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ARTICLE INFO ABSTRACT

Keywords: This paper reports on an investigation in which risk perception and worry were assessed before
Ocean acidification and after information about possible consequences of ocean acidification was presented in the
Factual

form of short-written messages. Study 1 (N = 289, Norway sample) found no support for a causal
effect of a message incorporating simple factual information, yet a vivid information message was
associated with increased risk perception and worry. Both messages increased the ability to
mentally imagine the cause and effects of ocean acidification, but the magnitude of these effects
did not account for the comparatively stronger effects of vivid information. Study 2 (N = 298, UK
sample) partially replicated these effects in a different national context. While the vivid message
increased risk perception and worry about ocean acidification, effects from the simple factual
message were less consistent. Being presented plain facts showed an effect on worry and
perceived severity, but the perceived likelihood of threat from ocean acidification remained
similar to a control condition. Exposure to plain or vivid information about current and future
impacts of ocean acidification each increased mental imagery, but these effects were again
comparable between the two message conditions. These findings are discussed in the context of
communication strategies that target public awareness about climate-related risks.
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1. Introduction

From the start of the industrial revolution until the mid-2000s, the ocean has absorbed around 31% of global anthropogenic carbon
dioxide (CO2) emissions (Gruber et al., 2019; Sabine et al., 2004). The carbon-sinking role of the ocean helps moderate climate change,
but this process also substantially changes the ocean’s chemistry and gives rise to ocean acidification — a phenomenon commonly
referred to as the ‘evil twin’ of climate change (Cooke and Kim, 2019). Over the last 200 years, the pH of the world’s oceans has
declined by 0.1 units due to ocean acidification (Raven et al., 2005). This rising acidity threatens the growth and survival of many
marine species, particularly calcifying species (Kroeker et al., 2010). It also has negative economic impacts on millions of people
around the world whose livelihoods depend on marine fisheries and aquaculture (Hall-Spencer and Harvey, 2019).

Despite its significance for life in marine environments, and their associated industries, public awareness of ocean acidification
tends to be rather low. In a UK study conducted between 2013 and 2014, over 80% of respondents had never heard of ocean acidi-
fication prior to participating in the study (Capstick et al., 2016). Another UK national study conducted in 2016 reported that about

* Corresponding author at: Department of Psychosocial Science, University of Bergen, Christiesgate 12, N-5015 Bergen, Norway.
E-mail address: rouven.doran@uib.no (R. Doran).
! RD and CAO share equal first authorship on this work.

https://doi.org/10.1016/j.crm.2023.100565
Received 30 June 2023; Received in revised form 29 September 2023; Accepted 29 September 2023

Available online 11 October 2023
2212-0963/© 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).


mailto:rouven.doran@uib.no
www.sciencedirect.com/science/journal/22120963
https://www.elsevier.com/locate/crm
https://doi.org/10.1016/j.crm.2023.100565
https://doi.org/10.1016/j.crm.2023.100565
https://doi.org/10.1016/j.crm.2023.100565
http://creativecommons.org/licenses/by/4.0/

R. Doran and C.A. Ogunbode Climate Risk Management 42 (2023) 100565

70% of respondents had no prior awareness of ocean acidification (Spence et al., 2018). Low awareness of ocean acidification has also
been reported among samples from the US (Cooke and Kim, 2019), from New Zealand (Eddy, 2014; Kolandai-Matchett et al., 2021),
and in several European countries (Buckley et al., 2017). The exception to this trend is a study of US shellfish industry workers where
most respondents showed high levels of concern and self-rated knowledge regarding ocean acidification (Mabardy et al., 2015), along
with studies showing that ocean acidification emerged as an issue of concern among stakeholders in the coastal regions of Norway
(Dannevig et al., 2019; Koenigstein et al., 2016).

Much of the motivational influence of awareness comes from recognising the threat(s) environmental problems pose to objects of
value.” These objects of value may include the well-being of oneself or other humans, as well as concerns for non-human life forms or
physical aspects of the environment. This conceptualisation of awareness overlaps with the concept of risk perception, which refers to
subjective judgments of events or situations that could have negative consequences for value objects (Breakwell, 2007). Risk
perception specifically involves cognitive judgements about the likelihood and severity of negative consequences (Slovic, 1999).
Anticipatory emotions (worry) evoked by perceived threats to value objects also operate alongside these judgements as antecedents of
actions and decision-making. Although risk perception regarding climate change tends to be positively correlated with worry
(Sundblad et al., 2007), the two factors do not always converge (Sjoberg, 1998). In circumstances where worry and risk perception are
not aligned, worry is likely to be the more dominant influence on behaviour (Loewenstein et al., 2001).

Risk perception and worry are elements of awareness that can act as motivations for individual action and policy support regarding
amelioration of environmental risks (O’Connor et al., 1999; Smith and Leiserowitz, 2014; Wang et al., 2018). Consequently, it is
important to identify strategies for communicating with the public about ocean acidification in ways that may heighten risk perception
and engage people emotionally. In two previous studies, exposure to short expository messages was shown to result in a significant
increase in concern about ocean acidification in the UK (Capstick et al., 2016) and the US (Cooke and Kim, 2019). Concern was
measured before and after people were exposed to basic facts about ocean acidification, and the focus of the analyses was on social-
psychological factors that predicted any observed changes in concern. However, because these studies did not include a ‘control’ group
of people who received no information, their findings do not establish a causal effect of information exposure on concern about ocean
acidification. The primary aim of the current investigation was to address this gap in the literature.

Besides determining the overall causal effects of giving people information about ocean acidification, another important aim was to
investigate whether the magnitude of these effects vary according to the type of narrative style used when providing the information.
Specifically, we contrasted the plain or cautious style favoured by scientists when presenting facts about climate risks (Brysse et al.,
2013) with the more graphic or vivid language commonly used in media reports (Boykoff and Pearman, 2019). In the following, we
report on two studies in which the participants were randomly assigned to one of three experimental conditions — a factual message
condition, a vivid message condition, or a control condition. In addition to testing whether any potential effects on perceived risk and
worry hold robust across national contexts, we were also interested in comparing the ability from different messages in shaping a
person’s mental image about ocean acidification.’

2. Study 1
2.1. Sample

Participants (N = 289, Muge = 27.3, SDage = 7.03, Nfemale = 202, Nmate = 82, Nmissing = 5) were recruited from the research
participant pool of the Digital Social Science Core Facility (DIGSSCORE; https://www.uib.no/en/digsscore) at the University of Bergen
(Norway) in early 2021. Entry into a lottery to win one out of three available digital shopping vouchers worth NOK 2000" was offered
as an incentive for participation. We used G*Power 3.1 (Faul et al., 2009) to determine the minimum sample size (N = 251) required to
detect a medium effect (Cohen’s f = 0.25, a = 0.05, 1 — p = 0.95) from experimental condition on the outcome measures. This was
informed by the lower end of the effect size estimates that were reported in prior studies (Capstick et al., 2016; Cooke and Kim, 2019).
In addition, we oversampled by approximately +10% of the minimum sample size to accommodate potential missing data.

2.2. Design

This study employs a 2 (time: before message, after message) x 3 (condition: factual message, vivid message, control) design to
compare effects across different experimental conditions. All outcome measures were assessed both before (T1) and after (T2) exposure
to the contents of each condition. An overview of these measures (worry, perceived severity, perceived likelihood, and mental im-
agery) and further covariates that were included in the analyses (biospheric values, prior knowledge, attentional focus, age, gender,
and political orientation) can be found below.

2 Awareness can empower people to respond to environmental risks through knowledge of the causes and consequences of environmental
problems, but also via knowledge about mitigation strategies (Jensen, 2002).

3 See Zaleskiewicz et al. (2023) for further discussion on the role of mental imagery in decision-making.

4 Equivalent to approximately USD230 in September 2021 (Source: https://www.oanda.com).
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2.3. Procedures

Following up on a first (baseline) assessment of the outcome measures, the two message conditions were introduced as follows: “On
the next page, you will be presented with some information about ocean acidification. Please read this information carefully before you
proceed the questionnaire by clicking “next” at the bottom of the page”. Participants in the factual message condition were presented
with a plain scientific description of ocean acidification adopted from Capstick et al. (2016). Those in the vivid message condition
received an excerpt from The Uninhabitable Earth, an essay by David Wallace-Wells published in New York Magazine in 2017. The
excerpt was drawn from a section of the essay titled “poisoned oceans” (Wallace-Wells, 2017), which describes ongoing and potential
effects of ocean acidification in lurid detail whilst being comparable in factual content to the plain scientific description. To adapt the
vivid message condition for use in this study, we omitted the first paragraph of the original section and substituted a word (‘holocaust’)
that might have been considered sensitive by some audiences.

Participants in the control condition did not receive any further information on ocean acidification but were instead given a task
adapted from Stathi and Crisp (2008). The exact instructions to complete this task were as follows: “We would like you to spend the
next two minutes imagining an outdoor scene. Try to imagine aspects of the scene around you (e.g., is it a beach, a forest, are there
trees, hills, what’s on the horizon?). In the space below, please list the different things you saw in the scene you just imagined”.

After reading the assigned text in the two message conditions, or completing the task in the control condition, participants were
directed to complete the rest of the questionnaire. The experimental materials and items were developed in English language and then
translated to Norwegian by a competent bilingual speaker using a system of translation and back-translation (Brislin, 1970). The
median time for completing the survey was 9.05 min, and there were no significant differences in completion time across conditions
(F(2,286) = 0.55, p :.577).

2.4. Measures

Prior engagement with environmental issues was measured with a four-item biospheric values scale (De Groot and Steg, 2008),
asking participants to indicate how they rate harmony with other species, preserving nature, fitting into nature, and preventing
pollution as guiding principles for their lives. Responses were measured on a nine-point scale from (—1) = ‘Opposed to my values’ and
(0) = ‘Not important’ to (7) = ‘Extremely important’ (o« = 0.82).

We measured prior knowledge of ocean acidification with an item adopted from Capstick et al. (2016): “How much, if anything,
would you say you know about ocean acidification?”. Responses were recorded on a five-point scale ranging from (1) = ‘I have not
heard of ocean acidification before’ to (5) = ‘I know a great deal about ocean acidification’. Table 1 shows that around 45% of the
sample indicated that they had either not heard of ocean acidification before or knew almost nothing about it, whereas only 1%
indicated that they know a great deal about ocean acidification.

Worry was measured with a single item: “How worried, if at all, are you about ocean acidification right now?”. Responses were
recorded on a scale ranging from (1) = ‘Not at all worried’ to (5) = ‘Extremely worried’.

Risk perception was measured with two items: “How severe a problem, if at all, would you say ocean acidification is?”” and “How
likely, if at all, do you think it is that ocean acidification could pose a serious threat during your lifetime?”. These items were meant to
capture the perceived severity and perceived likelihood dimensions of ocean acidification risk perception, respectively. Responses were
assessed on five-point scales from (1) = ‘Not at all severe/Not at all likely’ to (5) = ‘Extremely severe/Extremely likely’.

Mental imagery was measured with three items: “How easy is it for you to mentally visualise (imagine) the cause and effects of ocean
acidification?”, “Using the following scale, please indicate how vague or concrete your mental image of ocean acidification is?”, and
“How realistic (i.e., comparable to things you see in your day-to-day life) is your mental image of ocean acidification?”. Responses were
recorded with five-point scales from (1) = ‘Very difficult/Very vague/Not very realistic’ to (5) = ‘Very easy/Very concrete/Very
realistic’ (arq = 0.85; oy = 0.88).

Three items asked about the extent to which the participants agree with the following statements: “I found my mind wandering
while I completed the task”, “While I completed the task, I found myself thinking about other things”, and “I had a hard time keeping
my mind on the task”. These items were adapted from Busselle and Bilandzic (2009) to account for individual differences in attentional
focus when the participants were exposed to the different conditions. Responses were assessed on a five-point scale from (1) =
‘Strongly disagree’ to (5) = ‘Strongly agree’ (« = 0.84).

Table 1
Prior knowledge about ocean acidification in Study 1 (Norway sample) and Study 2 (UK sample).
Study 1 Study 2
n % n %
1 have not heard of ocean acidification before 29 10.0 107 35.9
I have heard of ocean acidification, but I know almost nothing about it 101 34.9 107 35.9
I know just a little about ocean acidification 131 45.3 65 21.8
I know a fair amount about ocean acidification 25 8.7 17 5.7
1 know a great deal about ocean acidification 3 1.0 2 0.7

Note. Respondents were asked the following question: “How much, if anything, would you say you know about ocean acidification?”. Item adopted
from Capstick et al. (2016).
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Alongside age and gender, we also measured left-right political orientation for which an item was adopted from the literature
(Ogunbode et al., 2020a, 2020b). Here, respondents positioned themselves on a 11-point scale anchored at (0) = ‘Left’ and (10) =
‘Right’: “In politics, people often talk about the ‘left wing’ and the ‘right wing’. Below is a scale where 0 represents those who are on the
far left politically, while 10 represents those who are on the far right. Where would you place yourself on such a scale?”

2.5. Analyses

Data was analysed using analyses of covariance (ANCOVA) in which pre-test measures for the outcome measures were included as a
baseline measure, as recommended in the literature (Dugard and Todman, 1995; Oakes and Feldman, 2001). Each analysis was fol-
lowed up by a series of post hoc tests using Bonferroni correction for adjusted p values. All models controlled for biospheric values,
prior knowledge, attentional focus, age, gender, political orientation, in addition to the pre-test measures.

2.6. Results

We observed a significant main effect of information exposure on worry about ocean acidification (F2,274) = 21.04, p <.001, ngamal
= 0.13; cf. Fig. 1). Post hoc tests showed that exposure to the vivid message (M = 3.45, SE = 0.07) produced significantly greater levels
of worry about ocean acidification than the simple factual message (M = 2.97, SE = 0.07, p <.001, d = 0.70) and the control condition
(M = 2.82, SE = 0.07, p <.001, d = 0.92). However, there was no significant difference in levels of worry between the simple factual
message and the control condition (p =.423, d = 0.22).

Similarly, information exposure had a significant main effect on perceived severity of ocean acidification (F(2,274) = 25.63, p <.001,
ﬂﬁamal = 0.16; cf. Fig. 1). Exposure to the vivid message (M = 4.04, SE = 0.07) produced significantly greater perceived severity of
ocean acidification than the simple factual message (M = 3.45, SE = 0.07, p <.001, d = 0.95) and the control condition (M = 3.49, SE =
0.07, p <.001, d = 0.89), but there was no significant difference in how severe the risk of ocean acidification was perceived by the
participants in the factual message and the control condition (p = 1.000, d = 0.06).

There was a significant main effect of information exposure on perceived likelihood of ocean acidification posing a threat (F(2 274)
= 25.18, p <.001, ngamal = 0.16; cf. Fig. 1). Here, we found a greater level of perceived likelihood threat among the participants
exposed to the vivid message (M = 3.49, SE = 0.07) compared with those that received the simple factual message (M = 2.92, SE =
0.07, p <.001, d = 0.93) and the control condition (M = 2.95, SE = 0.07, p <.001, d = 0.88). The perceived likelihood of threat from
ocean acidification did not differ significantly between the factual message and the control condition (p = 1.000, d = 0.05).

Finally, information exposure showed a significant main effect on mental imagery of ocean acidification (F 274) = 49.94, p <.001,
nf,amal = 0.27; cf. Fig. 1), whereby participants exposed to the vivid message (M = 3.57, SE = 0.06, p <.001, d = 1.35) and those who
received the factual message (M = 3.46, SE = 0.06, p <.001, d = 1.16) reported greater levels of mental imagery with respect to ocean
acidification than those in the control condition (M = 2.78, SE = 0.06). However, there was no significant difference in mental imagery
based on whether the participants read the vivid message or the factual message (p =.624, d = 0.19).

3. Study 2
3.1. Sample

A random sample of UK residents (N = 298, Mge = 27.9, SD;ge = 9.95, Nfemale = 214, Nmale = 79, Nmissing = 5) were recruited from a
commercial online survey panel in summer 2021. Each participant received a payment of £1.88 for completing the study. Using
G*Power 3.1 (Faul et al., 2009), we estimated that a minimum sample size of N = 164 was needed to replicate the smallest main effect
size detected in Study 1 (Cohen’s f = 0.31, a = 0.05, 1 — p = 0.95). We oversampled to allow adequate power in the case of missing
data.
3.2. Design

This study uses a 2 (time: before message, after message) x 3 (condition: factual message, vivid message, control) design to
replicate effects of Study 1. Participants again responded to items measuring worry, perceived severity, perceived likelihood, and
mental imagery once before (T1) and once again after (T2) they were exposed to the contents of each condition. For more information
on these measures, and other covariates, see the section below.
3.3. Procedures

The procedures in which the participants were presented the content in each condition remained as described before. The median
time for survey completion was 7.08 min, which was again comparable between the three experimental conditions (F(2 295) = 1.50, p
=.224).

3.4. Measures

At the start, we presented the participants with a similar selection of biospheric values items to measure their prior engagement
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Fig. 1. Estimated marginal means plots for the outcome measures in Study 1 (Norway sample). Shown are observed scores and 95% confidence
intervals after exposure to the contents in each condition.

with environmental issues. Responses were recorded based on a seven-point scale from (—1) = ‘Opposed’ and (0) = ‘Not important’ to
(5) = ‘Extremely important’ (« = 0.89). Prior knowledge was again measured with a single item, with more than 70% of the par-
ticipants stating to have either not heard of ocean acidification before or to know almost nothing about it (see Table 1).

While the items that were used to measure worry, perceived severity, and perceived likelihood resembled those in Study 1, mental
imagery was assessed based on the following: “How easy is it for you to mentally visualise (imagine) the cause of ocean acidification?”,
“How easy is it for you to mentally visualise (imagine) the effects of ocean acidification?”, “Using the following scale, please indicate
how vague or concrete your mental image of ocean acidification is”, and “How realistic (i.e., comparable to things you see and
experience in your day-to-day life) is your mental image of ocean acidification?”.® Responses were given through five-point scales from
(1) = ‘Extremely difficult/Extremely difficult/Very vague/Not at all realistic’ to (5) = ‘Extremely easy/Extremely easy/Very concrete/
Extremely realistic’ (a7 = 0.84; oo = 0.88).

In addition to responding to measures on age, gender, and political orientation, the participants were asked to answer three items
that allowed us to assess their attentional focus (@ = 0.90) when they read the content of each condition. These items were formulated
in the same way as in Study 1.

5 Study 1 included one item that asked how easy it is to mentally visualise (imagine) the cause and effects of ocean acidification. This item may be
seen as a double-barrelled question because it required the participants to provide a single answer with respect to two distinct dimensions of ocean
acidification. Study 2 split this item into two questions to acknowledge that someone may find it easier to visualize the causes of ocean acidification
than the consequences — and vice versa.
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3.5. Analyses

We ran a series of ANCOVA, followed up by additional post hoc tests with Bonferroni correction, in line with the procedures from
Study 1. Each of these analyses controlled for biospheric values, prior knowledge, attentional focus, age, gender, political orientation,
and pre-test measures for either worry, perceived severity, perceived likelihood, or mental imagery.

3.6. Results

Information exposure showed a significant main effect on worry about ocean acidification (F(2,27g) = 13.39, p <.001, ngarﬁal =0.09;
cf. Fig. 2). Post hoc tests revealed that self-reported worry was significantly greater among participants in the vivid message condition
(M = 3.47, SE = 0.07) compared to those assigned to the factual message condition (M = 3.14, SE = 0.07, p =.004, d = 0.48) or the
control condition (M = 2.94, SE = 0.08, p <.001, d = 0.77). Worry about ocean acidification was not significantly different for
participants who received the factual message versus those who completed the control task (p =.164, d = 0.29).

A significant main effect of information exposure on perceived severity of ocean acidification was also replicated (F(2,278) = 29.90,
p <.001, ngamal = 0.18). Participants in the vivid message condition (M = 4.06, SE = 0.08, p <.001, d = 1.15) and in the factual message
condition (M = 3.56, SE = 0.07, p =.011, d = 0.44) reported significantly greater perceived severity than those in the control condition
(M = 3.25, SE = 0.08). Levels of perceived severity were on average significantly greater in the vivid message condition than in the
factual message condition (p <.001, d = 0.71).

Information exposure also had a significant main effect on perceived likelihood of threat from ocean acidification (F(2,27g) = 7.50, p
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Fig. 2. Estimated marginal means plots for the outcome measures in Study 2 (UK sample). Shown are observed scores and 95% confidence intervals
after exposure to the contents in each condition.
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<.001, ngamal = 0.05). Here, we found that the perceived likelihood was significantly higher among those in the vivid message
condition (M = 3.54, SE = 0.10) than among participants that were assigned to the control condition (M = 2.99, SE =0.11, p <.001, d
= 0.58). An additional set of post hoc tests indicated no significant differences in perceived likelihood of threat from ocean acidifi-
cation if comparing participants who received the factual message (M = 3.25, SE = 0.10) with those who were either assigned to the
vivid message condition (p =.109, d = 0.31) or the control condition (p =.235, d = 0.27).

The significant main effect of information exposure on mental imagery of ocean acidification was replicated (F(2,277) = 42.43, p
<.001, I’]garﬁal = 0.24; cf. Fig. 2). The factual message (M = 3.50, SE = 0.06, p <.001, d = 1.23) and the vivid message (M = 3.47, SE =
0.06, p <.001, d = 1.18) produced significantly greater mental imagery of ocean acidification than the control condition (M = 2.80, SE
= 0.06). There was again no significant difference between the factual message condition and the vivid message condition in their
respective ability to stimulate mental imagery about ocean acidification (p = 1.000, d = 0.05).

4. Discussion

Public comprehension of ocean acidification is integral to a constructive public discourse around major policy decisions and this
comprehension is likely to be underpinned by basic awareness (Capstick et al., 2016). Compared to other marine-related climate issues,
however, the increasing acidity of the ocean has received somewhat less attention in the public sphere. An investigation with samples
from several European countries found that a vast majority of the respondents felt ill-informed about the topic, which was in contrast to
issues such as arctic sea ice (Buckley et al., 2017). The data reported in this paper complements these findings by showing that only a
small fraction in each sample reported high levels of knowledge about ocean acidification. When considering the multitude of potential
risks associated with increased levels of acidity in the oceans, there remains a pressing need to increase public awareness on the topic.°

Studies from the UK and the US showed that confronting people with expository facts can help increase concern about ocean
acidification over time (Capstick et al., 2016; Cooke and Kim, 2019). One noteworthy addition to the studies reported here was the
incorporation of a control condition, which in turn provides a more robust assessment to detect the causal effects from information
exposure. There was evidence for an overall effect of information exposure for each of the outcome measures addressed by this
investigation. This means that providing people with information about ocean acidification significantly changes their perceptions and
emotions regarding the issue. However, the style with which the information is presented also matters. Across two studies, we found
that worry about ocean acidification is significantly heightened when information about ocean acidification is presented in vivid detail
but not when plain facts about the issue are presented. Results for the two dimensions of ocean acidification risk perception were more
nuanced. While the vivid message elicited heightened perceived severity of, and perceived likelihood of threat from, the risk posed by
ocean acidification across two studies, the effects of the plain factual message were less consistent. A tentative interpretation of these
results is that the provision of expository facts may have the capacity to increase risk perception in some contexts, but that the
effectiveness of these messages may also be contingent on the target audience.

After The Uninhabitable Earth was initially published in 2017, the essay has been subject to some controversial debate. Whereas
some have criticized it for providing an inaccurate depiction of the available scientific evidence (Mann et al., 2017; Mooney, 2017),
others stressed its success in directing public attention towards the emerging climate crisis (Atkin, 2017). This investigation employed
an excerpt from this essay as stimulus material in a vivid message condition, to confront the participants with visceral and dire lan-
guage illustrating current and future effects of ocean acidification. Not only did we find support for a unique causal effect from this
message on both risk perception and worry, it was also possible to replicate these effects across two different samples. This suggests
that messages utilizing fear-provoking content can be harnessed to increase public engagement with ocean acidification, even in
contexts where the exposition of simple facts remains insufficient to elicit changes in risk perception and worry. Research on envi-
ronmental advertisements supports this interpretation by showing that messages including emotionalizing content can be a means to
reach audiences that are otherwise unreceptive to factual information (Hoewe and Ahern, 2017).

Research into the reception of climate fiction shows that reading about a dystopian future after global warming can make the
impacts from climate change appear as more concrete (Schneider-Mayerson, 2018). The current investigation found that exposure to
information about ocean acidification made it easier for the participants to imagine possible causes and consequences, compared to a
control condition, irrespective of the style with which the information was presented to them. This suggests that the differences in the
effects of the plain and vivid information conditions in their effects on risk perception and worry about ocean acidification is not simply
due to differences in the ability of these narrative styles to invoke clear mental imagery of the issue. Further research is necessary to
explore other psychological mechanisms that may account for the observed differences in the effects of different messages on risk
perception and worry toward ocean acidification.

It is notable that the number of those who had not heard about ocean acidification before was roughly three times higher in the UK
(35.9%) than was the case in Norway (10.0%). These baseline differences in sample characteristics point towards a possible expla-
nation for why effects of the factual message condition on risk perception varied across national contexts. Further research remains
warranted to clarify the role of subjective knowledge in shaping how people react when they are presented with plain scientific de-
scriptions of ocean acidification. This should ideally involve experimental designs that allow to assess and compare different ap-
proaches in framing messages about marine-related environmental issues; for instance, highlighting the severity of the problem versus

6 The current (and projected) rates of ocean acidification may not just affect life in marine ecosystems, but can also have major implications for
society and individuals, for instance via compromsing the quantitive availability and nutritonal quality of seafood (for a review of how ocean
acidification may affect humans health and well-being, see Falkenberg et al., 2020).
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emphasising possible solutions (Kolandai-Matchett and Armoudian, 2020).
5. Limitations

The current studies had some limitations. First, the samples were not representative, which means that any generalizations towards
the public at large must be made with caution. This holds true notwithstanding the fact that levels of self-reported knowledge of ocean
acidification among our participants were remarkably similar to studies based on nationally representative samples from the UK
(Capstick et al., 2016; Spence et al., 2018). Second, this investigation detected changes in risk perception and worry immediately after
the participants were exposed to short-written messages about ocean acidification. Further research is needed to determine the sta-
bility of these effects over longer time periods. For example, a study from the US found that reading climate fiction stories showed
significant effects on people’s attitudes and beliefs, but these effects decreased back to baseline one-month after exposure (Schneider-
Mayerson et al., 2023). Third, it could be that the vivid description was more accessible to the participants, simply because this text
was closer to everyday language. Replication attempts should incorporate measures on text readability to account for this possible
factor.

6. Conclusion

Unabated global greenhouse gas emissions have led to unprecedented changes in global average temperatures, which already
contributes to observed changes in weather and climate extremes in many regions across the world (IPCC, 2021). While media often
relies upon vivid images of natural disasters, like flooding or hurricanes, less attention has been devoted to other possible manifes-
tations of global warming. One of these manifestations is increased levels of acidity in the ocean, which, unless there are significant
reductions in atmospheric CO, emissions, is expected to escalate over the course of the next decades (IPCC, 2021). The studies reported
and discussed in this paper support a conclusion that presenting people with information about ocean acidification can enhance their
risk perception and worry about the issue. Both outcome measures were sensitive to the vivid message, but for the factual message, the
effects varied between samples. More research is needed to explore the psychological mechanisms that underlie the observed dif-
ferences in how people’s emotions and perceptions of ocean acidification are affected by exposure to plain or vivid information.
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