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Abstract: Earth scientists have a critical role to play in communicating to the public and policy makers what we
know about present and future geo-environmental threats and challenges, such as climate change, extreme nat-
ural events, resource conflicts and the energy transition. However, whilst geoscientists are being encouraged —
and, increasingly, trained — to ‘go public’ with our science, it is less clear to what extent our current geo-com-
munications are effectively addressing the long-term planetary concerns that confront society. In this paper we
argue that scientists are the interface between the research organizations that produce knowledge and the wider
public who could use that knowledge, and in that regard are akin to marketers in the business world. Drawing
from the dominant paradigms that shape business marketing, we re-consider the prevailing models of science
communication and their consequent sense of purpose. We identify three dominant approaches of marketing-led
science communication: ‘make-and-sell’; ‘sense-and-respond’; and ‘guide-and-co-create’. We judge the first
two to be incompatible with delivering long-term sustainability, in contrast to the emergent guide-and-co-create
mode — purpose-driven, interdisciplinary, participatory, and reflexive — which we contend is best placed to
tackle long-term geo-environmental concerns through having a clear wellbeing-focused objective whilst co-cre-
ating the path to achieving it. We conclude with the contention that adopting a guide-and-co-create approach to
science communications will require not only re-thinking of communication practice within universities but also

radical institutional regime change towards universities becoming purpose-driven organizations.

As society faces up to looming geo-environmental
threats from climate change, extreme natural events,
and resource conflicts whilst negotiating a trouble-
some energy transition, Earth scientists have a poten-
tially critical role to play in communicating to people
what we know about planetary wellbeing and stew-
ardship (Rockstrom et al. 2009; Acocella 2015).
For some, however, the geoscience community has
been largely ineffective in conveying that broader
message to the wider public.

Geoscience was driven by a need to support discovery of
raw materials and energy, and a need to understand
Earth processes in order to support engineering and
hazard reduction. As geoscience matured, it became
sophisticated, specialized, and controversial. Unfortu-
nately, geoscientists increasingly looked inward rather
than outward and became increasingly isolated from
society and regionalized. Since the 1990s, geoscience
has been at a crossroads, struggling with diminishing
funding reflecting the inability of society to recognize
its value. This is unfortunate since geology is relevant
to modern life in many ways. A wealth of geoscience
knowledge is available, but the geoscience community
has done a poor job of communicating its relevance to
modern society; thus future vitality and relevance are

dependent on developing systems and products that
meet the needs of the 21st century.

(Broome 2005, p. 51)

The perceived communication gap between geosci-
ence and society is arguably most clearly manifest
in the apparent inadequate uptake of existing expert
knowledge by the public and policy makers (e.g.
Liverman 2008; Marker 2016; Beer et al. 2018). In
climate-related decision-making, for example, the
urgency of projected climate change impacts
demands a step-change in our knowledge communi-
cation and yet the requirement for usable climate
information threatens to outstrip our ability to pro-
duce it using conventional approaches (Kirchhoff
et al. 2013). Attempts to close this communications
gap have led most academic institutions — along
with the funding agencies that support them — to
encourage their research scientists to actively engage
with the wider public. For many, it is a major shift in
the academic outlook. According to the historian of
science Naomi Oreskes (2015, p. 257) ‘scientists
do not often consider communication to be part of
science; science graduate programs only very rarely
incorporate communication as part of students’
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training. The general view, among scientists, is that
doing science is one thing, communicating it is
another’.

Yet, this conventional view is changing as arise in
training opportunities allows early-career researchers
in particular to hone their skills at presentations,
media interviews and popular science writing (War-
ren et al. 2007). Academics are reaching out in ever
more imaginative ways and across a range of engage-
ment formats, broadening and enriching the science
communication landscape (Fig. 1). Academic and
popular books, articles, reports and blogs convey
the principles and practices of science communica-
tion (NAS 2017; Cormick 2019), some with a geo-
logical twist (Liverman 2008; Liverman et al. 2008;
Stewart and Nield 2013; Stewart and Lewis 2017).
The next generation of scientists is being schooled
in accessible and entertaining ways to convey scien-
tific knowledge, much of it inspired by contemporary
popular mass media but guided by age-old,
tried-and-tested communication techniques bor-
rowed from print and broadcast journalism. Bending
the attentions of science to the newsworthy needs of
the mass media, however, has been questioned (e.g.
Peters er al. 2008; Peters 2012), especially in relation
to addressing complex societal challenges:

the emphasis on science communication as broadcast-
ing and the drive for consistency and simplicity in mes-
saging do not well serve the needs of either
science-based governmental organizations, or the pub-
lic at large, when dealing with messy, contested issues
such as sustainability.

(Bielak et al. 2008, p. 202)

So, to what extent are our current communications
addressing the messy, contested geoscientific issues
that are of grave concern to society? Are the
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communication techniques in which we are being
avidly schooled really those that are most appropri-
ate for confronting the complex geo-environmental
crises that await humanity in coming decades? In
raising these questions, we do not attempt to review
how (geo)scientists might communicate, but rather
we offer an inquiry about how (geo)scientists should
communicate. Our paper explores the ethical under-
pinning of our current science communication praxis
and considers how that reflects recent shifts in sci-
ence’s relationship with society.

In particular, we set out a fresh conceptual frame-
work for re-thinking the purpose of science commu-
nication, that is, the reason for which it is done or
created. We do so first by acknowledging two com-
peting drivers that define how scientific knowledge
is produced and communicated (Kirchhoff er al.
2013). The first relates to motivation: the extent to
which scientific endeavours are driven by curiosity,
serendipity and blue-skies thinking (pure or basic
research) or by practical application (applied
research), which, in turn, reflects whether motivating
problems are conceptualized as ‘knowledge-driven’
or ‘solutions-led’. The second driver relates to
engagement: the extent to which external stakehold-
ers or ‘users’ are actively engaged in the scientific
pursuit and the underlying knowledge that drives
this. Figure 1 depicts those two axes of influence,
showing the complexity of knowledge production
increasing from ‘low’ where production is predomi-
nantly focused on expanding our fundamental knowl-
edge, to ‘high’ where production aims to help solve
societal problems, whereas the complexity of user
engagement rises from ‘low’ to ‘high’ as external
stakeholders change from passive recipients of
produced knowledge to active participants in knowl-
edge creation. Academic research is traditionally
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Fig. 1. Conceptual depiction of the science communication ‘landscape’, represented in terms of the motivating
impetus for scientific endeavour and the level of public participation.
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dominated by a knowledge-driven agenda with min-
imal public input. Recent years, however, have seen
research funding directed more towards addressing
societal problems, shifting the end-user emphasis
from promoting a passive ‘public understanding’ of
science to an active ‘public engagement’ in science
(Nisbet and Scheufele 2009; NAS 2017).

Within this evolving landscape of knowledge pro-
duction, scientists and researchers occupy the inter-
sect between the organizations in which scientific
knowledge is conceived and produced (universities
and research institutes) and the intended end users
of that knowledge (key stakeholder groups, news
media, students, general public). In that academic—
public borderland it is scientists that, by and large,
have the power to shape what knowledge is pro-
duced, how it is produced, how and where it is
made available, and increasingly, how it is made pub-
lic. In the wider business world that intersectional
role is taken up by ‘marketing’ — ‘the activity, set of
institutions, and processes for creating, communicat-
ing, delivering, and exchanging offerings that have
value for customers, clients, partners, and society at
large’ (American Marketing Association 2013,
p. 1). This is traditionally understood within the ‘mar-
keting mix’ —atoolbox that includes what products or
services are created (Product), their cost (Price), how
they are made available (Place) and how they and the
identity of the company or brands are communicated
(Promotions); within the Promotions bucket the ‘pro-
motional mix’ includes communication tools such as
PR, advertising, sponsorship and others. Hence mar-
keting influences the material aspects of a value chain
through which products are designed, distributed and
disposed of, as well as creating a mental imprint on
identities, culture and societal behaviour (Hurth and
Whittlesea 2017). Viewed through that commercial
lens, we contend that scientists are increasingly the
‘marketers’ within the academic ‘business’, engaging
with press teams and PR departments but essentially
responsible for the original design of research prod-
ucts, for making them accessible and for communi-
cating their worth.

No doubt the notion of scientists as marketers —
and of science itself being marketable — is one that
is likely to be deeply uncomfortable with most geo-
scientists. After all, for many, public relations and
marketing are the root cause of many of the planet’s
most acute problems, cynically driving a global con-
sumerist/materialist culture of economic growth
predicated on unsustainable resource use. Using
the ways and wiles of marketing, therefore, to com-
municate the importance of geoscience knowledge
and understanding for wise planetary stewardship
would seem ironic at best, and deeply unethical at
worst. Indeed, marketing and public relations are
somewhat on the dark side of science communica-
tion, meriting only a few sentences in the recent
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state-of-the-art review, Communicating Science
Effectively (NAS 2017). According to this influential
report, they ‘offer insights into several aspects of sci-
ence communication — for example, understanding
audiences — but the goals of marketing and public
relations professionals may differ from those of
many science communicators’ (NAS 2017, p. 15).
Those marketing-led goals centre on the science
and art of ‘persuasion’ — encouraging people to
change their attitudes or perceptions or to take partic-
ular courses of action. However, an economic system
where a company’s reason to exist is profit maximi-
zation has led to this particular version of marketing
being dominant. Decades of marketing research and
social /societal marketing practice in charities, social
enterprises and other realms have shown that the
tools of marketing can be sharpened for outcomes
other than profit maximization (Kotler and Levy
1969; Andreasen 1994). For example, marketing
has been widely used to advance social change in
the context of public health (Doner and Siegel
2004; Grier and Bryant 2005) and blueprints for
how to reform the day-to-day practice of marketing
to drive sustainability exist (Van Dam and Apel-
doorn 1996; Belz and Peattie 2009; Peterson 2012;
Hurth and Whittlesea 2017; Hurth et al. 2018). Meet-
ing the challenges outlined in the UN Sustainable
Development Goals, 2015 Paris Climate Agreement
and Sendai Framework for Disaster Risk Reduc-
tion will arguably require new ‘people-centred’
approaches that promote large-scale behavioural
change and radical courses of collective action
(Fig. 2). So, might marketing be a potentially useful
lens through which to view and re-imagine our geo-
science communications?

With this provocation in mind, we examine the
prevailing paradigms that guide marketing thinking
and shape the relationships between businesses and
the consumers they serve. We use these paradigms
as conceptual frames to compare with science com-
munication paradigms, particularly in terms of their
long-term purpose, to explore how different geosci-
ence communication strategies might be advanced.
Following the typology of Hurth and Whittlesea
(2017), we define those conceptual marketing frames
as ‘make and sell’, ‘sense and respond’ and ‘guide
and co-create’.

Make-and-sell communications

In marketing studies, the dominant theory of ‘the
firm’, rooted in classical economic theory (Smith
1776), emphasizes how a company’s role is to effi-
ciently design, make and then sell products (Haeckel
1999, 2010). Many large corporations of the twenti-
eth century — automobile manufacturers, appliance
manufacturers, even the computer makers of past
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Fig. 2. Two simplified models illustrating interactions between key stakeholders in (a) a conventional top-down,
expert-led risk management approach, and (b) in a people-centred risk management approach, as encouraged by the
Sendai Framework for Disaster Risk Reduction (redrawn from Scolobig et al. 2015, Fig. 3). Although both ‘ideal
types’ greatly oversimplify reality, the comparison highlights how responsibility redistribution, stakeholder
relationships and scientist—public interactions become more complicated with people-centred approaches.

decades — were ‘make and sell’ organizations. They
were product-focused, their core concern was growth
through increased efficiency of production to
decrease costs or increased volumes sold, and
hence company value rested in the reduction of
price and increase in turnover (Hurth and Whittlesea
2017). This gives rise to an internal production-
focused approach, aided by a company—customer
relationship that starts internally with the company
and resonates outwards. In this approach, market-
ing’s main purpose is sales and promotion — an
‘end of pipe’ function that drives (usually near-term)
profits and growth (Haeckel 1999, 2010).

It is tempting to see the bulk of science commu-
nication practised in most universities as conforming
to this production-oriented ‘make-and-sell’ para-
digm. From this perspective, scientific knowledge
is the product and communications are the external-
facing ‘sales’ arm of a knowledge production pro-
cess that is internally focused — academics design
their research around what they already know and
what funders want to buy (Maxwell 2007, 2014).
The internal knowledge factory is oriented towards
cutting-edge questions and new knowledge (Fire-
stein 2012) ‘made’ via a production process largely
driven by internal design (intellectual curiosity,

opportunistic technological innovation, intellectual
and path dependencies and the pragmatic consider-
ations of funding and career advancement) and
accrued in publications in the peer-reviewed scien-
tific literature (Hering e al. 2014). Despite generat-
ing active debate within specialist scientific circles,
little of this cutting-edge research is intended to pro-
vide directly actionable information for policy and
management (Hering e al. 2014) and it is hard to
see how it could, as the disconnect between produc-
tion and use means that deep understanding of what
is relevant and useful is lacking. Viewed from the
academic shop floor, the key objective of science
communication therefore is to ‘sell’ this new knowl-
edge back to the public, who ultimately paid for it.
Thus, when scientists are surveyed on their decision
to ‘go public’, their impetus often reflects top-line
organizational motivations: a desire to ‘educate
the public’, ‘influence the public debate’, foster
‘a more positive attitude towards research’ and
‘increase the visibility of sponsors and funding bod-
ies’ (Royal Society 2006; Dudo and Besley 2016).
Simply put, at its most meaningful, the academic
communication mission is to enhance ‘public under-
standing of science’ (Bodmer 1986; Durant et al.
1989; Ziman 1991), which is best achieved by
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making complex scientific information more digesti-
ble for popular consumption.

Viewed through a ‘make and sell’ lens, therefore,
science communication is an ‘end of pipe’ approach
designed to promote science and to persuade people
of its societal value. The priorities of communication
are often to defend science from misinformation
(fake products) and bolster public support for origi-
nal knowledge production, rather than encouraging
the public to participate in and to critique scientific
endeavours. This could be likened to a Corporate
Social Responsibility approach to sustainability
where the intent is to be seen to be doing the right
thing and thereby bolster corporate reputation
(Hurth 2020).

Because scientists are trained to emphasize
knowledge acquisition and empirical evidence,
their working assumption is that the public are simi-
larly wired (Simis et al. 2016). Therefore, so the
assumption goes, if scientific information can be
communicated ‘better’ then people will know more
about science and cease to be in a state of knowledge
deficit. Emerging from this ‘healthier’ relationship
between science and the public, scientists will see
an increased uptake of sound science in environmen-
tal decision-making and find greater acceptance in
society (Mooney 2010). However, this ‘deficit
model’ thinking, intricately connected to the ‘ratio-
nal man’ view of human behaviour promulgated by
dominant economic thinking, has largely faltered
on real-world application (Sturgis and Allum 2004;
Bubela et al. 2009) including in a social marketing
domain (Wellings et al. 2006).

Aligned to this promotional objective, science
communication is valued by institutions as a worthy
endeavour, aided and abetted by training courses that
are not entirely embraced. According to Besley ez al.
(2015, p. 200) ‘one common theme that emerges
from many initiatives that involve scientists in com-
munication, outreach or informal science education
is not only the need for basic communication train-
ing, but also a reluctance of scientists to receive
such training’. Surveys of those taking training indi-
cate that most participants prioritize communication
designed to defend science from misinformation and
educate the public about science; they least prioritize
communication that seeks to build trust and establish
resonance with the public (Besley ef al. 2015; Dudo
and Besley 2016). Often, such courses are grafted
onto training on conventional peer-to-peer research
communications (how to write an academic article,
make a poster, give a technical talk, etc.), but
extended into the practices of popular print and
broadcast journalism (e.g. prepare a press release,
write a popular news article, or give a media inter-
view; Mulder et al. 2008). The rise of online media
at the expense of traditional news outlets has
changed the nature of science journalism and

encouraged many researchers to communicate
directly to public audiences via blogs, vlogs and
social media posts (Brossard and Scheufele 2013).
Nevertheless, a cornerstone of many courses remains
‘media training’ or ‘communication training’, often
used interchangeably. The former tends to focus on
speaking with journalists, dealing with unpleasant
questions in live broadcast TV shows, etc., whereas
the latter tends to be more about helping scientists to
communicate with the public, focusing on abilities
such as creating trust and appearing empathic
(Baram-Tsabari and Lewenstein 2017a, b) .

Underpinning ‘make-and-sell’” communications,
therefore, are long-standing tenets of print and broad-
castjournalism (NAS 2017). Appropriate language is
critical for accessibility and impact, with Somerville
and Hassol (2011) advising climate science commu-
nicators to ‘craft messages that are not only simple
but memorable, and repeat them often. Make more
effective use of imagery, metaphor and narrative. In
short, be a better storyteller, lead with what you
know, and let your passion show’. Story-telling
devices in particular offer important ways to improve
the public impact of our communications (Martinez-
Conde and Macknik 2017). Narrative formats offer
increased comprehension, interest and engagement,
even for complex ideas; non-experts get most of
their science information from a mass media that is
constructed around storylines; and narrative formats
are intrinsically persuasive, offering tactics for win-
ning over otherwise resistant audiences (Dahlstrom
2014). Despite the rise of online media channels
and platforms (Schifer 2012; Brossard 2013), most
scientists tend to draw on narrative communications
rooted in this traditional media model:

Despite obvious changes in science and in the media
system, the orientations of scientists toward the
media, as well as the patterns of interaction with jour-
nalists, have their roots in the early 1980s. Although
there is more influence on public communication
from the science organizations and more emphasis on
strategic considerations today, the available data do
not indicate abrupt changes in communication practices
or in the relevant beliefs and attitudes of scientists in the
past 30 yr. Changes in the science—media interface may
be expected from the ongoing structural transformation
of the public communication system. However, as yet,
there is little evidence of an erosion of the dominant ori-
entation toward the public and public communication
within the younger generation of scientists

(Peters 2013, p. 14102)

Sense-and-respond communications

The second major paradigm of marketing —
‘sense-and-respond’ (Haeckel 1992, 1995, 1999) —
arrived in force in the 1950s with the dawn of the
‘marketing concept’ (Lal.onde 1963; Schutte and
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Wind 1968; Haeckel 1999) and the associated rise in
the neo-classical economic view of company value
creation (Hurth and Whittlesea 2017). This paradigm
— which continues to dominate business aspirations
today — turned the value creation model on its head
by primarily seeking to mould the company to satisty
customer demands as the key route to growth. Hence,
sense-and-respond firms operate from the ‘customer-
back’ not from the ‘firm-forward’ (Haeckel 1999),
attempting to ‘continuously discover what each cus-
tomer needs, sometimes even anticipating unspeci-
fied needs, and then quickly fulfilling those needs
with customized products and services delivered
with heretofore unavailable capabilities and speed’
(Bradley and Nolan 1998, p. 4). Marketing became
focused on techniques to accurately sense market
desires, get into the shoes (and heads) of customers
and adapt the organization and its offerings nimbly
to this, thereby allowing companies to target custom-
ers more specifically. In this new ‘customer is king’
business mindset, the role of marketing, at least in
theory, shifted from being an end-of-pipe tool con-
necting pre-existing products to markets via clever
sales, to being the strategy setter — placing customers
as a primary stakeholder, with the expectation that
creating value for them would secure tactical and stra-
tegic advantage and ensure maximized profitability.
Consequently, in the second half of the twentieth cen-
tury, marketing principles and practices became cen-
tral to determining a company’s business model
and success.

While in many ways an important advance in
connecting a company with its stakeholders, the
sense-and-respond approach did not reflect a deeper
shift in business purpose, which remained share-
holder value (Table 1). Aligned with the neo-
classical economic information deficit view, con-
sumers were also still predominantly regarded as
self-interested rational beings who, with the right
information, can maximize their welfare through
decisions they make from alternatives offered in
the marketplace (Sen 1977; McFadden 2006).
Importantly, the role of the firm was not to (overtly)
influence what people demanded, which would dis-
tort the free market; public needs were private
affairs. Instead, the aim was to first understand mar-
ket requirements and then deliver them. This
approach — people-focused but at arm’s-length and
for private gain — provided the basis of the manipu-
lation reputation of modern marketing.

The sense-and-respond business mindset has
affinities with a people-centred Public Engagement
model of science communication which emerged in
the 1990s as the strict knowledge-deficit dogma fal-
tered (Weigold 2001). Public engagement ‘describes
the myriad of ways in which the activity and benefits
of higher education and research can be shared with
the public. Engagement is by definition a two-way
process, involving interaction and listening, with
the goal of generating mutual benefit’ (NCCPE
2018). By more effectively sensing people’s views
and concerns, ideally through empirical inquiry,

Table 1. Comparison of the make-and-sell, sense-and-respond and guide-and-co-create paradigms of

marketing (modified from Hurth and Whittlesea 2017)

Marketing Make and sell Sense and respond Guide and co-create
paradigm
Theory of the  Purpose: Profit maxmization Purpose: Profit maxmization  Purpose: Societal wellbeing
firm for shareholders for shareholders maxmization for long term
Value: via cost of production Value: via consumer Value: via transition- focused
Focus: internal preference relationships with
Focus: external stakeholders
Focus: systemic
Theory of the  ‘Humans can be selfish but ‘Humans are self- interested ~ ‘Relationships between all
consumer this is held in check by an rational beings, or system levels shape
inherent desire for bounded-rational human’s identities, values
self-respect from others. decision-makers who, and practices. Systems of
Behaviour must be with the right information, symbolic meaning create
understood in a social can maximize their and reinforce connections
context.’ welfare through decisions between wellbeing and
Dominant relationship focus: they make from consumption.’
Internal (sales) alternatives offered in the =~ Dominant relationship focus:
marketplace.’ Systemic (co-creation)
Dominant relationship focus:
External (response)
Temporal Narrow (firm and market system), fragmented, Broad (planetary and future),
outlook linear, short-term integrated, systemic,

long-term
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scientists could respond with communication prac-
tices and products that are more appropriately
targeted. Social scientists led the charge, systemati-
cally studying the ‘science of science communica-
tion’, evaluating many of the factors that shape
individual and societal decisions, and appraising the
implications for effective communication (Burns
et al. 2003; Sturgis and Allum 2004; Bubela et al.
2009; NAS 2017). With due attention paid to public
attitudes and interests, science communication evo-
Ived into ‘the exchange of information and view-
points about science to achieve a goal or objective
such as fostering greater understanding of science
and scientific methods or gaining greater insight into
diverse public views and concerns about the science
relate to a contentious issue’ (NAS 2017, pp. 1-2).
Whereas make-and-sell marketing has parallels
with the ‘public understanding of science’ approach
to communication, sense-and-respond marketing is
akin to the ‘scientific understanding of the public’.
Whilst sharing the make-and-sell assumption that
people are, at heart, rational decision-makers,
sense-and-respond communications focus on under-
standing how individuals process scientific informa-
tion, and the influencing role of values, attitudes,
beliefs, norms and personality traits (Dietz 2013).
Psycho-social research revealed cognitive biases
and short-cuts in decision-making, showing how
experts and non-experts alike misconstrue scientific
information (Slovic 1987). This, in turn, underlines

Cognative biases /

Time Poor heuristics

Too much data

©

People seek affirmation
of their values / beliefs
and will reject any
information that are
counter to them

Uncertainty

Fear / Emotion
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the critical nuances of ‘framing’, recognizing that
the way a given piece of information is presented in
the media — either visually or textually — can signifi-
cantly impact how audiences receive the information
(Nisbet and Mooney 2009). Borrowing directly from
commercial marketing (known as STP — segmenta-
tion, targeting and positioning), audience segmenta-
tion was used to distinguish multiple publics,
allowing science communicators to design and
develop messages tailored to different subsets of
the population, or crafted to resonate with all groups,
thereby increasing the probability of influencing indi-
viduals’ attitudes, beliefs and behaviors (Kahan ez al.
2009; Cormick 2014). Increasingly, the utilization of
‘consumer behaviour’ inquiry into social influences
has widened to encompass how online social net-
works, memberships and loyalties shape public
responses to scientific messaging (Brossard 2013;
Brossard and Scheufele 2013). Drawing from behav-
ioural economics and the work of psychologist Kah-
neman and colleagues (e.g. Kahneman ez al. 1982),
the prolific use of heuristics in decision-making
showed how communicators could adjust their social
messaging to ‘nudge’ people in the right direction and
highlighted how science messages ought to be
socially and culturally targeted to connect to the audi-
ence’s experience of the world rather than the scien-
tists’. The headline messages emerging from this
substantive body of social science inquiry are sum-
marized in Figure 3 (Cormick 2014).

Opinions that are not
formed by logic or facts are
not influenced by logical or
factual arguments.

People most trust
those whose values
mirror their own

When information is
complex, people make
decisions based on
their values and beliefs
not facts

@

(@)

(b)

Public Policy

Community
(Cultural values, norms)

Organisational
(Environmental, Ethical)

Individual
(Knowledge,
attitude, skills)

Fig. 3. (a) Summary of the cognitive heuristics that individuals rely on to process information in situations that are
time-poor, data-rich, uncertain and emotional (from Cormick 2014). (b) A socio-ecological framework for
decision-making highlighting how individual reasoning is nested within a broader set of social, cultural, economic

and political influences.
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Public engagement, through its sense-and-
respond approach — is overtly people centred. Putting
people front and centre in science communication,
however, requires technical specialists to establish
partnerships with practitioners in the human sciences,
not least because these disciplines have the methodo-
logical know-how to engage diverse and hard-to-
reach publics in authentic dialogues. There have
long been calls for geoscientists to more explicitly
borrow from and integrate social and behavioural sci-
ence thinking (Lubchenco 1998; Moser and Dilling
2011; Pidgeon and Fischhoff 2011; Palsson et al.
2013; Rapley and De Meyer 2014), although Oreskes
(2015) notes that the real-world application of the
Earth sciences as a social science raises concern:

Many major questions in earth science research today
are not matters of the behavior of physical systems
alone, but of the interaction of physical and social sys-
tems. Information and assumptions about human behav-
jor, human institutions and infrastructures, and human
reactions and responses, as well as consideration of
social and monetary costs, play a role in climate predic-
tion, hydrological research, and earthquake risk assess-
ment. The incorporation of social factors into ‘physical’
models by scientists with little or no training in the
humanities or social sciences creates ground for concern
as to how well such factors are represented, and thus
how reliable the resulting knowledge claims might be.

(Oreskes 2015, p. 246)

In the emergent sense-and-respond landscape of sci-
ence communication, not only social science but also
the humanities and creative arts offer up alternative
ways to engage the public (Nisbet er al. 2010;
Fig. 4). Borrowing oral, written and visual practices

Downloaded from https://www.lyellcollection.org by TU Bergakademie Freiberg, Bibliothek on Jul 01, 2024

I. S. Stewart and V. Hurth

from the creative arts and media professions, along
with data gathering and analytic tools from computer
science (Brossard and Scheufele 2013), dramatically
expands the public engagement toolkit, allowing
connections to be made with new audiences and
fresh ways to visualize and imagine scientific infor-
mation (Sheppard 2012). This exciting new trans-
discplinary culture of society—science interaction is
eloquently imagined by Nisbet ez al. (2010, p. 330)
through the lens of climate change:

Allies in communicating about climate change will be
found among society’s storytellers, including novelists,
poets, and other creative writers; journalists; musicians,
documentary filmmakers; film and television produc-
ers; visual artists; and practitioners of the burgeoning
variety of online social media. With the aid of environ-
mental and social scientists, and inspired by moral and
religious philosophers, these creative artists and associ-
ated professionals can accurately communicate about
science in imaginative, compelling and novel ways.
Perhaps more importantly, they can provide the context
for values-based discussions about how we ought to act
in the face of the challenges presented by climate
change, and increasingly through digital media and
innovative deliberative forums, the resources and
opportunities for direct participation by the public.

The result has been a creative blossoming of popular
science outreach activities, aiming to engage an ever
wider public about scientific topics and counter the
perceived rising mistrust in science and scientists
by reaching out to people on their terms and in
their social spaces — from museums and festivals to
cafes and bars (e.g. Tan and Perucho 2018). How-
ever, whether it is Cafes Scientifique, Nerd Nites
or Science Fairs, the extent to which the resources
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Fig. 4. Transforming the four cultures. (Left) The present: the four cultures address environmental concerns

semi-independently, which have not yet fostered sufficient action. (Right) The vision: the four cultures engage fully
and equally with each other, and their novel synergies foster rapid and effective societal responses to environmental
challenges. From Nisbet ez al. (2010, fig. 1).
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invested in public engagement by scientists and
universities is broadening end-user participation in
science is uncertain, with indications that outreach
activities disproportionately reach affluent and
educated audiences already invested in science
(Kennedy et al. 2018). Arguably, much public
engagement endeavour still aligns with promoting
and celebrating existing institutional models for sci-
ence — simply a sophisticated ‘user-oriented’ exten-
sion of ‘make-and-sell’. This apparent reluctance to
move beyond an internal-focused sales orientation
is also reflected in the business sector (Haeckel
1999; Kumar 2015) where, despite decades of desire
to become truly customer-led, in reality
‘make-and-sell” appears a more comfortable mode
that sits more easily in a system of self-interest
(Hurth and Whittlesea 2017).

Both sense-and-respond and make-and-sell para-
digms are based on an assumption that the purpose of
an organization is to optimize its own success,
judged over short time frames and within narrow
terms. In make-and-sell communications, it is the
public consumption of academic endeavours that
provides the institution with its reward, whereas in
sense-and-respond communications it is bending sci-
entific resources to the public’s concerns that brings
organizational benefits. Hence, although it is people-
oriented, sense-and-respond marketing also operates
at arm’s length, and focuses on immediate concerns,

SIGNIFICANCE TO DECISION
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driven by current demands of customers or possible
anticipation of what they might want next (Table 1)
in order to apply the resources the institution can
command to underpin its own success and growth.
Given that the underlying purpose of marketing in
both approaches is for those internal ends and
assumes an instrumental view of people, Hurth and
Whittlesea judge that both of these organizational/
marketing paradigms are incompatible with deliver-
ing against an agenda of wellbeing for all in the long-
term — which they argue is the essence of the focus of
both sustainability and a healthy economy (Hurth
and Whittlesea 2017).

On that basis, we question whether our current
make-and-sell and sense-and-respond communica-
tions are ‘fit for purpose’ in tackling Earth science’s
priority challenges. Many of the most high-profile
issues in geoscience concern societal acceptance for
untried and untested technologies (geo-engineering,
“fracking’, carbon capture and storage, radioactive
waste isolation) whose novel technical risks go
beyond the professional protocols and expert judge-
ments of geoscientists and extend into the values of
organizations and of the public at large (Fig. 5).
These controversial geoscientific interventions are
dependent on public choices and hence it would be
easy for us to rely on the art of persuasion. However,
these societal concerns involve moral and aesthetic
choices that reflect a deeper set of questions about

MEANS OF DECISION
CALIBRATION: «—— MAKINGPROCESS — CONTEXT TYPE:
Codes and - Nothing new or unusual
Seardarde - Well undersood risks
(@) - Established practices
- No major stakeholder
Verification implementations
. - Lifecycle implications
Peer Review - Some risk tradeoffs/ transfers
(b) Some uncertainty or deviation
Bench Marking from
- Standard or best practice
- Significant economic
implications
Internal [ >~ ">~~~ - — — - —F — - — — — — — — — — -
Stakeholder

Company
Values

conssultation

External
Stakeholder
Consulation

- Very novel or challenging
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- Percieved lowering of
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Values
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Fig. 5. Risk-related decision support framework (modified from Health and Safety Executive 2004, fig. 19).
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equity and ethics (Oreskes 2004), including central
questions of what solutions, technical or otherwise,
are being pursued by academia, for what ends, and
with what assumptions about what is a valuable set
of outcomes for society. In other words, they are
issues that require reflection and discursive delibera-
tion by different stakeholders balancing up potential
benefits and risks of the associated technologies,
rather than abstracted manipulation of the ‘customer
preferences’ these produce. In that context, we con-
tend that geoscience communication ought to have
a deeper starting place and a broader set of cultural
assumptions, beyond just that of human behaviour,
that root into the fundamental purpose of that com-
munication in the first place.

In summary, our proposition is that conventional
make-and-sell (public understanding of science) and
sense-and-respond (public engagement) models of
communication, both aligned with and driven by
the underlying, self-determined mission of academic
organizations, are incompatible with delivering a
sustainable future. Instead, faced with ‘wicked’ envi-
ronmental crises that are long-term, difficult to define
and sprawling in their complexity, a new paradigm
for science communications in the twenty-first cen-
tury would seem to be needed.

Guide-and-co-create communications

The answer may be emerging in the less noticed but
parallel paradigm of marketing which has been
growing in recent decades, where the role of market-
ing has been conceived in relation to genuinely
socially oriented ends, rather than as means of cap-
turing financial value for the firm and its sharehold-
ers. Examples include concepts such as ‘societal
marketing’ (Kotler and Levy 1969; Kotler et al.
2010), where marketing offerings are designed to
meet the long-term wellbeing of end users, and
‘social marketing’ by which social objectives (e.g.
safe driving, healthy eating, family planning, sexual
health protection for HIV /AIDs, etc.) are advanced
through the application of marketing principles
(Andreasen 1994; Peattie and Peattie 2009).

Social marketing approaches have been recently
extended to geoscience concerns, notably climate
change interventions (Maibach and Parrott 1995;
Maibach et al. 2008). Whilst acknowledging the
effectiveness of social marketing in achieving spe-
cific behavioural goals, Corner and Randall (2011)
argue that the approach is insufficient to drive ambi-
tious climate policy changes. In part, this relates to
the tendency to co-opt conventional techniques
and tools from make-and-sell and sense-and-respond
marketing, e.g. utilizing arm’s-length market
research, defining targets, identifying desired behav-
ioural outcomes, promoting benefits that reinforce
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self-interest and decreasing the barriers that inhibit
behaviour (Siegel and Doner 2007). However, the
extent to which such tools and techniques are appro-
priate and effective, or new marketing tools are
needed, is dictated by the ultimate objective that
marketing is set up to create, and the fundamental
view of human behaviour it is based on. These foun-
dational aspects are beginning to change, and
with them the role of marketing and marketing
communications.

Conventional economics limits the role of an
organization (and associated marketing practice) to
maximizing the capture of financial value (which
indirectly is assumed to deliver optimized wellbeing
through a free market of rational consumers). How-
ever, this role is beginning to be overturned in favour
of a ‘purpose-driven’ approach to business, whereby
profits are the result of a company that exists to solve
problems of people and planet (British Academy
2018) as a way to serve the long-term wellbeing of
society (Hurth et al. 2018). Indeed, the bastion of
conventional company thinking, the US Business
Roundtable, recently declared that the purpose of
business was no longer to maximize profits for share-
holders but to serve all stakeholders (Gartenberg and
Serafeim 2019).

Alongside the rejection of the traditional eco-
nomic paradigm, a second, related, core shift is in
the dominant view of human motivation and
behaviour. Whereas the traditional economic view
of humans is as bounded-rational, self-interest deci-
sion-makers served by exchange mechanisms, the
emergent purpose-oriented view of humans is of
relations enacted through co-construction of identity,
values and behaviour, situated in more holistic and
systemic understanding of society, (e.g. Arnould
and Thompson 2005; Gronroos and Voima 2012),
which is where purpose rests.

As a result of these twin shifts in how value and
value-creation are conceived in business, a new
aligned paradigm of marketing is beginning to be
conceived and put into practice. In the purpose-
driven paradigm, the notion of ‘wellbeing’ becomes
the central value focus of the organization — address-
ing real long-term human needs rather than short-
term wants (Table 1). The very reason for an organi-
zation to exist is defined in terms of its specific
contribution to solving recognized problems for
long-term wellbeing, as understood by society at
the time. This radical change in the core value objec-
tive has been found to direct an organization’s activ-
ities to: ‘a transcendent, meaningful and enduring
reason to exist that aligns with financial perfor-
mance, provides a clear context for daily decision
making, and unifies and motivates relevant stake-
holders’ (Hurth ez al. 2018, p. 5).

Marketing is the engine room of value creation
for an organization, so a purpose-driven organization
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still relies on marketing to create the value it is seek-
ing, but the change in the central value objectives of
an organization demands a different kind of market-
ing from make-and-sell or sense-and respond. A
purpose-driven organization is intent, primarily, on
leading society towards a better future, and as such
imbues marketing primarily with a societal leader-
ship (as opposed to response) imperative. Marketing
success in a mature purpose-driven organization can
only be viewed against how well the value it creates
aligns with the organizational goals for wellbeing
outcomes. That includes not only what products
and services marketing designs and delivers but the
social, cultural and psychological effects it has on
society during that process. Whilst having a vision
of what wellbeing outcomes look like and focusing
efforts towards that is critical, the more realistic per-
spective of human behaviour precludes merely com-
ing up with the solution and ‘selling’ it to customers.
Instead, if human behaviour is understood as being
based on a co-constructed reality in which people’s
identities and cultures shape how they consume
and act (Firat et al. 1995; Wilkie and Moore 1999),
then an organization cannot simply ‘design’ the
desired behaviour and persuade people to adopt it.
Instead marketing becomes viewed more as the
negotiation and facilitation of co-designed outcomes
through close partnership with those who are taking
the journey. Hence, purpose-driven marketing is
conceptualized as about leading the way to socially
beneficial outcomes, but via co-creating the path
to this outcome with beneficiaries — in short, a
‘guide-and-co-create’ approach (Hurth and Whittle-
sea 2017).

Problem
driven

Motivation for
research

Knowledge
driven

The guide-and-co-create marketing paradigm has
much in common with ‘mode-2’ or ‘post-normal’
models of science-society engagement that are
emerging from the field of sustainability science
(Gibbons 1999; Kates et al. 2001; Nowotny et al.
2001; Schneidewind and Augenstein 2012; Miller
et al. 2014; Schneidewind et al. 2016a; Konig
2017) (Fig. 6). Mode-2 science is that which is
primarily aimed at responding to questions from
society, rather than following the precepts of
‘blue-skies research’ (Gibbons ef al. 1994), whereas
post-normal science confronts situations ‘when facts
are uncertain, stakes high, values in dispute and deci-
sions urgent’, tackling systemic uncertainty by inte-
grating different and often conflicting interests in an
‘extended peer community’ (Funtowicz and Ravetz
1993, p. 752). Such communities, or ‘thought col-
lectives’ (Schneidewind er al. 2016b), involve all
those who have a stake in that system — from the
experts of various scientific disciplines to stakehold-
ers, whistle-blowers, investigative journalists and the
community at large — and do so by working collec-
tively to develop new knowledge through social
learning. Under post-normal conditions, the knowl-
edge base is pluralized and diversified to include
the widest possible range of high-quality, potentially
usable sources of relevant wisdom, and thereby
avoid the demand for science to speak with one
voice. Scientists from different disciplines and non-
academic stakeholders from business, government
and civil society cooperate in socially deliberative
research processes that are challenge-led and
solution-oriented (Lang et al. 2012; Dietz 2013;
Schneidewind et al. 2016b).

POSTNORMAL

SOCIAL
LEARNING

Low

User’s Participation

High

Fig. 6. Evolution in the complexity of knowledge production and user participation. On the vertical axis, the
complexity of knowledge production increases from low (where production is predominately focused on increasing
our fundamental knowledge) to high (where production aims to help solve societal problems). On the horizontal axis,
the complexity of user participation changes from low to high as users become increasingly active agents in the
knowledge creation process. Redrawn from Kirchhoff er al. (2013, fig. 1).
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This twinned approach of ‘co-design’ and
‘co-production’ is finding its way into mainstream
research funding strategies, notably within the Euro-
pean Commission’s Science in Society programme
and in the context of the Horizon 2020 Strategy
through the notion of Responsible Research and
Innovation (RRI) (Owen et al. 2012). In the frame
of RRI, scientists, citizens, politicians and businesses
are encouraged to collaborate on the research pro-
cess, a partnership that allows science to fulfil its
tasks responsibly and legitimized by society (Glerup
and Horst 2014; Guston et al. 2014).

Co-design and co-production are the centrepiece
of ‘transformative science’ — ‘a specific type of sci-
ence that does not only observe and describe societal
transformation processes, but rather initiates and
catalyses them’ (Schneidewind et al. 2016b). Trans-
formative research ‘is driven by ideas that stand a
reasonable chance of radically changing our under-
standing of an important existing scientific concept
or leading to the creation of a new paradigm or
field of science’ (NSF 2007, p. 10). Ultimately, it
goes beyond RRI, not simply exploring but actively
initiating and steering radical societal change. In
that regard, transformative science requires a
deep-seated academic reconfiguration, since ‘the
silo-based approach to science and expertise, gov-
ernment and practice, with strict separation of
research in the natural sciences and social sciences
and the humanities that has co-evolved with industri-
alization, is no longer adequate for our civilization to
cope with twenty-first century challenges’ (Konig
2017, p. 13).

In this realignment of the academic mission, sci-
ence communication fulfills a far broader set of
assumptions and core motivations. Despite poten-
tially accommodating the systemic and pluralistic
ambitions of transformative science, guide-and-
co-create communications will be quickly limited
unless part of an academic system that is itself
authentically focused on delivering the wellbeing
value as its ultimate purpose. Universities that are
genuinely focused on leading towards explicit well-
being outcomes will require a much broader reper-
toire of research approaches, developed in
partnerships with the beneficiaries. Extending the
skillsets of make-and-sell and sense-and-respond
communications, public scientists would be expected
to additionally amplify their ‘interpersonal compe-
tence’ (Wiek er al. 2011), developing ‘communica-
tion, collaboration and related skills necessary for
constructive involvement with other professionals,
a range of stakeholders and the public in general’
(Crofton 2000, p. 400). Since a key part of working
out research possibilities and actions will involve
resolving tensions between stakeholders, facilitative
and conciliative skills will be critical (Kearins and
Springett 2003).
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By engaging in genuine dialogues with stake-
holders, researchers would accept the challenges
that come with this by explicitly questioning and
reflecting their own implicit assumptions (Konig
2017). This would include the recognition of, and
adaptation to, different cultural traditions, contrast-
ing aesthetics and alternative cognitive approaches,
fusing knowledge and experience into a common
pragmatic approach. It would also involve identify-
ing new social spaces in which to embed research,
possibly through the creation of ‘real world labs’ —
testing grounds for new knowledge and solutions
that can serve as natural laboratories for mutual
learning (Schneidewind ez al. 2016b). Finally, and
perhaps most significantly, it would establish new
social contracts between scientists and ‘the public’.

At the social level, the success of scientists’ communi-
cation depends on their awareness of the role that their
work plays in the public discourse. Although scientists
may know more than anyone about the facts and uncer-
tainties, applications of that science can raise complex
ethical, legal, and social questions, regarding which rea-
sonable people may disagree. As a result, if scientists
want to be effective in their communication, they
must understand and address the perspectives of interest
groups, policy makers, businesses, and other players in
debates over decisions that require scientific expertise.

(Fischhoff and Scheufele 2013, p. 14031)

Conventional (normal) science sees scientists as
operating between two end-member modes (Scholz
2017): (1) the ‘knowledge workers” who indulge in
self-enhancing and value-capturing behaviour (e.g.
writing articles and present conference papers for
consumption by other scientists); and (2) the ‘lug-
gage carriers’ who act as a lobbyist tool by serving
society directly (e.g. through contract-based
research and development) (Fig. 5). Transformative
(post-normal) science, however, imagines the scien-
tific process as an active driver for social change
and envisages scientists as being reflexive in that
endeavour, as facilitators, catalysts or activists
(Wittmayer 2014) — in other words, working to
guide-and-co create. Whereas ‘facilitators’ act as
knowledge brokers, fostering mutual learning from
multiple stakeholders to develop socially robust sus-
tainable solutions, ‘catalysts’ take an active role in
instigating change processes to increase a stakehold-
er’s capacity for reflexivity and promote collective
social learning. ‘Activists’, in comparison, are the
most socially committed scientists, taking direct
action to mobilize stakeholders and purposefully
drive sustainable transitional change (Fig. 7).

In transformative science, confronting long-term
issues of sustainability and environmental wellbeing
will require scientists to assume very different, even
deeply conflicting, societal roles. In his book, The
Honest Broker, the geoscientist Roger Pielke, Jr,
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Fig. 7. Different roles of scientists in their relationship with society (based on Scholz 2017).

draws attention to several of these contrasting roles:
the Pure Scientist seeks to focus only on facts and
has no interaction with the decision-maker; the Sci-
ence Arbiter answers specific factual questions
posed by the decision-maker; the Issue Advocate
seeks to reduce the scope of choice available to the
decision-maker; and the Honest Broker seeks to
expand, or at least clarify, the scope of choice avail-
able to the decision-maker (Pielke 2007). These dis-
tinctions are deeply ethical and personal to the
individual researcher, so the starting point for any
science communicator — and arguably every science
communication course — ought to be a discussion
questioning what kind of public scientist they want
to be, and based on that, what the requisite skillsets
are to support that decision.

Although these choices would appear to be per-
sonal, a scientist working within a university cannot
separate these questions from what kind of ultimate
value their organization wants to produce (its pur-
pose) and what assumptions, behaviours and out-
comes that organization therefore drives. Despite
guide-and-co-create communications offering the
potential for a new breed of science intermediaries
steeped in the ethical considerations of both the sci-
ence and the public, critical reflection around the
purpose of public engagement is currently missing

from our culture of science communication training.
Equally missing is the more foundational conversa-
tion about the purpose of academic institutions.
We would argue that these are missing because our
public interventions are rooted and routinized in a
wider academic culture that remains largely tied to
traditional knowledge-deficit thinking (Besley and
Tanner 2011; Simis et al. 2016). Any academic
shift to a ‘guide-and-co-create’ mindset and skills
(Fig. 8), therefore, will first require universities
to embrace their potential as purpose-driven
organizations.

Final remarks: towards an institutional
re-purposing of science communication

Over 30 years ago, the environmental scientist Jane
Lubchenco used her Presidential Address at the
American Association for the Advancement of
Science to advocate a ‘New Social Contract for
Science’, calling on all scientists to ‘devote their
energies and talents to the most pressing problems
of the day in proportion to their importance’
(Lubchenco 1998, p. 491). Three decades on, and,
impelled by the 2015 global road maps of the
Paris Climate Agreement, the UN Sustainable
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Fig. 8. The science-public communication landscape in the context of ‘make-and-sell’, ‘sense-and-respond’ and

‘guide and co-create’ marketing paradigms.

Development Goals and the UN Sendai Framework
for Disaster Risk Reduction, it is difficult to argue
that the geoscientific community has not been
given clear new rules of societal engagement at an
international governmental level.

We question whether, as presently configured,
the Earth sciences is up to this challenge. Like
other physical science disciplines, the bulk of our
public engagement remains at arm’s-length to soci-
etal concerns and tied to a redundant deficit-model
that advances the contributions of geoscientists and
their organizations but maintains a largely ineffec-
tual one-way transfer of knowledge to a dissonant
public. Communications that move people to action
are those that align with particular social, economic,
political and cultural frames, yet this ‘science of per-
suasion’ tends to be viewed suspiciously by physical
scientists as ethically dubious. If a self-serving
objective is suspected, it is easy to see why this is
the case. Perhaps for this reason, the cross-
disciplinary fusion of academic cultures as envis-
aged in Figure 4 has so far been largely resisted by
universities that remain partitioned in conventional
(normal) disciplinary silos that curate entrenched
modes of knowledge production. To more directly
confront societal challenges, therefore, ‘scientists
and their institutions must set up an integrated sys-
tem of research and action that will anticipate future
problems and determine how to handle them’
(Mooney 2010, p. 14).

The idea that universities need to re-purpose their
role in society at the deepest level is not a new one. In
1970, the scientist, engineer and futurist Erich
Jantsch introduced the notion of society as a user
(or client) of science, and suggested that ‘the univer-
sity will have to adopt a new purpose which may be

recognized as a means of society for continuous
renewal’ (Jantsch 1970, p. 7). Along similar lines,
Nicholas Maxwell’s decades-long philosophical
enquiry into the mission of science argues that the
methodological assumptions that academia has
adopted have led to an irrational pursuit of knowl-
edge without a meaningful human aim, and that uni-
versities need to be reoriented to confront ‘the
problems of living” (Maxwell 2007, 2014).
Universities clearly have enormous potential to
address the problems of living. Realizing this
potential, however, is hindered by institutional
structures, review and reward systems, and funding
mechanisms (Whitmer et al. 2010). Although the
sector is diversifying, the success of most universi-
ties remains measured, implicitly or explicitly, on
higher production levels (league tables of research
quality and volume) and reduced production costs
(financial sustainability). Research that has brought
in the most surplus funds is usually viewed as the
most valuable. Bounded by that narrow organiza-
tional mission there is a heavy reliance on ‘selling’
to persuade people that they should want the
knowledge that has been most convenient or
rewarding to produce. Although attentive to public
needs, universities that are ‘research-led’ do not
operate from the ‘customer-back’ but rather from
the ‘firm-forward’ — archetypally make-and-sell. We
would argue that in shifting towards a sense-
and-response model they are not so much directly
satisfying public needs but rather better gauging
public attitudes to science in order to ensure a mar-
ket for their products, thereby maintaining the
conventional organizational model of knowledge
production. In short, whether make-and-sell or
sense-and-respond, current science communication
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would seem to serve institutional purpose more
than social purpose:

In the not too distant past, researchers toiled in ivory
towers, presenting findings at meetings of learned soci-
eties and publishing in obscure journals, often entomb-
ing information. As the need for stakeholder and public
accountability grew, public relations and ‘big C’ com-
munications departments flourished. They trumpeted
the scientific discoveries of their institutions to demon-
strate the excellence or relevance of their research and,
of course, to generate more funding. In government set-
tings, in particular, their role evolved from broadcasting
or ‘pushing’ the scientific advances of their parent orga-
nizations to creating and ensuring consistent, overarch-
ing messaging about those institutions — both internally
and to the public at large. This resulted in ‘closing
down’ the science communications process, effectively
burying uncertainty and staving off debate.

(Bielak et al. 2008, p. 202)

Opening up science communications to directly
tackle acute societal problems will require the insti-
tutions in which geoscientists work to overturn
their operationalized assumptions about human
behaviour and the purpose of research. Based on
the comparative experience of organizations in the
business sector, our analysis of marketing paradigms
emphasizes that this will need universities to
re-appraise their reason to exist, to continually ques-
tion if this is the best articulation of this common
good and devise the best educational and research
approaches to dealing with the most challenging
threats to this. Purpose-driven universities would
not be expected to deliver meaningful and measur-
able long-term wellbeing only for society but also
for specific stakeholders, including researchers.
They would have at their heart a clear organizational
direction that sets out their unique contribution to the
global wellbeing agendas and an explicit operational
structure to implement that topline strategy. Collab-
oration across departments and institutions would
ease as narrow disciplinary interests were tran-
scended. Trust would be heightened as research pro-
jects would be co-created through deep relationships
formed with those they serve and those they rely on
to help them serve. Within that re-purposed
guide-and-co-create academic culture, research prac-
tices of geoscientists would become, by design,
overtly interdisciplinary, participatory, reflexive,
innovative and ethical.

In 1783, the father of modern geology, James
Hutton, opened his seminal ‘Theory of the Earth’
with the remark that ‘this globe of the earth is a hab-
itable world, and on its fitness for this purpose, our
sense of wisdom in its formation must depend’ (Hut-
ton 1795, p. 1). Almost two and a half centuries on,
geoscientists appear once again eager to convey to
society their key role as essential workers for the
planet. In this modern context, arguably the first

step in effectively communicating what we know
to help maintain sustainable human progress is for
geoscientists to recognize that, at heart, we are the
marketers for Planet Earth.

Acknowledgements The authors appreciate the
insightful and constructive reviews of Susan Kieffer,
Peter Bobrowsky and an anonymous referee in improving
the manuscript and refining its arguments, as well as the
general support and encouragement of Giuseppe Di Capua.

Author contributions ISS: writing — review & edit-
ing (lead); VH: methodology (equal), writing — review &
editing (supporting).

Funding This research received no specific grant from
any funding agency in the public, commercial, or
not-for-profit sectors.

Data availability Data sharing is not applicable to this
article as no datasets were generated or analysed during the
current study.

References

Acocella, V. 2015. Grand challenges in Earth science:
research toward a sustainable environment. Frontiers
in Earth Science, 3, 68, https://doi.org/10.3389/
feart.2015.00068

American Marketing Association. 2013. Definition of
Marketing. American Marketing Association.

Andreasen, A.R. 1994. Social marketing: its definition and
domain. Journal of Public Policy & Marketing,
13, 108-114, https://doi.org/10.1177/074391569401
300109

Arnould, E.J. and Thompson, C.J. 2005. Consumer culture
theory (CCT): twenty years of research. Journal of
Consumer Research, 31, 868-882, https://doi.org/
10.1086/426626

Baram-Tsabari, A. and Lewenstein, B.V. 2017a. Science
communication training: what are we trying to teach?
International Journal of Science Education, Part B, 7,
285-300, https://doi.org/10.1080/21548455.2017.
1303756

Baram-Tsabari, A. and Lewenstein, B.V. 2017b. Preparing
scientists to be science communicators. In: Patrick, P.
(eds) Preparing Informal Science Educators. Springer,
Cham, 437-471.

Beer, T., Li, J. and Alverson, K. (eds). 2018. Global
Change and Future Earth: The Geoscience Perspec-
tive, 3. Cambridge University Press.

Belz, F. and Peattie, K. 2009. Sustainability Marketing: A
Global Perspective. Wiley, Hoboken, NJ.

Besley, J.C. and Tanner, A.H. 2011. What science commu-
nication scholars think about training scientists to
communicate. Science Communication, 33, 239-263,
https://doi.org/10.1177/1075547010386972

Besley, J.C., Dudo, A. and Storksdieck, M. 2015. Scien-
tists’ views about communication training. Journal of


https://doi.org/10.3389/feart.2015.00068
https://doi.org/10.3389/feart.2015.00068
https://doi.org/10.3389/feart.2015.00068
https://doi.org/10.1177/074391569401300109
https://doi.org/10.1177/074391569401300109
https://doi.org/10.1177/074391569401300109
https://doi.org/10.1086/426626
https://doi.org/10.1086/426626
https://doi.org/10.1086/426626
https://doi.org/10.1080/21548455.2017.1303756
https://doi.org/10.1080/21548455.2017.1303756
https://doi.org/10.1080/21548455.2017.1303756
https://doi.org/10.1177/1075547010386972
https://doi.org/10.1177/1075547010386972

280

Research in Science Teaching, 52, 199-220, https://
doi.org/10.1002/tea.21186

Bielak, A.T., Campbell, A., Pope, S., Schaefer, K. and Shax-
son, L. 2008. From science communication to knowledge
brokering: the shift from ‘science push’ to ‘policy pull’.
In: Cheng, D., Claessens, M., Gascoigne, T., Metcalfe,
J., Schiele, B. and Shi, S. (eds) Communicating Science
in Social Contexts. Springer, Dordrecht, 201-226.

Bodmer, W.F. 1986. The Public Understanding of Science.
Birkbeck College, London.

Bradley, S.P. and Nolan, R.L. 1998. Sense and Respond:
Capturing Value in the Network Era. Harvard Business
School Press.

British Academy. 2018. Reforming Business for the 21st
Century: a Framework for the Future of the Corpora-
tion. The British Academy.

Broome, J. 2005. The future of geoscience in the 21st century:
art, science, or resource? In: Ostaficzuk, S.R. (eds) The
Current Role of Geological Mapping in Geosciences.
NATO Science Series (Series IV: Earth and Environmen-
tal Sciences), 56. Springer, Dordrecht, 51-58.

Brossard, D. 2013. New media landscapes and the science
information consumer. Proceedings of the National
Academy of Sciences, 110, 14096-14101, https://doi.
org/10.1073 /pnas.1212744110

Brossard, D. and Scheufele, D.A. 2013. Science, new
media, and the public. Science, 339, 4041, https://
doi.org/10.1126/science.1232329

Bubela, T., Nisbet, M.C. et al. 2009. Science communica-
tion reconsidered. Nature Biotechnology, 27, 514-518,
https://doi.org/10.1038 /nbt0609-514

Burns, T.W., O’Connor, D.J. and Stocklmayer, S.M. 2003.
Science communication: a contemporary definition.
Public Understanding of Science, 12, 183-202,
https://doi.org/10.1177/09636625030122004

Cormick, C. 2014. Community Attitudes Towards Science
and Technology in Australia. CSIRO.

Cormick, C. 2019. The Science of Communicating Science:
The Ultimate Guide. CSIRO.

Corner, A. and Randall, A. 2011. Selling climate change?
The limitations of social marketing as a strategy for cli-
mate change public engagement. Global Environmental
Change, 21, 1005-1014, https://doi.org/10.1016/j.
gloenvcha.2011.05.002

Crofton, F. 2000. Educating for sustainability: opportuni-
ties in undergraduate engineering. Journal of Cleaner
Production, 8, 397-405, https://doi.org/10.1016/
S0959-6526(00)00043-3

Dahlstrom, M.F. 2014. Using narratives and storytelling
to communicate science with non-expert audiences.
Proceedings of the National Academy of Sciences,
111, 13614-13620, https://doi.org/10.1073/pnas.
1320645111

Dietz, T. 2013. Bringing values and deliberation to science
communication. Proceedings of the National Academy
of Sciences, 110, 14081-14087, https://doi.org/10.
1073 /pnas.1212740110

Doner, M.D. and Siegel, L. 2004. Marketing Public Health:
Strategies to Promote Social Change. Jones & Bartlett
Publishers.

Dudo, A. and Besley, J.C. 2016. Scientists’ prioritization
of communication objectives for public engagement.
PLoS ONE, 11, 0148867, https://doi.org/10.1371/
journal.pone.0148867

Downloaded from https://www.lyellcollection.org by TU Bergakademie Freiberg, Bibliothek on Jul 01, 2024

I. S. Stewart and V. Hurth

Durant, J.R., Evans, G.A. and Thomas, G.P. 1989. The
public understanding of science. Nature, 340, 11-14,
https://doi.org/10.1038/340011a0

Firat, A.F., Dholakia, N. and Venkatesh, A. 1995. Market-
ing in a Postmodern world. European Journal of
Marketing, 29, 40-56, https://doi.org/10.1108,/030
90569510075334

Firestein, S. 2012. Ignorance: How it Drives Science.
Oxford University Press, Oxford.

Fischhoff, B. and Scheufele, D.A. 2013. The science of
science communication. Proceedings of the National
Academy of Sciences, 110, 14031-14032, https://doi.
org/10.1073 /pnas.1312080110

Funtowicz, S. and Ravetz, J. 1993. Science for the post-
normal age. Futures, 25, S.739-S.755, https://doi.
org/10.1016,/0016-3287(93)90022-L

Gartenberg, C. and Serafeim, G. 2019. 181 top CEOs have
realized companies need a purpose beyond profit. Har-
vard Business Review.

Gibbons, M. 1999. Science’s new contract with society.
Nature, 402, C81-C84, https://doi.org/10.1038/
35011576

Gibbons, M., Limoges, C., Nowotny, H., Schwartzman, S.,
Scott, P. and Trow, M. 1994. The new Production of
Knowledge: The Dynamics of Science and Research
in Contemporary Societies. Sage, London.

Glerup, C. and Horst, M. 2014. Mapping ‘social responsi-
bility’ in science. Journal of Responsible Innovation,
1, 31-50, https://doi.org/10.1080/23299460.2014.
882077

Grier, S. and Bryant, C.A. 2005. Social marketing in public
health. Annual Review of Public Health, 26, 319-339,
https://doi.org/10.1146/annurev.publhealth.26.021304.
144610

Gronroos, C. and Voima, P. 2012. Critical service logic:
making sense of value creation and co-creation. Journal
of the Academy of Marketing Science, 41, 133-150,
https://doi.org/10.1007 /s11747-012-0308-3

Guston, D., Fisher, E., Grunwald, A., Owen, R., Swierstra,
T.E. and van den Burg, S. 2014. Responsible innova-
tion: motivations for a new journal. Journal of Respon-
sible Innovation, 1, 1-8, https://doi.org/10.1080/
23299460.2014.885175

Haeckel, S.H. 1992. From ‘make and sell’ to ‘sense and
respond’. Management Review, 81, 63-64.

Haeckel, S.H. 1995. Adaptive enterprise design: the
sense-and-respond model. Planning Review.

Haeckel, S.H. 1999. Adaptive Enterprise: Creating and
Leading Sense-and-respond Organizations. Harvard
Business School Press.

Haeckel, S.H. 2010. The post-industrial manager. Market-
ing Management Magazine, 24-32.

Health and Safety Executive 2004. Risk Implications in site
Characterisation and Analysis for Offshore Engineer-
ing and Design. Research Report 286.

Hering, J.G., Dzombak, D.A., Green, S.A., Luthy, R.G.
and Swackhamer, D. 2014. Engagement at the sci-
ence—policy interface. Environmental Science and
Technology, 48, 11031-11033, https://doi.org/10.
1021 /es504225t

Hurth, V. 2020. If you want to go far you need to go deep: a
framework of impact archetypes. In: Nicholls, J. and
Adams, R. (eds) Generation Impact: International Per-
spectives on Impact Accounting. Emerald.


https://doi.org/10.1002/tea.21186
https://doi.org/10.1002/tea.21186
https://doi.org/10.1002/tea.21186
https://doi.org/10.1073/pnas.1212744110
https://doi.org/10.1073/pnas.1212744110
https://doi.org/10.1073/pnas.1212744110
https://doi.org/10.1126/science.1232329
https://doi.org/10.1126/science.1232329
https://doi.org/10.1126/science.1232329
https://doi.org/10.1038/nbt0609-514
https://doi.org/10.1038/nbt0609-514
https://doi.org/10.1038/nbt0609-514
https://doi.org/10.1177/09636625030122004
https://doi.org/10.1177/09636625030122004
https://doi.org/10.1016/j.gloenvcha.2011.05.002
https://doi.org/10.1016/j.gloenvcha.2011.05.002
https://doi.org/10.1016/j.gloenvcha.2011.05.002
https://doi.org/10.1016/S0959-6526%2800%2900043-3
https://doi.org/10.1016/S0959-6526%2800%2900043-3
https://doi.org/10.1016/S0959-6526%2800%2900043-3
https://doi.org/10.1016/S0959-6526%2800%2900043-3
https://doi.org/10.1016/S0959-6526%2800%2900043-3
https://doi.org/10.1073/pnas.1320645111
https://doi.org/10.1073/pnas.1320645111
https://doi.org/10.1073/pnas.1320645111
https://doi.org/10.1073/pnas.1212740110
https://doi.org/10.1073/pnas.1212740110
https://doi.org/10.1073/pnas.1212740110
https://doi.org/10.1371/journal.pone.0148867
https://doi.org/10.1371/journal.pone.0148867
https://doi.org/10.1371/journal.pone.0148867
https://doi.org/10.1038/340011a0
https://doi.org/10.1038/340011a0
https://doi.org/10.1108/03090569510075334
https://doi.org/10.1108/03090569510075334
https://doi.org/10.1108/03090569510075334
https://doi.org/10.1073/pnas.1312080110
https://doi.org/10.1073/pnas.1312080110
https://doi.org/10.1073/pnas.1312080110
https://doi.org/10.1016/0016-3287%2893%2990022-L
https://doi.org/10.1016/0016-3287%2893%2990022-L
https://doi.org/10.1016/0016-3287%2893%2990022-L
https://doi.org/10.1016/0016-3287%2893%2990022-L
https://doi.org/10.1016/0016-3287%2893%2990022-L
https://doi.org/10.1038/35011576
https://doi.org/10.1038/35011576
https://doi.org/10.1038/35011576
https://doi.org/10.1080/23299460.2014.882077
https://doi.org/10.1080/23299460.2014.882077
https://doi.org/10.1080/23299460.2014.882077
https://doi.org/10.1146/annurev.publhealth.26.021304.144610
https://doi.org/10.1146/annurev.publhealth.26.021304.144610
https://doi.org/10.1146/annurev.publhealth.26.021304.144610
https://doi.org/10.1007/s11747-012-0308-3
https://doi.org/10.1007/s11747-012-0308-3
https://doi.org/10.1007/s11747-012-0308-3
https://doi.org/10.1007/s11747-012-0308-3
https://doi.org/10.1007/s11747-012-0308-3
https://doi.org/10.1080/23299460.2014.885175
https://doi.org/10.1080/23299460.2014.885175
https://doi.org/10.1080/23299460.2014.885175
https://doi.org/10.1021/es504225t
https://doi.org/10.1021/es504225t
https://doi.org/10.1021/es504225t

Downloaded from https://www.lyellcollection.org by TU Bergakademie Freiberg, Bibliothek on Jul 01, 2024

Re-purposing geoscience communications 281

Hurth, V. and Whittlesea, E. 2017. Characterising market-
ing paradigms for sustainable marketing management.
Social Business, 7, 359-390, https://doi.org/10.
1362/204440817X15108539431541

Hurth, V., Ebert, C. and Prabhu, J. 2018. Organisational
Purpose: the Construct and its Antecedents and Conse-
quences. Working Paper no. 201802. Cambridge Judge
Business School, University of Cambridge.

Hutton, J. 1795. Theory of the Earth: With Proofs and
Hilustrations Volume 1. Library of Alexandria.

Jantsch, E. 1970. Inter- and transdisciplinary university: a
systems approach to education and innovation. Policy
Science, 1, 403-428, https://doi.org/10.1007 /BF00
145222

Kahan, D.M., Braman, D., Slovic, P., Gastil, J. and Cohen,
G. 2009. Cultural cognition of the risks and benefits
of nanotechnology. Nature Nanotechnology, 4, 87,
https://doi.org/10.1038 /nnano.2008.341

Kahneman, D., Slovic, S.P., Slovic, P. and Tversky, A.
(eds). 1982. Judgment under Uncertainty: Heuristics
and Biases. Cambridge University Press.

Kates, R.W., Clark, W.C. et al. 2001. Sustainability sci-
ence. Science, 292, 641-642, https://doi.org/10.
1126/science.1059386

Kearins, K. and Springett, D. 2003. Educating for sustain-
ability: developing critical skills. Journal of Manage-
ment Education, 27, 188-204, https://doi.org/10.
1177/1052562903251411

Kennedy, E.B., Jensen, E.A. and Verbeke, M. 2018.
Preaching to the scientifically converted: evaluating
inclusivity in science festival audiences. International
Journal of Science Education, Part B, 8, 14-21,
https://doi.org/10.1080/21548455.2017.1371356

Kirchhoff, C.J., Carmen Lemos, M. and Dessai, S. 2013.
Actionable knowledge for environmental decision mak-
ing: broadening the usability of climate science. Annual
Review of Environment and Resources, 38, 393414,
https://doi.org/10.1146 /annurev-environ-022112-112
828

Konig, A. 2017. Sustainability science as a transformative
social learning process. In: Konig, A. and Ravetz, J.
(eds) Sustainability Science: Key Issues and Education.
Routledge, 3-28.

Kotler, P. and Levy, S.J. 1969. Broadening the concept of
marketing. Journal of Marketing, 33, 10-15, https://
doi.org/10.1177/002224296903300103

Kotler, P., Kartajaya, H. and Setiawan, I. 2010. Marketing
3.0: From Products to Customers to the Human Spirit.
John Wiley & Sons.

Kumar, V. 2015. Evolution of marketing as a discipline:
what has happened and what to look out for. Journal
of Marketing, 79, 1-9.

LaLonde, B.J. 1963. Evolution of the marketing concept.
The frontiers of marketing thought and science. Ameri-
can Marketing Association Proceedings, December,
341.

Lang, D.J., Wiek, A. et al. 2012. Transdisciplinary research
in sustainability science: practice, principles, and chal-
lenges. Sustainability Science, T, 25-43, https://doi.
org/10.1007/s11625-011-0149-x

Liverman, D.G. 2008. Environmental geoscience; commu-
nication challenges. Geological Society, London, Spe-
cial Publications, 305, 197-209, https://doi.org/10.
1144/SP305.17

Liverman, D.G.E., Pereira, C.P.G. and Marker, B. (eds).
2008. Communicating Environmental Geoscience.
Geological Society, London, Special Publications,
305, https://doi.org/10.1144 /SP305.1

Lubchenco, J. 1998. Entering the century of the environ-
ment: a new social contract for science. Science, 279,
491-497, https://doi.org/10.1126/science.279.5350.
491

Maibach, E. and Parrott, R.L. (eds). 1995. Designing
Health Messages: Approaches from Communication
Theory and Public Health Practice. Sage, Thousand
Oaks, CA.

Maibach, E.W., Roser-Renouf, C. and Leiserowitz, A.
2008. Communication and marketing as climate
change-intervention assets: a public health perspective.
American Journal of Preventive Medicine, 35,
488-500, https://doi.org/10.1016/j.amepre.2008.08.
016

Marker, B.R. 2016. Urban planning: the geoscience input.
Geological Society, London, Engineering Geology
Special Publications, 27, pp.35-43, https://doi.org/
10.1144/EGSP27.3

Martinez-Conde, S. and Macknik, S.L. 2017. Opinion:
finding the plot in science storytelling in hopes of
enhancing science communication. Proceedings of the
National Academy of Sciences, 114, 8127-8129,
https://doi.org/10.1073 /pnas.1711790114

Maxwell, N. 2007. From Knowledge to Wisdom: A Revolu-
tion for Science and the Humanities. Pentire Press.

Maxwell, N. 2014. How Universities can help Create a
Wiser World: The Urgent need for an Academic Revo-
lution. Andrews.

McFadden, D. 2006. Free markets and fettered consumers.
American Economic Review, 96, 5-29.

Miller, T.R., Wiek, A., Sarewitz, D., Robinson, J., Olsson,
L., Kriebel, D. and Loorbach, D. 2014. The future of
sustainability science: a solutions-oriented research
agenda. Sustainability Science, 9, 239-246, https://
doi.org/10.1007/s11625-013-0224-6

Mooney, C.C. 2010. Do Scientists Understand the Public?
American Academy of Arts and Sciences, Cambridge,
MA.

Moser, S.C. and Dilling, L. 2011. Communicating climate
change: closing the science—action gap. In: Dryzek, J.S.,
Norgaard, R.B. and Schlosberg, D. (eds) The Oxford
Handbook of Climate Change and Society, 161-174.

Mulder, H.A., Longnecker, N. and Davis, L.S. 2008. The state
of science communication programs at universities around
the world. Science Communication, 30, 277-287, https: //
doi.org/10.1177/1075547008324878

National Academies of Sciences, Engineering, and Medi-
cine, Division of Behavioral and Social Sciences and
Education, Committee on the Science of Science Com-
munication. 2017. Communicating Science Effectively:
A Research Agenda. National Academies Press, Wash-
ington, DC.

National Coordinating Centre for Public Engagement.
2018. What is public engagement? https: //www.publi
cengagement.ac.uk /about-engagement/what-public-
engagement [last accessed 03 August 2020].

National Science Foundation 2007. Enhancing Support of
Transformative Research at the National Science Foun-
dation. National Science Foundation. http://nsf.gov/
pubs /2007 /nsb0732/nsb0732.pdf


https://doi.org/10.1362/204440817X15108539431541
https://doi.org/10.1362/204440817X15108539431541
https://doi.org/10.1362/204440817X15108539431541
https://doi.org/10.1007/BF00145222
https://doi.org/10.1007/BF00145222
https://doi.org/10.1007/BF00145222
https://doi.org/10.1038/nnano.2008.341
https://doi.org/10.1038/nnano.2008.341
https://doi.org/10.1126/science.1059386
https://doi.org/10.1126/science.1059386
https://doi.org/10.1126/science.1059386
https://doi.org/10.1177/1052562903251411
https://doi.org/10.1177/1052562903251411
https://doi.org/10.1177/1052562903251411
https://doi.org/10.1080/21548455.2017.1371356
https://doi.org/10.1080/21548455.2017.1371356
https://doi.org/10.1146/annurev-environ-022112-112828
https://doi.org/10.1146/annurev-environ-022112-112828
https://doi.org/10.1146/annurev-environ-022112-112828
https://doi.org/10.1146/annurev-environ-022112-112828
https://doi.org/10.1177/002224296903300103
https://doi.org/10.1177/002224296903300103
https://doi.org/10.1177/002224296903300103
https://doi.org/10.1007/s11625-011-0149-x
https://doi.org/10.1007/s11625-011-0149-x
https://doi.org/10.1007/s11625-011-0149-x
https://doi.org/10.1007/s11625-011-0149-x
https://doi.org/10.1007/s11625-011-0149-x
https://doi.org/10.1007/s11625-011-0149-x
https://doi.org/10.1144/SP305.17
https://doi.org/10.1144/SP305.17
https://doi.org/10.1144/SP305.17
https://doi.org/10.1144/SP305.1
https://doi.org/10.1144/SP305.1
https://doi.org/10.1126/science.279.5350.491
https://doi.org/10.1126/science.279.5350.491
https://doi.org/10.1126/science.279.5350.491
https://doi.org/10.1016/j.amepre.2008.08.016
https://doi.org/10.1016/j.amepre.2008.08.016
https://doi.org/10.1016/j.amepre.2008.08.016
https://doi.org/10.1144/EGSP27.3
https://doi.org/10.1144/EGSP27.3
https://doi.org/10.1144/EGSP27.3
https://doi.org/10.1073/pnas.1711790114
https://doi.org/10.1073/pnas.1711790114
https://doi.org/10.1007/s11625-013-0224-6
https://doi.org/10.1007/s11625-013-0224-6
https://doi.org/10.1007/s11625-013-0224-6
https://doi.org/10.1007/s11625-013-0224-6
https://doi.org/10.1007/s11625-013-0224-6
https://doi.org/10.1007/s11625-013-0224-6
https://doi.org/10.1177/1075547008324878
https://doi.org/10.1177/1075547008324878
https://doi.org/10.1177/1075547008324878
https://www.publicengagement.ac.uk/about-engagement/what-public-engagement
https://www.publicengagement.ac.uk/about-engagement/what-public-engagement
https://www.publicengagement.ac.uk/about-engagement/what-public-engagement
https://www.publicengagement.ac.uk/about-engagement/what-public-engagement
https://www.publicengagement.ac.uk/about-engagement/what-public-engagement
https://www.publicengagement.ac.uk/about-engagement/what-public-engagement
http://nsf.gov/pubs/2007/nsb0732/nsb0732.pdf
http://nsf.gov/pubs/2007/nsb0732/nsb0732.pdf
http://nsf.gov/pubs/2007/nsb0732/nsb0732.pdf

282

Nisbet, M.C. and Mooney, C. 2009. Framing science. Sci-
ence, 316.

Nisbet, M.C. and Scheufele, D.A. 2009. What’s next for
science communication? Promising directions and
lingering distractions. American Journal of Botany,
96, 17671778, https://doi.org/10.3732 /ajb.0900041

Nisbet, M., Hixon, M., Moore, K. and Nelson, M. 2010.
Four cultures: new synergies for engaging society on
climate change. Frontiers in Ecology and the Environ-
ment, 8, 329-331, https://doi.org/10.1890/1540-
9295-8.6.329

Nowotny, H., Scott, P. and Gibbons, M. 2001. Re-thinking
Science. Knowledge in an Age of Uncertainty. John
Wiley & Sons, Cambridge.

Oreskes, N. 2004. Science and public policy: what’s
proof got to do with it? Environmental Science &
Policy, 7, 369-383, https://doi.org/10.1016/j.envsci.
2004.06.002

Oreskes, N. 2015. How earth science has become a social
science.  Historical ~Social ~Research/Historische
Sozialforschung, 246-270.

Owen, R., Macnaghten, P. and Stilgoe, J. 2012. Responsi-
ble research and innovation: from science in society to
science for society, with society. Science and Public
Policy, 39, 751-760, https://doi.org/10.1093 /scipol/
scs093

Palsson, G., Szerszynski, B. et al. 2013. Reconceptualizing
the ‘Anthropos’ in the Anthropocene: integrating
the social sciences and humanities in global environ-
mental change research. Environmental Science & Pol-
icy, 28, 3-13, https://doi.org/10.1016/j.envsci.2012.
11.004

Peattie, K. and Peattie, S. 2009. Social marketing: a path-
way to consumption reduction? Journal of Business
Research, 62, 260-268, https://doi.org/10.1016/].
jbusres.2008.01.033

Peters, H.P. 2012. Scientific sources and the mass media:
forms and consequences of medialization. In: Rodder,
S., Franzen, M. and Weingart, P. (eds) The Sciences’
Media Connection — Public Communication and its
Repercussions. Sociology of the Sciences Yearbook,
28. Springer, Dordrecht, 217-239.

Peters, H.P. 2013. Gap between science and media
revisited: scientists as public communicators. Pro-
ceedings of the National Academy of Sciences, 110,
14102-14109, https://doi.org/10.1073 /pnas.121274
5110

Peters, H.P., Heinrichs, H., Jung, A., Kallfass, M. and
Petersen, 1. 2008. Medialization of science as
a prerequisite of its legitimization and political relevance.
In: Cheng, D., Claessens, M., Gascoigne, T., Metcalfe, J.,
Schiele, B. and Shi, S. (eds) Communicating Science in
Social Contexts. Springer, Dordrecht, 71-92.

Peterson, M. 2012. Envisioning and developing sustainable
enterprise: a macromarketing approach. Journal of
Macromarketing, 32, 393-396, https://doi.org/10.
1177/0276146712454542

Pidgeon, N. and Fischhoff, B. 2011. The role of social and
decision sciences in communicating uncertain climate
risks. Nature Climate Change, 1, 35-41, https://doi.
org/10.1038 /nclimate1080

Pielke, R.A., Jr 2007. The Honest Broker: Making Sense of
Science in Policy and Politics. Cambridge University
Press.

Downloaded from https://www.lyellcollection.org by TU Bergakademie Freiberg, Bibliothek on Jul 01, 2024

I. S. Stewart and V. Hurth

Rapley, C. and De Meyer, K. 2014. Climate science recon-
sidered. Nature Climate Change, 4, 745-746, https://
doi.org/10.1038 /nclimate2352

Rockstrom, J., Steffen, W. et al. 2009. A safe operating
space for humanity. Nature, 461, 472, https://doi.
org/10.1038/461472a

Royal Society. 2006. Survey of Factors Affecting Science
Communication by Scientists and Engineers. Royal
Society, London.

Schifer, M.S. 2012. Online communication on climate
change and climate politics: a literature review.
Wiley Interdisciplinary Reviews: Climate Change, 3,
527-543, https://doi.org/10.1002 /wcc.191

Schneidewind, U. and Augenstein, K. 2012. Analyzing a
transition to a sustainability-oriented science system
in Germany. Environmental Innovation and Societal
Transitions, 3, 16-28, https://doi.org/10.1016/j.eist.
2012.04.004

Schneidewind, U., Singer-Brodowski, M. and Augenstein,
K. 2016a. Transformative science for sustainability
transitions. /n: Brauch, H., Oswald Spring, U., Grin,
J. and Scheffran, J. (eds) Handbook on Sustainability
Transition and Sustainable Peace. Hexagon Series on
Human and Environmental Security and Peace, 10.
Springer, Cham, 123-136.

Schneidewind, U., Singer-Brodowski, M., Augenstein, K. and
Stelzer, F. 2016b. Pledge for a Transformative Science: a
Conceptual Framework. Working Paper 191, Wuppertal
Institute for Climate, Environment and Energy.

Scholz, R.W. 2017. The normative dimension in transdisci-
plinarity, transition management, and transformation
sciences: New roles of science and universities in sus-
tainable transitioning. Sustainability, 9, 991.

Schutte, T.F. and Wind, Y. 1968. The Marketing concept
revisited: a decade recap of its development and mean-
ing. Wharton School Working Paper, January.

Scolobig, A., Prior, T. and Schréter, D. 2015. Towards
people-centred approaches for effective disaster risk
management: Balancing rhetoric with reality. Interna-
tional Journal of Disaster Risk Reduction, https://doi.
org/10.1016/j.ijdrr.2015.01.006

Sen, A.K. 1977. Rational fools: a critique of the behavioral
foundations of economic theory. Philosophy and Public
Affairs, 6, 317-344.

Sheppard, S.R. 2012. Visualizing Climate Change: a Guide
to Visual Communication of Climate Change and
Developing Local Solutions. Routledge.

Siegel, M. and Doner, L. 2007. Marketing Public Health:
Strategies to Promote Social Change, 2nd edn. Jones
& Bartlett Learning.

Simis, M.J., Madden, H., Cacciatore, M.A. and Yeo, S.K.
2016. The lure of rationality: why does the deficit
model persist in science communication? Public
Understanding of Science, 25, 400-414, https://doi.
org/10.1177/0963662516629749

Slovic, P. 1987. Perception of risk. Science, 236, 280-285,
https://doi.org/10.1126/science.3563507

Smith, A. 1776. An Inquiry into the Nature and Causes of
Wealth of Nations.

Somerville, R.C.J. and Hassol, S.J. 2011. Communicating
the science of climate change. Physics Today, 48-53,
https://doi.org/10.1063/PT.3.1296

Stewart, I.S. and Nield, T. 2013. Earth stories: context and
narrative in the communication of popular geoscience.


https://doi.org/10.3732/ajb.0900041
https://doi.org/10.3732/ajb.0900041
https://doi.org/10.1890/1540-9295-8.6.329
https://doi.org/10.1890/1540-9295-8.6.329
https://doi.org/10.1890/1540-9295-8.6.329
https://doi.org/10.1016/j.envsci.2004.06.002
https://doi.org/10.1016/j.envsci.2004.06.002
https://doi.org/10.1016/j.envsci.2004.06.002
https://doi.org/10.1093/scipol/scs093
https://doi.org/10.1093/scipol/scs093
https://doi.org/10.1093/scipol/scs093
https://doi.org/10.1016/j.envsci.2012.11.004
https://doi.org/10.1016/j.envsci.2012.11.004
https://doi.org/10.1016/j.envsci.2012.11.004
https://doi.org/10.1016/j.jbusres.2008.01.033
https://doi.org/10.1016/j.jbusres.2008.01.033
https://doi.org/10.1016/j.jbusres.2008.01.033
https://doi.org/10.1073/pnas.1212745110
https://doi.org/10.1073/pnas.1212745110
https://doi.org/10.1073/pnas.1212745110
https://doi.org/10.1177/0276146712454542
https://doi.org/10.1177/0276146712454542
https://doi.org/10.1177/0276146712454542
https://doi.org/10.1038/nclimate1080
https://doi.org/10.1038/nclimate1080
https://doi.org/10.1038/nclimate1080
https://doi.org/10.1038/nclimate2352
https://doi.org/10.1038/nclimate2352
https://doi.org/10.1038/nclimate2352
https://doi.org/10.1038/461472a
https://doi.org/10.1038/461472a
https://doi.org/10.1038/461472a
https://doi.org/10.1002/wcc.191
https://doi.org/10.1002/wcc.191
https://doi.org/10.1016/j.eist.2012.04.004
https://doi.org/10.1016/j.eist.2012.04.004
https://doi.org/10.1016/j.eist.2012.04.004
https://doi.org/10.1016/j.ijdrr.2015.01.006
https://doi.org/10.1016/j.ijdrr.2015.01.006
https://doi.org/10.1016/j.ijdrr.2015.01.006
https://doi.org/10.1177/0963662516629749
https://doi.org/10.1177/0963662516629749
https://doi.org/10.1177/0963662516629749
https://doi.org/10.1126/science.3563507
https://doi.org/10.1126/science.3563507
https://doi.org/10.1063/PT.3.1296
https://doi.org/10.1063/PT.3.1296

Downloaded from https://www.lyellcollection.org by TU Bergakademie Freiberg, Bibliothek on Jul 01, 2024

Re-purposing geoscience communications 283

Proceedings of the Geologists’ Association, 124,
699-712, https://doi.org/10.1016/j.pgeola.2012.08.008

Stewart, I.S. and Lewis, D. 2017. Communicating contested
geoscience to the public: moving from ‘matters of fact’ to
‘matters of concern’. Earth-Science Reviews, 174, 122—
133, https://doi.org/10.1016/j.earscirev.2017.09.003

Sturgis, P. and Allum, N. 2004. Science in society:
re-evaluating the deficit model of public attitudes. Pub-
lic Understanding of Science, 13, 55-74, https://doi.
org/10.1177/0963662504042690

Tan, S.Z.K. and Perucho, J.A.U. 2018. Bringing science to
bars: a strategy for effective science communication.
Science Communication, 40, pp.819-826, https://doi.
org/10.1177/1075547018808298

Van Dam, Y.K. and Apeldoorn, P.A.C. 1996. Sustainable
marketing. Journal of Macromarketing, Fall, 45-56,
https://doi.org/10.1177/027614679601600204

Warren, D.R., Weiss, M.S., Wolfe, D.W., Friedlander, B.
and Lewenstein, B. 2007. Lessons from science com-
munication training. Science, 316, 1122-1122,
https://doi.org/10.1126 /science.316.5828.1122b

Weigold, M.F. 2001. Communicating science: a review of
the literature. Science Communication, 23, 164—193,
https: //doi.org/10.1177/1075547001023002005

Wellings, K., Crosier, A., McVey, D. and Jennings, T.
2006. National Health-related Campaigns Review. A
Review of 11 National Campaigns. National Social
Marketing Centre, London.

Whitmer, A., Ogden, L. et al. 2010. The engaged univer-
sity: providing a platform for research that transforms
society. Frontiers in Ecology and the Environment, 8,
314-321, https://doi.org/10.1890/090241

Wiek, A., Withycombe, L. and Redman, C.L. 2011. Key
competencies in sustainability: a reference framework
for academic program development. Sustainability Sci-
ence, 6, 203-218, https://doi.org/10.1007/s11625-
011-0132-6

Wilkie, W.L. and Moore, E.S. 1999. Marketing’s contribu-
tions to society. Journal of Marketing, 63, Special Mil-
lenium Issue, 198-218, https://doi.org/10.1177/
00222429990634s118

Wittmayer, J.M. 2014. Action, research and participation:
roles of researchers in sustainability transitions.
Sustainability Science, 9, 483-496, https://doi.org/
10.1007/s11625-014-0258-4

Ziman, J. 1991. Public understanding of science. Science,
Technology, & Human Values, 16, 99-105, https://
doi.org/10.1177/016224399101600106


https://doi.org/10.1016/j.pgeola.2012.08.008
https://doi.org/10.1016/j.pgeola.2012.08.008
https://doi.org/10.1016/j.earscirev.2017.09.003
https://doi.org/10.1016/j.earscirev.2017.09.003
https://doi.org/10.1177/0963662504042690
https://doi.org/10.1177/0963662504042690
https://doi.org/10.1177/0963662504042690
https://doi.org/10.1177/1075547018808298
https://doi.org/10.1177/1075547018808298
https://doi.org/10.1177/1075547018808298
https://doi.org/10.1177/027614679601600204
https://doi.org/10.1177/027614679601600204
https://doi.org/10.1126/science.316.5828.1122b
https://doi.org/10.1126/science.316.5828.1122b
https://doi.org/10.1177/1075547001023002005
https://doi.org/10.1177/1075547001023002005
https://doi.org/10.1890/090241
https://doi.org/10.1890/090241
https://doi.org/10.1007/s11625-011-0132-6
https://doi.org/10.1007/s11625-011-0132-6
https://doi.org/10.1007/s11625-011-0132-6
https://doi.org/10.1007/s11625-011-0132-6
https://doi.org/10.1007/s11625-011-0132-6
https://doi.org/10.1177/00222429990634s118
https://doi.org/10.1177/00222429990634s118
https://doi.org/10.1177/00222429990634s118
https://doi.org/10.1007/s11625-014-0258-4
https://doi.org/10.1007/s11625-014-0258-4
https://doi.org/10.1007/s11625-014-0258-4
https://doi.org/10.1007/s11625-014-0258-4
https://doi.org/10.1007/s11625-014-0258-4
https://doi.org/10.1007/s11625-014-0258-4
https://doi.org/10.1177/016224399101600106
https://doi.org/10.1177/016224399101600106
https://doi.org/10.1177/016224399101600106



