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There is an inherent tension within science between, on the one hand, the rigour of the scientific method and, on the other, the need to tailor knowledge to serve society.  In this document, we will explore: (1) the nature of science; (2) public understanding of science; and (3) the changing role of science in society.
The science of science
From the outside, the practice of science can appear a bit ‘ivory tower’, i.e. disconnected from practical realities.  Indeed, one of the common frustrations that the public and media share about scientists is that they rarely seem to provide definitive answers about anything!
This cuts in part to the nature of science itself, and also to the role that science has thus far succeeded in playing within society.

Dictionary definitions of ‘science’ tend to focus on the two themes of: (1) the sum total of human knowledge; and (2) the process of deduction and testing of new knowledge.  Getting this ‘right’ is the preoccupation of science for, as we will see, the capacity for loose articulation to contribute to loose thinking and the wrong conclusions and outcomes of decisions is all too tangible.
As one example of this need for exact definitions, the term ‘ecosystem services’ has emerged over the past two decades to describe the many ways that the processes within ecosystems support different dimensions of human wellbeing.  The scientific framework underpinning this is represented below.


We will come back to the importance of this exact definition later.

But science, of course, has no monopoly on knowledge or ‘truth’, and certainly not on the wisdom potentially derived from it.  The scientific method is, however, based on testable theories of reality, resting ultimately (according to Karl Popper) on the ‘falsifiability’ of hypotheses, propositions or theories.  So when scientists are accused of ‘not believing in astrology’, the positive evidence may be that gravitational and other forces exerted on us by distant planets are beyond the scope of measurement but one has to question whether the ‘falsifiability’ test has been met.  Equally admissible as evidence is that different forms of astrology are found pervasively throughout cultures on all continents, and that the moon’s cycles affect the tides as well as the synchronisation of spawning of corals (the only organisms visible from space) and the breeding and other behaviours of countless plants and animals.

The scientific approach is to ask testable research questions about these associations.  We tend to communicate in hedged, precautionary terms which reflect the probabilistic and context-dependent nature of what wee know.  But, sorry media men, we have no definitive answers just yet!
Public understanding of science
Early attempts, from about the 1980s, to begin to correct the disconnection between science and society were not entirely successful.  The general approach then taken is what today is known as the ‘deficit model’, under which scientists treated their non-scientific counterparts as empty vessels (i.e. in deficit) into which scientific wisdom was to be poured.
During the 1990s, it became increasingly clear that the real challenge was to create a more two-way flow significantly including scientists understanding the public and their own potential contribution to society.  Rather than continuing to communicate in jargon and difficult technical language, albeit that it does best encapsulate specific meanings that could easily be lost, the scientific community began to recognise that they were one player within the complexity of society.

This was not a seamless transition within science, and there are still many scientists who object to the ‘dumbing down’ of their topic of specialist interest.  Some, for example, still see society’s role as funding them to pursue their specialist interests on the assumption that research will automatically transfer to and benefit society.
Equally, the job of educating the public about reasonable expectations of science remains far from complete.

As long as these disconnections remain, the regrettable outcome is that the evidence, insight and processes of science will not be able optimally to inform society's desperate need to make progress towards sustainability.

The role of science in society
Today, we better recognise the diversity of types of knowledge held by different sectors of society.  These other forms of knowledge are often divided into quantifiable ‘explicit knowledge’ and less tangible ‘tacit knowledge’.  However, in reality, knowledge is far more multi-faceted, with each type valued to a greater or lesser degree between and within societies.  Scientists in particular can bring rigour to thinking to test hypotheses, assumptions and principles, but scientific knowledge has been merged with many other forms of knowledge to be useful and effective in society.
The role of science is no longer perceived as reigning wisdom down upon society.  Nor, contrary to the implicit expectations of some scientists, does society mystically change as a result of well-argued rhetoric alone.  Science instead can add rigour to the deduction of new knowledge as one of the elements that feeds into societies many decision-making processes.  Science also adds a form of quality control, and scientific methods can also be exploited to assure that basic facts and principles are not distorted in the decision-making process.  But, contrary to the continuing expectations of some elements of the media and perhaps a rather wider public, science does not produce ‘the answers’ which are instead generally political constructions, albeit ideally informed by the robust evidence that science can provide.

That science is merely a role player also acknowledges the conclusions of social science that people and communities do not change their patterns of thinking and acting merely on the basis of presentation of facts, but that behavioural change rests upon beliefs and value systems for which synthesis of different types of knowledge and experiential learning are both essential.

This is known by various names, one of which is the ‘civic science’ model in which scientific and other ‘expert’ views are linked with other forms of knowledge held by society to make better-informed decisions.  Anthony Turton elegantly sums this up as a ‘trialogue’ of science, governance and society.

We have seen glowing instances of this integration of scientific knowledge influencing society in practice, of which three examples will suffice:

· The Intergovernmental Panel on Climate Change (IPCC) has been uniquely successful not only in garnering consensus about the fact and mechanisms of the human contribution to climate change but also in its clear communication to policy-makers and the media;
· The Forest Stewardship Council (FSC) and Marine Stewardship Council (MSC) have used science as part of wider stakeholder-based approaches to assured sustainable sourcing and then to develop differentiated markets for forest-derived and fishery and aquaculture products; and

· The UN’s Millennium Ecosystem Assessment process harnessed and integrated scientific methods and data from across the world to communicate to politicians and the media the parlous state of global ecosystems and the consequences for the expectations of societies of all types in all countries.

Amongst the many challenges entailed in making science useful and effective to society, a number of principles have to be assured including:

· Ensuring that evidence is used in a balanced way.  Many examples demonstrate how policy-makers may expect science to provide evidence to support a desired policy direction.  This selection of ‘policy-based evidence’ may be effective in defending positions in non-critical audiences in the short term, but is ultimately unlikely to contribute to sustainable outcomes.  The scientific method demands instead that we appraise all evidence, including that which contradicts assumptions, testing the rigour of all these various strands of evidence, and synthesising them into a cogent scientific view.

· The appropriate use of statistics.  Another way in which science is often misrepresented is in the presentation of statistics.  We may, for example, here on the radio that there is a 10% rise (or fall) in crime figures and that this reflects rather badly (or well) on the government.  However, we need to be assured of the pedigree of evidence including that:
· data are collected in a consistent and representative manner;
· baselines for comparison are relevant;
· the reported rise (or fall) is significant relative to the year-on-year ‘noise’ in reported crime trends;
· any predictable seasonal, climatic or other impacts are considered;

· any countervailing evidence has been given equal weighting in the judgement;
· etc.

· Weight of evidence informs judgements.  On the one hand, we can not wait for absolute certainty until we act or make decisions relating to sustainability.  We do not have that luxury of time, nor may certainty be attainable anyhow.  Furthermore, we need to challenge and overcome the tendency for ‘balanced reporting’ in the media, where one view is ‘balanced’ by a contrary position, to wrongly convey the sense that there is not strong consensus and a consequent need to act with respect to important issues.  Whilst not wishing to silence dissenting voices, climate change is a classic example of where the overwhelming consensus of scientists across the world about the anthropogenic contribution to changing climate is misrepresented in the media by equal air time being given to representatives of the increasingly minuscule population of nay-sayers.  ‘Balance’ and public support for proportionate action are the net losers of this misrepresentation.

· Misrepresentation of scientific knowledge and misapplication of tools.  Although science is one player amongst many in society, and must learn that it does not control the way that scientific knowledge is used, it nevertheless has to maintain a ‘quality control’ role if scientific views or paradigms are not to be misinterpreted or distorted, leading to unsound thinking and unsustainable outcomes.  A ‘real life’ practical example here is a study purportedly based on the ‘ecosystems approach’, but hampered by a senior management figure deciding that they “…did not like the term ‘ecosystems services’”.  Project staff were told to change the term to ‘environmental services’, which became a major contributory factor to the muddying of understandings of the whole ecosystems approach (as outlined earlier in this document) and the mixing up of biodiversity, ecosystems functions and ecosystems services leading to largely meaningless conclusions.

· Support for systems of thinking.  The ecosystem services study noted above had also failed by taking a systems thinking framework (ecosystem services) but applying it instead in a fragmented, non-systemic way.  It had started by pre-selecting ‘services’ considered to be most important, disregarding the rest, which lost entirely the integrated, systemic nature of the ecosystems approach and any innovations and insights that might have flowed from it.  It is not just the knowledge itself, but also the frameworks for its application that may be useful to ground thinking but also help all stakeholders work together more insightfully.

The above examples are just a few amongst many of the ways in which science is best deployed as an active role-player within society-wide dialogue about issues of strategic concern.

The key issue here is that science has moved from the paradigm of (1) ‘telling’ or ‘teaching’ through (2) listening and responding and today has to realise how to act in an (3) interconnected society in which it has a role to play amongst many in supporting more sustainable decision-making and action.
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