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Unquestioned Answers or Unanswered Questions: Beliefs
About Science Guide Responses to Uncertainty in Climate
Change Risk Communication

Anna Rabinovich∗ and Thomas A. Morton

In two experimental studies we investigated the effect of beliefs about the nature and purpose
of science (classical vs. Kuhnian models of science) on responses to uncertainty in scientific
messages about climate change risk. The results revealed a significant interaction between
both measured (Study 1) and manipulated (Study 2) beliefs about science and the level of
communicated uncertainty on willingness to act in line with the message. Specifically, mes-
sages that communicated high uncertainty were more persuasive for participants who shared
an understanding of science as debate than for those who believed that science is a search for
absolute truth. In addition, participants who had a concept of science as debate were more
motivated by higher (rather than lower) uncertainty in climate change messages. The results
suggest that achieving alignment between the general public’s beliefs about science and the
style of the scientific messages is crucial for successful risk communication in science. Ac-
cordingly, rather than uncertainty always undermining the effectiveness of science communi-
cation, uncertainty can enhance message effects when it fits the audience’s understanding of
what science is.
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1. INTRODUCTION

With the increased speed of scientific and tech-
nological development, and improved access to sci-
entific information across the society, effective com-
munication of scientific research to the general public
has become an acute problem. This problem is par-
ticularly apparent in certain areas of science that aim
to communicate risks and may have significant im-
plications for the general public, such as climate sci-
ence.(1,2) One aspect of scientific information that is
seen as particularly problematic for communication
with the general public is the uncertainty inherent
in most scientific findings. Science rarely provides
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answers or predictions with absolute certainty. Yet,
ordinary people typically look for certainty when de-
ciding how to act in their everyday lives. For an il-
lustration of the different value given to uncertainty
in scientific versus public spheres, one could consider
the different meaning of the word “theory” in these
domains. In the scientific sphere “theory” refers to
a coherent set of statements describing the hypoth-
esized state of the world, whereas in everyday lan-
guage “theory” may be a dismissive term referring to
a speculative and unverified view.

Recently, some researchers have responded to
the challenge of communicating uncertainty in (cli-
mate) science by exploring how parameters of the
message, such as aspects of its content and framing,
might improve message understanding and impact
among lay audiences.(3−5) There is also, however,
a growing understanding that messages themselves
are not the only determinant of success in scientific

992 0272-4332/12/0100-0992$22.00/1 C© 2012 Society for Risk Analysis



Model of Science and Response to Uncertainty 993

communication. The importance of taking into ac-
count the audience’s beliefs and expectations and
how these might interact with the message are be-
ing highlighted in research on risk communication.(6)

Indeed, it is more likely that both recipients and com-
municators, as well as the aspects of the relationship
between them, actively shape the process of commu-
nication and determine its outcomes.

In response to this understanding, some research
has explored the expectations that scientists and gen-
eral audiences have of each other, and how these
expectancies shape the way (risk) communication is
received.(7) For example, when audiences perceive
negative intent or a hidden agenda from a commu-
nicator, even the most masterfully crafted message
will fail to have an impact.(8,9) Extending this line of
inquiry, we were interested in how beliefs about sci-
ence itself might guide the way in which audiences
interpret scientific communications about risk. With
respect to the issue of communicating scientific un-
certainties, it seems that interpretations of these are
likely to be guided by what people think the purpose
of science is—specifically, whether science is seen as
the quest for absolute truth or as a debate between
alternative positions. People who ascribe to the for-
mer (classical) model of science are likely to per-
ceive uncertainty as undesirable as it interferes with
the search for truth. However, people who ascribe to
the latter (Kuhnian) model of science should be more
open to ambiguity and uncertainty in science commu-
nication because this is the very stuff that science is
built on. To the extent that this hypothesis is true,
lay beliefs about science may have important im-
plications for managing uncertainty in science com-
munication generally, and in risk communication in
particular.

The aim of this article is to explore general be-
liefs about science and how these influence responses
to uncertainty in science messages about climate
change risks. We start this exploration by briefly re-
viewing previous research on uncertainty in science
communication (and, more specifically, risk commu-
nication). We then focus on possible models of sci-
ence and suggest a hypothesis about the relationship
between these models and perception of uncertainty.
Finally, we test this hypothesis in two experimental
studies.

1.1. Uncertainty and Science Communication

Traditionally, uncertainty has been seen as one
of the central barriers to communicating scientific

information. For example, studies of scientists have
documented a perception that the public misunder-
stands uncertainty by seeing this as a sign of poor
understanding of the subject.(10) This contrasts from
the scientists’ own perspective, from which estimated
uncertainty may actually be a sign of a rather deep
understanding. Indeed, scientists’ beliefs about how
uncertainty is interpreted may not be far from real-
ity: other studies confirm that uncertainty in scien-
tific statements is treated as problematic, and that
sources who communicate uncertainty may not be
seen as trustworthy.(11) Similar results were obtained
in studies that looked specifically at risk communica-
tion. In particular, Johnson and Slovic(12) argue that
uncertainty in risk communication is problematic—
instead of informing the recipients, it tends to evoke
confusion and anger. In their earlier work, these re-
searchers stressed that the general public is mostly
unfamiliar with uncertainty in risk assessments and
science. Moreover, discussion of uncertainty in risk
estimates may signal the source’s incompetence to
the audience.(13) As a result, uncertainty is unlikely
to be eagerly communicated, nor keenly received, in
communications between the scientific world and the
public.

A cautious approach to uncertainty is not unique
to science communication. Research from other do-
mains suggests that people are generally averse to
vague information in principle.(14−16) When making
personal choices, people tend to discount uncertain
information in the process of decision making,(17−19)

and to be less inclined to act in response to in-
formation that conveys uncertainty rather than cer-
tainty.(20,21) When engaging in collective behavior,
uncertainty can also undermine effective action. For
example, in collective goods dilemmas introducing
vagueness about the degree to which a shared re-
source might be replenished leads to higher rates of
self-serving (as opposed to cooperative) behavior.(22)

The potentially negative effects of uncertainty on
effective action identified in experimental work can
be seen in responses to the real-world issue of cli-
mate change. Here, scientific uncertainty about the
impacts of climate change has been suggested to
contribute to people’s unwillingness to sacrifice self-
benefit to mitigate climate change.(23) The idea that
uncertainty may undermine the effectiveness of sci-
entific messages has led researchers to explore fac-
tors that mitigate against these negative effects. For
example, one set of studies varied the framing of risk
messages about climate change such that these fo-
cused on either uncertainty about negative outcomes
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or uncertainty about the logically equivalent posi-
tive outcome.(4) This research found that when sci-
entific messages focused on the negative impacts
of climate change, increasing levels of uncertainty
in these messages undermined individual intentions
to act against climate change. However, when mes-
sages were framed more positively by focusing on the
chances of avoiding negative outcomes, increasing
levels of uncertainty in these messages did not under-
mine individual motivations to act on climate change.
On the basis of these patterns, the researchers sug-
gest that although uncertain pessimism may indeed
interfere with effective action, uncertain optimism
may actually motivate action. Indeed, previous re-
search demonstrates that uncertainty in risk esti-
mates may signal not only lack of competence, but
also communicators’ honesty and trustworthiness.(13)

As such, uncertainty itself may not always be a bar-
rier for effective communication.(5)

1.2. Models of Science

The features of specific messages, such as their
framing,(4) are unlikely to be the only factor rele-
vant to understanding how people respond to scien-
tific uncertainty. More general processes that guide
how people orient to communication in the first place
should also determine the effects of specific mes-
sages. In this regard, how people orient toward sci-
ence itself seems relevant to understanding the ef-
fects of science communication. This idea sits well
with a broader literature showing how prior expec-
tations color responses to communication over and
above the features of specific messages.(8,9,24,25) For
example, in research on risk communication, the im-
portance of understanding the audience’s beliefs and
expectations before constructing the communication
is explicitly highlighted.(6) Although the public does
hold beliefs about science that are likely to be con-
sequential for communication,(26−28) to date the pre-
cise role of such beliefs in determining responses to
specific scientific messages has remained relatively
underexplored. What kinds of beliefs might be rel-
evant for understanding how the public approaches
uncertainty in science communication? To answer
this question, we consider how uncertainty is repre-
sented in different philosophical models of science.

A brief look at the philosophy of science suggests
two main models of science favored in different peri-
ods of history. The classical model of science dates
back to Aristotle (its proponents include Newton,
Pascal, Descartes, Kant, and, more recently, Husserl

and Bolzano(29)). According to this model, things ex-
ist independently of one’s knowledge about them and
can be objectively discovered and proved. The aim of
science, then, is to uncover the objective truth about
the physical world and to provide a solid proof of the
validity of this knowledge. Importantly, this model
suggests that there is a single version of truth to be
discovered: true knowledge is exempt from debate
because it can be unquestionably proven. Thus, the
classical model of science presents good science as
a set of unquestioned answers—it suggests that each
question has one correct answer that needs to be dis-
covered.

An alternative model of science developed at
a later moment in history through the works of
such philosophers as Karl Popper and Thomas
Kuhn.(30−32) According to this model, science is seen
as a series of paradigms (or general ways of seeing the
world and theorizing about it) that engage in debate
and conflict and substitute one another in the pro-
cess of science development (i.e., paradigm shifts).
Importantly, because each paradigm uses a unique
set of untestable presuppositions, each “discovery”
is only valid within its particular paradigm. Accord-
ing to this perspective, knowledge (or a theory) can-
not be objectively proved to be “true.” The only way
to move toward the “truth” is to eliminate hypothe-
ses that are not true (i.e., the principle of falsifica-
tion). This opens up an opportunity for simultaneous
existence of multiple versions of truth with equal
epistemological status, and suggests that the func-
tion of science (as a social enterprise) is to debate
these different versions. In sum, this more contem-
porary model presents science as a set of unanswered
questions—it assumes that each scientific question
has a number of possible answers equally valid within
an active scientific paradigm.

It is easy to see that uncertainty has different
status within each of these philosophical models of
science. The classical model assumes that although
uncertainty about the “truth” is possible at early
stages of scientific inquiry, as science progresses, un-
certainty should decrease until it is finally eliminated.
When truth is discovered, there is no space for un-
certainty. In contrast, the model of science as debate
suggests that uncertainty is an integral part of scien-
tific research, and that there is no “final” stage of the
scientific process where this uncertainty is resolved.
Within this framework, some degree of uncertainty
will always be attached to scientific knowledge be-
cause of its paradigm-specific nature. Given this, peo-
ple should respond very differently to uncertainty in
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scientific statements as a function of the model of sci-
ence they ascribe to. Advocates of the classical model
of science are likely to report stronger intolerance
to uncertainty than those who share Kuhnian under-
standing of science.

1.3. Present Research

Although most members of the general public
are unlikely to have elaborate models of science akin
to those developed by Descartes or Popper, it is still
conceivable that they may hold specific beliefs about
the purpose and nature of science. Indeed, previous
research has demonstrated that the public is not in-
sensitive to what science conveys about its principles
and purposes while communicating its findings.(33−35)

To the extent that this is true, lay beliefs about the
nature and purpose of science may be an important
lens through which people interpret scientific infor-
mation. In this article we are specifically interested
in how such beliefs guide responses to uncertainty in
scientific statements about risk.

Our general prediction was that people who as-
cribe to the model of science as a search for absolute
truth (i.e., a classical model of science) will be de-
motivated by uncertainty in scientific statements be-
cause uncertainty is inconsistent with what they see
science to be. Conversely, for people who ascribe to
a model of science as a forum for debating different
versions of truth (i.e., a Khunian model of science),
the presence of uncertainty in scientific statements
about possible risks should not be demotivating be-
cause uncertainty is consistent with how they see
science.

We tested these ideas by exploring intentions to
engage in pro-environmental behavior following ex-
posure to scientific messages about risks of climate
change that varied in levels of communicated un-
certainty. In Study 1, we assessed beliefs about the
purpose of science and examined their role in shap-
ing responses to uncertainty. In Study 2, we directly
manipulated beliefs about science (i.e., as the search
for truth vs. a process of debate) to test their causal
role in guiding responses to uncertainty in science
communication.

2. STUDY 1

In Study 1 we premeasured participants’ beliefs
about science in terms of the two major philosophical
models of science. That is, we assessed whether peo-
ple believed that scientific questions have only one

correct answer (a classical model) versus multiple
possible answers (a Khunian model) before expos-
ing them to climate science statements with different
degrees of uncertainty (lower vs. higher). We then
assessed participants’ intentions to act in an environ-
mentally sustainable way as an indicator of whether
the message was motivating or demotivating. We ex-
pected that participants who believe that scientific
questions have only one correct answer will express
weaker environmental intentions than those who be-
lieve that multiple answers are possible when facing
a higher (rather than lower) degree of uncertainty.

In addition to manipulating the degree of uncer-
tainty, we also manipulated the source of this un-
certainty. Uncertainty in scientific statements can be
caused by a variety of factors.(36,37) On the one hand,
uncertainty may arise from the data themselves, and
statistical analyses may produce estimates of the un-
certainty around a given finding based on the vari-
ability in the data. Alternatively, uncertainty can
arise from variation between experts—for some phe-
nomena scientists may be in broad agreement (low
uncertainty), whereas for other phenomena there
may be a considerable disagreement between experts
who approach the topic from different perspectives
(high uncertainty). Although beliefs about the nature
of science are relevant to both of the above types
of uncertainty, it may be that these beliefs guide re-
sponses to expert uncertainty more strongly than re-
sponses to data uncertainty given that it is the for-
mer type of uncertainty that the different models
seem to speak to most directly. On this basis, we
also explored whether the predicted interplay be-
tween beliefs about science and communicated un-
certainty depended on the specific source of that
uncertainty.

2.1. Method

2.1.1. Participants and Design

One-hundred-eight adults participated in the
study (26 males and 82 females, mean age 20.4 years).
Participants were recruited from a student partici-
pant pool of a British university. A 2 (uncertainty
level: high vs. low) × 2 (uncertainty type: data vs.
expert) between-subject design was used. Partici-
pants were randomly allocated to one of the four
conditions. Participants’ beliefs about science were
premeasured before the experimental manipulation.
The dependent variable was participants’ willingness
to engage in environmentally sustainable behavior.
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2.1.2. Materials and Procedure

Participants received an e-mail with an elec-
tronic link to the online survey. First, participants’
beliefs about science were measured. Three items
were used to measure these: “There may be more
than one correct answer to most scientific questions”
(recoded), “For most scientific questions there is only
one correct answer,” and “Uncertain answers to sci-
entific questions are a sign of imperfect knowledge.”
Participants reported their agreement or disagree-
ment with each item on a seven-point scale from 1
(strongly disagree) to 7 (strongly agree) and the three
items were combined into a single index on which
higher scores represented stronger commitment to
a classical model of science (α = 0.72; M = 3.67,
SD = 1.31).

On the next page, participants were given a brief
explanation of the Stern Review (“a government
report prepared by leading climate change experts
from the UK, . . . which details the likely impacts of
climate change”). They were then asked to read six
statements that were said to be taken from the Stern
Review and concerned possible impacts of climate
change. The type of uncertainty (i.e., data vs. ex-
pert) and level of uncertainty (i.e., lower vs. higher)
were manipulated by varying the content of these
statements.

In the data uncertainty condition, uncertainty
about the impacts was expressed by presenting the
likelihood of specific impacts occurring. In the low
uncertainty condition, this likelihood was estimated
by a single figure (e.g., “There is 80% chance that
global warming may make more than a quarter of all
species extinct”). In the high uncertainty condition,
the likelihood was estimated by a percentage range
(e.g., “There is 70–90% chance that global warming
may make more than a quarter of all species extinct”;
for a similar manipulation of uncertainty, see Ref. 4).
The single-figure likelihood in the low uncertainty
condition always matched the mean of the likeli-
hood interval in a corresponding sentence of the high
uncertainty condition and the statements included
impacts that were both high likelihood and low
likelihood.

In the expert uncertainty condition, uncertainty
was expressed via a percentage of experts that agree
that a particular impact of climate change may oc-
cur (e.g., “nine out of ten experts agree that global
warming may make more than a quarter of all species
extinct”). In the low uncertainty condition, the pro-
portion of experts in agreement was high (i.e., nine
out of ten or ten out of ten for all statements). In the

high uncertainty condition, this proportion was lower
(i.e., six out of ten or five out of ten).

After reading the climate change statements,
participants were asked about their own intentions
in relation to the issue of climate change. Specif-
ically, they were asked to report how likely they
were to perform a number of environmental behav-
iors during the following month (e.g., decrease non-
green energy consumption, reduce water use, change
behavior in any way because of environmental con-
cern) plus how willing they were to support the intro-
duction of household carbon budgets (overall seven
items, α = 0.73). Participants responded to all items
on a seven-point scale from 1 “very unlikely” to
7 “very likely.” After completing the questionnaire
participants were thanked and debriefed.

2.2. Results

We conducted a regression analysis with level of
uncertainty (lower = 0; higher = 1), type of uncer-
tainty (data = 0; expert = 1), and beliefs about sci-
ence (centered) as predictors and environmental in-
tentions as the dependent measure. All main effects
were tested at the first step, and all two- and three-
way interactions were tested at the second and third
steps, respectively. There were no significant main ef-
fects at Step 1. At Step 2, the only significant inter-
action was between level of uncertainty and beliefs
about science: β = 0.29, p = 0.037; see Fig. 1. The
three-way interaction introduced at the next step was
not statistically significant.

To decompose the two-way interaction, we ex-
plored the relationship between beliefs about science
and willingness to act on climate change as a func-
tion of degree of uncertainty in the message. This
analysis demonstrated that participants who faced
the higher level of uncertainty responded with signif-
icantly stronger intentions when they believed that
debate is an integral part of science rather than when
they believed that science should provide unequiv-
ocal answers: β = 0.29, p = 0.035. However, be-
liefs about science played a lesser role in guiding
individual responses among those presented with a
message containing lower uncertainty: β = –0.16,
p = 0.260. Said differently, participants who be-
lieved that debate is part of science responded to
the higher level of uncertainty with stronger environ-
mental intentions than to the lower level uncertainty:
β = 0.34, p = 0.013. In contrast, participants who
believed that science should provide certain answers
were not significantly affected by the level of uncer-
tainty they were exposed to: β = –0.10, p = 0.453.
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Fig. 1. Mean level of environmental
intentions as a function of beliefs about
science and message uncertainty
(Study 1).

2.3. Discussion

Study 1 provided some initial support for our
hypothesis that beliefs about the nature of science
guide responses to uncertainty in scientific state-
ments. Specifically, we found that among partic-
ipants who believed that scientific questions can
have multiple answers (i.e., who adopted a Kuhnian
model of science) communicating uncertainty in sci-
entific messages did not undermine relevant action.
In fact, these participants responded to high uncer-
tainty about impacts of climate change by increas-
ing their willingness to act in a sustainable way. This
contrasted from participants who adopted a more
classical model of science. Contrary to predictions,
however, rather than being motivated by scientific
certainty, these participants were relatively unre-
sponsive to the level of communicated uncertainty.
This may partly reflect that although the experimen-
tal conditions did differ in their degree of uncer-
tainty, some level of uncertainty was present in both
conditions (i.e., we never present participants with a
set of statements of 100% certainty or agreement).
This could suggest that people who adopt a model
of science as truth search for absolute certainty be-
fore deciding how to act, rather than being influenced
incrementally by degrees of uncertainty. Given the
unpredicted nature of this finding, however, we will
return to this issue after considering the results of
Study 2. Finally, although we anticipated that the
interplay between beliefs about science and com-
municated uncertainty might further depend on the
specific source of uncertainty (data vs. expert dis-
agreement) there was no evidence for this in our
study. Instead, the data suggest that one’s model of

science (as measured in this study) is relevant to in-
terpretation of uncertainty irrespective of its source.

Although these patterns do provide some sup-
port for our predictions, a fully experimental design
would provide stronger support for the causal role
of beliefs about science in guiding responses to un-
certainty. As such, a goal of the second study was
to replicate the observed interaction using an ex-
perimental manipulation designed to affect individ-
ual beliefs about science. In addition to replicating
the interaction, a manipulation of models of science
might allow a fuller comparison between classical
and Kuhnian frameworks. In Study 1, participants
scored around the midpoint of the beliefs measure.
This suggests that although some were Kuhnian and
others classical in their approach to science, in gen-
eral participants were ambivalent about these spe-
cific models of science. Amplifying the distinction be-
tween these two models might allow for the predicted
effect of certainty in motivating action among people
with a classical model, in addition to demonstrating
the effect of uncertainty in motivating action among
those with a more Kuhnian approach. Given the ab-
sence of source of uncertainty effects in Study 1, we
no longer considered this factor in the second study.

3. STUDY 2

3.1. Method

3.1.1. Participants and Design

One-hundred-six adults participated in the study
(43 males and 63 females, mean age 30.7 years). Par-
ticipants were recruited via various online fora. A 2
(uncertainty level: high vs. low) × 2 (perception
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of science: debate vs. search for absolute truth)
between-subject design was used. The type of un-
certainty was held constant in this study (data un-
certainty). Participants were randomly allocated to
one of the four conditions. The dependent variable
was participants’ willingness to engage in environ-
mentally sustainable behavior.

3.1.2. Materials and Procedure

Participants completed the study online. On the
first page, participants’ beliefs about science were ex-
perimentally manipulated. Participants in all condi-
tions read a short text about the “nature of science”
that they believed to be an excerpt from a book What
Is Science? written “to communicate the idea of sci-
ence widely accepted within the scientific commu-
nity.” In the “debate” condition, the text suggested
that the purpose of science is to debate different
versions of truth, not to uncover absolute truth. It
highlighted that scientists’ function is not to generate
truth, but to propose and test theories, and that most
scientific questions have more than one plausible an-
swer. The text concluded that all scientific findings
are inherently uncertain and good science is explicit
about uncertainties involved. In the “absolute truth”
condition, the text suggested that the purpose of sci-
ence is to uncover unquestionable truth. It stressed
that for most scientific questions there is only one
correct answer, and the purpose of science is to find
it. It concluded by saying that uncertainty is a sign of
imperfect knowledge and as science progresses it is
able to offer clear answers that do not allow alterna-
tive interpretations.

After reading the text, participants responded
to four manipulation check items: “The role of sci-
ence is to uncover truth,” “The role of science is
to debate different versions of truth,” “There may
be more than one correct answer to most scien-
tific questions,” and “For most scientific questions
there is only one correct answer.” Participants re-
sponded to all items on a seven-point scale from 1
(strongly disagree) to 7 (strongly agree). The second
and third items were recoded, and the single manip-
ulation check score was computed (α = 0.72).

On the next page, the level of data uncertainty
was manipulated in the same way as in Study 1. Af-
ter being given a brief explanation of the Stern Re-
view, participants were asked to read six statements
that were said to be taken from the Stern Review that
concerned the possible impacts of climate change. In
the low uncertainty condition, this likelihood was es-

timated by a single figure (e.g., 80%) while in the high
uncertainty condition, the likelihood was estimated
by a percentage range around the likelihood estimate
(e.g., 70–90%). Again, the statements included a mix
of high and low probability events.

After reading the climate change likelihood
statements, participants were asked to report how
likely they were to perform a number of environ-
mental behaviors during the following month (e.g.,
reduce water use, increase recycling, join an envi-
ronmental organization; overall 12 items, α = 0.86).
Participants responded to all items on a seven-point
scale from 1 “very unlikely” to 7 “very likely.” Af-
ter completing the questionnaire participants were
thanked and directed to a debriefing page.

3.2. Results

3.2.1. Manipulation Check

An independent samples t-test conducted on the
manipulation check measure demonstrated that the
manipulation of beliefs about science was successful.
Participants in the “absolute truth” condition agreed
more strongly that science is about finding truth and
giving definite answers (M = 4.42, SD = 1.20) than
participants in the “debate” condition (M = 3.57,
SD = 1.10): t (105) = 3.78, p < 0.001, d = 0.74.

3.2.2. Main Analysis

A 2 (level of uncertainty: high vs. low) × 2
(beliefs about science: debate vs. search for truth)
ANOVA was performed on the environmental in-
tentions measure. The analysis revealed the pre-
dicted interaction between level of uncertainty and
beliefs about science: F (1, 104) = 6.63, p = 0.011,
η2 = 0.06, with no significant main effects of either
variable (Fs < 0.47, ps > 0.49); see Fig. 2.

Follow-up comparisons revealed that partici-
pants in the high uncertainty condition responded
with stronger environmental intentions when they
were led to believe that science is about debate (M =
4.23, SD = 1.05) rather than search for absolute truth
(M = 3.59, SD = 1.20): F (1, 104) = 3.99, p = 0.048,
η2 = 0.04. In contrast, participants in the low un-
certainty condition were more motivated to behave
sustainably when they believed that the purpose of
science is to uncover truth (M = 4.01, SD = 1.25)
rather than debate different versions of truth (M =
3.49, SD = 1.13), although this difference did not
reach statistical significance: F (1, 104) = 2.70,
p = 0.104, η2 = 0.03.
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Fig. 2. Mean level of environmental
intentions as a function of beliefs about
science and message uncertainty
(Study 2).

Said differently, participants who believed that
the purpose of science is to debate different versions
of truth reported stronger intentions after reading in-
formation with the higher rather than lower level of
uncertainty: F (1, 104) = 5.95, p = 0.016, η2 = 0.06.
In contrast, participants who believed that science is
about searching for absolute truth were more moti-
vated by information with the lower level of uncer-
tainty, although this difference did not reach statisti-
cal significance: F (1, 104) = 1.61, p = 0.207, η2 = 0.02.

3.3. Discussion

The results of Study 2 again supported our hy-
pothesis regarding the role of different models of sci-
ence in guiding responses to scientific uncertainty.
Importantly, participants’ models of science were
manipulated (rather than measured) and as such this
study provides evidence for the causal role of these
in responses to uncertainty. As predicted, partici-
pants who were led to believe that science is a de-
bate (rather than search for absolute truth) were
more motivated to act in response to messages that
contained a higher level of uncertainty than by less
uncertain messages. In contrast, participants who
were led to believe in the classical model of science
demonstrated the opposite effect. Thus, scientific in-
formation with a higher level of uncertainty about
the risks was more motivating when it corresponded
to participants’ beliefs about science. As in the previ-
ous study, however, although the pattern of means
was in the predicted direction, the effect of uncer-
tainty was significant in the “debate” condition, but
not in the “truth” condition. We return to this issue
in the general discussion.

4. GENERAL DISCUSSION

In this article we aimed to explore the role of be-
liefs about science in responses to scientific uncer-
tainty. Specifically, we focused on the contrast be-
tween the classical model of science (believing that
most scientific questions have a single true answer)
and the Kuhnian model of science as debate (believ-
ing that scientific questions may have multiple an-
swers that could be negotiated and debated). Our re-
sults demonstrated that people do hold beliefs of this
kind, and that these beliefs guide responses to un-
certainty in risk communications. Across both stud-
ies, participants who held beliefs consistent with the
Kuhnian model of science (whether measured or ma-
nipulated) seemed more accepting of scientific un-
certainty and more willing to act in response to risk
messages that communicated uncertainty rather than
certainty. Although the opposite effect was apparent
among participants who held beliefs consistent with
the classical model of science as a search for abso-
lute truth, this difference did not reach significance.
One explanation for this could be that the studies
lacked statistical power to reveal this comparatively
weak effect. A more important question, however, is
why the effect of uncertainty was weaker in the latter
case. One reason for this might be that some degree
of uncertainty was present in all experimental condi-
tions. Participants whose beliefs were consistent with
the classical model of science may be looking for
absolute certainty from science rather than relative
certainty. In other words, the very presence of un-
certainty may signal to such participants that the in-
formation provided is not consistent with their view
of what good science should be. As there was always
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some degree of uncertainty present in our experi-
mental stimuli, the difference between the conditions
may not have been strong enough to elicit motiva-
tions to act among this group. To resolve this, future
research could explore whether people who believe
in science as a search for truth respond differently to
information that contains no uncertainty (as opposed
to information with some degree of uncertainty).

Another possible explanation is that proponents
of the classical model of science may acknowledge
that uncertainty is inevitable (and acceptable) at the
early stages of science development. Some of them
may realize that climate science is exactly at such an
early stage at the moment (and thus respond more
positively to higher levels of uncertainty), although
others may not make this concession (and thus be
stricter in their judgments of credibility). The uncon-
trolled differences in participants’ understanding of
the stage of development of climate science could
have diluted the effect of uncertainty in the classical
model of science condition. To eliminate this ambi-
guity, future research could experimentally manipu-
late participants’ understanding of the stage of devel-
opment of the science in question.

The present findings qualify some previous re-
search on the role of uncertainty in understanding
and responding to scientific statements. Unlike this
previous research,(11,17,20,23) our data suggest that un-
certainty in science does not always undermine will-
ingness to act in line with scientific messages. In
fact, uncertainty can be motivating for those who
share the concept of science as debate. Although
our data demonstrate that uncertainty in science is
not demotivating in an absolute sense, it is impor-
tant to note that our measure of intentions did not
directly juxtapose participants’ individual interests
against collective benefit (like some previous studies
on the role of uncertainty(22)). Although uncertainty
does not necessarily undermine the meaningfulness
and motivational pull of scientific information,(5,7)

it may still be used to justify one’s self-serving
actions.

Our results are consistent with some previous re-
search on the role of recipients’ beliefs about com-
municators in responses to uncertainty in science.
For example, Rabinovich et al.(7) found that people
were more willing to accept scientific messages that
conformed to their stylistic expectations of how such
messages should be framed (as informative vs. per-
suasive). Consistent with this general idea, our results
demonstrate that scientific information is motivat-
ing when the mode of its delivery meets recipients’

expectations (either about the scientists’ communica-
tive motives, as in the previous research, or about the
nature of science more generally, as in the present
research). As such, uncertain information can stim-
ulate behavior when it fits recipients’ preexisting
expectations about science and scientists, but may
undermine action when it contradicts these beliefs.

4.1. Implications, Limitations, and Directions for
Future Research

These findings have important implications for
communicating scientific information in general, and
climate change risks in particular, to the general pub-
lic. First of all, they shift the focus from exploring
parameters of the message as key to managing uncer-
tainty (such as its content and framing(3,4)) to expec-
tations about the communicative process itself. Our
results suggest that preexisting beliefs about science
are at least as important for stimulating action in line
with scientific information as the message itself, and
the fit between the two is crucial. In a practical sense
this means that rather than shying away from com-
municating uncertainty altogether, (climate) science
communicators should make an effort to understand
beliefs held by the recipients of their messages. Al-
though recent research suggests that it is important
to manage public perceptions of expert uncertainty
surrounding climate change,(23) we would argue that
where uncertainty is compatible with public beliefs
about the role of science (and reflects the actual state
of knowledge), it may not need to be managed.

Where uncertainty is incompatible with audience
beliefs, science communicators may need to con-
sider their role in shaping those beliefs. In particu-
lar, Study 2 demonstrates that the audience’s model
of science is malleable and that a relatively sub-
tle manipulation is sufficient to change one’s ideas
about the nature and purpose of science. This sug-
gests an alternative approach to science communi-
cation. Rather than simplifying and reframing scien-
tific messages in an attempt to make them acceptable
for the general public, communicators might con-
sider engaging with the public to shape their under-
standing of what science actually is. In this way, one
could attempt to prepare the public for the levels of
uncertainty prevalent in contemporary science, and
present this uncertainty as a sign of a deeper under-
standing of the subject rather than a sign of falling
short of the scientific ideal. It should be noted, how-
ever, that although the two studies presented here
provide an unequivocal support for our hypotheses,
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they need to be replicated on wider samples before
these ideas could be put into practice.

Although the present research demonstrates the
robust effect of beliefs about science on responses to
uncertainty, it does not identify the process that leads
to the above effects. One possibility that follows
from previous research on the role of expectations
in perception of uncertainty(7) is that inconsistency
between one’s expectations and actual information
results in reduced trust in the source of such infor-
mation, while consistency increases trust. From this
point of view, proponents of the model of “science
as debate” may actually trust the source of scientific
information more when it provides uncertainty esti-
mates. In contrast, the same information may lead
to mistrust among those who instead see science as
a search for truth. These differences in experienced
trust could then lead to different behavioral response
to the communicated information.(38−41) Future
research could explore the role of trust in the
observed effect. It is also possible that higher uncer-
tainty of negative consequences of climate change in-
creases willingness to act by increasing self-efficacy
associated with environmental action (i.e., partici-
pants could have decided that because negative out-
comes are uncertain it is more likely that their action
will be effective at averting them). It is important to
note, however, that positive effect of uncertainty was
only apparent among the proponents of the Kuhnian
model of science. This suggests that establishing trust
in the source of information may be a precondition
for the positive effect of self-efficacy to take place.

Finally, the limitation of the present research is
that we used sustainable intentions rather than ac-
tions as a dependent measure. Although intentions
are a useful indicator of behavior, they should not be
used to make conclusions about actual behavioral re-
sponses. Notwithstanding this, it is important to note
that we used a wide variety of items measuring in-
tentions that included not only easy, but also costly
behaviors (such as helping to raise funds for an en-
vironmental cause). More importantly, our goal was
to explore the extent to which scientific uncertainty
was motivating versus demotivating, something that
intentions seem adequate to assess. The fact that our
simple manipulation led to robust shifts in responses
to uncertainty suggests that this might be a fruitful
avenue for future research and practice.

4.2. Conclusion

Uncertainty is an inherent aspect of scientific in-
quiry, and progress often means quantifying rather

than eliminating it. Yet communicating uncertainty
has become a central problem of translating scien-
tific knowledge to the general public, sometimes re-
sulting in public disengagement and mistrust. This ar-
ticle suggests a way of circumventing this negative
effect. It demonstrates that uncertainty can be de-
sirable and motivating when it fits people’s beliefs
about science as debate (as opposed to the classical
model of science as a search for the absolute truth).
Richard Feynman famously suggested that “philos-
ophy of science is as useful to scientists as ornithol-
ogy is to birds.” We argue that this may not be
true: communicators of science may strongly benefit
from engaging with their audiences’ lay philosophy of
science.
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