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An aims-based curriculum illustrated by the teaching of science in schools

We begin by arguing that curriculum development should start with aims rather than, as is typically the case, with subjects. We therefore ask what might be the fundamental aims of school education. We conclude that they are two-fold, namely to enable each learner to lead a life that is personally flourishing and to help others to do so too. These high level aims can be translated into more specific ones by considering how human flourishing requires, for most people, such things as the acquisition of a broad background understanding, moral education, a life of imagination and reflection, and preparation for work. To illustrate our argument more specifically we then turn to the teaching of science. We show how our position relates to and simplifies present writing about the aims of science education and conclude that our proposals would result in a school science education that had similarities with much current school education, which is desirable as it suggests that our proposals are not completely unrealistic, but some non-trivial differences too, which is encouraging as it suggests that our approach has practical worth rather than simply replicating existing approaches.
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Curriculum development
Curricula exist in a wide range of forms and there are a number of ways in which they can be developed (cf. Kelly 2009). However, national curricula typically start with a list of subjects. They take for granted a dozen or so discrete school subjects and the knowledge they embody. It is subject requirements that get filled out. This has a number of consequences. For example, a subject-led curriculum, especially at secondary level, starts with, and so is necessarily constrained by, the availability of teachers capable of teaching certain subjects. More fundamentally, there is a general implicit presumption that agreement exists as to the purposes of school education without these purposes begin critically examined anew.

An alternative to starting with subjects is to start further back, with aims (Reiss and White 2013). An aims-led curriculum has a fundamental advantage in that it can start with the needs and wants of students, both students as they live in schools and students once they have left their schooling behind. Another advantage of starting with aims is that if one doesn’t, one finds that aims end up getting tagged on. For example, when the National Curriculum for England and Wales was first created in 1988, it had next to no aims to guide it. More recent versions have included lists of overall aims, but these have been tacked on to a structure already in place. Crucially, they do not generate that structure. 
The aims of education

Some philosophers of education have argued that education would do well to have no aims. Richard Peters (1959) asked ‘Must the educator have an aim?’, while forty years later Paul Standish (1999) raised the similar question ‘Education without aims?’. Peters took off from the thought that if a teacher really understood what ‘education’ means, they would not need to ask about its purposes. Indeed, it would not make sense for them to do so. Standish is also exercised by what he sees as a ‘grammatical oddness’ here: asking what the aims of education are is like asking about the aims of a town. There is not much sense, he thinks, in asking ‘What are the aims of Aberdeen?’ 
Theirs seems a somewhat startling position. Can they each be suggesting that education must be or should be aimless? How then, would teachers know what to do, what direction to take? But neither Peters nor Standish is in fact suggesting absence of purpose. Peters’s conception of education is so substantive – he sees it as initiation into intrinsically valuable activities to do with the pursuit of truth – that it already incorporates aims within itself. The issue is not whether educators need aims, but whether they need Peters’s truth-seeking aim (alone) or whether other aims should come into the picture. Standish’s discussion later in his essay shows that he thinks education should have to do with a spiritual ascent towards the Good (not this that can be properly put into words). His position seems to be not that aims of education do not exist, but that they are ineffable. 
It is difficult to defend the notion that education should be aimless. People do design school curricula, run schools and decide how to train teachers with purposes in mind. How else could they get by? And if we look at things historically, we can see even from a cursory survey that education has been credited with diverse aims over the years. As Harris has put it:

… in the very first lecture of every course I give, I stress that ‘education’ is a changing, contested and often highly personalised, historically and politically constructed concept. To illustrate this I read a few dictionary definitions of ‘education’, as well as a selected set of stated ‘aims of education’. When students hear that D. H. Lawrence claimed education should aim to ‘lead out the individual nature in every man and woman to its true fullness’, that for Rousseau the aim of education was ‘to come into accord with teaching of nature’, that R. M. Hutchins saw the aim of education as ‘cultivation of the intellect’, that A. S. Neill believed the aim of education should be to ‘make people happier, more secure, less neurotic, less prejudiced’, and that John Locke claimed ‘education must aim at virtue and teach man to deny his desires, inclinations and appetite, and follow as reason directs’; hopefully the penny has dropped.

(Harris 1999, 1)

Nevertheless, even though the examples that Harris cites have been chosen to represent their diversity, they in fact indicate considerable congruence. We can discern two broad groupings. First, those where the intention is to develop the individual for her/his own benefit; secondly where the intention is to develop individuals so that they may collectively contribute to making the world a better place (Reiss 2007). We may note that this is typical of much social policy in many countries. So, for example, in the West under-age pregnancy, illicit drug misuse and speeding are generally seen as bad both for the individuals concerned (loss of opportunities, mental and physical harm, risk of injury or death) and for the rest of society (financial cost, more burglaries, harm and upset caused to families and friends).

We can put the proposition more formally: our contention is that there are two fundamental aims of school education, namely to enable each learner to lead a life that is personally flourishing and to help others to do so too. 
What constitutes a flourishing life?

In the historical West, the notion that humans should lead flourishing lives is among the oldest of ethical principles, one that is emphasised particularly by Aristotle in his Nicomachean Ethics and Politics. There are many accounts as to what precisely constitutes a flourishing life. A hedonist sees it in terms of maximising pleasurable feelings and minimising painful ones. More everyday perspectives may tie it to wealth, fame, consumption or, more generally, satisfying one’s major desires, whatever these may be. Admittedly, there are difficulties with all these accounts (White 2011). A problem besetting desire satisfaction is that it allows ways of life that virtually all of us would deny were flourishing, a life wholly devoted to spread betting, for instance. 

A life filled with whole-hearted and successful involvement in more worthwhile pursuits – such things as significant relationships, meaningful work, painting, scholarly research or enjoying a hobby, gardening, cooking, watching excellent films – is on a different plane. Virtually all of us would rate it fulfilling. At the same time, nearly all of us in a modern society like our own presume it is largely up to us to choose the mix of relationships and activities that best suits us (certain family obligations are generally excepted from this generalisation, though less than in the past). Unlike many of our ancestors, nearly all of us are deeply attached to personal autonomy as a value, and feel that we have a right to this attachment.
A central aim of the school should therefore be to prepare students for a life of autonomous, whole-hearted and successful engagement in worthwhile relationships, activities and experiences. With many of these – cooperative work activity, friendships and enjoying literature, for instance – it makes good sense to see that students gain first-hand experience. For others – things like mountaineering, composing symphonies, choosing to live an unmarried life, running a multinational company – imagined rather than direct involvement is likely to be more appropriate. This aim also involves acquainting students with a wide range of possible options from which to choose. With their development towards autonomous adulthood in mind, schools should provide students with increasing opportunities to choose among the pursuits that best suit them. Young children are likely to need greater guidance from their teachers, just as they do from their parents. Part of the function of schooling, and indeed parenting, is to prepare children for the time when they will need to, and be able to, make decisions more independently. In school, whether curriculum activities are chosen by students or presented to them without choice, the intention should be that students whole-heartedly and enjoyably immerse themselves in them.

Equipping every student to help others to lead personally fulfilling lives

We want children to want other people, as well as themselves, to lead fulfilling lives. Negatively, this means not hurting them, not lying to them, not breaking one’s word or in other ways impeding them in this. Positively, it means helping them to reach their goals, respecting their autonomy and being fair, friendly and cooperative in one’s dealings with them. Schools can reinforce and extend what parents and others in families do in developing morality in children. Schools can widen students’ moral sensitivity beyond the domestic circle to those in other communities, locally, nationally and globally. They can also help them to think about moral conflicts in their own lives and in the wider spheres just mentioned. They can encourage students to reflect on the basis of morality, including whether this is religious or non-religious.

As part of their moral education, schools should help students to become informed and active citizens of a liberal democratic society. Dispositionally, this means encouraging them to take an interest in political affairs at local, national and global levels from the standpoint of a concern for the general good; and to do this with due regard to framework values of liberal democracy such as freedom, individual autonomy, equal consideration and cooperation. Young people also need to possess whatever sorts of understanding these dispositions entail, e.g. an understanding of the nature of liberal democracy in general, of divergences of opinion about it, and of its application to the circumstances of their own society.

As future citizens, the great majority of students will contribute to the general wellbeing, as well as to their own, through work. This will often be remunerated, though much of it, e.g. caring for children or elderly relatives, may not be. As autonomous beings, students will eventually have to make choices about what kind of work to engage in. Schools should be helping them in this by making them aware of a wide range of vocational possibilities and routes into them, as well as their advantages and disadvantages.

Broad background understanding
There is an important link between the two major aims. Whatever we do in our lives that brings us personal benefit or is intended to benefit others takes place against a broad background of thoughts about the world we live in. Closest to home are thoughts about what sort of beings we are. We all grow up to believe, for instance, that we will live at most for a century or so; that we may or may not stay healthy; that the future has a considerable element of unpredictability. We all come to see our lives as inextricably bound up with the lives of other human beings. These perceptions alone cannot but influence the way we lead our lives.

Part of the task of education – at home and at school – is to help students to form this background that will colour everything they do. At a fundamental level, some of us will live by religious or other beliefs that give us answers to the deep questions, while others will live without such beliefs. But much of the background is less contested. Indeed, much of it will consist of well-founded scientific conclusions – about, for instance, the social nature of human beings, our part in the ecology of nature, about the movement of planets and the building blocks of life. This leads into the second part of this article, where we explore what an aims-based approach to curriculum design might mean for education about the sciences in school. We begin by reviewing current attempts to formulate aims for school science education.
Current attempts to formulate aims for school science education
There are a multiplicity of aims for school science education (Reiss 2007) though these are often implicit. A frequent aim of many science courses has been for them to provide a preparatory education for the small proportion of individuals who will become future scientists (in the commonly understood sense as employed professionals). This aim has been widely critiqued on democratic grounds (e.g. Millar and Osborne 1998). After all, what of the great majority of school students who will not become such scientists?

Another aim is to enable ‘scientific literacy’. Although there has been a long-running debate as to the meaning of the term (e.g. Miller 1983), generally scientific literacy is seen as a vehicle to help tomorrow’s adults to understand scientific issues (Gräber and Bolte 1997). The basic notion is that science education should aim to enhance understanding of key ideas about the nature and practice of science as well as some of the central conclusions reached by science. Perhaps to be included within this category is the argument that to be an educated person in the 21st Century is to understand something of science (e.g. Shamos 1995). This is the ‘science as culture’ argument; that science is as worth studying in itself, as are, for example, literature and the arts.
A further aim is that many science courses hope that as a result of what is learnt, pupils both now and in the future, as adults, will be able to gain practical benefit from it. At its most straightforward this might be by entering paid employment that draws on what they have learnt in science. Although, as noted above, most students do not enter such careers they too may still benefit individually from their school science. For example, in most science courses, in countries round the world, it has long been accepted that one of the justifications for the inclusion of certain topics is that knowledge and understanding of them can promote human health. Such topics may include infectious diseases, diet, reproduction and contraception, exercise and the use of drugs (including smoking and alcohol).

Another, more mundane, way in which school science might help individual advancement is by providing what has been termed ‘science education for consumerism’ (Reiss 2007). This is the hope that school science education might, for example, help us choose the most appropriate technological goods (is it worth my paying x% more for a washing machine that uses y% less hot water?). This is a sub-set of the more general argument that science education should be for public understanding (American Association for the Advancement of Science 1990; Millar 1996).

A further aim of school science education is that it should facilitate democracy. Longbottom and Butler (1999) argue that:
If citizens have some knowledge of the natural world and of the process of gaining that knowledge, then they may be empowered to view critically the social world. Citizens who are critically minded, and who can analyze and challenge social structures, will be better able to implement democratic ideals. In this way, science education, in combination with a general education that teaches democratic ideals, can play a valuable part in equipping citizens with knowledge for action.

(Longbottom and Butler 1999, 489)

The argument that school science education should promote democracy is related to the argument that it should be for citizenship (Jenkins 1999). In both cases there is what has been termed a ‘weak version’ and a ‘strong version’ (Reiss 2007). The weak versions consist of learning about what a democracy is and what it is to be a citizen. The strong versions entail using such knowledge in action to bring about change. These strong versions are closely allied to claims that the aim of school science education should be to effect social justice or socio-political action.


For example, Calabrese Barton has worked with homeless children in the USA to develop more appropriate science learning. She has shown that active participation in science lessons, and real learning about science, take place when children believe that their work can bring about improvements for themselves, their friends and their families (Calabrese Barton 2001). She draws on feminist approaches to show that many of the students with whom she and her colleagues worked, whilst seen in school at poor attainers in science, were actually perfectly capable of high quality science work provided they were given real choice in the science they worked at. 


It is evident that there are currently diverse aims for school science education. It is important, though, to emphasise that most teaching of school science proceeds on the assumption that such knowledge is good for students, without the precise aims having been thought through with any rigour and without the science curriculum beginning from such aims. Instead, science curricula generally begin with science. It might be thought that this is a sensible starting point but it leads all too often to disengagement as many students fail to understand the point of what they are learning (Reiss 2000; Schreiner 2006). In the next and final section we outline how an aims-based approach to the curriculum might inform science education.
An aims-based approach to education about the sciences in school
School science, worldwide, is privileged in the curriculum. So far as we are aware, the school curricula of all countries have science as a mandatory, core subject to be taught, typically, from the start of schooling (e.g. 5 or 6 years of age) up to the end of compulsory schooling (e.g. 15 or 16 years of age). Whilst what precisely is included within ‘science’ varies a bit from country to country, and while it isn’t always called ‘science’ for younger pupils, the presence of school science is nearly always accepted as a given. Furthermore, what gets included within the school science curriculum in typically determined mainly by curriculum history – i.e. what has previously been included – and by occasional battles; for instance, in England and Wales, about the extent to which the earth sciences should be included within science, within geography, or omitted from the school curriculum.

The argument of our An aims-based curriculum (2013) is that school education should equip every student: 

· to lead a life that is personally flourishing,

· to help others to do so, too. 

As discussed above, for these two aims to be realised, we add a third, the area of ‘background understanding’ – the understanding of human nature, of our social life and how it has developed as it is, and of the natural world in which we live. It is partly in its contribution to our background understanding that science begins to assert its case for inclusion in the school curriculum. 

Our own society, unlike most in the past, is partly shaped by science. As a result, much of our background consists of presumptions about which there is little or no reasonable doubt: the belief that the Earth goes round the Sun, for instance, rather than vice versa and that germs that can cause illness come from pre-existing germs rather than from ‘bad air’ (malaria) or elsewhere.

More fundamentally, students need to be helped to understand their own nature and that of other people as human beings. This has a biological aspect: they need to understand something of how they function biologically, and also how they are connected with the rest of the living world. Some grasp of evolutionary theory, genetics and child development is essential here. But there is also a cultural aspect: human beings, as language users, are the only animals (setting aside the beginnings of self-consciousness seen in a few other species) known to be conscious of their own existence. Students need to be inducted into the implications of this for our social life, including its forms of cooperation and its intellectual and artistic achievements.

Notice here how difficult it is to pigeon-hole knowledge into discrete school subjects. In England, in response to the view that Biology at Advanced level (for 16-18 year-olds) was rather narrow in its focus, apparently being aimed principally at students hoping to study it or another science at university, the subject ‘Social Biology’ was devised as an alternative. It went considerably beyond normal biology in an attempt to produce a richer account of what it is to be human and was supported not by a single textbook but by a series of short topic books with such titles as Behaviour and Social Organisation (Reiss and Sants 1987), Environmental Concerns (Alma 1993), Drugs, Alcohol and Human Health (Cornwell and Cornwell 1993) and The Origins of Humankind (Tomkins 1998).
Students’ scientific background will also include elementary astronomical knowledge of the place of the Earth and other planets in our solar system, and of the relation of that system to the wider universe. It will also take them into what is known about how the universe operates, its fundamental constituents at molecular, atomic and sub-atomic levels, its chemical composition and the basic forces that direct it. Evolutionary perspectives are also central to students’ understanding of the living world of animal and plant life within its varying geographical and geological contexts.

Although this aim embraces the transmission of much knowledge, not least scientific knowledge, this is always in the service of helping students to build up a background. Big ideas are more important in this than specifics (Harlen 2010), and accumulating knowledge is in the interests of reflection on and discussion about the bigger picture that is being put together. 

As far as the sciences go, perhaps above all they help us to situate ourselves both temporally and spatially in the world in which we live. It is clear that the universe is almost unimaginably old – some 13.7 billion years is the current consensus – and that there are literally many billions of stars, a high proportion of them with planets of their own. In one sense then science tells us that our own world is not that special. And yet we still do not know whether our planet alone is home to life.

Science proceeds through the objective testing of hypotheses about our material world. The growth in scientific knowledge gives us greater understanding of that world. Thanks to science, there is, for instance, no need for people to be superstitious or to fear witchcraft. Tsunamis and infectious diseases – still, sadly, all too often with attendant human misery and loss of life – are not the result of individual wickedness. 

School coverage of the sciences should therefore include something about what is generally referred to as ‘the nature of science’, i.e. how scientific knowledge is arrived at and its limits (Kind and Kind 2008; Williams 2011). For example, science tells us much about why the world is as it is, not what we should do in it. If we want students to know something of the ethical implications of science, we either have to admit the teaching of ethics within science or arrange for such teaching to occur elsewhere in the curriculum. More generally, teaching about the methods of science and the nature of science can help learners appreciate that while much scientific knowledge is robust – one thinks of ideas such as matter is particulate or that inherited traits result in large measure from the specific coding sequences of nucleic acids – it is always provisional so that there is always the possibility of change. A paradigmatic instance of this is the replacement of Newtonian physics some 250 years later by a blend of relativity and quantum theory.
In addition, certain core scientific material should be included: the particulate theory of matter, the difference between elements, atoms and molecules, the germ origins of much disease, the evidence for evolution, the importance of natural selection, the way in which the structures of organisms are related to how they function, the inter-relationships between organisms and their environments, the relationship between electricity and magnetism, certain basic laws of physics such as the conservation of mass, the conservation of energy and the second law of thermodynamics, the importance of gravitational and other forces, the role of plate tectonics. Such knowledge is said to be ‘powerful’ (cf. Young 2008, 2013; and for a critique White 2012).
However, when deciding what material should be included within a curriculum, the criterion of background understanding is not enough. As we argued above, the great majority of students will contribute to the general wellbeing, as well as to their own, through work. While mathematics and technology have been around for millennia and ‘modern’ science for at least several hundred years, it is clear that the proportion of jobs that rely on these subjects has increased in recent decades. Indeed, it seems to be the endless lament of Western governments that we aren’t producing enough university STEM (science, technology, engineering and mathematics) graduates (European Commission 2004; National Academy of Sciences 2007).
Of course, it is difficult to predict if such shortages of STEM graduates (and others who work in STEM fields, e.g. as technicians) will continue. Perhaps increasing developments in automation will mean that many STEM jobs will no longer exist just as, in past times, first agricultural and then industrial employment rose and fell. Nevertheless, STEM graduates are presently in short supply in many countries (as evidenced by the higher earnings they typically obtain once in post).

How, though, should one decide, for such possible employment purposes, how much and what sort of science students should experience when at school? The first principle, surely, should be to provide sufficient material for students to be reasonably well informed when deciding whether or not to continue with the subject for career reasons once it becomes optional. This does not point to a compulsory science curriculum providing comprehensive coverage; science teaching could include, among other things, what we refer to as ‘taster-option’ courses (Reiss and White 2013). Furthermore, a significant proportion of this material should be ‘applied’ so as to indicate the uses to which such knowledge is put. Indeed, not only should it be applied but courses should indicate how people make use of it in employment.

To give just one example, when teaching the topic of memory, say when teaching the nervous system to 13 year-olds, one might include material on how such knowledge is used by nurses who help people who have Alzheimer’s disease, by cognitive behavioural therapists who work with people who have Obsessive Compulsive Disorder, by dog handlers who train dogs to act in films, by teachers attempting to enable their students to learn and understand and by students when revising.
However, despite attempts to introduce more applied material into a number of science courses, such material, and not only in science courses, is often considered of lower intellectual worth than ‘pure’ knowledge (Pring et al. 2009). Such an attitude, aside from being narrow-minded, is probably counterproductive; some students are attracted by learning material that they can see might lead to satisfying employment. In any event, the relationship between pure and applied science is not simply a one way one in which pure knowledge leads to applied knowledge. As historians and sociologists of science now accept, the relationship is more complicated than that. In some cases, advances in the applied sciences lead to advances in pure sciences (Ziman 2000).

By now it might be objected that what we are proposing for science is not that different from what it often taught in science nowadays. To this we respond in three ways. First, would that this were the case. In our experience, too often science teaching does not give due consideration to its aims or to the interests of all its learners, instead serving up a fare that appeals to the tastes of only a minority of those required to consume it. Secondly, some similarity with what currently sometimes takes place in science classrooms is encouraging as it suggests that our proposals are not unrealistic. Thirdly, there are a number of ways in which a science curriculum that starts with aims would be likely to differ from one that starts with what is typically taught. We will give two concluding examples.
First, we have not argued that there must be an equal representation of biology, chemistry and physics at each age and in every school year – whereas this seems to be implicit presumption of much curriculum debate in science education, certainly in England. However, it can be argued that the amount of chemistry and physics that needs to be taught in primary schools is rather small. Much of these subjects is quite abstract and difficult not only for pupils to learn but for teachers to teach. For example, some primary curricula require pupils to be able to show the direction in which forces act on objects and to appreciate the implications for motion when forces are not balanced. Yet we know (diSessa 1993) that quite a high proportion of physics graduates find it difficult consistently to apply Newton’s first (If there is no net force on an object, then it continues in a straight line at constant speed) and third (When a first body exerts a force F1 on a second body, the second body simultaneously exerts a force F2 on the first body equal to -F1) laws of motion, let alone truly to have internalised them.

Secondly, a curriculum that takes seriously human flourishing will give more weight to certain science topics and less to others than the present curriculum does. For most of us, sex and relationships education is more important than magnets, balancing chemical equations or the structure of prokaryotes. Before it is objected that sex and relationships education need not take place in school science lessons, as distinct from elsewhere in the curriculum, we entirely concur. One of our central points is that schools should be left free, within a relatively substantive overall national aims framework, to decide how and where to teach whatever best promotes these aims. 
In the case of sex and relationship education, two points can be made. First, there is far more to successful learning in this area than simply the acquisition of knowledge; there are skills to be acquired and dispositions to be formed (Halstead and Reiss 2003). Secondly, there is quite a bit that might end up conventionally within the purview of schools science. For example, the way we teach sex and sexuality in school science is far too oversimplified. For a start, not everyone is simply XX or XY. And then there is the fact that chromosomal sex doesn’t exactly correspond to how people see themselves. In a typical secondary school with over a thousand students, there are likely to be half a dozen or more who don’t fit neatly into the binary classification of male is XY, female is XX. And when it comes to teaching about sexuality there is, of course, far more diversity than most school biology textbooks seem comfortable admitting (Reiss 1998).

More generally, our argument is that when the aims of education take precedence, then what is taught and how it is taught will shift. Education undergoes something of a Gestalt switch in which things are seen differently and this permits teachers to teach with new emphases. We have outlined how this might occur for science education but our point holds more broadly. Our hope is that subject specialists may be persuaded by our argument – or at least be willing to explore its implications. At the very least, our approach will allow teachers to give rather more satisfying answers to the familiar question ‘Why do we have to learn this sir / miss?’ than is presently often the case.
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