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During the rapid development and rolling out of vaccines against
COVID-19, researchers have called for an approach of “radical trans-
parency,” in which vaccine information is transparently disclosed to
the public, even if negative information can decrease vaccine uptake.
Consistent with theories about the psychology of conspiracy be-
liefs, these calls predict that a lack of transparency may reduce
trust in health authorities and may facilitate the spread of conspir-
acy theories, which may limit the long-term capabilities of health
authorities during and after the pandemic. On the basis of prereg-
istered experiments conducted on large, representative samples of
Americans and Danes (N > 13,000), the current study contrasts the
effects of vague vaccine communication with transparent commu-
nication, which discloses either positive or negative vaccine features.
The evidence demonstrates that transparent negative communica-
tion may indeed harm vaccine acceptance here and now but that it
increases trust in health authorities. Furthermore, the alternative of
vague, reassuring communication does not increase vaccine accep-
tance either and leads to both lower trust and higher endorsement
of conspiracy theories.

COVID-19 | vaccine acceptance | health communication |
transparency | trust

he World Health Organization (WHO) has emphasized that

a vaccine against COVID-19 is a “vital tool” to counter the
current pandemic (1) and, accordingly, unprecedented amounts
of resources have been invested in the race toward the develop-
ment and distribution of vaccines. Yet, the challenges of a vaccine-
based solution to the COVID-19 pandemic does not end with the
development of an effective and safe vaccine. A rapidly developed
vaccine will have no effect if citizens across the world are not
willing to get vaccinated. Given the emergence of more contagious
and potentially vaccine-resistant coronavirus variants, a significant
proportion of the public will need to get vaccinated to reach herd
immunity (2) and may need to be revaccinated. As a number of
international studies have demonstrated significant public vaccine
hesitancy (3-6), a key challenge is to ensure sufficient vaccine
acceptance both now and in the future.

Over the course of the pandemic, the importance of ensuring
sufficient compliance with health recommendations has placed
health communication at the center of pandemic management and,
accordingly, there has been a pressing need for research on the
factors underlying effective health communication. In the initial
phases of the pandemic, as uncertainties about the COVID-19 dis-
ease and its cures abounded, a necessary focus was on how health
authorities and researchers could transparently disclose what is
not yet known (7) and the evidence documented that such uncer-
tainties can be disclosed without harming public trust (8, 9). Yet, as
knowledge is accumulating, discussions are increasingly shifting to-
ward whether and how to transparently disclose what is known by
authorities but which may constitute a barrier to public compliance
with health recommendations.

Not disclosing health-relevant information transparently is a
frequent problem in relationships between patients and health
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practitioners and a source of distrust (10). While practitioners
sometimes worry that full transparency will cause emotional
distress in patients (11, 12), the incentives toward lack of transpar-
ency during the COVID-19 pandemic relates more to the massive
pressure of ending the pandemic as quickly as possible and, hence, to
incentives to not disclose information that may jeopardize vac-
cine acceptance. These incentives may be larger because health
communication during the pandemic is strongly influenced and
often conducted by politicians. As evidenced by a rich history of
political science research, politicians are motivated by myopic goals
(13) and may prioritize short-term successes compared with
building trust for the next health crisis.

In the domain of COVID-19 vaccines, negative information
may relate to the fact that distribution and production difficulties
require the use of vaccines with lower effectiveness and more side
effects than other vaccines; unwelcome news may emerge about
long-term side effects; the duration of immunity following vac-
cination may be lower than expected; and effectiveness may drop
against new and emerging variants. Studies suggest that such neg-
ative information (e.g., information about lower effectiveness and
side effects) may lower acceptance of vaccines in general (14) and
COVID-19 vaccines specifically (15). This has been a real concern
for health authorities in both Europe and United States where
discussions about the presumed lower effectiveness and potential
side effects of some COVID-19 vaccines have been argued to spur
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hesitancy and implies that millions of doses of those vaccines re-
main unused (16, 17). Also, several countries worldwide—including
Western democracies—have started vaccination campaigns without
or prior to the publication of phase III trial results (18).

Against such developments, research communities have called
for the transparent disclosing of information about the develop-
ment, approval processes, and features of COVID-19 vaccines. The
Royal Society DELVE Initiative (19) calls for “clear, transparent
communication,” a Nature editorial (20) for “radical transparency,”
and Mahase (21) for “real transparency” (see also ref. 22). As dis-
cussed by the Royal Society DELVE Initiative (19) this entails a
commitment to “not hide the potential limitations of vaccines, in-
cluding possible limited availability, incomplete protection requiring
boosting and reactogenicity,” even if “such negative or complicating
factors might lower uptake” as “their discovery post-rollout is likely
to have a far greater negative impact on uptake.” Importantly, these
current calls resonate with a number of critiques of the lack of
transparency in prior but smaller-scale immunization campaigns
(23-25).

While transparency is normatively important in itself, calls for
transparent communication also resonate with psychological re-
search on vaccine skepticism both during and prior to the COVID-
19 pandemic. Disregarding outright disinformation, the often used
alternative to transparently disclosing distressing information in
communication between doctors and patients is the use of vague
communication (11). Such communication has been demonstrated
to have the potential to elicit feelings of uncertainty (26), a psy-
chological state linked to triggers of vaccine skepticism (27, 28). In
particular, feelings of uncertainty have been found to be fertile
ground for distrust and conspiracy beliefs, which are major pre-
dictors of skepticism toward vaccines both in general and in relation
to the COVID-19 pandemic (6, 29-31). Hence, while transparently
disclosing negative vaccine information may elicit rationally groun-
ded vaccine hesitancy (19), the alternative of vague communication
may elicit hesitancy grounded in conspiratorial beliefs. Indeed, prior
work on the communication of uncertainty suggests that uncertainty
communicated in vague rather than specific terms may decrease
trust in the communication (8). As noted in several of the calls for
transparency, this emergence of conspiratorial beliefs may not
just create a short-term obstacle in the coming months but may
also create long-term obstacles by inducing general conspiracy-
based distrust toward authorities. This may impede not just reim-
munization campaigns during the pandemic but also the handling
of future health crises.

Despite these hopes for the benefits of transparent health com-
munication, even when disclosing negative information, other re-
searchers remain skeptical. In particular, the effectiveness of any
communication strategy may hinge on the prior existence of trust in
the communicator (32). In the words of O’Neill (33), “unless the
individuals and institutions who sort, process, and assess informa-
tion are themselves already trusted, there is little reason to think
that transparency and openness are going to increase trust.” This
challenge is exacerbated by the fact that the transparent disclosing
of negative information may trigger the very psychological state that
transparency was intended to guard against, namely uncertainty.
In particular, there is substantial evidence that concerns about side
effects, even if well grounded, can elicit anxiety and uncertainty (34).

On this basis, there is a pressing need to understand the role of
transparency in health communication in the context of the COVID-
19 pandemic and beyond. The core purpose of the present set of
studies is to add to this understanding by examining how vague
health communication and transparent health communication—
both when disclosing negative and positive information—influence
short- and long-term factors associated with acceptance of a
COVID-19 vaccine.
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Study 1

Study 1 focused on the potential short-term benefits of transpar-
ent (versus vague) health communication. Specifically, it examines
whether transparent communication, even if disclosing negative
information, increases public vaccine support and buffers against
conspiracy theorists’ attempts to decrease such support. Because
of the potential negative effects of transparent negative communi-
cation, a final purpose of study 1 was to assess whether counter-
vailing communication, which seeks to remedy any felt uncertainties,
can buffer this potential adverse effect. Specifically, prior studies in
public legitimacy find that policies with negative repercussions are
viewed as more legitimate to the extent that people feel that their
uncertainties are explicitly acknowledged (35). In the context of
a vaccine against COVID-19, the management of concern and un-
certainty involves both acknowledgment and action: Acknowledging
the uncertainties that citizens may legitimately feel (7) and stating
what specific actions have been taken to address these concerns.
Overall, study 1 was thus designed to test four predictions:

e Prediction 1: Compared with vague communication, transpar-
ent communication about a COVID-19 vaccine will increase
support for the vaccine (support of its approval and use, etc.).

e Prediction 2: Compared with vague communication, even trans-
parent negative communication about a COVID-19 vaccine will
increase support for the vaccine.

o Prediction 3: Transparent communication about a COVID-19
vaccine will decrease the negative effects of conspiratorial com-
munication about a COVID-19 vaccine (i.e., a conspiracy in-
duction) on vaccine support.

e Prediction 4: Compared with vague communication, potential
negative effects from transparent communication about a
COVID-19 vaccine on vaccine support can be decreased by
exposure to health communication that acknowledges public
vaccine uncertainty and describes concrete steps taken to de-
crease this uncertainty (i.e., a certainty induction).

In addition, in a series of exploratory analyses we examine as-
sociations between vaccine support and a range of individual
difference variables.

Study 1 Methods

The study was preregistered at Open Science Framework (OSF) and the study
received ethical approval from the ethics review board at Aarhus University.
Written informed consent was obtained from all participants. The preregistra-
tion, materials, data, and command files are available at OSF (https:/osf.io/
s7p5r/) and the preregistration is reproduced in S/ Appendix, S1.

Data Collection. Between October 14 and October 21, 2020, prior to the
release of any information about the features of vaccines against COVID-19, a
sample of 3,436 Americans and 3,427 Danes completed a survey on attitudes
toward a fictitious vaccine against COVID-19. The surveys were collected by
the survey agency YouGov. The sample size was determined on the basis of a
power analysis that showed that a combined sample of 6,800 would provide
us with 90% power to detect a true effect size of Cohen’s d > 0.1 for pre-
dictions 1 and 2 and 90% power to detect a true effect size of Cohen's d >
0.12 for predictions 3 and 4. The samples were quota sampled on gender,
age, geographical location, education, and, in the United States, race, to
match the respective populations on these sociodemographic variables. Our
case selection was guided by an ambition to include countries where the
pandemic has been more (United States) and less (Denmark) politized (36).

Experimental Design. Using a factorial experiment, participants were ran-
domly assigned to receive different information about a new fictional vaccine
against COVID-19, referred to as COVACID. To create a judgmental anchor
for both the features of COVACID and the transparency of the provided
information, COVACID was compared with transparent and factual infor-
mation about the seasonal vaccine against the common flu. The experiment
had a 3 (communication: transparent neutral/transparent negative/vague) x
3 (induction: control/conspiratorial/certainty) full factorial design. The first
experimental factor described the effectiveness, the side effects, and the
duration of tests of COVACID. The transparent neutral condition described
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the COVACID as equal in all aspects to one of the world’s most used vaccines,
the vaccine against the common flu. Negative communication implied that
COVACID was described as less effective, having more side effects, and a
shorter test period than the vaccine against the common flu. The vague
communication condition suggested that publicly available information
does not allow for precise comparisons with common flu shots, but the
authorities stated that COVACID is “sufficiently effective,” has “acceptable”
side effects, and that the test period was “adequate.”

The second experimental factor manipulated whether participants saw
any additional information about the context of COVACID. Participants in the
conspiracy induction condition learned that the approval of the vaccine had
elicited debate and were exposed to the specific statement (presented as
appearing on social media) that “the authorities attempt to force a vaccine
on us and hide all relevant facts about it. They lie about all its side effects to
stimulate the economy. Once again, the power-greedy elite demonstrates its
complete disregard for ordinary Americans’ [/Danes’] health and safety.”
Participants in the certainty induction condition read that the authorities
explicitly acknowledge concerns about a rapidly developed and approved
vaccine, which—consistent with reality for a number of vaccines—therefore
was tested on a much larger sample than seasonal flu vaccines. Participants
in the control condition received no additional information.

No deception was involved in the study and participants were debriefed
subsequently and provided links to the most recent official information about
vaccines against both the flu and COVID-19. Full wordings of the experi-
mental materials, manipulation checks, and full wordings of all measures are
available in S/ Appendix, S3 and S10, respectively.

Dependent Measure. After exposure to the communication about the vaccine,
participants were asked about their agreement with 12 statements about the
COVACID vaccine (e.g., “l support the health authorities’ approval of
COVACID,” "1 would get vaccinated with COVACID if my general practi-
tioner [GP] recommended it,” “l would not feel safe getting a COVACID
vaccine,” and “I feel that the authorities are withholding important infor-
mation about COVACID"). The preregistration divided these statements into
multiple different scales (S/ Appendix, S7) but an exploratory factor analysis
shows that a single latent variable explains 87% of the total variance in all of
the items and, for the sake of simplicity, a summary scale of all 12 indicators
is created with a high level of reliability (US: a = 0.90; DK: a = 0.92). The
measure, vaccine support, is recoded to vary between 0 and 1 with higher
values indicating greater support and positivity for the COVACID vaccine. S/
Appendix, S8 provides separate analyses for each of the separate scales. The
results from those analyses do not differ from the results presented in the
main text (for further information, see S/ Appendix, S8 and S9).

Individual Difference Measures. Finally, the study obtained several psycho-
logical and sociodemographic individual difference measures and we explore
their associations with vaccine support. As to the psychological measures, we
collected, first, Webster and Kruglanski (37)’s scale of the need for cognitive
closure, which taps an individual’s ability to cope with uncertainty and is a
major psychological predictor of conspiracy beliefs. The scale is reliably
measured in both the United States (a = 0.72) and in Denmark (a = 0.73).
Second, we used Dekker and Meijerink (38)'s scale of political cynicism,
which is a major political predictor of conspiracy beliefs (39). This scale is also
reliably measured in both the United States (a = 0.70) and Denmark (a =
0.86). Third, we used Kachanoff et al. (40)'s scale of threats from the COVID-
19 pandemic. Consistent with Kachanoff et al., we created two separate
scales, a scale of perceived symbolic threats (e.g., agreement with the state-
ment that the coronavirus outbreak is a threat to “the rights and freedoms of
the US population as a whole”) (ays = .85; apk = .81) and a scale of realistic
threats (e.g., agreement with the statement that the coronavirus outbreak is a
threat to “your personal health”) associated with the COVID-19 pandemic
(aus = 0.75; apk = 0.66). Finally, we obtained a 10-point measure of ideological
self-placement on a scale from left to right. In terms of sociodemographics, we
collected information on gender, age, and education as well as vote choice in
the last election for president in the United States and parliament in Denmark,
which was recoded into a dichotomous variable reflecting a left-wing or right-
wing vote choice. All individual difference measures are recoded with 0 and 1
as their endpoints, and higher values reflect higher need for cognitive closure,
higher cynicism, higher perceived threat, a more right-wing orientation, being
female, being older, being more educated, and voting for a right-wing party,
respectively.

Statistical Analyses. Consistent with the preregistration, all predictions were
tested using ordinary least squares (OLS) regression on the pooled sample of
Danes and Americans with two-sided P values and poststratification on the
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variables used for quota sampling (for unweighted means, see SI Appendix,
S14). To facilitate interpretation, we also graphed the predicted effects in
each sample separately. Consistent with the preregistration, we report un-
standardized regression coefficients as effect size measures. When all vari-
ables are coded to vary between 0 and 1, the effect sizes reflect the change
in percentage points of the full scale of the dependent variable as a function
of an experimental condition or of a change in a continuous independent
variable from its minimum to its maximum observed value (for further dis-
cussion and alternative effect size measures, see S/ Appendix, $22). All sta-
tistical models are provided in S/ Appendix, S12 and S13.

As specified in the preregistration, the planned inclusion criterion was to
include only participants who provided correct answers to two of the three
attention checks but here we tested the predictions on the full sample (for
further information and discussion, see SI Appendix, S7 and S11). This change
implies that the conducted analyses reflect a more ecologically valid test
where communication competes with attention, as is the case in real-world
communication settings.

Study 1 Results

Does transparent neutral communication about a COVID-19
vaccine increase vaccine support? Yes. Consistent with prediction
1 and as demonstrated in Fig. 1 (the “pooled” panel), transparent
neutral communication relative to vague communication signifi-
cantly increases vaccine support overall (bcombinea = 0.07 [0.06;
0.09], P < 0.001).

Does transparent negative communication about a COVID-19
vaccine increase vaccine support? No. Against prediction 2, Fig. 1
demonstrates that transparent negative communication relative to
vague communication slightly decreases vaccine support overall
(bcompinea = —0.02 [-0.03; —0.01], P = 0.001).

Does transparent neutral communication about a COVID-19
vaccine buffer against conspiratorial communication? No. Given
the setup of Fig. 1 (i.e., showing the marginal effects of transparent
communication across the conditions of the second experimental
factor), prediction 3 entails that the positive effect of the transparent

Pooled Control Conspiracy Certainty

0.10

Marginal Effect Relative to
Vague Communication

-0.05

Neutral Negative Neutral Negative Neutral Negative Neutral Negative

—e— Combined ¢ DK -e- US

Fig. 1. Marginal effects of transparent negative and transparent neutral
communication, respectively, relative to vague communication on vaccine
support, pooled across induction conditions, and separated by induction
conditions. Marginal effects are calculated using OLS regression, regressing
vaccine support on communication conditions (for “pooled” panel) and the
two-way interaction between the two experimental factors (for the other
panels). The reference category is vague communication. Vaccine support is
coded between 0 and 1. Whiskers represent 95% confidence intervals. N =
3,436 (United States) and 3,427 (Denmark).
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condition (versus the vague condition) should be larger in the
conspiracy induction condition relative to the control condition.
Against this prediction, there is no evidence that the effect of
transparent communication is larger in the conspiracy induction
condition overall (bcombinea = —0.01 [-0.04; 0.02], P = 0.61).

Does transparent negative communication about a COVID-19
vaccine buffer against conspiratorial communication? No. As
shown in Fig. 1, there is no evidence that the marginal effect of
transparent negative communication is significantly larger in the
conspiracy induction than in the control condition (bcombined =
0.02 [-0.01; 0.05], P = 0.18). With this rejection of prediction 3,
it is relevant to note that additional analyses reveal that the con-
spiracy induction only significantly decreases vaccine support (and
only slightly so) relative to the certainty induction (b = -0.03
[=0.04; —0.01], P < 0.001) but not relative to the control condition
(b =-0.01[-0.02; 0.00], P = 0.18). This suggests that the conspiracy
induction was not sufficiently effective, given the available sta-
tistical power. We return to this in study 2.

Does health communication that acknowledges uncertainty buffer
against the negative effects of negative transparent communication?
No. As a first step, we observed that the certainty induction slightly
but significantly increases vaccine support compared with both the
control condition (b = 0.02 [0.01; 0.03], P = 0.006) and the con-
spiracy induction (b = 0.03 [0.01; 0.04], P < 0.001). Given the setup
of Fig. 1, prediction 4 entails that any negative effect of the trans-
parent condition (versus the vague condition) should decrease in
the certainty induction condition relative to the control condition.
However, against prediction 4, there is no evidence for a significant
interaction effect overall (bcombinea = 0.001 [—0.03; 0.03], P = 0.94).
Similar results are obtained when the transparent neutral condi-
tion is examined rather than the transparent negative condition
(bcombinea = —0.02 [-0.05; 0.01], P = 0.20).

What individual differences are associated with vaccine skep-
ticism? Turning to the exploratory analyses, we analyzed the bi-
variate associations between our individual difference measures
and vaccine support. Specifically, we regressed vaccine support on
each of the individual difference measures in separate regression
models for each measure, controlling for country in the combined
sample (see SI Appendix, S15 for all pairwise correlations). We
pooled the results across all experimental conditions. The results
are shown in Fig. 2. The results show that vaccine skepticism is not
associated with a need for cognitive closure (bcombinea = —0.01
[-0.04; 0.02], P = 0.50) or by concerns related to realistic threats
from COVID-19 (bcombinea = —0.02 [-0.04; 0.01], P = 0.20).
There is only little evidence that people who are on the ideo-
logical (bcombinea = —0.03 [—0.05; —0.01], P < 0.001) or electoral
(bcombinea = —0.02 [-0.02; 0.00], P = 0.007) right-wing are less
supportive of the COVID-19 vaccine. Nor are demographics con-
sistently important. Overall, the key correlates of vaccine skepti-
cism are concerns about symbolic threats from COVID-19 (e.g., its
potential impact on democratic freedoms; bcompinea = —0.16
[-0.19; —0.14], P < 0.001) and, in particular, a general distrust of
the political system reflected in the measure of political cynicism
(bcombinea = —0.30 [-0.33; —0.27], P < 0.001). Overall, political
cynicism is the strongest predictor of vaccine skepticism across
both the United States and Denmark.

Study 2

Study 1 suggests that vaccine skepticism is highest among people
who distrust authorities and that transparent communication about
a vaccine, if negative, increases rather than reduces this skepticism.
Study 2 was designed to replicate the communication effect and
directly examine how communication and individual dispositions
interact: Even if transparent communication might not decrease
skepticism among everyone, could it perhaps reduce skepticism
among those who are disposed toward the greatest skepticism?
Most importantly, however, study 2 was designed to ask the key
follow-up question: Are there important alternative benefits of
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Fig. 2. Associations between a range of individual differences and vaccine
support. Associations reflect unstandardized OLS regression coefficients
calculated from bivariate regressions, except “combined” models that con-
trol for country. All correlates are recoded to vary between 0 and 1. Higher
values on ideology and vote choice equal more right-wing ideology and vote
choice, respectively. Whiskers represent 95% confidence intervals. N = 3,436
for all US analyses, except vote where n = 2,079. N = 3,427 for all Danish
analyses, except vote where n = 3,004.

transparent communication on trust in health authorities and the
rejection of conspiracy theories? In addition, study 2 disentangles
the effects of transparent and vague communication by including a
neutral baseline and zooms in on the most important outcome
variable for the replication: Individual rates of vaccine acceptance
(for comparable analyses for study 1, see SI Appendix, S16). Spe-
cifically, study 2 was designed to test three preregistered hypotheses:

e Prediction 1: Compared with a baseline of no communication
about the features of a vaccine, transparent communication
about the features of a COVID-19 vaccine will increase 1) vac-
cine acceptance; 2) rejection of conspiracy-related statements
about the vaccine; and 3) general trust in national health au-
thorities whether or not the content of the transparent commu-
nication is positive, neutral, or negative.

e Prediction 2: Compared with a baseline of no communication
about the features of a vaccine, vague communication about a
COVID-19 vaccine will decrease 1) vaccine acceptance; 2)
rejection of conspiracy-related statements about the vaccine;
and 3) general trust in national health authorities whether or
not the content of the transparent communication is positive,
neutral, or negative.

e Prediction 3: The effect of transparent relative to vague com-
munication on vaccine acceptance is larger among those indi-
viduals who hold conspiracy-related beliefs compared with
those who do not hold such beliefs. Thus, to the extent trans-
parency buffers against conspiratorial thinking, it could poten-
tially be effective among those who hold such beliefs, even if
transparency itself does not increase vaccine acceptance on
average.

In addition to measures of individual difference in conspiracy-
related beliefs, study 2 also included a range of other individual
difference measures to further buttress the findings from study 1.
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Study 2 Methods

The study was preregistered at OSF and the preregistration, materials, data,
and command files are available at OSF (https:/osf.io/s7p5r/). The preregis-
tration is reproduced in S/ Appendix, S2. The study complies with Aarhus
University’s Code of Conduct as well as the Committee Act of the Danish
National Committee of Health Research Ethics and included only slightly
modified materials from study 1. Written informed consent was obtained
from all participants.

Data Collection. Between February 24 and March 5, 2021, i.e., after vacci-
nations against COVID-19 started in the two focal countries, a sample of
3,478 Americans and 3,450 Danes completed a survey on attitudes toward a
fictitious vaccine against COVID-19, conducted by YouGov. The sample size
was determined on the basis of a power analysis that showed that a com-
bined sample of 6,800 would provide us with more than 80% power to
detect a difference of five percentage points for predictions 1 and 2. The
samples were quota sampled on gender, age, geographical location, edu-
cation, and, in the United States, race, to match the respective populations
on these sociodemographic variables.

Experimental Design. The experimental design replicated the three conditions
of the first experimental factor of study 1 but added two additional con-
ditions. First, given the high degree of effectiveness of the vaccines currently
being used against COVID-19, we added a transparent positive condition
that described COVACID as better than the vaccine against the common flu
(specifically, being 90% effective, having serious side effects among only 1 in
100,000, and having been tested for an extended period of time). Second, to
be able to disentangle the causal effects of vague and transparent com-
munication, we added a control condition that simply read: “Imagine that
the US health authorities approve a new vaccine against COVID-19. We will
call the vaccine COVACID. COVACID has been approved on the basis of the
ability to protect against coronavirus, the level of side effects, and the
length of the period in which it has been tested.” Full experimental word-
ings and measurement details are provided in S/ Appendix, S5 and S6.

Dependent Measures. Study 2 included three dependent measures. First,
following Murphy et al. (41), we measured rates of vaccine acceptance by an
indicator variable with a value of “1” for everyone answering “yes” when
asked whether they would get vaccinated with COVACID if it became
available and was recommended for them. Participants answering maybe or
no received a value of “0.”

Second, we measured trust in health authorities by asking participants two
questions that assessed how their trust in health authorities would be af-
fected, if health authorities circulated the prior information about COVACID.
The two items (rys = 0.39; rpx = 0.59) were combined into a single scale, with
higher values indicating higher trust in health authorities. The scale was
recoded into a continuous measure with 0 and 1 as endpoints.

Third, we measured endorsement of conspiracy beliefs by exposing all
participants to the conspiracy induction from study 1 and asking all partic-
ipants three items that tapped their degree of agreement with the con-
spiratorial social media statement. The three items were combined into an
overall reliable scale (ays = 0.63; apk = 0.77) with higher values indicating
higher endorsement. The scale was recoded into a continuous measure with
0 and 1 as endpoints. To validate that the content was indeed conspiratorial
in nature, we subsequently asked participants how conspiratorial they found
the statement on a four-point scale from “not at all conspiratorial” to “very
conspiratorial.” Only 11% of the participants answered “not at all conspir-
atorial” and the modal answer was “very conspiratorial” with 34%.

Individual Difference Measures. To test prediction 3, study 2 included two in-
dividual difference measures: The scale of political cynicism from study 1 (ays =
0.76; apk = 0.88) and the conspiracy mentality scale (ays = 0.83; apx = 0.84)
from Bruder et al. (42) to directly assess the degree of conspiracy-related be-
liefs. In addition, we included a range of trust-related variables and an alter-
native scale of abilities; to manage uncertainty (following van der Bles et al.
(8), we included Herman et al. (43)'s tolerance of ambiguity scale). We report
and discuss exploratory correlations between the outcome measures and these
other individual differences measures below and in S/ Appendix, S19.

Statistical Analyses. All predictions are tested using OLS regression on the
combined sample. Predictions 1 and 2 were tested by regressing each of the
three dependent variables on the experimental condition of the participant
with the control condition as the reference category. For prediction 3, vaccine
acceptance was regressed separately on each of the two measures of
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conspiracy-related beliefs, an indicator variable of whether the respondent
was exposed to a transparent communication (i.e., pooling across negative,
neutral, and positive conditions) (1) or the vague communication condition
(0) and their interaction. We chose and preregistered to pool across the
three transparent conditions for testing prediction 3, due to the need for
higher statistical power to detect the predicted interaction effect. Full sta-
tistical models and additional analyses using logistic regression (given the
binary vaccine acceptance variable) are available in S/ Appendix, S17 and
S21, respectively. The preregistered analyses do not include any attention
checks, but we report equivalent findings excluding inattentive respondents
in SI Appendix, S18.

Study 2 Results

Does vaccine acceptance increase in the face of transparent com-
munication and decrease in the face of vague communication?
Partly. Against prediction 1 but replicating the findings of study 1,
Fig. 3 demonstrates that vaccine acceptance only increases when
exposed to transparent positive communication (bcompined = 0.07
[0.03; 0.10], P < 0.001) and transparent neutral communica-
tion (bcombinea = 0.05 [0.01; 0.08], P = 0.011). Transparent
negative communication, in contrast, decreases vaccine acceptance
(bcombinea = —0.15 [-0.18; —0.1], P < 0.001). Consistent with
prediction 2, vague communication also decreases vaccine accep-
tance (bcombinea = —0.09 [-0.13; —0.06], P < 0.001).

Is the effect of transparent relative to vague communication
larger among those who hold conspiracy-related beliefs? No. For
neither political cynicism (bcompinea = 0.02 [-0.12; 0.17], P =
0.79) nor conspiracy mentality (bcompinea = —0.16 [-0.30; —0.02],
P =0.02) do we find any evidence that the effect of transparent
communication is larger among individuals with conspiracy-
related beliefs. In fact, the significant negative interaction term
for conspiracy mentality suggests that transparent communication
is less effective among those high in conspiratorial mentality.
Hence, against prediction 3, the transparent declaring of vaccine
features does not motivate those with a conspiracy-related mindset
to get vaccinated. Graphical displays of the interaction effects
appear in SI Appendix, S20. Exploratory analyses in SI Appendix,
S19, furthermore, demonstrate (consistent with the associations
in Fig. 2) that vaccine acceptance is significantly correlated with
both political cynicism (r = —0.26) and conspiratorial mentality
(r = —0.25) as well as a trust in national institutions. Consistent
with the findings about need for cognitive closure in study 1, the
alternative measure of tolerance for ambiguity is only weakly
correlated with vaccine acceptance (r = 0.05).

Does endorsement of conspiracy beliefs decrease in the face of
transparent communication and increase in the face of vague
communication? Mostly. As shown in Fig. 3, endorsement of con-
spiracy beliefs decreases when exposed to transparent positive
communication (bcombined = —0.04 [-0.06; —0.02], P < 0.001) and
transparent neutral communication (bcompbinea = —0.04 [—0.05; —0.02],
P < 0.001) but is unmoved by transparent negative communication
(bcombinea = 0.01 [-0.003; 0.03], P = 0.13). Hence, while transparent
negative communication clearly decreases vaccine acceptance it does
not significantly influence the endorsement of conspiracy beliefs
relative to the control condition. In contrast, and consistent with
prediction 2, vague communication significantly increases en-
dorsement of conspiracy beliefs (bcombinea = 0.04 [0.02; 0.05],
P < 0.001).

Does trust in health authorities increase in the face of trans-
parent communication and decrease in the face of vague com-
munication? Yes. Consistent with prediction 1 and as shown in
Fig. 3, trust in health authorities increases when exposed to both
transparent positive communication (bcompined = 0.07 [0.05; 0.08],
P < 0.001), transparent neutral communication (bcompinea = -07
[0.06; 0.09], P < 0.001) and transparent negative communication
(bcombinea = 0.02 [0.00; 0.03], P = 0.04). Consistent with prediction
2, vague communication significantly decreases trust in health
authorities (bcombinea = —0.05 [-0.06; —0.03], P < 0.001).
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Fig. 3. Marginal effects of vague and transparent negative, neutral, and positive communication, respectively, relative to a control condition on vaccine
acceptance, endorsement of conspiracy theories, and trust in health authorities, combined and separated by country. Marginal effects are calculated using
OLS regression to regress the outcome variable on communication conditions. The reference category is the control condition. All outcome variables vary
between 0 and 1. Whiskers represent 95% confidence intervals. N = 3,478 (United States) and 3,450 (Denmark).

Discussion

These results demonstrate that transparent communication about
a fictitious COVID-19 vaccine that discloses features that are
comparable to or better than well-known influenza vaccines in-
creases vaccine support and acceptance. In contrast, transparent
communication that discloses negative features decreases sup-
port and acceptance. This negative effect of transparent negative
communication on vaccine support is not significantly buffered
by countervailing health communication that seeks to induce
feelings of certainty (i.e., study 1’s certainty induction) but nei-
ther is it significantly exacerbated by exposure to conspiracy-
related misinformation (i.e., study 1’s conspiracy induction). As
such, there is a clear cost for immediate vaccine uptake of trans-
parently disclosing negative features of a vaccine as it induces
vaccine skepticism. At the same time, however, there is no evi-
dence to suggest that the alternative of vague health communi-
cation generates vaccine acceptance. In fact, the consistent negative
effect of vague communication on acceptance seems to suggest
that it is perceived as a cover for negative vaccine features. Fur-
thermore, vague communication has long-term negative effects by
eroding trust in health authorities and increasing the reception of
conspiracy theories. Importantly, the transparent disclosing of
negative vaccines has no such negative long-term effects. While
transparent disclosing of negative vaccine information may hurt
in the short term, transparency has key long-term benefits by sus-
taining trust, which is a critical resource for handling both future
health emergencies and the continuing pandemic with the poten-
tial need of repeated vaccinations. Despite differences in political
systems and levels of polarization, the evidence for this conclusion
was remarkably consistent across the Danish and American
samples.

The importance of these findings is buttressed by the fact that
the present findings, together with prior studies, clearly docu-
ment that conspiracy-related beliefs have been strongly associ-
ated with vaccine skepticism during the course of the COVID-19
pandemic. Thus, the strongest predictors of vaccine skepticism in
both the United States and Denmark were individual differences
in political cynicism, i.e., beliefs that political elites are corrupt
and incompetent, and in conspiratorial thinking. Furthermore,
the results of study 2 demonstrate that transparency is unlikely to
increase immediate vaccine acceptance among those with an already
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conspiratorial mindset. Consistent with concerns raised in prior
work on transparency (33), transparent communication cannot
induce compliance among those who already distrust the com-
municator. The key long-term function of transparency is thus to
ensure that conspiratorial beliefs do not spread into new pop-
ulation segments, making them difficult-to-reach audiences for
health communicators.

In this regard, it is also relevant to consider the type of vaccine
hesitancy triggered by negative transparent communication. Psy-
chological variables related to the ability to handle diffuse uncer-
tainty (e.g., need for cognitive closure and tolerance of ambiguity)
display little association with vaccine skepticism, suggesting that
some vaccine skepticism emerges from more strict calculations
about costs and benefits, as emphasized in a number of accounts
(44). In this light, it may be prudent to consider the hesitancy trig-
gered by transparently disclosing negative vaccine features a form of
rationally grounded hesitancy. This could explain why there is a
disconnect between the short-term hesitancy and the long-term trust
induced by transparently disclosing negative information. This is also
consistent with the finding that the certainty induction in study 1,
which targets the uncertainty underlying conspiracy-based hesistancy,
does not significantly moderate the vaccine concerns triggered by
transparent negative vaccine information.

As with any empirical study, there are a number of limitations
to the present findings. First of all, the effect sizes are small to
medium sized. This was expected and, hence, we preregistered
and utilized large samples (with over 13,000 participants in total).
The effect sizes reflect, in part, the short-term nature of a survey
experiment and, hence, effects may be larger when real-world
communication is repeatedly circulated in both legacy and social
media. The limited effects of communication also likely reflect
that vaccine skepticism is highly associated with more stable in-
dividual differences (such as conspiratorial beliefs), underscoring
the importance for health communication of not activating such
differences in the first place. Second, the communication materials
used are highly stylized to ensure experimental control but as
real-world communication unfolds multiple nuances would likely
emerge. At the same time, the vague, reassuring communication
used in the experiment is not radically different from the way
some political leaders have been communicating about vaccines.
When the first batch of Sinopharm, a vaccine without transparent,
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peer-reviewed phase III trial documentation, arrived to Serbia
(i.e., a European parliamentary democracy) in January 2021,
President Vuci¢ asserted that “he is convinced that those vac-
cines are excellent, and that he will ask the Minister of Health
[.-.] to speed up the vaccination process from next week.” (45).
Third, because of the practical and ethical challenges involved,
we examined attitudes toward a fictitious COVID-19 vaccine.
Accordingly, the present results suffer from hypothetical bias,
which implies that communication effects on vaccination in-
tentions may not directly translate into effects on actual vaccination
behavior (46).

Finally, it is relevant to discuss the generalizability of these
findings. In this regard, it is relevant to consider the compara-
bility of the findings in study 2 and the findings in study 1. Thus,
studies 1 and 2 were conducted under different contexts. When
study 1 was conducted, no public information about the features
of COVID-19 vaccines had been released. When study 2 was
conducted, vaccinations had started in both countries under in-
vestigation, and concerns about the effectiveness of some COVID-
19 vaccines had received public attention (16). Despite these
contextual differences (and differences in question wordings,
etc.), the results are highly comparable. In study 1, the difference
in vaccine support for transparent neutral and transparent neg-
ative communication relative to vague communication was 0.07
and —0.02, respectively. In study 2, the corresponding differences
for vaccine acceptance were 0.14 and —0.06. If anything, the im-
portance of vaccine communication for public attitudes has in-
creased from study 1 to study 2 and, hence, there is reason to
believe that this importance will generalize to future phases of
the pandemic, including in relation to current concerns about
potential side effects of some COVID-19 vaccines (17). This also
suggests that it is likely that these findings will generalize to
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situations where the effectiveness and side effects of vaccines for
other diseases than COVID-19 are discussed.

Overall, these results underscore that transparency itself can-
not reduce immediate vaccine skepticism but transparency is
nonetheless of key importance for sustaining long-term trust and
avoiding the spread of conspiracy beliefs. Furthermore, while
there are clear short-term costs to transparent negative com-
munication, there are no benefits to the alternative of reassuring
the public about vaccine safety and effectiveness using vague com-
munication, which leads to both short-term vaccine skepticism and
long-term distrust of authorities. As such, the present findings
provide a clear warning for health authorities and politicians against
succumbing to the use of vague communication to satisfy myopic
goals of increasing vaccine acceptance here and now. Many coun-
tries already face the challenge of beating distrust-based skepticism
of the vaccines and, according to the present results, the main
available tool of health communication has little persuasive power
once people become truly skeptical. If health communicators do not
insist on transparent communication, even if this entails disclosing
negative information, such challenges are likely to increase and may
undermine future vaccination efforts, both if repeated vaccinations
are required during the current pandemic and in future health
emergencies.
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