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The contrasting roles of science and technology in
environmental challenges
Nikolaos Voulvoulis and Mark A. Burgman

Centre for Environmental Policy, Imperial College London, London, UK

ABSTRACT
Sustainable development is widely recognized as an existential
challenge. To address it, humanity needs to change its ways.
However, people seem slow to act, not always understanding
and often denying environmental imperatives, creating substan-
tial social and psychological barriers. Social inertia and denial
have been allegedly amplified by a public discourse increasingly
distrustful of science. But is this discourse a rejection of science
or an erosion of trust in how science is applied? The paper
examines the main differences between environmental science
and technology, reviews how the wider science-technology
convergence has affected them and evaluates potential implica-
tions for sustainability challenges. We question whether the
“convergence” between environmental science and technology,
could be behind the growing public dissatisfaction and distrust
of environmental science and policies. Although environmental
science plays a role in enabling understanding and communi-
cating complexity, technology requires political, social and eco-
nomic skills, beyond conventional disciplinary expertise. To
avoid putting academic freedom at risk, environmental technol-
ogists, a new breed of professionals, should have a clear under-
standing of scientific capacity and uncertainty and be able to
engage with stakeholders, policy makers and the public to
design integrated, interdisciplinary and holistic solutions, and
also better define the many environmental problems we face.
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1. Introduction

Humanity faces a plethora of existential environmental challenges; among
them, resource depletion, ecosystem service deterioration, pollution, bio-
diversity loss and climate change (Martin, Maris, & Simberloff, 2016,
World Economic Forum, 2017). Environmental problems are products of
complex, often nonlinear, interactions between people and the environ-
ment, and our understanding of them is usually incomplete and clouded by
profound uncertainties (Underdal, 2010). These problems cannot be man-
aged only in terms of cause and effect relationships, as they involve mul-
tiple actors and vary over time and space, often with very long time-lags
between human action and environmental effects (Voulvoulis, 2012).
Human health and well-being, for example, are closely linked to the integ-
rity of local, regional, and global ecosystems (Herbert et al 2014), the same
ecosystems that in a vicious circle are at risk due to pollution and resource
depletion (Figure 1). In part because of their complexity, such problems are
often not well communicated and are frequently misunderstood by the
public, the press and politicians (Renn, 2005; Dicks, 2013).
Because of the interdependencies between humans and the environment,

most environmental challenges require fundamental changes in attitudes
and behaviors from governments, industry and individual citizens (Dolan,
Hallsworth, Halpern, King, & Vlaev, 2009). While most people think sus-
tainability is an important problem, they are often unresponsive, seem slow
to act, do not always understand and often deny environmental impera-
tives, creating substantial social and psychological barriers (Soron, 2010).
Surveys of 33 countries between 1993 and 2010 showed increasing levels of
environmental apathy (ISSP Research Group, 2012). Averaged nationally,
25% of respondents ranked the economy as their greatest concern, followed
by health care (22.2%), education (15.6%), poverty (11.6%), crime (8.6%),

Figure 1. Interactions between humans and the environment and their impacts on environ-
mental quality and as a result our quality of life.
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environment (4.7%), immigration (4.1%) and terrorism (2.6%).
Environmental issues did not rank first in any surveyed nation (ISSP
Research Group, 2012). Given that government action to protect the envir-
onment in the past was driven by widespread public demand (Norgaard,
2006), the current public inertia could mean that action to manage poten-
tially existential environmental risks could come too late (Magdoff &
Foster, 2010).
Governments use policies, legislation, regulations and taxation to influ-

ence people’s behavior and address environmental challenges (Dolan et al.,
2009). Decision makers aspire to evidence-based policy (Head, 2008; PASC,
2013), and this creates imperatives to systematise knowledge transfer and
application (Almeida & B�ascolo, 2006). Evidence-based decision-making
has become a byword for good governance (King, 2016). In the UK, for
example, over the last three decades the government has promoted evi-
dence-based policy to replace ideologically driven policy (Productivity
Commission, 2008), but its development has highlighted the challenges of
dealing with environmental uncertainty (Stirling, 2016) and the need for
transparency in the process. The effects of environmental uncertainty com-
bined with issues of trust in government and science have impacted public
perception and willingness to take environmental action (Johnson &
Scicchitano, 2000). It is increasingly difficult for the public to understand
or verify the evidence behind public policies, how it was generated, derived,
or synthesized. These trends have further exacerbated public concerns
about the role of science and amplified social inertia and apathy towards
environmental policies. Considering that most sustainability policies depend
on public acceptance and support through action, their effectiveness can
potentially be diminished when public perception does not translate into
pro-environmental behavior (Rajapaksa, Islam, & Managi, 2018).
Making things worse, sustainable and effective solutions are often

clouded by inappropriate and ineffective communication, especially when
risks are inequitably distributed (WHO, 2013), such as land uses in disad-
vantaged neighborhoods (Been, 1994); or when the evolution of risk is
unpredictable, as in the case of climate change; or when risks are uncertain
or controversial, as in the case of some environmental factors and cancer
risk (Leta�siov�a et al., 2012). Longitudinal analysis of public opinion in the
UK indicates that consensus amongst experts as to the existence of
anthropogenic climate change is overwhelmingly high (Doran &
Zimmerman, 2009), while amongst non-experts, opinion vacillates (Taylor,
Dessai, & de Bruin, 2014). A 2009 Pew Research Centre report indicated
that 49% of adults in the United States agree that human activity is produc-
ing global climate change compared to 84% of scientists (Pew Research
Centre, 2015). A 2016 YouGov Global survey showed climate change in
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Britain was a concern for 10.8% of the population, two points behind the
global average and above only the USA (9.2%) and Saudi Arabia (5.7%)
(Dahlgreen, 2014).
At a time when knowledge is being accumulated at unprecedented rates

and understanding of the natural world has never been so high (although
by no means complete), public scientific literacy is allegedly in a period of
serious decline (Rodriguez-Espinosa, 2005), with people becoming less
engaged with science and technology (Parker et al., 2014). Public opinion
research in Europe and the US suggests that public ignorance and ambiva-
lence undermines public trust in organized science (Allum, Sturgis,
Tabourazi, & Brunton-Smith, 2008; Bauer, Allum, & Miller, 2007; Evans &
Durant, 1995; Hayes & Tariq, 2000; Miller, 2004). As a result, science is
increasingly perceived as just another authority, telling the public what to
believe and how to act. This has coincided with, and perhaps precipitated,
an era of backlash against authority. The Edelman Trust Barometer has col-
lected data annually for 17 years on the level of public trust in business,
media, government, and NGOs. Their survey of 33,000 people in 28 coun-
tries in 2017, for the first time found a decline in trust across all four insti-
tutions (Edelman Trust Barometer, 2017). In almost two-thirds of the
countries surveyed, the average level of trust that these four institutions
would “do what is right” was below 50%.
Environmental policies often face a suspicious public, concerned on the

one hand about the independence and integrity of science (Rapley, De
Meyer, & Carney, 2012), and on the other about how scientific evidence is
used to promote solutions to environmental problems or address “policy
needs” (Robson & McCartan, 2016). Environmental scientists have also
raised concerns about often having little control on how their research
findings are used, for example, as political ammunition, to support previ-
ously predetermined positions or to promote specific interests (S�ebastien,
Bauler, & Lehtonen, 2014). Public discourse is increasingly distrustful of
environmental science, but is it a rejection of science or an erosion of trust
in how it is applied?
While the relationship between the domains of science and technology

has never been stronger, science and technology have different purposes,
distinctive needs and divergent ways of viewing and knowing the world,
and thus their relationship is often tense and complex (Brooks, 1994). The
paper examines the main differences between environmental science and
environmental technology, reviews how the wider science- technology con-
vergence has affected them and evaluates potential implications for how
societies respond to sustainability challenges. We question whether the
“convergence” between environmental science and environmental technol-
ogy, between the process of generating knowledge and that of applying it
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to deliver change, could be behind the growing public dissatisfaction and
distrust of environmental science and policies, and propose a new perspec-
tive that distinguishes the roles of science, technology and society in surviv-
ing existential environmental challenges.

2. The wider science and technology convergence

Science is about discovering, understanding, explaining and predicting pat-
terns in natural phenomena, producing more accurate explanations of how
the natural world works (Bertolaso, 2013; Robson & McCartan, 2016),
regardless of potential applications. It is the result of deep curiosity and its
goal is the pursuit of knowledge for its own sake (Crane, 2014). For the
most part, science uses, quantifiable inquiry that often involves testing
researchable hypotheses, usually by means of a progressive research pro-
gram, with data and experiments (Lakatos, 1970; Fisher, 1990; Goggin,
1986). In doing so, it may overturn networks of belief (Kuhn, 1970).
Falsifiability is a virtue in a scientific theory (Lakatos, 1970), and science
could be seen simply as an accepted process for establishing truth through
repeatable observation and experimentation (Popper, 1953; 1959). This
careful, rational, self-critical method of discovering knowledge provides a
pathway to escape the contingencies of history (Ledford, 2015).
Humanity historically has applied scientific knowledge to solve problems,

take decisions and reach today’s level of development. Although today tech-
nology1 has come often to mean only the development and use of tools,
techniques and machinery, here we refer to the broader process of the
“organisation of knowledge applied to further the efforts of human
practices” (Jenkins, 1998); the application of knowledge, inventing and
changing the world (The Nature of Technology, 1990). Jacob Bigelow
(1829) is often credited with coining the term technology in Elements of
Technology, where it was defined as “the principles, processes, and nomen-
clatures of the more conspicuous arts, particularly those which involve
applications of science” (Hansson, 2015).
The strength of the relationship between science and technology was rec-

ognized by Lynn White (1967), who traced their convergence back to the
mid-1800s. In The Historical Roots of Our Ecologic Crisis, “Natural science,
(is) conceived as the effort to understand the nature of things” and the
“marriage between science and technology, a union of the theoretical and the

1In German, Greek and other European languages, a distinction exists between technik and technologie that is
absent in English. Here we refer to the use of the term as the application of scientific knowledge, policy and
engineering to solve problems, environmental problems in the case of environmental technology. The word
technology comes from two Greek words, transliterated techne and logos. Techne means art, skill, craft, or the
way, manner, or means by which a thing is gained. Logos means word, the utterance by which inward thought
is expressed, a saying, or an expression. So, literally, technology means words or discourse about the way things
are gained.
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empirical approaches to our natural environment.” According to the author,
that “scientific knowledge means technological power over nature can scarcely
be dated before about 1850,” marking one of the greatest events in human
history (White, 1967).
But it was the emergence of the term applied science, and the conception

of technology as functionally dependant and culturally inferior to science,
that marked the birth of their convergence (Kline, 1995), accelerated by the
technological enthusiasm of the last century. The second phase of industrial
development finds technology as the capitalist appropriation of scientific
knowledge, leading to the confusion of technology with science today. For
example, when out of the 1960s, there emerged intense anxiety about the
effects of altered environmental conditions upon health, it was science that
was blamed. US President Johnson, handing out the 1968 National Medals
of Science, reminded the attendees that “An aggrieved public does not
draw the fine line between “good” science and “bad” technology”
(Forman, 2007).
While technology is generally seen as the fruit of democracy and free

enterprise, the implementation of increasingly complex technological sys-
tems involved organizational structures that became increasingly centralized
and undemocratic. “The development of technology, and thus the social
development it implies, is as much determined by the breadth of vision that
informs it, and the particular notions of social order to which it is bound, as
by the mechanical relations between things and the physical laws of nature”
as explained by Noble (1977) in America by Design. The “Battle of the Big
Systems” of the 1960s and ‘70s involving historicists including Kuhn,
Lakatos, Feyerabend, and Laudan, that investigated science’s truth, rational-
ity and objectivity further accelerated this rapidly developing, sociology-
inspired science and technology convergence (Stanford Encyclopedia of
Philosophy, 2017). For example, Laudan (1980) argued that the goal of sci-
ence is to maximize the rate of progress in pragmatic problem-solving.
Further contributing to the science -technology convergence, has been

the pressure for scientific research to deliver impact. This has been driven
by developments such as the replacement of the Haldane Principle2 by the
Customer Contractor Principle3 in the UK in 1972, and in the US the cre-
ation of the Office of Productivity, Technology & Innovation (OPTI)4 in
1982, that introduced a market-orientated approach and principles that

2The Haldane Principle describes the notion that "decisions about what to spend research funds on should be
made by researchers rather than politicians" (Hulme, 2016).
3According to the Customer Contractor Principle, funds for scientific research should be directed by government
(Linden, 2008).
4OPTI advocated the use of Research and Development Limited Partnerships (RDLPs) at universities to develop
alternative sources of research capital and accelerate the transfer and private appropriation (through patents) of
federally funded technology.
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still underpin important conventions between Government Departments
and the science community (Duderstadt, 2016). In line with the National
Science Foundation in the US increasingly considering the broader impact
of scientists and their ability to articulate benefits to society in funding
applications (Wiley, 2014), the 2014 UK Research Excellence Framework
(REF, 2014) introduced impact to assessing the quality of research and its
benefits beyond academia to determine funding for research (Greenhalgh
& Fahy, 2015). These resulted in the boundaries between science and
technology becoming blurred (Gardner, 1994; Narin & Olivastro, 1992);
with the need for change, rather than the search for truth, increasingly
driving scientific research. “Much of modern technology is based on sci-
ence, but this recent association obscures crucial difference, and the fail-
ure to distinguish between science and technology has played a major
role in obscuring the nature of science” (Wolpert, 1992).
With science directed toward practical goals, as opposed to pure know-

ledge (Machamer & Wolters, 2004) and increasingly being sponsored dir-
ectly by industry (Carrier, 2004), technology has been seen as the solution
that arises from epistemically driven research into practical problems, the
so-called Cascade Model (Carrier, 2004). The resulting worldview of tech-
nology as applied science (Lederman, Antink, & Bartos, 2014) sees the the-
oretical principles formulated first (science), and technical devices
constructed by applying these principles (technology) (Tsou, 2007;
Simpson, 2014). In 1977, economist Richard Nelson challenged this model
by asking why societies so rich and capable technologically are able to land
a person on the moon but unable to deal effectively with many of problems
such as slums and poverty, referring to the USA (Nelson, 1977). In 2013,
the question “how a country that cannot feed all of its people can find the
money for a Mars mission” in The Economist, referring to India, indicated
little to have changed (The Economist, 2013). While few real-world prob-
lems can be solved by the application of science alone, for the most part,
developed countries continue to train people as science specialists. Worse
still, the educational systems of developing countries have been encouraged
to follow the same pattern. As a result, today technology has become social
production and the professional scientist an expert not only in their field
but in its application for social change.
Scientists in western societies have enjoyed respect and embody an

unassailable wisdom, previously the domain of religious leaders (Walton,
1997; Fischer, 2000). Many factors have contributed to this, including the
adoption of expert testimony in courts (Lawson, 1900; Imwinkelried, 1993;
Freckelton, 1995; Lord Woolf, 1996), and the introduction of Government
Chief and Departmental Chief Scientific Advisers (Parker, 2016). Scientists
assume the role of impartial observer, assumed to be relatively free from
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bias and guided by the scientific method’s impartiality (Walton, 1997; Nola
& Sankey, 2014). Disciplinary experts are often called on to provide advice
across a range of economic challenges, environmental problems and bio-
logical risks (Carrier, 2004).
In the UK, a landmark parliamentary select committee report recognized

citizens’ distrust of conventionally-institutionalised science, following a
number of high profile technological controversies and crises which
brought into question the accountability and autonomy of science and the
role of society therein (House of Lords, 2000). There is now a widespread
public perception that experts can and do disagree, that they are not infal-
lible by virtue of their specialist access to some rigorous scientific method-
ology that can guarantee their “objectivity,” and that their purportedly
“disinterested” advice may be influenced by professional, economic, or pol-
itical considerations, or by their personal values (Smith, 2012; O’Brien,
2000). Social scientists (O’Brien, 2000; Fisher, Elbaum, & Coulte, 2010)
have also voiced their concerns over the use of evidence by scientists, pol-
icy makers, and interest groups to justify decisions or to promote self-inter-
est. They question the neutrality of scientific expertise. Several
environmental controversies have been triggered by disagreements between
experts (Martin & Richards, 1995), often resulting in prolonged, clamorous
and unresolved public debate (Pettigrew, 2014).

3. The distinct role of environmental technology

In line with the definitions above, environmental science, as the process
of understanding how humans interact with the natural environment,
and environmental technology, as the process of applying this under-
standing to address environmental challenges, can be distinguished as
interdependent and complementary. Environmental science studies the
mechanisms and processes underlying our interactions with the natural
environment, the implications for the environment of the complexity
and uncertainty brought on by economic, technological and social
change (Walls, Brody, Dillon, & Stevenson, 2014); while environmental
technology allows us to apply this knowledge and take the actions neces-
sary to prevent, prepare for, or mitigate environmental risks.
Environmental Technology has the potential to transform how we inter-
act with nature and allow society to apply available scientific knowledge
to truly progress; with “progress” an axiological or a normative concept,
which should be distinguished from such neutral descriptive terms as
“change” (Niiniluoto, 1995).
In practice and because of the wider science-technology convergence dis-

cussed above, environmental technology is increasingly being perceived as
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the products and services offered by the environmental sector5, instead of
the transformative process that can help society reach sustainability. The
term is often used to refer to end of pipe solutions, technologies that curb
pollution emissions by implementing add-on measures, and less frequently
to those that mitigate the environmental burden of production and deliver
cleaner production, reducing resource use and/or pollution at the source by
using cleaner products and production methods. The EU’s Environmental
Technology Action Plan (ETAP), defines environmental technology as
“such products, systems, processes and services which provide clear environ-
mental advantages compared to existing or alternative solutions, seen in a
life cycle perspective. The approach shifts the focus from products to systems,
resource efficiency and sustainable development.” In the large-scale techno-
logical systems of today, social institutions and technological hardware
form a seamless web and any distinction between the “social” and
“technological” dimensions of these systems becomes futile. Particularly
when systems fail, attempts are made to blame casualties on either
“human” or “technological” factors. Today, as the terms “environmental
science and technology” are used interchangeably, or as one homogeneous
phrase, the complex interactions between environmental science, technol-
ogy and society are not easily recognized, rarely considered and often
misunderstood.
What environmental technologies aim to achieve, what regulations aim

to deliver, and the overall basis of how scientific knowledge is applied to
address environmental challenges are seriously affected by how these chal-
lenges are defined. Problem framing implicitly shapes the options people
consider or provides some measure of (non-) attainment with respect to
those goals (O’Brien, 2000). Investments in abatement technologies have
been generally seen as critical for reducing emissions from industry without
compromising economic growth, although clean technologies are generally
argued to be preferable to end of pipe solutions in the long run (Frondel,
Horbach, & Rennings, 2007). It turns out that employing end of pipe solu-
tions has been historically preferred not because of economic or environ-
mental advantages but because of the way environmental problems have
been often framed. For example, if water scarcity is addressed as a water
availability challenge, desalination of seawater is an effective solution, pro-
viding a seemingly unlimited, constant supply of high-quality drinking
water without impairing natural freshwater ecosystems (Voulvoulis, 2012).
However, if the problem is framed as the sustainable provision of water,
desalination has potential negative impacts arising from increased demand

5The environmental goods and services sector, abbreviated as EGSS and also called environment industry or
eco-industries, consists of a heterogeneous set of producers of goods and services aiming at the protection of
the environment and the management of natural resources.
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and usage (Palmer, Menninger, & Bernhardt, 2010), including issues with
brine production and the need for management of the costs and impacts of
the additional wastewater produced (Voulvoulis, 2015). Instead, if the prob-
lem is framed as water security (including availability and demand), other
options arise. System boundaries can tip the scales in favor of one solution
over another. Figure 2 shows various examples where system boundaries have
been drawn around a simple model for optimizing wastewater treatment in at
least nine different ways in fourteen publications on water quality manage-
ment. Different choices in setting these boundaries will inevitably affect the
results, leading to different solutions (Kirk et al., 2005; Ahmed, 2011).
Sustainability requires a transformation in the way in which problems

are defined into a more collaborative process (Filho et al., 2018). Without
effective public involvement in policymaking and implementation, technol-
ogy has been primarily geared to solving practical organizational problems
of modem industrial society, without reexamining its fundamental assump-
tions (Pew Research Center, 2018). The public’s negative attitudes about
many environmental policies are due largely to distrust of government and
other social institutions, and rarely of science and the information it pro-
vides. However, people may dislike the policy responses they assume will
follow from accepting “the science,” might have experienced bad policies or

Figure 2. An illustration of how solutions depend on the way problems are framed, or in this
case how setting system boundaries leads to different solutions in water quality management
as reported in different studies (1. Van Tilburg (1997); 2. Crettaz et al. (1997); 3. Roeleveld et al.
(1997); 4. Fava et al. (1994); 5. Ashley et al. (1997); 6. Matsuhashi et al. (1997); 7. Neumayr et
al. (1997); 8. Mels et al. (1999); 9. Ødegaard (1995); 10. Dennison et al. (1997); 11. Dalemo et al.
(1997); 12. Tillman et al. (1998); 13. Bengtsson et al. (1997); 14. Grabski et al. (1996)), adopted
from Kirk et al. (2005) and Ahmed (2001).
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the destructive aspects of technologies and may feel disengaged from how
environmental problems are framed (Fairbrother, 2017). This public dis-
trust of technology and environmental policies is often carried over into a
distrust of environmental science as well. For example, the increasing influ-
ence of climate change objectives on air pollution policies has led to a shift
in the regulatory approach to emissions from vehicles to the extent of pro-
ducing policies that result in unintended but unlawful levels of air pollu-
tion, nitrogen oxides and particulate matter emissions (�Cavo�ski, 2017). The
criticism of UK government policy to create incentives for people to switch
to diesel, based on the CO2 advantage of diesel vehicles compared to petrol
since 2004, with Diesel cars now making up over 50% of all new cars sold
in the UK, and 36% of the total car fleet (up from 7% in 1994), as well as
being almost ubiquitous in the van, truck and bus fleet, has been mainly
targeted at the chief scientific adviser in office at the time of these policies
(between 2000 and 2007). Planned conservation interventions’ unintended
effects can also have knock-on effects that result in perverse outcomes
(Larrosa, Carrasco, & Milner-Gulland, 2016). Energy efficiency measures
have been reported to spur similar unintended effects on a macroeconomic
scale. Efficiency measures frequently lead to larger profits, which can spur
more growth and higher energy consumption overall (Walnum, Aall, &
Løkke, 2014).
Evidence provided by environmental science can be mixed, incomplete,

changeable or conditional on context. Yet scientific experts are expected to
provide a consensus view and to recommend actions, often before the pic-
ture is complete. Tensions around the public role of science arise partly
from the belief that the cultural credibility of expertise rests on communi-
cating in terms of consensus. But while in science new knowledge is
expected to challenge current consensus, the public sees scientific credibility
strained (Raman & Pearce, 2014). Loss of public trust often results from
simplifying complexity or glossing over uncertainty or valid disagreements.
Instead, environmental science should find ways to communicate why evi-
dence may be inconclusive and why experts might disagree or make differ-
ent judgements on the same data.
Environmental technology needs to initiate a transformative process that

will allow society to reach sustainability. Without profound changes in a
number of areas: the organization of production; consumption and lifestyle
behaviors; the distribution, use and control of resources; and systems of
governance and enforceable accountability mechanisms for actions that
cause lasting harm, environmental technology could fail. Sustainable solu-
tions need to consider social and economic domains and their interactions
with nature (Everard & McInnes, 2013). They require holistic knowledge
garnered from all scientific disciplines (Hassan, 2014). Modern sciences are
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intrinsically pluralistic, and for this reason scientific research cannot pro-
vide ultimate certainty (Strohschneider, 2017). Unification of knowledge
rarely precedes application (O’Brien, 2000; Casadevall & Fang, 2014).
Environmental technology would need to attack the root causes that gen-

erate and reproduce economic, social, political and environmental problems
and inequities, not merely their symptoms. For example, the 17 United
Nations sustainable development goals (SDG) are clearly interconnected
and crucial to the well-being of the world. A study surveying 1,000 busi-
nesses (PwC, 2017) found that while businesses are aware of the SDGs and
are planning to take action, they are also at risk of overlooking their con-
nectivity, “cherry-picking” the goals explicitly related to them. Only 2%
answered that they plan to assess their impact on all seventeen SDGs.
Considering the case of desalination discussed earlier, for example, two of
the SDGs, the one related to clean water and sanitation (SDG 6) and the
one on affordable and clean energy (SDG7), are directly affected.
Desalination could be delivering water for SDG6 but putting energy secur-
ity (SDG7) at risk (due to desalination’s high energy requirements).
Desalination could even end up having a negative impact on water security
(SDG6), if energy security (SDG7) was to be addressed by options contri-
buting to water scarcity (i.e. biofuels). While science can help understand
these interactions, its findings can be invoked to justify particular interven-
tions to the public, by the way in which the problems are framed, or poten-
tial solutions are considered as alternatives.

4. Environmental technology as problem solving

A way to contextualize the distinct roles of environmental science and technol-
ogy when dealing with sustainability challenges is through gap analysis from a

Figure 3. Conceptualising the relationship between science, technology and society in address-
ing sustainability challenges.
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systems perspective (Figure 3). Conceptualising these challenges as the gap
between the current situation; where we are now (unsustainable state A), and
the desired state; where problems have ceased to exist; where we want to be
(sustainable state D), these challenges can be better defined. The gap between
these two states (extent of the problem), can also be a deviation from a norm,
standard, or status quo, a desired state defined by society. Environmental tech-
nology as problem solving becomes the process of transition from unsustain-
able system state (A) to sustainable system state (D). There can be several
solutions (the means to close the gap or correct the deviation), but social diffi-
culties arise where such means are not obvious, are not immediately available,
or when there is disagreement over the preferred solution.
Science has a role to play in helping us understand why we are where we

are (State A), and how far this is from where we should/desire to be (State
D), as defined by society. The complexity of environmental problems
denotes that understanding is a prerequisite for solving (Pavlovskaia, 2014).
Beyond appreciation of diverse knowledges, ideas and values of sustainabil-
ity, there is a need to “take plural pathways seriously,” as no matter how
specific the context, there is never only one relevant, viable path (Scoones
et al, 2018). To allow for this and enable the appropriate technology,
Funtowicz and Ravetz (1994a) proposed extending the peer community to
include scientists together with industry, government, citizen groups and
environmental organizations (Funtowicz & Ravetz, 1993; Funtowicz &
Ravetz, 1994a, 1994b, 1994c).
This way of looking at sustainability allows the distinction between sci-

ence and technology and reveals the important role society needs to play in
the process of change (Bengtsson, Alfredsson, Cohen, M, & Schroeder,
2018). It also explains how technology could potentially serve as an instru-
ment for control and domination when the desired state is not defined by
the many but a few (de la Sablonni�ere, 2017). Environmental policies
require public participation and engagement to define the desired state and
goal for technology, offering the opportunity to integrate multiple perspec-
tives in policy-making and environmental governance (Steyaert & Ollivier,
2007). To some extent, public participation in policy formulation and deci-
sion making (Wright, 2005) can also alleviate problems of poor communi-
cation (Cummins, Kintsch, Reusser, & Weimer, 1988; Lindenmayer &
Likens, 2010; Bråten, Braasch, & Salmer�on, 2016) or lack of public engage-
ment (Jenkins, 1994; Wooden, 2006). For this, the public needs to be able
to understand, be informed and be given access to all the evidence (Evans
& Durant, 1995). Communication of science is about policy, ethics, politics,
identity and power (Fischhoff, 1995). Messages of apocalyptic peril and
emotional appeals might be effective in addressing public apathy and
inspiring change but could also engender distrust or disenchantment
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(Wynne, 2006), and deliver short-lived results. Efforts to isolate the tech-
nical or scientific issues often falter because of their narrowness and the
ways in which the resulting communication is disconnected from human
experience (Slovic, 1999).
Science’s potential to empower lies in participatory practices that encourage

shared knowledge, collaboration and shared ownership (Elcock, 2014). The
relationship between science and the public does not need to be one of blind
trust. Scientists are not and should not be seen as modern priests, experts who
pronounce on all manner of things with scientific knowledge as the ultimate
authority (Martin, 1991; Walton 1997). Contrary to popular depictions of sci-
ence, science does not rely on authority as an indicator of truth (Hardo�s,
2018). Results should always be subject to challenge from experiment. Science
is liberating if it produces knowledge that empowers people to challenge
dogma and beliefs. “Knowledge itself is power” said Francis Bacon in 1597,
and in the same vein, in 2003 Nelson Mandela stated that “education is the
most powerful weapon we can use to change the world” (Baggaley, Calleja,
Marum, & Marum, 2013). There appears to be a pressing need for people not
simply to accept and implement new policies but to understand and appreciate
the need for the change and the benefits it delivers.
Addressing environmental challenges requires looking at all relevant

research, understanding socio-ecological context, integrating diverse evi-
dence, and engaging with the public to solve problems or make policy.
Engaging with dialog can reach more useful and appropriate outcomes.
Environmental technology has a distinct role, applying science, policy,
engineering and social change to address environmental challenges and
deliver sustainability. Environmental issues require a new generation of
technologists who have the ability to mediate, understand social context
and constraints, and orchestrate participatory activities that engage and
empower people (Clark, Steen-Adams, Pfirman, & Wallace, 2011). These
innovators should have skills that go beyond disciplinary expertise (Table
1) and be equipped with tools to reach across cultural, political, and discip-
linary boundaries. They will facilitate public participation in environmental
decision making about what should be achieved and how, increasing prob-
lem ownership and thus the chances of both proposition acceptance and
implementation success. They will enable people to understand and better
define sustainability challenges based on the available science and empower
them to respond by inducing the appropriate necessary changes.

5. Discussion

The distinct roles of environmental science and technology in addressing
humanity’s sustainability challenges, can be better understood when
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considering the different nature of science and technology. The contribution of
science, as a curiosity-driven endeavor, and that of technology, as invention
and the application of knowledge (Smith, 1994), have resulted in numerous
discoveries that have improved the quality of human lives (Bradford, 2015).
Science is driven by curiosity, and technology by utility, both are necessary
and interdependent, and while they clearly complement each other, they can
become dysfunctional when they converge (Linden, 2008). Science is more
than a source of technology, and technology cannot solve environmental prob-
lems just by applying scientific knowledge. To ensure that scientific progress
delivers benefits, we need to invest in systematic ways to apply scientific know-
ledge to the many challenges we face, to invest in technologies that not just
address sustainability challenges but create sustainable futures for all. Many
“scientific” solutions have failed when experts applied explanations and solu-
tions out of context to physical conditions or social behaviors (Forsyth, 2011).

Table 1. Difference between attributes of science and technology for environmental chal-
lenges and skills acquired from training as scientist versus those required to solve environmen-
tal problems.
Science Technology

� Analytical, understanding of nat-
ural phenomena

Focus � Practical, managing human-nature
interactions

� Production (abstract, general) Knowledge � Transformation (functional)
� Cause/truth Search for � Solutions and new processes
� Better theories of understanding Success � Better solutions and products
� Repeatable observation and

experimentation
Methodology � Synthesis beyond disciplinary boundaries,

multi-stakeholder engagement
� Reductionism, involving the isola-

tion and definition of dis-
tinct concepts

Approach � Holism, involving the integration of many
competing demands, theories, data
and ideas

� Expository and symbolic Communication � Visual and non-verbal
� Descriptive of laws Real world � Interferes with natural order
� Experimental and logical skills Skills needed � Problem solving, decision making, interper-

sonal and communication skills
� Drawing correct conclusions based

on good theories and accurate data
Strenght � Taking good decisions based on incom-

plete data and approximate models
� Corresponding scientific processes Goals achieved

through
� Key technological processes and

social engagement
� Making virtually value-

free statements
Result relevance � Activities always value-laden

Education and Training differences
Science Technology
� Scientific rigor—mostly through

peer review of proposals, presenta-
tions and papers;

� Total commitment—extensive train-
ing to be able to collect good and
appropriate data;

� Understanding complexity—particu-
larly in natural systems with mul-
tiple variables;

� Developing methodology—many
scientific questions require new
tools or approaches;

� Yearning for truth—the quest for
the underlying truth provides a
strong motivation.

� Shared vision—developed not with scien-
tific peers, but with stakeholders;

� Organised and balanced approach—com-
bined management, research
and monitoring;

� Leadership—scientific, political and com-
munity level leadership;

� Varied communication—peer group as well
as non-peer group communication;

� Effective actions—targeting activity to
channel resources wisely, accounting for
relevant evidence

� Yearning for societal benefit—the quest
for “good” provides a strong motivation.
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The environmental science-technology convergence we see today, limits
both science’s potential to deliver knowledge and technology’s to deliver
change, and leaves the public confused in terms of what to trust and
believe. The pressure on science to serve environmental policy and deliver
fast, tangible, and useful results to industry or society, can shape scientific
agendas (Koppelman, Day, Davison, Elliott, & Wilsdon, 2010), compromis-
ing curiosity-driven research, threatening the autonomy, impartiality and
neutrality of environmental science and biasing research design (Parkhurst,
2016). Scientists are increasingly under pressure to communicate their
research better, to interact with the public, and prove the “societal impact”
of their work (Cairney, Oliver, & Wellstead, 2016). They are often criticized
for being unable or unwilling to demonstrate the impact that policymakers
demand, industry requires, and society needs. While many resent this, they
nevertheless have engaged more with industry and policymakers (Poppy,
2015), who are no longer willing to hand over billions of pounds of tax-
payers’ money in exchange for a vague promise that something good will
come from it (Dudo & Besley, 2016). Still, many scientists view themselves
as neutral, disinterested and objective. They aspire to fill the role of the
rational and authoritative arbiter of environmental disputes, often poten-
tially unaware that they are also prey to a host of psychological and con-
textual frailties (Burgman 2015b). Despite the shared ambitions of many
scientists and policy-makers about the role of science in environmental pol-
icy, the evidence environmental scientists produce often is not what policy-
makers require (Burgman, 2015a). University-based scientific research is
rarely tailored to policy-makers’ objectives and constraints (Fleming &
Sorenson, 2001; Burgman, 2015a). The majority of environmental science
research has failed to engage with the political nature of decision making
and environmental scientists rarely influence how evidence is used (or mis-
used) (Parkhurst, 2016). On the other hand, when scientific opinion
becomes irrefutable, it generates what Walton (1997) called a culture of
technical control. In this paradigm, the solution to decisions about new
technologies, for instance, is seen to be through public education so that
the correct scientific solution is transferred directly into correct policy
(Burgman, 2005). There is a naked assertion in this situation that the iden-
tity of the proponent warrants acceptance of the proposal (Walton, 1997).
Then again, when environmental science is driven by policy its reputa-

tion in many contexts relies on its ability to deliver successful outcomes on
environmentally pressing issues. It is increasingly considered to be more
reliable and valuable when enhanced by social, industrial and government
influences, rather than when protected from them (Sarewitz, 2016).
Concerns have diminished that this reflects a gradual shift from scientific
freedom towards an emphasis on objectives, designated by the economy or
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society’s current requirements (Pinto, 2015). The view that the primary aim
of science is to seek the truth, is often considered the “myth of purity,” in
contrast to the idea of a “well-ordered science” whose principle intention is
the satisfaction of social preferences, or the protection of the natural envir-
onment in the case of environmental science (Kitcher, 2001). This has led
to concerns that environmental science’s internal quality control mecha-
nisms could be impaired by political and economic incentives (Berg, 2010;
Stephan, 2012) or ideologies such as environmentalism. The economic ben-
efits derived from the development of novel, successful technologies, con-
trast with broad-based “curiosity” oriented research (Karle, 1995). Policy
makers should not drive scientific agendas, and academia should avoid
proselytizing, instead providing vital substance for discussion and debate
(Bell, 2017).
The line between environmental science communication and advocacy is

diffuse. Ideologies are a means by which people organize themselves to
attempt to make the world a better place (Gee, 2015). Unfortunately, scien-
tific training does not always guarantee rational, bias free, evidence-based
reasoning. Kahan (2013) observed in debates about climate change and bio-
logical evolution that many people adopt a position, one that accords with
the views of their peers or their social context, and then select scientific
arguments to defend that position. A person’s scientific or technical train-
ing do not protect them from post-hoc rationalization. Instead, technical
training only serves to help them to use selective scientific evidence more
effectively. Climate scientists have been challenged on their objectivity, by
skeptics within politics, the media, and the public (Skoglund & Stripple,
2018). While most evidence indicates that such accusations may be over-
stated (Bromley-Trujillo, Stoutenborough, & Vedlitz, 2015), with no strong
indication that the scientific community is blurring the lines of scientific
objectivity, there remains a risk that a significant increase in advocacy by
scientists could be an unwelcome change, decreasing the likelihood that
their discussions of the risks of climate change would be believed.
A key accelerating factor for this is public scientific literacy. Arguably,

education is the most important application of science, the technology with
enormous potential to address the challenges facing humanity. But the con-
vergence of science and technology has had a profound effect on education
too. It has become an instrument for economic progress, moving away
from its original role to provide context for human development
(Kromydas, 2017). Producing graduates for both science and technology
markets’ needs is a challenge, as the skills of scientists are not the same as
those needed to address environmental challenges (Table 1), and for society
to progress sustainably it needs both. Science funding increasingly encom-
passes a cycle that moves from discovery to invention to adoption and
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back again; a model that aims to break down disciplinary walls (Jasanoff,
2010), but does not acknowledge barriers to collaboration. Effective collab-
oration depends on training in interpersonal skills including building trust,
communication, listening, leadership, creative problem solving, decision-
making, and conflict management. Successful translation of science depends
on systems that encourage lasting personal relationships; shared research
agendas and priorities; mutual respect that arises from working closely
together to deliver research outcomes; reciprocity and personal interactions
between policy-makers and scientists (Burgman, 2015a). Most scientists are
unlikely to cross this divide unassisted. Instead, immense pressures on sci-
entists arise from the commercialization of scientific research, measures of
performance that generate perverse incentives, and economic or ideological
drivers shaping scientific agendas. These predispose scientists to conditions
that lead to the erosion of public trust (McGarity & Wagner, 2008).
The process of turning knowledge into change cannot be undertaken

without significant effort (Ostrom et al., 2010). An American Association
for the Advancement of Science review (2016) showed that a lack of know-
ledge undermines public support for science as an institution, promotes
opposition to action to address problems like climate change, and fosters
reservations about scientific advances and emerging technologies (Nisbet &
Markowitz, 2016). Others have also reported that civic science literacy is
positively associated with public support for scientific research and for fed-
eral funding for science and technology (Lee, Scheufele, & Lewenstein,
2005). Thus, science may have a critical role to empower the public to
engage in change (Kirkman & Voulvoulis, 2016).
Science is a deliberate, rational process, but for those seeking to under-

stand, manipulate or build systems, their “complex” nature often demands
approaches that go beyond reductionist scientific models or traditional
engineering design methods because of their unpredictability, non-linear-
ity, interconnectivity, hierarchy and “emergence” (Bale, Varga, & Foxon,
2015). For environmental solutions to be effective, interdisciplinary
research should couple human and natural systems. Technological change
is a multi-layered process that unfolds unevenly in time and space, often
beyond individual scientists’ perspectives (Sorensen, Bloch, &
Young, 2015).
While there is a clear role for environmental science in the production

of knowledge, environmental technology has a distinct role in facilitating
social change. There is a need for a new breed of professionals who are
able to make practical use of results, bring public understanding to the sup-
port of science, teach, negotiate, facilitate and deal with complex ethical
and policy issues (Tobias, 1997). They will apply knowledge delivered by
science, bridging the gap between science and society, without putting
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academic freedom at risk. Environmental technologists will engender partici-
patory thinking together with a more holistic understanding of the ways we
depend on nature and the ways nature is affected by people, informing
technology assessments and developments. They will engage with policy
makers, stakeholders and the public, to better define environmental prob-
lems, and support society to implement the integrated, interdisciplinary
and holistic solutions required to deliver real change. This process may
require transformative innovations, changes of industrial practices, and new
environmental policies. Environmental challenges require a new contract
between science, technology and society, one that recognizes the import-
ance of all three and delivers synergies enabling all of them to reach their
full potential.
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