
PNAS Nexus, 2022, 1, 1–11

https://doi.org/10.1093/pnasnexus/pgac280
Advance access publication date: 7 December 2022

Research Report

Transparent communication of evidence does not
undermine public trust in evidence
John R. Kerr a,b,*, Claudia R. Schneider a,b, Alexandra L. J. Freeman a, Theresa Marteau c and Sander van der Linden b

aDepartment of Psychology, School of Biological Sciences, University of Cambridge, Downing Street, CB2 3EB Cambridge, UK
bWinton Centre for Risk and Evidence Communication, University of Cambridge, Wilberforce Road, CB3 0WA Cambridge, UK
cDepartment of Public Health and Primary Care, University of Cambridge, Worts Causeway, CB1 8RN Cambridge, UK
∗To whom correspondence should be addressed: Email: john.kerr@otago.ac.nz
Edited By: Jay Van Bavel

Abstract

Does clear and transparent communication of risks, benefits, and uncertainties increase or undermine public trust in scientific infor-
mation that people use to guide their decision-making? We examined the impact of reframing messages written in traditional per-
suasive style to align instead with recent “evidence communication” principles, aiming to inform decision-making: communicating
a balance of risks and benefits, disclosing uncertainties and evidence quality, and prebunking misperceptions. In two pre-registered
experiments, UK participants read either a persuasive message or a balanced and informative message adhering to evidence com-
munication recommendations about COVID-19 vaccines (Study 1) or nuclear power plants (Study 2). We find that balanced messages
are either perceived as trustworthy as persuasive messages (Study 1), or more so (Study 2). However, we note a moderating role of
prior beliefs such that balanced messages were consistently perceived as more trustworthy among those with negative or neutral
prior beliefs about the message content. We furthermore note that participants who had read the persuasive message on nuclear
power plants voiced significantly stronger support for nuclear power than those who had read the balanced message, despite rating
the information as less trustworthy. There was no difference in vaccination intentions between groups reading the different vaccine
messages.
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Significance Statement:

A recently proposed set of five rules offers a guide for communicating evidence to facilitate decision-making, as opposed to trying to
persuade the reader. However, some research suggests that the recommendations—such as acknowledging both risks and benefits
or disclosing uncertainties—could have a negative impact on the perceived trustworthiness of the message and the messenger.
Across two experiments, we compared texts written in traditional persuasive style against versions edited to be more balanced
and transparent. The latter were not perceived as less trustworthy. In fact, for participants holding neutral or negative opinions
about the message topic, such communications were perceived as more trustworthy. Taking a balanced, transparent approach to
communicating evidence, therefore, does not undermine trustworthiness.

The notion that an individual or organization may seek to commu-
nicate information to an audience without the express intention
of “getting a message across” and persuading them to act or think
in a specific way is surprising, if not antithetical, to many pro-
fessional communicators (1, 2). After all, authorities often seek to
shift behavior through persuasive messages and “nudges”; gov-
ernments usually aim to justify and garner public support for
their policies; many subject-matter experts find themselves sum-
marizing to a “take home message” to “get their point across.”

However, in many situations, there are strong practical, ethical,
and legal reasons in which communicators, particularly experts,
should explicitly not be aiming to change their audience’s behav-
ior or opinion. Instead, their aim must be to provide balanced,
clear, and understandable evidence to their audience, allowing
them to weigh up the pros and cons and take into account relevant

uncertainties in order to come to an informed decision of their
own making rather than simply accept the opinion and interpre-
tation of the communicator. One of the most obvious examples of
this is in individual medical decision-making, where there is often
a legal requirement that a patient be fully informed of potential
treatments and their risks and benefits (3). However, although not
always explicitly recognized, there are many other circumstances
where this different, more transparent, kind of communication
should be required. At the policy level, civil servants are expected
to provide clear and balanced outlines of the costs and benefits
of different policy options within government. This responsibility
is often extended to external experts, as seen in the “honest bro-
ker” archetype of science advice (4). Clear communication of evi-
dence for informed decision-making is also often the lynchpin of
campaigns seeking to engage participatory decision-making with
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Table 1. Overview of “five rules for evidence communication” from Blastland et al.

Recommendation Description

Inform, not persuade An overarching recommendation to communicate with the aim of informing the decision-maker’s choice, rather
than pushing them towards a given option.

Offer balance, not false balance Be clear about the benefits and costs or risks associated with decision options while acknowledging weight of
evidence.

Disclose uncertainties Clearly describe uncertainties around the evidence presented.
State evidence quality Provide information about the quality of the evidence drawn upon.
Inoculate against misinformation Identify and pre-empt circulating misinformation or misperceptions about the topic.

communities, e.g., on local environmental issues (5), and is cru-
cial for effective referenda (6). Even when there is no statutory
obligation to provide transparent and unbiased evidence, doing so
is often defined as an honest signal of trustworthiness (7). While
trusting is an act on the part of the audience, trustworthiness is
a property of the communicator: Ideally, the degree of trust and
trustworthiness of the two actors should be aligned but they are
not necessarily so, as people can trust the untrustworthy and dis-
trust the trustworthy. Honest cues of trustworthiness are, there-
fore, necessary to help people assess how to trust and weigh evi-
dence in their decision-making (8).

The two aims—either to persuade the audience that the opin-
ion of the communicator should be followed or to inform the audi-
ence about the evidence in as transparent a manner as possible to
allow them to weigh it up for themselves—are very different and
might often be in conflict with each other (9). A message designed
to be maximally persuasive and entice readers toward one opin-
ion will naturally minimize or even exclude evidence that does
not support that opinion, or uncertainties that might undermine
confidence in it. For communicators for whom “informing” is the
aim, not “persuading,” the opinions and any decisions made by
their audience after reading the information are of secondary im-
portance compared with their understanding of, and trust in, the
evidence presented.

To further empirical research on this issue, a recent article (10)
outlined the contrasting aims of “informing” vs “persuading” and
how messages designed to do the former might theoretically be
constructed and evaluated, presenting “five rules” for trustworthy
evidence communication, as summarized in Table 1.

These recommendations were established based on the ethics
of transparent and trustworthy communication, professional ex-
perience, as well as research across the fields of psychology, risk
analysis, political science, and communication. The role of the
cues of trustworthiness encapsulated within the recommenda-
tions is to help the audience know how much trust they can
put in the facts contained within the communication, an im-
portant endpoint from an informed decision-making perspective
and, on a longer timescale, for public trust in science and evi-
dence more generally (11, 12). However, these cues of trustwor-
thiness have not been empirically tested, as an ensemble, to see
whether they achieve their aims. This study sets out to test
them.

In order to do so, it is important to first understand how to mea-
sure what we would consider success in this context. The concepts
of trust, credibility, expertise, and trustworthiness are defined in
various, often overlapping, ways (13, 14). For example, some schol-
ars frame credibility as consisting of two components: expertise
(ability to make accurate assertions) and trustworthiness (will-
ingness to communicate accurate assertions) (15). Others define
trustworthiness as an overarching construct consisting of exper-

tise, benevolence, and integrity (13). For the purposes of the cur-
rent study, we conceptualize trustworthiness broadly, capturing
expertise and competence, as well as benevolence and integrity.

While the communication of uncertainties, evidence quality,
and pre-emptive corrections may be desirable from a purely
theoretical perspective—as it makes the communication more
trustworthy—it is unclear to what extent these elements actually
act as cues of trustworthiness to a nonexpert, public audience.
There is some empirical evidence on many of the cues in isola-
tion, which suggests that they might be.

For example, a robust body of research in psychology and com-
munication studies indicates that all things being equal, peo-
ple perceive balanced, “two-sided” messages as more trustworthy
than one-sided messages (16–20).

The majority of studies show that communication of statisti-
cal uncertainty, for instance, a numeric range around an estimate,
does not reduce the trustworthiness of a message or its source (21,
22). However, some studies report that acknowledgment of large
uncertainty intervals or unquantified uncertainties (e.g., simply
stating that there is “some uncertainty”) can reduce trust in the
presumed source of a message (21, 23, 24).

Beyond statistical uncertainty, communicators can also ex-
press uncertainty by disclosing the limitations or quality of the
evidence available (25). Again, there are mixed results in the lit-
erature regarding the impact of this information on perceptions
of trustworthiness. Empirical evidence suggests that messages
which label claims as based on “low-quality” research are rated
as less trustworthy than those which reference “high-quality” re-
search or make no mention of quality (26, 27). Other studies have
found that disclosure of evidence limitations by scientists in news
or online reports can increase (28, 29) or have no effect on percep-
tions of credibility or trustworthiness (30, 31).

There are numerous studies examining the efficacy of fact-
checks, prebunking, and debunking in countering misinformation
and misperceptions, that is, they investigate the impact of such
messages on belief in, or susceptibility to misinformation (32–34).
But no studies have, to our knowledge, explicitly examined how
the inclusion or exclusion of information aiming to correct or pre-
bunk misinformation affects perceived trustworthiness of a mes-
sage in and of itself.

In the current study, we aim to test whether messages that are
produced according to principles of transparent evidence commu-
nication (10) are indeed perceived as more trustworthy by audi-
ences than those in the more familiar, persuasive style (10). We
do so empirically, by comparing realistic messages written in a
persuasive style against the same messages edited to align with
the transparent evidence communication principles (10) in two
randomized, controlled trials.

We also set out to examine potential psychological reasons
for any differences between the perceptions of the different
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messages. Previous research has shown that framing information
as relating to a choice the reader must make, rather than as lead-
ing them to a particular outcome, is associated with less anger and
negative cognitions, in line with psychological reactance theory
(35, 36). Reactance, broadly defined, is a state of negative motiva-
tional arousal in response to threats to freedom. Where someone
perceives a message as attempting to persuade them and limit-
ing their freedom to choose, they may experience emotional (e.g.,
anger) and cognitive (e.g., mental counterarguing) responses to
the message, which can ultimately push them towards the op-
posite attitudes or behaviors intended by the communicator, as
means to restore a sense of freedom (37). In the current studies, we
examine these emotional and cognitive facets of reactance along-
side perceptions of trustworthiness.

To examine messaging effects in a realistic and real-world rele-
vant context, we selected the topics of COVID-19 vaccines and nu-
clear power. Both are of high public salience and carry the possi-
bility that some participants would hold strong views about these
issues, which may affect their perceptions and allow us to inves-
tigate potential reactance effects caused by prior beliefs. People
tend to ascribe more trustworthiness to information and sources
that agree with their own views (38–41). It is possible that conflict
with prior views could cause a net loss of trustworthiness when
both pros and cons are presented. Thus, Blastland et al.’s (10) rec-
ommendations for trustworthy evidence communication could,
theoretically, end up alienating those at either end of the attitude
spectrum on a given issue. We investigate this possibility by ex-
amining how prior beliefs about message topics moderate the in-
fluence of message content on perceptions of trustworthiness and
psychological reactance.

In the following studies, we take, as a starting point, communi-
cations produced by official sources that present a message writ-
ten in a persuasive style. We then revised these in accordance with
Blastland et al.’s (10) recommendations to produce a second ver-
sion of each for comparison in two randomized, controlled stud-
ies. For simplicity, we refer to these two versions as the “Persua-
sive” and “Balanced” messages, respectively. However, we would
stress that the Balanced messages not only provided a two-sided
account of the pros and cons, but also included information about
uncertainties, evidence quality, and potential misunderstandings,
as per Blastland et al.’s recommendations. The process of editing
to produce the balanced, evidence communication messages in-
volved the authors collectively making judgments on what infor-
mation to include to create a message that aligned with the five
principles and contained reasonable examples of the suggested
inclusions, whilst keeping the readability of the Persuasive and
Balanced versions comparable. This approach does not allow us
to isolate the effects of any one recommendation (e.g., disclosing
uncertainty alone). Instead, our aim is to examine the net effect
of the recommendations as a whole.

Participants in the experiments were randomized to read
one of the message versions about either COVID-19 vaccines
(Study 1) or a new nuclear power plant (Study 2) before re-
sponding to questions about the trustworthiness of the infor-
mation and its (unnamed) source and completing measures of
cognitive and affective reactance, that is, how they felt and
thought about the message while reading it. In both studies,
these outcomes—information trustworthiness, producer trust-
worthiness, cognitive reactance, and affective reactance—were
pre-registered as our primary dependent variables. Results for a
range of secondary outcomes are reported in the Supplementary
Material.

Study 1
This study was conducted in April 2021, prior to rollout of the
COVID-19 vaccine to the general UK public under 50 years of
age. In an online experiment, 2,928 UK adults who reported not
yet having received a COVID-19 vaccine were recruited via the
panel provider, Respondi, and randomly allocated to read one of
three messages, which we label “Persuasive,” “Balanced,” and “Par-
tial.” The Persuasive message was adapted from the UK’s National
Health Service (NHS) website, encouraging vaccination against
COVID-19, and describing the available vaccines simply as safe
and effective. The Balanced message was a version of the text
edited in line with Blastland et al.’s (10) recommendations for
trustworthy evidence communication. This message was longer,
but comparable to the Persuasive message in terms of readability
(see the “Methods” section, full texts shown in Table S2). Briefly,
this text: framed vaccination as a personal choice; included infor-
mation on efficacy, side-effect frequency, uncertainties; and antic-
ipated and corrected possible misperceptions. In the Partial condi-
tion, participants were presented with a minimally edited version
of the Persuasive message including only one sentence for each of
the five recommendations for trustworthy evidence communica-
tion. For reasons of brevity, and to simplify comparison with Study
2, which did not include a comparable condition, we report the re-
sults for the Partial condition in the Supplementary Material.

Before reading the messages, participants completed a mea-
sure of prior beliefs about COVID-19 vaccines captured on a 1 to
7 scale. The distribution was moderately negatively skewed (skew
= −0.89) with most participants scoring above the midpoint of 4—
i.e., generally agreeing that COVID-19 vaccines are safe and effec-
tive (M = 5.28, SD = 1.34).

Participants’ perceptions of trustworthiness were measured as
the average of three items asking them the extent to which they
found the information trustworthy, reliable, and accurate (21)
(range 1 to 7). They were also asked to what extent they consid-
ered the producers of the information be trustworthy (range 1 to
7). There were no significant differences between the Persuasive
and Balanced conditions in terms of how trustworthy participants
rated the information (MPersuasive = 5.28, SD = 1.50; MBalanced = 5.39,
SD = 1.35; P = 0.21, d = 0.08) or its producers (MPersuasive = 5.16,
SD = 1.53; MBalanced = 5.28, SD = 1.36; P = 0.14, d = 0.09; pairwise
comparisons are adjusted for multiple comparisons between con-
ditions due to the presence of the third condition reported in the
supplement, see the “Methods” section). To provide an indication
of the strength of evidence for a null effect model given the data,
we calculated Bayes factors for pairwise comparisons using the
BayesFactor package (using a default Cauchy prior scaled by

√
2/2)

(42). Results for the effect of condition on trustworthiness of the
information, BF10 = 0.21, and producers, BF10 = 0.30, indicate “sub-
stantial” or “moderate” evidence in favor of the null model (43).
There were no significant differences between the Persuasive and
Balanced conditions in terms of affective reactance (i.e., anger;
range 0 to 100; MPersuasive = 17.50, SD = 24.43; MBalanced = 15.47,
SD = 21.51; P = 0.12, d = 0.09, BF10 = 0.32) or cognitive reac-
tance (i.e., mental counter-arguing; range 1 to 7; MPersuasive = 2.83,
SD = 1.70; MBalanced = 2.77, SD = 1.58; P = 0.70, d = 0.04, BF10 = 0.07).

To examine the possibility that prior beliefs moderated the ef-
fect of message condition on perceived trustworthiness and reac-
tance, we fitted a series of OLS regression models including an in-
teraction term. We report significant interactions for all four out-
comes, reported in Table 2 and Fig. 1A to D. Examination of the
plots in Fig. 1 reveals that for all outcomes, there is little difference
between message conditions when considering participants with
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Table 2. Study 1 interaction model results.

Information
trustworthiness

Producer
trustworthiness

Cognitive
reactance

Affective
reactance

Message (Persuasive vs Balanced) 0.05 0.06 −0.01 −0.06
[−0.01 to 0.11] [−0.01 to 0.13] [−0.08 to 0.06] [−0.14 to 0.01]

Prior beliefsa 0.80∗∗∗ 0.74∗∗∗ −0.66∗∗∗ −0.64∗∗∗
[0.76 to 0.84] [0.69 to 0.78] [−0.71 to −0.61] [−0.69 to −0.59]

Message∗prior beliefs −0.13∗∗∗ −0.15∗∗∗ 0.07∗ 0.14∗∗∗
[−0.19 to −0.07] [−0.21 to −0.08] [0.00 to 0.14] [0.07 to 0.21]

N 1,957 1,939 1,958 1,929
R2 (adjusted) 0.545 0.450 0.393 0.336

Standardized regression coefficients shown with 95% CI in square brackets.
aHigher values indicate more positive beliefs.
∗P < 0.05, ∗∗∗P < 0.001.

Fig. 1. The moderating effect of prior beliefs on message effects in Study
1 (A to D) and Study 2 (E to H). Plots show predicted values (with 95% CI)
of information trustworthiness (A, E), producer trustworthiness (B, F),
cognitive (C, G), and affective reactance (D, H) in each condition across
the spectrum of prior beliefs for study topic (higher values indicate
more positive beliefs). The Balanced (vs Persuasive) condition has a
greater effect on trustworthiness (positive effect) and, less consistently,
reactance (negative effect) among participants with negative prior
beliefs. Shaded regions indicate values of prior belief at which the effect
of message condition is significant (P < 0.05), based on Johnson–Neyman
intervals.

positive prior beliefs regarding COVID-19 vaccines, that is, those
believing that COVID-19 vaccines are safe and effective. However,
when considering participants with negative prior beliefs about
COVID-19 vaccines, we find that the Balanced message (vs Persua-
sive) is considered more trustworthy, and its producers are rated
as more trustworthy. The Balanced message also elicited less cog-
nitive and affective reactance among these participants. That is,

they reported less mental counter-arguing and anger in response
to the message.

To further investigate these interactions, we calculated
Johnson–Neyman intervals to determine the values of the prior
belief measures at which the effect of message condition is signif-
icant (P < 0.05; shaded regions in Fig. 1). The intervals for models
predicting information trustworthiness [5.13, 6.63] and producer
trustworthiness [5.23, 6.75] represent the range of values at which
the effect of message is not significant. An interpretation of this
is that at the most extreme positive end of the 1 to 7 prior be-
liefs scale—above 6.63 or 6.75 for information and producer trust-
worthiness, respectively—the Persuasive message is perceived as
slightly more trustworthy than the Balanced message. In our sam-
ple, 14.2% of participants fell into this category (additional plots
superimposing Johnson–Neyman intervals on the distribution of
prior beliefs can be found in Fig. S1). However, as demonstrated
in Fig. 1A and B, perceived trustworthiness on both measures re-
mains very high across both groups for participants with very pos-
itive prior beliefs.

Participants also completed a measure of COVID-19 vaccina-
tion intention (44). Although not a primary outcome, we note no
significant main effect of message condition on intentions, nor in-
teraction with prior beliefs. Additionally, the Balanced message
was rated by participants as taking slightly more effort to read (it
was slightly longer), although there was no significant difference
between conditions in terms of self-reported comprehension. Re-
sults for these additional measures included in the experiment
are detailed in Tables S4 to S6.

A limitation of the design of this study is that we did not mea-
sure participants’ impressions of the texts in the context of trust-
worthy evidence communication recommendations (10). Did par-
ticipants perceive the Balanced message as more balanced, open
about uncertainty and so on, as intended? We also acknowledge a
potential confound in the differing lengths of the Persuasive and
Balanced texts. We sought to address these limitations in a second
study focusing on a different topic.

Study 2
In Study 2, we applied a slightly modified experimental design
to the issue of building a new nuclear power plant in the United
Kingdom. The nature of the decision was different; we presented
a collective, policy decision—support for a new plant—as opposed
to an individual decision—getting a vaccination. A total of 1,034
UK adults recruited via online panel provider Respondi completed
the experiment. Participants first completed a measure of prior
beliefs, capturing the extent to which they held a positive view
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Fig. 2. Cue detection results. Points show the mean responses (with 95% CI) across conditions for items capturing perceptions of the message meeting
Blastland et al.’s recommendations, captured on a 0 to 100 sliding scale. Question text is shown at left and anchor labels for the 0 and 100 endpoints of
each slider shown on plot. Error bars represent 95% CI.

of nuclear power in the United Kingdom (1 to 5 scale; M = 3.26,
SD = 1.08; skew = −0.20). Participants were then randomly as-
signed to read one of two messages. The “Persuasive” message
was based on extracts from recent UK Government policy doc-
uments, outlining arguments for building a nuclear power plant.
The “Balanced” evidence communication message was edited as
in Study 1 to present balanced information; detail uncertainties
and evidence quality; and correct potential misperceptions, whilst
remaining comparable in readability score. The texts were devel-
oped in consultation with subject-matter experts and piloted in a
small study (see the “Methods” section). In Study 2, we included
a set of items directly asking participants to rate the message
they read according to the five principles for trustworthy evidence
communication (10), for example, was the information one-sided
or balanced? This gave us evidence of whether the cues that we
intended to convey trustworthiness were indeed being noticed by
the audience. Results are shown in Fig. 2. For all measures, the Bal-
anced message was rated as more aligned with the recommenda-
tions (all P < 0.001, see Table S14). This, together with the similar
lengths and readability scores, and participants’ similar ratings of
the two messages on comprehensibility and ease of reading (see
Supplementary Information), gave us some reassurance that the
two messages were similar enough in other respects to provide
an adequate test of the effects of the principles of trustworthy
evidence communication (10).

Participants completed the same trustworthiness and re-
actance measures as in Study 1. Participants who read the
Balanced message (vs Persuasive) rated the information as
significantly more trustworthy (MPersuasive = 4.70, SD = 1.33;
MBalanced = 4.92, SD = 1.19; two-sided Welch’s t-test: P < 0.01,
d = 0.17, BF10 = 2.58) and its producers as significantly more trust-
worthy (MPersuasive = 4.35, SD = 1.47; MBalanced = 4.63, SD = 1.31;
P < 0.01, d = 0.20, BF10 = 9.69). This differs from Study 1, where
we report no main effect of the message condition on trust-
worthiness. In agreement with Study 1, we report no signifi-
cant differences between message conditions in terms of affec-
tive reactance (MPersuasive = 25.79, SD = 24.08; MBalanced = 28.21,

SD = 24.68; P = 0.11, d = 0.10, BF10 = 0.24) or cognitive reactance
(MPersuasive = 3.48, SD = 1.53; MBalanced = 3.41, SD = 1.45; P = 0.41,
d = 0.05, BF10 = 0.10).

As in Study 1, we fitted a series of OLS regression models exam-
ining the interaction between message condition and prior beliefs
in predicting outcomes. Model results for these outcomes are re-
ported in Table 3 and displayed graphically in Fig. 1. We report a
similar pattern of effects to Study 1 when considering perceived
trustworthiness of information and producers, and cognitive re-
actance. Among participants with negative prior beliefs about nu-
clear power, the Balanced message (vs Persuasive) and its produc-
ers were rated as more trustworthy, and the message elicited less
cognitive reactance. Unlike Study 1, we did not find a significant
interaction between message condition and prior beliefs in pre-
dicting affective reactance.

Participants also indicated their support for plans to build a
new power plant in the United Kingdom. Although not a primary
outcome, we note participants in the Persuasive (vs Balanced) con-
dition expressed a significantly higher level of support for a new
plant, and this effect was not moderated by prior beliefs. Results
for additional measures included in the experiment are detailed
in Tables S13 and S15.

Discussion
Blastland et al.’s “five rules for evidence communication” (10) pro-
vide a broad set of recommendations for communicators seeking
to inform an audience in a trustworthy fashion. We empirically
measured the impact of following all of these recommendations
together, on public perceptions of official messaging. Do people
find messages that follow these rules and attempt to be purely
informative more trustworthy than typical, persuasively written
messages? Do they show less psychological reactance to messages
that do not aim to be persuasive? And do they make different de-
cisions after reading them?

One overarching conclusion we can draw from the two studies
presented here is that framing information in a balanced way and
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Table 3. Study 2 interaction model results.

Information
trustworthiness

Producer
trustworthiness

Cognitive
reactance

Affective
reactance

Message (Persuasive vs Balanced) 0.22∗∗∗ 0.25∗∗∗ −0.10 0.07
[0.11 to 0.33] [0.14 to 0.36] [−0.21 to 0.01] [−0.05 to 0.19]

Prior beliefsa 0.56∗∗∗ 0.52∗∗∗ −0.48∗∗∗ −0.26∗∗∗

[0.48 to 0.63] [0.44 to 0.59] [−0.56 to −0.40] [−0.34 to −0.17]
Message∗prior beliefs −0.24∗∗∗ −0.20∗∗∗ 0.17∗∗ −0.01

[−0.35 to −0.13] [−0.31 to −0.09] [0.06 to 0.28] [−0.13 to 0.11]
N 1,030 1,034 1,033 1,034
R2 (adjusted) 0.209 0.190 0.162 0.068

Standardized regression coefficients shown with 95% CI in square brackets.
aHigher values indicate more positive beliefs.
∗∗P < 0.01, ∗∗∗P < 0.001.

acknowledging uncertainties do not substantively undermine the
trustworthiness of a message or its source, compared to a more
persuasive communication. This is an important finding in light
of some concerns about more transparent communication of risk,
benefits, and uncertainty (24, 45). But does such an approach in-
crease perceptions of message trustworthiness? Considering only
the main effects, the two studies give conflicting results. In Study
1, using messages about COVID-19 vaccines which were either
one-sided and aiming to persuade or more balanced and seek-
ing to inform, we find that on average people consider the infor-
mation and source of either message to be equally trustworthy.
In Study 2, communicating about nuclear power, we find that on
average people consider the edited, balanced version of the mes-
sage more trustworthy than the persuasive version. Thus, we find
mixed evidence that messages adopting a balanced evidence com-
munication approach are considered more trustworthy than mes-
sages aiming to persuade.

To some extent, these differing findings can be reconciled once
we take into account how individuals’ pre-existing beliefs about
the message topic influence their perceptions. In both experi-
ments, we consistently find that the Balanced (vs Persuasive) mes-
sage had little impact on trustworthiness measures for people
with positive prior beliefs but among those with neutral or nega-
tive prior beliefs, the message and its producers were considered
more trustworthy compared to the Persuasive message. Put an-
other way, we show that such communications are perceived as
more trustworthy among people with a sceptical view of the issue
at hand. The differing distributions of prior beliefs in our stud-
ies can therefore explain the lack of main effects in Study 1. In
Study 1, prior beliefs were skewed such that most of the sample
had a positive view of COVID-19 vaccines and so showed little dif-
ference in trustworthiness ratings between the two messages. In
Study 2, the distribution of pronuclear and antinuclear sentiment
was much more even, giving a deeper pool of sceptical partici-
pants whose ratings of trustworthiness differed between the two
messages. Although the effects in the current study are small, our
results suggest that taking a balanced, evidence communication
approach could reduce anger and mental counterarguing on the
part of the audience when communicating information to scepti-
cal groups (e.g., climate change deniers, antivaccination groups).

With regards to the cognitive and affective components of psy-
chological reactance, i.e., theoretical precursors to “backfire” ef-
fects in persuasion, we find no overall differences in psychologi-
cal reactance between people who read a persuading vs informing
message across both studies. However, we again find that effects
are moderated by prior beliefs. People with negative views about
vaccines or nuclear power reported lower cognitive reactance in

response to the Balanced message compared to the Persuasive
message. We find a similar effect for affective reactance in Study
1 but not Study 2. The differing results here may be attributable to
the emotional salience or personal importance of the content (46,
47). The individual decision to receive a vaccine is more imme-
diate and psychologically proximal than a policy decision about
nuclear infrastructure, and information about the vaccine may
elicit stronger emotional reactions. We should also note that our
measure of affective reactance required participants to rate their
emotional response to the message using relatively strong terms
such as “anger” and “bitterness.” In future research, measures in-
cluding weaker terms such as “irritated” or “annoyed” could be
used to capture milder negative affective responses with greater
precision (37).

In both studies, message texts were framed around choices.
Although not a key focus of the study, we do note that partic-
ipants who read the Persuasive communication showed higher
support for a nuclear power plant than those who read the Bal-
anced version (Study 2). We did not find a difference in vaccine in-
tentions in Study 1. Without knowing what participants’ decisions
would have been prior to reading the communication, we cannot
tell whether the persuasive message persuaded, or the informa-
tive message undermined support for a nuclear power plant—or
both. We also stress that any effects of communications on such
decision-related outcomes will be dependent on the risks, bene-
fits, uncertainties, etc. included in or excluded from the message
content. Nevertheless, the fact that there was a difference in aver-
age support between the experimental groups highlights the po-
tential tension between informing and persuading (1): communi-
cators seeking to persuade their audience may find that the trans-
parent communication of risks, benefits, and uncertainties does
not achieve this goal, or at least not as effectively as a more typi-
cal persuasive writing style.

Our findings align with a number of studies broadly showing
that balanced, transparent communications are not perceived as
less trustworthy than those that present a one-sided or more cer-
tain account (20, 22). However, direct comparisons to previous re-
search are complicated not only by the multifaceted nature of the
“five rules” for evidence communication (10), but also the ways in
which these were implemented in our messages. For example, we
disclosed uncertainty mainly in the form of numeric ranges, sim-
ilar to a previous study, which also reports no effect of such un-
certainty on trustworthiness (21), and as recommended by Blast-
land et al. (10). Other experiments have introduced uncertainty
into communications through the presentation of conflicting or
changing information (48, 49), in some cases reporting that this
negatively affects the credibility of messages or their source (23,
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50). Therefore, we cannot rule out the possibility that in some spe-
cific cases the application of Blastland et al.’s (10) recommenda-
tions in a broader sense could decrease perceptions of trustwor-
thiness. Further, the current studies investigated the perceived
trustworthiness of the communicators specifically, rather than
overall trustworthiness of the medical or scientific community
more broadly, as reported in some studies. (22) Future research
could investigate such wider effects alongside the outcomes con-
sidered here.

One limitation of our study design was the inclusion of an at-
tention check after the experimental manipulation in our survey
experiments. Although condition assignment had no significant
effect on failure rates in our studies, there is still a risk of bias
when subsetting on post-treatment variables (51). For both studies
reported here, repeating analyses with inattentive participants in-
cluded produced comparable results (see the “Methods” section),
indicating our results are not conditional on the removal of inat-
tentive participants.

A further limitation of the current study is that we only
tested the balanced, evidence communication approach against
the messages written in persuasive style in one direction (i.e.,
provaccine and pronuclear messages). Future research could in-
clude two messages designed to persuade in opposing directions
as well as a balanced “inform-only” message to further investi-
gate whether symmetrical effects are seen, or whether there is
a differential impact when choices are framed negatively, such
as a message aiming to dissuade people from vaccination. Our
Persuasive messages were drawn from existing communications,
reflecting the typical information the UK public might see on
the issues of vaccination and nuclear power. However, this ap-
proach means that these messages did not reflect the antithe-
sis of the evidence communication approach captured in the Bal-
anced message. Researchers seeking to create a more direct test
of the recommendations could construct control messages with
the aim to be as persuasive as possible—and piloted to ensure
maximally persuasive messages are used—directing readers to a
specific choice, while omitting any discussion of risks (or bene-
fits, depending on the framing), evidence quality or uncertainty,
and prebunking of misperceptions. This would provide a test with
higher internal but lower external validity of the effect of the
balanced, evidence communication approach on perceptions of
trustworthiness.

In a similar vein, we treated transparency and persuasive intent
as mutually exclusive in our experiments, since Blastland et al.’s
(10) first recommendation was “aim to inform and not persuade.”
However, a message could in theory be crafted that included all
the information recommended by Blastland et al. (10) as well as
an overt recommendation designed to guide the readers’ decision-
making in one direction. The effect such messages have on their
audiences could also be the subject of future studies.

We acknowledge that the manipulation used in the two stud-
ies we carried out was not tightly controlled, reflecting our aim to
conduct an experiment examining the overall impact of combin-
ing Blastland et al.’s recommendations for trustworthy evidence
communication, although we matched the messages for readabil-
ity and, in Study 2, length. The fact that we find similar results
with regards to the effects of balanced evidence communication
in both studies points to a certain level of generalizability of the
effect, which does not seem to depend on very tightly controlled
subtle wording manipulations. As discussed in the Introduction,
other research has investigated some components of the manip-
ulations in isolation, but the current research is, to the best of
our knowledge, the first to investigate the net effect of including

these different kinds of information in a single message with the
purpose of better informing decision-makers.

Future research should continue to investigate the extent to
which these different message elements—including the persua-
sive/informative aims of the communicator—contribute to per-
ceived trustworthiness. For example, experiments in which par-
ticipants read a message or messages in which the separate ele-
ments investigated here, such as the presence or absence of un-
certainty, are manipulated independently would be helpful. This
would aid estimation of the unique effects of each on perceived
trustworthiness and (with adequate power) interactions between
them (52). We also encourage further research investigating the
impact of transparent evidence communication on the perception
of communications in other decision-relevant contexts to better
understand the generalizability of the current results.

From a practical perspective, we must also note some chal-
lenges the evidence communication approach presents for com-
municators. Acknowledging both risks and benefits while disclos-
ing uncertainties and evidence quality requires the addition of
more information. This necessarily increases the length of com-
munications and may increase the complexity for readers. Com-
municators should aim to incorporate such information in a clear
and simple manner to minimize the effort required from the au-
dience using formal readability indices to check this, alongside
piloting information with the intended audience (53).

In conclusion, we find that balanced and transparent messages
aiming to inform rather than to persuade are not perceived as
less trustworthy. Indeed, it appears such message are perceived as
more trustworthy and broadly elicit less psychological reactance
among those with negative or neutral prior beliefs about the mes-
sage content. These findings suggests that those wishing to com-
municate evidence in a way that is more trustworthy, and that
is recognized as such by an audience with a broad range of prior
views on a topic, should consider taking an “evidence communica-
tion” approach. This involves setting out to inform, with balanced,
transparent information and discussion of uncertainties, rather
than using traditional, persuasive writing styles. Conversely, those
who wish to maximise their influence on their reader’s opinions
and behavior may lose some of their audience’s trust. A propor-
tion of the audience (particularly those with an opposing opinion
on the topic beforehand) may see such a persuasive approach as
less trustworthy.

Methods
Both studies were approved by the Cambridge Psychology
Research Ethics Committee (Study 1: PRE.2021.023; Study 2:
PRE.2021.079) and preregistered with aspredicted.org (Study 1:
https://aspredicted.org/rc956.pdf; Study 2: https://aspredicted.or
g/sv9mx.pdf). Two minor deviations from our pre-registered anal-
yses are the use of Johnson–Neyman intervals (see Fig. 1) to fur-
ther investigate the nature of reported interaction effects, and the
use of Bayes factors to determine the strength of evidence for null
treatment effects (requested during the peer-review process). Fur-
ther details of study contexts and additional outcomes are pro-
vided in Supplementary Method.

Study 1
Participants
Participants were recruited through the panel provider Respondi
using quotas to match the sample to the UK population (aged 18
to 50) in terms of age and gender. Participants were paid approx-

https://aspredicted.org/rc956.pdf
https://aspredicted.org/blind.php?x=ZJM_17B
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imately £1.60 for their participation. We set a target sample size
of 2,454 participants for analysis, providing 95% power to detect a
d = 0.2 effect size between conditions (α set at 0.016, incorporating
a conservative Bonferroni correction due to a third condition, see
below). This provides power to detect a “small” effect size (54) and
is comparable to effect sizes reported in similar research investi-
gating the effect of message content on perceived trustworthiness
[see internal meta-analysis in van der Bles et al. (21)].

Participants who did not provide informed consent, reported
being 50 years or older (because those older than 50 were mostly
vaccinated at the time), or having received a COVID-19 vaccine,
were screened from participating in the study. As pre-registered,
participants failing an attention check (“please select agree”) em-
bedded halfway through the survey were excluded from analysis
[N = 301; failure rate did not differ between conditions, χ2(2) =
1.70, P = 0.42; results for analyses with all participants included
were comparable to those reported in the main text, and the pat-
tern of significant effects was unchanged, see Tables S7 to S9]. This
resulted in a final sample size of N = 2,928 (MAge = 33.7, SD = 9.55;
50.9% women; 82.3% reporting ethnicity as White; 56.8% reporting
bachelor’s degree or higher; full demographic details are reported
in Table S1).

Considering only the Persuasive and Balanced conditions re-
ported in the main text, the final total sample size was N = 1,959
(NPersuasive = 977; NBalanced = 982).

Stimuli
Participants were asked to read one of three (two as the primary
conditions reported in the main text, the third reported in the sup-
plement) different messages about COVID-19. All messages were
prefaced with a page explaining that the participant would be
shown a short piece of information about COVID-19 vaccines and
that they would be asked some questions about the content. No
source information was provided.

The content of the messages is outlined in the following sec-
tions (full texts are provided in Table S2). All messages noted that:
the vaccines were approved by regulators, the occurrence of seri-
ous side effects such as blood clots was extremely rare, and the
vaccines do not contain animal or egg products.

Persuasive: This message was an abridged version of the in-
formation available to the public on the NHS website at the time
of data collection (55). The message encouraged the reader to get
vaccinated, describing the available COVID-19 vaccines simply as
“safe and effective.” The message provided a bulleted list of po-
tential minor side effects with no mention of frequency.

Balanced: This was based on the Persuasive version but edited
through an iterative process among the authors, seeking to incor-
porate all five of the elements of balanced evidence communica-
tion outlined by Blastland et al. (10). Briefly, the message framed
the information as there to help an individual choose whether
or not to be vaccinated, rather than as reasons why they should
choose vaccination. Evidence quality was communicated by stat-
ing that efficacy estimates and side effect frequencies were based
on the results of clinical trials, and results from a “typical trial”
were presented (56). The message outlined the sample size, abso-
lute numbers of COVID-19 cases in the trial arms, efficacy calcu-
lations, and frequency of common side effects. The message also
communicated uncertainty by noting the varying efficacy rates of
vaccines (as a range of percentages) and unknown duration of im-
munity. Lastly, the message also aimed to pre-empt potential mis-
understandings or misinformation by briefly explaining the accel-
erated regulatory review process and stating that the vaccines do
not alter DNA or affect fertility (57).

Due to the addition of more information, the Balanced mes-
sage text was longer than the Persuasive message text (289 and
542 words, respectively). However, the messages were compara-
ble in readability [Flesch reading ease scores: Persuasive = 56.6,
Balanced (excluding table) = 60.2].

A third “partial evidence communication” condition was in-
cluded in the experiment. This version was only lightly edited ac-
cording to the Blastland et al.’s (10) recommendations; only a sin-
gle sentence was changed for each of the five points. This was not
a “full” application of Blastland et al.’s (10) recommendations and,
for brevity, we do not report results for this condition here (but see
Supplementary Material). All pairwise comparisons account for
multiple tests between the three conditions using Tukey’s post-
hoc tests.

Measures
All items for the measures below are listed in Table S3. All
multi-item scales demonstrated satisfactory reliability (Cron-
bach’s αs > 0.80, Table S4). Before reading the texts, participants
completed a four-item measure of their prior beliefs about the
safety and efficacy of COVID-19 vaccines (example item: The cur-
rently available COVID-19 vaccines are safe; 1 = Strongly disagree,
7 = Strongly agree). Information trustworthiness was captured as
the average of participants’ ratings of the information as trustwor-
thy, accurate, and reliable (1 = Not at all, 7 = Very much). Producer
trustworthiness was measured with a single item asking partic-
ipants the extent to which they thought the people who are re-
sponsible for producing this message were trustworthy (1 = Not
trustworthy at all, 7 = Very trustworthy). Affective reactance was
measured using the Aversion scale developed by Marcus et al.
(58). This measure comprised the average of responses for the
words resentful, bitter, hateful, and angry (sliding scale: 0 = Not at all,
100 = Extremely). Cognitive reactance was measured with Gard-
ner and Leshner’s (59) three item scale (example: Did you criti-
cize the message you just saw while you were reading it? 1 = No, not
at all, 7 = Yes, very much so). Participants also reported their in-
tentions to receive a COVID-19 vaccine via the Oxford Vaccine
Hesitancy Scale (44) [example: Would you take a COVID -19 vac-
cine (approved for use in the UK) if offered? 1 = Definitely, 5 = Defi-
nitely not; scores reversed such that higher values indicate greater
willingness].

Study 2
Participants
Participants were recruited through the panel provider Re-
spondi. We used a quota sampling approach to recruit a sam-
ple broadly representative of the UK population in terms of age
and gender. Participants were paid approximately £1.50 for their
participation.

We aimed for a sample size providing sufficient power to repli-
cate the effect of the message by prior beliefs interaction on per-
ceived trustworthiness reported in Study 1. Results of a series of
simulations, using parameters from Study 1, indicated that a sam-
ple size of 1,300 would be sufficient to detect such an interaction
term with 95% power (α = 0.05; see https://osf.io/4wcy3/). Due
to budgetary constraints, we were not able to over-recruit to ac-
count for the removal of participants failing an attention check,
therefore, the final sample size for analysis provided closer to 90%
power to detect such an effect.

A total of 1,305 participants completed the survey. Of these, 271
(20.8%) failed an attention check embedded halfway through the
survey. The failure rate did not differ between conditions, χ2(1)

https://osf.io/4wcy3/
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< 0.001, P = 0.997. Results for analyses with inattentive partic-
ipants included were comparable to those reported in the main
text, and the pattern of significant effects was unchanged, see Ta-
bles S16 and S17). This resulted in a final sample size of N = 1,034
(Mage = 47.2, SD = 16.1; 50.6% women; 89.9% reporting ethnicity
as White; 43.5% reporting bachelor’s degree or higher; full demo-
graphic details reported in Table S10).

Stimuli
The content of the messages is outlined in the following sections
(full texts are provided in Table S11).

Persuasive: A short, essentially pronuclear message was con-
structed based on excerpts from two UK policy documents: “Ten
Point Plan for a Green Industrial Revolution” (60) and the 2020 “En-
ergy white paper: Powering our net zero future” (61). The message
first noted that the UK was considering building a new nuclear
power plant, then explained that nuclear power was a reliable
source of low-carbon energy and would help the United Kingdom
achieve its net-zero 2050 goals. It outlined that construction could
create 10,000 jobs and explained that the industry had commit-
ted to reducing the costs of construction by 30% by the end of the
decade.

Balanced: As in Study 1, this message was based on the Per-
suasive version but heavily edited through an iterative process
among the authors to incorporate all five of the elements out-
lined in Blastland et al. (10). Specifically, the adapted message
presented a more balanced consideration of the choice by ex-
plicitly stating that there were potential benefits as well as po-
tential downsides. In addition to the benefits noted in the Per-
suasive message, the Balanced message outlined negative as-
pects of nuclear power: high cost per energy unit compared to re-
newables, and challenges of safe operation and long-term waste
storage. The message also acknowledged uncertainty through
the inclusion of several hedge words (e.g., “could” rather than
“will”), noting that employment impacts were not exact esti-
mates, and providing numerical ranges (based on 95% CIs) for
energy costs per energy unit (62). In terms of communicating
evidence quality, the Balanced message noted that employment
impacts were estimates based on previous projects and of low
quality and that energy costs were based on government mod-
els. Lastly, the message addressed themisconception that nuclear
power plants produce carbon emissions as part of their energy
generation.

The Persuasive and Balanced messages were comparable in
length and readability (322 and 313 words, respectively; Flesch
reading ease score: Persuasive = 41.6, Balanced = 42.6). Study
2 messages and cue detection items, described in the next sec-
tion, were first piloted with a small sample recruited via Respondi
(N = 156, 51.3% male; Mage = 46.12, SD = 16.21), with participants
randomly allocated to read one of the twomessages.Although un-
derpowered, results indicated that participants meaningfully dif-
ferentiated the two messages on Blastland et al.’s criteria, using
items with the same wording as those reported in Fig. 2. Analysis
of open-ended comments did not raise any points of confusion
regarding the content, and there were no significant differences
between message groups in terms of reported effort required to
read or comprehension of the texts.

We also sought feedback from several policy professionals fa-
miliar with nuclear power policy, asking them to check if the Per-
suasive message adequately reflected the source material from
which it was taken. No concerns were raised.

Measures
All new items for the measures below are listed in Table S12.
All multi-item scales demonstrated satisfactory reliability (Cron-
bach’s αs > 0.82, see Table S13).

Prior to reading, the experimental text participants completed
Corner et al.’s (63) three-item measure of attitudes towards nu-
clear power in the United Kingdom (example item: How favourable
or unfavourable is your overall opinion or impression of nuclear power
for producing electricity currently? 1 = Very favourable, 5 = Very un-
favourable; scores reversed such that higher values indicate amore
positive disposition towards nuclear power).

Immediately following the presentation of the message, partic-
ipants completed a set of items intended to check whether partic-
ipants detected the changes that had been made to the Balanced
message, relative to the Persuasivemessage. These items aimed to
capture participants’ impressions of the message, framed in the
wording of Blastland et al.’s five recommendations,with two sepa-
rate items addressing uncertainty.Thesewere presented as sliding
scales (range 0–100) with endpoints labelled to reflect a spectrum
presented by the item text. For example, participants were asked
to rate the message on a scale from one-sided (0) to balanced (100).
See Table S14 for all items and labels.

Participants then completed the following measures, all iden-
tical to Study 1: information trustworthiness, producer trustwor-
thiness, affective reactance, cognitive reactance. Participantswere
also asked howmuch they support or oppose plans to build a new
nuclear power plant in the United Kingdom (1 = Strongly oppose,
7 = Strongly support). Additional measures are detailed in Tables
S3 and S12.

Code Availability
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