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Introduction

Universal literacy has been an educational goal for many decades, so Australians now live in a society in which most people can read and write. There are still literacy problems associated with the disappearance of grammar from the formal curriculum. Many young people whose oral communication skills are acceptable have such a shaky grip on grammar that their writing barely meets minimum standards. While poor literacy was not an impediment to finding gainful employment fifty years ago, it is now a serious obstacle because technology has gradually removed many of the jobs that did not require any form of written communication. We are now in the last stage of the gradual transformation of human society, from the early days of literacy when a few savants who could read and write become the custodians of knowledge, through successive stages of expansion of educational opportunities which have widened the group of people who are functionally literate. Modern society assumes that we can all read and write; those who cannot use the local language fluently, such as recent migrants from other language backgrounds or those whose education was severely deficient, are at a huge disadvantage.   

I argued a decade ago that scientific and technological literacy were also required in a modern society, where our lives are affected so much by developments in science and technology [Lowe 1992]. The argument for environmental literacy is similar. The growth of the human population and the increasing power of our technology means that we are no longer just one of several million species inhabiting this planet. We are now an active agent of physical, chemical, biological and geological change. Our burning of fossil fuels has changed the capacity of the atmosphere to trap heat and so changed the climate [IPCC 2001]. The clearing of vegetation and the covering of huge areas with tar and concrete have changed the amount of the Sun’s heat absorbed by the Earth. The production of huge amounts of chemicals has changed the chemical balance of the air, the oceans and the soils; the report Global Environmental Outlook 2000 said that the human interference in the nitrogen cycle, mainly by taking the gas from the atmosphere to make fertilisers, will be seen in future to be as serious as our disturbance of the carbon cycle, which is changing the global climate [UNEP 1999]. The driving of some species to extinction, the release of exotic species and recently the production of new genetic identities have all changed the biological balance of natural systems. Finally, we have changed the course of rivers, built reservoirs and artificial harbours, influenced sand movement along coastlines and in other ways changed our geological surroundings. 

As the first Australian report on the state of the environment said, our serious environmental problems are the consequence of the scale and distribution of the human population, lifestyle choices, technologies used and the consequent demands on natural systems [SoEAC 1996]. In other words, everyone now makes decisions that have implications for the natural system – as a worker, as a consumer, as a parent or as a member of a community group. Our urban structures, our legal system, our economic development choices, our use of transport, our recreations and amusements, our diet and the way we live our daily lives all have significant impacts on the natural environment. The argument for universal environmental literacy is simply an argument that we should understand the effects of our choices, rather than continuing to do unnecessary damage through our ignorance. 

Issues of content

Recognising the importance of aiming at widespread or universal environmental literacy has implications for both the content and the process of education. In terms of content, we need to aim at an understanding of the underlying science of our interaction with natural systems, but that understanding needs to include the complexity of the questions and the consequent limitations on our knowledge. In other words, the limits of our present knowledge mean that scientific knowledge could be described as islands of understanding in oceans of ignorance. Science is, in the terms of that metaphor, always engaged in land reclamation, but there is no prospect of filling in the oceans of ignorance in our lifetime. Pursuing that metaphor one step further, an enduring problem is that islands of scientific understanding have been seen as separate entities which are not connected. So agronomists have expert knowledge of pastures, but may not understand the implications for surrounding bushland of changes to the pattern of land use on farms. Foresters have detailed knowledge of the managing of wooded land, but may not know about the effects on river systems of changes to the way we use our forests. Transport experts may be able to build roads or even design overall systems of urban transport, but may not understand the effects of the resulting travel on the social dynamics of the city, on local air quality or on the global climate. Recent international efforts have been aimed at developing what is being called sustainability science – a new style of scientific inquiry which explicitly recognises the complexity of natural systems and the resulting need for inter-disciplinary study to improve our understanding of those systems, as well as taking into account the complexity of human interaction with those systems [Kates et al 2001]. Thus, for example, the way farmers use the land is being affected by the changing global climate, but one of the factors changing the climate is the way farmers use their land, so our developing understanding of the problem needs to take into account the links in both directions between the local and the global. The key content of education for environmental literacy is probably what Barry Commoner called the Four Laws of Ecology: everything has to go somewhere, everything is connected to everything else, there is no such thing as a free lunch, and nature knows best. Most of our serious environmental problems arise directly from a failure to understand those basic ideas. While there is also value in making all Australians aware of, for example, our unique biological diversity, traditional education has often concentrated on the individual trees rather than the nature of the wood. The over-arching principles are much more important than the details of particular species or habitats.

Basic knowledge

That being said, we still urgently need a better understanding of the local biota. It has been estimated [SoEAC, 1996: 4-4] that we have only identified about ten to fifteen per cent of the million or so species found in Australia. Even at higher levels of organisation such as vascular plants and vertebrates, we are still encountering species that were previously unknown such as the Wollemi pine, a tree growing to 35 metres in height within 100 kilometres of Sydney [SoEAC 1996: ES-9]. As taxonomy is not seen either as an exciting area of science or as a high priority for research resources, the rate of progress is alarmingly slow. It is estimated that it will take hundreds of years to identify all the plant and animal species of the continent if we continue to proceed at current rates [SoEAC 1996: 4-4]. There is no prospect, even in principle, of understanding the impacts of our actions on those species we have not yet even identified.

While 85 to 90 per cent of the species living here are unknown, many of the others are not well understood; they have simply been identified and described in enough detail to allow recognition. Again, there is no realistic prospect of understanding all the impacts of our actions on the species whose characteristics and behaviour remain largely a mystery. Without an improved understanding of the basic building blocks of the natural systems of Australia, we cannot hope to interact sustainably with those systems.    

Understanding systems

We also urgently need a better understanding of complex systems. It is now clear that many of today’s environmental problems stem from past well-intentioned advice, whether to irrigate arable land or to clear vegetation or to introduce exotic species. While each research project extends our knowledge base or clarifies our understanding of some parts of the system, it also invariably raises new questions. Sometimes research or the emergence of new evidence casts doubt on what was previously regarded as solid knowledge, such as the value of irrigating the soils of arid regions, or the sustainability of logging old growth forests. Since it seems almost certain that advancing knowledge will reveal some current practices to be unsound, that advancement of knowledge should be a high priority. A small investment in R&D now may avoid irreparable damage later. 

There is a more fundamental limitation on our ability to know the impacts of our actions on natural systems. Most of our modelling assumes we are making small, reversible changes to systems that are in equilibrium. The caution expressed by the Inter-governmental Panel on Climate Change [IPCC, 1996} applies more generally to non-linear systems.

“Future climate changes may involve ‘surprises’.  In particular, these arise from the non-linear nature of the climate system.  When rapidly forced, non - linear systems are especially subject to unexpected behaviour.”   

This is an important warning. When we change the conditions applying to complex systems, we produce changes which will not be expected; some of these will be counter-intuitive. We can now see some of the consequences of past actions; in some cases, we wonder why those consequences were not anticipated. It does not require detailed understanding of river systems to see that removing 99 per cent of normal water flow will produce significant changes to the riverine ecosystem, nor does it take much understanding of biodiversity to see that clear felling of forests will put pressure on forest-dwelling species by destroying their habitat. 

One recent piece of research illustrates the complexity of the interactions between species in natural systems. A study of truffles, the fruiting bodies of fungi, in the eucalyptus forests of south-eastern New South Wales showed the crucial role of the long-footed potoroo in the health of the overall ecosystem. The potoroo unearths and eats the truffles, then excretes the spores of the fungus, thereby making it available to other trees. The fungus becomes attached to roots of trees in a mutually beneficial symbiotic arrangement. So we now know that even a forestry economist who was interested only in the production of saw-logs should recognise the value of the long-footed potoroo to the health of the growing timber. This relationship has only been understood in the last few years. There are undoubtedly many similar stories yet to be uncovered of the importance of apparently minor species to the health of ecological systems such as forests, grasslands or estuaries. What we now know, in general, is that the loss of any one species from a complex system will usually have flow-on consequences, and in some cases those effects will not have been predictable from our previous knowledge. So we need to invest more research effort into inter-disciplinary studies of complex systems, integrating the disparate relevant fields of knowledge. As a recent international workshop concluded, “we now urgently need a better general understanding of the complex dynamic interactions between society and nature. That will require major advances in our ability to assess such issues as the behaviour of complex self-organising systems, irreversible impacts of interacting stresses, various scales of organisation and social actors with different agenda.” [Friibergh Workshop, 2000] Since some complex environmental problems have different possible explanations, we need to ensure that the research support process does not preclude study of the alternatives. Thus it is a high priority if our policy framework is to information-rich for our research system to be explicitly and practically pluralistic.

Other knowings
We also need to develop a process that recognises and values indigenous ecological knowledge. Most decision-making implicitly assumes that Western scientific knowledge is inevitably superior to indigenous knowledge. Of course, there are many examples of scientific understanding underpinning modern use of natural resources, and there are many complex effects we now understand in ways that indigenous Australians did not. This should not blind us to acknowledging that indigenous people also have an understanding of remote parts of Australia that has allowed them to live and reproduce there, while non-indigenous people regularly perish in those places or require multi-million dollar rescue operations. In some national parks, indigenous understanding of natural systems is now used as part of the management process. This is a useful model for the future, valuing and incorporating relevant indigenous knowledge. Just as scientific knowledge embodies theories and models which are at least as important as facts, so indigenous knowledge incorporates metaphors and images which are also important. We need to acknowledge and respect those metaphors and images as well as the extensive factual knowledge about individual species or the location of water. This is an important dimension of the principle of inclusiveness, ensuring that the decision-making process recognises and values different knowings.  

Process questions

The need for environmental literacy makes obvious demands for changes to the process of education in general and science education in particular. I have argued that the traditional process of science education consists of “the revelation of  a fixed body of knowledge having almost Divine authority” [Lowe 1992; Lowe 1975]. This is not only alienating and so educationally questionable, but it also gives a totally misleading impression of the state of scientific knowledge, implying that it is a fixed body of eternal truths rather than work in progress.  Science is not a stable body of knowledge but the process of trying to understand the natural world and our impacts on it. Teaching science as a body of knowledge would be like teaching politics without considering either the struggle to develop our democratic system from the age of divine right of the monarchy or the continuing discussions about such issues as our voting systems, ministerial responsibility, the role of the head of state and so on. The standard approach to science is actually more misleading, because most people working in the political system accept it as it is; only a few reformers are actively working to change the voting systems we use or to sever our out-moded links to the British royal family. By contrast, no serious scientist accepts our current knowledge as the last word. Every working scientist is actively striving to improve our understanding of the world by collecting more data, by improving theoretical frameworks or by challenging existing ideas. So environmental science has to be taught as a process rather than a body of knowledge, with explicit recognition of the levels of uncertainty in our current understanding, in terms both of basic knowledge of the local environment and general understanding of complex natural systems. It also needs to recognise that applying our understanding of the natural world to real decisions is inevitably a complex process that has social, political and economic dimensions. Decisions about the natural resources and environment need to use a longer time frame than has been usual in recent thinking, need an appropriate structure that allows an integrated or holistic approach, and need to recognise the primacy of ecological considerations rather than seeing them as an optional extra.

We should base our choices on a much longer time horizon than is the norm in political discourse. We need to use time-scales of decades or centuries rather than weeks or months. The damage done to Australian natural systems by inappropriate practices has taken centuries to reach the point at which action is demanded, and will take decades or centuries to repair. This conclusion is not unique to Australia, but quite general [US National Research Council, 1999]. So the use of natural resources and the way we treat the environment need to be decoupled from the day-to-day adversary system of party politics, almost ensuring ad hoc decision-making, and put on a secure long-term footing. This argument suggests that decisions should rest on the secure foundation of scientific knowledge. While this approach has an obvious appeal, its usefulness is limited by two fundamental problems. First, technical understanding is rarely clear and unambiguous. Secondly, even when our understanding is definite, values will always have a role in determining the response.

While we should try to ensure that research is not consciously biased, there is no prospect of research being independent of theories or underlying values. Our mental models or prevailing theories determine which data we collect, how we assess the results, which research programmes we set up, which projects we fund and which researchers we see as credible. As Albury [1983] argues, the process of advancing knowledge is inevitably value-laden, as is its assessment. So there is always a social (and political) dimension to the decisions about which science is supported. Changes to the membership of research funding bodies can influence the balance of support between broad areas, while some Ministers have been known to put a personal stamp on research programmes. Deciding to ask a question does not guarantee that it will be answered, but we are less likely to find answers to questions we decline to ask. In an atmosphere of limited funding for research, a decision to fund one project always precludes the support of others. 

Even when there is agreement to study a particular problem, if it is a complex issue there can be alternative explanations. If the data do not allow the issue to be resolved, different scientists will legitimately come to different conclusions, as in the debate about the source of the phosphorus in inland streams [Wasson et al, 1996: 7-17]. The debate about whether there is a discernible human influence in the observed changes to the global climate is another example. While atmospheric scientists warned in 1985 that human actions seemed to be changing the climate [Pearman, 1988], it took another decade for the wider scientific community to accept that conclusion [IPCC, 1996] and there are still some scientists who do not accept the dominant view [Lindzen, 1996]. Again, values play a role in assessment of the data and the validity of models. Natural systems often do not allow controlled experiments, while the lack of baseline data and the long time-scales involved make it unlikely we will achieve the goal of certain technical knowledge. It is now nearly forty years since Weinberg [1962] warned that there is a class of problems which can be framed in scientific terms, which sound like scientific questions, but cannot be answered in terms which are acceptable to the scientific community. The two specific examples he gave were the operating safety of nuclear reactors and the biological effects of low doses of ionising radiation. Many ecological problems are equally intractable. In the absence of full scientific certainty, Weinberg warned, values inevitably play a role in assessing the data. We do not know whether there is a safe level of ionising radiation, below which there is no damage to humans. In the absence of certainty, most scientists who work in the nuclear industry believe there is a threshold level below which no damage is done, while most who work for environmental groups believe that the probability of damage remains a linear function of dose at very low levels. There is no prospect of resolving that disagreement by careful evaluation of epidemiological evidence or by controlled experiments.

While we need to recognise these fundamental limitations, we should also recognise that the level of understanding can be improved by developing better approaches. As the Friibergh Workshop  [2000] concluded:

“By structure and by content, sustainability science differs fundamentally from science as we know it. What were essentially sequential phases of scientific inquiry such as conceptualising the problem, collecting data, developing theories and applying the results become parallel functions of social learning, additionally incorporating the element of action. Familiar forms of developing and testing hypotheses run into difficulties because of non-linearity, complexity and long time lags between actions and their consequences. All these problems are complicated further by our inability to stand outside the nature-society system. We therefore need new methodologies such as the semi-quantitative modelling of qualitative data and case studies, and inverse approaches that work backwards from undesirable consequences to identify pathways to avoid those outcomes. Scientists and practitioners need to work together to produce trustworthy knowledge that combines scientific excellence with social relevance.” 

This is not a minor criticism, but a major challenge to the whole process of producing scientific knowledge. It argues that a radically different approach will be needed to develop the knowledge base we need if we are to interact sustainably with natural systems.       

Finally, even if the technical knowledge is clear and unambiguous, the response always involves some balance between ecological needs and desired outcomes in other areas: economic, social or political. It has been understood for decades that the diversion of water from the Snowy River has affected its ecological values. Restoring even a small fraction of the previous flow of the Snowy has economic, social and political implications, so the issue has been on the political agenda for years. Similar comments could be made about the extraction of water from the Murray-Darling river system, the use of the Great Artesian Basin, the stocking of some rangelands, clearing of vegetation from agricultural land and traditional irrigation practices, all issues of such complexity that they remain unresolved. Since differences about resource or environmental issues are usually based on differences in values, we need to recognise the role of values in the analysis of complex issues. Since there are legitimately (and inevitably) different acceptable values in a pluralistic democratic society, there will always be some degree of disagreement or conflict about environmental or resource issues. The process for resolving these disagreements needs to explicitly recognise and focus attention on the role of the underlying values. 

This is simply an extension of a general argument advanced by the Ranger inquiry over twenty years ago, that the role of experts should be to provide technical information that allows the general public (or their elected representatives) to make decisions based on that information [Fox et al, 1976]. The Resources Assessment Commission made a similar case in their report on the proposal to mine Coronation Hill [RAC, 1991]. The proposal was evaluated in economic terms, giving the range of estimates of the economic benefits to the mining company and to the broader community. It was evaluated in environmental terms, giving various assessments of the risk to the Kakadu wetlands of the proposed extraction process. It was also evaluated in social terms, assessing the possible costs and benefits for both the local indigenous people and the broader community. Striking the balance between these considerations, deciding whether the economic benefits were worth the environmental risks and the social effects, was (as the RAC said) inevitably a value judgement. There is no prospect even in principle of some sort of modernised felicific calculus which tells decision-makers the “right” choice to make. It is history that the Hawke government decided not to approve the project, but many people disagreed with that decision; indeed, there is evidence that many members of Hawke’s Cabinet did not agree with the Prime Minister, and the disagreement was one of the factors involved in Keating’s subsequent successful challenge to Hawke’s leadership [Kelly, 1992: 536-542]. So we must recognise that a secure technical understanding does not of itself ensure sound use of natural resources or environmental assets. In the final analysis, there will always be political factors influencing the way the technical understanding is used. So the development of environmental literacy has to include and appreciation of those political influences.

An important complication of decision-making is a recognition of redistributive effects. Change always has costs as well as benefits, losers as well as winners. These effects should be explicitly recognised by accepting that there is some responsibility for those who benefit from policy changes to compensate those who lose. In the example of noise imposed on Sydney residents by the new second runway, air travellers now pay a hypothecated levy on top of the air fare, and the proceeds of the levy are used to compensate the residents affected by the resulting noise. While that system of losers being compensated by beneficiaries was a hasty response to an urgent political problem for the government of the day, it has established an important precedent. There is an obvious dimension of social justice in the principle that those who benefit from public policy should compensate those who are disadvantaged by that policy. Historically, there has been a tendency for policy formulation to reflect and reinforce existing power relations. It is difficult to justify that within a limited time frame, but it is impossible to defend when the inequity is inter-generational [Flannery, 1994]. Many of the choices made about natural resources or the environment have effectively disadvantaged all future generations for the benefit of the present generation. This is the moral equivalent of stealing from our own children. In those terms, it is morally indefensible.

An extreme form of institutionalised inequity is the prevailing fashion of trusting market forces. Market demand represents the collective wishes of present-day consumers. As such, it is a reasonable basis for the allocation of essentially trivial items, such as beach-front land or tickets to major football matches. It is inappropriate when used as the basis for allocating educational opportunities or access to health care, because of the obvious equity considerations; those who are sufficiently wealthy will always get what they want, whereas those with more limited resources will have fewer choices. It becomes a fundamental issue when applied to choices in environmental management or use of natural resources. There are two important interest groups who cannot even in principle express their wishes in the present market: all other species and all future generations. So a proposal to leave these choices “to the market” is effectively a political proposition to put the wishes of the present generation of consumers above the needs of all other species and all future generations. Couched in those terms, it is morally indefensible. So a consideration of issues that are ostensibly environmental leads inevitably into a complex discussion of social, economic and moral issues. Any serious quest for the goal of environmental literacy needs to be based on this broader understanding.  

Educational implications 

The discussion of environmental literacy has obvious implications for education. It suggests that the content needs to be broader than an emphasis on “environmental science”, especially where that is interpreted narrowly as the body of knowledge about environmental systems. It has to include the social, economic and political dimensions of our interaction with natural systems. It must explicitly recognise that our engagement with natural systems is inevitably driven by social factors and steeped in the dominant values of the time. So it must be inter-disciplinary in nature and based on a recognition of the complexity and uncertainty of the real world.

That means we should abandon the Moses model of education, the delivery by elders of tablets of stone to be memorised. We would be much better served by a cooperative learning model in which teachers and students work together to understand complex problems for which there is no simple correct answer. In the real world, science is mixed up with economics and geography is merged into history, while maths is used to obtain partial solutions to messy problems rather than neat answers which are always whole numbers. A common reaction to this proposal is to suggest that it lowers standards of academic excellence, but there is no justification for this fear. Producing a credible solution for a complex problem is a much more demanding task than trotting out a well-rehearsed proof for an obscure theorem, listing the halogens by order of atomic weight or reciting the names of British monarchs. It requires real environmental literacy, including an appreciation of general principles, an awareness of the specific issues of the case being considered and a recognition of the limits of our current knowledge. Not only is such an approach a better preparation for the making of wise decisions about the environment, it is also a generally better preparation for the complex world in which we now live. The old content-based education was effectively a preparation for a world of stability, in which a fixed body of knowledge and a defined set of skills was an adequate preparation. In the modern world of rapid change, where much of the knowledge and many of the skills that people will need in their future life do not yet exist and so cannot be taught, the formal education must emphasise the processes which will prepare people for that world. An explicit commitment to environmental literacy will therefore lead to a better educational preparation for the complex, rapidly-changing world of the future.   
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