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ABSTRACT ARTICLE HISTORY
Background: Uncertainty is an important and frequently studied topic in health Received 18 September
communication. It can be caused by many different sources. However, research in 2025

which the effects of different sources of uncertainty are compared is limited, and little Revised 23 November 2025
is known about the impact of recipient characteristics on these effects. Accepted 5 January 2026
Aims: We investigate whether different sources of message uncertainty impact KEYWORDS

perceived medication effectiveness and behavioral intentions. In addition, we explore Uncertainty; health literacy;
the potential impact on message credibility, as well as the moderating role of recipients’ science literacy; uncertainty
intolerance of uncertainty, science literacy, and health literacy. intolerance; message
Methods: In our preregistered, online between-subjects experiment, we manipulated effects

the independent variable ‘uncertainty of the medicine’s effectiveness. Participants

(N=946, Dutch) were asked to imagine that they suffered from a severe headache for

which existing medication proved ineffective. Subsequently, they were randomly

exposed to one of four experimental messages. In the certain outcome condition, the

message communicated that a recently introduced medicine will be effective in

reducing this type of headache. In the three uncertain outcome conditions, the message

read that effectiveness was unsure for different reasons; i.e., limited scientific evidence,

expert disagreement, or conditional effectiveness.

Results: The certain outcome message resulted in higher perceived effectiveness of the

medicine and higher intentions to take the medicine compared to the conditions

presenting an uncertain outcome. There were no differences in perceived effectiveness

and intentions to take the medicine between the three uncertain conditions.

Furthermore, the uncertainty sources did not impact perceived message credibility, nor

did uncertainty intolerance, science literacy, or health literacy play a moderating role.

Discussion: Our study concludes that communicating uncertainty about a new

treatment decreases the perceived effectiveness and acceptance of this treatment, but

this effect does not depend on the source of the uncertainty.

PLAIN LANGUAGE SUMMARY

This study tested how uncertainty in health messages affects people by means of a
fictional scenario. We found that when a message said it was unsure if a new pill
against headaches would help, people believed it was less effective. They were also less
willing to take it. It did not matter what caused the uncertainty - the results were the
same. It also did not matter if people knew a lot about science or health, or if they
were good at handling uncertainty. The artificial setting of our study might have
influenced the findings.

The impact of uncertainty in health communication has been extensively studied, for instance in
the context of risk communication and treatment options in doctor-patient conversations (Bonner
et al.,, 2021; Gordon et al., 2000; Medendorp et al.,, 2021). In some cases, this uncertainty may be
due to randomness, which is inherent to science and cannot be reduced by any additional source
of information (i.e., aleatoric uncertainty), whereas other times it is caused by limitations in
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knowledge, which can be reduced based on new information (i.e., epistemic uncertainty) (Hiillermeier
& Waegeman, 2021; Vromans et al., 2024). In both cases, it is important to inform individuals
about uncertainty, to enable them to make informed decisions. However, research on the impact
of uncertainty communication on decision making and behavior change is scarce (Van Der Bles
et al., 2019). In this study, we experimentally test the impact of uncertainty on behavioral inten-
tions, and we assess the impact of specific causes of uncertainty and potential moderators.

Han et al. (2011) introduced a taxonomy of uncertainty, in which multiple causes of uncertainty
that play a role in health communication are distinguished. In the taxonomy, these causes are called
sources of uncertainty. Three of these sources of uncertainty are compared in the current study,
namely the situation in which limited scientific evidence is available, in which experts openly
disagree, and conditional effectiveness, when messages are complex and communication clarifies
that health outcomes are contingent upon factors like individual differences (such as genetics,
lifestyle, age, pre-existing conditions) and external influences. Where the first two sources of uncer-
tainty can be reduced with new evidence and are therefore epistemic in nature, the third source
is mixed as it stems from inherent natural variation (aleatory) as well as unknown causes (epis-
temic). The aim of our study is to investigate how these different sources of uncertainty in health
messages about a new medicine impact perceived medication effectiveness and intentions to take
the new medicine. Additionally, we explore the impact of uncertainty on message credibility, and
the moderating role of three recipient characteristics, because individual responses to uncertainty
may differ.

Some research has indicated that one’s intolerance of uncertainty influences how people respond to
uncertainty, however, most research in this area has been correlational and focuses on emotional out-
comes rather than behavioral intentions (Strout et al., 2018). In contrast, uncertainty effects have rarely
been studied in relation to literacy, while health literacy and science literacy have gained much prom-
inence in respective research fields recently and might arguably be relevant for dealing with uncertainty.
We explore whether the first two sources of uncertainty (consisting of ambiguous scientific evidence)
interact with the science literacy of the receiver. Additionally, we assess whether the third source of
uncertainty (consisting of conditional medication effectiveness) interacts with the recipient’s level of
health literacy. In the following section, we will substantiate our directional hypotheses that will be
formally tested, as well as our research questions which cover the relationships that will be explored.

Effects of uncertainty in health communication

Uncertainty in health communication can apply to a wide variety of contexts. It can refer to the
likelihood that a certain treatment is effective, or the risk that any treatment causes a specific side
effect. The evidence for how uncertainty may impact perceptions of treatment effectiveness and
adherence behavior seems to be mixed. One study showed a negative association between people’s
perception that there are many different recommendations about cancer prevention (perceived ambi-
guity) and their perception of cancer preventability and preventive behaviors, such as sunscreen use
(Han et al,, 2007). Another study tested the effects of a hypothetical newspaper article describing a
vaccine-preventable disease pandemic, in which the scientific uncertainty about the disease’s risk and
vaccine effectiveness were manipulated. Here, vaccination intentions were found to be lower for the
people who were exposed to the article communicating uncertainty compared to the no-uncertainty
group (Han et al,, 2018). In contrast, two studies that were conducted during the COVID-19 pan-
demic (May/June 2020) found no or positive effects of uncertainty on intentions or behavior (Gillman
et al., 2023; Han et al., 2021). The study conducted by Gillman et al. (2023) was correlational, whereas
Han et al. (2021) manipulated the level of uncertainty in messages addressing the pandemic’s severity
and effectiveness of protective measures such as mask wearing and social distancing, as no vaccine
was available at that time. Possibly, the level of proximity between the topic of uncertainty (either
measured or manipulated) and the outcome behavior could explain this variation in findings. Perceived
insecurities about the pandemic as a whole might be less likely to influence specific behaviors such
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as vaccine uptake (Gillman et al., 2023) than insecurities about vaccine effectiveness for example.
Based on the literature discussed, we formulate the following hypotheses.

H1: Health messages communicating an uncertain outcome of a new medicine will result in a) lower per-
ceived medication effectiveness and b) lower intentions to take the new medicine than a health message
communicating a certain outcome.

Sources of uncertainty

As uncertainty can play a role in various contexts, multiple frameworks of uncertainty have been developed
in a range of different disciplines (Van Der Bles et al.,, 2019). In health communication, the taxonomy of
uncertainty (Han et al, 2011) is frequently used, which distinguishes various dimensions. One relevant
dimension pertains to the issue or domain of uncertainty, which can be either scientific (data-centered),
practical (system-centered) or personal (patient-centered). In this study, we focus on scientific uncertainty,
which encompasses uncertainty about diagnosis, prognosis, causality and treatment. The other relevant
dimension differentiates between various sources of uncertainty, being probability, ambiguity, and com-
plexity. Uncertainty due to probability (or risk) is common in health communication and has most often
been studied (Kalke et al., 2021). This type of uncertainty, exemplified by ‘a 30% chance that a treatment
will be effective, has positive or null effects on behavioral outcomes (Gustafson & Rice, 2020).

Uncertainty due to ambiguity stems from, for instance, disagreement between experts or lack of
information (Han et al., 2011; Van Der Bles et al., 2019). In our digital society, many people mainly
find their information online, where people are easily exposed to conflicting (expert) information.
While there can be various reasons for experts having different opinions on a certain topic (see for
example the taxonomy of disagreements by Deroover et al. (2023)), conflicting expert-provided infor-
mation can be a cause of confusion and has, among other outcomes, shown to decrease health
behavior intentions (Carpenter et al., 2016; Gustafson & Rice, 2020). In many areas of scientific
research, particularly in the early stages of a pandemic, there is limited knowledge and much remains
unknown. Communicating this lack of information results in mixed effects (see ‘deficient uncertainty’
in the systematic review by Gustafson and Rice (2020)). When focusing on health behavior as a
context and behavioral intentions as outcome, one study found a negative effect of uncertainty due
to lack of knowledge on vaccination interest against a hypothetical virus (Han et al., 2018).

Uncertainty due to complexity is caused by a multiplicity of factors and interpretative cues, and
operationalized in our study as conditional effectiveness. As the interpretation of messages commu-
nicating an uncertain outcome in this case is not straightforward, it might impact the ease with
which the message is processed, and consequently influence message effects.

In order to gain better insight into the impact of different sources of uncertainty on health behav-
iors, we formulate the following research question:

RQI1: To what extent do different sources of uncertainty impact a) perceived medication effective-
ness and b) behavioral intentions?

Furthermore, as an additional, third dependent variable we explore how different sources of
uncertainty influence perceived message credibility. Research in the field of risk communication has
for example shown that risk estimates with uncertainty ranges were not perceived as less credible
by the recipient than risk estimates without uncertainty (i.e., point risk estimates) (Vromans et al.,
2024). However, to our knowledge, it is not yet clear whether specific sources of uncertainty impact
the perceived credibility of health messages. We will explore this through the following research
question.

RQ2: To what extent do different sources of uncertainty impact perceived message credibility?

The moderating role of recipient factors

Multiple personal characteristics can theoretically be expected to impact the outcomes of scientifically
uncertain messages. We will explore intolerance of uncertainty, science literacy, and health literacy.
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Intolerance of uncertainty

One characteristic that is relevant in relation to uncertainty communication is uncertainty intolerance.
Uncertainty tolerance is defined as “the set of negative and positive psychological responses—cognitive,
emotional, and behavioral—provoked by the conscious awareness of ignorance about particular aspects
of the world” (Hillen et al., 2017). One study on general perceptions of COVID-19 uncertainty found
that higher tolerance of risk and lower tolerance of ambiguity were associated with lower intentions
to get vaccinated (Gillman et al., 2023). However, no moderating effects between perceived COVID-19
uncertainty and tolerance of uncertainty were observed in vaccination intentions in this study. We
nevertheless examine this interaction in our experiment as there might be a difference in whether
the level of uncertainty is measured or manipulated.

Science literacy

Science literacy has been defined in many different ways, but broadly speaking can be defined as
the ‘ability to understand and use science’ (Committee on Science Literacy and Public Perception
of Science et al., 2016; Mede et al., 2025). It has often been measured by looking at people’s factual
science knowledge (Kahan et al., 2012) using the National Science Foundation’s (NSF) Science and
Engineering Indicators (National Science Board, 2010). This scale includes true/false questions such
as ‘Electrons are smaller than atoms’ and ‘Antibiotics kill viruses as well as bacteria In the context
of uncertain health communication, however, it is more relevant to investigate people’s ability to
understand and use science to make sense of uncertain communication rather than assess their
factual knowledge. The potential role of science literacy, especially the ability to understand and
use science, in coping with scientific uncertainty is yet unclear.

Health literacy

Health literacy is defined as “the degree to which individuals can obtain, process, understand, and
communicate about health-related information needed to make informed health decisions” (Berkman
et al., 2010). Lower levels of health literacy are associated with adverse health outcomes (Berkman
et al., 2011) and impact information processing (Meppelink & Pajor, 2025). It has been suggested
that people’s responses to uncertainty in health communication may depend on their health literacy
level (Brashers, Deroover et al., 2023). However, empirical evidence is scarce. In an online exper-
iment, no moderating effect of (subjective) health literacy was found on the impact of scientific
uncertainty on intentions for risk-reducing behaviors or vaccination (Han et al., 2021).

Method
Design and participants

The experiment was conducted in the Netherlands. It consisted of a one-factor (message: certain/
uncertain due to limited scientific evidence/uncertain due to conflicting expert opinions/uncertain due
to conditional effectiveness) between-subjects design. Intolerance of uncertainty, science literacy and
health literacy were measured moderators. Our maximum sample size was guided by time and mon-
etary constraints. We expected to be able to collect data from approximately 920 participants. For our
hypotheses, this meant that we would be able to detect an effect size as small as d=0.22 on each of
our two outcomes (independent samples t-test). For our exploratory analyses, we had 0.9 power to
detect differences of f=0.12 between groups in a one-way ANOVA with an alpha of .05. See our pre-
registration of this study on OSF for more details of the power analysis (https://osf.io/hy9w7/overview).

Recruitment of participants occurred via the ISO-certified market research institute PanelClix. Of all
collected responses, 21 cases were excluded from the analyses based on our preregistered exclusion
criteria, i.e., failing both the speeding check (<3 min to complete the entire study) and attention check
(‘to monitor the quality of the responses please select the answer option ‘agree”). The final sample
consisted of 946 participants and is representative of the Dutch population in terms of gender, age, and
education level, except for the fact that all participants had to be at least 16years old. We assessed


https://osf.io/hy9w7/overview

HEALTH LITERACY AND COMMUNICATION OPEN 5

Table 1. Participant Characteristics.

Variable n %
Gender Male 468 49.5
Female 476 50.3

Prefer not to say 2 0.2

Education level Low 237 25.0
Middle 438 46.3

High 271 28.6

Headaches in daily life Never 165 17.5
Sometimes 579 61.3

Regularly 144 15.2

Often 49 52

Always 8 0.8

Mean SD
Age (years) 48.21 16.54
Trust in doctors as health information source (1 not at all =7 a lot of 5.68 1.04

trust)
Trust in scientists as health information source (1 not at all =7 a lot of 5.25 1.17
trust)

Uncertainty intolerance (1 very tolerant — 5 very intolerant) 2.35 0.75
Science literacy (0 low science literacy — 8 high science literacy) 4.61 1.66
Health literacy (0 low health literacy — 22 high health literacy) 14.89 4.76

participants’ demographic information as well as their trust in health information provided by doctors
and scientists. Trust in doctors and scientists was measured using a single, author-created item phrased
as “To what extent do you trust health information provided by a doctor?” and “To what extent do
you trust health information provided by a scientist?” respectively. Response options ranged from no
trust at all (1) to trust a lot (7). Table 1 provides an overview of the participants’ characteristics.

Stimulus materials

Participants were asked to imagine that they were suffering from a headache for multiple consecutive
days and were introduced to a new medicine to ease the headache. We chose this context because many
people suffer from headaches (Stovner et al, 2022), making this scenario easy to imagine. We also
mentioned that the medicine was available in drugstores, to communicate that it was not an experi-
mental medicine. We did not provide an explicit message source, as this is known to impact how people
evaluate a message’s credibility (Hu & Shyam Sundar, 2010) and might thereby introduce a confounding
variable into our study design. The scenarios were in Dutch (122 to 144 words each), the English
translations and details of the pretest can be found in Appendix A. The certain condition stated that
the medicine is certainly effective, compared to the three uncertain conditions that stated that the
medicine might be effective in reducing the headache. The provided reason for this varied across con-
ditions, namely 1) limited scientific evidence and the need for more research; 2) expert disagreement
on the effectiveness of the medicine; 3) conditional effectiveness, meaning that the medicine might be
effective in the specific case where the user is not hypersensitive to certain ingredients.

Measures

Dependent variables

Perceived effectiveness of the medicine. The dependent variable perceived effectiveness of the medicine
was measured with the single author-created item “How effective do you think the new medicine
would be at preventing this type of headache?”. The endpoints of this 7-point Likert scale were labeled
as “not effective at all” (1) and “very effective” (7). Generally, participants perceived the medicine to
be somewhat effective (M =4.49, SD=1.27).

Behavioral intention. It was measured using the single author-created item “How likely is it that you
would take this medicine to reduce your headache?”. Answer options ranged from ‘definitely no” (1)
to “definitely yes” (7). Overall, behavioral intention was somewhat positive (M =4.27, SD=1.80).
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Perceived message credibility. The five-item message credibility scale (Flanagin & Metzger, 2000) was
used to measure perceived message credibility. The items read “To what extent is the information
provided in the text about the medicine against a headache: believable - accurate - trustworthy -
biased (reverse-coded) - complete”. Answer options ranged from “not at all” (1) to “very much” (7).
The scale was reliable and averaged across items (M=3.94, SD=1.07, Cronbach’s a = .807).

Moderators

Uncertainty intolerance. It was measured with the Dutch translation of the 12-item Intolerance for
Uncertainty Scale (Carleton et al., 2007). Exemplary items stated “Unforeseen events upset me greatly”
and “I always want to know what the future has in store for me”. Answer options ranged from “not
at all characteristic of me” (1) to ‘entirely characteristic of me” (5). The scale was found to be reliable
and averaged across items (Cronbach’s a = .908).

Science literacy. A scientific reasoning scale (Drummond & Fischhoff, 2017) was included to measure the
moderator science literacy. The original scale consists of 11 true/false questions related to scientific reasoning.
We used 8 out of the original 11 items. The score was calculated by summing the correct answers. The
Cronbach’s alpha (or: KR20) of the measure turned out to be problematic (0.358) and the value could
only be slightly improved to 0.446 if two items were excluded. Since both values are low, we decided to
keep all items, but acknowledge that the internal consistency of the scale is low.

Health literacy. Health literacy was assessed using the comprehension test of the 22-item version of
the Short Assessment of Health Literacy in Dutch (SAHL-D22) (Pander Maat et al., 2014). Participants
answered 22 multiple-choice questions for which they had to select the accurate meaning of a health-
related word (e.g., pancreas, biopsy, psoriasis). For each correct answer, 1 point was awarded. Incorrect
and “I don’t know” answers received 0 points, resulting in a scale ranging from 0 to 22. Cronbach’s
alpha (or: KR20) was 0.849.

Procedure

Ethical approval was obtained from the Ethics Review Board (FMG-UvA), University of Amsterdam
(FMG-4779_2023). The online experiment was administered using the research software Qualtrics.
Upon entering the online study, participants were presented with an introduction page, which informed
them about the study’s topic, as well as privacy, ethics, and data-related aspects of the study. Only
participants who provided informed consent and passed the commitment check (i.e., declaring that
it was their intention to be a truthful and dedicated participant) were able to start. The study started
with random assignment to one of the four experimental scenarios. Participants were asked to care-
fully read the text and imagine they experienced the situation described. After 15seconds they could
proceed to the next page, where the dependent variables behavioral intention, perceived effectiveness
of the medicine, and perceived message credibility were measured, followed by the manipulation
checks and the attention check. The subsequent part of the questionnaire measured the moderators’
uncertainty intolerance, science literacy, and health literacy. Next, trust in health information sources
and demographics were assessed. At the end of the study, participants were debriefed and thanked
for their participation. They were each rewarded with credits (equaling EUR 1.27) for their partici-
pation, which took 18.7 minutes on average (SD=63.6, Median=11.8).

As announced in the preregistration on OSE to not waste any resources, data collection was paused
when the data for 80 participants was collected to check whether the uncertainty manipulation was
sufficiently successful. We compared participants’ responses between the certain versus uncertain
outcome conditions for the manipulation check slider item “How certain is science about the effec-
tiveness of the medicine against this type of headache?” (0 - not certain at all to 100 - very certain).
Results of an independent samples t-test (¢ (78) = —-3.59, p <.001) showed that people in the certain
outcome condition (n=20) attributed greater certainty (M =70.8, SD=22.1) than people in the uncer-
tain outcome conditions (n=60; M=51.4, SD=20.6) and data collection continued.
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Data analyses

All variables were checked for normality (skewness between —1 and 1, kurtosis between -3 and
3) and homogeneity of variances (nonsignificant Levene’s tests). These assumptions were met,
unless reported otherwise. Hypotheses la and 1b were tested with two independent samples
t-tests with message uncertainty as independent variable (certain outcome message versus the
three uncertain outcome messages) and perceived medication effectiveness and medicine intake
intention as dependent variables. A third independent samples t-test was performed to explore
the effect of uncertainty on perceived message credibility. A one-way ANOVA was used to test
RQ1. For the exploratory moderation analyses, we used the PROCESS macro for SPSS (Hayes,
2013) (v 4.0, model 1, 5,000 bootstrapped samples). The moderators were mean-centered prior
to the analysis.

Results
Manipulation checks

The quality of our manipulation of uncertainty was evaluated with the item “How certain is science
about the effectiveness of the medicine against this type of headache?” (0 - not certain at all to 100 -
very certain). An independent samples t-test showed that respondents in the certain outcome condition
(n=238) believed that science was more certain (M=67.55, SD=23.68) than people in the uncertain
outcome conditions (n=708; M=48.51, SD=22.79). This difference was in the expected direction and
significant, which indicates that our manipulation of uncertainty was successful (¢ (944) = -11.04, p
<.001). The three uncertain conditions did not significantly differ from each other in terms of the
manipulation check item, with means of 48.82, 48.03, and 48.68 (a one-way ANOVA with Bonferroni
post-hoc comparisons showed all p’s > .99).

The quality of our manipulation of the source of uncertainty was evaluated with the item “What
does science say about the effectiveness of the medicine for this type of headache? Choose the answer
option that best reflects the text that you have read”. Answer options were: 1) not many studies are
available yet, there is limited evidence; 2) not all scientists agree about the effectiveness; 3) the medicine
is only effective in specific cases; 4) scientists say that the medicine is effective. The reported source of
uncertainty was correct in 68.5% (certain outcome condition) to 80.3% (expert disagreement condi-
tion) of the cases, see Table 2.

Message outcome certainty effects (hypotheses tests)

Table 3 shows the descriptive statistics (M, SD) per condition and dependent variable. The first
independent samples t-test showed that people exposed to a certain outcome message perceived
the medicine to be significantly more effective than people who were exposed to a message com-
municating an uncertain outcome (#(944) = -7.34, p <.001, Cohen’s d=0.55). Similarly, intentions
to take the medicine were significantly higher among participants to a certain message outcome
compared to an uncertain message outcome (#(453,85)= —6.39, p <.001, Levene’s F=6.91, p = .009,

Table 2. Manipulation Check Source of Uncertainty.
Certain out come% (n) Limited evidence % (n) Expert disagreement % (n) Conditional effectiveness % (n)

Scientists claim that it is 68.5 (163) 11.1 (26) 46 (11) 5.9 (14)
effective

Limited studies and 12.2 (29) 76.1 (178) 11.3 (27) 10.2 (24)
evidence

Not all scientists agree 12.6 (30) 8.5 (20) 80.3 (191) 11.9 (28)

Only works in specific 6.7 (16) 4.3 (10) 3.8(9) 72.0 (170)
cases

Total 100 (238) 100 (234) 100 (238) 100 (236)

Note. Columns represent conditions, rows report the answers. Percentages in bold represent the correct response.
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Table 3. Descriptive Statistics (M, (SD)) Per Condition and Dependent Variable.

Dependent variables

Conditions Perceived effectiveness Behavioral intention Perceived credibility

Certain outcome (n=238) 5.00 (1.16) 4.87 (1.62) 4.03 (1.14)

Uncertain outcome* (n=708) 4.32 (1.26) 4.07 (1.82) 3.91 (1.06)
Limited evidence (n=234) 4.39 (1.24) 3.96 (1.81) 3.92 (1.04)
Expert disagreement (n=238) 4.23 (1.06) 3.96 (1.88) 3.91 (1.06)
Conditional effectiveness (n=236) 434 (1.45) 4.28 (1.78) 3.91 (1.07)

Note "this row represents the combination of the three uncertain outcome conditions, which were merged to test the hypotheses and
explore the moderating role of uncertainty intolerance.

Cohen’s d=0.45). This means that Hla and H1b are supported. Additional post-hoc comparisons
(one-way ANOVA) showed no significant differences between the three uncertain conditions for
both outcomes (all p-values > .270).

Another independent samples t-test showed that message outcome certainty (certain versus uncer-
tain message outcome) did not impact perceived message credibility (#(944) = —1.40, p = .163). To
answer RQ1; whether perceived message credibility depends on the source of uncertainty, a one-way
ANOVA with post hoc Bonferroni comparisons was used. Results showed that the level of perceived
message credibility was equal in all four conditions, and thus not impacted by the source of the
uncertainty (F(3, 942) = .653, p = .581).

Exploratory moderation analyses

In the first set of exploratory analyses intolerance of uncertainty was used as moderator. As intol-
erance of uncertainty is related to the coping with uncertainty in general - and not to a specific
source of the uncertainty - the independent variable levels again contrasted certain versus uncertain
outcomes. No significant moderation effects were observed in the analyses, which were conducted
with perceived effectiveness (b=0.17, SE=0.12, p = .170) and behavioral intention (b=0.11, SE=0.17,
p = .515) as outcome variables. All regression tables of the moderation analyses are presented in
Appendix B.

Next, the potential moderating role of science literacy was assessed. Our experimental conditions
involved two different sources of uncertainty related to science. Therefore, we first contrasted the
limited scientific evidence condition against the certain outcome condition and found no moderation
effect with science literacy on perceived effectiveness (b=-0.10, SE=0.07, p = .885) or behavioral
intention (b=-0.03, SE=0.10, p = .790). Subsequently, we contrasted the expert disagreement con-
dition against the certain outcome condition while exploring the moderating role of science literacy,
which was not found for perceived effectiveness (b=0.01, SE=0.06, p = .894) or behavioral intention
(b=0.06, SE=0.10, p = .558).

Finally, we explored whether the participant’s level of health literacy influences the effects of
uncertainty caused by message complexity. Theoretically, a message with uncertainty due to con-
ditional effectiveness is usually complex and therefore difficult to process and understand. For
that reason, a recipient’s level of health literacy is most likely to interact with this source of
uncertainty specifically. We compared the certain outcome condition with the conditional effec-
tiveness condition, and added health literacy as a moderator. Again, no moderation effects were
found on perceived effectiveness (b=-0.05, SE=0.03, p = .053) or behavioral intention (b=-0.06,
SE=0.03, p = .066).

Robustness check with covariates

The reported analyses were conducted without any covariates. As mentioned in the preregistration
of this study we also ran the analyses with the two covariates ‘trust in doctors/trust in scientists
as health information sources’ (i.e., ANCOVA instead of t-test/one-way ANOVA). Results were
consistent, except for the moderation analysis with health literacy as a moderator and perceived
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effectiveness as the outcome variable. If both covariates are included, this moderation effect becomes
significant (b=-0.05, SE=0.02, p = .048).

Discussion

Our study aimed to investigate the impact of different sources of uncertainty in health messages on
behavioral intentions and related outcomes, and to explore the moderating role of recipient charac-
teristics. Results showed that uncertainty decreases perceived medication effectiveness and behavioral
intention, as we hypothesized. In our further explorations, we did not find any effect of the sources
of the uncertainty or the moderators.

The findings of our study indicate that a message that communicates uncertainty about a medicine’s
effectiveness decreases people’s perceptions of medication effectiveness and intake intentions, at least
in the short term. This finding is in line with other studies on uncertainty and intention or behavior,
particularly those in which the object of the uncertainty and the assessed outcomes are closely related
(Han et al., 2007, 2018). This differs from studies in other contexts in which uncertainty and behaviors
that are less closely related have been assessed, such as uncertainty about the COVID-19 pandemic
in terms of severity and duration and the acceptance of preventive measures (e.g., Gillman et al,
2023). Future research should keep this proximity between the object of the uncertainty and the out-
come in mind when investigating uncertainty effects in health communication. In contrast to perceived
effectiveness and intention, we found no significant effect of uncertainty on perceived credibility of
the message. Uncertain or not, all messages were perceived as more or less equally credible.

To our knowledge, our study is the first that experimentally compares the impact of multiple
sources of uncertainty on perceived medication effectiveness and behavioral intentions. Given the
nonsignificant differences between the three uncertainty conditions, one might consider the possi-
bility that people insufficiently processed the sources of uncertainty to allow any effect to emerge.
However, the data from our second manipulation check suggest otherwise. Here, when asked to
recognize the described source of uncertainty, people performed well above chance and much better
than expected given the instructions focusing on imagining the scenario, rather than remembering
the text or any specifics about (un-)certainty (chance level = 25%, accuracy levels ranged from 69
- 80%). This demonstrates that the sources of uncertainty were processed sufficiently (though not
remembered flawlessly), which should allow an effect of uncertainty source to manifest. These
findings suggest that the three examined sources of uncertainty, which also differ with respect to
epistemic and aleatory types of uncertainty, do not differentially impact people’s perceptions of
medication effectiveness and their intentions to take these medications. Of course, future work on
sources of uncertainty should further accumulate evidence on whether these findings prove robust
over time.

We reasoned that the participants’ level of science literacy, health literacy, and uncertainty intol-
erance might mitigate the impact of uncertainty depending on its source. However, we did not find
these effects. Only in case of the robustness check, i.e., additional analyses in which trust in doctors
and scientists were added as covariates, we found one interaction effect, namely that health literacy
strengthened the negative effect of conditional effectiveness (compared to the certain message) on
perceived medication effectiveness. It might be useful to further explore this tentative finding in
future research, as research has shown that message complexity might impact information processing
among people with different levels of health literacy (Meppelink et al., 2015). Additionally, the extent
to which a message’s uncertainty in the form of conditional effectiveness might make a message more
difficult to process should be further investigated.

For the moderators, the measure choice could have impacted our findings, and consequently, our
conclusions. Science literacy and health literacy are both broad, multifaceted constructs that are dif-
ficult to capture with a single, objective measure. We preferred using objective measures over self-reported
ones because people tend to overestimate their abilities (Kruger & Dunning, 1999), an effect that was
also observed in relation to health literacy (Canady & Larzo, 2023). We selected the SAHL-D, which
is a performance-based validated health literacy measure that assesses people’s understanding of
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health-related terminology. The measure is widely used in health literacy research in the Netherlands
(Meppelink et al., 2015; Murugesu et al., 2021; Van Weert et al., 2021; Woudstra et al., 2019).

For science literacy, it was challenging to identify an objective measure. Many scales that purport
to measure science literacy actually measure factual, topic-specific knowledge (Van Stekelenburg,
2026). We ultimately opted for a measure that assesses ‘scientific reasoning, which conceptually differs
from literacy, as it represents only one dimension of it (Committee on Science Literacy and Public
Perception of Science et al., 2016), but fits the current theoretical framework focused on dealing with
(science-related) information. However, the translation to Dutch and the exclusion of three items
might have reduced the applicability and impacted the measure’s internal consistency. The results
with respect to science literacy should therefore be interpreted with caution and future research might
further investigate the moderating role of science literacy in the context of scientific uncertainty using
a different measure. Here, a recently developed science literacy scale that takes into account civic
science literacy, science media literacy, and cognitive science literacy (Mede et al.,2024) might be of use.

Our study has some limitations. A first limitation is the artificial setting in which the study took
place. The aim of our study was to test the impact of different sources of uncertainty on message
acceptance and intention, to inform health communication practices. We carefully developed exper-
imental stimuli that represented each individual source of uncertainty and asked participants to
imagine a specific situation. This enabled us to test the unique impact of each source of uncertainty
and uncertainty in general. However, it is possible that in real-life settings, or in situations in which
the stakes are higher, such as the context of cancer treatment, people might respond differently. Also,
it could be that in real life multiple sources of uncertainty play a role. As a result, our findings
regarding behavioral intentions obtained in this artificial context may not generalize to different types
of real-world health decisions. A second limitation relates to the measurement of science literacy.
The measure of our choice turned out to have low internal consistency and our findings with respect
to this variable should therefore be interpreted with caution.

To conclude, our study showed that uncertainty decreases effectiveness perceptions and behavioral
intentions. No differences were observed between different sources of uncertainty, nor did the tested
moderators impact the effects of uncertainty. Additionally, uncertainty did not impact perceived credibility
of the message. This is of interest for health communicators, as it implies that uncertainty communication
does not undermine the credibility of a message. Especially in health contexts, whether it concerns med-
ication, treatment, or vaccination decisions, individuals should be enabled to make well-informed choices.
This includes taking into account the uncertainty that is inherent in the accumulation of scientific evidence.
Additionally, being transparent about uncertainty is not only ethical, but also safeguards trust in the
communicator if the scientific evidence changes (Dries et al., 2024). Thus, though communicating uncer-
tainty reduces perceived medication effectiveness and uptake intentions, it is ethically appropriate and can
support informed decision-making without compromising credibility.
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Appendix A

English translations of the experimental messages. The original Dutch messages can be found on OSE

Certain outcome message

There is convincing scientific evidence for the effectiveness of this drug. That is to say: Scientists agree that the drug certainly
works to reduce this type of headache. Professor Van den Broek states: “It is a promising drug. The research results of studies
in the Netherlands and abroad are clear and convincing. Science shows that this drug works to combat this type of headache”

Limited scientific evidence

There is limited scientific evidence for the effectiveness of this drug. That is to say: Based on the current state of research,
scientists believe that the drug may work to reduce this type of headache. Professor Van den Broek states: “It is a relatively
new drug, so the number of available studies in the Netherlands and abroad is limited. The research results of the few studies
that do exist show that the drug can counteract this type of headache. Further research will have to provide more insight into
this”

Expert disagreement

Scientists are still not in agreement about the effectiveness of this drug. That is to say: Most scientists believe that the drug
may work to reduce this type of headache, but not all experts agree. Professor Van den Broek states: "Based on the research
results of studies in the Netherlands and abroad, we are convinced that the drug can counteract this type of headache." However,
Professor Laumen sounds a different note: "I doubt the effectiveness of the drug."

Conditional effectiveness

There is scientific evidence that the drug works in some cases. That is to say: Scientists believe that the drug may work to
reduce this type of headache in certain cases. This only applies when the user is not hypersensitive to certain ingredients and
the medication is used for a limited period. Professor Van den Broek states: “Research results from studies in the Netherlands
and abroad show that the drug can sometimes counteract this type of headache, namely only for a certain group of people and
as long as it is not used for too long”

Pretest

The four scenarios were pretested among 28 participants (79% female, Mage = 48.6years, SDage = 14.3) to evaluate the effec-
tiveness of the uncertainty manipulations. Based on the comments provided by the participants, we inferred that uncertainty
perceptions were insufficiently different across the manipulated conditions. As a result, we added a quote to each scenario, in
which a scientist was quoted who rephrased the uncertainty manipulation. Now, the described reasons for (un-)certain effec-
tiveness of the medicine were operationalized by referring to the status quo of the research as well as by presenting statements
from scientists to illustrate the source of (un-)certainty.
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Appendix B

Regression tables of all moderation analyses with perceived medication effectiveness and behavioral intention as dependent
variables. The reported models are ones without covariates. As a robustness check, the same analyses were conducted with the
variables ‘trust in doctors’ and ‘trust in scientists’ added as covariates. The results were comparable, except for the moderator’s
health literacy.

Table B1. Moderation analyses with message certainty (1) versus uncertainty (0) as independent variable and uncer-
tainty intolerance as moderator.

Outcome Predictor b value t 95% Cl p value
Perceived effectiveness
constant 4.32 93.47 4.23,4.41 <.001
message certainty 0.66 7.16 0.48;0.84 <.001
uncertainty intolerance 0.09 1.51 —0.03;0.22 131
message certainty * 0.17 137 —0.07;0.40 170

uncertainty intolerance
Behavioral intention

constant 4.07 61.17 3.94,4.20 <.001
message certainty 0.79 591 0.52;1.05 <.001
uncertainty intolerance 0.10 1.08 —0.08;0.27 281
message certainty * 0.11 0.65 0.23;0.46 515

uncertainty intolerance

Note. R? model perceived effectiveness = .06; R> model behavioral intention = .04.

Table B2. Moderation analyses with limited scientific evidence (1) versus certain message outcome (0) as independent
variable and science literacy as moderator.

Outcome Predictor b value t 95% Cl p value
Perceived effectiveness
constant 5.00 63.64 4.85,5.16 <.001
limited evidence -0.62 —5.55 —0.84;,-0.40 <.001
science literacy -0.02 —-0.46 -0.12;0.07 .644
limited evidence * -0.10 -0.15 —0.14;0.12 .885

science literacy
Behavioral intention

constant 4.88 43.67 4.66-5.10 <.001
limited evidence -0.95 -5.97 -1.21;,-0.64 <.001
science literacy -0.08 -1.16 —0.21;0.06 .248
limited evidence * -0.03 -0.27 -0.21;0.16 790

science literacy

Note. R? model perceived effectiveness = .06; R model behavioral intention = .07.

Table B3. Moderation analyses with expert disagreement (1) versus certain message outcome (0) as independent
variable and science literacy as moderator.

Outcome Predictor b value t 95% Cl p value
Perceived effectiveness
constant 5.00 68.54 4.86;5.15 <.001
expert disagreement -0.78 —7.54 —0.98;-0.58 <.001
science literacy -0.02 -0.50 —0.11;0.06 618
expert disagreement* 0.01 0.13 -0.11;0.13 .894

science literacy
Behavioral intention

constant 4.89 42.49 4,66;5.11 <.001
expert disagreement -0.93 -5.73 —-1.25;,-61 <.001
science literacy —0.08 -1.13 —0.21;0.06 260
expert disagreement* —0.06 —-0.59 0.13;0.25 .558

science literacy

Note. R? model perceived effectiveness = .11; R model behavioral intention = .07.
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Table B4. Moderation analyses with conditional effectiveness (1) versus certain message outcome (0) as independent
variable and heath literacy as moderator.

Outcome Predictor b value t 95% Cl p value
Perceived effectiveness
constant 5.00 60.00 4.83;5.16 <.001
conditional effectiveness -0.66 -5.47 —0.89;,-0.42 <.001
health literacy 0.00 0.69 —0.03;0.04 945
conditional effectiveness * —-0.05 -1.94 —0.10;0.00 .053

health literacy®
Behavioral intention

constant 4.87 44.66 4.65;5.08 <.001
conditional effectiveness -.059 -3.76 —0.88;,-0.28 <.001
health literacy 0.00 0.05 —0.04;0.05 961
conditional effectiveness * -0.06 -1.85 —0.12;0.00 .066

health literacy

Note. R? model perceived effectiveness = .07; R model behavioral intention = .04.
alf general trust in science and doctors were added as covariates, the interaction effect becomes significant. Adding these two covariates
did not impact any of the other analyses.
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