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        Introduction

        This course is an adapted extract from the Open University course Contemporary issues in science learning (SEH806)

        This course provides an account of the major developments in the planning and delivery of the school science curriculum in
          the UK in a succinct and approachable way. The course was written in 2003 and although there have been a number of developments
          in the teaching of school science since that time, in particular the introduction of new science courses at GCSE level and
          beyond, the thinking behind such innovations is outlined in what follows, as it describes the transition between traditional
          and new style curricula.
        

        This OpenLearn course provides a sample of postgraduate study in Science.
        

      

    

  
    
      
        Learning outcomes

        After studying this course, you should be able to:

        
          	demonstrate an understanding of problems associated with defining the Nature of Science

        

        
          	write in an informed way about the purposes of compulsory science education

        

        
          	be aware of the educational complications and implications associated with the phrase ‘the public understanding of science’

        

        
          	show an ability to comment critically on curriculum proposals that aim to promote science citizenship/scientific literacy

        

        
          	provide examples of how specific scientific understanding might be used by lay individuals in a practical context.

        

      

    

  
    
      
        1 Course overview

        In this course we'll be concerned with what type of science forms the basis of science education, and for what purpose. You'll explore these issues by reading the text that
          follows and by tackling the activities that are included; there are also a number of readings. In the latter part of this
          course (Sections 10–14) we'll consider some of the practical problems involved in delivering an effective curriculum in science
          and look at key questions relevant to all three educational tiers – primary, secondary and tertiary. Before that we need to
          think about what constitutes science, so this is our first port of call.
        

        My aim in the early sections of the course is to convince you that the simple issue of what type of science is taught and
          learnt is both engaging and problematic and to offer some pointers to the future. Thinking these issues through in a more
          critical and informed way will help us address some of the practical problems of delivering science which are highlighted
          in Sections 10–14 and raise questions about the feasibility of radical change in current educational practice.
        

      

    

  
    
      
        2 What is science?

        In all subjects – and science no less so than others – definitions are problematic. At one level, science is a body of knowledge
          about the natural world. But this begs the question: what is peculiar about scientific knowledge as opposed to, taking just one example, an explanation of the origin of the Universe rooted in folklore and superstition?
          Others might argue that the scientific approach is unique – that the processes involved in doing science are distinct. That might encompass thinking logically – though few would argue this is the sole
          prerogative of the scientist – and planning, performing and interpreting experiments and constructing theories. But theoretical
          physicists and evolutionary theorists seldom perform experiments – other than perhaps in their minds – but would no doubt
          be anxious to be thought of as no less scientific in their approach than their laboratory-based colleagues. Indeed the distinct
          disciplines of science encourage fundamentally different approaches and modes of thought. Even within a seemingly well-defined
          discipline – take biology for instance – different specialists go about their scientific business in fundamentally different
          ways, asking very different questions. Think of those who study animal behaviour, or the biochemical mechanisms of disease,
          or the problems of conserving rare species. Thus defining a specific set of methodologies peculiar to science, of universal
          relevance, would soon prove a hopeless exercise. As more and more scientific practices were squeezed into the definition to
          accommodate this rich diversity, criteria would soon become sufficiently generous to allow entry of many other types of knowledge,
          as practised by historians, geographers and artists alike. Such lines of thought bring us headlong into the vexed issue of
          defining ‘the nature of science’.
        

        
          
            Reading 1

          

          
            
              Now read the article ‘What is science?’ by Michael Reiss.

              Clickto open the article by Michael Reiss

              This article raises a number of issues that we'll explore in more detail in the remainder of the course, so it's an ideal
                preliminary exploration of key areas of concern. Take special note of the implications of Reiss' argument for science education.
                For example, does the formal teaching of science usually imply that the subject is ‘single, universal, acultural’, as Reiss
                claims? The following notes 1–9 highlight some important points from the article; each statement includes one or more questions
                to ponder.
              

              
                	
                  Scientists (and their achievements) are more varied and cosmopolitan than most popular images imply. Does this match with
                    your own experience?
                  

                

                	
                  The notion that science is all-powerful and reveals eternal truths, often from unambiguous experiments, is mistaken. Do you
                    agree with Reiss' argument?
                  

                

                	
                  Scientists' choice of what they work at can involve more than scientific criteria alone – wider values and political influences
                    play a part. In your view, does Reiss exaggerate the significance of non-scientific factors?
                  

                

                	
                  Objective observation is unrealisable; making sense depends on preconceptions and points-of-view. Do you believe (along with
                    Louis Leakey) that a mind ‘uncluttered and unbiased by theory’ could be an advantage in scientific study?
                  

                

                	
                  Do you agree with Donna Haraway's argument that ‘scientific practice is story telling and can reflect social agendas’? Do
                    you think that science is inevitably influenced by social factors?
                  

                

                	
                  Science is in reality a collection of ethnosciences, reflecting distinct differences in the way science is understood and
                    practised, both between individuals and cultures. But isn't science universal?
                  

                

                	
                  Science has to be reported via language and at one point Riess refers to the ‘language of corruption’. Is ‘corrupting’ the
                    right word? In what sense might the purest of scientific languages – that of mathematics – be said to be corrupting?
                  

                

                	
                  The notion of what science is changes over time and is often culturally influenced. Can science curricula reflect such pluralism?

                

                	
                  School science is unrepresentative of science as it is practiced. Biology is so distinct a science that it runs against what
                    is commonly regarded as the true science experience at school. Is this indeed the reason that students often find school science
                    unsatisfying?
                  

                

              

            

          

        

        Reiss' arguments suggest that defining the nature of science is deeply contentious and in doing so moves the debate on ‘what
          aspects of science should be taught?’ into deep philosophical waters. A critical reader of Reiss' paper commented admiringly
          on the paper as a whole but claimed that his ‘points are made forcefully with occasional exaggeration to underline a particular
          viewpoint’. Quite how far you think Riess' arguments are over-stated will reflect your own stance on debates at the core of
          the course – a stance I hope you'll increasingly refine as you move on.
        

      

    

  
    
      
        3 Problems of teaching the Nature of Science

        
          3.1 Introduction

          In reality, most mainstream science curricula relegate explicit teaching about the nature of science to the margins – a situation
            almost universally condemned by science educators. Donnelly (2001) describes recent history in one particular example of curriculum
            design, where Nature of Science (NoS) issues still remain a peripheral element within the National Curriculum for England
            and Wales. Donnelly describes the policy confusions that reflect tensions about some fundamental issues about science – for
            example, the notions of objectivity and rationality that are assumed to underpin science itself. One line of argument (reflecting
            the rationalist tradition) sees science understanding as something set apart from other types of knowledge about the world.
            By this logic, science is characterised by our impartial observation of a real and ultimately comprehensible world that we
            access through observation and measurement. Others emphasise that science is inevitably conditioned by social and cultures
            forces – the view forcibly articulated by Michael Reiss in the first reading. By this logic, the practice of science inevitably
            involves subjective interpretation and human judgement – of a type that is difficult to reflect in a prescriptive curriculum.
          

          Perhaps the nature of science can simply be defined as the operation of ‘the scientific method’; certainly such a view held
            sway amongst philosophers of science as recently as 50 years ago. More than likely, the definition of some form of ‘scientific
            method’ formed a part of your own education in science.
          

          
            
              Activity 1

            

            
              0 hours 15 minutes

              
                Write a couple of sentences that attempt to describe what the process of ‘doing science’ represents. Then think about what
                  types of scientific work might not fall within your description.
                

              

              View discussion - Activity 1

            

          

          Henry Bauer's influential 1992 book Scientific literacy and the myth of the scientific method was a provocative and ground-breaking attempt to offer a more realistic assessment of how science works. His arguments built
            on the seminal work of the philosopher Thomas Kuhn, who was similarly sceptical about the existence of a logical and impersonal
            ‘scientific method’. Incidentally, Kuhn was roundly condemned for such a belief by many scientists of his generation, who
            felt such heresy undermined the authority of scientific knowledge. In a similarly controversial way, Bauer argued that the
            classical, formal descriptions of how science is done paint an overly rigid and idealised picture.
          

          In educational contexts, experimentation has often been singled out as a key indicator of ‘doing science’, usually portrayed
            as an essential element of the making and testing of hypotheses. School laboratory work has the potential to practice just
            such competencies. What is built up is a perception of science as ‘systematic, controlled observation or experiment whose
            results lead to hypotheses, which are found valid or invalid through further work, leading to the theories that are reliable
            because they were arrived at with initial open-mindedness and continual scepticism’ (p. 19). Bauer argues persuasively that
            ‘historians (among others) have inescapably demonstrated that what actually happens in science cannot be described like that’.
            For example, he quotes a wide range of examples, across a number of disciplines, where particular theories have been believed,
            despite a mass of contrary evidence. The eminent physicist Sir Arthur Eddington commends such a practice when he advises ‘it
            is also a good rule not to put overmuch confidence in the observational results that are put forward until they are confirmed
            by theory’. Even in physics – the subject that has most strongly shaped classical ideas about ‘the scientific method’, the
            formal rules of scientific practice can be stretched. The notion that impartial observation always precedes theory-making
            is also fanciful. Effective observation in science requires a pre-existing theoretical frame of reference – an idea neatly
            summed up in the words of the eminent biologist Sir Peter Medawar, who said that what a person sees ‘conveys no information
            until he knows beforehand the kind of thing he is expecting to see’ (Medawar, 1967).
          

          A contemporary description of the key processes of science tends to express the nature of science more loosely. For example,
            Claxton (1997; p. 74) talks of science ‘loosely characterised by an interplay of observation and experimentation, deduction
            and intuition, governed by criteria of coherence, elegance and parsimony, which results in interesting speculation, productive
            explanation and/or successful prediction’. He goes on to talk of this ‘core cognitive cocktail’ being ‘mixed, consumed and
            judged within a context of personal, social, political and financial pressures which influence the process in a variety of
            ways’.
          

          It's clear then that establishing a neat, consensual understanding of the practices that underpin science is not easy. Perhaps
            eminent scholars of the history and philosophy of science could provide the lead. Alters (1997) surveyed the opinions of 210
            members of the US Philosophy of Science Association on the subject. Their replies brought out at least 11 different fundamental
            positions relating to the philosophy of science, leading Alters to confirm that ‘there is no one agreed-on philosophical position
            underpinning the existence of the nature of science in science education’. A UK study (Collins et al., 2001) found some measure
            of consensus when members of the ‘expert community’ (e.g. science teachers, scientists) were asked what ‘ideas-about-science’
            should be essential components of the curriculum for 5–16 year olds. In the later stages of the study, experts were asked
            to rate the degree of importance of 18 distinct ‘themes’ relating to the nature of science, a flavour of which is evident
            from just six examples:
          

          
            3.1.1 (A) Science and certainty

            Pupils should appreciate why much scientific knowledge, particularly that taught in school science, is well established and
              beyond reasonable doubt, and why other scientific knowledge is more open to legitimate doubt. It should also be explained
              that current scientific knowledge is the best that we have but may be subject to change in the future, given new evidence
              or new interpretation of old evidence.
            

          

          
            3.1.2 (B) Observation and measurement

            Pupils should be taught that observation and measurement are core activities of scientists; most measurements are subject
              to some uncertainty but there may be ways of increasing our confidence in a measurement.
            

          

          
            3.1.3 (C) Scientific methods and critical testing

            Pupils should be taught that science uses the experimental method to test ideas, and, in particular, about certain basic techniques
              such as the use of controls. It should be made clear that the outcome of a single experiment is rarely sufficient to establish
              a knowledge claim.
            

          

          
            3.1.4 (D) Cause and correlation

            Pupils should be taught to distinguish between two types of relationship in science – causal, where there is a known mechanism
              relating an effect to a cause; and correlational, where identified variables are associated statistically but for which there
              is no well-established causal link.
            

          

          
            3.1.5 (E) Historical development of scientific knowledge

            Pupils should be taught some of the historical background to the development of scientific knowledge.

          

          
            3.1.6 (F) Creativity

            Pupils should appreciate that science is an activity that involves creativity and imagination as much as many other human
              activities and that some scientific ideas are enormous intellectual achievements. Scientists, as much as any other profession,
              are passionate and they (and their work) rely on inspiration and imagination.
            

            
              
                Activity 2

              

              
                0 hours 15 minutes

                
                  Rank these six themes with respect to their degree of importance to those learning about science. The experts in this study
                    were asked to rate the merits of each theme in terms of why it should be explicitly taught within the curriculum. Do you suspect that your ranking will differ from that favoured by the science education ‘experts’
                    involved in the study?
                  

                

                View discussion - Activity 2

              

            

            Two further issues confound any quest to define ‘the scientific method’. First, how might one express within any such description
              the role of imagination and intuition in doing science – equivalent to an unspoken craft element within scientific practice?
              (It is striking that a high priority was attached by the experts to the explicit teaching of the loosely-defined process of
              creativity – this was ranked second of all 18 themes in the study just described.) Guy Claxton quotes from a survey of Nobel
              laureates in physics, chemistry and medicine; few of them doubted the importance of intuition in their research. One such
              laureate in medicine, Michael Brown, recalls:
            

            
              As we did our work, I think, we almost felt at times that there was a hand guiding us. Because we would go from one step to
                the next, and somehow we would know which was the right way to go. And I can't really tell how we knew that.
              

              (Claxton, 1997, p. 73)

            

            Secondly, as Robin Millar (2002) points out, it is far from self evident that a scientific approach is useful or appropriate
              in most decisions in the ‘real-world’. In Millar's words ‘not only can no one describe the scientific method in detail, but
              it is also far from clear that a scientific approach is useful or appropriate in most situations of practical decision-making.
              There is no universal algorithm for “finding out”, or even for “weighing up the pros and cons”’ (p. 124).
            

            All this indicates just how problematic teaching the ‘nature of science’ is likely to prove in practice. This is not an avenue
              we can explore in greater detail here but there's no shortage of publications showing just how elusive success in this area
              has proved to date, for reasons that are a mix of the philosophical and the pragmatic.
            

            If you are interested in taking this further, the references of Millar (2002) and Donnelly (2001) are useful starting points.

          

        

      

    

  
    
      
        4 Who is science education for?

        Our focus so far on defining the nature of science raises an equally problematic question – why teach the nature of science?
          That begs a yet more fundamental question about the purpose of science education overall, which is worth exploring in detail.
          The sociologist Harry Collins laments present practice:
        

        
          We teach science for the benefit of potential scientists rather than to enable the vast majority of those who will not become
            scientists to gain an understanding of the world we live in. This degree of specialisation means Britain gets its scientists
            to their PhDs by the age of 24 or so, much earlier than other Western countries, and produces some of the most creative specialists
            in the world, but only at enormous cost to the non-specialists and, hence, to the economy and the society as a whole.
          

          (Collins, 2000, p. 169)

        

        Collins' claims might be easier to refute if there were firm evidence of the effectiveness of current modes of science teaching.
          But the evidence suggests that at school level, most students acquire little understanding of science. For example, the Assessment
          of Performance Unit studies (reported in Gamble et al., 1985) revealed that only 35% of 15-year-olds in UK schools could apply
          scientific knowledge to solve simple problem situations. By the age of 16, very few young people appear to have a grasp of
          even the most basic scientific facts, principles, concepts and ideas (Millar, 2002). Guy Claxton talks of a
        

        
          … growing realisation that we do not have a problem with science education; we have a disaster. Reading the literature, talking
            to teachers and students, and sitting in lessons,… it becomes obvious that what was being offered missed the mark of what
            the majority of students needed and wanted to know, not just by a bit but by a mile.
          

          (Claxton, 1991, p. vii)

        

        Not surprisingly, there is evidence that many pupils are very uncertain of the significance of what they have learnt and attitudes
          to science are often at best ambivalent and at worst negative. The standard science curriculum is therefore seen as increasingly
          out of step with modern requirements. Nearly all traditional science curricula in current use seem more obviously geared to
          the needs of those relatively few pupils aiming for a future specialism in science. Indeed, such curricula were often devised
          under the guiding hand of university-level teachers of science, understandably keen to increase the assumed level of science
          knowledge of higher education intake. Moreover, many such curricula were developed at a time (for example, in the aftermath
          of the Second World War) when confidence in the social benefits of science was clear, where a steady supply of scientists
          was thought to be necessary to ensure future growth and prosperity and where interactions between science and society were
          less fraught than they are at present.
        

        What is generally reported is a widespread lack of interest and motivation in studying science, perhaps especially at secondary
          school level (for example, see House of Commons, 2002). Collins et al. (2001) argue that what is missing is an awareness of
          the potential that science has to ‘liberate from tradition and from the shackles of received knowledge’ (p. 171). In Collins’
          words, science has the potential to deliver ‘a combination of the excitement and thrill that comes from the ability to discover
          new knowledge, the freedom for individuals and societies to create their own knowledge…’. Indeed, the opportunity to ‘think
          and behave like a scientist’ lay behind a number of curriculum initiatives – notably the Nuffield course of the 1960s. But
          as Collins points out, there is an uncomfortable irony in the fact that science ‘must be taught as a tradition and as received
          knowledge’. Collins paints a picture of dogmatic and authoritarian schooling where students are obliged to accept and learn
          what they are told as ‘unequivocal, uncontested and unquestioned’. In addition,
        

        
          Science education in the classroom continually misleads our future citizens by making it seem as though an hour's work at
            the bench can accomplish a level of certainty that took half-a-century to achieve in real life.
          

          (Collins et al., 2001, p. 170)

        

        Keep in mind that Harry Collins is a sociologist, offering a critique of science from outside; for many professional scientists,
          his comments on science go against the grain. But an increasing number of science educators are now making much the same point,
          concerned that science education as currently practised does not do justice to the realities of modern-day science. Robin
          Millar, for example, argues that an effective school curriculum in science has to show:
        

        
          … that there are crucial differences between the sciences in the laboratory and in the real-world. In the laboratory, situations
            are simplified, so that one entity in the situation can be isolated from the interference of others, and hence understood.
            Real-world situations, however, are invariably messy and complex. So there is always some uncertainty about how (or indeed
            whether) the laboratory findings apply; and about what weighting to give to different pieces of evidence. And, in most cases
            of dispute, forms of knowledge other than scientific knowledge, and including values, are relevant to the decision-making
            process.
          

          (Millar, 2002, p. 125)

        

      

    

  
    
      
        5 Education for democracy?

        We are surrounded by, and interact increasingly with, scientific and technological products – for example, electronic miracles
          such as DVDs, mobile phones or microwave ovens; what is debatable is the extent to which we need to know anything of their
          workings to co-exist happily with them (see, for example, Chapman, 1991). Perhaps knowing something about the workings of
          mobile phones, for example, will help users assess the extent of any health risk they pose. Arguments for disseminating scientific
          understanding that emphasise the usefulness of science knowledge for coping with everyday life are termed utilitarian arguments,
          which I'll mention again in the context of the next reading, by Edgar Jenkins.
        

        Of greater importance in the present context are a variety of contentious socio-scientific issues that impact on society –
          ranging across atmospheric pollution, global warming, intensive forms of agriculture, mad cow disease (BSE), cloning and genetic
          engineering of plants and animals (see, for example, Thomas, 1997).
        

        
          
            Activity 3

          

          
            0 hours 15 minutes

            
              Think about the public controversies of the type just listed that have a scientific basis. What effect do you think such episodes
                are likely to have on the way members of the public perceive science and scientists? Do you think that a basic education in
                science (via the traditional curricula described) would equip lay members of the public to follow such controversies with
                ease?
              

            

            View discussion - Activity 3

          

        

        The resulting alienation felt by the UK public in such events led to a politically-inspired determination to encourage the
          participation of the public in discussion, debate and decision-making in science-related issues. If this hope was to be turned
          into reality it is sensible to argue that participation of this type requires a degree of understanding of science. Arguments
          of this type comprise the democratic argument for teaching science at school level (see Millar, 2002). The cultural arguments for science learning stem from the belief that science is a (perhaps even the) major achievement of Western culture. Just as school learning aims to lay the foundation for an appreciation of, say, music
          and literature, the crowning achievements of science need to feature in school curricula.
        

      

    

  
    
      
        6 The public understanding of science

        The phrase ‘the public understanding of science’ touches on many of the arguments highlighted up to now. In its simplest form,
          this is the level of scientific knowledge and understanding displayed by lay members of the public – those who are not scientifically
          trained. In the next reading, there is a mention of the survey methods that have been used to gauge the level of public understanding
          of science. Many of these are in the form of short exam-style knowledge questions – typical example might be ‘are antibiotics
          active against viruses?’ or ‘does the Sun go around the Earth or the Earth go around the Sun?’ The final scores could be used
          to express the level of scientific understanding in the population as a whole; nowadays ‘league tables’ of performance allow
          international comparisons (see Eurobarometer, 2003), just as they increasingly do in educational contexts. Some such questions
          are designed to assess the public's awareness of the processes of science – for example, recognising the importance of controls
          in the testing of new drugs or of the importance of verifying results by repetition.
        

        Using these demanding criteria, such surveys have produced measures of scientific literacy in the population at large that
          many see as ‘disappointingly’ low. For example, Jon Miller's pioneering work with US citizens (Miller, 1983) has suggested
          that as few as 10% of the population at large could be classified as ‘scientifically literate’. To some, the implication is
          that the extent of public participation in the type of decision-making we've talked of already can be no more than rudimentary.
          Others have been sufficiently alarmed to look for a radical change in science education such that the school curriculum provides
          a more appropriate and effective foundation for the public understanding of science. Some have argued – following the logic
          of critics such as Henry Bauer outlined in Section 3 – that the achievement of widespread scientific literacy is an impossible illusion. These lines of thought are pursued more
          thoroughly in the next reading.
        

        
          
            Reading 2

          

          
            
              Now study the article ‘School science, citizenship and the public understanding of science’ by Edgar Jenkins.

              Click to open the article by Edgar Jenkins

              A number of key issues spring from the article, and these are summarised in Questions 1–9 below. They are followed by my own
                answers in the form of brief notes that flesh out some of the details. Read the note that relates to a particular question
                before moving on; many such notes pick up on ideas we've explored in earlier sections:
              

              
                	
                  For what types of decision-making might scientific literacy be required?

                

                	
                  In contrast to surveys of the type already mentioned, what insights have qualitative investigations into the public understanding
                    of science provided?
                  

                

                	
                  Give some examples of ‘science for specific social purposes’ from your own experience.

                

                	
                  I've already mentioned the utilitarian argument for promoting scientific literacy. What arguments from Jenkins (a) strengthen
                    and (b) weaken the utilitarian argument?
                  

                

                	
                  Jenkins argues that ‘scientific knowledge is considered alongside [an] experiential and personal knowledge base’ and that
                    scientific knowledge relevant to an issue is ‘linked intimately with its social and institutional connections’. Provide examples
                    from the Jenkins article that illustrate such statements.
                  

                

                	
                  Recall what Jenkins says about whether students gain insight into how scientific investigations are conducted.

                

                	
                  If students are to engage more with science-related issues likely to be of interest and concern to them, what changes in school
                    curricula might be required?
                  

                

                	
                  Do Jenkins' comments about a greater variety in school curricula in different countries resonate with Michael Reiss' comments
                    on ethnoscience in the first reading?
                  

                

                	
                  When Jenkins talks of acknowledging the limitations of science, do you think such a move would do a disservice to science?

                

              

            

            View discussion - Reading 2

          

        

      

    

  
    
      
        7 A way ahead? – Beyond 2000

        
          7.1 Introduction

          I now want to take forward the notion of a science curriculum for public understanding, identifying problems and opportunities.
            Our guide in what follows is the Beyond 2000 document, which emerged from a working group led by UK-based science educators, working collaboratively with science teachers,
            education researchers, professional scientists within universities, industrialists and those involved in assessment and its
            administration. The aim was to define a framework for a new form of curriculum, geared toward the needs of citizens.
          

          For these enthusiasts, the compulsory science curriculum is to be seen primarily not as a preparation for more advanced study
            but as an end in itself, as a foundation for continued learning in science (i.e. life-long learning) and a preparation for
            life in a modern democracy. What they offer therefore is ‘essentially a course designed to promote “science literacy”’, for
            ‘intelligent consumers’ of science, and not for ‘embryonic producers’. They take the radical but well-argued position that
            the same curriculum cannot satisfy the conflicting requirements of scientists-in-waiting and those who study the subject with
            no intention of professional involvement. The former group they see as catered for moderately well by existing, traditional
            curricula; it is the needs of future lay populations that concern them. Of course, ‘the devil may be in the detail’ of any
            such radical proposal; vexed issues such as the age at which pupils choose one path or the other, and what criteria they (or
            others) may use at such a time remains unexplored. The report recognises that many such details and issues need to be resolved
            downstream, aiming to provide no more than the early framework for a broad-brush ‘new vision of an education in science’.
          

          Many of the aims of this radical new curriculum are expressed in the language (to borrow a phrase from the Jenkins article)
            of ‘citizen thinking’ – for example, to provide sufficient knowledge ‘to read simple newspaper articles about science, and
            to follow TV programmes on new advances in science with interest’. Two points strike me as of special interest:
          

          
            	
              The justification for seeking to improve levels of scientific literacy is essentially democratic and cultural. The authors
                consider the utilitarian arguments over-used, for reasons outlined in the Jenkins article. They contrast the simplified situations
                of the laboratory and the messiness of complex and untidy situations in the real world. They point out just how little we
                need to understand of the complex electronic machinery that surrounds us. In earlier times, fitting a plug to an electrical
                appliance was regarded as a key skill. Nowadays, appliances are supplied pre-wired and moulded. This may seem a trivial example
                and certainly doesn't undermine the broader argument that some school science subjects have great utility – those relating
                to health for example. But the more considered assessment of the virtues of studying science in Beyond 2000 is welcome; as the Jenkins article points out, historically, the benefits of studying science have been overplayed (see,
                for example, Chapman, 1991).
              

            

            	
              Beyond 2000 envisages a curriculum delivered as a succession of narratives (or explanatory stories), that reflect major ideas about the
                material world and how it behaves. Examples would include the particle model of matter, the germ theory of infectious disease,
                the gene model of inheritance, the heliocentric model of the Solar System, and so on. The suggested form in which these would
                be offered is especially intriguing:
              

            

          

          
            Our proposal is that science education should make much greater use of one of the world's most powerful and pervasive ways
              of communicating ideas – the narrative form – by recognising that its central aim is to present a series of ‘explanatory stories’.
              By this we mean that science has an account to offer in response to such questions as ‘how do we catch diseases?’, ‘how old
              is the Earth and how did it come to be?’, ‘how come there is such inordinate variety of living things here on Earth?’. It
              is these accounts (‘explanatory stories’) and their broad features which interest and engage pupils and, therefore, it is
              these accounts that any science curriculum needs to keep firmly in its sights and as its curriculum aims.
            

            (Beyond 2000, Section 5.2.1)

          

          
            
              Activity 4

            

            
              0 hours 10 minutes

              
                The use of the word ‘stories’ in Beyond 2000 is critical. What does the word conjure up in your mind and would you advocate the ‘up-front’ use of the term in an educational
                  context?
                

              

              View discussion - Activity 4

            

          

          But for the authors of Beyond 2000, their narratives are very far from ‘mere fictions’. Rather their advocacy of the term reflects their belief in the presumed
            potency of the narrative in the communication of ideas, in a form that aims to make them more ‘coherent, memorable and meaningful’.
            Here the word ‘story’ has a meaning allied to use of the terms ‘mental model’ or ‘theory’ or ‘explanation’ – terms that have
            a more reassuring ring. For example, asking ‘how do we catch diseases?’ elicits a description of the germ theory of disease;
            explaining the variety of life on Earth prompts description of Darwin's theory of natural selection. An explanatory story
            that invites pupils to ‘peek inside’ matter outlines the particle model of chemical reactions, emphasising the basics of atomic
            and molecular structure.
          

          Beyond 2000 recognises that in order to use science to illuminate everyday decisions and media reports, an understanding of the processes
            of scientific enquiry is important – what are called ‘ideas about science’. Examples would include the difficulty of obtaining
            reliable data, the use of controls in experiments, or of recognising ways in which a causal relationship differs from correlation.
            Also included would be the processes of scrutiny and verification of scientific ideas – how knowledge claims are put forward
            and evaluated. Perhaps a discussion of peer-review would be part of such a curriculum, in view of its significance in authenticating
            scientific understanding.
          

          Case studies of historical and contemporary issues involving science are also mentioned in the context of ideas-about-science,
            which would enable students to appreciate ‘the complexities of applying scientific knowledge in real-world situations’. Edgar
            Jenkins in his reading touched on a couple of contemporary controversies of the type that might be suitable contexts. Refer
            back to p. 15 of the Jenkins reading to refresh your memory of the effect of the Chernobyl explosion on sheep farmers in the
            northwest of England.
          

          This episode is no doubt the type of science-based issue that a ‘science literacy’ curriculum aims to illuminate. It's one
            of 31 studies looked at by Jim Ryder (2001) comprising different case studies of ‘settings where individuals not professionally
            associated with science deal with issues that have a scientific aspect’. Others featured in Ryder's list are mentioned in
            the Jenkins reading, notably the study of workers in a computer company and elderly people's views of domestic energy. The
            Chernobyl episode is of course no longer a contemporary issue, but it does have links with present-day concerns such as radiation
            leaks and safety hazards of nuclear power stations. More fundamentally, the types of understanding about science needed to
            make some sense of this episode are likely to have a resonance with other present day socio-scientific controversies, such
            as the more recent public debate (June 2003) about the safety of GM crops.
          

          So, the key issue of importance here is what aspects of scientific literacy might be required for successful engagement in
            such episodes, either as a direct participant (for example as an affected farmer) or, as a follower of such cases described
            in the media. Let's now use the Chernobyl episode as an illustration; this might provide a better sense of the feasibility
            of all-encompassing scientific literacy that a Beyond 2000-type curriculum would be expected to deliver. Using Ryder's analysis, I'll focus here on just the ‘ideas about-science’ at
            issue and put subject matter knowledge (e.g. knowledge of the nature of radioactivity) to one side. Relevant aspects include
            the following.
          

        

        
          7.2 Assessing the quality of data

          Ryder points out that Cumbrian sheep farmers were required to have their sheep periodically checked by on-the-spot measurement
            for radioactive contamination. Here's one farmer's response to the experience of such monitoring:
          

          
            We monitored quite a lot and about 13 or 14 of them failed. And he [the monitor] said, ‘now we'll do them again’ – and we
              got the failures down to three! It makes you wonder a bit … it made a difference … when you do a job like that you've to hold
              it [the radioactivity counter] in its backside, and the sheep do jump around a bit.
            

            (Wynne, 1996, p. 33)

          

          In Brian Wynne's view, this type of direct experience of experimental variability conflicted with the certainty of many scientific
            pronouncements being made to farmers in the aftermath of the Chernobyl episode. Millar and Wynne (1988) highlight a number
            of other aspects relevant to obtaining and evaluating evidence that were evident during the Chernobyl episode. For example,
            a number of national contour maps were published in newspapers, showing levels of caesium contamination, as measured from
            vegetation. Such data were obtained from a modest number of sites and the final mapping depending on extensive interpolation
            and best-estimate guesswork. But the final plotted contour lines imply a level of precision and comprehensiveness about the
            data that is not supported by the meagreness of the data set. As Millar and Wynne point out ‘the overall effect is to develop
            an already widely-held lay impression that science is necessarily accurate, universal in scope, and capable of precise numerical
            prediction’. Knowing just how much reliance could be placed on particular data sets may be a case-specific judgement; teaching
            such a skill for ready transfer from one context to the other would no doubt be problematic. (I'll come back to the issue
            of transferability of skills in Section 13, in a somewhat different context.)
          

        

        
          7.3 Multiple interpretations in science

          Talking of media reports of the Chernobyl episode, Millar and Wynne point out that:

          
            [disagreements between scientists] become difficult to interpret, other than in terms of bias or incompetence. Divergences
              between the data and interpretations of pressure groups … and the official sources are attributed to the former [bias]; those
              between different official agencies … to the latter [incompetence]. Only in a handful of the more reflective [newspaper] articles
              … is there any suggestion that such conflicts are a product of an inherently messy and inexact measuring process, and the
              sort of data that were wanted are, in principle, unobtainable.
            

            (Millar and Wynne, 1988)

          

          Thus one more requirement is added to what a curriculum for science literacy needs to deliver – a recognition that science
            professionals in disagreement about the interpretation of data can be a legitimate feature of science.
          

          The Chernobyl episode in the media also raised queries about the degree of risk involved via radioactive contamination. Here
            too there were problems of representation, both in scientific and political contexts. Predictions about the degree of risk
            changed in the aftermath of the event, as shifts in the prevailing winds brought more of the radioactivity from the explosion
            closer to the UK; naturally enough, this triggered media consternation, with accusations of political complacency. Estimating
            the level of risk faced by UK citizens proved problematic; estimates offered by the National Radiological Protection Board
            (NRPB) were of a ‘few tens of deaths over the next 50 years’. The sparse data to hand and uncertainty about the links between
            level of exposure and the likelihood of developing cancer meant that figures were ‘best guesses’. But when such a phrase was
            used in public, there were concerns that approximations of this sort were unacceptably loose. Indeed, some politicians felt
            that such imprecise pronouncements were unhelpful and ‘unscientific’. The fact that extrapolation from meagre data and informed
            guesswork is typical of much of this type of data of public relevance was not highlighted in the media, but rather the NRPB's
            competence and motives were questioned. It is clear then that making sense of such an episode, in terms of the reliability
            of the data, was far from straightforward and the difficulty of producing authoritative data in such circumstances was largely
            unrecognised and unreported.
          

        

        
          7.4 Modelling in science

          When scientists use models there is an unspoken assumption that the model can be applied within a limited range of contexts.
            Although enormously powerful, models are rarely directly applicable to everyday circumstances. With the Cumbrian sheep farmers,
            government scientists took the view that the levels of caesium (emanating from the Chernobyl explosion) in Lakeland grassland
            would soon diminish, such that levels of contaminating radioactivity in sheep would soon diminish. This was a prediction based
            on the assumption that the behaviour of caesium in the dominantly acid peat soil of Cumbria would be similar to its behaviour
            in the better-known circumstance of alkaline clay soils. But eventually (in fact, after two years of confusion) it became
            clear that whilst caesium compounds become immobilised in alkali clay soils, they do not become fixed in acid soils. Rather,
            the element becomes taken up by plant roots and as a consequence enters the food chain, passing through the sheep before being
            re-deposited on the grass and hence becoming available for recycling.
          

          This meant that the unqualified reassurances initially given to farmers by government scientists of an early end to their
            problems proved groundless because of the frailties of predictive modelling. The result was that the scientists lost credibility
            in the eyes of the farmers; their ‘experiential and personal knowledge base’, as referred to in the Jenkins reading, ran counter
            to unqualified scientific pronouncements. Scientists had clearly placed excessive confidence in the predictive value of their
            models. If the farmers had had a greater awareness of the key role that assumptions play when theoretical models are applied
            in uncertain contexts, they might have been more inclined to challenge the assertion that scientists were making, perhaps
            by asking uncomfortable questions. The ability to ask such questions ‘requires an awareness of the nature of modelling in
            the sciences rather than an understanding of caesium chemistry’. Teaching the value and limitations of models in science inevitably
            represents a formidable challenge, given the subtleties of model use.
          

          
            
              Activity 5

            

            
              0 hours 20 minutes

              
                Think of more recent public controversies involving science that have attracted media attention. Do such controversies fall
                  into different categories? For one or two of your examples, list a range of ‘ideas-about-science’ that would be required by
                  a lay observer to get to grips with the episode.
                

              

              View discussion - Activity 5

            

          

          Jim Ryder's comprehensive analysis of 31 cases of science ‘put to use’ has allowed him to identify different types of science
            knowledge needed by individuals in order to function effectively in particular settings. This view of ‘functional scientific
            literacy’ fleshes out some of the ‘ideas-about-science’ described in less concrete terms in Beyond 2000. Ryder's list is long and detailed and groups the main areas of science understanding into six areas, including ‘Interpreting
            data’, ‘Uncertainty in science’ and ‘Science communication in the public domain’. As an illustration, the bulleted list that
            follows gives the five distinct points related to modelling that Ryder identifies. Necessary though the generalised statements
            of the type in the list are, no doubt they disguise the huge variation that exists in the specifics of model use in science.
            The simplified soil model at the core of Chernobyl example would differ fundamentally from the type of modelling used in weather
            forecasting, for example, where contingency (i.e. chance effects) exerts a strong but unpredictable effect. And what about
            models of global warming, where both the models themselves and the variables that are fed into them are subject to massive
            uncertainty? Thus (to take just one example) the predictive power of models varies enormously – all the more difficult then
            to square such complex simplifications of reality with the other familiar classroom uses of the term – for example with ‘models’
            of the human torso in the biology classroom, valuable precisely because of their closeness to anatomical reality.
          

          
            7.4.1 Uses of models not made explicit

            
              	
                recognise that many scientific findings follow from the use of theoretical models in addition to consideration of empirical
                  data;
                

              

              	
                be aware that numerical values provided by scientists may be derived directly from data, or from the application of theoretical
                  models to a data set.
                

              

            

          

          
            7.4.2 Assumptions within models

            
              	
                recognise that theoretical models carry in-built assumptions that limit the contexts to which the theoretical models can be
                  applied;
                

              

              	
                recognise that the application of theoretical models to a particular context often involves approximations concerning the
                  phenomenon under study.
                

              

            

          

          
            7.4.3 Modelling errors

            
              	
                be aware that it is often possible to provide an estimate of error for numerical values derived from the application of theoretical
                  models to a data set.
                

              

            

            For me, thinking about the use of models convinces me of some of the benefits of ‘problematising’ science – as we've been
              doing in the commentary so far. Indeed, my feeling is that using models reflects something more general about how scientific
              understanding is built up. By this I mean that models simplify reality, apply to a limited set of conditions, draw on limited
              data and ‘best guess’ assumptions have to be built into the model – and that such approximations to reality become the foundation
              for predictions that might emerge from the model. More generally, scientific understanding maps onto reality in much the same
              informative but approximate way. Notions such as ‘proof’ and ‘truth’ take on a different complexion in such a light. But for
              teacher and student alike, a significant intellectual task faces them – as a balance is struck between conflicting forces.
              One such domain stresses the provisional nature of scientific understanding – such that simply ‘collecting more data’ may
              not always answer all the questions, given the assumptions that underpin the process of data collection. Opposed to this is
              the operational certainty of science – apples do fall from trees to the ground – and the powerful predictive capacity that
              scientific knowledge so frequently demonstrates. My point is that gaining an understanding of the nature of science that is
              insightful and yet makes good pragmatic sense is no small intellectual undertaking. And in the context of school science,
              how worried ought we to feel about the implication of the anonymous aphorism that ‘[such] philosophy is only for the older,
              prepared mind’.
            

            What is striking from Ryder's analysis is the number and range of the overall requirements – 39 bulleted points in all for
              the six areas identified, representing a sizeable range of discrete skills. Of particular interest is Ryder's conclusion that
              the amount of formal scientific knowledge necessary to make better sense of all such circumstance was limited – individuals are able to access information relatively
              easily, presumably making only limited use of knowledge from school science education.
            

            A good many such ‘ideas-about-science’ go beyond the boundaries of what is conventionally thought of as school science. For
              example, exploring ‘how knowledge claims in science are developed and justified’ embraces philosophical concerns and in particular,
              the epistemology of science – in other words, the study of the nature and origin of scientific knowledge and its limits and
              validity. What is critical here is an understanding of the nature of scientific evidence, the importance of ‘creative conjecture’,
              the way scientific evidence is formulated and the provisional status of all scientific knowledge. The sociology of science
              is another important element in making sense of contemporary science. There are interactions within the scientific community
              – collaboration and competitiveness and the operation of the peer-review system. How scientists frame research questions,
              seek funding and achieve reward – what could be termed ‘external sociology’ – is also important. Similar logic implies that
              an awareness of how science is presented in the media is also relevant, especially if the aim is to make better sense of science
              controversies in the media. Such an ability depends in no small part on factors such as:
            

            
              	
                how science information is represented in different media (newsprint, TV, the internet);

              

              	
                what criteria prompt journalists to highlight a particular story and neglect others (so-called news values);

              

              	
                journalistic conventions, especially the use of language; and

              

              	
                how different media portray uncertainty and risk, where, for example, the subjective elements of reporting have a greater
                  prominence and reader appeal than objective risk assessment.
                

              

            

            
              
                Activity 6

              

              
                0 hours 10 minutes

                
                  This section has built up a list of ‘requirements for literacy’. What are your feelings about these specifications highlighted
                    so far? Do they represent the type of science learning that you would have liked to have experienced?
                  

                

                View discussion - Activity 6

              

            

            Indeed, delivering functional scientific literacy represents a formidable pedagogical challenge. Collins’ critical appraisal
              of Beyond 2000 takes the view that ‘many of the topics that the proposed syllabus proposes to cover are so difficult and subtle that they
              are hard to teach at undergraduate level’. A lot of consideration has to be given to what is possible at different ages. And
              the list of required science we've chosen to highlight here reflects only the needs of ‘ideas-about-science’ – how the curriculum
              might be shaped by the demands of the ‘narrative stories’ referred to earlier is left unresolved. Neither is it possible as
              yet to define what curriculum needs may derive from addressing the cultural dimensions of science.
            

            And what perception of science as a whole would students have from a curriculum that focused more on problematic, socio-scientific
              issues? As we discussed in Activity 3 in Section 5, amongst adults, recent controversies seem to have contributed to greater disillusionment with science and scientists
              (see Thomas, 2000). To what extent would participation of lay adults in public debate and policy-making be supported by a
              curriculum envisaged in Beyond 2000? Is the process of engagement in public debate a skill that needs to be taught, in order to allow individuals to exercise
              the democratic competence that they will have struggled so hard to achieve?
            

            What is certain though is that any such new curriculum would require a significant loss of more traditional curriculum content.
              Millar (2002) identifies a number of traditional topics that don't feature in the essential ‘explanatory stories’ that Beyond 2000 identifies, including the Newtonian model of motion and ‘a lot of detailed chemistry, waves and the understanding of electric
              circuits’. Perhaps it is the prospect of loss on this scale that accounts for resistance to changes of this type, which forms
              the focus of our next reading.
            

          

        

      

    

  
    
      
        8 What are the chances that scientific literacy will prevail?

        So far, we've looked at some intellectual and pedagogic challenges about delivering a syllabus driven by the demands of scientific
          literacy. We've acknowledged benefits, but also touched on concerns about over-ambition, perhaps especially with regard to
          those other areas of knowledge besides science that have to be taken on board. The real and imagined barriers to using school
          science to promote scientific literacy are the focus of the next reading.
        

        
          
            Reading 3

          

          
            
              Now study the article ‘School science and its problems with scientific literacy’ by Peter Fensham.

              Clickto open the article by Peter Fensham

              Peter Fensham writes about these issues in a global context, though much of what is said concentrates on his native Australia.
                It is evident from what he writes that the thinking behind Beyond 2000 had its origins in earlier curriculum initiatives, in many different countries and contexts. An overriding theme in the article
                is the importance of the standard (or legacy) science curriculum for ‘induction into the scientific disciplines’. You'll know
                this already from what's been said here, and in the Jenkins article. The STS programme on p. 30 was also mentioned in the
                Jenkins article (p. 19).
              

              What is striking too is the level and nature of opposition to such changes in Australia from leading academic scientists and
                professional societies. Of particular interest is the position of academic scientists from the university sector, who feel
                that the principle of a thorough grounding in science prior to university entrance would be compromised. Fensham has some
                pointed things to say about university physicists, in the context of the present and seemingly universal phenomenon of a shortage
                of physics students. Fensham points out the strong contrast between the insiders’ knowledge of the realities of scientific
                work and their preparedness to see these qualities formally recognised.
              

              Fensham claims that the conservatism and apprehension shown by academic scientists is shared by teachers of school science;
                this is a point I want to pick up briefly in the next section.
              

              Note too, Fensham's claims about the dubious influence of educational research relating to pupil's naïve beliefs about scientific
                concepts. ‘These findings together provide a very solid research base for the renewal and resurrection of the legacy curriculum
                and the induction conception of school science’. This is an intriguingly heretical claim, suggesting that a self-interested
                need for the continuity of academic research is a strong impediment to change, running counter to the vociferous demands for
                change from other sectors of that same educational research community.
              

            

          

        

        Fensham ends his article on a moderately optimistic note, though he strongly believes that support from academic scientists
          will be critical for future progress, beyond the encouraging start made by countries such as Thailand, Israel and the Netherlands.
          In the UK, reactions to the idea at the root of Beyond 2000 have been (to quote the authors) ‘generally positive’. But reactions from professional scientists teaching and researching
          at university level are especially important. It's likely that the views of Joe Vinen, a physicist from the University of
          Birmingham, are representative of the beliefs of many from that sector (Vinen, 2000). He describes the approach in Beyond 2000 as ‘innovative and stimulating’ but he questions (as does Collins) whether the proposals are realistic, unless; ‘the approach
          is so superficial as to be inconsistent with the stated aim of giving young people a real understanding of science and its
          methods’ (p. 175). A major concern is what he sees as the absence of practical skills, which prompts him to ask ‘can young
          people acquire scientific appreciation without actually doing any science?’. His concerns centre on the lack of reference
          to students’ experimental projects. He argues that science should pay more regard for the utility of the subject, stating
          that knowledge of aspects such as electric circuitry is still a useful adult skill. Vinen also draws attention to ‘the diminishment
          of curiosity and declining quality of preparation in schools’:
        

        
          Curiosity is at the heart of science. It must be true that curiosity is blunted by the appearance of highly complex technology,
            but a lack of interest in the principles of operation of a TV receiver, or a microwave oven, or a ship's radar system, or
            an MRI scanner, is surely in need of urgent attention by school teachers and curriculum planners.
          

        

        There is a discernible lack of enthusiasm for a reduction in the factual content of the school curriculum. Asking ‘can we
          afford to dismiss the scientific knowledge base so easily’? Vinen continues:
        

        
          It is interesting that a reduction in factual content has been in the minds of university physicists for the past 10 years
            as they have tried to introduce reform into learning and teaching in their degree courses. Too often university students know
            a lot of facts, but lack understanding. Efforts to remedy this situation have not been very successful.
          

        

        The types of reservation that Fensham reports in his article are also apparent in Vinen's comments on Beyond 2000:
        

        
          The Report notes that only a small minority of students who study science up to 16 will become professional scientists, and
            that this group must not be allowed to have undue influence on the curriculum. This argument has some validity, but it ought
            to be treated with caution, for three reasons. First, school science can be the first stage in the training of not only the
            ‘science specialist’ but also the professional engineer. Secondly, there is a shortage of students, especially good students,
            wishing to be professional scientists or engineers; surely the schools must accept some responsibility for this situation.
            Thirdly, so many areas of employment now call for a significant knowledge and understanding of science that the distinction
            between professional scientists and others may, especially in the future, become less and less clear… Many careers, for example
            in the financial services, now call for the skills required to carry out mathematical modelling and to think logically and
            quantitatively, skills that are often seen as based most satisfactorily on a rigorous and professional training. The truth
            is that some degree of professional science training is now relevant to such a wide range of careers that one may start to
            question the assertion that such training need be provided for only a small minority of the population.
          

          (Vinen, 2000)

        

        This is not the occasion to deliberate on the merits of Vinen's view, but you can appreciate that this is an area of rich
          debate. Is it indeed the case, as Vinen claims, that there is a shortfall of professional scientists? Just how central to
          an education in science is practical work? I'll come back to some such questions later in the course but in the section that
          follows I want to mention briefly initiatives that are currently underway in the UK that aim to test out the effectiveness
          of the approach advocated in Beyond 2000.
        

      

    

  
    
      
        9 Evidence of progress?

        The new one-year science course for 16–18 year olds Science for Public Understanding, (SPU) has recently been developed and trialled in the UK. It embodies much of the thinking behind Science 2000. Central to the course is the notion that students would use interesting and engaging topics and issues in science, many
          with a contemporary feel, to develop ‘key science ideas and ideas-about-science’. As with all syllabuses of this (AS) type,
          SPU is split into modules. The first (Issues in Life Sciences) includes topics such as ‘understanding health and disease’ and ‘understanding genetics’. The Issues in the Physical Sciences module includes topics such as ‘understanding the effects of radiation’. A specially written textbook for student use, entitled
          AS Science for Public Understanding, gives a clear indication of the type of issues and topics that are at the fore of the course.
        

        An evaluation of the delivery of the course in its initial presentation in 2000 (after two years of preliminary trials of
          the materials) provides a useful insight into the benefits and problems associated with this novel type of curriculum (see
          Millar, 2000, and Osborne, Duschl and Fairbrother, 2002). Feedback on the course was sought from students and teachers, using
          evidence from questionnaires, interviews and examination answers. The main areas of interest were how the teachers involved
          had implemented this new curriculum, how students had responded to the experience and what they had learnt. The course appeared
          to succeed in terms of engaging student (and teacher) interest, on a scale not commonly encountered in more conventional courses.
          Further, the course encouraged students to ‘take an informed interest in media reports about issues and events involving science
          and technology’. But a significant concern was that the absence of practical work meant that there were relatively few opportunities
          to interpret and evaluate empirical data, which the evaluators judge to be an important element of any course in science.
        

        Especially noticeable were the demands the course made on the teachers’ pedagogic skills, for example in setting up and running
          effective discussions that encouraged students to think critically about socio-scientific issues. For example, developing
          a coherent and personal argument, by drawing in appropriate evidence, was thought to be a skill that needed to be expertly
          and explicitly taught. The major finding of the evaluators was that the absence of the distinct pedagogic skills required
          from teachers for this kind of course was limiting the achievement of the major aims of the initiative. In their words ‘changing
          the cultures that form and mould teachers is, unfortunately, a much harder task than simply changing the curriculum’. Much
          the same conclusion emanated from a meeting of science educators in December 2001, looking at ways in which controversies
          in biological sciences could be introduced into the school curriculum (see Turney, 2002). What is clear is that a move to
          science teaching in these new styles will require a lot of support and professional training for teachers, plus a good deal
          of cross-curricular work in schools. At present, the Wellcome Trust in the UK is establishing a national network of Science
          Learning Centres – ‘centres of excellence for science teaching’ that have the aim of improving and updating science teaching
          and supporting the teaching of science topics of social importance.
        

        At the same time, a new GCSE course 21st Century Science is soon to undergo trialling in 50 schools in England and Wales. The debt it owes to Beyond 2000 is very clear. Interestingly enough, the earlier emphasis on ‘narrative stories’ has been superseded by more conventionally
          defined ‘science explanations’. But the topics themselves (e.g. the germ theory of disease, radioactivity, etc.) are unchanged
          and the spirit of Beyond 2000 lives on in all other significant respects. The ambitious aim of 21st Century Science is to develop the scientific literacy that students will ‘need to play a full part in a modern democratic society where science
          and technology play a key role in shaping our lives – as active and informed citizens’. Its successful adoption would be a
          significant move forward for the ideas embodied in Beyond 2000, within the compulsory stage of science education that (as the next section makes clear) is for the great majority of pupils
          the most significant experience of science learning.
        

        These are genuinely exciting initiatives and may transform the nature of school science teaching in England and Wales at (by
          educational standards) breakneck speed. But how and why we might move to this futuristic model depends much on present-day
          realities; there are also broader educational aspects to consider too. So far, my arguments have stemmed from the particular
          and rather focused debate relating to the secondary school curriculum. Now I want to step back and think more broadly about
          rather more pragmatic contemporary problems and issues that exist in relation to all levels of science teaching, and in doing
          so begin to move away from our largely UK perspective to date. What we have thought about so far in relation to ‘what is science
          education for?’ and the direction of future change takes on an extra dimension once we look at issues that have more to do
          with the ‘here and now’.
        

        Before moving on, you should listen to the audio sequence where a range of views on issues at the core of the course are presented.
          In particular, students’ attitudes to science are discussed, together with the value of the notion of scientific literacy
          and whether a ‘crisis’ currently exists in the teaching of school science – the consensus is ‘not’! – and finally, hopes for
          the future.
        

        
          
            Audio content is not available in this format.

          

          Part 1 of discussion

          View transcript - Part 1 of discussion

        

        
          
            Audio content is not available in this format.

          

          Part 2 of discussion

          View transcript - Part 2 of discussion

        

      

    

  
    
      
        10 ‘Science for all?’ A look at some contexts

        The following statement is from the science National Curriculum in England published in 2000.

        
          The importance of science

          Science stimulates and excites pupils’ curiosity about phenomena and events in the world around them. It also satisfies this
            curiosity with knowledge. Because science links direct practical experience with ideas, it can engage learners at many levels.
            Scientific method is about developing and evaluating explanations through experimental evidence and modelling. This is a spur
            to critical and creative thought. Through science, pupils understand how major scientific ideas contribute to technological
            change – impacting on industry, business and medicine and improving quality of life. Pupils recognise the cultural significance
            of science and trace its worldwide development. They learn to question and discuss science-based issues that may affect their
            own lives, the direction of society and the future of the world.
          

          (DfES, 2000)

        

        In the light of your reading so far and the contested nature of what should count as science education, the confidence implicit
          in this statement may have surprised you. However, it is quite an achievement to encapsulate succinctly the subject for all
          pupils between the ages of 5 and 16, and a colleague who worked on the statement commented on the number of drafts and how
          long it took before the working group could settle on the wording.
        

        Let's pick up a few sentences from the statement, building on what you've already read. First, ‘Scientific method is about
          developing and evaluating explanations through experimental evidence and modelling’. It is not clear from such a short paragraph
          what exactly the authors mean by terms such as ‘evaluating explanations’ or by ‘modelling’ in the school context – both complex
          issues as you know. You'll appreciate that the assertion that ‘Science stimulates and excites pupils’ curiosity about phenomena
          and events in the world around them’ is certainly not true for all, or even most, pupils, although science teachers, governments
          and scientific institutes desperately wish otherwise. For these authors, the purpose of science education is to enable people
          to ‘question and discuss science-based issues that may affect their own lives, the direction of society and the future of
          the world’; thus scientific literacy is at the heart of such a curriculum.
        

        In our discussion so far of the intended outcomes for science education, the focus has been on the ‘Science for All’ assumptions
          of the curriculum of the 1980s, highlighted in the article by Peter Fensham. Such an aim strongly influenced the current prescribed
          science curricula of a great many countries. But such an aim has not been universally accepted by all, nor has the associated
          pedagogy implied by such an approach been adopted widely by teachers. Fensham, for example, drew in particular on the experience
          of pupils and teachers in secondary education. As you read Fensham you might have thought about your own school days and maybe
          also your experience in higher science education. Let us do that explicitly now.
        

        
          
            Activity 7

          

          
            0 hours 45 minutes

            
              I'd like you to call to mind your own experiences of learning science. My reason for asking is that the remainder of the course
                looks at the way science is taught in different phases of education. What you did in your science lessons in school, or at
                a higher level, may have been shaped by the views of ‘good’ science teaching and the purposes of science education that were
                prevalent at that time.
              

              Think back to what you would consider to be ‘science lessons’ that you experienced at primary school, secondary school and
                in higher education. On a blank piece of paper draw a ‘spider diagram’ linking together your memories and ideas about the
                context in which you learnt. Start by treating the different stages of your education separately, but then you might like
                to think back to similarities as well as differences and make links across. Just to get started, you might like to consider
                some of the following issues, which we will be looking at later:
              

              
                	
                  Topics covered

                

                	
                  Practical work

                

                	
                  Science knowledge of the teacher

                

                	
                  Learning environment

                

                	
                  Apparatus

                

                	
                  Links to other subjects

                

                	
                  Time to study

                

                	
                  Books and other learning resources

                

              

              These are just some possible starting points and are not intended to constrain you in any way. What other thoughts occur to
                you? If you have an opportunity, ask someone younger or older of their memories of learning science in the different phases
                of education. How do your experiences compare with theirs? Figure 1 shows how I began this task.
              

            

          

        

        
          [image: Figure 1]

           Figure 1 A spider diagram of the author's experience of science learning

        

        Clickto open a larger version of the spider diagram.
        

        Keep the diagrams close to hand as you look at the remainder of this course, along with any amendments or additions suggested
          by colleagues or fellow students.
        

        There may have been a mismatch between your own personal experience and that described in the earlier readings about what
          happened in the schools of the 60s, 70s and 80s. Were you really ever a ‘scientist for a day’ progressing by doing experiments,
          on your own or in a small group that allowed you to ‘discover’ new phenomena for yourself? Although you may justifiably not
          recognise your own school science education experiences in the extract from the recent National Curriculum quoted above, more
          significantly, would pupils learning science in English schools today recognise it as describing their experience? Much has changed in science education in recent years, particularly at the primary school level. In many counties,
          such as France, Germany, Sweden and Japan, science is now a compulsory subject in secondary education, with a major expansion
          of primary science teaching in most countries over the last 15 years or so. Post-secondary education has seen the development
          of further science-related vocational courses to sit alongside the more common ‘academic’ study in preparation for higher
          education.
        

        For the remainder of this course we take some specific areas of science education to fill out the answers to ‘Who is science
          education for?’. First we look at primary science (Section 11), then, more briefly, we look at the secondary phase and then science in the post-compulsory sector and in higher education.
          These examples were chosen to widen the context from the emphasis on secondary schooling considered so far. They also bring
          in some of the utilitarian factors such as staffing, teacher motivation and training, the constraints and requirements of
          assessment, the adequacy of resources such as accommodation and equipment, and the feasibility of conducting practical work.
          All are factors that often act as a brake on educational policy. Debating, as we have done in Sections 2–9, ‘What is science?’
          and ‘What is the purpose of science education?’ is vitally important, but just to consider the factors in isolation from the
          day-to-day contexts in which they are being promulgated offers a very limited perspective. So it is to a consideration of
          these important contextual influences on the science curriculum that we now turn.
        

      

    

  
    
      
        11 Primary science

        Primary science has grown in importance in many countries in recent years and all programmes have faced similar problems of
          improving the science knowledge of primary teachers, lack of equipment, and, just as significantly, lack of agreement about
          what sort of science should be taught to young pupils. To illustrate some of the similar issues that have confronted policy
          makers in many areas of the world, let's look at the establishment of primary science in the UK.
        

        Before 1988, England, Wales and Northern Ireland did not have a national curriculum in science; at the time of writing only
          guidelines for the curriculum exist in Scotland today. The government policy document Science 5–16 (DES, 1985) that pre-dated the prescribed curriculum did not merely define what should be taught in terms of content such as ‘electricity’ or ‘plants’, but instead rather emphasised the importance of a process approach. Indeed, science curriculum innovation in the middle to late 1980s saw a large number of new courses such as ‘Warwick
          Process Science’ and ‘Science in Process’ for secondary schools. These focused not on science concepts but rather on processes
          such as observation, interpretation and classification – aspects critical to ‘the scientific method’. This mood was picked
          up in the developing primary science curriculum. Although not totally accepted by some (for example, Jenkins, 1987), the teaching
          profession generally welcomed a move away from what was often considered as merely the memorising of poorly understood facts.
          In contrast, there emerged a curriculum that might be more accessible to all pupils and which emphasised skills applicable to other areas of life both inside and outside school. The attention to ‘doing’
          science – raising questions that could be answered by an investigation – became the cornerstone of the developing primary
          science. For example, the question ‘What is the best carrier bag?’ would be turned into an investigation question such as
          ‘Which carrier bag carries the greatest weight?’. To answer such a question, so-called ‘dependent and independent’ variables
          were identified. At this time, primary teachers (normally untrained in science) were concerned about the introduction of science
          into their day-to-day work. The rhetoric from those advocating that science should indeed be part of the primary curriculum
          was that the teachers could ‘learn with the pupils’; it was argued that only the process was important, not the science facts
          or concepts that the teacher did or did not know. Nowadays, those intending to become primary teachers are required to hold
          a basic qualification in Science (and in Mathematics and English) as a pre-requisite for their teacher-training course. And
          yet it is still the case (and was so certainly when primary science was being introduced) that most teachers studied no science
          when they were at school – or perhaps just one, usually Biology.
        

        Primary science is therefore a recent development. As recently as 1985, Harlen could write a book entitled Primary Science: Taking the Plunge (Harlen, 1985) reflecting the fact that little science was then being taught in primary schools. What was the rationale for
          its development and what were (and are) the consequences of introducing a subject to a teaching force who have not traditionally
          taught it, nor have the resources traditionally used to teach it?
        

        During the 1980s ‘push’ on primary science, there was hardly any debate about the issue of Science Knowledge versus Science
          process amongst teachers and the advisers helping them to implement the new curriculum. Process was all important and science
          content relegated to a side issue. In an almost content-free science curriculum, ‘good’ pedagogy was that which promoted a
          questioning attitude amongst pupils and the means of answering such questions. What was important was knowing how to conduct
          practical work, in particular ‘fair tests’ to find things out. Hence, the doing of the practical work was the most important
          aspect, not the ‘right’ answer as such. For example, Jelly (1985, p. 47) suggests that a ‘productive question’ is one that
          will ‘Encourage awareness that varied answers may each be “correct” in its own terms and view achievement as what is learnt
          in the process of arriving at an answer’. In other words, the process is more important than the answer. However, this view
          would be very much contested by many – as you saw in both the Reiss and Jenkins readings. However it would be unfair to suggest
          that Jelly was saying that accepted science ‘facts’ are irrelevant. Rather she was emphasising that the teaching of nature
          study recalled in the Peacock reading, and such activities as the rote learning of the names of the parts of a flower, should
          be subservient to the active learning promoted by practical work in the primary classroom.
        

        In time, the pendulum swing from content to process came into a more central, balanced position. Murphy and Scanlon (1994)
          summarised it as follows:
        

        
          There emerged a consensus that scientific inquiry was not about following a set of rules or a hierarchy of processes but ‘the
            practice of a craft – in deciding what to observe, in selecting which observations to pay attention to, in interpreting and
            discussing inferences and in drawing conclusions from experimental data’ [from Millar, in Woolnough, 1991]. There was also
            considerable agreement evident in the various published discussions about the nature of scientific observation.
          

          (Murphy and Scanlon, 1994, p. 105)

        

        The science curriculum statement quoted at the start of Section 10 notes that ‘Because science links direct practical experience
          with ideas, it can engage learners at many levels’. It is this ‘minds-on as well as hands-on’ approach that, in a tacit way,
          underpinned what is seen as good practice of primary teachers and which continues to this day. The 1980s not only saw the
          introduction of primary science, but a new emphasis in the initial and in-service education of teachers on a view of learning
          that recognised that pupils construct meaning by interacting with the environment around them. Rather than considering their
          task as just explaining ‘new’ phenomena and concepts in a clear and interesting way, teachers came to recognise that, for
          a fuller understanding, pupils themselves had to make sense of the world around them by seeing how their new experiences,
          along with the views of others, matched their own preconceived ideas and notions. Everyone has their own ‘common sense’ view
          of the world which, on occasions, is in conflict with what is being taught in science lessons. Driver (1983) pointed out that
          teachers (at both primary and secondary levels – and we will see at university level too) failed to take sufficient notice
          of what was involved when pupils attempted to construct new understandings and integrate these with their existing knowledge
          of the world. She pointed out some problems with ‘discovery’ pedagogy that can be said to be particularly acute in primary
          science, where the teachers are often themselves ‘discovering’ alongside the pupil.
        

        
          Discovery methods in science teaching put pupils in the role of investigator, giving them the opportunities to perform experiments
            and test ideas for themselves. What actually happens in classrooms when this approach is used? Although, of course, pupils’
            ideas are less sophisticated than those of practising scientists, some interesting parallels can be drawn. The work of Thomas
            Kuhn indicates that, once a scientific theory or paradigm becomes established, scientists as a community are slow to change
            their thinking. Pupils, like scientists, view the world through the spectacles of their own preconceptions, and many have
            difficulty in making the journey from their own intuitions to the ideas presented in science lessons.
          

          (Driver, 1983, p. ii)

        

        Before the introduction of a national curriculum that attempted to organise science education in schools into ‘knowledge and
          process’ and to set what should be considered at different ages, introducing science into primary schools had some predictable
          consequences. The curriculum was rather ad hoc. A focus on process rather than content might have been considered ‘good practice’ as I've suggested, but questions for investigation
          have to link to some genuine content when they are answered. For example, a primary science question such as ‘Can you make
          your plant grow sideways?’ or ‘What happens if you pinch the leaves off a young growing plant?’ might be more concerned with
          the practical activity itself but they lead, for that particular group of pupils, to some understanding of tropism in plants.
        

        One other problem is that secondary schools receiving such pupils can't easily cope with the variety of experiences of their
          incoming pupils and therefore may tend to ignore scientific experience gained at primary school. Science teachers at the secondary
          school may therefore tend to ‘start again’. Alternatively, secondary teachers would complain that primary teachers had stolen
          the ‘best bits’ of the theatre of lower secondary science such as the ‘collapsing can’ demonstration of air pressure, so spoiling,
          from their point of view, some of the excitement and spectacle of lower secondary science lessons. Some 17 years after the
          publication of Science 5–13, in-service work with secondary teachers still tries to tackle the lack of progress by pupils in the first few years of secondary
          school. In part, such lack of progress is caused by a failure to recognise fully the now quite extensive and structured science
          understanding gained by pupils in primary school.
        

        A further consequence of the rather rapid introduction of primary science was the frustration sometimes felt by both pupils
          and staff of their lack of adequate resources and the restricted science background knowledge of the teachers. Questions such
          as ‘What sort of home do woodlice like?’ implies some knowledge of different habitats to set up as appropriate choices. ‘What
          happens if you hold a magnet near a match?’ could be a rather disappointing question to investigate if something clear and
          unambiguous was expected. However, both questions require resources at least of a basic kind. The style of teaching in primary
          schools, where questions came from the pupils themselves, implied a ‘string and sealing wax’ approach to equipment. Not here
          the brass and mahogany apparatus ‘to prove Boyle's Law’ of secondary schools. Although science apparatus manufacturers have
          moved into the primary science market, most schools still conserve precious funding by using everyday items – only the more
          specialised items such as bulb and battery holders, compasses and magnets are purchased. Cut-down plastic pop bottles still
          provide the source of cheap containers. It might be argued that the lack of both laboratories and laboratory equipment is
          a positive bonus; it reveals that scientific phenomena happen all around us and are not something confined to special rooms
          with unusual equipment and strange smells.
        

        A final point about the context in which primary science is now conducted is the influence on teaching and learning of a prescribed
          curriculum linked to an external assessment regime. This is particularly true of the education systems of the UK, but is a
          relevant point across many countries that have such a curriculum. Some of the former uncertainty over what to teach and when
          to teach it has been removed by a (rather rapid) succession of curriculum documents. Although some teachers and others complained
          (and still do) of over-detailed curriculum orders and of teachers no longer being professionals, but merely technicians who
          administer what others require them to ‘deliver’, some uncertainties have been removed. In particular, the minimum science
          knowledge and understanding required by teachers is a little clearer, and the knowledge–process split is, in some ways, better
          defined. However, as Peacock points out, a statutory curriculum that is backed up by testing defines more than just what science
          in primary schools is like and its relative importance in the curriculum. It also leads to pedagogic strategies that give
          good test results, often published as ‘performance indicators’ of a school's success. Naturally, teachers are guided by the
          test results as to what teaching activities lead to ‘good’ science learning.
        

        
          Teachers, students and pupils have constructed their own critique of the science National Curriculum.… Policymakers need to
            realise that the participants mediating a codified curriculum topped with a layer of performance indicators will learn to
            play the game in ways that contradict the often good intentions.
          

          (Nott and Wellington, 1999)

        

        
          
            Activity 8

          

          
            0 hours 30 minutes

            
              Look again at the spider diagram that you constructed in Activity 7, at the area showing ideas and memories about science learning from your primary school. This might have been the most difficult
                period to call to mind. However, reading this section, and thinking about such procedures as ‘fair tests’ might have jogged
                your memory. Add on to your diagram any further thoughts and ideas that have now occurred to you.
              

              As a pupil in primary school in the early 1960s, I personally recall little practical work, but vividly remember the ‘nature
                table’. That carefully labelled mini-museum of my infant class with its large fir cone, abandoned bird's nest and long goose
                quill feather. In junior school I remember giving a talk about how a jet engine worked, taking many hours to construct my
                visual-aid diagram of the important parts of the machine from the family encyclopaedia. The cut-away drawings in that book
                had a certainty and clarity of ‘how things work’ that was very appealing. For me as a pupil, science was a collection of facts
                that one knew, like the order of the planets, and in that sense no different from memorising the sequence of the succession
                of kings and queens in history.
              

            

          

        

      

    

  
    
      
        12 Science in secondary schools

        The first three readings in this course use the context of secondary education, particularly in the UK and Australia. In this
          section, I'll be looking again at the issues highlighted in the previous section on primary science and drawing comparisons
          with experiences in secondary schools; I'll re-visit much the same issues when I consider post-compulsory science education
          in Section 13. The particular issues of interest are what approaches are taken to science teaching (and learning), the impact of the restrictions
          on resources and accommodation, the influence of assessment requirements and the science education and training of the teachers
          themselves.
        

        Section 4 asked ‘who is science education for?’ and you considered the arguments in favour of ‘Science for All’ and a need for a scientifically
          literate population. This was set against the particular needs of those (relatively few) individuals who will become professional
          scientists. How can a school curriculum cater for both types of demand? As we will see, this problem has caused considerable
          difficulties and, combined with other pressures on teachers, such as the need to hit performance targets for examination grades,
          this phase of science education is giving some cause for concern – at least in the UK.
        

        In 2002, the Westminster Parliament Science and Technology Committee reported on Science education from 14 to 19 and said the following as part of the document summary:
        

        
          Science has been a core part of the education of all students up to age of 16 since the introduction of the National Curriculum
            in 1989. Most students take double science GCSE from 14 to 16. This course aims to provide a general science education for
            all and, at the same time, to inspire and prepare some for science post-16. It does neither of these well. It may not be possible
            for a single course to fulfil both these needs. Government is supporting a pilot that may resolve these tensions, which is
            welcome but not enough. Existing GCSE courses should be changed and a wider range of options in science offered to students.
          

          (House of Commons, 2002, p. 5)

        

        Go to House of Commons for the full report.
        

        This is certainly a strong condemnation, especially from such a committee with access to such wide-ranging views and opinions.
          Given what we have just read about the emphasis on ‘processes’ that underlies much of the science education in primary schools,
          and Peacock's caution about the effect even there of an assessment driven curriculum this further quote from the report is
          particularly stark:
        

        
          Current GCSE courses are overloaded with factual content, contain little contemporary science and have stultifying assessment
            arrangements. Coursework is boring and pointless. Teachers and students are frustrated by the lack of flexibility. Students
            lose any enthusiasm that they once had for science. Those that choose to continue with science post-16 often do so in spite
            of their experiences of GCSE rather than because of them. Primary responsibility should lie with the awarding bodies; the
            approach to assessment at GCSE discourages good science from being taught in schools.
          

          (House of Commons, 2002, p. 5)

        

        So how could the examination boards as ‘awarding bodies’ get it so wrong?

        Assessment of pupils has of course been important in many countries, but perhaps especially in the UK. Its practice ensures
          that information can be used for selection purposes for different stages of education and for entry into employment. The assessment
          regime introduced into and alongside the National Curriculum in England and Wales had the additional rationale that it ensured
          that the compulsory curriculum was taught. All teachers wish their pupils to do well in external testing and so the nature
          and form of those examinations has a powerful effect on the way that teachers and pupils behave. To overstate the issue, all
          collude to ensure that a good mark is obtained in the exam. This ‘backwash’ effect of the assessment requirements into the
          curriculum has been known for some time, but in more recent years it has been re-emphasised by the publication of so-called
          ‘league tables’ of schools’ examination results.
        

        In the 1960s, secondary science was revolutionised by curriculum developments that required pupils to use their understanding
          of science rather than merely remember disconnected facts or routinely apply memorised formulae. Such science schemes involved
          considerable practical work by pupils, enabling them to explore what was considered a proper experience of natural phenomena.
          New-style examinations were written to award this teaching approach to science; often the questions did indeed require pupils
          to exhibit a high level of application of scientific knowledge and understanding. Many upper secondary pupils today would
          find the one-line exam question ‘Estimate the pressure on a tent during a thunderstorm’ quite daunting.
        

        New teaching methods with an emphasis on application rather than memorisation of facts for their own sake became a cornerstone
          of what was considered ‘good’ science teaching. We have already seen that this became more widespread in the 1970s and, especially,
          the 1980s with school textbooks such as ‘Science in Process’. Your spider diagram may have included memories of the specialist
          science equipment invented for this ‘hands-on’ approach to science teaching. The slogan ‘I do and I understand’ led in a short
          time to most secondary school science laboratories being stacked with runways and wheeled trolleys. As a result, many hours
          were spent by pupils puzzling over dots on seemingly miles of ticker-tape to try to work out if their trolley had accelerated
          or decelerated.
        

        But such an emphasis on practical work so that pupils could discover laws and principles for themselves had its critics. Many
          argued (see Driver, 1983) that that the constraints of a 50-minute science lesson with 30 pupils and one teacher is not the
          best environment in which to reveal what it formally took decades to discover – you'll recall from Section 4 an earlier comment by the sociologist Harry Collins to much the same effect. So why this emphasis on practical work?
        

        Our discussion of primary school science and, as we will see (Section 13) post-16 vocational science courses too, suggests
          that one important reason is that it is said to be motivating. But this quality depends on some sense of ownership by the
          pupil of the work in hand. Significantly, for a teacher engaged in such a teaching approach, it is expensive to carry out
          in both time and resources. The ‘string and sealing wax’ resources that are acceptable – perhaps even advantageous – at primary
          level are no substitute for accurate measuring instruments and other equipment required for higher-level science. If science
          is a compulsory subject for all pupils, then this requires a considerable level of resource; countries such as Egypt and France
          have more recently discovered this to their cost as they move to adopt similar practical approaches in their science teaching.
          This is also true for laboratory and prep room facilities. In 2002, it was estimated that 905 secondary schools in England
          were of such poor quality that teaching was being adversely affected and the equipment, such as microscopes and centrifuges,
          had been purchased so long ago that it was reaching the end of its useful life. And not least in the consideration of resources,
          the technician support that once provided the backbone of practical work has been difficult to maintain, given that their
          remuneration has been so very poor. In 2002, an additional 4000 technicians were required. The House of Commons Committee
          considered their pay and conditions as ‘downright exploitation’ (House of Commons, 2002, pp. 51, 52 and 54).
        

        Many teachers faced with such constraints on teaching resources, within an overall assessment framework that is so pressured
          to achieve examination success, will take a cautious line. The required examination of practical work by the teachers themselves,
          which started as a move to ensure all teachers did indeed do practical work with their pupils, has led to a widespread ‘recipe
          approach’ to experimental work. In some schools, a task such as the investigation of the stretching of a loaded spring (Hooke's
          Law) is conducted by 16-year-olds on the grounds that it will readily illustrate the desired assessment outcomes. But the
          exercise is not especially taxing and for many it will be a repetition of lower school work; one might say Hooke's Law insufficiently
          stretches older pupils!
        

        This catalogue of issues for science education at the secondary level might sound particularly dispiriting for the UK. However,
          there are moves to try and produce a new course that has similar aims to that for scientific literacy in Canada where ‘all
          Canadian students, regardless of gender or cultural background, will have an opportunity to develop scientific literacy’ (CMEC,
          1995, p. 2). One recent development in the UK mirrors movements in Japan, where secondary pupils consider issues such as environmental
          pollution and global warming, in recognition that ‘there is a need to include more up-to-date ideas’ and that ‘the applications
          of science should be highlighted more strongly’ (House of Commons, 2002, p. 31).
        

        Substantial moves to produce a secondary school curriculum that emphasises scientific literacy as advocated in the Beyond 2000 report, however, will need teachers properly prepared to teach it.
        

        
          Teachers will need considerable support if the proposals in this report are to be put into practice. They will then be asked
            to teach in a different way, for which they will need training. And they will also need to plan how to teach new exam courses,
            which will include adjusting to new methods of assessment, developing new and interesting approaches to coursework and getting
            up-to-date with developments in science.
          

          (House of Commons, 2002, p. 42)

        

        Around the world it is the case that primary teachers rarely have specialist science qualifications for teaching the subject.
          That is not true for secondary science teachers, although in many western countries (though not all – Finland, for example,
          is an exception) it is difficult to recruit well-qualified science teaching staff. Table 1 shows the proportion of teachers with a degree (other than in education) in the subject(s) they are teaching in state maintained
          and independent private secondary schools in England across a range of subjects from a survey of over 1000 teachers (published
          in 2003).
        

        Notice the contrast between the subject background of teachers across the science subjects and between the state and private
          sectors. This is marked even for a country where the state education system is well developed and illustrates clearly the
          potential scale of education and training that is needed to implement curriculum change. In many developing countries, the
          private/state divide is greater and sometimes hidden – private lessons are an important source of extra income for poorly
          paid teachers. So quite apart from the consequences of any move to a curriculum more geared towards greater scientific literacy,
          the table implies that for England, training is needed for the more specialist sciences that are taught in the post-compulsory
          sector. It is to that phase of science education that we now turn.
        

        
          Table 1: The proportion of teachers with a degree in the subject(s) taught (Smithers and Tracey, 2003)
          

          
            
              
                	
                	Maintained
                	Independent
              

              
                	Subject(s) Taught
                	Teachers
                	Degree in Subject1
                	Teachers
                	Degree in Subject1
              

              
                	
                	
                	N
                	%
                	
                	N
                	%
              

              
                	Maths
                	183
                	69
                	37.7
                	93
                	59
                	63.4
              

              
                	IT
                	112
                	8
                	7.1
                	36
                	6
                	16.7
              

              
                	Chemistry
                	22
                	15
                	68.2
                	40
                	30
                	75.0
              

              
                	Physics
                	25
                	8
                	32.0
                	34
                	27
                	79.4
              

              
                	Biology
                	26
                	22
                	84.6
                	43
                	39
                	90.7
              

              
                	Science
                	164
                	137
                	83.5
                	24
                	21
                	87.5
              

              
                	Languages
                	137
                	95
                	69.3
                	73
                	55
                	75.3
              

              
                	English
                	164
                	97
                	59.1
                	102
                	69
                	67.6
              

              
                	History
                	84
                	55
                	65.5
                	47
                	38
                	80.9
              

              
                	Geography
                	98
                	62
                	63.3
                	46
                	29
                	63.0
              

              
                	RE
                	86
                	23
                	26.7
                	25
                	8
                	32.0
              

              
                	D&T
                	84
                	32
                	38.1
                	18
                	12
                	66.7
              

              
                	Art
                	45
                	18
                	40.0
                	16
                	12
                	75.0
              

              
                	Music
                	30
                	19
                	63.3
                	14
                	11
                	78.6
              

              
                	PE
                	133
                	26
                	19.5
                	124
                	16
                	12.9
              

              
                	Total
                	1 393
                	6862
                	49.2
                	735
                	4323
                	58.8
              

            
          

          1 Degree in subject or closely related subjects; does not include education degrees.
          

          2 Does not include 67 graduates teaching social sciences, commercial and business studies, SEN and learning support, careers,
            etc.
          

          3 Does not include 39 graduates teaching other subjects.
          

          

        

      

    

  
    
      
        13 Post-compulsory science education

        In a speech to the Institute of Economic Affairs in 2001, the then UK Secretary of State for Education said:

        
          Young people choosing vocational study will be able to see a ladder of progression that gives structure, purpose and expectation
            to their lives, in the same way that a future pathway is clear to those who leave school to gain academic A-levels and enter
            university. Over-16s in full-time education will be able to take forward their vocational GCSEs into programmes of study that
            are predominantly vocational, or which combine new vocational A-levels with academic A-levels in a mixed programme of study.
            And just as we have created broader A-level studies, so I want to be sure that vocational programmes are coherent, equipping
            young people with both broad knowledge and skills, and specialist expertise and competence. I will ask the Qualifications
            and Curriculum Authority to prepare advice on this issue. I will not tolerate large numbers of young people churning around
            on courses that are narrow, or which many persistently fail to complete. Weakness in standards and completion rates feed back
            rapidly to young people as poor quality options, which they then do their best to avoid.
          

          (Morris, 2001)

        

        Notice that Morris says ‘I want to be sure that vocational programmes are coherent, equipping young people with both broad
          knowledge and skills, and specialist expertise and competence’, raising again the concerns outlined by Beyond 2000.
        

        This short extract highlights a number of important issues that affect the formal study of science after the compulsory school
          leaving age:
        

        
          	
            the lack of parity of esteem between vocational and academic study that has been a feature of the UK education system (though
              much less apparent in other European countries);
            

          

          	
            the attempts since 2000 to broaden the post-16 curriculum at A-level in England so that it more closely resembles other EU
              countries and the scheme for Highers in Scotland;
            

          

          	
            an assumption that A-levels provide an appropriate pathway to university study for those with ‘academic A-level’.

          

        

        What is ‘vocational science’? Coles (1997) suggests that this is a far from easy question to answer. He points out that just
          as primary science became synonymous with a way of viewing science education as ‘asking questions and fair testing’, so vocational
          science has certain pedagogy and teaching approaches associated with it.
        

        
          The word vocational is so imprecise when it comes to science education that using it in a conversation or when constructing an argument is asking
            for trouble. School science is strongly vocational since success in it is a prerequisite for many technical jobs. Science A-levels are vocational because higher education course entry largely depends on them and, these days, a science degree is the main route into science
            jobs.
          

          (Coles, 1997)

        

        
          
            Activity 9

          

          
            0 hours 30 minutes

            
              Review the spider diagram, which you constructed from ideas and memories about science learning that you did at primary, secondary
                and after school. Did you learn any science as part of a course with a vocational emphasis, such as engineering? What were
                the vocational elements of your secondary and post-school science learning?
              

              Like me, perhaps you learned about such cutting edge inventions as the Davey miner's lamp! Did you have more pertinent vocational
                examples on that part of your diagram that considered post-school science? Did you study topics such as medical physics or
                new industrial chemical processes? What was the relationship between ‘theory’ and ‘practice’ or even just ‘practical work’
                in your post-school science?
              

              Add any further ideas to your diagram.

            

          

        

        In many EU countries, there are vocational routes through secondary education. This is true of Germany and Holland for example;
          many Eastern European counties have very well developed vocation pathways where pupils can concentrate on specific aspects
          of science pertinent to areas such as manufacturing or agriculture.
        

        Coles (1997) contrasts the science in vocational courses with the more academic content of courses that prepare for conventional
          ‘pure science’ university courses. He identifies several distinctive characteristics of vocational science courses:
        

        
          	
            General vocational science courses concentrate on the broad purposes of scientists’ work – such as extracting substances from
              raw materials, analysing substances. The knowledge and skills to do what scientists do are learnt ‘as needed’ so as to encourage
              students to be better ‘information seekers and handlers’.
            

          

          	
            Contexts for study are work-related and based on problems encountered in business and public services. This approach of learning
              science located within everyday contexts is typical of new curriculum materials, particularly at the post-compulsory level,
              and indeed it is increasingly a feature of a more academic courses. What is commonly argued is that setting a context for
              science learning is more motivating and makes concepts easier to grasp.
            

          

          	
            Active learning methods (such as group work, role play and debates) are promoted because they are thought to encourage general
              skills such as planning, information-seeking and teamwork. Such skills are sought by employers in their recruitment; other
              skills looked for in employees can include the so-called basic skills of communication, application of number, information
              and communications technology (ICT), working with others, improving one's own learning and performance and problem solving.
              Many other countries are attempting to encourage a similar move to active learning, e.g. it is part of the long-term education
              strategy for Egypt and Turkey.
            

          

          	
            Assessment of students’ progress is continuous and based on coursework. It often involves a ‘project’. Every student's knowledge
              base is developed in a range of settings and varies in depth according to the particular problems solved. Continuous assessment
              is often a dominant part of assessment practices in vocational programmes.
            

          

          	
            The student imposes their own structure on the work – they have to demonstrate management of their time. This flexibility
              is usually denied those following more academic routes.
            

          

        

        It's possible to see some parallels between the introduction of vocational science courses and that of primary science. In
          both cases there is an emphasis on the student taking responsibility for owning the curriculum in the choice of topics that
          they might investigate. The fact that the questions explored are located in the ‘real world’ is common too. And in both cases
          the approach puts pressure on the teacher to help the student explore an area that may well be outside the immediate knowledge
          base of the teacher, using resources for ‘project work’ that must be acquired, made or adapted from what is available in school
          or college.
        

        Much of the present-day good practice in primary science mirrors the child-centred learning approach to primary education
          advocated in the influential Plowden Report. This report recommended a ‘child centred’ approach to teaching, reflecting the
          seminal work into how young people learn carried out by Jean Piaget. The introduction of science was intended to inculcate
          processes that could have a wider educational impact. This is also the rationale for the approach to science adopted by vocational
          courses. What is implied is that that the characteristics of vocational science will be transferred to the workplace. In this
          way, problem solving in science lessons, within work-related contexts, is assumed to help transfer in general terms to problem
          solving on the job. However, the transfer of knowledge and skills from one context to another is often difficult. What is
          learnt is not only linked to the situations in which it is learnt, but also to the situations in which it is applied.
        

        
          When students learn facts, principles and skills in situations that are distant from those where they will be applied, they
            have difficulty in transferring their abilities. Scientific work settings are not accessible to most students and it might
            therefore be expected that, whilst some students have learned useful science in school or college, they will have a problem
            applying it in practice.
          

          (Coles, 1997)

        

        Degree studies in science can be considered vocational, in as much as many science jobs require degree-level study. However
          Laws, in a review of the research on undergraduate science education, noted:
        

        
          Williams (1991) expressed the view that undergraduate science education was about ‘learning to become better and more critically
            informed citizens in the sciences’. In other words, he maintained, it was not (any more?) about training the next generation
            of researchers; this was now the function of the PhD, for which the student worked on the supervisor's project (not his or
            her own). That this was the case was a consequence of the explosion of knowledge, which made the undergraduate degree more
            of a qualification in the manipulation of this knowledge and in having some basic technical skills.
          

          (Laws, 1996, p. 4)

        

        A particular view is expressed here of the purpose of science education. However, Laws also seems to be suggesting that there
          is now just too much science to learn, so that a first degree certainly does not put one at the cutting edge of new knowledge;
          by this logic, a research degree only just starts to do that. Here we return to the question of the place of knowledge (content)
          and ‘basic technical skills’ (process) that we have considered in all phases of science education from 5-year-olds through
          to university study. What then is the relationship between ‘lab work’ and ‘lectures’ in higher education? How can undergraduates
          be encouraged to look at the links between knowledge and process? Is the problem-solving approach used in primary schools,
          and advocated for vocational science courses, applicable to university level study?
        

        The Fensham article discussed the generally conservative nature of university science teaching – a point supported by Law's
          analysis. For laboratory work and open-ended ‘Project Work’ such as that often conducted in the final year, staffing and resources
          are again key factors in the success of such work. But here, in contrast to primary science, we have the additional problem
          that senior staff are often not themselves at the ‘sharp end’ of the teaching, a proportion of which is commonly administered
          by graduate students.
        

        The criticisms of practical work at university level, not least from the undergraduates themselves who have to endure the
          long lab sessions, is in marked contrast to the approach to science learning adopted by post-16 vocational courses discussed
          by Coles. There the practical orientation is seemingly welcomed. But in higher education, as Laws reports from the work of
          Kirschner and Meester (1988):
        

        
          
            	
              There appears to be an overall agreement that laboratory work at present provides a poor return of knowledge in proportion
                to the amount of time and effort invested by the staff.
              

            

            	
              All too often, the work done in a laboratory simply verifies something already known to the student.

            

            	
              It is not at all uncommon to find a student who shows absolutely no understanding of the processes and techniques, which he
                or she applied even a day earlier in the laboratory.
              

            

            	
              Exercises are sometimes of a nature that tends to overwhelm the student, i.e. non-trivial experiments are not allowed enough
                time for assimilation and solution of the problem.
              

            

            	
              Students almost never have the chance to spend time watching an expert do an experiment.

            

            	
              The supervision of laboratory work is often inadequate.

            

            	
              Practicals are often seen as isolated exercises, bearing little or no resemblance to earlier or future work.

            

          

          (quoted in Laws, 1996, p. 27)

        

        If you look at your spider diagram you might have illustrated similar views when you thought about your own higher education.
          However, new approaches to science teaching are becoming more prevalent in universities too. ICT, for example, is having a
          particular impact on the way science is learnt at all levels. In some higher education institutions, reconciling the theory/practical
          split is being tackled in a fundamentally new way.
        

        In the 1960s at McMaster University in Ontario, medical education was changed from a series of lectures and disassociated
          practical sessions to a problem-based learning approach that better reflects the way that, in real life, a patient presents
          a doctor with a problem to solve. A patient will describe their symptoms as best they can, or perhaps measurements are taken
          such as temperature, blood pressure and so forth, and in weighing up this evidence a doctor has to decide on a course of action.
          In this way, a theoretical understanding of disease has to come together with a series of possible practical solutions to
          try to effect a cure. A teaching strategy that starts with the problem – here, a patient with a particular disease – and draws
          on the different aspects of knowledge and processes that are required to help with a cure, was seen as being a realistic and
          authentic reflection of the actual job of a physician. Problem Based Learning (PBL) was taken up by other medical schools
          in the mid-1970s and extended to other professional-based areas such as architecture, economics, educational administration
          and mechanical engineering.
        

        Many science courses use ‘problem classes’ as a teaching and learning technique, but these are usually seen as the culmination
          of a series of lectures and seminars. PBL turns this traditional approach back to front. PBL begins, naturally enough, with
          a problem that the students, working as a group, are asked to solve. The teacher acts as a coach to bring out from the group
          the personal knowledge that they already possess, and helps them identify what new information they need to find out in order
          to understand better the situation and to solve the problem. Working as a group, tasks are identified and individuals go off
          to research an aspect of the problem. Coming back together, the group members share their ideas, perhaps redefine the problem,
          and work towards a solution.
        

        Such techniques can score highly in motivating students if the problem is authentic and if, within the allowed limits of time,
          students are allowed to follow some ‘blind alleys’ that arise during their investigations, such that genuine ‘real-life’ learning
          takes place. More than likely, solving a particular problem helps individuals tackle similar problems when they meet them
          again later. Indeed, universities throughout the world have taken up PBL in a range of subjects. In 2002, PBL courses in science
          were running at universities in places such as New York, London, Hertfordshire, Leicester, Liverpool, Plymouth and Sheffield
          across a range of subjects – Astronomy, Biology, Chemistry, Environmental Science and Physics. For example, one problem in
          Analytic Chemistry in a course at the University of Hull asked the question ‘Who Killed the Fish?’.
        

        
          Students investigate pollution incident(s) that have impacted upon the environment of a river, initially shown by changes
            in the fish population. The environmental problems encountered are organic, inorganic, and physical in nature. The concept
            behind this multifaceted case study is to produce a problem that appears simple initially, becoming more and more complex
            as the investigation proceeds. The scene is set in the first session with a letter from anglers who have complained about
            observing a reduction in their catch.
          

          (Summerfield, 2002)

        

        From our former consideration of some of the issues associated with primary school science lessons, however, some of the pitfalls
          of PBL are relatively obvious too. The problem, if it is truly authentic, may not easily be solved with the physical resources
          currently available to the group. Off-the-shelf apparatus may not be appropriate and a ‘string and sealing wax’ approach to
          practical work may be needed. As is the case with primary teachers, the university teacher may be required to work outside
          their specialist knowledge base as they support the students. Real problems have no respect for traditional subject boundaries.
          Assessment needs to be carefully framed too, so that students are able to show fully what they have learnt even though it
          may not have been carried out systematically.
        

        It is interesting that PBL at universities, although starting in mainly technological subjects such as medicine or engineering,
          is now to be found in what may be considered ‘pure’ science courses too. The explicit linking of science topics to problems
          encountered in everyday life is understood to motivate pupils in primary schools, students on vocational courses in post-compulsory
          education and, as we have seen, is seemingly similarly engaging for undergraduates too.
        

      

    

  
    
      
        Conclusion

        This course started by asking simple questions such as ‘what science to teach?’ and ‘what is science?’ and pursued them to
          the point where answers proved both complex and elusive. Much of what I've said about such issues has been in the context
          of UK science education, though you'll be aware (e.g. see the Fensham reading) that moves currently underway in the UK toward ‘science for citizenship’ courses are part of a wider global change. A range
          of initiatives has been set in motion, largely as an expression of a sense of disquiet with the status quo of science education
          that transcends national boundaries. Indeed, the UK initiatives I've described owe a large debt to pioneers of curriculum
          change working in the Netherlands (the ANW project). What you have read will have convinced you that the picture in the UK
          is very much in a state of flux and is certain to continue as such. I hope you feel sufficiently motivated by what you've
          read to follow future changes and to appreciate the different pressures and anxieties that underpin them.
        

        Any strategy for edging closer to a curriculum geared more towards ‘science for citizenship’ has to take account of existing
          problems of teaching science, at primary, secondary and post-compulsory level. Such problems were highlighted in the latter
          part of the course and together they represent a considerable obstacle to the smooth running of the existing curriculum. For
          that reason alone, some may face the prospect of more fundamental change of the type proposed by Beyond 2000 – with all its implications across the full educational spectrum – with some apprehension. If you have a science background
          yourself, you might like to reflect on whether the new style curriculum would have suited you as a pupil and whether such
          an early experience – much less of the hard and fast facts of science – might have prompted you along a very different career
          track than the one you followed. So much of the detail of your own spider diagram (Figure 1) would no doubt be very different! That type of imponderable makes the prospect of radical change for the future – no matter
          how strong the case – the cause of apprehension and excitement in equal measure.
        

      

    

  
    
      
        Keep on learning

        
          [image: ]

        

         

        
          Study another free course

          There are more than 800 courses on OpenLearn for you to choose from on a range of subjects. 
          

          Find out more about all our free courses.
          

           

        

        
          Take your studies further

          Find out more about studying with The Open University by visiting our online prospectus.
          

          If you are new to university study, you may be interested in our Access Courses or Certificates.
          

           

        

        
          What’s new from OpenLearn?

          Sign up to our newsletter or view a sample.
          

           

        

        
          
            For reference, full URLs to pages listed above:

            OpenLearn – www.open.edu/openlearn/free-courses

            Visiting our online prospectus – www.open.ac.uk/courses

            Access Courses – www.open.ac.uk/courses/do-it/access

            Certificates – www.open.ac.uk/courses/certificates-he

            Newsletter ­– www.open.edu/openlearn/about-openlearn/subscribe-the-openlearn-newsletter

          

        

      

    

  
    
      
        References

        Note: the websites listed below were last accessed in July 2003.
        

        Alters, B. J. (1997) ‘Whose Nature of Science?’, Journal of Research in Science Teaching, 43 (1), pp. 39–55.
        

        Amos, S. and Boohan, R. (2002) Aspects of teaching secondary science: perspectives on practice, London, RoutledgeFalmer/Milton Keynes, The Open University.
        

        Bauer, H. H. (1992) Scientific literacy and the myth of the scientific method, Urbana, IL, University of Illinois Press.
        

        Chapman, B. (1991) ‘The overselling of science education in the 1980s’, School Science Review, 72 (260), pp. 47–63.
        

        Claxton, G. (1991) Educating the enquiring mind: The challenge for school science, Hemel Hempstead, Harvester Wheatsheaf.
        

        Claxton, G. (1997) ‘Science of the times; a 2002 vision of education’, in Levinson, R. and Thomas, J. (eds), Science Today; problem or crisis?, pp. 71–86, London, Routledge.
        

        Coles, M. (1997) ‘Science education – vocational and general approaches’, School Science Review, 79 (286).
        

        Collins, H. (2000) ‘On Beyond 2000’, Studies in Science Education, 35, pp. 169–173.
        

        Collins, S., Osborne, J., Ratcliffe, M., Millar, R. and Duschl, R. (2001) What ‘ideas-about-science’ should be taught in school science? A Delphi study of the ‘expert’ community, paper presented at the Annual Conference of the National Association for Research in Science Teaching, March 26–29, St Louis,
          MO.
        

        CMEC (1995) 
        

        Delamont, S., Beynon, J. and Atkinson, P. (1988) ‘In the beginning was the Bunsen: the foundations of secondary school science’,
          Qualitative Studies in Education, 1 (4), pp. 315–28.
        

        DES (1985) Science 5–16: a Statement of Policy, London, HMSO.
        

        DfES (2000) National Curriculum for Science, London.
        

        DfES (2001) Key skills home page 
        

        DfES 
        

        DfES secondary science 
        

        Donnelly, J. (2001) ‘Contested terrain or unified project? “The nature of science” in the National Curriculum for England
          and Wales’, International Journal of Science Education, 23, no. 2, pp. 181–195.
        

        Driver, R. (1983) The Pupil as Scientist?, Milton Keynes, The Open University.
        

        Eurobarometer (2003) http://europa.eu.int/comm/public_opinion/

        French, S. (2000) ‘A response to Beyond 2002’, Studies in Science Education, 35, pp. 181–185.
        

        Gamble, R., Davey, A., Gott, R. and Welford, G. (1985) Science at Age 15, Assessment of Performance Unit, Science Report for Teachers, 5, DES/WO/DENI.
        

        Harlen, W. (ed.) (1985) Primary Science: Taking the Plunge, London, Heinemann.
        

        Jelly, S. (1985) ‘Helping children raise questions – and answering them’, in W. Harlen (ed.), Primary Science: Taking the Plunge, London, Heinemann.
        

        House of Commons (2002), Science Education for 14 to 19, Volume 1: Report and Proceedings of the Science and Technology Committee (HC 508-I), London, The Stationary Office Limited.
        

        Jenkins, E. (1987) ‘Philosophical flaws’, Times Educational Supplement, 2 Jan.
        

        Kirschner, P. A. and Meester, M. A. M. (1988) ‘The laboratory in higher science education: problems, premises and objectives’,
          Higher Education, 17 (1), pp. 81–98.
        

        Laws, P. M. (1996) ‘Undergraduate Science Education: A Review of Research’, Studies in Science Education, 28, pp. 1–85.
        

        Levinson, R. and Reiss, M. J. (2003) (eds) Key Issues in Bioethics; a guide for teachers, London, RoutledgeFalmer.
        

        Medawar, P. B. (1967) The Art of the Possible, London, Methuen.
        

        Millar, R. (1997) ‘Science education for democracy; what can the school curriculum achieve?’, in Levinson, R. and Thomas,
          J. (eds) Science Today; problem or crisis?, pp. 87–101, London, Routledge.
        

        Millar, R. (2000) ‘Science for Public Understanding; developing a new course for 16–18 year olds’, in Cross, R. T and Fensham,
          P. J. (eds) Science and the Citizen, special issue of Melbourne Studies in Education, 41 (2), pp. 133–144.
        

        Millar, R. (2002) ‘Towards a science curriculum for public understanding’, in Sandra Amos and Richard Boohan (eds) Teaching Science in Secondary Schools: a Reader, pp. 112–128, London, Routledge.
        

        Millar, R. and Wynne, B. (1988) ‘Public understanding of science: from contents to processes’, International Journal of Science Education, 10 (4), pp. 201–214.
        

        Millar, R., Leach, J. and Osborne, J. (2000) Improving Science Education; the contribution of research, Milton Keynes, The Open University.
        

        Miller, J. (1983) ‘Scientific literacy; a conceptual and empirical review’, Daedalus, 112 (2), pp. 29–48.
        

        Murphy, P. and Scanlon, E. (1994) ‘Perceptions of process and content in the science curriculum’, in J. Bourne (ed.) Thinking Through Primary Practice, London, Routledge.
        

        Nott, M. and Wellington, J. (1999) ‘The state we're in: issues in Key Stage 3 and 4 Science’, School Science Review, 81 (294), pp. 13–18.
        

        Osborne, J., Duschl, R. and Fairbrother, R. (2002) Breaking the mould; teaching science for public understanding, STEU seminar paper, The Nuffield Foundation.
        

        Ryder, J. (2001) ‘Identifying science understanding for functional scientific literacy’, Studies in Science Education, 36, pp. 1–44.
        

        Smithers, A. and Tracey, L. (2003) Teacher Qualifications, London, Sutton Trust.
        

        Solomon, J. (1991) ‘Teaching about the Nature of Science in the British National Curriculum’, Science Education, 75 (1), pp. 95–103.
        

        Solomon, J. and Thomas, J. (1999) ‘Science education for the Public Understanding of Science’, Studies in Science Education, 33, pp. 61–90.
        

        Summerfield, S. (2002) ‘Problem-based Learning Case Studies for Analytical and Applied Chemistry’, Report of LTSN Physical
          Science Professional Development Workshops, http://ntserver002.liv.ac.uk/ltsnpsc/workshop/reports/pblchem.htm

        Thomas, J. (1997) ‘Informed ambivalence’, in Levinson, R. and Thomas, J. (eds) Science Today; problem or crisis?, pp. 163–172, London, Routledge.
        

        Thomas, J. (2000) ‘Using current controversies in the classroom: opportunities and concerns’, in Cross, R. T. and Fensham,
          P. J. (eds) Science and the Citizen, special issue of Melbourne Studies in Education, 41 (2), pp. 133–144.
        

        Tyler, R., Duggan, S. and Gott, R. (2001) ‘Public participation in an environmental dispute: implications for science education’,
          Public Understanding of Science, 10, pp. 343–364.
        

        TIMSS (1997) Third International Mathematics and Science Study, Slough, NFER.
        

        Turney, J. (2002) Valuable lessons stakeholder conference, report and proposals for action from meeting in December 2001, London, The Wellcome Trust.
        

        Wellington, J. (2000) Teaching and Learning Secondary Science, London, Routledge.
        

        Vinen, W. F. (2000) ‘Science, or science appreciation?’, Studies in Science Education, 35, pp. 174–180.
        

        Williams, R. J. P. (1991) ‘Science in universities: teaching, research and autonomy’, Studies in Higher Education, 16 (1), pp. 15–22.
        

        Woolnough, B. and Allsop, T. (1985) Practical Work in Science, Cambridge, Cambridge University Press.
        

        Woolnough, B. E. (ed.) (1991) Practical Science, Milton Keynes, The Open University.
        

        Wynne, B. (1996) ‘Misunderstood misunderstandings: social identities and public uptake of science’, in Irwin, A. and Wynne,
          B. (eds) Misunderstanding Science?, Cambridge, Cambridge University Press.
        

      

    

  
    
      
        Acknowledgements

        The content acknowledged below is Proprietary (see terms and conditions) and is used under licence.

        Grateful acknowledgement is made to the following sources for permission to reproduce material in this course:

        Course image: Peter Reed in Flickr made available under Creative Commons Attribution-NonCommercial 2.0 Licence.
        

        The content acknowledged below is Proprietary and is used under licence.

        The following articles (originally published as mentioned below) appear in Reconsidering Science Learning (2004) (eds) Eileen Scanlon, Patricia Murphy, Jeff Thomas and Elizabeth Whitelegg, published by RoutledgeFalmer in association
          with The Open University © The Open University.
        

        Reiss, M. (2001) ‘What is Science?’ Teaching Science in Secondary Schools’ edited version from Amos, S. and Boohan, R., Aspects of Secondary Science Teaching, Taylor and Francis.
        

        Jenkins, E.W. (1999) ‘School Science, citizenship and the public understanding of science’, International Journal of Science Education, 21(7), pp. 703–710.
        

        Fensham, P. (1997) ‘School science and its problems with scientific literacy’, edited version from Levinson, R. and Thomas,
          J.(eds), Chapter 9, Science Today, Problem or Crisis? Routledge.
        

        Dr Helene Doerflinger

        Don't miss out:

        If reading this text has inspired you to learn more, you may be interested in joining the millions of people who discover
          our free learning resources and qualifications by visiting The Open University - www.open.edu/openlearn/free-courses

      

    

  
    
      
        Activity 1

        Discussion

        It's likely that you refer to some form of scientific experimentation in your response – perhaps testing and revising hypotheses
          in the light of experimental data. In terms of exceptions, I hope you picked up on some of the points made in Section 2, referring
          perhaps to the more theoretical branches of science. And if you took on board any of the arguments from Michael Reiss' paper,
          you need no persuading that such a bald and rule-bound description of doing science does scant justice to the true nature
          of the subject.
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        Activity 2

        Discussion

        All six themes attracted significant levels of support; they were ranked C, F, E, A, B, D. Indeed, of all 18 themes identified,
          C was given the highest priority. Participants commented that this was ‘the core process on which the whole edifice of science
          is built’ and ‘what defines science’. But like me, you probably found the exercise difficult; all seemed worthy of inclusion
          by some measure. (Also, drawing up a comprehensive list of themes of this type is far from easy; I'll have more to say about
          how ‘creating and using models’ is a key aspect of scientific methodology, though this aspect does not feature prominently
          in the study of Collins et al.)
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        Activity 3

        Discussion

        The general view (and one supported by sampling of public opinion) is that such episodes have led to an increased scepticism
          amongst the public of the authority of science and the impartiality and competence of scientists. There was particular emphasis
          on the (often contradictory) expert pronouncements directed toward the public, especially those during the BSE crisis about
          the wisdom of eating beef. Most controversies of this type involve fast-moving and uncertain science, too recent to be part
          of formal science education. As the previous quote by Robin Millar made clear, real-life controversies of this messy type
          are a far cry from the world of well-bounded, objective and unproblematic science that dominate the school curriculum. For
          one thing, thinking about contemporary science involves thinking about social values and about ethical judgements.
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        Reading 2

        Discussion

        Notes on Questions 1–9

        
          	
            Both socio-scientific issues of the type we've mentioned before (e.g. DNA technologies) and personal decision-making – say,
              relating to diet.
            

          

          	
            A more complex, interactive picture, where science emerges as something far from ‘coherent, objective and unproblematic’.
              Science is not seen as something set apart from other forms of knowledge but ‘is weighed alongside other more personal or
              local knowledge in establishing a basis for action’.
            

          

          	
            Jenkins quotes the example of citizen opposition to the construction of a runway. At present, my own examples would include
              knowledge for choosing a new touring bike and effective ways of losing weight. A colleague is hoping to use science (or, more
              likely, technology) to help her decide on what type of central heating system to install.
            

          

          	
            Science for specific social purposes emphasises the usefulness of particular aspects of science. But Jenkins’ examples at
              the top of p. 15 – for example, the workers in a computer firm – may find that the science on offer is inappropriate for required
              use. In other instances, science of practical value (in home insulation) become subsumed within value judgements and personal
              knowledge far removed from the world of science.
            

          

          	
            Examples are farmers in the northwest of England and elderly people dealing with advice about insulating their homes. The
              BSE example in the UK showed clearly the relationship between the ‘scientific tale and the teller’, where government advice
              was treated with scepticism. This raises questions too of the allegiance of reputedly objective scientists – whose interests
              are they serving?
            

          

          	
            In view of the difficulties discussed earlier about the teaching of the nature of science, the despairing reference to ‘reading
              Richard Feynman’ is perhaps not surprising. Jenkins's description of ‘unconvincing pedagogic strategies’ and ‘contrived, expensive
              and time-consuming laboratory activities’ reflects a justifiable scepticism about the value of current approaches.
            

          

          	
            Jenkins talks of paying less attention to the ‘minutiae of established physics, chemistry and biology’ and a higher profile
              for science that is controversial and less certain. Teachers would need to engage more in debate and as I've hinted already,
              the social and institutional connections of scientific knowledge need to come to the fore.
            

          

          	
            Indeed they do. Reiss talks of the inappropriateness of focusing exclusively on ‘modern international scientific thinking
              and discoveries’ and finds it impossible to accept that all scientific thinking operates within the same paradigm. Jenkins'
              notion of flexibility of school curricula are based more on pragmatic grounds and culturally-specific needs; Reiss' more philosophical
              concerns relate to the truthfulness of trying to portray the rich diversity of science as a single ‘off-the-shelf’ model.
            

          

          	
            Like Jenkins, I take the view that such a move doesn't undervalue the scientific cause. Rather, it aims to encourage a re-examination
              of the relationship between science and other forms of knowledge – though distinctions of this type are difficult to achieve
              in practice.
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        Activity 4

        Discussion

        I find it difficult to disassociate the word from the idea of a ‘fiction’ – indeed dictionary definitions commonly refer to
          stories as ‘fictitious narratives’ or ‘legends’ or ‘tales’. There's surely a risk that use of such a term in class carries
          an unfortunate implication of just such a lack of credibility.
        

        Back

      

    

  
    
      
        Activity 5

        Discussion

        In the UK, recent controversies have included the foot-and-mouth crises, the safety of the combined MMR (measles/mumps/rubella)
          vaccine, the health risk of mobile phones, the use of genetically-modified (GM) crops, climate change and issues such as cloning
          and ‘designer babies’. What has attracted attention in my local paper has been the potential health risk posed by building
          a waste incinerator in the Milton Keynes area. What strikes me is how variable such episodes are – and correspondingly difficult
          to classify. Some have a political flavour that involves decision-making at a level very distant from the population at large.
          Others (notably climate change) involve possible long-term effects of global significance, but where immediate effects are
          uncertain. Others involve personal decision-making (the use of a mobile phone or MMR), with a personal assessment of risk
          to oneself or others.
        

        To take GM crops as an example, where trials of such crops are currently underway, ‘ideas-about-science’ would include a knowledge
          of experimental design, assessing the quality of data, assessing conflicting data, the validity of models that predict pollen
          and seed transfer, sources of uncertainty. I'm sure there are others, some related to the specifics of genetic manipulation.
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        Activity 6

        Discussion

        Personally, I find them attractive and engaging, and they offer a very different experience of science from my own. They also
          strike me as an ambitious set of requirements – both in type and number!
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        Part 1 of discussion

        Transcript

        
          NARRATOR (JEFF THOMAS)

          Block 1 is about the potential for change and about existing problems of delivery of the science curriculum. This audio sequence
            is an opportunity to hear first hand, some voices, some opinions, clearly and forcibly put. Nearly all of what you’ll hear
            focuses on experiences of learning science at school level. The opinions expressed no doubt will spark some useful recollections
            of your own about learning science. A starting point will be to get a broader picture of views and experiences of teachers
            and students about school science. What are students and teachers asking for? A survey in 2002 conducted by the organisation
            Planet Science painted an intriguing mix of enthusiasms and concerns. Bobby Cerini of Planet Science provides the details.
            
          

          

        

        
          CERINI

          There is a number of things that there is not enough of in the classroom, things that we would like to see more of and that
            we know students would like to see more of, and also teachers and these come out in some research that we have done, with
            students looking at their responses to a science curriculum. We also received a lot of feedback from the thousands and thousands
            of teachers and students we have on our weekly mailing lists, so we do know that we are tapping into a range of ideas and
            feedback that’s coming from both kids and from teachers, and what they are saying are things like, ‘We’d like to teach in
            more exciting ways, but we don’t know how, we know there are great experiments that can be done; we have done all the ones
            we know, where can we get some more?’ Students are saying, ‘We love practical work, we would like to do it more, we would
            like to do it in a much more open ended way, we’d like to have a stronger ownership of it, so that the answers aren’t necessarily
            given, the teachers don’t necessarily know what the investigations will be, investigations that lie outside the very narrow
            topics within the curriculum, we’d like to see more philosophy, more ethical issues, we’d like to see more examples that apply
            to real life, we would like to see science in the classroom that applies to us as individuals’. That’s what teenagers have
            been saying to us. 
          

          

        

        
          NARRATOR

          This type of evidence suggests that present day talk of a crisis in science education is rather overblown, but how can we
            ensure that interest in science at school level is maintained to motivate the greatest numbers of school students? Bobby Cerini
            again: 
          

          

        

        
          CERINI

          I think one of the key things about retaining the interest of students, particularly whilst they are going through the motion
            of getting qualifications or even before that, getting through their primary science, is about giving them something that
            they can hang on to in terms of something that relates to them, provides them with a sense of ‘Oh, I understand how that relates
            to me, I understand what that means in the context of my other life experiences’. Now, if you are only ten years old, your
            life experiences might be limited, they might be limited things like you know, kicking a ball around, watching telly, going
            to the cinema, that kind of thing and what we are really keen on seeing is practical examples of how these everyday things
            can be interpreted in the light of science and scientific practice, but what they recommended was that the single way to really
            improve this was to introduce more real life topics, more relevant examples and applications that they could relate to. So,
            for example, topics like genetically modified food, human and animal diseases, human health, social issues that affect everybody
            on a day to day level, there is no reason why these shouldn’t be as equally applicable in the classroom as they are in everyday
            life. 
          

          

        

        
          NARRATOR

          But some may think of the engagement with the real world of science as coming at a price. The image of science that surrounds
            us is a complex one with a number of different facets. Here’s what the educationalist Carolyn Swain thinks, followed by further
            thoughts from Michael Reiss of the Institute of Education, University of London. 
          

          

        

        
          SWAIN

          If you look at the sorts of exhibitions about science that the Royal Society produces in terms of excellence in science; if
            you look at the pages of the New Scientist, you see stories of developments in science which are useful, which are helpful
            to people, are helpful to developing countries as well as to the developed world. If you look at our national press, you get
            rather a different story I think, and therefore if you are trying to relate science in schools to science in the outside world
            you need to look beyond the horror stories; the BSE, the MMR and so on, and try and get a range of things which pupils might
            be able to relate to and to show them that science brings benefits as well as problems or challenges to deal with. I think
            one of the problems with trying to do this is that children have so little point of reference other than their own experience
            and so they probably find it very difficult to see some of the advantages that science has brought to them and again it’s
            a matter of experience of the world and maturity that enables people to get a more realistic perspective. But I don’t think
            that means that we shouldn’t try to present a positive and a balanced view of the pros and cons of scientific development.
            
          

          

        

        
          REISS

          It’s interesting that most people who work in science education outside of the classroom are very keen to make really good
            links between what pupils are learning in school science and the wider world. They are very keen on things like using newspapers
            and media as vehicles. They are keen on other sources in formal science education. All the research shows fairly conclusively
            that while the minority of teachers do that in school science lessons, most teachers for all sorts of understandable reasons,
            don’t. So if we want school pupils to really be making the links in their lessons between what they are learning and science
            in the everyday world, we have got to ensure both that we have the curricula that are suitable for that, but also that we
            help and enable teachers to feel really comfortable teaching in ways that may be different from the ways that they learnt
            to teach science. 
          

          Learning science can indeed be fun and engaging. One of the ways to ensure that students don’t get turned off too much by
            it, is first of all not to be proselytising. In other words, the function of the school science teacher is not to try and
            convince everybody that science is fun and engaging and good for you. You often find that good teachers in other subjects
            are just better at treating young people as adults, able to look at a subject, get from it what they want to, but also look
            at it critically and without getting pulled into it wholeheartedly.
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        Part 2 of discussion

        Transcript

        
          NARRATOR

          And arguments like this are usually backed up by what school students of science tell us. Bobby Cerini from Planet Science
            again, followed by some further comments by Michael Reiss.
          

          

        

        
          CERINI

          There is a bit of a preconception that students must find science really dull and you know various studies have investigated
            this, and I think there is a slight tendency to expect people to think science is really boring in class or just in general;
            but what we found when we did the survey was that three words used most commonly to describe science out of a range of ten
            or twelve, some are neutral, some are negatively geared some are positively geared. The three that came out way ahead were,
            useful, relevant, and interesting. The use of these kind of words in preference to others gave us a clear indication that
            actually students recognised that science is interesting, and is in itself inherently useful to understand and to apply, and
            it’s a fundamental feature of everyday world, so I think it is dangerous territory to talk on behalf of students. What we
            found when we let them talk for themselves was different from we ourselves were expecting and I think it is very easy to not
            hear the voices of people that aren’t usually asked what they think, and students were saying to us, ‘People never ask us
            what we think, we have never been given the opportunity to say how we interpret it’, and what we saw from the kind of responses
            we were getting were very insightful, very mature, often very complex ways of looking at what they were learning, and why
            they were learning it and science was a subject area they had a very passionate responses to, bearing in mind that the students
            who answered the survey were a mixture of science students and non-science students. So, I think we have to be very careful
            about saying students perceive science in a particular way it’s not necessarily what we think it is
          

          

        

        
          REISS

          The question as to whether there is a crisis in school science education can honestly and simply be answered ‘no’. If you
            want crises in schools in England and Wales you don’t look at science. If you look at curriculum areas there are bigger problems
            in other curricular areas – for example, subjects like geography and history have bee pretty hammered, through not having
            as privileged a position in the National Curriculum as Science, English and Maths have. If you want to look at problems with
            the number of students studying a subject in the sixth form, although Physics is worrying, there are greater problems with
            mathematics to be honest. If you want to look at problems with students loosing out on whole areas of the curriculum you look
            at the performing arts, music and visual arts.
          

          Now that is not to say that there are no problems with school science – there are. But they are problems that for example
            QCA has been consistently trying to address for about a decade now and they are problems where more or less everybody agrees
            what the problems are and that’s encouraging. You don’t find the Science Education Community in England and Wales being deeply
            divided among itself. Now there is a possibility that might be because of complacency, but I believe more positively it’s
            because people do realise what the problems are.
          

          If you look at international studies, you find two things. You find in terms of what children learn in schools, we do quite
            well in science, but one of the really interesting things is you find is that the most so called developed countries, not
            just England, but also for example Japan and Scandinavian countries and so on, are the ones where young people have the most
            negative attitudes towards science. I am not talking now about school science, I mean science in general. In the countries
            where people are very positive about science are many of the less developed countries in the world and it’s quite interesting
            to wonder what will happen in the next few decades. There is one interpretation, some might say it’s a lightly alarmist one,
            that what you will find in blocks of countries like the European Union is an increasing public distrust of science which will
            slow down any of the so called benefits that science might bring. And it might be other areas of the world that will see the
            next generation of benefits in science.
          

          

        

        
          NARRATOR

          Now that you know a key feature of Block 1 is to address the purposes of science education and in particular how it relates
            to the issue of scientific literacy. Here’s what Michael Reiss had to say about that issue.
          

          

        

        
          REISS

          The good thing about the notion of scientific literacy is it gets away from people thinking we have just got to teach pupils
            science and it begins to make one ask a little bit more well, what do we mean by scientific literacy? And then one is into
            a game where one has quite a lot of discussion and debate about precisely what would constitute good scientific literacy.
            And there are some people who have quite a high level, rigorous understanding of that phrase and that is why you end up concluding
            only ten per cent of people are scientific literate in many of the so called advanced countries of the world. One example
            I find particularly interesting which will be one that many people will understand is something like children’s health. Now
            you get taught quite a lot in school science about health, but for most people the time when they really become expert about
            children’s health, in other words have a high level of scientific literacy, is if and when they have children themselves.
            At that point of course it becomes extremely important to one to understand about ones child’s health and to be able to see
            whether the so called professionals to whom one is talking, GPs and others, really in your heart of hearts understand and
            many people get quite good in that sense at critiquing science in action.
          

          

        

        
          NARRATOR

          And of course now is a time of rapid change and also one of hope and opportunity. What types of activities and experiences
            should be more prominent in science education?
          

          

        

        
          SWAIN

          I think I would like to see a variety of experiences within the same course for a group of children, a group of pupils. Different
            things, different ways of learning attract different students and I think you can say yes, we will have discussions. Yes,
            that will make science more attractive to this group of pupils. More practical work would appeal to these. More hard science
            getting at the underlying principles would appeal to another group. Within any class you are going to have some of each type
            of pupil, therefore I think you have to make sure that what you are offering caters for the different needs of the different
            pupils and offers a varied experience. Offers them the opportunity to express their own ideas, but also offers them the opportunity
            to look at some of the established ideas of science. I think we are selling them short if we feel that they can be scientists
            in the sense that their views on some of the established ideas of science are equivalent to scientist’s views in these areas.
          

          

        

        
          REISS

          I’d like to see more of three things in school science. I would like to see more choice both for pupils and for teachers in
            what the pupils are learning and what the teachers are teaching. I would like to see more diversity in lessons. We are going
            that way which is good, but the days of one-size fits all are over. And thirdly, I would like to see an assessment system
            that manages to reward the learning that we really value, and that is a big problem still.
          

          

        

        
          NARRATOR

          Challenges and problems there are aplenty and you have the advantage of studying such an important issue in unsettled, challenging
            times, but all three of our contributors end on an encouraging and positive note. 
          

          

        

        
          CERINI

          There is a tremendous amount going on, you know, we have seen teachers taking on board new ideas, students are being given
            the opportunity to have their say, and to contribute more and more to what is going on in the classroom and in the science
            curriculum, and I think over the next few years, that is going to be an incredibly exciting time as organisations start to
            pool their resources better, start to communicate better, start to talk with teachers more directly. We got a fantastic new
            initiative, which is the National Centre for Excellence in Science Teaching which will bring together all the teacher training,
            and actually provide a much more coherent joined up approach to giving access for teachers to new ideas and materials. So
            all in all, a very exciting time coming up and we are really looking forward to seeing it and what students and teachers will
            make of it.
          

          

        

        
          REISS

          I am actually quite encouraged at the way in which science education is going. The days when people thought all you had to
            do was sort out the curriculum, or all you had to do was to get new well-qualified people to teach science are over. We know
            now it’s a very multi-faceted problem and there are a lot of organisations working at various levels to try and move forward.
            It is not naively to believe that everybody is going to enjoy every moment of every science lesson from now on, but I think
            things are moving in quite a good direction and I am encouraged.
          

          

        

        
          SWAIN

          I am hopeful. I think one of the key issues is the supply of well qualified, good science teachers, particularly in the physical
            sciences and the organisation of an assessment system, which can allow for more creativity, more diversity, than we have at
            present.
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