 Germany 2020 Apr  CS Gen pop. (N=1,513) Communicated Knowledge gap News Not Applicable None
Prettner et al,  Netherlands 2020 Mar- MCA Press meetings (N = 26), Communicated Knowledge gap Press meetings, social Politicians, Internet/Social None
2021 May Tweets (N =200) media Media
Rafkin et al., us 2020 Apr  E Gen pop. (N =1,900) Communicated Knowledge gap Govt public statements Politicians Bayesian Updating
2021 Framework
Simonovic & us 2020 Mar-  E° Student (N = 150), Gen Communicated Knowledge gap Public health messages Not Specified Competence Hypothesis
Taber, 2022 Apr pop. (N =299)
Tandoc & Lee,  Singapore 2020 Feb  FG Student (N =89) Experienced Knowledge gap &  Social media Lay Individuals, Internet/ URT
2020 emotional state Social Media
Wegwarth et al., Germany 2020 Jul S Gen pop. (N=2,011) Communicated Knowledge gap Public health messages Not Applicable None
2020
Xu & Sattar, China 2020 Feb  CS Gen pop. (N=1,537) Experienced Knowledge gap &  News, social media Not Applicable None
2020 emotional state
Yoon et al., us 2020 Apr LS Employees (N = 180) Experienced Knowledge gap &  News Not Applicable URT, Unnamed novel
2021 emotional state theory
Zhang et al., Canada 2020 Apr- FG Gen pop. (N=47) Experienced Knowledge gap Public health messages Not Applicable None
2021 May
Zhao & Liu, China 2020 Feb  CS Gen pop. (N =1,946) Experienced Knowledge gap Various channels Not Applicable PRISM, PRIA
2021
Zhou et al., China 2020 Jan-  MCA Weibo posts (N=12,101)  Communicated Knowledge gap Social media Internet/Social Media None
2021 Mar

Notes. A total of 39 empirical papers were included.
Study type is coded as follows: CS = Cross-sectional survey, E = Experiment, FG = Focus group, LS = Longitudinal survey (or data gathered at multiple timepoints), M = Meta-analysis, MCA = Media content analysis.
Sample size reflects total combined for multiple studies, except where studies used different sample types or nationalities.

M = multiple nonidentical studies
P = preregistered study

Theory use refers to explicit use of theory related to uncertainty. Abbreviated theories are: UMT = Uncertainty Management Theory, URT = Uncertainty Reduction Theory, UIT = Uncertainty in lliness Theory, TMIM = Theory of
Motivated Information Management, RISP = Risk Information Seeking and Processing Model, PRISM = Planned Risk Information Seeking and Avoidance Model, PRIA = Planned Risk Information Avoidance Model

?Papers share a sample but report different sets of results so we include both papers.

* Not applicable was noted for papers that did not address a specific message or message type.



Table 2. Nonempirical Papers Included in Review.

Type(s) of uncertainty

Conceptual treatment of

Theories discussed relevant

Paper Country of focus addressed uncertainty Communication setting Message/Info Source* to uncertainty
Balog-Way & International Communicated Knowledge gap Public health messaging Not Specified None
McComas, 2020
Caniglia et al., 2021  International Communicated Knowledge gap Various (e.g. social media, news, public = Scientists None
health messaging)
Caulfield et al., 2021 International Communicated Knowledge gap Social media, news Government/Public Health, Scientists, None

Dunwoody, 2020 us Experienced
Communicated
Communicated
Experienced

Escandén et al., 2021
Fernandes, 2021
Finset et al., 2020

Not specified
Not specified
Not specified

Communicated &
experienced

Communicated

Communicated

Gesser-Edelsburg,
2021

Guttman & Lev, 2021

Hanson et al., 2021

Not specified

Not specified
UK, Sweden,
Germany

Ho & Huang, 2021 us
Hyland-Wood et al.,  International
2021
Krause et al., 2020 us
Lasser et al., 2020 Austria
Lilleker & Stoeckle, us
2021
Malecki et al., 2021 US

Communicated
Communicated &
experienced
Not specified
Communicated
Communicated

Not specified
Communicated &

Paek & Hove, 2020 South Korea

experienced
Pearce, 2020 UK Communicated &

experienced
Rajkhowa, 2020 Australia Communicated &

experienced

Communicated &
experienced

Communicated &
experienced

Sauer et al., 2021 us

Vraga & Jacobsen, International

2020

Knowledge gap

Knowledge gap
Knowledge gap
Knowledge gap &
emotional state
Knowledge gap &
emotional state
Knowledge gap
Knowledge gap

Knowledge gap
Knowledge gap

Knowledge gap
Knowledge gap
Knowledge gap

Knowledge gap &
emotional state
Knowledge gap

Knowledge gap

Knowledge gap &
emotional state

Knowledge gap &
emotional state

Knowledge gap

Social media, news

Public health messaging, news
Public health messaging, news
Not specified

Social media

Not specified

Various (e.g. public health messaging,
news, internet)

Public health messaging

Public health messaging

Not specified

Not specified

Not specified

News, public health messaging, social
media

Not specified

Not specified

News

Public health messaging

News, social media

Journalists, Lay Individuals
Journalists, Lay Individuals

Not Specified
Not Applicable
Not Applicable

Government/Public Health

Government/Public Health, Politicians
Government/Public Health

Government/Public Health
Government/Public Health, Politicians

Not Applicable
Not Applicable
Politicians

Government/Public Health, Scientists,
Journalists
Not Applicable

Government/Public Health, Scientists

Government/Public Health, Scientists,
Journalists

Government/Public Health, Scientists,
Politicians

Government/Public Health, Scientists,
Journalists

Extended Parallel Process
Model

None

None

None

None

None
Resilience Framework

None
None

None
None
None
None
URT, UMT, PIT
None
None

None

None

Notes. A total of 21 nonempirical papers were included

* Not applicable was noted for papers that did not address a specific message or message type.
Theory use refers to explicit mention of theory related to uncertainty. Abbreviated theories are: UMT = Uncertainty Management Theory, URT = Uncertainty Reduction Theory, PIT = Problematic Integration

Theory
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12 . C. L. Ratcliff et al.

communication with the goal of behavior change toward prevention behaviors such as masking and
vaccination, and more emphasis on communication to maintain trust in public health officials and
the scientific community. Most papers addressed communication from a range of sources (e.g. gov-
ernment and public health officials, politicians, scientists, and journalists), while one paper focused
on communication from scientists and one from politicians. For some papers, no communication
source was specified or source was not applicable.

Treatment of the Concept of Uncertainty (RQ2)

Empirical papers

Roughly half of empirical papers (N=21) addressed only communicated uncertainty, while 15
addressed only experienced uncertainty. A small subset of papers (N =3) examined both types of
uncertainty, describing features of uncertainty communication as well as individual interpretations
of uncertainty (e.g. Kerr et al., 2021). The majority of papers (N =30) treated uncertainty solely as a
state of lacking knowledge, where information about risks, benefits or the future is not known. Two
papers described uncertainty solely as a negative emotional or psychological state akin to anxiety (Li
& Zheng, 2022; Logar et al.,, 2022), while several (N =7) referred to uncertainty as having both cog-
nitive and affective aspects and examined these either separately or with a combined measure or
message.

For studies investigating experienced uncertainty, this construct was sometimes termed ‘infor-
mation discrepancy’ or ‘information sufficiency’ and measured by calculating the difference
between measures of participants’ current and desired levels of knowledge (e.g. Ahn et al., 2021;
Crowley et al., 2021; Zhao & Liu, 2021). Other studies used perceived uncertainty scales that asked
participants how uncertain they felt, or how uncertain the state of knowledge seemed to be, regard-
ing a variety of COVID-19 topics (e.g. Yoon et al., 2021). Uncertainty was also operationalized as a
metacognition of risk perception (i.e. as level of confidence in one’s risk assessment; Huang &
Yang, 2020) and as difficulty in determining the authenticity of online COVID-19 information (i.e.
‘information uncertainty’; Lin et al., 2020). Operationalizations with questionable validity included
representing uncertainty as a high volume of Google searches for ‘coronavirus’ (Logar et al., 2022)
and as a cluster of variables that included perceived risk, ‘social cognition of the virus,’ and
whether people thought the government appropriately handled the crisis (Xu & Sattar, 2020,
p. 249). Some papers also treated uncertainty and risk interchangeably. Elsewhere, scholars specifi-
cally noted that while uncertainty is inherent in risk (Krause et al., 2020), these concepts are distinct
and not interchangeable (Dunwoody, 2020; Lilleker & Stoeckle, 2021).

Studies examining the communication of uncertainty operationalized this in vastly different
ways. Some used lexical hedges such as ‘could’ or ‘might’ to represent uncertainty (e.g. Blom
et al., 2021; Janssen et al., 2021; Mller et al., 2021). Others operationalized it as explicit state-
ments that information is lacking; for instance, conveying that evidence is preliminary (e.g. Fleer-
ackers et al., 2021) or that epidemiological models inherently contain uncertainty (e.g. Kreps &
Kriner, 2020). Muller et al. (2021) used a corpus linguistics analysis to identify a vast range of
ways uncertainty was communicated in newspapers. In other variations, Chen et al. (2021) oper-
ationalized ‘outcome uncertainty’ as conveying low probability of a positive outcome (i.e. 20%
effectiveness of the vaccine compared to 80%), and Park and Shapiro (2021) operationalized
the concept as uncertainty about whether the crisis will be temporary or permanent. In a
content analysis of news frames, there was no description of how the uncertainty frame was
operationalized (Ngai et al., 2020).

Authors’ labeling of uncertainty message features varied considerably. For example, when com-
paring ‘low’ and ‘high’ uncertainty, some papers used the term ‘low uncertainty’ to describe mess-
ages of certainty (e.g. Kelp et al., 2021), while others used this term to describe messages containing a
small number of hedged or uncertain statements (e.g. Janssen et al., 2021), which is a more common
approach (Jensen, 2008).
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Nonempirical papers

Roughly half (N =10) of nonempirical papers offered perspectives solely on the communication of
uncertainty, while only two papers focused solely on experienced uncertainty. Several papers (N
=7) provided commentary and perspectives related to both communicated and experienced uncer-
tainty. In two papers it was unclear whether the focus was communicated or experienced uncer-
tainty. The majority of nonempirical papers (N=16) treated uncertainty as a lack of knowledge,
while five treated it as both a knowledge gap and affective state.

Use of Theoretical Frameworks (RQ3)

We present details of referenced theories in Tables 1 and 2 and describe the most commonly used
theories below, focusing first on use of theory in empirical papers.

Overall, slightly less than half of empirical papers (N =18 of 39) mentioned at least one theory
related to their examination of uncertainty. The remaining 21 made no mention of a specific
uncertainty-related theory. Theories were explicitly used in all longitudinal surveys (N=3 of 3)
and roughly half of cross-sectional (N=5 of 9), experimental (N=6 of 13), and focus group (N
=1 of 2) studies. Only one media content analysis (N=1 of 11) was guided by a theory (Blom
et al., 2021), but many of these analyses were descriptive rather than explanatory in nature
and instead used a variety of analytic frameworks not counted as meeting our definition of
theory. Notably, authors using more robust study methods, such as large sample sizes, multiple
studies, and preregistration, were less likely to report using theory to guide their examination of
uncertainty.

Risk information seeking and processing models

The most commonly referenced framework was the Risk Information Seeking and Processing model
(N =5). This theoretical model posits that several factors drive individuals to seek information when
facing a risk, including affective responses (e.g. experiencing ‘worry, anger, and uncertainty’), which
influence information insufficiency (i.e. experiencing uncertainty as a knowledge gap; Griffin et al.,
1999, p. S236). While the meta-analysis (Chu et al., 2022) only mentioned this model to discuss
the landscape of uncertainty scholarship more broadly, the remaining papers explicitly used it to
guide research questions, hypotheses, selection of study variables, and interpretation of results.
Of these, two studies used extended versions of the model: Li and Zheng (2022) borrowed attitudes
towards behavior and behavioral intentions from the Theory of Planned Behavior and incorporated
them into the Risk Information Seeking and Processing model, whereas Huang and Yang (2020)
tested an existing extended version of the model incorporating experienced uncertainty as a
metacognition.

Information insufficiency was examined in three studies that tested the Risk Information Seeking
and Processing model. This variable was treated similarly conceptually and operationally across
studies, but findings differed. While Ahn et al. (2021) found that trust in government (considered
a precursor to the affective responses mentioned above) did predict information seeking, infor-
mation insufficiency did not mediate this relationship. Moreover, in contrast to the model’s predic-
tions, information insufficiency led to information avoidance. Li and Zheng (2022), however, found a
signification relationship between information insufficiency and online information seeking during
COVID-19. While this was in line with model predictions, they did not find a significant relationship
between information insufficiency and affective responses (Li & Zheng, 2022). Kim et al. (2020) used
the model to examine the effects of misinformation during the pandemic, finding that individuals
who encountered misinformation had decreased information insufficiency and engaged in more
heuristic processing and information avoidance.

A sixth paper (Zhao & Liu, 2021) used two formal adaptations of the Risk Information Seeking and
Processing model—the Planned Risk Information Avoidance model and Planned Risk Information
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Seeking model—to predict that information insufficiency would lead directly to either information
seeking or information avoidance. Results supported neither, as all relationships were nonsignificant.

In all, this collection of results may suggest that adaptations of the Risk Information Seeking and
Processing model and related models are needed for the study of uncertainty in contexts like COVID-
19. Further, Kim et al. (2020) noted that conclusions about causal relationships among misinforma-
tion exposure, information insufficiency, and information seeking cannot be made with cross-sec-
tional data. A majority of studies examining information seeking in our review used a cross-
sectional survey design, leading us to join Kim et al. (2020) in calling for experimental and longitudi-
nal designs to probe the impact of misinformation and other types of messaging on experienced
uncertainty and information seeking processes.

Uncertainty management theories

The second most commonly referenced theory was Uncertainty Reduction Theory (N = 4), followed
by Uncertainty Management Theory (N=3). Uncertainty Reduction Theory posits that people
manage uncertainty by trying to reduce it (that is, by seeking more information; Berger & Calabrese,
1975), while Uncertainty Management Theory posits that people may want to reduce or maintain
uncertainty depending on their goals and therefore may seek or avoid information (Brashers,
2001). In our review, seven papers explicitly relied on one of these theories of uncertainty manage-
ment to guide their research questions and hypotheses. Of these seven papers, four also used one of
these to interpret study results, while three only made brief references to one or both theoretical
frameworks. These studies assessed individuals’ strategies for managing uncertainty during the pan-
demic, focusing on information seeking (Huang & Yang, 2020; Tandoc & Lee, 2020), information
avoidance (Tandoc & Lee, 2020), or the impact of these uncertainty management strategies on indi-
viduals’ perceptions and behavior during the pandemic (Huang & Yang, 2020; Oldeweme et al., 2021;
Yoon et al., 2021). Across studies, key variables in the Uncertainty Reduction Theory and Uncertainty
Management Theory frameworks, including experienced uncertainty and information seeking, were
operationalized in vastly different ways. Further, these theories served more as loose frameworks
through which to understand audience responses rather than to create testable predictions about
how audiences would respond under given circumstances.

Study findings pointed to potential gaps within these theoretical frameworks. Huang and Yang
(2020) found support for an extended version of Uncertainty Management Theory that incorporates
risk perceptions, arguing that (experienced) uncertainty is a reflection of individuals’ confidence in
their own risk perceptions. Their extended Uncertainty Management Theory model was a better
fit to their data and accounted for more variance in information seeking than their extended Risk
Information Seeking and Processing model. The researchers argued that with the addition of risk per-
ceptions, Uncertainty Management Theory offers a more generalizable and comprehensive frame-
work in the context of an ongoing crisis related to public health (Huang & Yang, 2020). Other
authors also raised critiques of these oft-used frameworks. For instance, the premise of Yoon et al.
(2021) was to demonstrate Uncertainty Reduction Theory’s lack of utility in a pandemic context.
Their findings showed that individuals’ news consumption (i.e. information seeking) exacerbated
rather than reduced their uncertainty during COVID-19, leading the researchers to conclude that
Uncertainty Reduction Theory’s basic propositions do not hold up in a rapidly evolving pandemic
context (Yoon et al.,, 2021). Although Uncertainty Reduction Theory does not stipulate that uncer-
tainty reduction attempts should always be successful, it is the case that information seeking as
an uncertainty reduction strategy has been challenging during COVID-19, when there often hasn’t
been more information available to allow individuals to close the knowledge gap.

Notably, risk information seeking and processing theories were not applied in any experimental
studies in this review, and uncertainty management theories were applied in only one (Huang & Liu,
2021, in conjunction with Prospect Theory and Theory of Planned Behavior). This is perhaps not sur-
prising, as these theoretical frameworks focus on effects of experienced uncertainty but do not incor-
porate postulates about how these effects relate to features of communicated messages.
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Prospect theory

Two studies tested loss/gain framing based on tenets of Prospect Theory, which holds that people
are motivated to avoid loss in situations of uncertainty (Kahneman & Tversky, 1979). Chen et al.
(2021) tested whether pairing messages conveying certain or uncertain vaccine efficacy with a
gain or loss frame about vaccination consequences (i.e. the pros/cons of getting/not getting vacci-
nated) would influence vaccine intentions and attitudes for members of the Chinese public. Similarly,
Huang and Liu (2021) tested gain versus loss framing of vaccine consequences alongside a priming
task designed to heighten uncertainty to examine the impacts on vaccine beliefs and intentions.
While Chen et al. (2021) did not find participants to be more motivated by the loss frame (there
was no impact of any frame), Huang and Liu (2021) found loss frames were more effective in
those with heightened psychological uncertainty, whereas gain frames were more effective for par-
ticipants with low psychological uncertainty.

As the findings of Chen et al. (2021) were inconsistent with the propositions of Prospect
Theory (that is, loss frames were not more effective for uncertain vaccine messages), the scholars
noted that this theoretical framework may be limited in terms of its explanatory power, particu-
larly for the unusual and unprecedented context of COVID-19. Similar to the arguments set forth
by Yoon et al. (2021) about Uncertainty Reduction Theory, Chen et al. (2021) suggested that Pro-
spect Theory and other existing theories may not be well suited for examining responses to
uncertainty in the pandemic context, which is an assessment that we concur with (see
Discussion).

Other, novel, and no theories

Other theories referenced in empirical papers included the Competence Hypothesis (N=2),
Theory of Motivated Information Management (N=1), and Uncertainty in Illness Theory (N=
1). The Competence Hypothesis, which holds that people dislike uncertainty because it
lowers their perceived competence, was mentioned in two paper introductions to guide the
hypothesis that framing scientific uncertainty as normal should reduce ambiguity aversion
(Han et al., 2021; Simonovic & Taber, 2022). The Theory of Motivated Information Management
was explicitly tested and expanded, as Crowley et al. (2021) sought to go beyond examining
information seeking as the outcome by testing its relationship with COVID-19 precautionary
behaviors. Counter to the theory’s predictions, they found that feeling anxiety about lack of
knowledge led to information seeking rather than avoidance, and seeking information, in
turn, was associated with precautionary behaviors. Uncertainty in lliness Theory (Mishel,
1990), which suggests that people can appraise uncertainty as a danger or an opportunity,
was mentioned only once, to support an assertion that uncertainty does not always increase
information seeking (Huang & Yang, 2020).

Two studies introduced new theoretical frameworks to guide their examinations of uncertainty.
Lu et al. (2021) developed a novel framework to examine the relationship between uncertainty and
susceptibility to misinformation (Lu et al., 2021). Their findings supported their proposed framework,
demonstrating that ambiguity related to preliminary or tentative evidence can potentially contribute
to the spread of misinformation on social media. Blom et al. (2021) developed a new theoretical
model to guide their content analysis of speculation about COVID-19 in interactions between jour-
nalists and experts in the media.

A little over half (N =21 out of 39) of the empirical studies included in this review made no refer-
ence to a specific theory in relation to their examination of uncertainty. Similarly, in the meta-analysis
included in our review, Chu et al. (2022) found that only two studies applied a specific theory to
examine uncertainty-related responses and the use of media during COVID-19, and the authors
called for more theorizing in this context. We note that several empirical papers made vague refer-
ence to specific theories in their introduction, and while we include these as theory use in Table 1, it
was difficult to determine whether the theories guided their research in any way.
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Nonempirical papers and (lack of) theory

Three nonempirical papers referenced specific theories related to their discussion of uncertainty.
Hanson et al. (2021) used a resilience framework highlighting the ability to anticipate, cope with,
and communicate uncertainties as part of a government’s resiliency in managing crises such as
COVID-19. Dunwoody (2020) referred to the Extended Parallel Process Model to explain that uncer-
tainty can lead people to avoid information as a fear control mechanism. Paek and Hove (2020) men-
tioned Uncertainty Management Theory, Uncertainty Reduction Theory, and Problematic Integration
Theory in order to argue for the necessity of developing new theories.

The vast majority of nonempirical papers (N =17) did not explicitly reference a specific theory
related to their examination of uncertainty. A number of papers referenced unnamed ‘frameworks’
(e.g. Malecki et al., 2021) or described frameworks that were sets of principles or guidelines (e.g. Fer-
nandes, 2021; Lilleker & Stoeckle, 2021; Sauer et al., 2021). Many nonempirical papers offered gui-
dance for communicating about uncertainty to the public without grounding their
recommendations in a specific theory. Others offered critiques of uncertainty communication by
journalists, scientists, government officials, and/or public health entities during the pandemic, but
again, these critiques were not described as being based on any specific theory about public
responses to uncertainty communication.

Uncertainty Communication Trends and Effects (RQ4)

Although we present a high-level summary of outcomes reported in the literature, the variability in
conceptualization and operationalization of uncertainty limits concrete takeaways about the effects
of specific types of uncertainty communication. Therefore, these conclusions should be taken as
preliminary.

Narrative reviews, rhetorical critiques, and commentaries

Nonempirical papers—primarily in the form of reviews, rhetorical analyses, and commentaries—
offered critiques of or provided recommendations for COVID-19 public communication. Many
authors argued that uncertainty should have been better communicated or acknowledged during
the early stages of the pandemic (e.g. Hanson et al., 2021; Rajkhowa, 2020; Sauer et al., 2021). For
instance, comparing early government response to COVID-19 in Germany, Sweden, and the UK,
Hanson et al. (2021) suggested that only Germany’s government explicitly communicated uncer-
tainty about how best to manage the pandemic in light of limited evidence. The authors argued
this transparency made it easier for the country to adapt its messaging over time, in contrast to
the UK, which presented early decision making as ‘following the science’ without acknowledging
tentativeness of the evidence. Nonetheless, the authors concluded that all three governments
‘lost trust of their populations during the epidemic due to a mix of communication and transparency
failures’ (p. 1). Lilleker and Stoeckle (2021) offered a similar analysis of the UK government’s com-
munication, concluding that ‘attempts to offer certainty despite a situation characterised by vola-
tility, uncertainty, complexity and ambiguity led to numerous U-turns that seriously damaged
their credibility’ (p. 1). Several papers described former U.S. president Donald Trump's
flagrant downplaying of various uncertainties throughout the pandemic (e.g. Balog-Way &
McComas, 2020; Caulfield et al., 2021; Sauer et al., 2021).

Many authors emphasized that uncertainty should be conveyed more transparently in future pan-
demic messaging (e.g. Caulfield et al., 2021; Escandén et al.,, 2021; Finset et al., 2020; Paek & Hove,
2020; Vraga & Jacobsen, 2020), while a few described the need to strike a balance between convey-
ing too little and too much uncertainty (Balog-Way & McComas, 2020; Lasser, 2020). Authors argued
that being transparent about unknowns will enhance public trust in government entities and health
communicators (Caulfield et al., 2021; Ho & Huang, 2021; Hyland-Wood et al., 2021; Malecki et al.,
2021) and help citizens to better manage uncertainty by fostering realistic expectations (Finset
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et al.,, 2020; Gesser-Edelsburg, 2021; Rajkhowa, 2020). Some papers described challenges associated
with communicating uncertainty, such as the rapidly evolving nature of the pandemic (e.g. Balog-
Way & McComas, 2020; Krause et al., 2020), the rise of misinformation (e.g. Dunwoody, 2020; Escan-
don et al., 2021; Fernandes, 2021; Krause et al., 2020), and the potential for causing confusion among
audiences (e.g. Balog-Way & McComas, 2020; Guttman & Lev, 2021; Vraga & Jacobsen, 2020). Others
gave specific recommendations for how to frame uncertainty, such as by providing context about
why scientific disagreements occur and explaining what actions are being taken to reduce uncer-
tainty (Paek & Hove, 2020) and by helping the public to understand that decisions are based on
the current best available evidence, which will inevitably evolve during a pandemic (Caulfield
et al,, 2021; Ho & Huang, 2021). Rajkhowa (2020) cautioned that journalists and commentators
should take care, when highlighting information gaps or inconsistencies in public health guidance,
to contextualize these limitations in order to avoid deleterious effects on public health efforts,
including harming public trust in health advice from the government.

Media content analyses

Among empirical analyses of media communication, much attention was paid to the ways that jour-
nalists and public health experts framed and explained uncertainties. Among news coverage of
COVID-19 in Canada, uncertainty emerged as a ‘master frame,” with additional framing strategies
such as ‘dueling experts’ and ‘mixed messaging’ indicating journalists’ critiques of public health
guidelines and communication (Capurro et al., 2021). A content analysis of 15 major digital media
outlets found that only half of stories covering COVID-19-related preprint research framed the
science as uncertain (i.e. noting that the study was a preprint, unreviewed, preliminary, or in need
of verification; Fleerackers et al., 2021). Examining the Dutch government’s treatment of uncertainty
in official press conferences and public response in Twitter posts, Prettner et al. (2021) found that
failure to acknowledge consensus uncertainty among experts and uncertainty in the science resulted
in a mass of tweets criticizing the government and expert communication.

Some papers compared the differences in communication strategies between various
countries (e.g. Miller et al., 2021; Pentzold et al., 2021), including notes on how each country’s
media responded to public health discourses and guidelines. The importance of the relation-
ship between journalists and experts was also examined, with authors noting that both
parties should function as checks and balances on each other when raising speculative ques-
tions or assertions (Blom et al., 2021). Pentzold et al. (2021) observed journalists as ‘knowledge
brokers’ tasked with assimilating and comparing multiple sources of epidemiological data in
order to offer data visualizations and data-driven forecasts to help the public and policymakers
make sense of uncertainty about the course of the pandemic and the ambiguous messaging
environment.

Lambrecht (2021) analyzed CDC press releases from the first months of the pandemic and
observed that risk levels were communicated with unwarranted certainty; for example, pronounce-
ments of ‘low risk’ for some population groups were conveyed without appropriate tentativeness
despite the early stage of the evidence. The author argued that conveying uncertainty about
these risk levels could have influenced a more appropriate level of caution among the U.S. public
early in the pandemic.

Effects of communicated or perceived uncertainty
Among experimental studies, neutral or unfavorable effects of communicated uncertainty were more
common than favorable effects. In experimental, cross-sectional, and focus group studies, experi-
enced uncertainty similarly had mostly neutral or undesirable effects on outcomes such as trust
and emotional coping. We highlight predominant trends below.

Trust in science and in expert guidance. Several studies found that communicating uncertainty,
particularly about the science or about guidelines, reduced trust and related variables such as
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perceived credibility and expertise (e.g. Gretton et al., 2021; Kreps & Kriner, 2020; Rafkin et al., 2021;
Simonovic & Taber, 2022). For example, Simonovic and Taber (2022) found that conveying unknowns
about the nature of COVID-19 (as opposed to conveying only what scientists know) generated lower
trust in public health officials in a US adult sample (but not a college student sample). Across multiple
experiments, Kreps and Kriner (2020) found that acknowledging and explaining uncertainty in epi-
demiological models generally decreased public trust and support for science. Conveying changes in
guidance also produced lower trust in several studies. Rafkin et al. (2021) found that messaging high-
lighting changes in COVID-19 guidance hurt perceived credibility of the government among US
adults. Similarly, Gretton et al. (2021) found that describing COVID-19 guidance as having
changed, rather than as being consistent, led both U.S. and Canadian participants to perceive scien-
tists and public health authorities as less credible. Across multiple experiments with U.S. and Danish
participants, Petersen et al. (2021) found that ‘vague’ communication about a fictional COVID-19
vaccine (i.e. a message acknowledging that the vaccine was likely effective, but there was insufficient
information to compare the vaccine against the common flu vaccine) decreased vaccine acceptance
compared to messages that conveyed positive or neutral information about the vaccine with greater
certainty.

In a qualitative study with Canadian adults, Zhang et al. (2021) found that experienced uncer-
tainty, caused by inconsistencies and ambiguity in public health messaging about face masks, fos-
tered a sense of participant mistrust in public health entities.

Other studies found no impact of messages conveying uncertainty. For example, in a study with
German adults, Janssen et al. (2021) found that communicating uncertain efficacy of wearing masks
to prevent the spread of COVID-19 had no impact on perceived trustworthiness or expertise of the
communicator. Similarly, Kelp et al. (2021) found that conveying certainty or uncertainty about
vaccine efficacy did not influence U.S. students’ trust in the vaccine information or its source.

In one study, Oldeweme et al. (2021) found that uncertainty reduction measures, such as provid-
ing transparent and accurate information about a government-supported contact tracing app, were
associated with greater trust in the app, and this trust was related to actual adoption of the app. This
appears to be a positive effect of closing people’s knowledge gaps, rather than of transparent com-
munication about uncertainty. No study reported positive effects of communicating or experiencing
uncertainty on trust in information or sources.

Emotional coping, information seeking, and information preferences. Several studies exam-
ined how participants managed uncertainty in terms of emotional and information related
responses. Undesirable outcomes of experienced or communicated uncertainty were more
common. For example, Yoon et al. (2021) found that news consumption led employees to feel
greater uncertainty, which in turn led to less productivity and creativity in the workplace. Han
et al. (2021) found that communicating scientific uncertainty about the COVID-19 pandemic
increased ‘ambiguity averse’ responses such as worry and perceived likelihood of getting COVID-
19, which did not increase intentions toward risk-reducing behaviors or vaccination. Simonovic
and Taber (2022) observed that messages conveying ambiguity about COVID-19 produced lower
self-efficacy (i.e. confidence in one’s ability to prevent COVID-19 infection) than messages conveying
only certain or known information, but only for adults, not college students.

Crowley et al. (2021) found that experienced uncertainty in the form of a knowledge gap was
associated with anxiety about the uncertainty and worsened communication efficacy and coping
efficacy, but increased cognitive reappraisal, information seeking, and precautionary behaviors.
However, Huang and Yang (2020) found that experiencing ‘severity uncertainty’ led to lower infor-
mation seeking. Other studies described in the theory section found mixed results, with experienced
uncertainty associating with information seeking in some studies and avoidance in others. In one
study, conveying ambiguity about the duration of the pandemic facilitated some participants’
ability to adjust (Park & Shapiro, 2021).

Two cross-sectional survey studies assessed information preferences regarding uncertainty com-
munication in German samples. Post et al. (2021) found that those with a need for definite



Annals of the International Communication Association 19

information and a view of science as unchanging preferred concrete information about COVID-19,
while those with a desire to form their own opinions preferred journalists to challenge policy and
scientific guidelines, and rejected the idea that policy should be determined by scientists. Wegwarth
et al. (2020) found that citizens indicated a desire for disclosure of scientific uncertainty by reporting
that they would be more motivated to adhere to recommended guidelines when these were pre-
sented with fuller uncertainty disclosure.

Attitudes and intentions toward precautionary behaviors. Many studies found no impact of
communicating uncertainty on attitudes and intentions toward precautionary COVID-19 beha-
viors. Communicating uncertainty about vaccine efficacy had no impact on vaccination attitudes
and intentions in a Chinese sample (Chen et al., 2021). Several studies with US participants also
found that conveying scientific uncertainty about the COVID-19 vaccine, or about COVID-19 in
general, had no impact on US participants’ intentions to perform risk reducing behaviors or get
vaccinated (Han et al., 2021; Kerr et al., 2021; Simonovic & Taber, 2022). Daoust and Bastien
(2021) found no treatment effect of conveying uncertainty with confidence intervals in people’s
support for preventative measures. These studies generally found no differences between mess-
ages of certainty and uncertainty on attitudes and intentions, which could, in a sense, be inter-
preted as a favorable finding.

Effects were negative in some studies, however. Whereas Kelp et al. (2021) found no impact on
trust, conveying uncertainty (vs. certainty) about the COVID-19 vaccine led to worse perceptions
of vaccine safety, efficacy, and necessity. It also generated lower intention to get vaccinated
among the vaccine hesitant. Gretton et al. (2021) found messaging that highlighted changes (vs.
consistency) in COVID-19 guidance reduced intentions to download a contact tracing app among
Canadian (but not U.S.) participants; however, this negative effect was mitigated with a forewarning,
as described below.

Message Frames

A key goal of this research is to understand how to effectively communicate uncertainty. Therefore,
we summarize results of experiments testing specific message frames below.

Forewarning and normalizing frames

Studies found mixed evidence for the utility of providing audiences with information that nor-
malizes the uncertain nature of science or forewarns that guidance may change, which was
expected to mitigate negative outcomes of uncertainty disclosure. Han et al. (2021, p. 3) found
that ‘ambiguity-averse’ psychological responses to uncertainty disclosure were neutralized
when the disclosure was paired with ‘language emphasizing the unknowability of these various
aspects of COVID-19 and the expected nature of scientific uncertainty.” While this frame neutral-
ized participants’ worry about COVID-19 and perceived likelihood of contracting it, compared to
the standard disclosure, it did not increase intentions to adhere to recommended precautionary
behaviors. Whether this is a positive or negative effect in terms of inspiring participants to take
appropriate precautions is unclear. Across two studies, Simonovic and Taber (2022) found that
adding a normalizing frame produced minimal differences compared to the standard ambiguous
message (conveying what is unknown about COVID-19) and the control message (conveying only
what is known). It did not improve participants’ self-efficacy, trust in public health officials or
doctors, or vaccine intentions. The authors suggested their manipulation may have been too
subtle to generate an effect.

A set of experiments found that preceding a message highlighting changes in COVID-19 guidance
with a forewarning, which informed the audience that updates to public health guidelines are
normal given the evolving science, neutralized the undesirable effects on opinions of scientists
and public health officials and precautionary behavior intentions (Gretton et al., 2021).
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Loss/gain framing

Two studies examined the impact of loss/gain framing on public reactions to uncertainty. Huang and
Liu (2021) found that loss/gain framing interacted with participants’ levels of uncertainty to influence
their vaccine beliefs and intentions. When U.S. participants were in a state of high uncertainty, mess-
ages emphasizing a loss (i.e. risking your health and increasing your chances of getting infected with
COVID-19) produced more beneficial vaccine beliefs and intentions, while participants in a low
uncertainty state responded more favorably to messages emphasizing a gain (i.e. reducing your
risk of infection and serious illness). However, when Chen et al. (2021) conveyed uncertain infor-
mation about vaccines in a Chinese sample, whether the uncertainty was gain- or loss-framed
made no difference in vaccination intentions.

Uncertainty presentation formats

Several studies investigated the impact of different numerical uncertainty formats. Chen et al. (2021)
compared responses to number formats, presenting probability of effectiveness of a COVID-19
vaccine as either a frequency (e.g. 20 out of 100) or a percentage (e.g. 20%). Their study found no
significant difference between the two presentations, even when numeracy skills were tested as a
potential moderator. In other studies, using confidence intervals to represent uncertainty surround-
ing projections (in place of using point estimates alone) had no significant impact on support for
COVID-19 infection models (Kreps & Kriner, 2020) or on perceived reliability of data or support for
public health measures (Daoust & Bastien, 2021). Participants in one survey preferred an uncertainty
message communicated with both numerical probabilities and lexical hedges (e.g. unlikely, prob-
ably; Wegwarth et al., 2020).

Discussion

Uncertainty has been a central theme of the COVID-19 pandemic. Since the pandemic’s onset,
scholars from communication and related disciplines have sought to understand how the many
facets of uncertainty have been communicated to the public, as well as how communicated
and experienced uncertainty have influenced public trust, information seeking, coping, and will-
ingness to perform precautionary measures to slow the spread of the virus. In this scoping
review, we summarized communication insights published between January 2020 and February
2022. In line with the special issue’s theme, we used this review to highlight strengths of the
field’s theories and concepts for examining uncertainty communication, as well as to identify
areas where further research and theorizing are needed to adequately address COVID-19 and
future high-uncertainty crises.

Characteristics of Studies and Nonempirical Papers

Approximately two-thirds of papers included in this review were empirical and one-third were none-
mpirical. Nearly all empirical studies collected data during the initial months of the pandemic. This
may be due to the nature of the academic publishing process, with studies conducted at later time-
points not yet published at the time of our review. Nonetheless, time period is an important factor to
keep in mind when evaluating results in this context.

Studies used a range of methodologies, with experiments, media content analyses, and cross-sec-
tional surveys being the most common. Very few papers presented qualitative participant data.
While investigations spanned a breadth of countries, there was a concentration of studies focused
on the US and China. Low research quality has been of particular concern during the COVID-19 pan-
demic (Quinn et al., 2021). In this review, use of multiple studies and preregistration of study plans
were uncommon. However, few studies relied on student samples, and sample size ranged from
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under 100 to several thousand, leading us to conclude that low rigor characterized only some rather
than a majority of the research.

While some media content analyses captured communication patterns over time, only three
studies collected data from participants at multiple time points, and none of these were testing
message effects. Given the frequently-voiced concern that the effects of downplaying uncertainty
may be positive in the short term but detrimental in the long term (e.g. Caulfield et al, 2021;
Gretton et al,, 2021; Kreps & Kriner, 2020; Saitz & Schwitzer, 2020), measuring audience reactions
to communication of uncertainty over time will be essential to test the veracity of these claims.
We return to this point later in the Discussion.

A range of public communication settings were considered in empirical and nonempirical papers,
including many forms of news media, social media, and government communication. Among papers
that focused on specific communication sources, these included government and public health
officials, politicians, journalists, and scientists, with one paper mentioning the role of doctors in com-
municating to the public during the crisis (Finset et al., 2020).

The topic of uncertainty was often general or multifaceted. When specific COVID-19 topics were
examined, these often related to scientific uncertainty, such as uncertainty about the nature of the
SARS-CoV-2 virus, the accuracy of epidemiological forecasts, or the efficacy of vaccines and other
precautionary behaviors. Another common topic was uncertainty caused by inconsistent messaging
or shifting public health guidelines. Despite the potential for public audiences to respond differently
to uncertainty depending on what is uncertain and who communicates it, many papers were either
inexplicit about these details or combined multiple uncertainty topics or sources into a single
message or measure, making it difficult to reliably code and compare papers along these
dimensions.

Treatment of the Concept of Uncertainty

Experienced uncertainty was most often treated as a lack of knowledge or as having both cognitive
and affective components (i.e. a knowledge gap and a negative emotional response). Some papers
described or measured people’s anxiety about uncertainty, while a few treated uncertainty as synon-
ymous with anxiety, worry, or panic. In empirical papers examining information seeking/avoidance
as an uncertainty management strategy, the term ‘information insufficiency’ was used to represent
either a perceived knowledge gap or the extent to which a person wants to close a perceived knowl-
edge gap (that is, how uncertain do they want to be). A few studies examined metacognitions of
uncertainty, such as how uncertain people were about their lack of knowledge. In empirical
papers, operationalizations of experienced uncertainty varied considerably and, as previously
described, some had questionable validity.

Communicated uncertainty was primarily treated as conveying unknowns in both empirical and
nonempirical papers. As noted above, some authors examined messaging about general or multi-
layered pandemic uncertainty, while others focused on communicating uncertainty about specific
aspects of COVID-19. While many typologies exist for classifying health and science related uncer-
tainties in order to facilitate theory building and systematic comparison (e.g. Gustafson & Rice,
2020; Han et al., 2011; Ratcliff, 2021), most papers in our review did not provide enough information
about specific type(s) of communicated uncertainty for us to classify COVID-19 uncertainty messages
using these typologies. Experimental messages tended to be short, and few studies used similar
message manipulations or coding frameworks, limiting the possibility for synthesizing results.

In sum, while we were generally able to categorize papers’ treatment of uncertainty according to
our coding scheme, there was considerable variation in how uncertainty was defined and measured.
Off-the-cuff measurement and manipulation of uncertainty were common in empirical studies. The
difficulty in clearly defining uncertainty and ‘pinning it down’ for the purpose of analysis has certainly
been acknowledged (e.g. Anderson et al., 2019; Bradac, 2001; Han et al., 2011). Nonetheless, creating
well-developed, validated measures and coding frameworks for capturing experienced and
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communicated uncertainty is needed to build a coherent and useful body of knowledge in this area.
The potential for the term ‘uncertainty’ to mean so many things under the broad umbrella of
unknown information also underscores the importance of making its particular meaning(s) and oper-
ationalizations clear in a given paper.

Lastly, we question whether it is appropriate to use the term ‘uncertainty’ to refer to an affective
state, especially a negative one. At a high level, uncertainty is generally agreed upon to be a cogni-
tive state characterized by lack of information (Bradac, 2001; National Library of Medicine, n.d.[a]).
While experienced uncertainty may be inextricably linked with emotion, it is not typically defined
as an affective state (Anderson et al., 2019; Bradac, 2001). Moreover, scholars acknowledge that
emotions associated with uncertainty are not always negative: uncertainty about a bad outcome
may be preferable to certainty of a bad outcome, and therefore people may prefer uncertainty as
it allows them to feel relief or hope, for example (Anderson et al.,, 2019; Brashers, 2001). Given
these points, treating uncertainty and related affective responses as distinct, such as by referring
to ‘anxiety about uncertainty,’ seems preferable (e.g. when testing the Risk Information Seeking
and Processing model; Griffin et al., 1999).

Theory Use

In all, we observed a lack of theory-driven scholarship addressing COVID-19 uncertainty and public
communication related processes, especially for testing the effects of communicated (rather than
experienced) uncertainty and for undergirding recommendations for communication. Only half of
empirical papers included explicit use of a theoretical framework to analyze communication of
uncertainty and audience responses. Among papers that did reference specific theories, several
only mentioned the theory briefly in their introductions. Many other papers made vague references
to ‘frameworks’ or ‘communication theories.” Limited application of theory was similarly observed by
Chu et al. (2022), whose meta-analysis examined studies of media use and uncertainty-related
responses to COVID-19; the authors noted that only two of the 47 studies in their review were expli-
citly underpinned by a theory. In our review, nonempirical papers were especially likely to neglect
theory (or neglect to mention it), with only three papers making reference to specific theories
related to uncertainty.

It is possible that communication scholars simply continue to do a poor job of clearly articulating
how we apply theory (DeAndrea & Holbert, 2017). Yet it is also possible that existing theories in com-
munication are no match for uncertainty in the complicated, rapidly evolving, and multifaceted
COVID-19 landscape. This possibility was acknowledged by Yoon et al. (2021) and Chen et al.
(2021) when explaining why their study results were inconsistent with the theories that guided
their research (Uncertainty Reduction Theory and Prospect Theory, respectively). Lilleker and
Stoeckle (2021, p. 3) described the pandemic as a ‘wicked problem’ characterized by ‘radical uncer-
tainty,” remarking that ‘crisis and risk communication theory has not engaged with the concepts of
radical uncertainty’—that is, with situations that are complex, interdependent, ambiguous, and
highly unpredictable. Given the lack of theory in pre-COVID-19 risk and crisis uncertainty communi-
cation research (Liu et al., 2016; Sopory et al., 2019), it may be that most public crisis and risk situ-
ations are too complex for our discipline’s current uncertainty theories to address.

Gaps in our discipline’s uncertainty theorizing appear to extend beyond radically uncertain con-
texts, however. In commentaries, Caniglia et al. (2021) argued that we need new theoretical perspec-
tives to guide communication that embraces and manages, rather than downplays, scientific
uncertainty, while Paek and Hove (2020) argued that we need to better understand how people
process uncertainty in general. Prior work similarly highlighted a lack of cognitive process models
to explain how people make decisions under uncertainty, as opposed to risk (Volz & Gigerenzer,
2012).

Many of the theories used in COVID-19 uncertainty communication research were not initially
developed to study uncertainty, while others were not developed for public health or
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multifaceted contexts. For example, as Huang and Yang (2020) note, the Risk Information Seeking
and Processing model was designed to examine how people manage risks, not uncertainty about
risks, and uncertainty is not a central component of the model (Griffin et al., 1999). Other theories
that were applied, such as Uncertainty Reduction Theory (Berger & Calabrese, 1975) and Theory
of Motivated Information Management (Afifi & Weiner, 2004), were developed to understand how
people manage uncertainty in interpersonal interactions. Prospect Theory, meanwhile, is a
behavioral economics theory created to explain why people are willing to choose riskier
options to avoid a loss than to obtain a gain (Kahneman & Tversky, 1979). In Prospect Theory,
uncertainty is defined as risk expressed as a statistical probability, and its tenets are not appli-
cable to most situations of real-world uncertainty (Volz & Gigerenzer, 2012). It is perhaps not sur-
prising that attempting to apply these frameworks in the pandemic context seems to have
yielded largely unfruitful results.

Overall, information seeking and uncertainty management theories had little predictive power in
the studies we reviewed, which found that people managed uncertainty by seeking or avoiding
information (or, in some cases, neither). Uncertainty management frameworks were often cited to
suggest that uncertainty can be appraised negatively or positively and were applied to examine
or explain audience reactions but not to test specific predictions about them. Further, these theories
were applied only to examine the impacts of subjective uncertainty, not communicated
uncertainty. This supports Bradac’s (2001) criticism of Uncertainty Management Theory and other
uncertainty theories, which he described as ‘relatively open systems’ and ‘incomplete’ frameworks,
where the expected outcomes and mechanisms of the impact of language on perceived uncertainty
remain largely unspecified. As Bradac (2001, p. 467) pointed out, ‘What is spun is webs of possibilities,
instead of logically compelled theorems. The theory exists as a kind of cognitive heuristic for under-
standing problematic cognitive-affective states.’ Greater specification of these theories could allow
us to do more than expect that people will use different information behaviors to manage uncer-
tainty during public crises.

It is also the case that there is sometimes no additional information to seek during a crisis. In
the early stages of the COVID-19 pandemic, information about the science and future course of
the pandemic was unknown not only to citizens, but also to scientists, public health officials, and
government leaders. Thus, we need formal theorizing about how public audiences manage
uncertainty even when they cannot close the knowledge gap. What factors influence public atti-
tudes, behaviors, and trust? And what is the relationship between communicated and experi-
enced uncertainty? In this review, the authors of commentaries argued that communicators
will earn public trust by acknowledging uncertainty rather than downplaying it, by contextualiz-
ing uncertainty as normal, and by forewarning that changes to evidence and protocol are likely
(e.g. Caulfield et al., 2021; Hanson et al., 2021; Rajkhowa, 2020). These claims were supported by
some empirical evidence showing positive effects of forewarning and normalizing statements,
suggesting a promising avenue for more theorizing and continued  study.
Many authors also recommended that public officials speak with a unified voice and use consist-
ent messaging in order to avoid causing confusion and loss of credibility (e.g. Finset et al.,
2020; Sauer et al., 2021). Given the difficulty in achieving one voice in the marketplace of
ideas, especially amidst an evolving crisis, it may also be productive to identify ways to help
public audiences make sense of consensus uncertainty and manage the inevitability of experts
with different viewpoints.

Trends and Effects of Communicated or Experienced Uncertainty

Content analyses found that COVID-19 uncertainty was not often appropriately conveyed or
acknowledged by the government, public health officials, or journalists in the early stages of the pan-
demic, which was a trend that held up across countries and communication settings (Fleerackers
et al,, 2021; Lambrecht, 2021; Pentzold et al., 2021). Scholars also highlighted the important role
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of journalists in helping the public to make sense of uncertainty during the pandemic (Dunwoody,
2020; Fleerackers et al., 2021; Pentzold et al., 2021; Rajkhowa, 2020). Studies on the impacts of experi-
enced uncertainty found that it led individuals to either seek or avoid information, as noted above,
and experienced uncertainty typically corresponded with negative psychological responses.

Several authors discussed links between uncertainty and misinformation. One study found that
exposure to misinformation reduced people’s experienced uncertainty (Kim et al, 2020), while
another found that exposure to news, which is likely to present more accurate and realistic infor-
mation, increased experienced uncertainty (Yoon et al., 2021). Further, Lu et al. (2021) found that
uncertainty surrounding scientific evidence can cause individuals to
produce misinformation inferred from the evidence through motivated reasoning. This set of
results illustrates the potential for public audiences to be especially vulnerable to misinformation
under conditions of uncertainty, as noted in commentaries (e.g. Fernandes, 2021; Guttman & Lev,
2021; Krause et al., 2020; Lu et al., 2021). Interventions that help to counter the natural tendency
to prefer simple, clear explanations and messages of unwarranted certainty (Nguyen, 2021b)
appear critical during a pandemic.

Although a central argument of most nonempirical papers was that transparent messages about
uncertainty will promote public trust in experts and facilitate coping (e.g. Caulfield et al., 2021; Finset
et al., 2020; Paek & Hove, 2020; Sauer et al., 2021), empirical results generally pointed toward neutral
or unfavorable impacts of both communicated uncertainty and experienced uncertainty, aligning
more closely with perspectives from Malecki et al. (2021) and Guttman and Lev (2021). Most
experimental studies found limited effects of tested message features and frames. Perhaps this
demonstrates that designing public messaging to effectively address uncertainty is easier said
than done. We do not believe these results should be taken to mean that communicating unrealistic
certainty is preferable, however. Instead, a pressing question facing communicators—and communi-
cation researchers—is how to communicate uncertainty in ways that do foster realistic expectations,
earn reasonable trust in science and in authorities, and promote adherence to public health guide-
lines. To answer this, we need more systematic testing of an expanded range of communication fea-
tures, as well as replications of these tests (Popper, 1959), ideally guided by shared
operationalizations and theoretical frameworks.

Unfavorable impacts of communicating uncertainty could have emerged in empirical studies
because public audiences had already encountered messages of certainty in the real world and, there-
fore, messages of uncertainty felt conflicting or violated expectations and previously earned trust.
This possibility underscores the importance of attempting to examine the effects of communicating
uncertainty over time, and it points to an additional gap in our current theories, which do not
account for temporal effects. Whereas nonempirical essays in the current review were focused on
longer-term impacts of uncertainty communication on public trust, experimental studies measured
trust and other outcomes immediately after message exposure. Including a temporal perspective in
this research would allow for testing and comparison of short- and long-term impacts of communi-
cating uncertainty and provide a better picture of the impacts of transparent communication.

Limitations of Our Review

Several limitations of our approach must be kept in mind. First, the nature of our research questions,
combined with the highly varied treatment of uncertainty and sometimes-vague reporting of oper-
ationalization and theory use in the literature, meant that our characterizations required a degree of
subjective interpretation beyond our predefined coding scheme. Given this and the relatively small
pool of papers, we used percent agreement to assess reliability. This means our observations should
be taken as exploratory and should not be used to inform policy or make concrete guidelines for
communication practice. Instead, we believe our review’s primary contribution is in highlighting a
need for more conceptually and operationally consistent research in order to produce concrete take-
aways about how best to communicate uncertainty.
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Second, given the challenges of analyzing theory use (Chavez-Yenter et al., 2021; DeAndrea &
Holbert, 2017; Slater & Gleason, 2012), we erred on the side of coding explicit use of specific theories,
meaning that nonspecific mention of theory (e.g. ‘extant theory,’ ‘the theoretical literature,’ ‘theor-
etical frameworks’) and references to broad categories of theory (e.g. ‘crisis and risk communication
theory,’ ‘framing theory,” ‘behavioral economic theory’) were not counted. Even though authors may
have cited papers about specific theories in these instances, to attempt to count these in the current
project would have been infeasible. As one way to facilitate theory building and testing in our field,
we believe it would be helpful for authors to refer to specific theories whenever possible.

Third, our review included only English-language papers published in academic journals. It is the
case that many of the included papers described results of studies conducted with non-English
speaking samples or examined content in other languages and translated findings to English.
Further, some nonempirical papers offered critiques of non-English speaking communication
trends. Nonetheless, there are likely insights about uncertainty communication published in other
languages which could not be included.

Finally, to fit with the special issue’s theme, we limited the scope of our review to public and mass
mediated communication. But we acknowledge that a rich body of scholarship has also been pro-
duced to examine COVID-19 uncertainty communication in settings such as interpersonal and
healthcare contexts. Moreover, while our reviewed pool of papers included communication scholar-
ship published in a breadth of disciplines’ journals and work that spanned many subfields of the
communication discipline, it is still likely, given the multifaceted nature of the concept of uncertainty,
that some work referred to the concept of uncertainty using different terminology and was not cap-
tured in our literature search. Additionally, we expect the literature to grow as observations from
later phases of the COVID-19 pandemic are published.

Conclusion

Contributing to this special issue on COVID-19, the media, and communication scholarship,
we synthesized two years of empirical and nonempirical literature on public communication pro-
cesses related to uncertainty, a concept at the forefront of the COVID-19 crisis.

While a number of important insights emerged in this literature, we found that Bradac’s (2001)
critique of insufficient theorizing about uncertainty and communication still applies. Overall, there
was limited use of (or utility of) extant theory to guide examinations of communicated uncertainty
and experienced uncertainty during the pandemic. Given the importance of theory in guiding social
scientific research (DeAndrea & Holbert, 2017; Muthukrishna & Henrich, 2019), this lack of explicit
reliance on established theoretical frameworks might point to a need for adjustment of existing com-
munication theories, the development of new theories, better reporting about theory use, or
perhaps all of the above. Varied and off-the-cuff operationalizations of uncertainty were
also common in this literature, highlighting a need for more validated and shared approaches to
measuring and manipulating uncertainty in communication research. Together these practices
will help our field offer guidance for better communication during COVID-19 and future high-uncer-
tainty crises.

We do not believe the current body of scholarship points toward specific evidence-based rec-
ommendations for communication just yet. More theory-driven research on the effects of
message features is needed. Theory could, in particular, help to explain why unfavorable results
of transparent communication about uncertainty have been common in COVID-19 studies, while
the reverse has been true of studies in other scientific and health contexts (Jensen, 2008; Ratcliff
et al,, 2021; Steijaert et al., 2021; also see Gustafson & Rice, 2020). Primary sources of uncertainty
during the COVID-19 pandemic were a continuously evolving evidence base and constantly chan-
ging guidance from public health authorities and government leaders (Kreps & Kriner, 2020). Poten-
tially, this is perceived as ‘consensus uncertainty,” which produces less favorable public reactions
compared to other types of scientific uncertainty (Gustafson & Rice, 2020). Alternatively, it could
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be that during a pandemic, individuals grow fed up with living in a constant state of uncertainty.
During COVID-19, citizens grappled with a need to constantly separate fact from fiction and navigate
information uncertainty amidst the ‘infodemic.” Most people also faced personal illness uncertainty,
economic uncertainty, and unknowns in many other aspects of life. In this review, we did not observe
any studies that compared results of uncertainty communication between COVID-19 and non-
COVID-19 topics, or across different COVID-19 topics or time periods. Instead, authors examined a
single issue (e.g. vaccine uncertainty), lumped multiple forms of uncertainty together, or described
uncertainty in all-encompassing terms. Most studies with participants were conducted at a single
time point early in the pandemic, when uncertainty was at its peak. Comparative studies—and,
ideally, theories—could help us to better understand the unique and evolving nature of uncertainty
during the COVID-19 crisis, in order to determine how best to communicate or provide information
in situations of such extreme and multilayered uncertainty.
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