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Evidence for three distinct climate change audience segments with varying belief

updating tendencies: Implications for climate change communication
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EXPLORING AUDIENCE SEGMENTS 2

Evidence for three distinct climate change audience segments with varying belief

updating tendencies: Implications for climate change communication

In 2016, the Paris Agreement was ratified. Parties to the agreement have
pledged to cooperate to keep global temperature increases well below 2°C above
pre-industrial levels (United Nations, 2015). The continued cooperation of democratic
countries is partly determined by public support. Yet, in America and Australia, public
concern for climate change often lags behind other social issues, such as strengthening
the economy (Markus, 2021; Pew Research Center, 2022).

Various interventions have been proposed to increase support for climate policy.
For example, telling people the proportion of climate scientists who believe in
anthropogenic climate change (97%) enhances concern about climate change and policy
support (van der Linden et al., 2015; van der Linden, in press). Such interventions treat
the public as a homogeneous entity. However, reception to climate change messages can
vary due to differences in motivation, ideology, and worldview (Feygina et al., 2010;
Kahan, 2012). For example, Hart and Nisbet (2012) exposed Americans to a news story
describing climate change risks, before measuring support for mitigation policies.
Compared to controls not exposed to an article, liberals who read the news story
showed greater support for mitigation policy, whereas conservatives showed reduced
support. Thus, when climate change messages clash with a person’s pre-existing
political beliefs, they can backfire.

To improve interventions, communicators may use audience segmentation to
divide the public into homogeneous groups (W. R. Smith, 1956). Messages can then be
tailored to the characteristics of each group, which may enhance communication
effectiveness and mitigate backfire effects (Corner & Randall, 2011). A meta-analysis of
health communication suggests segmentation approaches are more effective than a
‘one-size-fits-all” approach, particularly when psychological theory is used to understand
the segments (Noar et al., 2007).

The most established audience segmentation for climate change communication

is the Siz Americas (Maibach et al., 2011; Yale Program on Climate Change
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Communication, 2021). Six segments were developed from a nationally representative
survey of Americans. Although multidimensional, the Six Americas may be ordered on
continuous dimensions of belief and concern about climate change. The segments range
from the ‘alarmed’, the segment most accepting of climate change science; via the
‘concerned’; the ‘cautious’; the ‘disengaged’; the ‘doubtful’; to the ‘dismissive’; a
segment which rejects climate science. Conceptual replications have revealed
comparable segments in other nations, such as Australia (Hine et al., 2013; Metag et al.,
2017; Morrison et al., 2013; Morrison et al., 2018; Neumann et al., 2021).

Most climate change audience segments, including the Six Americas, have been
developed using a top-down approach. Specifically, the audience is statistically grouped
across psychological characteristics known to correlate with climate change perceptions,
policy support, and pro-environmental behaviour (for a review, see Hine et al., 2014).
Alternatively, a bottom-up approach groups segments according to the audience’s views
of lay concepts of climate change, such as those found in social media discussions. This
overcomes a disadvantage of top-down approaches—they may omit features of climate
change salient to citizens, but not to researchers. However, bottom-up approaches are
sorely lacking in the climate change domain. Thus, it is unknown to what degree
current understandings of segmentation are limited by researchers’ preconceptions. Here
we addressed this shortcoming using a bottom-up audience segmentation approach.

We conducted bottom-up segmentation using the ¢) methodology—an analytical
approach to representing viewpoints (Brown, 1980). It uses a Q sort task whereby
participants rank statements about a topic, usually along a dimension of agreement.
Statements can be generated using a bottom-up approach, where statements capture
the breadth of conversational possibilities (Brown, 1980; Stephenson, 1986). Using
factor analysis, participants are then segmented based on ranks assigned to statements.
Applications of the Q methodology to climate change audiences are rare and limited to
small non-representative samples (e.g., Hobson & Niemeyer, 2012; Wolf et al., 2009).
The current research is the first to apply the Q methodology to nationally

representative samples. Our statements for the Q methodology were derived from
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prevalent Australian social media discourse on climate change (Andreotta et al., 2019).

The Current Paper

We conducted two studies using representative samples of the Australian public.
Study 1 sought to derive audience segments using the () methodology with statements
from social media, followed by measures of the above-mentioned psychological
characteristics. The study provided evidence for three different segments: Acceptors,
Fencesitters, and Sceptics. Analysis of psychological characteristics indicated segments
differed in their mental models, climate change concern and scepticism, political
ideology, and environmental worldviews. In Study 2, we replicated the three segments
and examined if they differed in their receptivity to climate science information.
Participants completed a belief-updating task in which they were asked for their beliefs
about the contribution of different causes to climate change, the likelihood climate
change will have specific impacts, and the effectiveness of Australia’s mitigation policy.
They were then given the actual scientific estimates for each event before submitting
their revised belief estimates. We found considerable heterogeneity across segments in
their belief-updating tendencies. These results provide insights into the effectiveness of

communicating scientific information to each segment.

Study 1

Climate change views may arise from the interaction of cognitive representations,
ideology, personality, and affect. Regarding cognitive representation, audience segments
typically vary in climate change scepticism (e.g., Yale Program on Climate Change
Communication, 2021), both epistemic (doubting climate science) and response
scepticism (doubting mitigation is possible, Capstick & Pidgeon, 2014). Beyond
general scepticism of human influence on climate, segments may hold specific causal
beliefs mental models—internalised representations used to generate descriptions,
explanations, and predictions (Granger et al., 2002; Jones et al., 2011; Rouse & Morris,
1986). Different causal beliefs can lead to different predictions. To illustrate, consider

two common mental models: one features greenhouse gas emissions as the predominant
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EXPLORING AUDIENCE SEGMENTS 5

cause of climate change, whereas the other features toxic air pollution as the
predominant cause (Fleming et al., 2021; Kempton et al., 1995; Reynolds et al., 2010).
Individuals with the second model may be most likely to suggest the ineffective strategy
of mitigating climate change by additional filtering of factory smokestacks (Kempton

et al., 1995). Thus, knowledge of segments’ mental models provides insight into the
logic by which trusted information will be transformed into action or knowledge
(Granger et al., 2002), and which policies may be endorsed (Bostrom et al., 2012).

Deliberation through mental models and policy support may depend upon
cognitive styles. For example, individuals with a high need for cognition engage in, and
enjoy, effortful thinking (Cacioppo & Petty, 1982). Those high in need for cognition
tend to think openly and critically about issues, potentially leading to greater
acceptance of scientific perspectives on climate change (Sinatra et al., 2014).
Conversely, individuals with high self-perceived climate change knowledge may be
reluctant to seek out and accept scientific information (Stoutenborough & Vedlitz,
2014). Those with an elevated considerations of future consequences cognitive style are
predisposed to orient themselves to long-term over short-term goals (Strathman et al.,
1994), leading to higher support for mitigative policy (Wang, 2017).

Ideological characteristics may underscore the contents of mental models and
whether mental models are used in deliberation (Fleming et al., 2021). For example,
right-wing political ideologies de-emphasise climate change risks and concerns, thereby
legitimising mental models that represent climate change as a natural fluctuation in
climate (Campbell & Kay, 2014; Drews & van den Bergh, 2016; Leiserowitz, 2006; Zia
& Todd, 2010). Similarly, individuals with high system justification, a tendency to
perceive the prevailing social system as fair, legitimate, and justifiable (Kay & Jost,
2003), are motivated to deny the risks of climate change, as mitigative policies often
challenge the status quo (Feygina et al., 2010; van der Linden, 2017). Some sceptical of
climate change may demonstrate conspiracist ideation by believing climate change to be
a ‘hoax’” and therefore reject anthropogenic climate change (Lewandowsky, Gignac,

et al., 2013; Lewandowsky, Oberauer, et al., 2013; Sarathchandra & Haltinner, 2021).
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Individuals differ in their environment worldviews, culturally shared values and beliefs
about the environment (Douglas & Wildavsky, 1983; Thompson et al., 1990). For
example, individuals may have an environment-as-ductile worldview that the
environment is unable to recover from human impacts or an environment-as-elastic
worldviews that the environment is readily able to recover from human impacts (Price
et al., 2014). Individuals with greater environment-as-ductile worldviews, or reduced
environment-as-elastic worldviews, demonstrate greater belief in anthropogenic climate
change, environmental concern, and pro-environmental behaviour (Price et al., 2014).
Lastly, values may influence climate change scepticism. Individuals with high
conservation values (the motivation to preserve the past, respect order, and resist
change) and low self-transcendence may be motivated to engage in climate change
denial (Corner et al., 2014; Drews & van den Bergh, 2016; Schwartz, 2012).

Personality may have wide-reading effects on engagement with, and views of,
climate change. Personality mediates the effects of risk perceptions, values, social
norms, and environmental concern on pro-environmental attitudes (Yu & Yu, 2017).
Emission-reducing behaviours are associated with the traits of openness (imaginative,
curious), conscientiousness (reliable, organised), and extraversion (sociability,
assertiveness; Brick & Lewis, 2014).

Affect, particularly worry about climate change, can influence climate change
views and support for action (Fleming et al., 2021; N. Smith & Leiserowitz, 2014; van
der Linden et al., 2019). For example, experimental and correlational research has
supported a Gateway Belief Model, where the influence of the perceived scientific
consensus on support for public action is mediated by cognitive (belief in climate
change and human causation) and affective (worry about climate change; van der
Linden et al., 2019). Worry about climate change is one the largest predictors of
mitigative policy support, surpassing the predictive capacity of other emotions
(N. Smith & Leiserowitz, 2014).

A complex myriad of psychological characteristics underpin tendencies to process

and seek information and engage in pro-environmental behaviour. This study aimed to
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EXPLORING AUDIENCE SEGMENTS 7

segment the audience using the (Q methodology and examine segment differences in a
range of psychological characteristics. Although we used a bottom-up approach to
audience segmentation, we adopted a top-down approach to facilitate segment
interpretation by incorporating auxiliary measures of psychological characteristics that
may account for differences in segment membership. Critically, these auxiliary measures
were used to facilitate interpretation of audience segments after they had been
derived—they did not contribute to the segmentation process itself. We expected each

segment would be underscored by a unique signature of psychological characteristics.

Method

This study was pre-registered using the Open Science Framework
(https://osf.io/tc8v6 /?view only=c91a9elcd22340378d13155129¢804a6/).

Participants. Four-hundred and thirty-five Australian adults were recruited
online by Qualtrics. A targeted and stratified sampling process was used, whereby the
age (M = 46.71, SD = 17.77) and gender (female = 50.34%) were matched to the
general population of Australian adults reported in the national 2016 census. We did
not record the data of extremely fast responders, defined as those who completed the
study in less than 873 seconds (a preregistered criterion based on pilot testing).

Materials and Procedure. Participants completed the Q sort followed by an
inventory of psychological survey scales. Administration of scales was counterbalanced
to control order effects (see Supplementary Material). The median time taken to
complete the study was 26.17 minutes (interquartile range = 16.15 minutes).

Q sort. The Q sort requires a set of statements capturing the breadth of
conversational possibilities of an issue (Stephenson, 1986). Previous work has used an
inductive process to identify the structure of climate change commentary of Australian
tweets (Andreotta et al., 2019). This research revealed five enduring themes of public
discourse on climate change: climate change action, climate change consequences,
climate change conversations, climate change denial, and the legitimacy of climate
science and climate change. For each theme, we selected six tweets that captured the

heterogeneity of the theme (see Supplementary Materials). The resulting 30 tweets were
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transcribed as statements that could be understood without the social context of the
original tweet. Where possible, language, sentiment, and tone were preserved.
Statements included: “it is important to vote for leaders who will combat climate
change” (climate change action), “climate change is a threat to the health and safety of
our children” (climate change consequences), “it is shameful that climate change, the
greatest problem of our time, is barely discussed in the media” (climate change
conversations), “climate change sceptics ignore basic climate science facts” (climate
change denial), and “scientists should stop falsely claiming that climate change is a
settled science” (legitimacy of climate science and climate change).

The Q sort comprised three phases. In phase 1, participants read each statement
and assigned it to one of three categories: (1) like their point of view; (2) unlike their
point of view; or (3) neutral or unsure. In phase 2, participants were required to rank
statements from “most unlike my point of view” (-4) to “most like my point of view”
(+4). The number of statements that could be placed at each rank was predetermined,
such that more statements could be placed at the midpoint rather than the extremes
(Figure 1). Thus, participants had to be selective in the statements used to represent
their most extreme views. In phase 3, participants responded to open-ended questions
prompting them to justify their placement of the statements ranked most extreme.

Scales. Twenty eight scales were used to measure cognitive, ideological,
personality, and affective psychological characteristics. For brevity, the scales are

summarised in Table 1.

Fig. 1. Schematic of the QQ sort task. Participants progressed through a stack of
unsorted statements (A) by dragging the top-most statement into the grey box that
best corresponded to their point of view (B), as indicated by the blue solid line.
Participants could re-arrange statements at any time during the task. To facilitate this
process, statements could be placed in the orange temporary holding area (C), as

indicated by the pink dashed line
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Results and Discussion

Segments. To identify segments, we conducted a factor analysis on the Q sort
data. Unlike traditional survey approaches which characterise factors of statements that
generate common response patterns across people, the Q methodology reverses this
statistical procedure to identify factors of people with common sorting styles (Brown,
1980; McKeown & Thomas, 2013; Watts & Stenner, 2012). We conducted a principal
components analysis using varimax rotation. We extracted a single factor, as the first
component accounted for a substantially larger proportion of variance (34.06% after
rotation) than the second component. Broadly, this extracted factor represents a
dimension of acceptance of anthropogenic climate change. We segmented individuals on
the basis of their factor loading: (1) Acceptors whose positive load onto the factor is
statistically significant (n = 281; 64.60%); (2) Sceptics whose negative load onto the
factor is statistically significant (n = 36; 8.28%); and (3) Fencesitters whose loading
onto the factor is not statistically significant (n = 118; 27.13%). Fencesitters are
necessarily less homogeneous in their climate change views than Acceptors and Sceptics,
otherwise Fencesitters would have emerged as a second factor.

To understand each segment’s perspective, we constructed a ‘representative’
sort (Brown, 1980; Watts & Stenner, 2012). For each segment, the average ranking
assigned to each statement by participants, weighted by participants’ factor loading,
was calculated. The weighted-averages of statements were then mapped onto the
rankings enforced by the structure of the Q sort, known as factor scores (Table 2).
Factor scores were not calculated for Fencesitters, as the segment’s sorting style was
necessarily heterogeneous. Next, we report the representative QQ sorts for Acceptors and
Sceptics further elaborated on with the participants’ text justification of their rankings.

Acceptors believe anthropogenic climate change is occurring (statements:
3,10,11,13,28), as indicated by an increased frequency of extreme weather and hotter
days (statements: 5,10, 11). Acceptors reject the notion climate change is a hoax
(statements: 2,6). Acceptors claim climate change will cause widespread changes:

physical changes in weather (statements: 9,10, 11); biological changes to ecosystems,
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such as damage to the Great Barrier Reef (statement: 4); and changes to human
systems, threatening agriculture (statement: 6), future generations (statement: 4), and
to a lesser degree, the poor (statement: 21). According to Acceptors, these impacts are
worse than scientists initially thought (statement: 8), though there are still
opportunities to mitigate and adapt (statements: 12, 15,25,26). Although Acceptors
believe action partly rests on collective society (statement: 27), they believe leaders
must take charge (statement: 1,25) as “there are too many weak and idiot politicians in
parliament. we need to vote in people who will take action” otherwise “climate change
will spiral out of control”.

Sceptics reject the concept of anthropogenic climate change (statements:
3,10,11,13,28). According to Sceptics, there is conclusive evidence human activities do
not influence climate. Scientists who say otherwise are viewed by Sceptics to rely on
“dodgy modelling” and “bullshit thought up by some brain dead idiots in university”.
Thus, Sceptics claim climate scientists have overestimated the frequency and intensity
of current extreme weather events (statements: 10, 11), and will be incorrect in their
projections for the future (statements: 4, 7,8). Consequently, Sceptics agree scientists
changed the name of their area of study from “global warming” to “climate change”, as
the world is not warming (statement: 5). As anthropogenic climate change “has nothing
to do with science and reality”, Sceptics question the motives of institutions that
endorse mitigative action (statements: 2,5). For example, one Sceptic claimed “the
United Nations is hiding behind climate change to acquire money”. Similarly, Sceptics
argue against voting for leaders who will combat climate change (statements: 1) as such
leaders are only concerned “about what they can get”. These leaders are “going to
bankrupt Australia” by “chasing ghosts” as there is no way to “tame mother nature,
money can’t”. Citizens who demand solutions for climate change are the usual
‘torch-and-pitchfork’ crowd (statement: 12).

Predictors of Segment Membership. Segments differed in their
psychological attributes (Table 3). To explore statistical differences, we constructed a

multinomial regression model that predicted segment membership as a function of the
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z-scores of psychological characteristics. Due to the large number of related predictors,
we used a ridge regression. A ridge regression penalises the estimates of
highly-correlated terms to achieve greater reliability (a bias-variance tradeoff). For each
level of the penalty placed on highly-correlated terms (corresponding to a shrinkage
parameter \), different coefficients are estimated. A cross-validation process (k-fold)
was used to determine the ideal penalty (\). Confidence intervals of the coefficient were
calculated using a bootstrap procedure (Efron & Tibshirani, 1994). One thousand
samples were created by sampling participants (with replacement) from the study data.
For each sample, coefficients were estimated using the aforementioned ridge regression
and cross-validation processes. From the coefficient distributions, 95% confidence
intervals were identified.

Regression coefficients are presented in Figure 2. Acceptors (Sceptics) were
characterised by lower (greater) epistemic and response scepticism, greater (lower)
belief in anthropogenic climate change, greater (lower) worry about climate change,
lower (greater) endorsement of environment-as-elastic worldviews, less (more)
conservative political ideology, lower (greater) knowledge volume, and greater (lower)
belief carbon-emitting human activities cause climate change. High belief in societal
consequences of climate change reliably distinguished Acceptors only, whereas low belief
environmental harms causes of climate change and greater self-perceived climate change
knowledge reliably predicted Sceptics only. Fencesitters were distinguished by greater
levels of conspiratorial ideation. Fencesitters (Acceptors) were distinguished by higher
(lower) belief in the effectiveness of engineering policies, though this may be a result of
suppression via other predictors, as on average, Acceptors had numerically greater belief
in the effectiveness of engineering policies than Fencesitters. Likewise, the relatively low
coefficient of knowledge volume predicting Acceptor membership should also be
cautiously interpreted, as on average, Acceptors had greater knowledge volume than
Fencesitters. Personality, need for cognition, consideration of future consequences,
system justification, and values were not reliable predictors of segment membership.

Thus, each segment was associated with a unique pattern of psychological



286

287

288

289

290

291

292

293

294

295

297

298

299

300

301

302

303

304

305

306

307

EXPLORING AUDIENCE SEGMENTS 12

characteristics.

Study 2

Study 1 provided evidence for three audience segments that differ in
psychological characteristics that transcend climate change (conspiratorial ideation,
environmental worldviews, and political ideology) and specific climate change beliefs
and mental models that may be more easily changed. However, the association between
climate change scepticism and ideological variables suggest some climate change beliefs
may be resistant to revision because of motivated reasoning (Bayes & Druckman, 2021).
For example, the association between climate change scepticism and right-leaning
ideology may be due to scepticism becoming a symbol of in-group membership for
conservatives—a process known as identity-protective cognition (Kahan et al., 2013). If
so, conservatives may be motivated to reject opposing beliefs as these would threaten
the material and emotional benefits gained from in-group membership. Thus, segments
may differ in their receptivity to climate science information.

To test this idea, in Study 2 we examined whether revision of climate change
beliefs differed across segments. We used a belief-updating paradigm (Garrett & Sharot,
2017). In this paradigm, in each trial, individuals generate numerical estimates of an
event or process, and then are shown an estimate and required to generate another
estimate. Although not commonly used in climate change communication research
(though, see Sunstein et al., 2017), the belief-updating paradigm allows researchers to
quantify belief-updating tendencies in a rigorous manner, that generalises across beliefs

and accounts for individual base rates (e.g., Garrett & Sharot, 2017; Ma et al., 2016).

Fig. 2. Ridge regression coefficients for each predictor of segment membership. The
coefficients (dot) and 95% confidence intervals (error bars) are presented for Acceptors
(blue), Fencesitters (yellow), and Sceptics (purple). Predictors are ordereded by the
magnitude of coeffecients. The grey background highlights predictors where confidence

intervals contains zero for all segments.
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In the current study, we assessed updating across three mental model domains: climate
change causes, climate change consequences, and effective mitigation of climate change
(Bostrom et al., 2012). The dependent measure of interest was the direction and degree
of belief updating following receipt of scientific estimates.

Additionally, we explored two cognitive mechanisms which may account for a
relationship between segment membership and belief revision. The first is trust in the
source of incoming information. Acceptors may be more likely to trust scientific
institutions than Sceptics, due to observed differences in political ideology,
environmental worldviews, and climate change scepticism (Cook & Lewandowsky, 2016;
Sunstein et al., 2017). The second mechanism is optimism bias, where individuals tend
to revise their beliefs to a greater degree when receiving good news (e.g., initially
overestimating an event perceived as bad) than when receiving bad news (e.g., initially
overestimating an event perceived as good; Garrett & Sharot, 2017; Ma et al., 2016).
Sunstein et al. (2017) demonstrated that segments differ in their optimism bias—when
revising future-warming estimates, Sceptics updated optimistically, whereas Acceptors
updated pessimistically. Accordingly, we explored the possibility segment differences in
belief-updating can be explained by group differences in an optimism bias. To
determine which events were good or bad news, we included a sentiment inventory for
participants to indicate their feelings towards each climate change outcome.

Finally, Study 2 was an opportunity to replicate the three segment solution from
Study 1. However, the length of the belief-updating paradigm meant it was not

practical to include the psychological scales from Study 1.

Method

Participants. Qualtrics was used to recruit Australian adults (N = 413) using
the same targeted and stratified sampling process focussed on age (M = 46.82, SD =
18.04) and gender (female = 47.94%). Along these characteristics, the sample was
representative of the Australian population. We did not record the data of extremely

fast responders, defined as those who completed the study in less than 664 seconds (a



336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

EXPLORING AUDIENCE SEGMENTS 14

preregistered criterion based on pilot testing).

Materials and Procedure. All materials were presented to participants on a
computer screen via a web browser. After providing informed consent and demographic
data, participants completed the Q sort task used in Study 1. Next, participants
completed the trust inventory, belief-updating tasks (administered in a counterbalanced
order, see Supplementary Materials), and sentiment inventory. The median completion
time of the study was 25.02 minutes (interquartile range = 18.28 minutes).

Trust inventory. Participants were informed they would be shown
information from two sources: the peer-reviewed climate science literature and Climate
Action Tracker (an organisation that provides scientific analysis of government climate
action). For each source, participants read a lay description and indicated their trust of
the source on a seven-point Likert scale, ranging from “strongly distrust” (1) to
“strongly trust” (7).

Belief-updating tasks. We tested belief updating across three domains with
five belief-updating tasks: (1) belief in causes of climate change (three tasks); (2) belief
in consequences of climate change (one task); and (3) belief in effectiveness of mitigative
policies (one task). Each belief-updating task contained two stages. Firstly, participants
provided estimates for climate change drivers or outcomes (see Supplementary Materials
for more detail), by entering values from 0 to 100 into text boxes. Secondly, participants
were shown their initial estimates alongside the scientific estimate. Participants then
provided a new estimate. The presentation of belief-updating tasks was
counterbalanced across participants (see Supplementary Materials).

The first three belief-updating tasks concerned causal beliefs. For the first task,
participants estimated the percentage of human-driven and nature-driven causes of
climate change between 1980-2011, separately. For the second task, participants
estimated the percentage of climate change caused by each of six mechanisms (e.g.,
“carbon dioxide emissions” and “changes in solar activity”) between 1750-2011. For the
third task, participants estimated the percentage of warming caused by greenhouse gas

emissions from six human activities (e.g., “electricity use in residential buildings”).
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Before supplying their estimates, participants were informed greenhouse gas emissions
drive most climate change.

Another belief-updating task concerned consequence beliefs. Participants
estimated the degree to which nine climate events (e.g., “the number of hot days
globally between 1901-2005") occurred because of anthropogenic climate change.

The final belief-updating task concerned mitigation beliefs. Participants were
given information about the Paris Agreement and the Emissions Reduction Fund
(hereafter ‘ERF’), Australia’s central climate policy. Then, participants predicted the
change in Australia’s carbon dioxide emissions by the year 2030 (compared to 2005
levels) under Australia’s current climate policies. Unlike other tasks, participants
indicated the direction of change of emissions by using a drop-down menu (options:
increase, decrease, no change) and the amount of change by entering a percentage
(participants who indicated there would be no change had to enter “0”). Alongside both
their initial and revised estimates, participants indicated their approval of the ERF on a
seven-point Likert scale, ranging from “strongly disagree” (1) to “strongly agree” (7);
their level of approval of Australia’s climate policies on the same seven-point Likert
scale; and the likelihood Australia will meet the Paris Agreement (as a percentage, from
0 to 100).

Sentiment inventory. Participants indicated their feelings towards each
climate change event presented in the belief-updating tasks, on a five-point Likert scale,
ranging from “very negative” (1) to “very positive” (5). On the same scale, participants
were asked “If Australia met its commitment to the Paris Agreement, how positive or
negative would you feel about that?” Participants were not asked about their sentiment

towards climate change causes, as responses would be difficult to interpret.

Results and Discussion

Segmentation Solution. Following the analysis steps of Study 1, we
replicated the Acceptor, Fencesitter, and Sceptics segments. The factor scores of each

statement was near-identical for Acceptors and Sceptics (see Supplementary Material
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for factor scores). Of the sample, 256 participants were Acceptors (61.99%), 114 were
Fencesitters (27.60%), and 43 were Sceptics (10.41%).

Belief Updating. The dependent variable of interest is update—the degree to
which a participant revised their estimate following exposure to scientific information,
as a proportion of their initial error. An update score was calculated for each
participant and for each belief. The magnitude of an update score is the difference
between the initial and revised estimate, divided by the magnitude of difference
between the initial and scientific estimate. The sign of the update score conveys
whether the update was towards (positive) or away (negative) from the scientific
estimate. Thus, an update score of one indicates a revision to match the scientific
estimate. Using this formula, update scores could not be defined when the initial
estimate equalled the scientific estimate (293 of 9888 updates; 2.96%) and such cases
were therefore excluded from further analysis.

Linear mixed-effects modelling was used to determine whether update varied as
a function of segment, trust in source information, or an optimism bias. Each domain of
belief (cause, consequence, and mitigation) was modelled separately. The general
strategy involved constructing several models, each with a different combination of
predictors (known as fixed effects). We then compared the consistency between data and
each model, via the Akaike Information Criterion (AIC), to determine the best fitting
models (detailed in the Supplementary Materials). For models of cause and consequence
beliefs, intercepts were assumed to randomly vary across participants, belief items, and
task administration orders (known as random effects). For mitigation beliefs, intercepts
were assumed to randomly vary across only task administration orders; as only a single
belief was measured, within-unit and between-unit variability cannot be partitioned. All
models were fit using maximum likelihood estimation. Predictor coefficients are
reported with a 95% confidence interval (CI), estimated using the Wald method. One
participant was excluded from analysis, as their data prevented model convergence due
to a belief update score several magnitudes higher than other participants.

Updating varied as a function of segment (Figure 3). Models with a main effect
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of segment (and no other predictors) had better fit than models with no main effects.
For cause beliefs, Acceptors updated more than Fencesitters (difference = 0.25,

CI =[0.12,0.38]), and Fencesitters updated more than Sceptics (difference = 0.39,

C1 =[0.19,0.59]). For consequence beliefs, Acceptors again updated more than
Fencesitters (difference = 0.25, CI = [0.15,0.34]), who again updated more than
Sceptics (difference = 0.24, C'I = [0.09,0.40]). For mitigation beliefs, Fencesitters
updated the most, although they did not statistically differ from Acceptors (difference
= 0.07, C1 = [-0.20,0.34]). However, Acceptors updated more than Sceptics (difference
= 0.53, C1 =[0.13,0.92]). Thus, the patterns of segment updating for cause and
consequence beliefs are not reflected in mitigation beliefs.

Segments may have differed in belief updating solely due to differences in trust
in the source of information. However, this is not well supported by the evidence. For
all domains, models with only a main effect of segment had considerably better fit than
models with only a main effect of trust. Thus, trust alone cannot account for the effect
of segment on belief update.

Generally, the best fitting models for update of cause and consequence beliefs
were those including effects for both trust and segment membership. Additionally, there
was substantial evidence for interactions. For cause beliefs, greater trust was associated
with greater update for Acceptors (0.09 more update per point of trust,

CT =10.01,0.16]) and Sceptics (0.18 more update per point of trust, C'I = [0.08,0.28]),
but not for Fencesitters (0.02 less update per point of trust, C'1 = [-0.06,0.10]). For
consequence beliefs, greater trust was associated with greater update for Acceptors
(0.10 more update per point of trust, C'I = [0.04,0.16]), but not for Sceptics (0.04 more
update per point of trust, C'I = [—0.04,0.12]) or Fencesitters (0.04 more update per

point of trust, CI = [—0.02,0.10]). For mitigation beliefs, there was little evidence for

Fig. 3. Mean update for each domain and segment: Acceptor (blue), Fencesitter
(yellow), and Sceptic (purple). Error bars represent one between-participants standard

error of the mean
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an interaction.

Segment differences in updating may be due to differences in optimistic
revisions. To explore this possibility, we determined which scientific messages were good
news and bad news on the basis of participants’ emotional appraisals of events and their
first estimates. For example, if a participant indicated an event was negative and was
exposed to a scientific estimate greater than their first estimate, the event is bad news;
conversely, if this scientific estimate was instead less than a participant’s first estimate,
the event is good news. Combinations of effects for segment and news type (coded as
good or bad) were entered into mixed-effects models. We did not model participant
update of neutral belief/news, which included 1420 of 3708 consequence belief updates
(38.30%) and 90 of 412 mitigation belief updates (21.84%). Of note, we did not model
optimistic updating for cause beliefs as we did not collect sentiment data for causes.

For consequence and mitigation beliefs, the best fitting models were those
containing main effects for segment and news type, but no interactions. There was a
tendency towards a pessimistic updating for all segments, such that updating is larger
for bad news than good news (Figure 4). As the best fitting models contained an effect
for segment, segment differences in update could not be solely accounted for by
differences in an optimism or pessimism bias.

Change in Policy Support. Additionally, we identified the predictors of
changes in policy support. To do so, we determined the fit of linear mixed-effects
models with combinations of main effects and interactions of: segment; change in
perceived mitigation effectiveness (positively-signed when policy perceived to be more
effective); and change in perceived likelihood of Australia satisfying the Paris
Agreement (positively-signed change when the Paris Agreement is perceived to be more

likely to be satisfied).

Fig. 4. Mean update for (a) consequence beliefs and (b) mitigation belief, as a
function of news and segment: Acceptor (blue), Fencesitter (yellow), and Sceptic

(purple). Error bars represent one between-participants standard error of the mean
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For both support of the ERF and Australia’s policy, two models had considerably
better fit. The first model contained a main effect of segment, a main effect of perceived
likelihood Australia will satisfy its Paris Agreement commitment, and an interaction
between these two variables. The second model contained the same effects as the first,
with an additional main effect of change in perceived mitigation effectiveness. For these
models, the coefficient for the interaction between segment and perceived likelihood of
meeting the Paris Agreement was only reliability signed (positive) for Acceptors (that
is, the confidence interval did not intersect zero). Additionally, participants who
updated towards greater perceived effectiveness of the ERF increased their support for
the ERF (0.00378 change on the scale per 1% increment of carbon dioxide reduction,
CI = [0.00065,0.00692]), and their support for Australia’s mitigation policies, although
not reliably (0.00185 change on the scale per 1% increment of carbon dioxide reduction,
CT =[-0.00172,0.00542]). Overall, these models indicate participants of all segments
who reduce their belief in a policy’s effectiveness also reduce their support for that
specific policy, but not general policy action. Additionally, Acceptors lowered their
support for specific policy to the degree that it harmed Australia’s likelihood of meeting
the Paris Agreement. However, detrimental impacts on the Paris Agreement were

unrelated to changes in policy support of Fencesitters and Sceptics.

General Discussion

We used a novel bottom-up approach to segment climate change views. Across
two studies, we find consistent evidence for three distinct audience segments: Acceptors,
Fencesitters, and Sceptics. In Study 1, we combined our bottom-up approach to
segmentation based on the Q sort with a top-down approach to segment interpretation
by incorporating auxiliary measures of potentially relevant psychological characteristics.
Importantly, these auxiliary measures were used to help interpret the segments once
they had been derived—they did not contribute to the segmentation process itself. This
combination of approaches revealed the three segments differ in their mental models of

climate change and other psychological characteristics. Study 2 demonstrated segments
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differ in their belief-updating tendencies when exposed to scientific information.
Overall, our studies indicate the Australian public are divisible into three audience
segments with unique psychological characteristics and belief-updating tendencies.
Next, we summarise the characteristic differences between segments, how these can
inform communication strategies, and how our segmentation solution differs from

previous research.

Characteristic Differences Between Segments

Segment differences can be understood by referring to their sorting behaviour in
the Q sort task, responses on the psychological characteristics measures, and updating
tendencies in the belief-updating paradigm. From the Q sorts, it is apparent Acceptors
strongly believe in the urgency and reality of climate change. They recognise climate
change will have wide-ranging impacts on environment and society, and these impacts
may be worse than climate scientists expect. They reject conspiratorial notions of
climate change as a hoax, and they want to see political leadership and climate action.
By contrast, Sceptics have an alternative perception of reality—one where the science
suggests human actions are not influencing climate. Instead, climate change is a hoax
manufactured to serve a hidden agenda. Accordingly, climate scientists are thought to
use questionable research practices to create the illusion climate change is occurring.
They think climate scientists’ forecasts of global warming have been proved wrong and
that, because of this, they deliberately changed the name of their field of study from
“global warming” to “climate change”. We cannot say anything specific about
Fencesitters other than that their sorting responses are more heterogeneous than the
other two segments.

Turning to psychological characteristics measures, Acceptors strongly believe
climate change is occurring and that carbon-emitting human activities cause climatic
changes. They are more worried about the issue than other segments and strongly
support climate action. This segment is politically liberal with an

environment-as-ductile worldview, meaning they think the natural environment has a



528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

EXPLORING AUDIENCE SEGMENTS 21

limited capacity to recover from damage. By contrast, Sceptics are less likely to believe
climate change is occurring and that carbon-emitting human activities cause climatic
changes—yet, Sceptics have the greatest self-confidence in their knowledge about
climate change. They are therefore sceptical of the need for climate action. This
segment is politically conservative with an environment-as-elastic worldview, meaning
they think the environment easily recovers from damage. Surprisingly, Sceptics did not
show the highest levels of dispositional conspiratorial ideation of all segments, despite
their strong endorsement of climate-conspiracy related items in the Q sort. Instead,
Fencesitters were the highest in dispositional conspiratorial ideation.

Our finding that dispositional conspiratorial ideation was elevated in
Fencesitters, but not Sceptics, seemingly contradicts an extensive literature showing
conspiratorial ideation predicts climate change scepticism (Hornsey et al., 2018; Kaiser
& Puschmann, 2017; Lewandowsky, Oberauer, et al., 2013). However, Lewandowsky
(2020) recently suggested individuals may deploy conspiratorial explanations for two
different reasons: (1) they have a general disposition towards engaging in conspiratorial
ideation; and/or (2) they seek to guard against worldview-incongruent information. In
the latter case, conspiracy theories may not reflect people’s real attitudes to climate
change but may instead be a pragmatic tool to indicate a person’s political stance on
the issue. Consistent with this, Fencesitters showed greater general disposition toward
conspiracism in the absence of a specific tendency toward climate change conspiracy
theorising, and have moderate political ideology and environmental worldviews. By
comparison, Sceptics do not show an increased general disposition toward conspiracism,
but they do show a specific tendency toward climate change conspiracy theorising,
accompanied by politically conservative ideology and environment-as-elastic worldviews.
Thus, unlike Fencesitters, Sceptics may be ideologically motivated to believe
conspiratorial accounts of climate change.

Finally, segments differed in the degree they revised their beliefs towards
scientific information. Specifically, for climate change causes and consequences,

Acceptors updated their beliefs more than Fencesitters, who in turn updated their
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beliefs more than Sceptics. For mitigation, Acceptors and Fencesitters revised their
beliefs to a comparable degree, and more so than Sceptics. The segment differences in
belief updating could not be fully accounted for by trust in information source or an
optimism bias. In general, Acceptors and Fencesitters showed high degrees of
willingness to revise their beliefs, whereas Sceptics were highly resistant to revising their
beliefs. The willingness of Fencesitters but not Sceptics to update their beliefs in
response to scientific information confers further support for the notion the two
segments may deploy conspiracy theories for different reasons.

We found all segments updated optimistically, meaning their belief update in
response to scientific information was greater for good news than bad news. We do not
find evidence for a general pessimism bias in Acceptors, as suggested by previous
research (Sunstein et al., 2017). This discrepancy may be due to differences in the
classification of bad news. Unlike Sunstein et al. (2017) who assumed the belief of
interest (a change in temperature) was perceived by all participants to be equally
negative, we measured participant sentiment for each event and accounted for
individual differences in sentiment. Though, other factors could have accounted for
differences with previous research, such as the operationalisation of Acceptors or the

specific beliefs measured in studies.

Communicating with the Different Segments

To bolster public support for mitigative policies, our findings suggest
communicators should focus on Fencesitters. Acceptors already trust climate science
and support strong leadership to address climate change, whereas Sceptics are few in
number and politically-motivated to oppose mitigative policy, and are thereby resistant
to belief updating. In contrast, Fencesitters show potential for belief change, as they
update their beliefs in response to scientific findings and were not characterised by
extreme environmental worldviews or political ideology. However, just as Fencesitters
could be tipped towards greater climate change acceptance by exposure to scientific

information, they could be tipped toward scepticism by exposure to disinformation.
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To protect Fencesitters from climate change disinformation, communicators
could preemptively use inoculation techniques to build psychological resistance to
disinformation before it is perceived (McGuire & Papageorgis, 1961). Inoculation
involves warning individuals they may be exposed to disinformation and explaining to
them the deceptive strategies and rhetorical techniques used by those that seek to
mislead (van der Linden et al., 2017). For example, Cook et al. (2017) found climate
change disinformation could be successfully inoculated by alerting individuals to the use
of ‘fake experts’ by the fossil fuel industry. Alternatively, if disinformation has already
informed belief, communicators may use various best-practice debunking strategies to
correct the disinformation (Lewandowsky et al., 2020; Lewandowsky et al., 2017). For
example, communicators could provide clear explanations for the established knowledge
that undermines the misinformation alongside an explanation of what is true instead
(Ecker et al., 2020; Lewandowsky et al., 2020; Paynter et al., 2019).

Although we emphasise Fencesitters, public support for mitigation policy can be
bolstered within Acceptors and potentially Sceptics. Despite worry about climate
change and having knowledge on its causes, many Acceptors fail to distinguish effective
and ineffective policies (Kempton et al., 1995; Read et al., 1994; Reynolds et al., 2010).
To reduce support for ineffective policies, communicators could encourage Acceptors to
apply their causal knowledge of greenhouse gases to the policy domain. Alternatively,
communicators could directly highlight the ineffectiveness of a policy and the adverse
impacts on international agreements. In contrast, changes in policy support of
Fencesitters and Sceptics was not associated with the consequences of ineffective policy
on international agreements. Lastly, messages from climate scientists could be
persuasive, as climate scientists are trusted by Acceptors.

Of all segments, Sceptics were most resistant to belief revision when contradicted
by science. Thus, communicators may need to deploy unique strategies to foster more
positive attitudes towards climate science and policy in this segment. One approach is
to leverage people’s motivations to maintain cognitive consistency in attitudes. For

example, Gehlbach et al. (2019) found conservatives asked to rate the generally
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accepted contributions of science to society, such as discovering germs cause disease,
had more positive attitudes towards climate science than conservatives asked solely
about their climate science attitudes. Alternatively, communicators may avoid climate
science entirely by appealing to the benefits of mitigation policy to improve policy
endorsement, such as communicating the moral or economic co-benefits (Bain et al.,
2015). Though, communicators should be weary of Sceptics’ aversion to commonly
discussed climate change mitigation policies, which may conflict with more conservative

political ideology (Campbell & Kay, 2014).

Comparison to Previous Segmentation Research

Our studies found evidence for three segments, a number on the lower range of
segments reported in the literature (Hine et al., 2014). Though, the number of segments
derived in studies is an inherently subjective process. Therefore, the characteristics
underlying segments should be emphasised when comparing studies. Despite using a
bottom-up approach, our segmentation solution is broadly consistent with the literature
(e.g., Hine et al., 2016; Maibach et al., 2009; Morrison et al., 2013). Specifically, we
identified segments of Acceptors and Sceptics, consolidated on a continuum of climate
change scepticism, worry about climate change, and political ideology. We extend the
literature by identifying the conspiratorial disposition of Fencesitters and the typical
mental models held by each segment. Further, we identified the belief-updating
tendencies of segments, demonstrating that in some contexts, Fencesitters may be more

receptive to climate change science than Acceptors.

Limitations

The use of Internet panel services introduced methodological limitations to our
studies with effects for generalisation. The samples used in the study are not truly
representative of all Australians, as we sampled Australians who participated in panel
services, and matched the sample to Australian demographics only on gender and age.
Additionally, short-form scales were used in the first study to measure psychological

constructs. By virtue of minimal items, some scales had poor internal consistency (e.g.,
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personality). However, we only selected short-form scales which had demonstrably good

psychometric properties, such as retest reliability (Rammstedt & John, 2007).

Conclusion

The predominant approach to segmentation of climate change audiences has
been top-down, which privileges researcher preconceptions over audience conceptions of
climate change. In contrast, we used a bottom-up approach to ensure segmentation
reflects lay views on climate change, as defined by the public. However, we did not
disregard theory—we complimented our segmentation by examining the psychological
characteristics of segments. We found the Australian public is composed of three
segments—Acceptors, Fencesitters, and Sceptics—with unique psychological
characteristics and belief-revision tendencies. Communication can be enhanced, our
results suggest, by conceptualising the public as relatively homogeneous segments,
rather than a heterogeneous whole. Yet, many communicators rely on a
‘one-size-fits-all” approach. For these communicators, our research outlines a
comprehensive profile of segments along with recommendations for communicating with
each. We suggest communicators should target Fencesitters who hold moderate views
and are receptive to belief revision. Care must nevertheless be taken since, although
Fencesitters are receptive to scientific information, they are also potentially vulnerable

to misinformation and conspiratorial thinking.
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