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Natural scientists from Climate Central and social scientists from
Carnegie Mellon University collaborated to develop science commu-
nications aimed at presenting personalized coastal flood risk in-
formation to the public. We encountered four main challenges:
agreeing on goals; balancing complexity and simplicity; relying on
data, not intuition; and negotiating external pressures. Each chal-
lenge demanded its own approach. We navigated agreement on
goals through intensive internal communication early on in the
project. We balanced complexity and simplicity through evalu-
ation of communication materials for user understanding and
scientific content. Early user test results that overturned some of
our intuitions strengthened our commitment to testing commu-
nication elements whenever possible. Finally, we did our best to
negotiate external pressures through regular internal commu-
nication and willingness to compromise.

collaboration | informed decision-making

Overcoming the Challenges of Collaboration to Design
Effective Science Communication
Science powers the technology behind modern society while also
providing a window onto its risks. Individual and policy decisions
commonly carry both benefits and costs that science can speak to;
for example, burning fossil fuel helps energize our economies while
also endangering them by contributing to climate change. When
the benefits and costs of an action appear similar, or are not broadly
or well understood, we are challenged to make more measured
decisions (1–4). Having some grasp of the relevant science can help.
Decision makers need not be experts, but understanding risks and
benefits allows them to make informed decisions reflecting their
values (5–8). An important aim for many science communications
can be to achieve this end, with the goal not of agreement, per se,
but of “fewer, better disagreements” (9).
One approach to science communication follows four in-

terrelated steps: identifying relevant science, determining peo-
ple’s informational needs, designing communications to fill those
needs, and evaluating the adequacy of those communications,
with refinements until adequacy is demonstrated (9). We believe
that collaboration between natural and social scientists increases
the chances for success in this approach. Social scientists need
natural scientists for their topic area expertise to ensure com-
munications remain true to the science, and natural scientists
need social scientists for their expertise to ensure communica-
tions are relevant and understandable to lay target audiences.
However, natural and social scientists use different languages
and methods (10), which can make it difficult to work together
even when sharing the same goal of science communication.
However, these challenges are surmountable, and overcoming
them may yield a productive collaborative relationship as well as
stronger communications.
We are part of a team of natural scientists from Climate Central

and social scientists from Carnegie Mellon University who have
worked together on a communications research and design effort
concerning coastal flood risk as aggravated by sea level rise. This
effort supported Climate Central’s development of an interactive,
Web-based platform to share related information (Surging Seas
Risk Finder, at http://sealevel.climatecentral.org/). Over the course

of our collaboration, we had to address many challenges. Some can
be attributed to differences in disciplinary perspectives, and others
arose as a result of forces outside the team’s control.
Overall, the challenges we encountered fell into four main cat-

egories: agreeing on goals; balancing complexity and simplicity;
relying on data, not intuition; and negotiating external pressures.
The next sections explore each category in turn, beginning

with a general discussion and then sharing anecdotes from our
own experience.

Challenge 1: Agreeing on Goals
Collaborators who share clear goals and view them as attainable
and important are more likely to achieve quality products and
satisfaction with the process (11, 12). One common barrier is
simple lack of time (13). Others include lack of openness, pa-
tience, understanding, trust, and respect between collaborators;
unspoken jealousies; or perceived threats to authority or power
(14, 15). Individuals tend to conform to the perceived norms or
values of the team (16) and may avert conflict by not fully voicing
their own opinions. Collective inexperience may leave collabo-
rators unaware of the importance of clearly defining goals (17).
Effective internal team communication may also enhance the
team’s ability to work more efficiently together, increase the
team’s flexibility, and increase their resiliency in the face of ex-
ternal pressures (15).

The Response: Coming to an Agreement on What We Meant By
“Effective” Communication. In our case, the critical issue for agree-
ing on common goals was how to define an effective communica-
tion of flood and sea level risk. Climate Central researchers invited
this collaboration out of a sense that many Americans’ interest and
understanding about climate change, and more specifically, in this
instance, sea-level rise and coastal flood risk, were not commen-
surate with the risk. Carnegie Mellon University questioned how
anyone could decide what exactly the “right” level of concern is for
another person. After a series of conversations, we settled on the
goal of providing lay audiences with the information needed to
demonstrate knowledge, make logical inferences, and show con-
sistency in preferences.
Knowledge can be assessed through information recall (e.g.,

“What is the likelihood of there being at least one flood between
today and 2020 that is 3 feet?”) (18). The ability to make logical
inferences can be assessed through problem-solving tasks (e.g.,
after showing people the likelihood of a 10-foot flood, asking,
“What is the likelihood of an 11-foot flood?”) (19). Consistency
can be measured by asking a question in several different ways
(e.g., asking participants what level of flood risk they would
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tolerate and separately asking whether they would move to a
place where risk exceeds this level, according to information
presented earlier) (20).
In other words, we reached a shared definition of “effective”

communications; namely, ones that help people make informed
decisions, reflective of their own unique situations and values,
rather than communications that push people to make persuaded
decisions, reflective of some outside vision of what the decision
should be. Furthermore, this early work to define shared goals
laid the groundwork for more effective and efficient team com-
munication throughout the project.

Challenge 2: Balancing Complexity and Simplicity
A general challenge for science communications is to stay true to
the science, and its complexity, while still allowing most lay audi-
ences to understand it (21). The degree of simplification that can
be required often dwarfs what scientists anticipate (22).
Understandability may be enhanced by following “best prac-

tices” of science communications (23). For example, to convey
probabilistic risk information about sea level rise, communica-
tors can turn to numeracy research. Research on the ability to
understand and use numbers has shown that people better un-
derstand probabilistic information as denominators of base 10
(e.g., “20 in 100 chance that a region will experience sea level rise
of 3 feet between today and 2050”) compared with when the
same information is presented using 1 of N (e.g., “1 in 5 chance
that a region will experience sea level rise of 3 feet between
today and 2050”) (24). Observed differences in understanding
can be attributed to the relative ease with which people translate
base values into percentages (25). Testing communications with
lay target audiences (26) allows refining as needed and may fur-
ther enhance these initial drafts.

The Response: Understanding the Risk for Coastal Flood Aggravated
By Sea Level Rise. Perhaps the biggest challenge of our project was
how to present Climate Central’s extensive and complex set of
forecast and exposure analyses in a digestible way that effectively
informs decisions affected by future coastal flooding risk. Our

practical objective was to inform the development of Climate
Central’s interactive Web-based platform, the Surging Seas Risk
Finder, which would be (and now is) freely available to the
general public.
At the start of our work together, Climate Central shared with

Carnegie Mellon University a sketch indicative of the data that
were available to share and that might be included in a Web
platform (Fig. 1). Our joint project focused on forecasts. Climate
Central had generated sea level and flood risk projections for
55 water level stations along US coasts from 2012 to 2100, at
10 different water levels ranging from 1 to 10 feet. The analysis
assessed annual risk, cumulative risk, and how warming-driven sea
level rise will multiply risk. In addition, Climate Central generated
results conditional on carbon dioxide emissions scenarios (e.g.,
low,medium, or high) and sea level risemodels.We quickly judged
that presenting all of this information together at once would
confuse nonexperts. After several team discussions, Climate Cen-
tral determined that it would be worth exploring the design of a
pared down, simplified presentation. This versionwould show users
a small number of basic options up front that they could adjust on an
advanced settings page, allowing exploration of more complex and
nuanced information.
To assess user understanding of the most basic elements, we

developed a simplified experimental online tool following rele-
vant best practices from the science communications literature
(23). For example, we made the tool interactive (allowing users
to adjust water level), consistent with evidence suggesting the
power of experiential learning (27).
One design issue that warranted empirical evaluation was the

effect of time frame. Focusing on just a single period would allow
a simplification of the online presentation. Sea level rise and
flood risk projections become much more dramatic toward the
end of the century, suggesting that a longer time would increase
perceived risk. However, research on psychological distance finds
that the farther in the future the consequences of a decision ap-
pear to be, the less relevant and urgent the decision feels (28). In
turn, people are less likely to fully process and understand in-
formation relating to decisions they believe lack urgency (29, 30).

Fig. 1. Original sketch of the intended science communication, showing the full range of science information about coastal flooding available and the many
options for users to tailor the display to fit their specific needs. Pct, percentage; FEMA, Federal Emergency Management Agency.
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To explore whether temporal distance affected understanding,
users’ understanding was assessed across three time horizons:
projections for 2020, 2050, and 2100 (31). Each user saw just a
single time frame (Fig. 2). Of course, long periods entail larger
cumulative risks (32). Therefore, to the extent that our par-
ticipants expressed differences in perceived risk, any observed
differences in understanding could reflect both cumulative risk
and temporal distance. We did not find, however, any differ-
ences in understanding between the three time frames.
We then piloted the tool by performing user testing, following

the Think Aloud Protocol (33). We recruited 10 US adult par-
ticipants through Carnegie Mellon University’s Center for Be-
havioral and Decision Research Participant Pool. The center
maintains a pool of participants drawn from the City of Pitts-
burgh and the surrounding areas, representing a wide range of
socioeconomic backgrounds. Half the participants were women,
and most had at least some college education. Interviews were
audiorecorded, transcribed, and analyzed for understanding of
key terms and concepts (e.g., sea level rise), preferences for
terms (e.g., slow sea level rise versus optimistic sea level rise),
and preferences for layout.
Using this approach, we asked participants what they were

doing, thinking, and feeling as they interacted with the tool.
Thus, we were able to adjust ineffective design elements infor-
med by these interviews and to further test and refine language
and the presentation of quantitative information that was not
being well understood.
Finally, we evaluated the refined tool with a larger sample of

participants. We recruited 149 adult members of the US general
public through Amazon’s Mechanical Turk. Their average age
was 36.1 years (standard deviation, 13.0 years), with 47.7% being
women, 79.2% identifying as White or Caucasian, 48.4% having
at least a bachelor’s degree, and 42.2% having household in-
comes of at least $51K. Most reported being Democrats, at 51%,
with 28.2% independents, 16.8% Republicans, and 4% other or
“prefer not to answer.” Some reported having lived on the coast
(37.6%), and most had vacationed there (71.8%). Many reported
some familiarity with the coastline (34.1%), having experienced
a hurricane (44.3%) or flood or knowing someone who had
(36.9%). Responses to the three time frames were pooled with
the exception of the few cases in which they differed significantly.
Using statistics, responses were evaluated through three criteria:

knowledge, consistency, and active mastery. A manuscript de-
scribing this work is currently under review.
After these participants interacted with the platform, we ad-

ministered an assessment of their knowledge (e.g., “What is the
likelihood of there being at least one flood between today and
2020 that is 3 feet?” requires participants to accurately recall
information), ability to make logical inferences (e.g., “What is
the likelihood of an 11-foot flood?” requires people to ex-
trapolate beyond the tool maximum of 10 feet), and consistency
in responses (e.g., asking participants what level of flood risk
they would tolerate and separately asking whether they would
move to a place where risk exceeds this level, according to in-
formation presented earlier).

Challenge 3: Relying on Data, Not Intuition
One common trap that natural and social scientists can fall into is to
rely too heavily on their intuition in the design of science commu-
nication. Studies have shown that ill-designed science communi-
cations can have no effect or can even lead to misunderstandings,
misperceptions, and mistrust (34, 35). Designers can forget that
their audiences may not share the same scientific language, and
therefore may misunderstand or tune out messages that include
complex scientific language or visuals. Designers can also forget
that people may not understand or respond to science infor-
mation in the way they expect, which may seem irrational at face
value (appearing as biased judgments or hyperbolic discount-
ing), but which may make sense to the recipient, given their
personal situations and values (36, 37). Thus, a major challenge
facing collaborators is the natural inclination to rely on in-
tuition rather than on data in the design of science communi-
cation (38–40).
Data-driven assessments can take many forms, including in-

terviews, surveys, focus groups, and randomized controlled trials
(23, 41). Interviews or focus groups can be performed with a
small number of individuals from the lay target audience, pro-
viding insight into the understandability of science communica-
tions through their answers about what makes sense, what does
not, and why. Informed by these results, surveys of a larger and
more diverse sample of the lay target audience can be con-
ducted to assess understanding more widely. Finally, random-
ized controlled trials can then be used to evaluate the effectiveness
of different variants of the communication.

Fig. 2. Simplified Risk Finder mockup tool showing risk profile information for the periods between today and 2020 (Left) and between today and 2100
(Right) for Baldwin County, Alabama.
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The Response: Learning How to Let Go of Our Intuition and Listen to
What the Data Tell Us. One concept Climate Central wanted to
convey through its final tool was the wide range of possible fu-
ture sea level rise scenarios (42). Therefore, the team tested ways
of presenting three different scenarios drawn from a recent re-
port (43): 0.5, 1.2, or 2.0 m sea level rise by 2100.
On the basis of the risk communication literature on numeracy

(44, 45), literacy (46, 47), and compelling presentation (48–50), the
team created three terms we believed would help people quickly
understand the underlying concept so that they could better
interpret the risk information: optimistic (0.5 m), neutral (1.2 m),
and pessimistic (2.0 m) sea level rise.
We then conducted semistructured interviews with members of

the Carnegie Mellon University’s Center for Behavioral and De-
cision Research Participant Pool. Wematched the terms with basic
descriptors (“optimistic” with “slow rise,” “neutral” with “medium
rise,” and “pessimistic” with “fast rise”) and showed our partic-
ipants the matched sets in randomized order. After each term, we
asked participants to tell us what came tomind as well as to provide
a numerical estimate of the rate of sea level rise. At the end, we
asked participants to rank their preference for the terms in each
matched set (e.g., “optimistic” versus “slow rise”).
What we found contradicted our intuition. We thought that

using an emotionally compelling word like optimistic, rather
than slow, would help people understand the underlying concept
of rate. Instead, we found that people thought “slow”was a more
accurate term than “optimistic,” which made them think there
was no sea level rise. We found that people understood “fast”
and “pessimistic,” with “pessimistic” making them feel more
concerned.However, we also found “fast”made them feel hopeful,

as though something could still be done about sea level rise,
whereas “pessimistic” made them feel like giving up because all
hope is lost. Finally, we found that people thought “medium” was
a more accurate term than “neutral,” which was seen as a contra-
diction in terms because it meant there was no sea level rise taking
place. In short, although we found that the use of emotional terms
was evocative, it seemed to get in the way of understanding the
concept we were trying to convey.

Challenge 4: Negotiating External Pressures
Even collaborators who agree on an ideal process for design (i.e.,
identify relevant science, determine the audience’s informational
needs, target those informational needs, and iteratively evaluate
the adequacy of test communications) are subject to external
forces that may make it hard for them to do so. Pressures can
come from collaborators’ institutional homes, funding sources,
or even world events (e.g., natural disasters such as Superstorm
Sandy) (12, 13, 15).
Building resilience to external pressures can be difficult. These

pressures may play differently on specific members of the team,
which may lead to intragroup conflict about how the research
should proceed and what the final product should look like. For
example, if the scientific topic is relevant to major current events
or decisions, there may be external pressure to disseminate the
communication before the team has completed its research (e.g.,
testing for understanding). Team members may also disagree
internally over the tradeoff between quality and speed, worried
that delay may result in missed opportunities to inform conse-
quential decisions. Although agreeing before such conflicts arise
as to how a team will proceed in such cases is ideal, there may be

Fig. 3. Draft Surging Seas page showing the total risk for a 3-foot coastal flood forecast, including sea level rise, with descriptors, by decade.
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instances in which bringing an outside person to mediate might
be warranted. In transdisciplinary research, mediators have helped
collaborators to define what could and should be done (51), as
well as to note and vocalize points of consensus (52), thereby
helping the team overcome intragroup conflict.

The Response: Forces Shaping the Design of the Sea Level Tool. Of
the external pressures facing our team, the most challenging
pressure had to do with time. The official launch date for Climate
Central’s tool was to be fall 2013, and we began our collaboration
in January 2013. In addition, Climate Central was contracting in
parallel with a Web design team, which was a necessity because of
the launch timeline and the complexity of the information to
be presented.
The result of the study described under Challenge 2: Balancing

Complexity and Simplicity demonstrated that presenting the con-
tent in question with a 2050 time horizon is both compelling and
understandable. One limitation of the study is that we showed risk
information from only a single water level station, and thus we
could not conclude that 2050 would be a “sweet spot” year for
stations with different time patterns of risk. Given the tight
timeline, we could not investigate further. Furthermore, Cli-
mate Central wanted to present risk information across a wide
time horizon (by decade, from 2020 to 2100) to service diverse
user interests; whereas Carnegie Mellon University felt it was
premature to present such granular information. Climate Central
decided to present the fine-grained information but, at the same
time, include language to more clearly communicate that the risk
at each point differs, with a simple sentence or phrase (as shown
in Fig. 3). We agreed that if future research were to indicate that
the 2050 findings apply widely, then Climate Central would look
to emphasize this time frame in other content, such as press
releases or fact sheets.

Conclusions
Effective science communication benefits when collaborators fulfill
four interrelated tasks: identifying relevant science, determining
people’s informational needs, designing communications to fill

those needs, and evaluating the adequacy of those communi-
cations. A number of challenges may arise when natural and social
scientists work together, even when both parties share the same
goal of effective science communication. Here we present the four
main challenges we encountered during our collaboration: agree-
ing on goals; balancing complexity and simplicity; relying on data,
not intuition; and negotiating external pressures. We present a
brief description of each challenge, describing its nature and
the importance of dealing with it, and reflect on our own personal
experience.
In the process of our collaboration, we navigated agreement

on goals through intensive within-team communication early
in the project. We balanced complexity and simplicity through
evaluation of the communication for understanding and scien-
tific content. We addressed the challenge of relying on data, not
intuition, by agreeing on the value of testing. Finally, we did our
best to negotiate external pressures through communication and
compromise. Inevitably, we were able to investigate only a fraction
of the design elements needed for Climate Central’s full Web tool
and communications needs, but our joint research identified and
addressed problems that otherwise could have reduced the ef-
fectiveness of the website.
Collaborations between natural and social scientists face many

challenges in achieving effective science communications, but
effort wins rewards. When contributors from different disciplines
work together, they may grow to appreciate other ways of looking
at the world and creating knowledge, perhaps leading to new or
innovative research directions. More important, effective collab-
oration increases the chances for effective communication to the
public, thereby facilitating people’s ability to make more informed
decisions, reflective of their values, hoping for “fewer, better dis-
agreements” (9) about challenging decisions they face in their
personal lives, as well as those facing our society.
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