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Cognitive impediments and global warming’s gradual pace, among other factors, have

inhibited some people from detecting climate change’s everyday effects. This results

in global warming often being perceived as a non-urgent, non-personal, threat that

inhibits larger-scale collective action combatting climate change and public will regarding

such action. Extreme weather events that global warming causes or exacerbates (e.g.,

hurricanes, flooding, heat, and droughts), however, are memorable due to their high

emotional, social, and economic costs. Sea level rise is an especially salient American

issue, given recent heightened storm surges, and the large population-segment who

live in or near coastal areas with dangerous flooding risks. In this experiment, we show

that providing American participants with U.S.-specific information about the economic

and/or geographic/cartological effects and risks of sea level rise results in (a) an increased

acceptance of oceanic rise as a phenomenon that is concerning and caused by global

warming, and (b) an increased acceptance, in general, of global warming’s anthropogenic

nature. Communicating sea level rise information also led to (c) a general decrease in

nationalism and (d) changes in the perceived effectiveness of mitigation strategies for sea

level rise–specifically (d1) a decrease in the perceived effectiveness of constructing sea

walls /dikes and (d2) an increase in the perceived effectiveness of phasing out fossil fuel

usage. Overall, we find that communicating striking information about this oceanic by-

product of global warming is an effective way to motivate acceptance and engagement

with the issue of climate change in a reasonably broad manner. The experimental findings

replicate, extend, and dovetail with prior experiments by our laboratory, bringing up

to six the number of brief interventions (i.e., of roughly 5 or fewer minutes) that have

been proven to increase people’s science-normative beliefs about global warming. Our

laboratory’s website, HowGlobalWarmingWorks.org, offers samples of these materials,

which additionally include surprising statistics, textual and video explanations of global

warming’s mechanism, and a contrast of Earth’s temperature rise since the 1880’s vs.

the U.S. stock market rise since then.
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INTRODUCTION

Current sea level acceleration is unprecedented in human history
(Woodworth et al., 2009; Rahmstorf, 2010). Sea levels, rising
since the 1800’s (Christensen et al., 2007; Church and White,
2011), are expected to rise at least until 2100 (Holgate and
Woodworth, 2004; Church and White, 2006)—a phenomenon
widely agreed to be due to global warming. Global sea levels
are predicted to increase 0.2–0.6m beyond 1990 levels by 2095
(Solomon et al., 2007) and alternative predictions vary from 0.5
to several meters before 2100 (Hansen et al., 2006; Schubert
et al., 2006; Carlson et al., 2008). More recent projections (Fischer
et al., 2018) indicate that even these alternative predictions may
prove conservative.

Sea level rise is an especially salient U.S. concern, following
striking hurricane-triggered flooding in New Orleans (Katrina),
New York (Sandy), Houston (Harvey), North Carolina (Florence
and Michael), and Puerto Rico (Maria and Irma), etc. (e.g.,
Kishore et al., 2018). Beyond storm surges, U.S. flooding
frequency from non-storm high tides has doubled in just 30
years, causing human deaths and many billions of dollars in
damage, with risks to infrastructure and coastal properties high
and soaring (Nicholson-Cole and O’Riordan, 2009; Milman,
2018). Sea level rise’s threat clearly impacts America’s housing
market, with homes more exposed to oceanic rise selling for
approximately 7% less than equivalent homes at higher elevations
yet equidistant from the beach (Bernstein et al., 2018). Besides
property damage, frequent flooding and sea level rise cause many
social, legal, and economic challenges, including issues from
sanitation to gentrification (Kolbert, 2015). Growing concerns
about extreme weather events have already caused reassessment
of families’ attachments to residential environments (Bates et al.,
2008), altered citizens’ perceived security (McDonald, 2008),
elicited adaption and mitigation behaviors among low-lying
coastal-area residents (Brody et al., 2008), and reduced energy
consumption (Spence et al., 2011).

Despite strong global warming evidence, including rising
oceans, many Americans are skeptical about the fact of
Earth’s average surface temperature increase; about 32%
deny that the increase is mostly anthropogenic (Leiserowitz
et al., 2018). Partisan divides exist regarding global warming’s
anthropogenicity and its actual and projected side effects
(Krosnick et al., 2000; Leiserowitz, 2006; Dunlap and McCright,
2008; Hulme, 2009; Klick and Smith, 2010; McCright and
Dunlap, 2011; Villar and Krosnick, 2011; Zhao et al., 2011; Park
and Vedlitz, 2013). Some explain this acceptance asymmetry
as reflecting biased assimilation (building on Lord et al., 1979),
in which people holding a strong belief may (a) occasionally
be more likely to reject information running counter to it or
(b) subject such information to higher critical standards than
they would information that supported their pre-existing beliefs
(McCright and Dunlap, 2011; also see motivated reasoning,
confirmation bias, or motivated skepticism: Kunda, 1990;
Nickerson, 1998; Redlawsk, 2002; Taber and Lodge, 2006).

Kahan et al.’s (e.g., Kahan et al., 2012) cultural cognition
perspective posited that one adopts a worldview reflecting one’s
identifying group. Related to Festinger’s cognitive dissonance

theory (e.g., 1957, regarding other topics), Kahan et al.
suggest that communicating climate change information, such
as scientific evidence/facts, yields selective attention to this
information–particularly aspects that reinforce prior beliefs–
while virtually dismissing contravening aspects. Such a biased
assimilation would suggest that communicating climate change
information could drive people with opposing prior worldviews
apart. Our research group, however, has consistently shown
that providing people with coherent scientific information about
global warming, such as its scientific mechanism and salient
statistics, leads to global warming acceptance increases across
both the full left/right liberal-to-conservative spectra for both
economic and social conservatism (Ranney and Clark, 2016;
Ranney et al., 2016, in press; also see van der Linden et al., 2017).

Along with increasing global warming acceptance, it seems
desirable for America to use its collective identity to help
mitigate global warming’s effects, such as rising oceans–a view
informed by Gould’s 1993model associating nationalismwith the
formation of social ties and networks among citizens. However,
our laboratory has consistently shown negative correlative and
causal relationships between nationalism and global warming
acceptance over the course of many surveys and experiments,
which we have explained using the induced Reinforced Theistic
Manifest Destiny theory (RTMD, Ranney and Thanukos, 2011;
Ranney, 2012; Ranney et al., 2012; etc.)—a generative theory
that predicts and explores relationships among six constructs,
including global warming acceptance, nationalism, and the
acceptances of: evolution, creationism, a higher power(s), and
an afterlife. The negative relationship between nationalism and
global warming acceptance may be exacerbated by political
rhetoric that often tries to pit U.S. nationalism (“America First”)
against environmental concerns–such as the fossil-fuel-friendly
“Drill, Baby, Drill” slogan at one party’s political convention
(McCright and Dunlap, 2003)—and the widespread framing of
climate change as threatening (e.g., “job-killing”) to economic
stability and growth (Hardin, 1968; Hennes et al., 2016; see also
Lewandowsky et al., 2013, on free-market adherence’s association
with global warming denial). The relationship between strong
national identification and inhibited support for environmental
change was posed, by Feygina et al. (2010), as a manifestation of
System Justification Theory, in which threats to the legitimacy
and stability of social (and national) institutions/systems lead to
motivated recall of environmental facts (Hennes et al., 2016).
Better understanding the bi-directional relationship between
nationalism and the perception/acceptance of global warming
(and its effects) seems increasingly important because many
environmental resources (e.g., the atmosphere) are international,
and nationalistic concerns must be transcended to produce
the international agreements necessary to dramatically reduce
greenhouse gas emissions.

This paper presents a new experiment showing that clearly
communicating the economic and/or inundation effects/risks
associated with sea level rise–some global warming by-products–
increases the acceptance that oceanic rise is a current, worsening
phenomenon that is both concerning and caused by global
warming. Communicating such information led, in some cases,
to a direct increase in acceptance that climate change is
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anthropogenic, even though climate change is barely–and
sometimes never–mentioned in the interventions’ modules. After
reading such sea rise information, participants exhibited general
acceptance increases regarding (a) sea level rise and (b) global
warming. We also observed (c) a decrease in nationalism,
(d) a decrease in the perceived effectiveness of constructing
mitigating sea barriers, and (e) an increase in the perceived
effectiveness of phasing out fossil fuel usage. Overall, we (1)
once again replicated that information-based communications
of environmental risk/effects can clearly modify global warming
attitudes, and (2) illustrated that such communications alter
beliefs about other forms of climate change engagement, such as
altering participants’ preferences for mitigating actions.

Some Climate Communication
Background
Cognitive barriers prevent most people from identifying
climate change’s full threat. Global warming’s gradual pace
and its corresponding environmental changes inhibit some
from detecting its effects amid weather variability (Marx
et al., 2007; Weber, 2010; Weber and Stern, 2011). Most
environmental degradation is incremental and modestly tangible
in casual observers’ typical epochs. We cannot visually perceive
air’s greenhouse gas accumulation, and we generally perceive
ecological changes only following severe environmental damage.
A view of climate change as a non-urgent, non-personal, threat
has–heretofore–been thought to hinder proactive behavioral
responses to the issue (Lorenzoni and Langford, 2001).
Leiserowitz et al. (2018) note that 30% of Americans do not
believe that global warming will affect the U.S. and 48%
believe it will not harm them individually. A dozen years ago,
Krosnick et al. (2006) accordingly noted that climate change
ranked as less important in people’s lives than competing
issues such as terrorism, health care, and the economy.
Climate change’s non-urgent, non-personal, perceptions have
been proffered to explain the value-action gap, whereby
people’s actions do not match the green attitude levels they
express in surveys (Pedersen and Neergaard, 2006; Röös and
Tjärnemo, 2011).

Another communication challenge is that climate changes
are hardly just localized, being manifest over wide, diverse,
geographical scales (Hamilton and Keim, 2009; Ruddell et al.,
2012). The potential lack of climate change’s salience in one’s
local daily environment (Helgeson et al., 2012), coupled with
its global scope (Breakwell, 2010), yields little concrete or
personally affective imagery to motivate engagement with global
warming (Leiserowitz, 2006, 2007)—producing disconnects
between perceptions of climate change’s seriousness and one’s
feelings about obligatory actions (Hulme, 2009).

This experiment’s manipulations communicate information
about aspects of global warming’s effects that seem highly
relevant to Americans. In keeping with (a) dual processing
theories emphasizing the most vivid elements of direct and
vicarious experiences as superior methods for risk and climate
communication (Sloman, 1996; Chaiken and Trope, 1999; Slovic
et al., 2004), and (b) our own work that has emphasized

the pivotal role of surprise in learning (Ranney et al.,
2016; Munnich and Ranney, 2019) and rationality-monitoring
(e.g., Ranney, 1996), we designed interventions that intended
to elicit affective responses–hypothesizing that these would
lead to rapid categorizations and useful evaluations of such
information (Slovic et al., 2004). The chosen communication
topic–sea level rise–seemed likely to (1) have been personally or
indirectly experienced by U.S. participants and (2) carry affective
associations for participants.

Methodological Contextualization of Sea
Level Rise
Oceanic rise was this experiment’s selected topic due to its
impacts on many people and institutions across the socio-
economic continuum, including military bases (e.g., Norfolk,
Virginia’s), small businesses, and home owners across vast
U.S. coastline swathes. Because inundation is relevant and/or
personally threatening to many Americans, it seems among the
likeliest issues useful for influencing behavior/actions (Weber,
2006). Other advantages of sea level rise communication
over less salient climate change effects, are clear linkages
between oceanic rise and global warming, with scientists
proving that warming temperatures have increased hurricanes’
strengths and that oceanic expansion increases chronic nuisance
flooding frequencies (Milman, 2018)—science demonstrable
in simple classroom experiments. The media occasionally,
persuasively, state the relationships between climate change and
its effects, such as flooding (Olausson, 2009)—and personal
experiences with extreme weather events (e.g., flooding)
have highlighted climate change for non-victims (Konisky
et al., 2016). Sisco et al. (2017), for example, found that
associations between global warming and extreme weather,
including coastal flooding, frequently became simultaneous
Twitter posts.

Although sea level rise is relatively underexplored, topically,
within climate change communication, Wong-Parodi et al.
(2018) recently studied communicating both flood risk
projections and flood-mitigating actions to respondents affected
by Hurricane Sandy. Communicating about protective actions
was most successful at encouraging action, but it reduced the
perceived probability of future flooding and did not change
perceptions of climate change as driving future flooding–
due, the authors argued, to unfamiliarity with quantitative
estimates of risk and changes in resilience upon reading about
protective actions. In complement to their study, we herein
assess communicating salient and compelling sea level rise risk
information to a broader U.S. audience who hadn’t necessarily
experienced flooding. We developed three instructional modules
that communicated cartological and/or statistical information
about sea level rises. The first encapsulated some current
and future economic ramifications of oceanic rise on coastal
housing markets. The second showed land inundated in southern
Florida following zero-, one- and four-degree (Celsius) global
temperature increases. The third was extreme, showing how the
southeast U.S. coastline would change if Earth’s frozen water
completelymelted.
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Economic Information
Rising seas’ economic consequences are inescapable, and the
media often describes storm severities in financial-damage terms
(e.g., Hurricanes Harvey and Irma alone yielded estimated
losses of $290 billion dollars; Wile, 2017), with such costs
heavily associated with housing-market impacts. Hughes (2015)
found that coastline-protecting urban adaptation plans largely
seek to protect valuable assets, echoing Berrang-Ford et al.’s
findings (2011). Our experiment’s economic module therefore
communicated information about current and projected U.S.
financial losses, hypothesizing that our American participants
would find it salient and compelling.

We additionally chose to communicate actual and projected
economic losses/damages to invoke people’s loss aversion
tendencies (Tversky and Kahneman, 1991) and to counter
prevalent misconceptions that reducing emissions is expensive
compared to maintaining the status quo (Shwom et al.,
2010; Jacobson et al., 2017). Such misperceptions may exist
because publicity around climate policy impacts usually frames
reducing emissions as a cost/loss (Hatfield-Dodds and Morrison,
2010), increasing perceptions of mitigation strategies as unfair
(Kahneman et al., 1986) and leading to status-quo-protecting
oppositions to policies/goals curtailing fossil fuel use (Dietz et al.,
2007)—despite Delucchi and Jacobson (2011), etc., indicating
the relative frugality of moving to sustainable fuels from fossil
fuels. Framing actions that inhibit climate change as economic
opportunities has, encouragingly, been experimentally shown to
increase such policies’ public support (Lockwood, 2011). For
instance, framing emission-reducing cost as a foregone gain
(i.e., a long-run money saving) produces higher willingness to
reduce CO2 emissions among Australians (Hurlstone et al.,
2014).We additionally hypothesized that communicating climate
change’s considerable financial damage would prompt surprise–
therefore increasing participants’ perceived risks regarding global
warming (Ranney et al., 2016) and oceanic rise, leading to further
predictions of increased desires for individual and collective level
actions to solve the problem.

Geographic/Map Information
In presenting the economic statistics, we drew on (a) our
laboratory’s prior research on how quantitative information,
including statistics, can prompt visceral surprise–leading to
updated understandings and changes in preferences and policies
(Garcia de Osuna et al., 2004; Munnich et al., 2007; Ranney and
Clark, 2016; Ranney et al., 2016; Munnich and Ranney, 2019),
and (b) theories of visualization in science and science education,
which indicate that graphical data representations often increase
engagement and understanding (e.g., Gilbert, 2010; Ranney
et al., 2016). Visual representations have also been effective
regarding climatological information, with a pie chart usefully
communicating climate change’s scientific consensus to the
general public (van der Linden et al., 2014). Our own laboratory
has shown that graphical, visually striking, depictions of Earth’s
increasing mean surface temperature since the 1880’s have
successfully prompted surprise and corresponding increases in
the acceptance of global warming’s anthropogenic nature (Chang,
2015; Ranney et al., 2016). Sea level rise is similarly inherently

associated with striking imagery. We therefore hypothesized that
inundation data regarding parts of the land in southern Florida
and/or the southeastern U.S. that will be lost under different
sea-rise scenarios would represent compelling, visually-striking,
affective, images that would prompt increases in sea level rise
acceptance and global warming acceptance.

Main Hypotheses
Among other hypotheses, our central hypotheses are: (a)
communicating economic information about sea level rise’s
effect will yield increased sea level rise acceptance, increased
global warming acceptance, and deceased nationalism, (b)
communicating one or two map-based geographic impacts of sea
level rise will yield increased sea level rise acceptance, increased
global warming acceptance, and decreased nationalism, and (c)
more information about sea level rise will yield greater increases
in sea level rise acceptance, global warming acceptance, and
decreased nationalism.

METHOD

Participants
Amazon Mechanical Turk (MTurk) participants were paid
upon survey completion—and 384 completed responses were
collected, in total, across eight conditions after exclusion criteria
(detailed in Procedure) were applied. Of these, 64% were female,
with ages ranging from 18 to 75 years old (M = 38.2), and
with widely varying household incomes (median = $55,000)
and education levels (with 51% having a bachelor’s degree or
more). The plurality, 47%, identified as Democrats, with the rest
being largely Republican or Independent (with smatterings of
Libertarian, Green, and “Other”)—and 32 participants identified
(separately) as Tea Party members. (The median participant was
a “4” and “5” on our 9-point social and economic conservatism
scales, respectively.) Regarding religion, 45% of participants
identified as Catholic, Protestant, or (other) Christian, while 38%
identified as Atheist or Agnostic.

Experimental Design
We presented each module to participants (a) individually, (b)
as paired combinations, and (c) all three together, based on a
2 × 2 × 2 (economic-or-not x Florida-or-not × southeastern-
U.S.-or-not) factorial design. Our control condition’s participants
received a short text about how the moon causes tides (which
few people know); this seemed superior to a no-intervention
(“not-not-not”) control as it (1) allowed for better assessment
of experimenter demand (for which we did not find significant
evidence) and (2) was on the topic of sea-height modulation
yet divorced from the temperature-causality of global warming’s
sea level increases. Table 1 summarizes the modules presented in
each condition.

Materials
The Economic module some participants received was divided
into two parts. Part 1 employed four selected statistics from an
11/24/16 New York Times article that included several actual
(and one projected) negative impacts on home sales in coastal,
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TABLE 1 | Summary of the modules presented in each condition.

Condition

number

Modules included Abbreviations of the

modules included

1 Economic impacts ($) $

2 Economic impacts ($) +

Shorter-term geographic impacts:

Southern Florida (FL)

$ + FL

3 Economic impacts ($) +

Shorter-term geographic impacts:

Southern Florida (FL) +

Longer-term geographic impacts:

South eastern US (SE)

$ + FL + SE

4 Economic impacts ($) +

Longer-term geographic impacts:

South eastern US (SE)

$ + SE

5 Shorter-term geographic impacts:

Southern Florida (FL)

FL

6 Longer-term geographic impacts:

South eastern US (SE)

SE

7 Shorter-term geographic impacts:

Southern Florida (FL)

Longer-term geographic impacts:

South eastern US (SE)

FL + SE

8 Control Group: Tides [described

above]

[Control: Tides]

high flood-risk, areas. Part 1’s statistics were: (1a) Attom Data
Solutions’ by-county data show that 2011–2016 flood-prone
area home sales increased roughly 25% slower than those in
usually flood-free counties–and that people living on the coast
are reconsidering their purchases, (1b) climatologists predict that
Southeast Florida’s tidal floods will increase from roughly the
current 10 to about 240 in 2045, (1c) prior-year U.S. home sales
were higher by 2.6%, but inMiami-Dade County’s high-risk flood
zones, they decreased roughly 7.6%, and (1d) for high-risk U.S.
flood areas, median home values were 4.4% lower than a decade
ago, yet those in low-risk places were 29.7% higher. Participants
then received the economicmodule’s part 2, including a data table
(developed by the online real estate company Zillow.com) that
drew on a projected six-foot sea level rise by the year 2100 to
calculate/display property losses in terms of number of projected
lost properties, the percentage of each state’s total housing stock
lost (e.g., 12.6% for Florida), and total value of projected lost
properties for the five states projected to lose themost in property
value (Rao, 2017). The table’s five states (and respective billions in
projected lost property value) were: Florida ($413B), New Jersey
($93B), New York ($71B), Massachusetts ($51B), and California
($49B). Text above the table informed participants that a six-
foot rise was projected in a 3/31/16 Nature peer-reviewed journal
article that, according to NOAA and Zillow.com, would lead to
total U.S. property losses of $882 billion dollars–with roughly 1
in 50U.S. houses (“1.9 million homes”) getting swamped.

Some participants received the Southern Florida module,
which was based on projections made by an article in the
Proceedings of the National Academy of the Sciences and
climatecentral.com that calculated the sea-rise corresponding

to specific increases in global mean temperature. According to
such (conservative) projections, sea levels following equilibrium
would rise seven feet with a 1◦C global average temperature
increases, and 29 feet following a 4◦C increase. While
climatecentral.com made projections for every terrestrial Earth
location, participants receiving this module were asked to review
maps only of how southern Florida would/will be affected by
the two respective sea level increase scenarios (corresponding
to the two global mean temperatures increases, see Figure 1).
These maps were simplified versions of climatecentral.com’s
projections (i.e., not indicating inundation heights) and were
black and white, using cross-hatching to differentiate inundated
from non-inundated areas.

Participants receiving the southeastern U.S. module viewed a
simplification of a projection that National Geographic produced
displaying how coastlines would appear if all of Earth’s ice
melted (see Figure 2). This representation was not linked to any
particular greenhouse gas emissions scenario, although Earth
has been occasionally ice-free (prehistorically, as explained to
participants). Figure 2’s map and text were intended to illustrate
America’s physical vulnerability in a surprising, striking manner.

Procedure
Beyond receiving an intervention, each participant also
completed a pre-test and a post-test consisting of a 36-item
survey that included items about global warming acceptance,
sea level rise acceptance, and two possible solutions to sea level
rise: phasing out fossil fuels and building sea level walls/dikes.
Most of these 36 items (other than the 10 specific to sea-level
rise) were used in prior studies (e.g., Ranney and Clark, 2016;
Ranney et al., in press, etc.). The two policy-solution items
represented (a) the most well-known engineering sea level rise
risk mitigation policy (i.e., hard infrastructure defense; Tol et al.,
2008; Abel et al., 2011), and (b) a highly general, well known,
global warming mitigation strategy to reduce greenhouse gas
emissions. As in prior studies, some of the previously-used items
probed participants’ views on religion, evolution/creation, and
nationalism–as additional constructs in Ranney’s (2012) RTMD
theory–for instance, to assess the modules’ and interventions’
effects on participants’ acceptance of nationalism, as well as
of global warming and sea level rise. Cronbach’s alpha for this
study’s ten sea level rise items, eight global warming items, and
four (reduced in number from prior studies) nationalism items
were, respectively, 0.91, 0.81, and 0.73.

Participants were recruited from all U.S. states/territories
to assess intervention-modulated beliefs related to sea level
rise as a phenomenon of interest to Americans in general.
Participants completed the experiment in successive batches
during 6/16/17−6/25/17. We recruited participants in batches
in order to roughly ensure that participants were being sorted
evenly into each condition. Participants were paid $0.60–
$1.00 on completing the survey, as compensation increased
following participant feedback (and regarding completion-
duration data) from initial (condition-balanced) participant
batches. On average, participants spent 22 total minutes on
the experiment.
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FIGURE 1 | (A) Accompanying text; (B) a map of Florida before a rise in sea level; (C) a map depicting Florida after a 7 foot rise in sea level; and (D) a map depicting

Florida after a 29 foot rise in sea level.

Beyond typical attentional “catch” questions in the pre- and
post-tests–designed to assess participant attention and response
coherence (including an item asking participants to self-report
what percentage of attention they paid to the intervention)—
information checks for each module ensured that participants
engaged properly with the material. Participants experiencing
the economic module received a comprehension query about
which U.S. state would lose the greatest number of properties and
participants experiencing the inundation modules received items
about which cities would be under seawater from (as module-
appropriate) 7-foot, 29-foot, or 214-foot inundations. Timers
were also employed. Each participant was scored based on catch-
item success, responses to the interventions’ comprehension
questions, and duration to complete the pre- and post-tests.
Excluded participants scored <75% on this index, compared to
the maximum possible for their condition. Participants were also
excluded whenever (a) an IP address (by longitude and latitude)
was outside the U.S., (b) multiple people used the same IP
address, and/or (c) if one’s response exhibited an extremely long
or short survey completion time (in accordance with the mean
and standard deviation of the times participants spent on each
condition). If participants’ answers to free response questions
were problematic–for instance, markedly incomplete/incoherent
or plagiarized (e.g., from Wikipedia), their responses were
also excluded. After filtering through these detailed exclusion
criteria, 384 of 498 initial participants remained. Seven of the

one hundred fourteen eliminated respondents were disqualified
based on IP address, 12 because they were above or below
duration thresholds for the total time taken on the condition,
and 95 based on their scores for the indexed cumulative
exclusion criteria.

Because participants were assigned to groups in a randomized
control trial experimental design, the conditions’ effects were
assessed using both between-participant t-tests (to compare
pre-to-post-test changes among the major dependent variables
for the experimental participants to pre-post-changes for
the control participants), and within-participant t-tests. These
allow assessment of pre-to-post-test changes in sea level rise
acceptance, global warming acceptance, and nationalism—as well
as changes in preferred mitigation strategy (support for barriers
and/or fossil fuel phaseouts). ANOVAs assessed interaction
effects among the three modules, and correlations and regression
analysis explored relationships among the main variables and
certain demographic variables.

RESULTS

Increases in Sea Level Rise Acceptance
Communicating information about sea level rise generally led,
as hypothesized, to a robust gain in sea level rise acceptance:
the aggregation of all seven experimental conditions yielded an
average increase of sea level rise acceptance from M = 6.49

Frontiers in Communication | www.frontiersin.org 6 March 2019 | Volume 4 | Article 7

https://www.frontiersin.org/journals/communication
https://www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles


Velautham et al. Belief-Changing Sea Level Information

FIGURE 2 | (A) Accompanying text; (B) map depicting the southeastern U.S. coastline; (C) map depicting how the southeastern U.S. coastline would appear if all of

Earth’s ice melted.

(SD = 1.50) to M = 6.68 (SD = 1.53) on a 9-point
scale [t(332) = 7.22, p < 0.001, d = 0.401]. Through sub-
aggregations, the effects of the amounts of information included
in the various conditions on changing participants’ sea level
rise acceptance were also assessed. Excluding the statistically
significant condition 3 from the analysis (given that it was the
only three-module condition), we found potent increases in
sea level rise acceptance with roughly double the amount of
information included in relevant conditions (i.e., for the three
two-module interventions, numbers 2, 4, and 7; t(157) = 5.307,
p < 0.001, d = 0.442; Table 2).

Presenting participants with sea-level risk information also
yielded numeric increases in acceptance of sea level rise (as a
phenomenon that is concerning and caused by global warming)
across each of the seven individual experimental conditions—
with each of the seven also yielding a higher t-value, numerically,
than the (non-significant) control condition (Table 2; binomial
p < 0.01 for both findings). Statistically significant increases
in participants’ sea level rise acceptance were observed in five
of the seven experimental conditions, with four of these seven
yielding p-values of lower than 0.005 (Table 2). Four of the
five conditions that led to significantly increased acceptance
involved the economic module, either by itself (condition 1)
or in combination. Subsequent analysis supported the notion
that the economic module may have been superior to the
cartographic-based ones at increasing sea level rise acceptance

because the economic module’s contribution to that increase
was significant [F(1,376) = 4.41; p = 0.036, d = 0.216] using a
(2 × 2 × 2 ANOVA). These results suggest that information
about economic consequences or damages can be a powerful
communication arena for changing minds regarding sea level
rise. The combination of information about southern Florida’s
and the southeastern U.S.’s projected oceanic rises were also
shown to be potent (as per condition 7’s and condition 3’s
robust gains).

Increases in Climate Change Acceptance
Additionally, despite making little explicit use of the phrase
“climate change” or “global warming” in the modules and none
at all in the southern Florida module, aggregating over all seven
experimental conditions showed that participants’ acceptance of
global warming increased significantly after being exposed to
sea level rise information (p < 0.01, d = 0.143; Table 3). As
was done for sea level rise, we assessed the effects of amounts
of oceanic rise information on participants’ global warming
acceptance (Table 3). Given condition 6’s ambiguous utility in
isolation (see the next paragraph, etc.), it is not surprising that
aggregating the one-module conditions did not yield a significant
difference. However, significant increases in global warming
acceptance were observed with roughly double the amount of
information included in conditions [i.e., two-module conditions;
t(157) = −3.506, p< 0.001, d= 0.304;Table 3]. More instruction,
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TABLE 2 | Change in sea level rise acceptance by condition and number of modules.

Condition(s) n Pre-SLR acceptance/

out of 9.0

Post-SLR acceptance/

out of 9.0

Change from

pre- to post

t-value df p-value d

M SD M SD

1 ($) 52 6.48 1.50 6.74 1.53 +0.26 +4.19 51 0.00011*** 0.613

2 ($ + FL) 56 6.24 1.50 6.40 1.56 +0.16 +2.29 55 0.026* 0.308

3 ($ + FL + SE) 49 6.61 1.45 6.86 1.40 +0.25 +3.09 48 0.0033** 0.431

4 ($ + SE) 57 6.34 1.75 6.55 1.82 +0.21 +3.25 56 0.0019** 0.424

5 (FL) 38 6.87 1.32 6.93 1.29 +0.05 +0.67 37 0.50 0.121

6 (SE) 36 6.16 1.37 6.28 1.51 +0.12 +1.64 35 0.109 0.105

7 (FL + SE) 45 6.76 1.37 7.00 1.36 +0.24 +4.26 44 0.0001*** 0.619

8 (control:tide) 51 6.18 1.69 6.21 1.84 +0.03 +0.41 50 0.68 0.063

1-module (conditions 1, 5, and 6) 126 6.51 1.43 6.66 1.47 +0.15 +3.831 125 0.000201*** 0.332

2-modules (condition 2, 4, and 7) 158 6.43 1.57 6.63 1.61 +0.20 +5.307 157 3.74E-7*** 0.450

All 7 experimental conditions 333 6.49 1.50 6.68 1.53 +0.19 +7.221 332 3.13E-10*** 0.401

*p < 0.05, **p < 0.01, and ***p < 0.001.

naturally, seems requisite for cognitive change regarding a less
direct construct (and global warming is indirectly changed by
ocean-level information).

Disaggregating further, significant changes in participants’
global warming acceptance were also observed in two of the
seven experimental conditions (conditions 2 and 7: p =0.0391,
d = 0.294; and p = 0.010, d = 0.415 respectively; Table 3).
Numerical increases in global warming acceptance were observed
in six of the seven experimental conditions. Condition 6, which
offered the southeastern U.S. inundation projection module in
isolation, yielded the only decrease (which was non-significant
and not even marginal) among the conditions regarding global
warming acceptance—and yielded a numeric outlier described
in the next sub-section, too. We suspect that, in isolation,
the 214-foot sea level rise may seem fantastical, shocking,
or even surreal to some participants—perhaps, occasionally
enhancing skepticism in some. (The control condition’s 0.00
change from pre- to post-test, showed, as predicted, no evidence
of experimenter demand bias, which suggests no such bias for the
experimental conditions, either.)

Nationalism Reductions
Extending findings by Ranney et al. (in press), decreases
in nationalism were generally observed after exposure to
the interventions’ scientifically representative climate-change-
relevant information. Pooling all seven experimental conditions,
it was found that presenting people with information about sea-
level rise risks (conceptually associated with global warming)
led to significant decreases in nationalism [t(333) = −3.80,
p < 0.001, d = −0.201; Table 4]—again, while increasing
global warming’s and oceanic rise’s acceptances. Assessing the
effect of the amount of information included in the various
conditions on changing participants’ nationalism, we found
that the informational increases in acceptance of sea level
rise and global warming with roughly double the amount of
information (two-module conditions: Tables 2, 3, respectively)
were mirrored by a decrease in nationalism [t(157) = −3.48, p

< 0.01, d = −0.290 for the two-module conditions; Table 4].
Indeed, in spite of condition 6’s outlier character, aggregating
its data with the other two one-module conditions (which were
significant and marginal) also yielded a significant nationalism
decrease [t(126) =−1.99, p < 0.05, d = 0.162].

Four of the seven experimental conditions yielded statistically
significant or marginally significant decreases in participants’
nationalism from pre-to-post-test, and nationalism numerically
dropped in six of the seven experimental conditions (Table 4).
As for global warming acceptance, the southeastern U.S. module
in isolation was the only condition with a numerical result
suggesting a contra-predicted directional change. The 214-foot
rise again seemed to stretch participants’ credulity when not
being paired with an additional module(s). Overall, however,
these results support previous findings about the inverse and even
bi-causal relationship between nationalism and global warming
acceptance (Ranney, 2012; Ranney et al., 2012, in press; Ranney
and Clark, 2016). (The control condition again showed no
significant change.)

The Major Dependent Variables’ Results
More Broadly
These results (Tables 2–4) largely support the reasonable idea
that more information, when germane/crucial, contributes to
greater belief changes. This follows a trend also observed in
Ranney and Clark (2016), in which participants’ increased
acceptance of global warming reflected the amount of received
information about the mechanism of global warming. The trend
was even more formally assessed and observed in Ranney et al.’s
(in press) Experiment 4, regarding the lengths of mechanism-
explaining videos (from 1 to 5min) as well as texts (from
35 to 596 words). However, there is a hint that the present
experiment’s two-module effects gain little with a third module’s
(quasi-redundant) addition, and may cause participants to lose
attention, given that condition 3’s effects were as directionally
predicted, but only statistically significant for the sea level rise
dependent variable (Table 2; p= 0.003, d = 0.431).
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TABLE 3 | Change in global warming acceptance by condition and number of modules.

Condition(s) N Pre-test GW

acceptance/out of 9.0

Post-test GW

acceptance/out of 9.0

Change from

pre- to post

t-value df p-value d

M SD M SD

1 ($) 52 6.90 1.89 6.98 1.90 +0.08 +1.451 51 0.153 0.212

2 ($ + FL) 56 6.49 2.08 6.64 2.07 +0.15 +2.120 55 0.0386* 0.294

3 ($ + FL + SE) 49 7.17 1.95 7.24 1.98 +0.07 +1.327 48 0.191 0.179

4 ($ + SE) 57 6.57 2.34 6.67 2.31 +0.10 +1.585 56 0.143 0.214

5 (FL) 38 7.38 1.68 7.39 1.62 +0.01 +0.167 37 0.868 0.021

6 (SE) 36 6.78 1.87 6.68 1.90 −0.10 −1.144 35 0.261 −0.189

7 (FL + SE) 45 7.14 1.93 7.30 1.89 +0.16 +2.583 44 0.0102* 0.415

8 (control:tide) 51 6.75 2.12 6.75 2.19 +0.00 +0.110 50 0.913 0.00

1-module (conditions 1, 5, and 6) 126 7.01 1.82 7.02 1.83 +0.01 +0.140 125 0.888 0.022

2-modules (condition 2, 4, and 7) 158 6.72 2.14 6.85 2.12 +0.13 +3.506 157 0.000592*** 0.304

All 7 experimental conditions 333 6.90 2.00 6.97 1.99 +0.07 +2.955 332 0.00812** 0.143

*p < 0.05, **p < 0.01, and ***p < 0.001.

TABLE 4 | Change in nationalism by condition and number of modules.

Condition(s) n Pre-test nat out of 9.0 Post-test nat/out of 9.0 Change from

pre- to post

t-value df p-value d

M SD M SD

1 ($) 52 5.74 1.39 5.53 1.40 −0.21 −1.940 51 0.0508† −0.276

2 ($ + FL) 56 5.54 1.78 5.42 1.79 −0.12 −1.643 55 0.106 −0.238

3 ($ + FL + SE) 49 5.27 1.61 5.21 1.66 −0.06 −0.593 48 0.556 −0.093

4 ($ + SE) 57 5.71 1.64 5.45 1.65 −0.26 −2.581 56 0.0125* −0.338

5 (FL) 38 5.80 1.49 5.61 1.47 −0.19 −2.271 37 0.0291* −0.368

6 (SE) 36 5.70 1.76 5.79 1.72 +0.09 +0.940 35 0.354 0.162

7 (FL + SE) 45 5.74 1.68 5.63 1.64 −0.11 −1.768 44 0.0841† −0.267

8 (control:tide) 51 5.47 1.58 5.58 1.81 +0.11 +1.178 50 0.244 0.174

1-module (1, 5, and 6) 126 5.75 1.52 5.63 1.51 −0.12 −1.99 125 0.0483* −0.186

2-modules (condition 2, 4, and 7) 158 5.66 1.69 5.49 1.69 −0.17 −3.48 157 0.000643*** −0.290

All 7 experimental conditions 333 5.63 1.62 5.50 1.62 −0.13 −3.80 332 0.000123*** −0.201

†
p < 0.1, *p < 0.05, and ***p < 0.001.

Descriptive statistics and intercorrelations for the three major
“change” dependent variables (sea level rise acceptance change,
global warming acceptance change and nationalism change)
across all seven conditions are summarized in Table 5, along with
participants’ economic and social conservatisms, which were self-
reported on separate 9-point scales at the experiment’s end. A
significant positive correlation was found between change in
global warming acceptance and change in sea level rise acceptance
(r = 0.29, p < 0.001), consistent with an association between
perceptions of sea level rise and global warming. A multiple
regression analysis (Table 6) evidenced that, consistent with
expectations, sea level rise acceptance changes were positively
associated with global warming acceptance changes, even after
adjusting for participants’ economic and social conservatism
ratings. Global warming acceptance and inundation acceptance
were moderated by neither economic nor social ideology.

Belief Changes Regarding Sea Level Rise
Mitigation Strategies
Decreases regarding the effectiveness of sea walls or dikes as
a solution to sea level rise were observed, aggregating across
all seven experimental conditions [t(332) = −2.19; p = 0.029,
d = −0.127]. Two-module interventions, when aggregated,
also displayed significant decreases regarding sea walls or
dikes as an effective ocean-rise solution (Table 7; p < 0.01,
d = −0.213). Numerical decreases in such effectiveness beliefs
were observed in five of the seven of the experimental conditions.
A significant decrease manifested in condition 2, which was
comprised of the economic and southern-Florida map modules
[t(55) = −2.3117, p = 0.024, d = −0.302; Table 7]—and
which produced statistically significant increases in both global
warming and sea level rise acceptance (Tables 2, 3), and a
near-marginal nationalism decrease (p = 0.106, d = −0.338;
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TABLE 5 | Intercorrelations of Main Study Variables across all conditions (including control), along with measures of conservatism.

Variable mean SD 1 2 3 4 5

1. GW acceptance change +0.07 0.46 –

2. SLR acceptance change +0.19 0.48 0.29*** –

3. Nationalism change −0.13 0.63 −0.082 −0.075 _

4. Social conservatism 3.91 2.32 0.025 0.011 0.091† _

5. Economic conservatism 4.46 2.38 −0.025 −0.075 0.10† 0.77*** _

†
p < 0.1 and ***p < 0.001.

TABLE 6 | Multiple regression of change in sea level rise on changes in

acceptance of global warming and related constructs (experimental conditions;

i.e., 1–7).

Predictor Step 1 Step 2

b (SE) β b (SE) β

Intercept 0.17 (0.026) 0.19 (0.056)

GW acceptance change 0.31 (0.055) 0.29*** 0.30 (0.055) 0.28***

Nationalism change −0.037 (0.041) −0.049

Social conservatism 0.019 (0.017) 0.091

Economic conservatism −0.022 (0.017) −0.11

Social conservatism*GW

acceptance change

0.038 (0.036) 0.037

Economic

conservatism*GW

acceptance change

0.0053 (0.037) 0.0069

***p < 0.001.

Table 4). As expected, the control condition about tides showed
no significant change.

In contrast to the decreased support for the barrier solution
(Table 7), an increase in support for phasing out fossil fuels
obtained across the seven aggregated experimental conditions
[t(332) = 2.29; p = 0.02, d = 0.120]. Furthermore, the aggregated
two-module conditions yielded a significant increase in support
of phasing out fossil fuels [t(157) = 2.543, p = 0.01, d = 0.197;
Table 8]. Numerical increases in post-test beliefs about the
effectiveness of combatting sea level rise through fossil fuels
phase-outs were observed for five of the seven conditions, with
the increases in two conditions being marginally significant.
Please note that the average pre-test and post-test ratings
(M = 6.26, SD = 2.28 and M = 6.42, SD = 2.23, respectively)
for fossil fuel phase-out effectiveness are much higher than the
respective effectiveness ratings for sea barriers (M = 4.41,
SD = 2.03 and M = 4.27, SD = 2.16). These figures indicate
higher support—and perhaps familiarity regarding—a fossil fuel
phaseout, compared to the sea wall/dike solution.

Results Summary
Providing participants with scientifically representative
information about sea level rise and its risks, including
current and projected economic aspects of oceanic rise, generally
yielded acceptance increases in sea level rise and global warming

(Tables 2, 3). Likewise, receiving combinations of modules—that
is, a greater “dose” of information about oceanic inundation—
caused sea-level-rise acceptance and global-warming acceptance
to increase (Tables 2, 3), even though an explicit link between
global warming and sea level rise was rarely, if ever, raised for
participants. These acceptance increases occurred while the
sea-level-rise information also caused a decrease in nationalism
(Table 4)—extending findings by Ranney et al. (in press; also
see Ranney et al., 2016) that demonstrated causal, inhibitory,
relationships between global warming and nationalism in
both directions.

Information about the consequences of sea-level-rise, when
aggregated, led to decreases in the perceived utility of sea walls or
dikes, especially for the two-module interventions, and even for
condition 2 on its own (with its economic module and southern
Florida module; Table 7). In contrast, the perceived effectiveness
of phasing out fossil fuels generally increased from pre-testing to
post-testing (Table 8).

GENERAL DISCUSSION

Increased Global Warming and Sea Level
Rise Acceptance
This experiment’s interventions were largely successful, by
collectively demonstrating yet another way that representative
empirical evidence and scientific information about climate
change and/or its associated (here, sea level) effects can
lead to greater acceptance of those effects/risks—as well as
greater acceptance that global warming is occurring, concerning,
and anthropogenic. Sea level rise information now joins five
other ways our laboratory has shown that brief instruction
(usually under 5min) can increase global warming acceptance.
The other five ways include poignant statistics, temperature
(compared to stock market) time series graphs, supra-nationalist
statistics, and both texts and videos explaining global warming’s
mechanism. The present experiment also provides yet another
empirical disconfirmation regarding (Kahan et al., 2012)
stasis view (see Ranney and Clark, 2016; van der Linden
et al., 2017; Ranney et al., in press) while showing the
powerful importance of communicating empirical, scientific,
and/or quantitative information for improving the justifiable
adoption of more science-normative climate beliefs and policy
preferences. Particularly noteworthy is that the present modules
and interventions each regarded just a single effect of global
warming—sea level rise—and not global warming more directly.
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TABLE 7 | Changes in the perceived effectiveness of building sea walls or dikes by condition and number of modules.

Condition(s) n Pre-test barrier

acceptance/out of 9.0

Post-test barrier

acceptance/out of 9.0

Change from

pre- to post

t-value df p-value d

M SD M SD

1 ($) 52 4.69 1.73 4.73 2.00 +0.04 +0.2602 51 0.796 0.042

2 ($ + FL) 56 4.46 2.02 3.98 2.27 −0.48 −2.312 55 0.0246* −0.302

3 ($ + FL + SE) 49 4.20 2.13 4.33 2.47 +0.13 +0.785 48 0.437 0.136

4 ($ + SE) 57 4.75 2.29 4.61 2.32 −0.14 −0.797 56 0.429 −0.105

5 (FL) 38 4.08 2.11 3.87 2.29 −0.21 −1.091 37 0.282 −0.188

6 (SE) 36 4.31 2.12 4.17 1.93 −0.14 −0.531 35 0.599 −0.085

7 (FL + SE) 45 4.13 1.91 3.87 2.03 −0.26 −1.522 44 0.135 −0.227

8 (control:tide) 51 4.43 1.89 4.47 2.17 +0.04 +0.198 50 0.844 0.031

1-module (1, 5, and 6) 126 4.40 1.97 4.31 2.09 −0.09 −0.779 125 0.438 −0.074

2-modules (condition 2, 4, and 7) 158 4.47 2.10 4.18 2.13 −0.29 −2.719 157 0.00730** −0.213

All 7 experimental conditions 333 4.41 2.05 4.25 2.16 −0.16 −2.194 332 0.0289* −0.127

*p < 0.05 and **p < 0.01.

TABLE 8 | Changes in the perceived effectiveness of phasing out fossil fuel use, by condition and number of modules.

Condition(s) n Pre-test phaseout

acceptance/out of 9.0

Post-test phaseout

acceptance/out of 9.0

Change from

pre- to post

t-value df p-value d

M SD M SD

1 ($) 52 6.38 2.11 6.69 2.11 +0.31 +1.907 51 0.0622† 0.268

2 ($ + FL) 56 5.88 2.27 6.05 2.28 +0.17 +1.256 55 0.214 0.160

3 ($ + FL + SE) 49 6.80 2.13 6.78 2.18 −0.02 −0.136 48 0.892 −0.019

4 ($ + SE) 57 6.11 2.71 6.33 2.36 +0.22 +1.251 56 0.216 0.153

5 (FL) 38 6.89 1.96 6.55 2.19 −0.34 −1.379 37 0.176 −0.236

6 (SE) 36 5.97 2.35 6.28 2.02 +0.31 +1.281 35 0.209 0.209

7 (FL + SE) 45 6.40 2.19 6.80 1.96 +0.40 +1.889 44 0.0655† 0.269

8 (control:tide) 51 5.88 2.24 6.00 2.53 +0.12 +0.830 50 0.411 0.134

1-module (conditions 1, 5, and 6) 126 6.42 2.15 6.53 2.10 +0.11 +0.903 125 0.368 0.079

2-module (condition 2, 4, and 7) 158 6.11 2.41 6.37 2.23 +0.26 +2.543 157 0.0120* 0.197

All 7 experimental conditions 333 6.33 2.28 6.49 2.17 +0.16 +2.292 332 0.0225* 0.120

†
p < 0.1 and *p < 0.05.

The effects we observed from communicating information
about current and projected economic risks seem particularly
promising regarding ways to increase sea level rise acceptance
(see Table 2 and associated analysis). This subfinding coheres
with McCright and Dunlap’s (2011) theory of anti-reflexivity.
They posed that conservatives respond more positively to
information focused on the “production sciences”—economic
impacts of climate change—and react less positively to “impact
science” (here, the non-economic of our modules solely about
the inundations’ cartological/topological impacts). Their theory,
however, doesn’t assert that liberals will reject production
science. Therefore, we propose that communications about
climate change’s projected economic impacts can be honed
to become even more effective ways to increase climate
change acceptance across the entire socio-political spectrum.
System Justification Theory may also explain the impacts from
communicating economic information, in particular, regarding

sea level rise acceptance. In this theory, communicating sea
level rise’s potential effects on socio-economic systems may lead
participants to acknowledge our current system’s shortcomings
and practices, and to thus perceive environmentalism
as a way of upholding (rather than threatening) the
American way of life—producing pro-environmental
intentions (Feygina et al., 2010).

Increased Support for a Fossil Fuel
Phaseout, but Reduced Support for
Barriers
Our seven experimental conditions offer copious data. A
relatively normative exemplar is condition 2, combining the
economic and southern Florida modules, that led to increases
in global warming and sea level rise acceptances, along with a
near-marginal drop in nationalism. It also yielded a decrease in
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perceived utility for sea barriers (Table 7) and, directionally, an
increase in desiring a fossil fuel phaseout. Condition 7 produced
a similar result-pattern.

The decreased acceptance of sea barrier effectiveness was
a general effect when aggregating the seven experimental
conditions (Table 7). In contrast, receiving sea level rise
information increased participants’ desires to phase out fossil
fuels (Table 8), possibly due to greater knowledge or familiarity
with phaseout solutions. Phaseout mitigation strategies have
been widely publicized, and many examples exist of social norm
messaging campaigns seeking to reduce individual fossil fuel
usage, regarding: energy consumption (Allcott, 2011), recycling
(Schultz, 1999), and hotel towel use (Goldstein et al., 2008;
Schultz et al., 2008). Judging by the rather high ratings of
fossil fuel reduction solutions even at the pre-test (Table 8),
participants seemed, a priori, familiar with—and obviously
somewhat persuaded by—fossil fuel phaseout mitigation
strategies. Unfamiliarity about sea-inundation solutions other
than fossil fuel reductions possibly caused participants to favor
more familiar solutions (a behavioral momentum manifestation;
Nevin et al., 1983) and to adopt more intransigently ensconced
behavior (perhaps a sunk-cost example; Cunha and Caldieraro,
2009): if time, money, or behavior has already been invested in
fossil fuel reductions, such actions might seem preferable to less
familiar solutions. Constructing barriers may also be associated
with lower personal efficacy, compared with reducing fossil fuels,
given absent clear infrastructures/pathways to support building
sea walls/dikes.

An attractive, alternative, (co-)explanation for preferring fossil
fuel phaseouts over barrier buildingmay be economic. Diekmann
and Preisendörfer (2003) proposed explaining why people with
even high environmental concern engaged primarily in the
lowest impact pro-environmental behaviors—using a relative
cost model. People with pro-environmental beliefs were modeled
as engaging in pro-environmental behaviors; for instance, being
more likely to start recycling (an inexpensive change) than to
reduce driving or flying (a costly change). Likewise, O’Connor
et al.’s (2002) Pennsylvania survey found respondents willing
to engage in money-saving pro-environmental behaviors like
buying energy efficient devices, but less willing to try harder
actions, such as installing solar panels (see also Byrka et al., 2017).
Policies implying more direct costs, such as barrier building,
generally have lower public support, according to Bostrom et
al.’s (2012) finding that “inexpensive” environmental policies are
largely favored over costlier ones. In the short term at least, sea
walls are a more costly protection strategy (Nicholson-Cole and
O’Riordan, 2009), especially given the enormous coastline loss
associated with even a 7- or 29-foot sea level rise (see Figures 1,
2)—compared to fossil fuel emission reductions, which are
associated with savings. The potential scale of lost land, depicted
in our inundation maps of southern Florida and the southeastern
U.S., plausibly led participants to consider sea walls/dikes as
especially expensive, impracticable, solutions compared to fossil
fuel reduction. For instance, southern Florida has about 4,000
coastline miles and the southeastern U.S. has about 32,000
coastline miles; dikes for these are virtually unimaginable
compared to Holland’s roughly 350 miles. Consistent with this

hypothesis, when participants saw only the cartographic modules
(FL, SE, or FL + SE: conditions 5-7), each condition produced
numeric drops in barrier effectiveness ratings.

Reduced Nationalism
This experiment‘s observed inverse relationship between
nationalism and global warming acceptance replicates Ranney
et al.’s (in press) Experiments 3 and 4, which demonstrated
bidirectional causality between these two constructs (also see
Ranney et al., 2016). It also reflects many of our laboratory’s
earlier correlational findings of an inverse relationship between
nationalism and global warming acceptance—before being
shown causally that increasing global warming acceptance
suppresses nationalism and that reducing nationalism (with
a supranationalist-statistics-quiz-plus-feedback technique)
increases global warming acceptance (e.g., Ranney and Clark,
2016; Ranney et al., 2016, in press). This inverse relationship
was formally hypothesized in Ranney’s RTMD theory (e.g.,
Ranney and Thanukos, 2011; Ranney, 2012; Ranney et al.,
2012), which also noted positive associations between global
warming acceptance and biological-evolution acceptance (and
negative associations between each of those two and creationism,
nationalism, afterlife acceptance, and deity/deities acceptance)1.
The observed decrease in nationalism upon learning about sea
level rise’s effects is also explained by RTMD theory, since oceanic
rise is a climate change phenomenon that global warming spawns
(Ranney, 2012; Ranney et al., 2016, in press). In advancing a
set of causal relationships among such constructs, we draw on
Category 3, and specifically sub-category 3.9, of the Slater and
Gleason framework (2012) by (a) our demonstration of the
underlying relationship between nationalism and sea level rise,
and (b) by showing how manipulating one construct produces
changes in others.

Future Work
We seek to further characterize people’s attitudes and
understandings regarding climate change and its solutions,
and so we are piloting interventions addressing (a) the
inexpensiveness of sustainable solutions, (b) why one should
trust climate scientists, and (c) false claims that climate change
is a hoax. Likewise, we seek the most effective combinations
and/or “dosages” of our various interventions for varying
kinds of participants. We note that, compared to most of the
intervention-types our laboratory has (successfully) assessed so
far regarding enhancing global warming acceptance, our sea
level rise manipulations have been among the least direct (i.e.,
other than by reducing global warming acceptance by using
supra-nationalistic statistics, Ranney et al., 2016, in press); this
may be why the magnitude of observed changes following our
nationalism and sea-level-rise interventions seem a bit more
modest than the more direct interventions of germane statistics,
time-series graphs, and mechanistic explanations. In general,
our findings also help illuminate a panoply of pro-social and/or
more emotional aspects that feed into support for climate change

1RTMD’s central gist is that Americans generally see their country as having been

most rewarded by God (or providence, etc.; Ranney, 2012; Ranney et al., 2012).
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mitigation strategies. Going forward, we seek to uncover the
influences of various emotions, particularly hope, in shaping
efficacy perceptions about individual or collective actions to
mitigate climate change.

As noted earlier, this experiment’s sea level rise intervention
represents our laboratory’s sixth kind of brief, information-
based intervention that has been shown to increase global
warming understanding and global warming acceptance
among Americans. That such intervention-types can
take mere minutes to change minds (e.g., a 400-word
text of the mechanism of global warming; Ranney and
Clark, 2016; Ranney et al., in press) has also further
encouraged us to explore their possible utilizations beyond
our empirically-vetted efforts through the aforementioned
HowGlobalWarmingWorks.org (including its various
translations to non-English languages)—for instance, to directly
inform the public using telephone-based communication.

Limitations
Our study’s experiment includes the strengths of having
developed informational aids about sea level rise that were
informative and compelling enough to improve engagement
with this important issue—along with our use of mixed
between-participant (conditions) and within-participant (pre-
post) analyses (as opposed to studying solely correlational
trends). One limitation is that MTurk participants are hardly
fully demographically representative of America’s population.
However, MTurk provides more U.S.-representative data
than typical student samples. MTurk has increased access
for harder-to-reach populations (Smith et al., 2015) and,
despite its slightly liberal population bias, it seems a valid
recruitment tool for psychological research relating to political
ideology and in general, compared to national benchmark
data (Berinsky et al., 2012; Clifford et al., 2015). A notable
issue regarding MTurk as a sampling pool, however, is the
reduced “naiveté” of participants (Chandler et al., 2014). This,
coupled with the relatively small sample and effect sizes, indicate
that this study should be extended/replicated with a larger
sample size, refined interventions, and/or even more nationally
representative participants.

Following a planned analysis, we did not find differential
responding to the interventions by those who are (or will be)
more directly impacted by sea level rise (e.g., participants living
in Florida or the southeast-coast states depicted in the graphical
interventions). However, the economic intervention included
data from a range of states, and coupled with the relatively
low number of participants recruited from Florida and the
southeast, it’s not surprising that differences were not found
between those who are “directly” impacted by sea level rise
compared to those who are not. A more thorough exploration
of this question will require more precise, systematic, participant
selection processes.

Another limitation stems from the experiment using a
single-session pre- and post-testing design. While this reduced
some ecological utility, having a post-test immediately after
the informational treatments allowed assessing the effects of
these treatments alone—and enabled us to collect enough data

to carry out within-participant, as well as between-participant,
analyses (given the likely response drop-off, were a multi-
wave study design adopted). The fact that the pre-/post-
changes from the control condition were non-significant also
indicates that experimenter demand and sensitization were
not significant factors in the changes observed. A multi-wave
study design, however, might have offered affordances—for
instance, further reducing experimenter sensitization, or demand
effects caused by answering the same items in a relatively
short amount of time, and providing data on the longer-
term effectiveness of our interventions. Given that our past
experiments have demonstrated such long-term changes in global
warming acceptance up to 34 days after exposure to interventions
(Ranney and Clark, 2016; also see Ranney et al., in press), we
are optimistic about the importance and efficacy of providing
information in the context of meaningfully improving how
people engage with rising oceans in particular and climate change
in general.

Concluding Thoughts
This experiment demonstrates that communicating information
about the physical and economic consequences of global
warming’s effects due to rising seas generally led to, despite
sea level rise barely being explicitly related to global warming
in the interventions, (a) increases in the acceptance of,
and concerns about, oceanic rise and (b) increased global
warming acceptance, especially in aggregate and higher
“information doses.” Elucidating the current and projected
financial damage due to oceanic rise (as in our economic
module) may be especially effective in increasing the public’s
willingness to act on sea level rise, relative to the more
cartographic (Florida and southeast-U.S.) instructional modules
we employed.

While our interventions’ materials were derived directly
from news media and the internet (i.e., effectively available
to the public), the information was entirely empirical and
fact-based, in contrast to the ways in which climate change
information is usually presented to the public by the media—
with media’s common adherence to journalistic norms such
as personalization, “balance,” and dramatization. Adherence
to such norms led Boykoff and Boykoff (2007) to label the
U.S.’s mass media climate change coverage as “informationally
deficient,” which partially explains why recent increases in media
coverage have not yielded marked increases in the acceptance of
anthropogenic climate change, compared to the success of our
laboratory’s short interventions (e.g., Ranney and Clark, 2016;
Ranney et al., in press).

As predicted, our sea level information also caused a decrease
in nationalism, presenting yet more empirical evidence for
RTMD theory (Ranney, 2012, etc.; Ranney and Clark, 2016),
which proposed (at least) correlational relationships among six
constructs—relationships that are appearing increasingly causal,
such as the bidirectional inverse causality between nationalism
and global warming acceptance (Ranney et al., in press). Further,
we found an increased preference for the mitigating solution
of phasing out fossil fuel use, whereas a solution involving sea
walls/dikes decreased in desirability.
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The results are heartening in several ways. For instance, we
once again showed that communicating empirical information
about climate change’s effects can increase people’s acceptance
of (e.g., the anthropogenicity of) global warming, disconfirming
Kahan’s stasis view even more saliently (Ranney and Clark, 2016;
Ranney et al., 2016, in press; van der Linden et al., 2017, etc.).
(Nb. Kahan et al., 2015, disconfirm stasis themselves, showing
increased climate change concern following geoengineering
information). As shown historically regarding tobacco’s health
effects and heliocentrism, knowledge usually leads to science-
normative attitude changes, rather than leaving people divided
(i.e., few people still believe Earth to be flat). Our results also
indicate neither fatalism nor solution-aversion after participants
learn the adverse actual-and-projected effects of sea level rise (cf.
Lorenzoni et al., 2007). Further encouraging is that our oceanic
rise information yielded increased desires to phase out fossil fuels.
Additional study into what might inhibit people from engaging
with even more obviously collective climate change solutions
(e.g., demanding government action) is desired.

The six numerical, mechanistic, and graphical types of
interventions our group has developed—now including a
set of sea level rise statistics and maps—have been shown
to successfully increase individuals’ understandings and
acceptances regarding global warming. However, our website
HowGlobalWarmingWorks.org (Ranney and Lamprey, 2013),
which contains the majority of these interventions, has even
had considerable “viral” success at more wholesale levels—with
over one million page views attributable to it to date. With the
continuing translation of many of its videos, pages, and texts into
multiple languages, such as Mandarin, German, and Spanish,
we hope to extend the website’s reach to the largest audience
possible. We thus hope to provide people around the globe with
crucial climate knowledge tools, in the hope that individuals
and groups might become more/highly active regarding global
warming with the receipt of scientific information—another

step in fostering worldwide activism to inhibit climate change’s
destructive course.
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