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ORIGINAL ARTICLE

Preprints in COVID-19 news coverage: Comparing student and
general population perceptions of preliminary science about
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News framing of preprint research during the COVID-19 pandemic varied widely, with
some articles reporting the findings of preprint studies with a high degree of certainty
and others highlighting the preliminary and unpublished nature of the work. As publicly
available research articles that have not yet been peer-reviewed, preprints represent a
unique form of scientific uncertainty in risk communication contexts, and we lack a
complete picture of how public audiences respond to transparency about this uncer-
tainty. Replicating and extending prior work, we examined how preprint disclosures
and lexical hedging influenced COVID-19 booster vaccine attitudes and intentions in
a college student sample (N = 837) and a general population sample (N = 431). Par-
ticipants in both groups perceived the disclosure of preprint status. However, neither
preprint disclosure nor lexical hedging had a direct effect on perceived trustworthiness
of the news article or the scientists, nor on booster attitudes or intentions, replicating
our prior findings. As preprints have begun to receive more attention in the media, it is
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1 | INTRODUCTION

The immense uncertainties surrounding the COVID-19 pan-
demic gave rise to a complex information landscape in which
the public was forced to make decisions regarding pre-
cautionary behaviors with incomplete, tentative, shifting, or
contradictory information (Balog-Way & McComas, 2020;
Finset et al., 2020; Ratcliff et al., 2022). Science journalists
sought to meet the public’s information needs amidst a crisis
marked by ambiguity, conflicting information, and polariza-
tion (Dunwoody, 2020). In the early days of the pandemic,
preprint studies emerged as fodder for journalists eager to
report the latest research findings to an anxious public, and
they remained a mainstay in pandemic-related news coverage
(Colavizza, 2021; Fleerackers et al., 2024; Jung et al., 2021;
Saitz & Schwitzer, 2020). Although reporting on preprints
had not been a standard practice for journalists prior to the
pandemic (Nadella & Navathe, 2020; Sheldon, 2018), the
unprecedented and rapidly evolving nature of the COVID-19

important to make sure the public is properly educated about their tentative nature.

COVID-19, preprint research, risk communication, scientific uncertainty, vaccination

crisis gave rise to widespread reporting of preprint research
(Fraser et al., 2021).

How COVID-19 preprint research was framed in the news
varied widely, with some articles reporting the findings of
preprint studies with high degrees of certitude, despite their
tentative nature, and others highlighting the unpublished and
preliminary nature of the work (Fleerackers, Riedlinger, et al.,
2022; Massarani et al., 2021). Given that preprints have
not yet undergone peer review (Berg et al., 2016), and the
findings of numerous COVID-19 preprints were discred-
ited or revealed to be flawed (Majumder & Mandl, 2020;
van Schalkwyk & Dudek, 2022), COVID-19 preprints pre-
sented a unique form of scientific uncertainty (Fleerackers,
Riedlinger, et al., 2022; Ratcliff et al., 2024, 2025). While
in other scientific contexts, studies tend to find null or posi-
tive effects of disclosing uncertainty to the public (Gustafson
& Rice, 2020), studies of communicating uncertainty about
COVID-19 science often observed unfavorable responses,
such as lower trust in expert guidance and lower intentions
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to engage in precautionary behaviors (Ratcliff et al., 2022).
Despite this, there has been limited evidence about how
the public responds to uncertainty conveyed in the form of
preprint status disclosure. Scholars have predicted that report-
ing on preprints will likely continue long after the COVID-19
pandemic (Colavizza, 2021). Therefore, it is important to
understand how reporting on preprints influences public atti-
tudes and intentions. Addressing this need also answers
broader calls for experimental work testing different ways
of portraying uncertain science to better understand how the
public responds to uncertainty disclosures (Gustafson & Rice,
2020; Ratcliff et al., 2022).

2 | PUBLIC UNDERSTANDING OF
PREPRINTS

Journalists may avoid mentioning a study’s preprint status
if they fear audiences who are familiar with the un-peer-
reviewed nature of preprints will take the reporting less
seriously. These audiences may be critical or skeptical of
journalists’ choices to report on preprints rather than peer-
reviewed research and question the veracity of the reporting
in light of the tentativeness of preprints; to avoid this skep-
ticism, journalists may be omitting information that reveals
a study’s preprint status or hints at its inherent uncertainty.
Scientists may do the same if they believe the public will
be less likely to trust the research and, as a result, fail to
adhere to recommended behaviors, such as getting vaccinated
against COVID-19. A recent study by our team (Ratcliff et al.,
2024) found that disclosing the preprint status of COVID-
19 vaccine research had no impact on the audience’s vaccine
attitudes and intentions, nor their perceptions of the scien-
tists’ and news article’s credibility. This appeared to be a
positive finding, indicating that transparency about preprint
status is unlikely to harm public trust in scientists or news
reporting. However, the preprint disclosure manipulation in
our prior study was subtle, and we did not measure perceived
disclosure. At the same time, it is possible that the uncer-
tainty manipulation, which alone had a negative effect on
outcomes, overshadowed the preprint disclosure. This led us
to test the effects of a stronger operationalization of preprint
disclosure (i.e., including more details about the study’s
preprint status) and a subtler form of hedging in the current
research.

Recently, researchers have endorsed the use of fuller dis-
closures of preprint status that give audiences more complete
information about what the term “preprint” means (Ratcliff
et al., 2025; Wingen et al., 2022). Given that news report-
ing on preprints is a relatively new phenomenon, rising in
prominence due to the urgency surrounding the COVID-19
pandemic (Nadella & Navathe, 2020), there is so far lim-
ited research investigating how public audiences perceive and
respond to preprint disclosures. Newly emerging research
suggests that nonexpert audiences are unfamiliar with the
concept of a scientific preprint (Ratcliff et al., 2024) and have
difficulty discerning between preprints and peer-reviewed

research (Cataldo et al., 2022; Cyr et al., 2021; Wingen et al.,
2022). However, Wingen et al. (2022) found that participants
were sensitive to detailed explanations of preprint research;
that is, when the meaning of preprints was explained, par-
ticipants registered the caveat and perceived the research to
be less credible or established. In another previous study
(Ratcliff et al., 2025), we found that participants took greater
notice of a more detailed preprint disclosure compared to a
simpler one, but its impact on uncertainty perceptions was
mixed. Given these mixed findings, we used a more descrip-
tive disclosure than used in Ratcliff et al. (2024) to first
examine whether participants would register (i.e., take notice
of) a preprint disclosure and then whether they would inter-
pret it as an indication that the scientific conclusions are
tentative.

RQ1: Do public audiences register preprint disclosure in
a science news article?

RQ2: Do public audiences perceive scientific evidence
from a preprint (i.e., when preprint status is disclosed)
to be uncertain?

3 | PUBLIC UNDERSTANDING OF
SCIENTIFIC RESEARCH

As publicly available research articles that have not yet
been peer-reviewed at a journal, preprints represent a unique
form of scientific uncertainty (Fleerackers, Riedlinger, et al.,
2022; Ratcliff et al., 2024, 2025). Although peer review
is itself an imperfect process, and many preprints do not
appear to change significantly between posting and publica-
tion in a peer-reviewed journal (Nicholson et al., 2022), major
changes in conclusions do sometimes occur (Brierley et al.,
2022). The risk that flawed research could circulate through
preprints and potentially create misinformation is recog-
nized by scholars (Chiarelli et al., 2019; Funk et al., 2020),
science media organizations (Sheldon, 2018), and journal-
ists who report on research (Fleerackers, Moorhead, et al.,
2022). Indeed, this risk may be one reason why journalists
have historically been discouraged from covering preprints
(Associated Press, 2020; Sheldon, 2018).

Yet, the COVID-19 pandemic appears to have created a
shift in the use of preprints, not only among scholars but also
among journalists (Fleerackers et al., 2024). As researchers
worked to develop and share evidence about COVID-19
diagnosis, treatment, and prevention, preprint posting surged
(Horbach, 2020). These COVID-19 preprints differed from
those on other topics in important ways. They tended to be
shorter and undergo more major changes between posting and
peer-reviewed publication (Brierley et al., 2022)—suggesting
a more “work in progress” use of preprints than in non-
pandemic contexts (Puebla et al., 2022, p. 9). Abstracts of
COVID-19 preprints also contained more positive spin than
those on other topics, even while they emphasized the uncer-
tain nature of their results (Bordignon et al., 2021). The
uncertain, work-in-progress nature of COVID-19 preprints,
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coupled with the urgent need for information and the highly
politicized information environment of the pandemic, appears
to have amplified fears that preprint use would allow flawed
results to circulate and, ultimately, misinform (Chirico et al.,
2020).

In some cases, these fears became realities. Pandemic-
related preprints became part of public debates on Twitter
(Urman et al.,, 2022) and in news media (Fraser et al.,
2021; Massarani et al., 2021), gaining coverage in high-
profile news outlets such as the New York Times and the
Guardian (Fleerackers, Riedlinger, et al., 2022; Massarani &
Neves, 2022). Although much of this coverage was benign
or even helpful, several highly flawed preprints gained sig-
nificant media attention before they were debunked (e.g.,
see Majumder & Mandl, 2020; van Schalkwyk & Dudek,
2022). Pandemic preprint coverage was also a “major driver
of episodic, single-study media coverage” (Brossard &
Scheufele, 2022), as many stories reported preprint findings
without providing context or incorporating commentary from
unaffiliated experts (Massarani et al., 2021). Finally, news
articles covering preprints were not always transparent about
the unreviewed nature of the research they cited, referring to
them as “studies” or “research” rather than as unreviewed,
preliminary, or unverified preprints (Fleerackers, Riedlinger,
etal., 2022; van Schalkwyk & Dudek, 2022). This last finding
stands in stark contrast to the practices reported by many jour-
nalists, who claim it is important to disclose the unreviewed
nature of preprints in any coverage (Fleerackers, Moorhead,
et al., 2022; Massarani et al., 2021).

In order to convey other forms of scientific uncertainty
(e.g., uncertainty that arises from gaps in knowledge or evolv-
ing scientific practices; Gustafson & Rice, 2020), journalists
will often use hedging to indicate the tentativeness of claims
(Guenther & Weber, 2019). It is possible that hedging is an
effective strategy for helping audiences to understand the
tentativeness of preprint research and, in turn, the tentative-
ness of claims arising from this research. As such, we aimed
to examine if, when accompanied by hedged claims, audi-
ences are more attentive to preprint disclosures and also
perceive preprints as more uncertain. We did so by testing an
interaction effect between preprint disclosure and the pres-
ence or absence of hedging. To avoid the possibility that
the hedging manipulation would eclipse the preprint disclo-
sure, as it may have done in our prior study (Ratcliff et al.,
2024), we minimized this aspect of the hedging manipula-
tion. That is, we used lexical hedging (i.e., claims hedged
with “may” and ‘“could”) but did not include discourse-
based hedging (i.e., explicit statements of uncertainty) to
convey tentativeness about the findings (Jensen, 2008). We
explored the potential interaction between preprint disclo-
sure and lexical hedging through the following research
question:

RQ3: Does a preprint disclosure X lexical hedging inter-
action influence (a) perceived preprint disclosure and
(b) perceived scientific uncertainty?

4 | HOW TRANSPARENCY ABOUT
UNCERTAIN COVID-19 SCIENCE
INFLUENCES TRUST IN SCIENCE

Scholars have suggested that the public’s evaluations of a
scientist’s epistemic trustworthiness depend on their percep-
tions of the scientist’s benevolence, integrity, and expertise
(Hendriks et al., 2015). Disclosing uncertainty or tentative-
ness about one’s research could signal honesty and goodwill,
thus enhancing evaluations of integrity and benevolence
(Hendriks et al., 2015, 2016). Trust in science suffered dur-
ing the pandemic (Sulik et al., 2021), and as a result, scholars
have argued that transparency about uncertainty is necessary
to rebuild the public’s trust (Balog-Way & McComas, 2020;
Saitz & Schwitzer, 2020). However, some studies have found
no effect of conveying uncertainty about COVID-19 science
on perceived trustworthiness of scientists (e.g., Janssen et al.,
2021).

The public’s relationship with the media has also been
strained during the pandemic (Edelman Trust Barometer,
2021), and science news reporting has long been criticized
for overhyping scientific findings (Caulfield & Condit, 2012).
Although some journalists assume their audiences prefer
certain or conclusive science (Peters & Dunwoody, 2016),
evidence from various health and science contexts suggests
that disclosure of scientific uncertainty can enhance trust
in science journalists (e.g., Jensen, 2008; Ratcliff et al.,
2018; Steijaert et al., 2021). However, the limited literature
on uncertainty communication during the pandemic shows
mixed public reactions (see review by Ratcliff et al., 2022).
In sum, it remains unclear whether transparency about uncer-
tain science has an impact on public trust in scientists or
journalists.

In addition to varying whether preprint status is dis-
closed, news coverage of preprint research also varies in
whether preprints’ conclusions are presented as more or
less certain (Fleerackers, Riedlinger, et al., 2022). Given
this, combined with the evidence suggesting that non-
experts are unfamiliar with preprint research (e.g., Cyr
et al., 2021), we were particularly interested in examin-
ing how varying the degree of certainty expressed about
a preprint would influence perceptions of trustworthiness
of both the scientists responsible for the preprint and
the news reporting of the preprint. In other words, does
hedging influence how individuals respond to the preprint
disclosure?

Given that research has found positive, negative, and null
effects of communicating uncertainty on trust (Gustafson &
Rice, 2020; Ratcliff et al., 2022) and that evidence specific
to preprint communication is limited, we posed a research
question instead of a directional hypothesis:

RQ4: Will preprint disclosure (when presented with
or without lexical hedging) have an impact on per-
ceived trustworthiness of (a) the scientists behind the
preprint or (b) the reporting?
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S | THE INFLUENCE OF PREPRINT
DISCLOSURE ON ATTITUDES AND
INTENTIONS

Throughout the COVID-19 pandemic, public communicators
often failed to convey the preliminary nature of emerg-
ing evidence about prevention and treatment of the disease
(Ratcliff et al., 2022; Saitz & Schwitzer, 2020). Presumably,
this stemmed from a worry that disclosing uncertainty would
negatively affect citizens’ attitudes and intentions regarding
recommended precautionary behaviors. Empirical support for
this hypothesis is mixed. A few studies did find that convey-
ing scientific uncertainty produced lower intentions to engage
in behaviors such as masking, social distancing, and get-
ting vaccinated (e.g., Adams et al., 2024; Kelp et al., 2022;
Ratcliff et al., 2024). However, other studies found no evi-
dence that conveying uncertainty influenced public attitudes
and intentions toward precautionary COVID-19 behaviors
(see Ratcliff et al., 2022). Specific to communicating about
preprint status, our previous studies (Ratcliff et al., 2024,
2025) found no direct effects of preprint disclosure on atti-
tudes or intentions related to the preprint research findings.
Thus, it is unclear whether conveying the tentativeness of
evidence by mentioning its preprint status has any impact on
attitudinal or behavioral outcomes, leading us to examine the
following:

RQS5: Will preprint disclosure (when presented with
or without lexical hedging) have an impact on (a)
attitudes toward the COVID-19 booster shot or (b)
intention to get a booster shot?

6 | THE CURRENT RESEARCH

Preprints are a timely and important area of study, as they
are expected to continue to serve as fodder for journalists
(Colavizza, 2021). Building on our prior study (Ratcliff et al.,
2024), in which we examined responses to news reporting
on preprints about early COVID-19 vaccines, we situated
this project in the context of booster vaccines. Booster vac-
cines were identified as a crucial step for managing the
pandemic long-term (Zarebska-Michaluk et al., 2022), yet
they were not made mandatory by many employers and
businesses, nor were they mandatory for travel (Blue & Gen-
derson, 2021; CDC, 2022). This meant that the public had
more freedom to choose whether to receive a booster vac-
cine compared to other precautionary behaviors (e.g., mask
wearing).

Much of the limited research on nonexpert responses to
preprint disclosure has been conducted with student sam-
ples (e.g., Cataldo et al., 2022; Cyr et al., 2021) or mixed
samples of students and the general public (Wingen et al.,
2022). Although the attitudes of young adults are important
to understand in this context, it is also important to exam-
ine the attitudes of the general population, which represents

a more diverse mix of education levels and age groups.' To
enable comparisons, we conducted two studies with identical
study designs, one with a general population sample and one
with a student sample.

7 | STUDY 1 (GENERAL PUBLIC
SAMPLE)

7.1 | Methods

7.1.1 | Study design

The survey experiment was administered online via the
Qualtrics survey platform and utilized a 2 (preprint status dis-
closure: present vs. absent) X 2 (lexical hedging: present vs.
absent) factorial design. Participants were randomly assigned
to one of the four conditions. Participants were then asked
to read a modified news article and evaluate its content. The
study was approved by a university IRB. Data were collected
in October 2021.

7.1.2 | Sample

An initial sample of 445 US adults was recruited using
Qualtrics.? Given that education has been shown to influ-
ence the effects of communicating scientific uncertainty (e.g.,
Jensen et al., 2017), we set quotas to achieve a balanced
sample in terms of education (i.e., an even split between par-
ticipants with and without a college education). Following
quality checks, the final sample (N = 431) was approximately
half female (50.3%) and predominantly white (75.6%). About
half of participants had at least some college education
(50.6%). Median age was 45 (range: 18-85). The sample
was composed of more Democrats (61.0%) than Republi-
cans (39.0%). The majority of participants reported never
having been diagnosed with COVID-19 (79.6%). Full sam-
ple characteristics are reported in the Supporting Information
section.

7.1.3 | Stimulus

For the experimental message, we modified a news arti-
cle originally published in The Washington Post (McGinley,
2021). The article describes a preprint study about the effi-
cacy of “mixing and matching” COVID-19 vaccine doses

! Recent research shows that age is negatively correlated with an interest in learning
about preliminary science, whereas education is positively correlated with such an inter-
est (Ratcliff et al., 2023), which could lead student audiences and general audiences to
process preprint disclosures differently.

2 This study was embedded within a research initiative that sought to understand pub-
lic perceptions of COVID-19 communications over the course of the pandemic using
nationally representative samples. Participant recruitment was restricted to approxi-
mately 400 participants at each wave of data collection. The results of our study are
not reported elsewhere.
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from different manufacturers. The study found that individ-
uals in the United States who received the primary Johnson
& Johnson vaccine experienced greater immunity if they
later received a Pfizer or Moderna booster vaccine. The
scientists concluded that mixing vaccine brands between
original and booster doses was likely to lead to equal or
even enhanced protection. We modified the news article
to create four different versions, which either included or
excluded a disclosure of the study’s preprint status and
which conveyed the study’s findings as more or less certain
through the presence or absence of lexical hedging (i.e., sci-
entific claims hedged with words like “may” and “could”).
The preprint disclosure version referred to the study as a
“preprint” and noted that the study was “not yet evalu-
ated by outside experts or published in a scientific journal.”
The stimuli can be found in the Supporting Information
section.

7.1.4 | Measures

Demographics

Participants were asked to report their age, gender, politi-
cal affiliation, political ideology, education, race, ethnicity,
geographic region, income, and COVID-19 status.

Perceived disclosure of preprint status

Using a three-item measure expanded from our previous
study (Ratcliff et al., 2025), we asked participants to rate
whether “The article acknowledged that the study is a
preprint,” “The article noted that the study has not been pub-
lished in a scientific journal,” and “The article stressed that
the research has not undergone scientific peer review.” The
scale ranged from 1 = strongly disagree to 5 = strongly agree
(M =3.40, SD = 0.87; a = 0.69).

Perception of scientific uncertainty

Participants rated whether the evidence supporting the arti-
cle’s conclusion seemed certain, known for sure, established,
without any doubt, settled, and able to be firmly relied on,
based on a scale used in past research (e.g., Adams et al.,
2024; Ratcliff & Wicke, 2023), with response options ranging
from 1 = strongly disagree to 7 = strongly agree. The scale
was worded in terms of certainty and reversed for analyses
(uncertain: M = 3.59, SD = 1.47; o« = 0.96).

Scientist trustworthiness

Participants reported whether they found the researchers who
conducted the study to be trustworthy, honest, and ethical,
representing the trustworthiness dimension of source credi-
bility (McCroskey & Teven, 1999). Response options ranged
from 1 = strongly disagree to 5 = strongly agree (M = 3.62,
SD = 1.06; a = 0.94).

News article trustworthiness
Participants reported whether the news article depicted the
scientific study in a way that was honest, ethical, trustworthy,

and reliable, representing the trustworthiness dimension of
news credibility (Yale et al., 2015). Response options ranged
from 1 = not at all to 7 = very much (M = 4.73, SD = 1.75;
a=0.95).

Booster vaccine attitudes

Using a 7-item semantic differential scale adapted from
Kahlor (2010), participants responded to the prompt “In your
opinion, receiving the COVID-19 booster shot is...” with
the following anchors on a 7-point scale: worthless/valuable,
bad/good, harmful/beneficial, not helpful/helpful, unproduc-
tive/productive, foolish/wise, and not useful/useful (M = 5.18,
SD =2.04; a =0.97).

Booster vaccine intention

Using a single item, participants were asked, “How likely is it
that you will get a booster shot when it becomes available to
you?” Response options ranged from 0 (extremely unlikely)
to 6 (extremely likely). Forty-six participants indicated they
had already received a booster shot and were excluded from
tests of effects on intention. The mean value after excluding
these individuals was M = 3.59, SD = 2.41.

7.2 | Results

7.2.1 | Main and interaction effects

We used a series of two-way ANOVAs to test for main effects
of preprint disclosure and for an interaction between preprint
disclosure and lexical hedging. Disclosing preprint status led
to greater perceived preprint disclosure (RQ1) but not greater
perception that the science was uncertain (RQ2), regardless
of whether lexical hedging was present (RQ3). The lexical
hedging factor alone generated greater perceived uncertainty
(see Table 1). Lexical hedging alone did not have a significant
effect on any other outcomes.

Preprint disclosure had no significant effect on perceived
trustworthiness of the scientists, regardless of whether claims
were hedged (RQ4a). Preprint disclosure interacted with
lexical hedging on perceived trustworthiness of the news
reporting (RQ4b), F(1,427) = 3.95, p = 0.048. Although
pairwise comparisons showed that the greatest difference
was between the hedged preprint disclosure (M = 4.95) and
hedged control condition (M = 4.52), this difference did not
reach statistical significance (p = 0.074) and should there-
fore be interpreted cautiously. Lastly, preprint disclosure had
no significant effect on COVID-19 booster attitudes or inten-
tions, with or without hedged claims (RQS5). Means by factor
are reported in Table 1, and means by condition are reported
in the Supporting Information section.

7.3 | Study 1 brief discussion

In this study, preprint disclosure led to perceived disclosure
but had no impact on perceptions that the science was uncer-
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TABLE 1 Main effects of message features in Study 1 (US adult sample).
Preprint status disclosure Lexical hedging
No preprint Preprint Certain Uncertain Between-participants
(n=191) (n = 240) Between-participants effects (n = 224) (n =207) effects
Perceived preprint 3.20 (0.88) 3.56 (0.87) F(1,427) = 18.35, p < 0.001 3.40 (0.87) 3.40 (0.91) F(1,427)=0.05,p =0.83
disclosure
Perceived scientific 3.59 (1.53) 3.51(1.43) F(1,427)=0.17, p = 0.68 3.39 (1.39) 3.70 (1.54) F(1,427) =4.12,p = 0.04
uncertainty
Scientist trustworthiness 3.62 (1.09) 3.61 (1.03) F(1,427) = 0.00, p = 0.98 3.59 (1.03) 3.64 (1.09) F(1,427)=0.29, p = 0.59
News article 4.78 (1.71) 4.70 (1.78) F(1,427)=0.34, p = 0.56 4.75 (1.70) 4.72 (1.80) F(1,427) = 0.00, p = 0.97
trustworthiness
COVID-19 booster 5.02 (2.09) 5.13 (1.99) F(1,427) = 0.30, p = 0.59 5.09 (1.94) 5.08 (2.13) F(1,427) = 0.002, p = 0.97
vaccine attitudes
COVID-19 booster 3.64 (2.36) 3.48 (2.38) F(1,381) =0.42,p =0.52 3.52(2.39) 3.59 (2.35) F(1,381) =0.07, p = 0.79

vaccine intention®

Note: Qualtrics sample (N = 431). The table reports means for each message factor (SDs in parentheses) and main effects of preprint status disclosure and lexical hedging. Means

that are significantly different are bolded. There were no significant interactions.

“Assessed only among participants who had not already received a booster shot (N = 385).

tain. In line with prior research (Ratcliff et al., 2024, 2025),
there was no evidence of a direct effect of preprint disclo-
sure, with or without hedging, on credibility evaluations or
attitudes and intentions. This suggests that general audiences
are likely to notice preprint information when it is provided.
However, it may not have any impact on public perceptions of
the trustworthiness of the science or the scientific reporting.
Given that student audiences may differ in their understand-
ing and interpretations of preprints, we compare these results
to those from a college student sample in Study 2.

8 | STUDY 2 (STUDENT SAMPLE)
8.1 |
8.1.1 |

Methods
Study design

The study design and stimuli were identical to those used in
Study 1, except for a slight difference in the booster vaccine
measure (described below). We investigated the same set of
research questions. The study was approved by a university
IRB, and data were collected in November and December
2021.

8.1.2 | Participants

Participants were recruited using the research pool of the
Communication Studies department of a large Southern US
university and were offered research credit in exchange for
their participation. Following quality checks, participants
in the final sample (N = 837) were predominantly female
(55.1%) and white (81.1%). More participants identified
as Republican (59.5%) than as Democrat (40.5%). Median
age was 19 (range: 18-29), and slightly less than half had
never been diagnosed with COVID-19 (46.4%). Full sam-

ple characteristics are reported in the Supporting Information
section.

8.1.3 | Measures

Booster vaccine intention

Booster vaccine intention was measured using the same ques-
tion as in Study 1, but with response options ranging from
0 (extremely unlikely) to 4 (extremely likely). Thirty-eight
participants had already received a booster shot and were
excluded from tests of effects on intention. After excluding
these individuals, the mean value for booster intention was
above the scale midpoint (M = 2.61, SD = 1.36), similar to
Study 1.

All other measures and response options were identical
to those in Study 1: perceived disclosure of preprint sta-
tus (M = 3.22, SD = 1.00; o = 0.81), perceived scientific
uncertainty (M = 3.86, SD = 1.31; a = 0.93), scientist trust-
worthiness (M = 3.79, SD = 0.76, o = 0.86), news article
trustworthiness (M = 4.93, SD = 1.27, a = 0.94), and booster
shot attitudes (M = 5.59, SD = 1.48, o = 0.98).

82 |
82.1 |

Study 2 Results

Main and interaction effects

Answering RQI1, disclosing preprint status led to greater per-
ceived preprint disclosure. Disclosing preprint status also
led to a greater perception that the science was uncertain
(RQ2). There was no significant effect of a preprint dis-
closure X lexical hedging interaction on perceiving preprint
status or perceptions of scientific uncertainty (RQ3). Answer-
ing RQ4 and RQ5, preprint disclosure had no significant
effect on any of the primary outcomes (i.e., scientist trustwor-
thiness, news article trustworthiness, booster attitudes, and
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TABLE 2 Main effects of message features in Study 2 (student sample).

Preprint status disclosure Lexical hedging

No preprint Preprint Certain Uncertain Between-participants

(n =422) (n = 415) Between-participants effects (n = 427) (n =410) effects
Perceived preprint 2.72 (0.87) 3.74 (0.87) F(1,833) =289.48,p <0.001  3.21(1.01) 3.23 (1.00) F(1,833) =0.08, p = 0.78
disclosure
Perceived scientific 3.67 (1.30) 4.06 (1.29) F(1,833) = 19.36, p < 0.001 3.81(1.29) 3.92 (1.33) F(1,833)=1.45,p=0.23
uncertainty
Scientist trustworthiness 3.77 (0.70) 3.81 (0.65) F(1,833) =1.01,p =0.32 3.77 (0.68) 3.77 (0.67) F(1,833) =0.65,p =042
News trustworthiness 4.94 (1.25) 4.93 (1.29) F(1,833) =0.02, p =0.90 4.90 (1.31) 4.97 (1.23) F(1,833)=0.63,p =043
COVID-19 booster 5.63 (1.48) 5.56 (1.48) F(1,833) =0.45, p =0.50 5.52 (1.51) 5.66 (1.48) F(1,833) =2.00,p =0.16
vaccine attitudes
COVID-19 booster 2.65 (1.34) 2.57(1.42) F(1,795) = 0.52, p = 0.47 2.56 (1.37) 2.66 (1.35) F(1,795) = 1.01, p = 0.31

vaccine intention®

Note: Student sample (N = 837). The table reports means for each message factor (SDs in parentheses) and main effects of preprint disclosure and lexical hedging. Mean pairs that

are significantly different are bolded. There were no significant interactions.

#Assessed only among participants who had not already received a booster shot (N = 799).

booster intention). As in Study 1, lexical hedging did not
moderate these effects. Lexical hedging alone did not have
a significant effect on any outcomes (see Table 2).

8.3 | Study 2 brief discussion

As in Study 1, the student participants registered the preprint
disclosure. However, unlike Study 1, they interpreted it as
an indicator that the science was less certain, similar to the
findings of Wingen et al. (2022, Study 5), where participants
perceived preprint science as less credible. Replicating our
Study 1 findings and the results of prior research (Ratcliff
et al., 2024, 2025), there were no direct effects of preprint
disclosure, with or without lexical hedging, on any other out-
comes. It is possible that the students had more scientific
understanding, on average, compared to the general popula-
tion sample, leading them to interpret the preprint research as
tentative. They may have also had more awareness or under-
standing of preprints, as suggested by a qualitative analysis of
data from the larger project (Fleerackers et al., 2025). How-
ever, as in Study 1, the disclosure did not appear to help
or harm trust in the sources or influence students’ stance
toward the booster shot. In all, this suggests that transparency
about the preprint status of COVID-19 research may not be
off-putting to public news audiences.

8.4 | Equivalence testing and exploratory
analyses of indirect effects

To determine if the statistically insignificant effects we found
differed from zero, we conducted post hoc equivalence tests.
Results indicated that it is not possible to conclude the
effects differed from zero (see Supporting Information sec-
tion). Given this, we conducted post hoc analyses to examine
whether there might be indirect effects of disclosure via per-
ceived disclosure and perceived uncertainty, following the
examples of prior research (Adams et al., 2024; Jensen, 2008;

Ratcliff et al., 2025). Guided by an integrated framework
proposed by Ratcliff and Wicke (2023), we tested simple
mediation models (wherein each message perception medi-
ates the effect of preprint disclosure on trust in the scientist
or news reporting) and serial mediation models (wherein the
message perception and trust serially mediate the effects of
disclosure on attitudes and intentions). Given the lack of
interaction effects between the two message factors in Stud-
ies 1 and 2, we treated preprint disclosure as the predictor
and covaried the hedging factor in all models. We report full
details in the Supporting Information section.

For the general population sample (Study 1), there was a
positive indirect effect of preprint disclosure on both scien-
tist trustworthiness and news trustworthiness via perceived
disclosure. Additionally, there were small positive serial indi-
rect effects on both attitudes and intentions via enhanced
source credibility (see Section S5). Because there was no
direct effect of the preprint disclosure message on perceived
uncertainty, we examined the relationship between perceived
disclosure and perceived uncertainty. There was evidence of
an inverse relationship, such that the more participants per-
ceived the preprint disclosure, the less they perceived the
science to be uncertain (r = —0.20, p < 0.001).

For the student sample (Study 2), results differed some-
what. Although there was a positive indirect effect of
preprint disclosure on news trustworthiness via perceived
disclosure, there was no effect on scientist trustworthi-
ness. Nor were there serial indirect effects on attitudes or
intentions via credibility perceptions. Because preprint dis-
closure directly affected perceived uncertainty, we tested
perceived uncertainty as a mediator in the same fash-
ion. Here, there were negative indirect effects of preprint
disclosure, via perceived uncertainty, on both scientist trust-
worthiness and news trustworthiness. Additionally, there was
a very small negative serial indirect effect on attitudes,
but not intentions. Lastly, opposite from the general pop-
ulation sample, perceived disclosure was associated with
greater perception that the science was uncertain (r = 0.19,
p <0.001).
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These results suggest a potential for subtle indirect effects
of preprint disclosure, both positive and negative (the lat-
ter occurring only when preprint science is perceived to be
uncertain). The differing results between Studies 1 and 2 also
suggest that student audiences, such as those used in prior
studies (e.g., Cataldo et al., 2022; Cyr et al., 2021), may inter-
pret and respond to preprint disclosures differently than the
general population.

9 | GENERAL DISCUSSION

Throughout the COVID-19 pandemic, risk communication
scholars urged for transparency about scientific uncertainty
to build trust with the public (Balog-Way & McComas, 2020;
Dunwoody, 2020). Yet public communicators often avoided
conveying uncertainty surrounding the state of scientific evi-
dence during the pandemic (Caulfield et al., 2021; Ratcliff
et al., 2022). One major source of uncertainty pertained
to the tentativeness of rapidly emerging scientific discov-
eries. Racing against the clock to generate insights about
the nature of the new SARS-CoV-2 virus and effective pre-
ventative measures, many scientists made their discoveries
available as preprints (Fraser et al., 2021), and many jour-
nalists reported these findings to the public—often without
framing the science as unvetted or uncertain (Fleerackers,
Riedlinger, et al., 2022; Fleerackers et al., 2024; Massarani
& Neves, 2022; Massarani et al., 2021; Oliveira et al., 2021;
van Schalkwyk & Dudek, 2022). Therefore, in the current
research, we tested whether transparency about the preprint
status of research about the COVID-19 booster vaccine would
influence reactions in two nonexpert samples.

Specifically, we examined how disclosing preprint status
influenced evaluations of the science, the scientists behind
the preprint, and the reporting in the news article, as well
as attitudes and intentions regarding the COVID-19 booster
vaccine. Overall, results suggested that nonexpert audi-
ences do not generally respond unfavorably to disclosure of
preprint status in news articles about COVID-19 research. In
both studies, participants demonstrated that they registered
the preprint disclosure. Students also perceived the preprint
disclosure to indicate scientific uncertainty, whereas only
lexical hedging influenced perceived uncertainty for the
general audience. A possible explanation for this is that
students are more familiar with scientific processes and thus
may be more knowledgeable about preprints than mem-
bers of the general public—a finding that also emerged in
qualitative data from our research (Fleerackers et al., 2025).
This result also suggests that lexical hedging can play an
important role in helping audiences to understand the tenta-
tive nature of preprints, even if they may be unfamiliar with
them.

There were no statistically significant direct effects of
preprint disclosure—with or without hedged claims—on any
other outcome. This seems to suggest that while participants
perceived the disclosure, they were not generally bothered
by the study’s preprint status. This replicates the results of

our other studies (Ratcliff et al., 2024, 2025), suggesting that
even a fuller description of the concept of preprint research
is not likely to have negative impacts on audiences’ decision-
making and perceptions. Exploratory analyses also revealed
positive indirect effects on outcomes via perceived disclosure
(for the general population sample and, to a lesser degree,
the student sample), which replicated Ratcliff et al. (2025), as
well as negative indirect effects via perceived uncertainty (for
the student sample only), which replicated findings in Adams
et al. (2024) and findings for Republicans in Ratcliff et al.
(2025). In all, these results signal the potential for preprint
disclosure to exert subtle indirect effects that are contingent
upon scientific understanding or perhaps other factors, such
as prior beliefs, warranting further research.

Interestingly, our findings differ from another study (Rat-
cliff et al., 2024), in which we found that hedging produced
negative reactions toward the news article and the COVID-19
vaccine. This effect did not emerge in the current set of stud-
ies, even among participants who perceived the research as
less certain when the conclusions were hedged. This could be
due to the topic, as the stakes may have felt higher for the pri-
mary COVID-19 vaccine than the booster. It is also possible
that individuals became more tolerant of uncertainty during
later stages of the pandemic, and their attitudes and intentions
may have already been relatively fixed by this point in time.
We intentionally used a subtler hedging manipulation in the
current research (i.e., we used lexical hedges but not explicit
statements of uncertainty, unlike Ratcliff et al., 2024), as we
aimed to understand if audiences perceived preprint disclo-
sures as a form of scientific uncertainty with and without the
presence of lexical hedging, and this too could be a possible
explanation for this difference in findings.

In all, our findings suggest that disclosing the preprint
status and tentativeness of research about COVID-19 (and
perhaps other scientific topics) may be a helpful practice, as
it may signal transparency—an indicator of ethical science
journalism and a core characteristic of effective risk commu-
nication (Covello & Allen, 1988; Figdor, 2017)—but is not
likely to harm public health efforts to promote behaviors that
curb the transmission of COVID-19. Future studies should
test this within other contexts and through other approaches
to describing preprint research and conveying uncertainty to
further an understanding of the impacts of disclosing the
preliminary and unvetted nature of preprint research.

9.1 | Theoretical and practical implications

Disclosing preprint status serves as a unique form of scientific
uncertainty disclosure. Theory to explain how public audi-
ences make sense of information about uncertain science is
sorely lacking (Paek & Hove, 2020; Ratcliff et al., 2022).
In light of the disparate findings between the current set of
studies and prior work (e.g., Ratcliff et al., 2024; Wingen
et al., 2022), there is a critical need for theorizing about
why audiences may react differently to uncertainty disclo-
sures depending on the topic. Further work to understand
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whether individual preferences for information about scien-
tific uncertainty play a role in public responses to preprint
disclosures would also be valuable (Fleerackers et al., 2025;
Ratcliff et al., 2023).

Beyond the COVID-19 pandemic, it is likely that journal-
ists will continue to report on preprints at least occasionally
(Colavizza, 2021; Fleerackers et al., 2024), so understand-
ing how public audiences interpret preprint disclosures will
remain a relevant area of inquiry. Research to date has sug-
gested that audiences have a limited understanding of the
tentative nature of preprint research (Cataldo et al., 2022; Cyr
et al., 2021; Fleerackers et al., 2025; Ratcliff et al., 2024).
Therefore, it is possible that while individuals pick up on
the preprint disclosure, they may not fully understand what
it means. In line with Dunwoody’s (2020, p. 473) call for
science journalism stories that “concentrate on context and
promoting understanding,” journalists may play a critical role
in improving audiences’ understanding of preprint research to
allow for more meaningful processing of this information and
to better inform decision-making.

Importantly, disclosing preprint status does not appear
likely to yield unfavorable responses. Trust in science
wavered throughout the COVID-19 pandemic (Sulik et al.,
2021), and risk communication experts emphasized the
importance of communicating transparently about the many
unknowns surrounding the pandemic to build and maintain
trust (Balog-Way & McComas, 2020). Our findings in this set
of studies and in prior research (Ratcliff et al., 2024, 2025)
collectively suggest that such transparency about preprint
research is unlikely to deter audiences from planning to
engage in important recommended health behaviors. There-
fore, we encourage practitioners and journalists to provide
fuller accounts of scientific uncertainty, at least when it comes
to disclosing preprint status, for the sake of transparency,
rather than minimize uncertainty out of concern that it could
lead to negative outcomes.

9.2 | Limitations and future directions

This two-study project used a single-message design focused
on a relatively narrow topic: COVID-19 booster vaccination.
Although this issue had broad relevance to the popula-
tion at the time of data collection, people may have had
pre-established ideas about vaccination by this point, and
therefore, future research should test how people respond to
preprint disclosures in other scientific contexts. Results of a
recent review suggested that public reactions to the commu-
nication of scientific uncertainty may vary depending on the
specific COVID-19 topic (Ratcliff et al., 2022), and an ear-
lier review of non-COVID-19 research also found that public
reactions to uncertainty disclosure appear to vary depending
on the topic (Gustafson & Rice, 2020). Although our prior
work (Ratcliff et al., 2024) focused on the initial series of vac-
cines, the current set of studies focused on booster vaccines.
Members of the public may have perceived the booster vac-
cines as more optional and their freedom to choose greater
than the initial vaccines due to the lack of requirements

surrounding booster vaccination. As such, this topic may
have been perceived as having lower stakes—and, therefore,
uncertainty about the science may have felt less consequen-
tial. It is also possible that by this point in time during
the pandemic, individuals had gotten more used to uncer-
tainty. Furthermore, Wingen et al. (2022) found that preprint
disclosure about a variety of research findings unrelated to
COVID-19 had a negative impact on the credibility of the sci-
ence, further underscoring the potential impact that the topic
and context may have on reactions to preprint disclosure.

Furthermore, we tested only one approach to conveying
preprint status. Given that prior work found different lev-
els of detail about preprint status to have different impacts
on audience perceptions (Ratcliff et al., 2025; Wingen et al.,
2022), future work should systematically compare the effects
of different approaches to conveying preprint status. We
also only tested one approach to hedging claims. Although
we chose to focus on lexical hedging to make for a sub-
tler manipulation of uncertainty so as not to eclipse the
preprint disclosure (see Ratcliff et al., 2024), including other
forms of hedging may produce different results. Indeed, prior
work has demonstrated that different approaches to scientific
uncertainty disclosure can produce different public reactions
(Gustafson & Rice, 2020). Exploring responses to other
forms of hedging, such as discourse-based hedging, in iso-
lation or in combination with lexical hedging, is an important
direction for future work.

Although both of our samples noticed the preprint status
disclosure, only the student sample perceived preprint disclo-
sure to be indicative of scientific uncertainty. As mentioned
previously, this raises questions about how familiar public
audiences are with the peer review process and how it works,
as well as whether they truly understand the tentative nature
of preprint research. Indeed, qualitative data from our project
suggested that few members of the public can accurately
define what a preprint is (Fleerackers et al., 2025). More work
is needed to examine the public’s understanding of preprints
and the peer review process.

Lastly, but importantly, our studies were likely insuffi-
ciently powered to detect small effects, which are common in
mass communication research. The results of the equivalence
tests indicate that we cannot conclude that our manipulations
had no effect on the outcomes of interest in our study but
suggest that any effects are so small that they are likely to be
trivial. Nonetheless, replication with larger samples is needed
to confirm our results.

10 | CONCLUSION

Given the prevalence of journalistic reporting on preprints
during the COVID-19 pandemic, our research sought to
examine how audiences respond to preprint disclosures, with
and without lexical hedging that subtly underscored the ten-
tative nature of preprint research. The results of this set of
studies suggest that disclosing preprint status may not have
adverse outcomes for trust, attitudes, or behavioral intentions,
although it also does not have an enhancing effect on these
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outcomes either. Our findings underscore the importance of
ensuring that the public understands what preprints are and
their tentative nature.
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