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PEER-REVIEWED ARTICLE

Using Interactive Maps to Reveal the Content of Second-
Order Climate Change Beliefs

Although there is extensive research on first order climate change beliefs, second-order beliefs (])ercepz‘ions about what
others believe) are an understudied and potentially highly influential factor tied to a lack of climate policy action. This
map reading study employs a pre- and post-map observational design to investigate how interactive maps can reveal and
update second-order climate change beliefs. Participants first completed a pre-map survey detailing their climate change
beliefs and estimating public support for climate policies. Participants then completed map reading tasks on an interactive
web map that visualized county-level climate change opinions in North Carolina, while their eye movements were re-
corded with an eye tracker. A post-map survey gauged participants’ reactions to the actual climate opinions, accompanied
by map usability questions. The results showed a widespread underestimation of actual climate policy support among par-
ticipants. Participants commonly used a set of environmental and humanistic concerns to justify the content of their own
beliefs, but when asked to rationalize others’ beliefs using the map, they used conspiratorial or ideological explanations
to describe others who were more skeptical of climate policy. Additionally, participants exhibited egocentric bias, focusing
more on their home counties and those with extreme climate change opinions when exploring the web map. The research
underscores the potential of interactive maps to improve the understanding of second-order climate change beliefs and
emphasizes opportunities for enhancing their ability to communicate the broad public support that exists for many climate
policies.
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INTRODUCTION

MAPS ARE INCREASINGLY USED TO COMMUNICATE Democratic support and Republican opposition, with lit-

information about climate change and are an important
medium for disseminating messages and stories about it
to the public and policymakers. However, partisan po-
larization remains at record levels, which has led to con-
troversies and debates over climate policy. Despite abun-
dant research on first-order (individual-level) beliefs,
second-order beliefs (beliefs about what others believe)
remain an understudied and potentially highly influential
factor tied to a lack of climate policy action. Climate pol-
icy debates in the United States have been framed around

©OS

tle consideration for the heterogeneity of beliefs within
those groups or the actual levels of support for different
policies. While climate change opinions have been studied
for the last three decades (Tuitjer et al. 2022), our study
takes advantage of the growing popularity of using pub-
lic opinion maps for climate change communication to
understand why people believe what they do about oth-
ers (Howe et al. 2015; Ballew et al. 2019; Marlon et al.
2022). We characterize the second-order beliefs about cli-
mate change among a student sample and determine how
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interactive climate change opinion maps work to reveal
and update the content of these beliefs. This study is guid-
ed by the following questions: (1) How do students who

BACKGROUND

THE FIELD OF CLIMATE CHANGE COMMUNICATION
was developed to address the stagnation in debate and ac-
tion that has occurred over the last two decades (Moser
2016). Notably, it provided the empirical groundwork that
is essential to understand group values, beliefs, and identi-
ties, and their role in supporting pro-climate social policy
(Fielding and Hornsey 2016). In practice, climate change
communication led to the development of tailored com-
munication strategies that emphasize both the affective
responses to climate stories and also the more traditional,
quantitative presentations of scientific information to the
public. Broad-level public acceptance of human-caused
climate change is largely attributed to these efforts, and
support for climate change policies among the American
public is higher than ever—yet relatively few voters engage
in political actions to reduce global warming (Leiserowitz
et al. 2021). There are still many unanswered questions
about how acceptance of climate change gets translated
into action.

First-order beliefs are the beliefs that individuals hold.
When it comes to climate change, they are driven by a
combination of factors, like individual scientific knowl-
edge, education level, race, gender, risk perception, expo-
sure to extreme weather, general environmental attitudes,
and religious or political affiliation (Lee et al. 2015; Lewis
et al. 2019; Shao and McCarthy 2020). Political affiliation,
in particular, is strongly correlated with climate change ac-
ceptance, risk perception, and support for mitigation pol-
icies (Hamilton et al. 2010; Hamilton and Saito 2015). In
contrast, second-order beliefs, or beliefs about what oth-
ers believe, remain an understudied and potentially highly
influential factor in the current lack of significant climate
policy action (Mildenberger and Tingley 2017). Individual
positions toward a particular issue are identity-based,
formed in response to the perceived positions of one’s so-
cial in-groups and out-groups. Second-order beliefs are
characterized by egocentric bias, or the assumption by an
individual that others hold similar views to themselves, es-
pecially if those others are perceived as similar. These be-
liefs are also tied to the formation of the false consensus ef-
tect, whereby individuals overestimate the homogeneity of

hold a range of opinions exhibit second-order beliefs about
climate change? (2) Which types of web map interactions
are most valuable for updating second-order beliefs?

group beliefs, and the pluralistic ignorance effect, whereby
individuals support positions but mistakenly assume oth-
ers do not. Finally, second-order beliefs have contribut-
ed to false polarization, where individuals perceive more
partisan polarization than exists (Epley et al. 2004; Epley
and Gilovich 2006; Miller and McFarland 1987). The
net result is a general population-level underestimation of
pro-climate positions and a reinforcement of weak support
for climate policies (Sparkman et al. 2022).

Researchers have largely focused on first-order beliefs be-
cause they have assumed the primary importance of the
information deficit model of communication, in which
factors like education and communication of scientific in-
formation operate as a gateway of belief to increasing sup-
port for pro-climate policies amongst the public (Ehret
et al. 2018). For example, consensus messaging about an-
thropogenic climate change leads to increased support for
public action because it prompts an attitudinal shift in the
way the public perceives the legitimacy of scientific facts
(Linden et al. 2019). Under the deficit model of commu-
nication, it is the transfer of scientific information from
experts to the public that needs to be improved to prompt
behavioral change related to climate solutions and policy
support. However, research shows that education efforts
to change first-order beliefs can result in more, not less,
polarization (Hart and Nisbet 2012). This is because peo-
ple who possess greater policy knowledge are also more
likely to have strong partisan views (Hamilton et al. 2015;
Smith and Mayer 2019). Climate change also holds differ-
ent meanings across different social, cultural, and histori-
cal contexts (Hulme 2009), so understanding how diverse
audiences would come to support the same policies but for
different reasons remains a challenge.

Competing theories in science communication recog-
nize the importance of more active or dialogic models for
understanding how scientific information is interpreted
and acted upon by the public. Specifically, under cultural
cognition models, belief systems are formed by both the
individual-level factors mentioned above as well as top-
down factors, such as social identity, elite messaging, and



cultural concerns (Fielding and Hornsey 2016; Kahan
2012). The cultural cognition theory, along with the so-
cial identity approach (which views identity as malleable
and everchanging) show that individuals filter information
through the lenses of worldview and social identity (Kahan
et al. 2010). Literacy and education are crucial compo-
nents to the public understanding of science. However, it
is important to account for the ways in which people pro-
cess information through culturally transmitted values, in
order to understand the complete formation of their ideo-
logical development and the prevailing attitudes toward

climate change policies (Farrell 2016; Hoffman 2011).

Most cartographic research on climate change to date has
focused on improving the graphic design of the presen-
tation of scientific information for a variety of audienc-
es, with the intent centered around the effective transfer
of that information to the public (Retchless and Brewer
2016; Harold et al. 2016). This research has improved
the effectiveness of maps in major media outlets and sci-
entific reports (Fish 2020). However, it has also operated
under the primary assumptions of the information deficit
model of communication, with static maps passively de-
livering expert-derived messages about climate change to
the uninformed or unconcerned public. Research agendas
have subsequently broadened in scope to consider how
maps can be used to mobilize the public and policymakers
through storytelling (Roth 2021), the extent that mapped
messages are viewed as trustworthy (Griffin 2020), and

MATERIALS AND METHODS

DATA COLLECTION AND MAP READING
EXPERIMENT

Participant Recruitment

WE USED AN EXPLORATORY APPROACH IN THIS RE-
search, developing both a pre- and a post-map observa-
tional design to understand whether and how using in-
teractive maps can reveal and update the content of map
users’ second-order climate change beliefs. As is common
in eye tracking and other map use studies, a convenience
sample (7=30) was recruited from the student population
at Appalachian State University (App State), by visiting
courses to announce the study and call for volunteers.
Participants from the Departments of Geography and
Planning, Public Health, Sociology, Business, Economics,

whether map designers and their audiences occupy posi-
tions of privilege that typically exclude the members of the
public they are most trying to reach (Retchless et al. 2022).
‘These examples of recent research show how the field has
come to recognize the need to consider maps as more than
simply a medium for the passive transfer of information.

Part of this broadening of the research paradigm is a
focus on interactive maps, which offer the user the abil-
ity to manipulate a map based on a set of intended goals
and specific use cases (Roth 2017; Cartwright et al. 2001).
Several studies have examined how climate change infor-
mation is perceived by the public when using interactive
maps (Popelka et al. 2019; Retchless 2018). The results
have shown that interactive maps are more effective in im-
proving user understanding of complex subjects than stat-
ic maps, although familiarity with the medium remains a
challenge. Users with more interactive web map experi-
ence are more likely to understand how to navigate such
maps and therefore have an easier time finding informa-
tion (Davis et al. 2020). The methods of these user stud-
ies focused on both the quantitative and qualitative user
reactions to geographic information and the interactions
that facilitated this information transfer. The research we
present in this paper uses similar methods to examine the
extent to which maps can correct the mischaracterizations
of others’ climate change beliefs, and to further under-
stand how interactive maps may moderate polarization,
thus consolidating support for popular policies.

History, and Outdoor Recreation were asked to participate
in an eye-tracking research study about interactive maps
and climate change beliefs. Volunteers did not receive any
incentive for their participation.

Pre-map phase

The research was divided into three phases, beginning
with a pre-map phase, and then followed by a map read-
ing session, and a post-map phase. In the pre-map phase,
participants completed an online survey screener using
Qualtrics to collect demographic information and infor-
mation about participants’ climate change beliefs (Table
1). The pre-map survey also identified any participants
who might be disqualified from eye-tracking research due
to preexisting vision-related conditions. Before beginning
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PARTICIPANTS SAMPLE
DEMOGRAPHIC ITE
oS SHEN (N) PERCENTAGE

Male 1 37%
Female 18 60%
No response 1 3%

1st year student 5 17%
2nd year student 9 30%
3rd year student 5 17%
4th year student 4 13%
Graduate student 7 23%

Very low experience 0 0%
Low experience 1 3%
Moderate experience 14 47 %
High experience 14 47 %
Very high experience 1 3%

Daily 16 53%
Weekly 13 43%
Monthly 1 3%
Yearly 0 0%

Very liberal 10 33%
Liberal 15 50%
Moderate 5 17%
Conservative 0 0%
Very conservative 0 0%

Alarmed 19 63%
Concerned 1 37%
Cautious 0 0%
Disengaged 0 0%
Doubtful 0 0%
Dismissive 0 0%

Table 1. Participant demographics (n = 30).

ABBREVIATION STATEMENT

Climate change poses a
Catastrophic risk ) g P )
catastrophic risk to society.

Climate change is a symptom of a
capitalist society that has primarily
rioritized economic growth
Capitalist societ g
P 4 and consumerism, and which
has dangerously exceeded the

carrying capacity of the planet.

Sustainable economic growth can
. continue indefinitely with the right
International agreements .

market-based mechanisms and

infernational agreements.

Climate change has been
Environmental problem misdiagnosed as an environmental

problem and market failure.

Climate change is a result of
Carb o the failure to recognize limits to
arbon pricin

prcing growth and can be corrected by

putting a price on carbon.

Human ingenuity and government
investment in diverse policies and
Diverse policies/tech technologies will lower the cost of
action and protect against climate

damages.

Public awareness and acceptance
of climate change are important

Awareness : :
first steps to advance climate

policy.

A new public consciousness

- spread through grassroots activism

Activism . .
and social protest is necessary to

advance climate change solutions.

Government should encourage the
Nuclear development of nuclear energy

relative to other energy sources.

Government should encourage the
adoption of renewables, like wind
Wind and solar P )

and solar, relative to other energy

sources.

Government should encourage
Natural gas the development of natural gas

relative to other energy sources.

Table 2. Abbreviated names of climate change statements presented
to participants. Participant responses are seen in Figure 3.
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the survey, participants provided informed consent and
received an anonymized ID that was used to track their
participation throughout the research study. This research
was approved through the Appalachian State Institutional
Review Board to ensure that all protocols for ethical re-
search were followed, and participants were informed
about research risks associated with the eye tracker.

'The pre-map survey was designed to gather information
about participants’ computer proficiency, comfort with and
understanding of interactive web maps, self-identified po-
litical ideologies, and climate change beliefs. This allowed
us to gather baseline information on each participant’s
views before potentially influencing them during the rest
of the study. Four questions from the Six Americas Super
Short Survey (SASSY; Chryst et al. 2018) were used to
measure participant levels of climate change concern,
ranging from alarmed to dismissive. Participants were
also asked to identify their political ideologies, ranging
from very conservative to very liberal. Finally, we mea-
sured their support for different climate change policies
and theories of social change, as well as their dominant
views of nature, by asking participants to rate their level
of agreement with a series of statements (Table 2) adapted
from Nisbet (2014), on a scale of 1 (strongly disagree) to 5

(strongly agree). For example, participants were asked to
rate their agreement as to whether “climate change poses
a catastrophic risk to society.” We also asked participants
to rate their agreement with energy policy statements like
“government should encourage the development of nuclear
energy relative to other energy sources” and “government
should encourage the adoption of renewables, like wind
and solar relative to other energy sources.”

Web Map Design

An interactive web map showcasing the county-level cli-
mate change opinions of North Carolinians was created
using a suite of open-source programming/markup lan-
guages and libraries, including HTML, JavaScript, and
CSS, as well as the Leaflet.js mapping library (Figure
1). To create the map, we collected data in 2022 from
the Yale Program on Climate Change Communication,
which provides annual climate change opinion estimates
that depict the percentages of adults who support a range
of statements about global warming (Howe et al. 2015).
At the county level, these opinion estimates are accurate
to 8 percentage points and are based on survey results
from 2008-2021. They include measurements of climate
change beliefs, risk perceptions, and support for different
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policies. Our map used three different opinion estimates.
First, we used the estimated percentage of adults who are
worried about climate change (a variable we will refer to as
worried) as a baseline of general climate concern amongst
North Carolinians. The second was the estimated per-
centage of adults who support taxing fossil fuel companies
while equally reducing other taxes (carbon tax). Finally, we
used data on the estimated percentage of adults who sup-
port the expansion of oil and gas drilling off the US coast
(offshore). These last two datasets were chosen to relate to
specific climate policies that may be considered polarizing
or complex in nature, or that have been studied to be ef-
fective in mitigating climate change.

We visualized the data using choropleth symbolization.
The web map also included several interactive features:
a drop-down menu allowed users to toggle between the

three opinion variables. They could also mouse over and
highlight each county to display the name and specific
percentages of opinions in that specific county, as well as
for the state at large. Users could also toggle county names
on and off to aid in county identification during map use.

Map Reading and Eye Tracking Session

In the second phase of the study, participants were invited
to an in-person map reading and eye-tracking experiment
lasting approximately 30 minutes. Participants consented
to continue the research study and were given an over-
view of the experimental purpose and risks. Before view-
ing the web map, participants were asked to discuss their
second-order climate change beliefs (Table 3). Specifically,
participants were asked to estimate what percentage of
the US population, North Carolina (NC) population, and
the population within a county of their choice that they

IN-PERSON PRE-MAP READING SESSION PROMPTS

Variable

1. Worried: is worried about global warming.

2. Carbon tax: think companies should be required to pay a carbon tax.

3. Offshore drilling: support the expansion of offshore drilling for oil and natural gas off the US coast.

Second-Order Belief Estimates

1. To the best of your knowledge, what percentage of the US population. . . [variable]2 Provide a number from O (no one) to 100

(everyone).

2. To the best of your knowledge, what percentage of the NC population. . . [variable]2 Provide a number from O (no one) to 100

(everyone).

3. Pick a county in NC. We will record this county as part of your response. To the best of your knowledge, what percentage of this

county. . . [variable]? Provide a number from O (no one) to 100 (everyone).

Second-Order Belief Content

1. Let's focus back on the state level. Some people in NC are/do. .. [variable], while others are not/do not. . . [variable]. We

would like for you to imagine you are talking to a group of people from NC who are/do. .. [variable]. Specifically, imagine that

you asked each of them why they are/do. . . [variable]. What do you think they would tell you2 Please complete the following

statement, focusing on what you think their responses would be. “They would say [. . .]".

2. Now, we would like for you to imagine you are talking to a group of people from NC who are not/do not. . . [variable].

Specifically, imagine that you asked each of them why they are not/do not. .. [variable]. What do you think they would tell you?

Please complete the following statement, focusing on what you think their responses would be. “They would say [. . ]

"

Table 3. Participants were asked to answer questions about their second-order climate change beliefs.



believe agrees or disagrees with the three variable opinion
statements on climate change. Second, participants were
asked to explain why they believe that groups do or do
not support each statement by imagining how each group
would rationalize their belief. These questions were adapt-
ed from Mildenberger and Tingley (2017) and provided
a way to determine whether participants over or under-
estimate the population-level beliefs, while documenting
the content of their beliefs about others before viewing the
actual percentages on the map. The responses were audio
recorded and later transcribed for content analysis. At this
stage, participants completed a short training session and
cognitive walkthrough of the interactive web map to fa-
miliarize them with the purpose, interactive functional-
ity, and layout of the application. Participants were also
given an overview of map reading tasks they would later
be asked to complete.

This phase of the research also involved eye tracking,
which provides a non-invasive way of collecting data about
a user’s gaze without interfering with normal viewing pat-
terns (Holmqvist et al. 2011). User eye movements, when
coupled with their verbal responses, can provide insight
into how users interact with the different areas of the map
and ultimately process the information being visualized
and communicated (Jacob and Karn 2003). For example,
fixations (points of attention) and durations (length of fix-
ations) are tied to information processing and can thus in-
dicate confusion or concentration over a particular element

(Duchowski 2003).

We used a Tobii Pro Nano eye tracker, which records eye
movements at a sampling rate of 60 Hz. Participants were
seated ~65 cm from a 16-inch monitor and first completed
a calibration exercise to ensure the accuracy and precision
of eye movement data. Eye tracking was used to qualita-
tively assess participant fixations and durations across each
of the mapped climate change opinion variables. The re-
sulting gaze plots pinpoint common areas of interest or vi-
sual attention among the sample, thus providing insights
into the processing of mapped spatial information. At the
beginning of the experiment, a static version of the map
was shown to each participant for each of the three cli-
mate opinion variables for 30 seconds. During this stage,
we asked each participant to describe their reaction upon
seeing the actual distribution of climate change opinions
revealed on the web map. Participants were reminded of
their percentage estimates of each opinion variable during
this prompt.

Participants completed three map reading tasks that
were developed to capture user insights on any tradeofts
between map usability, which determines how efficient-
ly users can fulfill specific objectives with the map, and
utility, which determines how well the map fulfills a spe-
cific needed function or purpose (Roth 2017). Users were
prompted to engage in several objective-based interaction
primitives, including identifying, ranking, and compar-
ing, in order to facilitate user exploration of the patterns,
and to allow us to document the affective user experience
(Roth 2013). For example, the first map reading task asked
participants to compare the percentages of adults who are
worried about global warming (variable one) between two
NC counties of their choice. The second task asked par-
ticipants to identify the percentages who support paying a
carbon tax (variable two) in Watauga County (the county
in which App State is located). In the third task, partic-
ipants ranked three listed counties in order of lowest to
highest support for offshore drilling for oil and gas (vari-
able three).

At the conclusion of each task, participants were prompt-
ed to verbally describe their thought process and interac-
tions with the map using a cued retrospective think-aloud
protocol, which had participants explain their use of rea-
soning after completing the map reading task. The use of
retrospective questions is helpful, as many users struggle
to complete map reading tasks while simultaneously pro-
viding full and accurate responses about their choices, es-
pecially when less experienced with interactive web map
use (Atkins and McNeal 2018; Maudlin et al. 2020). In
addition, think-aloud protocols can provide insights as
to why a participant interacts with the map the way they
do, which eye-tracking technology alone cannot provide
(Popelka et al. 2019). All responses were audio-recorded

and later transcribed for content analysis.

We developed a thematic content coding scheme using
participant responses from the think-aloud protocol. We
used ATLAS.ti to search for common phrases and ideas
that explained participant choices in map use, areas of
focus, and second-order belief content at both the coun-
ty and the state level. Participant responses were orga-
nized to find similarities and differences for each question
during the think-aloud protocols across map reading tasks.
We gave each response at least one code, though some re-
ceived more than one. Responses were then analyzed to
find specific topics that participants frequently discussed
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within each code. These topics provided more detail about
how participants rationalized their second-order beliefs.

Post-Map Follow-up Usability Survey

During the final, post-map phase, participants complet-
ed a brief online Qualtrics survey to assess the usability of
the web map and to offer their open-ended responses to
the maps of climate change opinions. First, participants
were asked to rank, using a Likert scale, ten measures of
web map usability, including how easy the web map was to
use, whether they felt confident solving tasks with the web
map, and if others would be able to use the web map easily.
Questions were developed from the system usability scale,
which has been shown to be simple, highly accurate across
different sample sizes, and particularly effective at mea-
suring participants’ attitudes and preferences (Coltekin et

al. 2009). This step told us how usable the map was for

RESULTS

PRE-MAP RESULTS
First and Second-order Climate Change Beliefs

PARTICIPANTS TOOK THE SASSY SCREENER DURING
the pre-map phase of the study to allow us to measure
their attitudes toward climate change (Chryst et al. 2018).
Of the 30 participants in this study, 63% of participants
were Alarmed, and 37% were Concerned. No participants
were grouped as Cautious, Disengaged, Doubtful, or
Dismissive about climate change. The sample group dif-
fered considerably from the national average estimates for
the Six Americas groups at the time of the study, in which
26% were Alarmed, 27% were Concerned, 17% were
Cautious, 7% were Disengaged, 11% were Doubtful, and
11% were Dismissive. Alarmed participants are convinced
global warming is happening, human-caused, and an ur-
gent threat, and they strongly support climate policies but
remain unsure of how to solve the problem. Concerned
participants share these traits, but they do not consider
global warming to be an imminent threat.

Prior to engaging with the web map, participants were
asked how they think most people feel about glob-
al warming in the US and in NC using a four-category
Likert scale, ranging from not at all worried to very wor-
ried. Figure 2 shows the results, along with the answers
to the same questions in the post-map phase. During the

the participants and allowed us to pinpoint areas where
usability could improve. Paired with the previously men-
tioned think-aloud protocol, we were able to analyze how
usable the map was for its intended purpose and determine
which types of interactions and map features were most
successful. Participants were also asked to choose from
a list of 100 emotions, as used by Roth et al. (2014), to
gauge their affective responses to the actual distribution
of climate change opinions when interacting with the web
map. Participants described whether they over or underes-
timated the actual percentages of support for the different
climate change opinions during the experimental phase.
‘They also had the chance to describe why they may have
over- or underestimated beliefs. This allowed us to explore
the participant’s feelings about their own second-order be-
liefs and gauge whether the participant was likely to up-
date the content of these beliefs.

pre-map phase, participants were generally more skeptical
of North Carolinians’ climate change concern than they
were of the US public. 50% of participants thought NC
residents were somewhat worried about global warming,
while 63% thought that people in the US were somewhat
worried. Likewise, the proportion of participants who
thought NC residents were not very worried about glob-
al warming was higher (47%) than the participants who
thought that people in the US were not very worried about
it (33%). Only 3% of participants thought that people in
the US and NC were very worried about global warming
during this phase.

Results from the participants’ agreement with Table 2’s
climate change statements can be seen in Figure 3. The
majority of participants strongly agreed with statements
tied to ecological activist framings of climate change, in-
cluding the perception that it is a catastrophic risk to soci-
ety, support for the adoption of renewable energy, and the
need for activism to increase public support for these pol-
icies. Participants were on average more neutral about cli-
mate change statements that advocated for smart growth
and reform. For example, 43% and 46% of participants
selected that they neither agreed nor disagreed with the
government supporting the adoption of natural gas and
nuclear energy, respectively, when compared to other ener-
gy sources. However, the majority of participants strongly
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Figure 2. Participants were asked how they think most people feel about global warming in the US and NC during the pre-map phase

and post-map phase (after viewing the climate change opinion estimates).

agreed that “sustainable economic growth can continue
with the right market-based mechanisms and internation-
al agreements.” Finally, the sample was more conflicted
about statements tied to ecomodernist perspectives and
solutions to climate change. When asked whether “climate
change has been misdiagnosed as an environmental prob-
lem,” the majority of participants either disagreed, strong-
ly disagreed, or felt neutral. Yet a majority of participants
agreed or strongly agreed that government investment in
diverse sets of policies and technologies would lower the
cost of action and protect against climate change harms.

IN-PERSON SESSION RESULTS
National and State Level Estimations

During the in-person session, participants were asked
to report their estimates of support at the national and
state levels for each metric (worried, carbon tax, and off-
shore drilling; Figure 4). While the study was conduct-
ed in 2023, actual survey data from the Yale Program on
Climate Change Communication were at that time avail-
able up through the year 2021. This means that differenc-
es in participant estimations and the national and state
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Figure 3. Participants ranked their level of agreement with a
range of statements related to climate change, including views

of nature, models of social change, and framing of the problem
and its solutions. The wording of each statement can be found in
Table 2. There were no participants who strongly agreed with the

"Environmental problem" statement.
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averages may potentially be due to the age of the survey
data. When asked what percentage of the US population is
worried about climate change, participants on average es-
timated 62%. The actual national average was 65%, which
means that our participants underestimated. At the state
level, participants estimated an average of 57%, believing
that North Carolinians were less likely than the average
American to be worried. The true state average in 2021
was 64%, which again reflects another underestimation by
the participants.

Likewise, participants also underestimated support for
carbon taxation. Participants on average estimated that
43% supported this policy nationwide, much lower than
the true survey figure of 66%. The same is true for the state
level, where participant estimates averaged 40% and actual
statewide support in 2021 was 66%. Finally, participants
also estimated support for offshore drilling in the US and
NC. At the national level, survey estimates put support for
offshore drilling at 49%, and our survey participants like-
wise suggested 49% support on average. At the state level,
participants believed on average that 47% of NC residents
support offshore drilling, whereas the actual percentage is

53%.

Content of Second-order Beliefs

Participants were asked to verbalize how they believed
others would explain why they do or do not support each of
the climate change opinion variables, and these responses
were recorded and later coded. Results of the content anal-
ysis can be seen in Figure 5. The overarching codes for all
responses include themes of environment, weather, people,
beliefs, responsibility, and economics. Of the 30 partici-
pant responses, 23 (77%) discussed environmental reasons
to explain why they believe others are worried about cli-
mate change. Of those who gave environmental respons-
es, 57% spoke about waterways and coastal areas, 39%
spoke about agricultural concerns, and 13% spoke about
wildlife-related concerns. When participants were asked
what other people would say to explain why they are not
worried about climate change, all responses fell under the
beliefs code. 33% said that others would say that climate
change is natural, 33% that climate change is not real, and
27% that it “wouldn’t affect me.”

Two common codes were identified when participants
verbalized how others would explain their support for a
carbon tax: responsibility and environment. The majority
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Figure 4. Participants estimated the percentage of adults in the
US and NC that support specific climate change opinions. Box
and whisker plots show the minimum, first quartile, median, third
quartile, and maximum estimates. Square symbols depict the

mean estimate and circle symbols depict the actual percentages.

of participants thought others believed that corporations
need to take responsibility for their emissions. Other re-
sponses indicated emissions reductions (20%) and pol-
lution impacts (7%) as environment-related reasons for
supporting a carbon tax. Conversely, when participants
were asked what they thought others who do not support
a carbon tax would say, the responses shared mainly fell
under the economic code, with 40% indicating that others
would believe a carbon tax to be ineffective, 20% discuss-
ing disagreement with government interference, and 20%
sharing that others might believe it could negatively affect
businesses. 13% of participants said that people who do
not support a carbon tax held those beliefs because it is not
a corporation’s responsibility to pay taxes on carbon emis-
sions, and another 13% said that people do not believe in
climate change and therefore do not support a carbon tax.

Lastly, when participants were asked to explain their sec-
ond-order beliefs related to offshore drilling for oil and
natural gas, economics and environment were used as the
principal reasons. For example, economic codes were ap-
plied to 28 of the 30 participant responses that explained
why others would support offshore drilling. 54% of re-
sponses suggested that others would argue that offshore
drilling would help make the country more prosperous;
similarly, 37% mentioned a need for state-side (i.e., do-
mestically produced) resources. Roughly 16% of respon-
dents believed others thought that offshore drilling is
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Figure 5. Common sets of codes were applied to group the participant responses explaining why they thought others do or do not
support each of the climate change opinions. Coded responses were also separated according to specific topics falling within each code.
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needed to bring more jobs to the country. When asked to
verbalize why others do not support oftshore drilling, 29
of the responses were categorized with an environmental
code. 53% of the responses said that others would be con-
cerned about waterways and coastal areas, 43% said oth-
ers were concerned about human-made disasters, like oil
spills, and 33% were concerned about wildlife. 16% of the
responses were classified as economics-related, primarily
because they thought others would be interested in ways to
reduce reliance on fossil fuels.

Map Reading

The first map reading task had participants select two
NC counties of their choice to compare the percentage of
adults who were worried about global warming in each.
The counties chosen most frequently were Stokes (n=10)
and Watauga (n=8). Participants were asked why they
chose the counties they did, and when the results were
later analyzed, four common codes emerged: home, school,
extreme, and interested. For this question, participant re-
sponses could belong to multiple categories. The largest
category was interested, with 50% of participants choosing
counties they wanted to know more about. Additionally,
participants chose their home counties (40%) or because
they attended school at App State in Watauga County
(20%). The extreme code was applied when participants
chose counties because they appeared to have the highest
or lowest levels of worry about climate change across the
state. 23% of participant responses were coded with this
tag. Combined, the home and school tags comprise the
largest code groups, indicating that participants chose to
examine their own map location first.

After reviewing the map, participants were asked to de-
scribe how their estimates of each metric in the pre-map
phase compared to the actual climate change opinion sur-
vey results. Using ATLAS.ti, we coded whether partici-
pants’ expectations were higher than, similar to, or lower
than the values seen on the map. We also separately coded
responses with a tag to mark if participants indicated that
they were surprised by what they saw. Some of the par-
ticipant responses did not fit within any of these codes,
which accounts for the response rates less than 100%,
described below. For the estimated percentage of people
who are worried about global warming, 13% were coded
as higher, 43% were coded as similar, and 23% were coded
as lower. 23% of participants were also surprised by the
distributions that they saw on the map. For carbon taxing,

17% of responses were coded as higher, 23% similar, and
37% of responses were coded lower, meaning that partic-
ipants expected support to be lower than what was seen
on the map. 33% of participant responses were coded as
surprised, meaning that more participants were surprised
by the actual support for carbon taxing than by the per-
centage of people worried about global warming. For oft-
shore drilling, 33% of responses were coded with higher,
23% were coded similar, and 10% were coded with lower.
Participants generally expected there to be more support
for offshore drilling than exists. 37% of responses were
coded with surprise, indicating that participants were
the most surprised by the levels of support for offshore
drilling.

Eye tracking was used to understand common patterns
of visual attention during map reading tasks, which were
then paired with participant verbal responses about their
map use and interactions. Figures 6, 7, and 8 show the
participant gaze heat maps across all three opinion vari-
able maps. During map use, participants focused heavily
on the map elements, including the title, information box,
and legend. They also focused heavily on data extremes,
where different county populations exhibited relative-
ly low or high percentages of worry about or support for
each opinion variable, as shown in the choropleth sym-
bolization. For example, participants fixated on Stokes
County for long durations across all three opinion vari-
ables. Stokes County is marked by the lowest percentag-
es of climate worry and support for pro-climate policies
in NC, as indicated by yellow to red hues in the diverg-
ing color palette. Conversely, participants also fixated for
longer durations on higher populated and urban coun-
ties, where populations exhibit the highest percentages of
support for pro-climate policies as indicated by the more
saturated blue hues. This includes Mecklenburg County,
which contains the city of Charlotte, as well as Durham,
Orange, and Wake Counties in North Carolina’s Research
Triangle area, encompassing the cities of Durham, Chapel
Hill, and Raleigh. Lastly, there were also many long-dura-
tion fixations on Watauga County, indicating participant
interest in climate change opinions near App State. Very
few participants paid attention to other map elements,
including the opinions variable drop-down menu or the
county names layer control while exploring the map.

Across all map reading tasks, participants were asked how
they interacted with the map to better understand their
map use when solving a problem. These results were then
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Figure 6. Heat maps depicting the visual attention patterns of participants when
viewing the estimated percentages of adults who are worried about global warming.
Color presence indicates a fixation, while durations are symbolized sequentially from
light purple (shorter) to dark red (longer).
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Figure 7. Visual attention patterns when viewing the estimated percentages of adults
who support taxing fossil fuel companies while equally reducing other taxes.
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Figure 8. Visual attention patterns when viewing the estimated percentages of adults
who support the expansion of offshore drilling for oil and natural gas off the US coast.

coded, and the most commonly applied
code was £new where was, which indicat-
ed that participants already knew the lo-
cations of the counties they were search-
ing from prior knowledge. Participants
indicated that they hovered over differ-
ent counties to reveal the data values in
the title control while performing map
reading tasks. They also used the leg-
end to interpret quantitative differences
in the climate change opinions by class.
These coded responses were the second
most common type of answers. Finally,
eleven participants indicated that the
tasks were difficult to solve with the
map’s interactive functions and resorted
to a visual search of the counties to com-
plete map reading tasks.

POST-MAP RESULTS

Updating Beliefs, Web Map
Usability, and Emotions

At the conclusion of the experiment
participants completed a brief survey.
We asked participants—again, after
viewing the map—a series of follow-up
questions related to the actual distribu-
tion of climate change opinions. First,
participants selected how they thought
others in the US and NC felt about
global warming, from not at all wor-
ried to very worried (Figure 2). For the
US, only one participant (3%) felt that
people were not very worried about cli-
mate change, as compared to 33% in
the pre-map phase. Twenty-seven (90%)
telt that people were somewhat worried,
up from 63%. Finally, two participants
(7%) felt that people were very worried,
up from one participant (3%) in the pre-
map phase. For NC, one participant felt
that people were not very worried about
global warming (3%, down from 47%
prior to viewing the map). Twenty-six
felt that people were somewhat worried
(87%, up from 50%), and three felt that

people were very worried (10%, up from



3%). Thus, there was a substantial increase in the number
of participants who thought that most people are some-
what worried about climate change in both the US and
NC after viewing the map. These values increased by 8
participants at the national level, and 11 at the state level.
Likewise, there was also a decrease in the number of par-
ticipants who thought that most people are not very wor-
ried about climate change.

Second, we asked participants to describe whether or not
they were surprised by the actual distributions of climate
change opinions in NC, with 23 participants indicating
that they were surprised (77%), and seven indicating that
they were not (23%). Participants also described whether
or not they had expected the climate change opinions to
be like their own when viewing the map. Out of the 30
participants, 11 participants had expected others’ beliefs
to be similar to their own (34%), 15 participants had ex-
pected others’ beliefs to be less like their own (50%), and
four participants’ responses indicated neither more nor less
(13%). Overall, participants exhibited a decrease in false
beliefs after interacting with the map and seeing the actu-
al distribution of climate change opinions when compared
to the pre-map phase of the study. Participants were also
generally surprised at the results because they expected
climate change opinions to be different from their own,
indicating pluralistic ignorance of the actual distribution
of opinion.

To address map usability, participants were asked to
choose features on the map that were most helpful for
them to interact with the map (Figure 9). Data visual-
ization was selected as the most helpful feature to under-
stand the distribution of climate change opinions across

DISCUSSION

MAGNITUDE AND CONTENT OF SECOND-
ORDER BELIEFS ABOUT CLIMATE CHANGE

THE PRE-MAP PHASE OF THE STUDY ESTABLISHED
participants’ demographics, technological proficiency, po-
litical leanings, and climate change beliefs. Overall, the
convenience sampling method resulted in the recruitment
of a predominantly liberal, majority female, and techno-
logically proficient student sample. This means that our
experimental results stem from varying political views
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Figure 9. Participants selected the most helpful map features
from a list of interface design choices and map interactions after
completing the map reading tasks.

the state, with 28 participants choosing this option from
the list. Participants also chose mouseover features 24
times, indicating that was the second most helpful map
interaction. Fourteen participants chose the interface de-
sign as being helpful. Additionally, participants selected
emotions that they felt represented their map use during
the experiment to further understand affective responses
to the mapped climate change opinions (Table 4). From
this list, 64 emotions were chosen at least once. Positive
valence emotions were selected most frequently, including
calm, surprised, curious, okay, and satisfied. Negative va-
lence emotions were chosen less frequently after interact-
ing with the maps. For example, the first overtly negative
emotion to show on the list is rushed, which ranked 29th
with 3 choices.

from people on the left side of the political spectrum,
which is generally associated with greater climate concern
and pro-climate policy support (Ehret 2018). In addition,
participants were alarmed or concerned about climate
change at much higher rates than the national average. We
noted that most participants’ views aligned primarily with
an “ecological activist” framing of climate change, mean-
ing that they think it is a symptom of a capitalist society
that has over-prioritized economic growth and danger-
ously exceeded the carrying capacity of the planet (Nisbet
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Table 4. Participants selected from a list of emotions to best
describe their mood when completing the map reading tasks.

2014). 'This is important because ecological activists often
connect extreme weather events with climate change, even
when the attribution of specific events may be uncertain
and made with low-to-medium confidence at best. In fact,
many participants cited the impacts of extreme weather
events as a reason for explaining why others in NC would
be worried about climate change, yet still underestimat-
ed the percentage of people they thought held this view,
thereby demonstrating a false consensus in overestimating
the amount of people who are not worried about it.

This study identified common patterns in the content of
second-order beliefs. In general, when participants were
speaking about pro-climate policies and ideas, several
major themes emerged as reasons why they thought others
in NC would hold these opinions. The largest theme was
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environmental in nature, where participants were con-
cerned about coastal areas, agriculture, wildlife, and other
environmental impacts of human-caused disasters. Other
themes were related to economic concerns and the need for
corporate responsibility to address the issue through a car-
bon tax. These sentiments are directionally consistent with
the literature on second-order beliefs among left-leaning
individuals, who are more likely to support a policy for cli-
mate or environmental reasons (Bergquist 2020; Hamilton

2010; Hamilton et al. 2015).

When speaking about people in NC who are more dis-
missive of climate change, two major themes emerged.
First, many participants thought segments of the public
held those views for economically related reasons. This was
especially the case when they were asked about those who



oppose a carbon tax and who support offshore drilling for
oil and gas. For example, participants frequently cited a
carbon tax as a limiter of economic prosperity for business
and cited the perceived need for abundant oil and gas re-
sources in local economies as reasons why others would
hold these opinions. Second, many participants thought
the percentages of people in NC who were more dismis-
sive of climate change held those views due to a set of be-
lief-related concerns around climate skepticism. For exam-
ple, participants thought that others would question the
reality and anthropogenic influence of climate change and
therefore question the need for specific policies. Others
thought that people who were more dismissive of climate
change and climate-related policies were engaging in a set
of conspiratorial, ideological, or religious rationales for not
being worried about the issue.

'This study identified a large gap between the magnitude
of participants’ false second-order beliefs and the reality of
climate change opinions in NC. Participants were likely to
underestimate the percentage of adults that were worried
about climate change and to underestimate the support
for a carbon tax. Participants were also likely to overes-
timate support for offshore drilling at the national level.
‘Therefore, participants believed that fewer people agreed
with their own first-order beliefs, further contributing to
false polarization. This finding is consistent with literature
suggesting a general population underestimation of sup-
port for pro-climate policies (Mildenberger and Tingley
2017). Sparkman et al. (2022) concluded that Americans
are living in a “false social reality” due to a shared misper-
ception about how others think or behave around climate
change. In this study, most participants were similar-
ly surprised by the actual distribution of climate change
opinions across the state, showing how second-order be-
liefs have reinforced pluralistic ignorance of actual popular
support for climate policies (Epley et al. 2004; Epley and
Gilovich 2006; Miller and McFarland 1987).

INTERACTIVE WEB MAP USABILITY AND
USER PREFERENCES

During the in-person phase of the study, participants were
asked why they interacted with the map in the way they
did. Participants gave overwhelmingly positive ratings
for map usability. It is important to note that all partici-
pants reported high levels of technological proficiency and
frequency of web map use, which suggests they are more
likely to understand, and have an easier time interacting

with, the web map than others who have less experience
with them (MacEachren et al. 1998). Participants indicat-
ed that the most helpful map element for understanding
others’ beliefs was the data visualization (including the
choropleth symbolization). This is consistent with partic-
ipants’ tendencies to refer to the diverging color palette
in the legend while exploring the map during the think-
aloud protocol.

Participants provided their rationale for exploring differ-
ent parts of the map when solving the map reading tasks.
Across all climate change opinion variables depicted on
the map, participants most frequently chose to focus on a
given county during a map reading task because it was their
home county or because they currently lived in Watauga
County to attend App State. Participants were able to use
map interactions in the context of the map reading tasks
to put climate change opinions into their own personal
context before responding to the tasks. Allowing users
to manipulate maps based on their own data exploration
preferences creates a more personal understanding of the
map, as well as the phenomena it is portraying.

We also found evidence in support of spatial optimism
bias, where participants perceive their own locations to
be less vulnerable to climate extremes than those that are
far away (Retchless 2018). During the map reading tasks,
many participants shared sentiments that the mountains of
western NC, where App State is located, would experience
tewer climate change impacts. In reality, the region re-
mains vulnerable to hydroclimatic extremes, ranging from
tloods to droughts and their subsequent socio-environ-
mental impacts (Labosier and Quiring 2013). Participants
were far more concerned about, and more likely to discuss
the implications of climate change in, coastal areas. They
were also concerned about climate effects on agricultural
areas in central and eastern NC. Participants also used the
geographic location of interest as a rationale for focusing
on specific counties when completing map reading tasks,
and frequently chose to compare counties that are geo-
graphically located on opposite sides of the state. However,
participants also interacted with counties directly adjacent
to one another. Often, these participants would be curious
as to why two geographically similar places had differing
levels of support for the climate change policies or had
differing levels of worry about it. These are two common
ways that participants interacted with the web map while
exploring climate opinions, and may suggest common use
patterns among larger populations of map users.



Finally, participants focused on counties with the most
extreme levels (i.e., low and high percentages) of worry
about climate change or support for climate-related pol-
icies when solving the map reading tasks. Many com-
mented during the think-aloud protocol that they used
the legend and color palette to assist with identifying
these locations. In this case, participants were especially
drawn to Stokes County, which had the lowest support
for carbon taxes and the lowest levels of worry across the
state, as well as the highest levels of support for offshore
drilling. The heatmap fixations and durations paired with
a high rate of open-ended responses that mention being
drawn to extreme counties clearly show this phenomenon.
Stokes County has a relatively small population, with an
estimated 44,520 people in 2020. However, the tenden-
cy of participants to focus attention there could reinforce
false beliefs about statewide support because people have a
tendency to better remember highly salient events (Madan
2014). Conversely, participants also focused attention on
counties with the greatest support across all three metrics,
which generally correspond to Orange (148,696 people),
Durham (324,833 people), Mecklenburg (1,115,482 peo-
ple), and Wake counties (1,129,410 people). NC counties
are relatively similar by area when compared with those
in many western states, which could pose future problems
for interpreting mapped climate change opinion estimates
in those locations. We welcome future map studies that
would specifically compare differences in the interpreta-
tion of climate opinions using other symbolization tech-
niques, like proportional symbols or dot density symbols.

Emotional responses to climate information have received
much attention in recent years due to the recognition that
visualization and communication make climate change
more tangible and relatable for individuals (Fish 2020).
Participants in this study overwhelmingly chose emotions
with positive valence, such as calm, relief, and surprise,
which suggests that users had good experiences interact-
ing with the web map by discovering that their first-order
beliefs are not as uncommon as they suspected. Emotions
can be indicators of mood and aftective responses to sto-
rytelling within a map (Roth 2021). Exploring the emo-
tional responses to maps has the potential to increase un-
derstanding and provide insights regarding how spatial
information can better communicate the human expe-
rience (Griffin and McQuoid 2012). When viewing and
discussing the political views of others in the perceived
social outgroup relative to their own beliefs, individuals
tend to have intensely negative emotional responses, like

contempt, fear, and disgust (Prinz 2021). Public opinion
maps may have the potential to moderate polarization on
controversial topics due to their ability to generate more
positive affective responses when public support is greater
than originally perceived.

In this study, participants updated their second-order be-
liefs from the pre- to post-map, demonstrating a reduc-
tion in false beliefs and misperceptions about what others
think and do. There was a substantial increase in the num-
ber of participants who thought that US and NC residents
were somewhat worried about global warming from pre-
to post-map. There was also a decrease in the number who
thought these groups were not very worried. Participants
were also more skeptical of NC’s climate change con-
cern during the pre-map phase than of the US as a whole.
This is interesting because an estimated 64% of North
Carolinians are worried about global warming, according
to the Yale Program on Climate Change Communication,
a value which is only 1% less than the national average at
the time of the study (Howe et al. 2015). Despite our par-
ticipants being overall worried about climate change, they
thought that few others were prior to viewing the map,
demonstrating the pluralistic ignorance effect where one
believes others do not believe what they do. Furthermore,
scientific knowledge about climate change is inversely cor-
related with climate change anxiety (Zacher and Rudolph
2023). Our research suggests climate change opinion maps
are a useful tool to alleviate the concern about insufficient
public or policymaker support for different climate policies
among young ecological activists who are alarmed about
global warming. Reducing the false perception of weak
climate policy support has the potential to depolarize poli-
cy discussions, including by refocusing some of the anxiety
and grief about it, which has increased in younger popula-
tions (Holthhaus 2023; Shaw and Bonnett 2016).

LIMITATIONS AND RECOMMENDATIONS
FOR FUTURE RESEARCH

There are several limitations that should be discussed in
the context of the results. First, this study used an ex-
ploratory research design, favoring a natural observation-
al experiment, rather than one with experimental control
groups, to examine common patterns that emerged. In
addition, methods were primarily qualitative, with eye
tracking, surveys, and interviews used to examine the
how participants interacted with the map, along with the
content of their second-order beliefs. The results should
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not be interpreted as causal inferences, nor should we
draw any statistical conclusions about the changes in be-
lief from pre- to post-map. In addition, this study used
a small, convenience sample of students from App State,
who were mostly attending classes adjacent to the subject
of the environment. App State consistently receives na-
tional recognition for its leadership in sustainability, list-
ing over 2,000 courses that incorporate the topic, and the
university considers it as a major driver in student enroll-
ment. Participants were alarmed and concerned about cli-
mate change, and they were already experienced with map
reading and technology. As a result, we caution the reader
from drawing more generalizable conclusions about popu-
lation groups not represented in the study. While the re-
sults replicated the larger nationally representative surveys
on second-order belief, future research should purposeful-
ly sample students who are less proficient with web maps
and who are politically conservative and hold doubtful or
dismissive views of climate change to verify the reduction
in false beliefs through map reading. In addition, we iden-
tified several misperceptions that politically liberal and
ecologically activist-oriented students hold about others
who are more dismissive of climate change. This purpose-
tul sample would show whether there are differences in
the accurate perception of others’ beliefs across a range of
views. Finally, a further limitation of our research is tied

CONCLUSION

THIS STUDY SHOWS HOW INTERACTIVE WEB MAPS
have the potential to correct mischaracterizations of oth-
ers’ beliefs about climate change. We used a set of explor-
atory methods common to user studies in cartography to
provide insights about the content of second-order beliefs
and the map reading process with an interactive web map
of climate change opinions in North Carolina. The results
from this small student sample were similar to those from
larger, nationally representative studies in that participants
do not accurately estimate the actual percentages of pop-
ular support for climate change opinions. However, this
study also focused on the content of second-order beliefs
among a sample of ecologically activist-oriented and po-
litically left-of-center students to find out why they under-
estimated popular support for these opinions. Participants
primarily used environmental concerns to explain their
own beliefs but focused on a set of ideological factors to
explain the beliefs of those they thought were more dis-
missive of climate change policies. The results of our eye
tracking and interviews showed that, during map reading

to the think-aloud protocol used during the map reading
tasks. It is possible that participants forgot, or insufficient-
ly described, on how they interacted with the map, and a
concurrent think-aloud protocol may have revealed more
about their interactions.

Despite its limitations, this study highlights the ability
of interactive web maps to update second-order beliefs,
which may, in turn, lead to an increased understanding of
climate change and climate change policy. However, we
recommend attention be paid in the future towards the
specific use cases of climate change opinion maps as they
are implemented in the public sphere. Specifically, more
research is needed to outline the public’s understanding of
maps as elite forms of messaging that may reinforce po-
larization, as has been shown with other forms of media
communication (Hart and Nisbet 2012). Retchless et al.
(2022) provide a recent discussion of the roles of power
and privilege in engaging with climate change maps. If
climate change opinion maps are to be effective in com-
municating the results of the larger, national-level surveys
and models, then future work in cartography should ac-
count for the diversity of political thought and worldviews
that influence the public framing of climate change and
trust in science more broadly (Kaurov et al. 2022; Hulme

2009).

tasks, participants used the choropleth symbolization to
focus on data extremes and counties that were important
to them, including home counties and counties they attend
school in, showing evidence of egocentric bias and spa-
tial optimism bias that contributed to false polarization.
Participants exhibited overwhelmingly positive emotion-
al responses to the web map and found data visualization
and interactions, like mouseover events and tooltips, most
helpful in completing map reading tasks. Cartographers
should continue to examine the intended use cases and
contexts of climate change opinion maps to improve their
communication effectiveness. Furthermore, user studies
provide a way to more deeply understand how a range of
user values and beliefs affects map use. This effort would
add to the scope of cartography’s attention to climate
change. We conclude that interactive maps have the po-
tential to moderate polarization on controversial topics,
like climate change, that are otherwise subject to pluralis-
tic ignorance effects that can dampen policy support.
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