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Abstract
One of the important lessons that neuroscience has to offer philosophers of education is to remind us, again and again, that the substrate of memory, learning and selfhood is biological.  This is not to say that that neuroscience is currently able to provide anything like complete answers to questions of memory, learning and the self; though we do know a lot more about memory and learning than we did just a few decades ago.  However, there is an underlying philosophical problem.  Drawing first on John Searle and Colin McGinn and then on the work of Gerald Edelman, Antonio Damasio, Alfred North Whitehead and David Ray Griffin, the paper argues there is much that is wrong with the materialist agenda, inherited from the seventeenth century and perpetuated in current biological and philosophical accounts of our being, particularly its view of matter as mechanistic.  The paper will seek an alternative account which stresses continuity between matter and mind, and a holistic, integrative notion of memory, learning and the self.  The significance of this for education, if the argument can be sustained, would not only be evident in how we teach for learning and thinking but also how we teach, as a matter of first principle.  In short, it would mean rejecting much of the mechanistic approach to education and the self while recognising the possibilities of our biological selves as both learners and teachers.

 Introduction
Anyone who has witnessed the dissolution of a dearly loved ‘other mind’ or ‘self’, as a result of neurodegenerative disease such as Alzheimer’s, will need little persuading that the basis of mind, our memory, learning and selfhood, is neurobiological.  We may choose, if we wish, to describe the dissolution of the self and associated behaviour in other terms.  We may say, for example, that the Alzheimer’s sufferer is simply acting perversely, selfishly, without regard to the feelings of others, or her own and others’ safety.  We may get angry and frustrated with her behaviour.  Or, alternatively, we may feel that none of these normal moral, social responses and descriptions is relevant any more.  Something has happened to this person who we thought we knew, something has gone terribly wrong and it’s not her fault.

Something has gone wrong.  The onset of Alzheimer’s is accompanied by an increased density of amyloid plaques and the onset of neurofibrillary tangles inside the neurons.  Whether this is symptom or cause, the net result is atrophy in the medial temporal region of the brain where key structures, particularly the hippocampus, wither away as cells die. The hippocampus is crucial to the formation of memory, and memory is crucial in maintaining a sense of self.  The lesson to be drawn from this, and the many other examples where there is a correlation between certain forms of behavioural change and lesions to specific parts of the brain, seems clear enough.  We are biological beings, and like every other creature on Earth we are subject to physical process over which we may have only limited degrees of control.  Moreover, as biological beings, we are subject to the same evolutionary processes that have shaped all life on this planet we call Earth.  The brain is a product of evolution, for better, for worse.  
Philosophers such as the Patricia Churchland (1986) and biologists such as Francis Crick (1995) are happy to conclude, on the basis of our biological being, that mind and brain are the same; the one reduces to the other.  In stating what he calls The astonishing hypothesis Crick says ‘that “You”, your joys and your sorrows, your memories and your ambitions, your sense of personal identity and free will, are in fact no more than the behaviour of a vast assembly of nerve cells and their associated molecules.  As Lewis Carroll’s Alice might have phrases it “You’re nothing but a pack of neurons’ (ibid., p.3).   This is the doctrine of eliminative materialism; that the only reality that exists is material reality.  It appears to be thoroughly scientific, even if rather uncomfortable when taken to mean that much we take to be formative of our selfhood is eliminated.  But, perhaps materialism is not scientific, despite appearances.  Perhaps it is really metaphysical, a presupposition brought to science.  
In the seventeenth century, Descartes’ division of sentient mind from insentient, mechanistic matter also appeared to be thoroughly scientific.  Despite the efforts of Karl Popper and John Eccles (1983) to provide scientific grounding for dualism, it is now more likely to be seen as metaphysical.  I am happy to deal with both dualism and materialism as metaphysical systems, which can then be contrasted with an alternative and perhaps more fruitful metaphysic.  In other words, what I am suggesting is that the mind-body problem is not a problem of biology, as Crick would have us believe; rather it is a metaphysical problem.  Nor, may I add, is it a problem of language, it is a problem of mindset.  
One of the main aims of this paper, therefore, is to argue that in accepting the biological basis of memory, learning and selfhood, as I most surely do, one does not have to subscribe to either dualism or materialism.  One way of trying to avoid the extremes of dualism and materialism is via the notion of supervenience, but that will not be my approach.  For one thing, I believe that it is not the kind of argument that will appeal to practicing neuroscientists (Murphy, 2002. p.xv).  Another, better reason is that both dualism and materialism, and the notion of supervenience, seem to me to be barking up the wrong tree; a Cartesian tree, in fact, where an absolute divide is drawn between inert matter and sentient mind.  There have been those, including Alfred North Whitehead, believed this was a mistake.  I will look for an alternative view whereby matter may be described in some meaningful way as sentient, at least as ‘experiencing’.  In following this trail I especially want to take a look at why the mechanistic view of matter took hold in the seventeenth century.  My belief is that all of this might have some interesting things to say to us about our being, thinking and learning, and our current mechanistic conception of education.  
The paper will fall naturally into five main parts.  First, I will say a little more about dualism and materialism, their strengths and weaknesses.  The view I am advocating at this point draws on work I have previously presented in PESA Conference and has similarities with the position John Searle (2004) has recently argued in his book Mind: An introduction.   Second, I will consider some current research into the nature of memory and learning and how that impinges on our notion of selfhood.  I will refer to LTP, to Gerald Edelman’s notion of memory as ‘recategorisation’ and Antonio Damasio’s quite similar notion of memory as ‘reinterpretation’.   This will lead to the important issue of how matter is being conceived.  In the third section of the paper, I delve into history and find that there was nothing inevitable about the link that was forged between modern science and the mechanistic view of matter.  In the fourth section I ask whether we may realistically talk of nerve cells as experiencing.  Finally, I will attempt to relate my overall thesis back to education.
The limitations of dualism and materialism
In characteristic style, John Searle opens his recent book Mind: A brief introduction with the assertion that ‘philosophy of mind is unique among contemporary philosophical subjects, in that all of the most famous and influential theories are false’ (Searle, 2004, p.2).  He goes on to identify the theories he is referring to by saying that he means ‘just about everything that has ‘ism’ in its name…. both property dualism and substance dualism, materialism, physicalism, computationalism, functionalism, behaviourism, epiphenomenalism, cognitiveism, eliminativism, pan-psychism, dual-aspect theory and emergentism, as it is standardly conceived’ (ibid.).  Having emptied the subject of much of its usual content, one might wonder whether there is anything left to discuss.   What he is looking for, however, is a way of establishing a discourse about mind and brain that is not hung up on past squabbles about dualism and, at the same time, escapes the reductionism of materialism.  Quite correctly, I believe, he calls materialism ‘the ‘religion of our time, at least among most of the professional experts in the field of philosophy, psychology, cognitive science, and other disciplines that study the mind’ (ibid. p.48).  I also agree with him that its doctrines tend to be accepted without question, even thought they provide a powerful influence on debate, providing a framework for asking and answering other important questions, including questions of selfhood and being.
I would go further.  I believe it is possible to trace the roots of this modern day religion back to the seventeenth century.  What we find, rather surprisingly, is that materialism has its metaphysical roots in the way Christianity positioned itself in response to the onset of ‘modern’ science.  In short, its roots are precisely the same as the roots of dualism. That is, the ‘modern’ mechanistic view of matter.  This is brought into sharp relief by David Ray Griffin, when he says that:

The dead end reached by both dualists and materialists was predictable.  The fact that materialism’s attempt to overcome dualism has failed should be no surprise, because the mechanistic view of matter was formulated partly to show the need for a mind or soul different in kind from bodily constituents.  Likewise, the fact that the integration of conscious experience and brain processes cannot be rendered intelligible within a naturalistic framework should be no surprise, because the mechanistic view of matter was formulated partly to show the need for a supernatural agent (Griffin, 2000, p.142-3) 

The mechanistic doctrine of nature provides a metaphysical framework within which science is practiced.  Griffin’s point is that the common assumption that mechanism was adopted for rational, empirical reasons, turns out not to be the case.  It was primarily adopted for theological reasons, with the added advantage that it provided a model of stability and predictability that could be employed, by analogy, to the ordering of society.  Nobody was more influential in establishing the mechanistic doctrine than Descartes.  Cartesian cosmology is now largely forgotten but it is worth recalling that Descartes was ‘the first to construct a scientific system, which conflicted at almost every point with Aristotelian principles’ (Kearney, 1971, p.153). Descartes cosmos of swirling vortices in space was more ‘mechanical’ than Newton’s seemingly occult notion of gravity acting at a distance, and thus, for much of the seventeenth century, it provided a real alternative to Newtonianism, particularly in the countries of continental Europe.  

We will shortly return to this historical point in more detail.  For the moment I want to emphasise that though I believe that both dualism and materialism suffer from the same historical and metaphysical difficulties, neither is without merit.  Materialism, I believe, is making the valid point that we are biological creatures operating in a physical world, and this means that our conscious mental states are causally reducible to neurobiological processes in the brain.  Dualism, by contrast, reminds us that there are aspects of our experience produced by the brain which are real features of the world, operating at a higher level of description than neurobiological description, which can function causally on the brain and are therefore not ontologically reducible to neurobiological description.  This seems to me to be basically what Searle is saying.  To distance himself from materialism he uses the term ‘biological naturalism’.  He states his position as a set of four theses:
1. Conscious states, with their subjective, first-person ontology, are real phenomena in the real world.  We cannot do an eliminative reduction of consciousness, showing that it is just an illusion.  Nor can we reduce consciousness to its neurobiological basis, because such a third-person reduction would leave out the first-person ontology of consciousness.
2. Conscious states are entirely caused by lower level neurobiological processes in the brain.  Conscious states are thus causally reducible to neurobiological processes.  They have absolutely no life of their own, independent of the neurobiology.  Causally speaking, they are not something “over and above” neurobiological processes.

3. Conscious states are realized in the brain as features of the brain system, and thus exist at a level higher than that of neurons and synapses.  Individual neurons are not conscious, but portions of the brain system composed of neurons are conscious.

4. Because conscious states are real features of the real world, they function causally.  My conscious thirst causes me to drink water for example (Searle, 2004, p.113).
I have quoted this at length as I want to use his actual words rather than paraphrase them.  His claim is that this position provides ‘a germ of a solution’ to the mind body problem.   Well, a ‘germ’ of a solution, perhaps, though I am not sure it does much more than restate the problem in contemporary language.  What seems to be missing is any kind of explanation of how, in his third thesis, we get from ‘neurons that are not conscious’ to ‘portions of the brain system composed of neurons that are conscious’?  Nor am I quite sure what ‘portions’ he is talking about. We need to do some homework.
Memory and the self
Descartes’ ‘cogito ergo sum’ was foundational for his separation of mind and body and the subsequent ‘modern’ separation of the contemplative thinking self from the objective world of science.  Philosophers have endlessly debated the mind-body issue, and in doing so have created the many ‘isms’ that Searle wishes to dispose of.  What is often missed is that Descartes’ notion of the thinking self is wrong not simply because it set humanity over against nature.  A second important reason is that it is not our ability to think that defines our selfhood, as Descartes supposed, but rather our ability to remember what we think.  As Larry Squire and Eric Kandel note: ‘every word we speak, every action we engage in – indeed our very sense of self and our sense of connectedness to others – we owe to our memory, to our ability to record and store our experiences’ (Squire & Kandel, 1999, p.ix).  It is memory, above all else, that links together learning, understanding and our conscious sense of who we are.  That is why, when memory is destroyed, as it is in Alzheimer’s disease, it not simply our remembering that is compromised, our selfhood is compromised as well.  If this is what Crick and others are referring to, then they are surely correct.  But that does not entail the reductionist thesis that we are nothing but these processes.  The self that is the product of these processes also has an influence on these processes.
We experience the world through perception.  The big question is how experience becomes memorised such that it is learnt, and such that it can then influence future learning?  Or, to put the question another way, how do memory and learning work together?   The answer appears to be through a process called long-term potentiation or LTP for short.  Many popular books attribute the discovery of LTP to Kandel and his extensive work on the sea slug Aplysia.  In fact, however, the discovery was made in 1973 by Tim Bliss and Terje Lomo working in Oslo on anaesthetised rabbits.  The key idea is that every new experience causes the nerve cell firings across some synapses to strengthen and others to weaken.  LTP causes synapses to strengthen their connections to one another in response to an event or idea as a series of new connections.  This makes it easier for subsequent messages to fire along the same path.  The more that occurs, the stronger the connection and the more permanent the learning becomes.
More recently, Gerald Edelman has set this same idea within an evolutionary context, arguing that our brains work through a process of selection - a view of learning also advocated by the philosopher Karl Popper, (Popper, 1994, p.8).  Edelman draws our attention to the notion of population, which was crucial for Darwin, but in this case it is not the population of a species, in which some features are favoured over others, but the immense population of neurons and neuronal maps. These maps physically connect with sensory receptor cells (of eyes, ears, etc.) and also between themselves (maps to maps) within the anatomy of the brain, a process he calls global mapping.  The signals between maps go back and forth, constantly, in exceedingly large numbers, and in this dynamic process some of the many connective patterns formed become strengthened, because they possess salience or meaning for the individual, whereas those not valued are weakened or die.  It is this process, he believes, that in particular accounts for perceptual categorisation and memory, essential to learning.  

Thus, in contrast to a ‘computer view’ of memory in which memory is essentially recalling or retrieving an original input, whether short-term or long-term, Edelman argues that memory is value-dominated (Edelman, 1989, p.99) and results ‘from a process of continual recategorisation’ (ibid., p.56); each time modifying previously selected neuronal groups. Our memories and our minds are always reinventing themselves.   Antonio Damasio (1994) employs a somewhat similar idea in relation to mental imaging, pointing out that images ‘are not stored as facsimile pictures of things, or events, or words, or sentences’ (ibid., p.100).  Rather they represent an interpretation, whereby we reconstruct a version of the original image.  He then adds:

…these mental images are momentary constructions, attempts at replication of patterns that were once experienced, in which the probability of exact replication is low but the possibility of substantial replication can be higher or lower, depending on the circumstances in which the images were learned and are being recalled…. I suspect that explicit recalled mental images arise from the transient synchronous activation of neural firing patterns largely in the same early sensory cortices where the firing patterns corresponding to perceptual representations once occurred.  The activation results in a topographically organised representation (ibid., p.101).

So, what we perceive and categorise as a unified representation of the world is quite wonderfully produced by the conjunction of locally separate areas of neuronal activity, giving the impression of an integrated image even while remaining separately located.  In other words, the connections we make in our minds that lead to thought, memory and understanding are not actually brought together in any one location in the brain, but are, in effect, the result of the brain’s ‘trick of timing’ (ibid., p.95).

Modern science and matter – a historical detour
Perhaps this is what Searle is referring to when he talks of parts of the brain being conscious, though if he is the use of the term ‘parts’ is rather misleading as the whole point is that memory is not in any ‘part’ of the brain.  There is no ‘Cartesian theatre’, to use Dennett’s terminology.  But let us stay with this notion of parts and let us make a Popperian-type ‘bold conjecture’ that the parts we should be referring to are the actual brain cells, working in unison.  Searle would not agree.  On the list of ‘isms’ that he declared to be false he included pan-psychism, the belief that matter is sentient.  He does not expand on why he thinks it false, but the reasons are not hard to imagine.  For one thing it goes entirely against the grain of ‘modern’ science which, as we noted earlier, committed itself to a mechanical metaphysic. I suggested a major reason for that commitment was theological.  We can now be a little more specific.  If we go back to the time of that commitment, to the seventeenth century and the onset of modern science, we will see that mechanism was only one of three powerful sets of ideas informing the new science; each owing their origins to separate Greek traditions, and each having its own approaches to the study of the natural world. All three were also bound up with their own distinctive religious assumptions about the nature of the world. Hugh Kearney has suggested that the scientific revolution was not, as some would have us believe, a victory of the progressive moderns over the reactionary medievals. Instead it involved the relative fortunes of three competing intellectual traditions; the Aristotelian (organic), the Hermetic (magical) and the Archimedean (mechanist) traditions - with the latter eventually supplanting the former two. 

The prime analogies in the organic tradition were drawn from what we now call biology, and the language was of growth and decay, of consistency and change.  The analogy of the acorn growing naturally into the oak tree was applied extensively, providing an explanation of the origins not only of plants and animals but also of non-organic substances such as metallic ores that were said to have ‘grown’ in the favourable parts of the Earth.  Another major emphasis was the constant change within nature, rather than its regularity and uniformity.  Change, however, was not arbitrary, but directed by potentiality and purpose and towards every object’s ‘final cause’.  Within this conceptual framework, the natural world was both observed and interpreted.  Observation had played a key role in the wide-ranging empirical investigations of Aristotle (384-322BC), the anatomical and medical work of Galen (130-201AD) and the astronomy of Ptolemy (139-161AD).  Indeed it was central to Aristotle’s inductive-deductive method, in which inquiry is viewed ‘as a progression from observation to general principles and back to observation’ (Losee, 1972, p.6).

Aristotelian cosmology was earth-centred, with the four elements, Earth, Air, Fire and Water surrounded by the spheres of the sun and planets and the outermost sphere of the fixed stars.  It was mathematically systematised by Ptolemy in the second-century AD.  In order to account more accurately for the celestial positions of each planet, he had introduced epicycles - smaller circular rotations - on to their main circular orbits.  It was a highly successful system, fitting the perceived movement of the sun, moon and stars across the sky from east to west, including the tantalising problem of why the planets appear to regress in their movement across the sky. It was also psychologically satisfying and internally coherent, placing the domain of human beings at the centre of things.  Thus, as Kearney emphasises: 

…the organic tradition was something more than a collection of scientific observations.  It was also a philosophical system extending into metaphysics, ethics and logic… Thus the organic tradition served two inter-connected purposes: it was a source of scientific information and it provided a pattern of intellectual coherence (Kearney, 1971 p.26).

Existing alongside, but in contrast to, the organic paradigm was a second tradition that Kearney refers to as the ‘magical’.  He prefers this title to the alternative, ‘aesthetic’, because of what he identifies as overtones of mystery that were involved. It might seem more appropriate to call this tradition the ‘mystical’ - for a sense of wonder, surprise, beauty and mystery lay at the heart of the tradition.  Nevertheless, the magical element is there, for this tradition owes its Greek origins to Pythagoras, and, as Jacob Bronowski explains: 

Pythagoras was a kind of magician to his followers, because he taught them that nature is commanded by numbers.  There is a harmony in nature, he said, a unity in her variety, and it has a language: numbers are the language of nature (Bronowski, 1973, p.156).

A second source of this tradition was the Hermetic Writings, attributed to a pseudo-author Hermes Trismegistus (thrice blessed), which claimed to expound the wisdom of the ancient Egyptians back to the time of Moses.  In fact, as the late medieval scholar Casaubon (1559-1614) realised, they belong to the mystical and philosophical movement of neo-Platonism, founded by Plotinus (AD 205-270), which, among other teachings, had placed the sun at the centre of the universe.  As Kearney is keen to stress, ‘the neo-Platonic approach made an enormous impact upon the intellectual world of the sixteenth century.  It may be seen in More’s Utopia…and not least in the writings of Copernicus and Kepler’ (Kearney, 1971, p.40).  The magical, mystical strain in Copernicus is clearly to be heard in the Preface of De Revolutionibus:

In the middle of all sits the Sun enthroned. In this most beautiful temple could we place this luminary in any better position from which he can illuminate the whole at once?  He is rightly called the Lamp, the Mind, the Ruler of the Universe; Hermes Trismegistus names him the Visible God, Sophocles Electra calls him the All-seeing.  So the Sun sits as upon a royal throne ruling his children, the planets which circle around him… the Earth conceives by the Sun, and becomes pregnant with an annual rebirth (as cited in Kuhn, 1957, p.179).

The third medieval tradition, with origins going back to the ancient Greeks, drew its analogies from technology and machines.  This mechanist tradition can be traced back to ‘the detached intellectual curiosity of Archimedes’ (Kearney, 1971, p.46).  In spirit and belief it contrasted strongly with both the magical and the organic world views and approaches to the investigation of the natural world.  For example, both the magical and the mechanist traditions relied heavily on mathematics, though for the mechanists numbers held nothing of ‘the mystical appeal they did for the Platonists and neo-Platonists’ (ibid., p.47).  Another comparison between the three traditions was their different conceptions of God.  For the mechanist, God was the Great Artificer, while within the organic tradition he was the logician revealed in the purposes and ends of the universe, in contrast to the mystical, artistic and wonder working god of the magical tradition.

The reason for this rather lengthy dip into history has been to show that the development of modern science grew out of three separate and productive traditions.  Though there was nothing inevitable or necessary about the adoption of the mechanistic tradition; though it did provide the ‘men of science’ with an image of God, as the great designer of the universe, which fitted their personal and scientific temperaments, and it also provided a model of clockwork predictability that was readily applied in bringing order to the turbulent society of the seventeenth century.  
The adoption of the mechanistic model did not happen overnight, however. In Germany, the tradition of nature-philosophy with its roots in the ‘magical tradition’, especially the Vitalism of Paracelsus (who anticipated the germ theory of disease), provided a real alternative to mechanism.  It flourished well into the nineteenth century, following Lorenz Oken’s (1810) Elements of Physiophilosophy.  Central to nature-philosophy, and in direct contrast to mechanism, was the belief that there is no such thing as inert matter.  As historian Stephen Mason notes, in this tradition: ‘All substances, even mineral and chemical compounds were alive, for they were permeated by a vital force which caused growth and determined the form which the growth assumed’ (Mason, 1962, p.351).  Nature-philosophy influenced the development of the biological sciences, notably embryology, morphology and cell theory.  Embryology ‘was largely a German science during the late eighteenth and early nineteenth centuries, while the cell theory was almost entirely a German development’ (ibid. p.361).
Sentient matter, sentient minds

If it is the case, as Searle claims, that both dualism and materialism in their various forms are false, then perhaps we ought to try to discover reasons for the error and try to provide an alternative.  What I am suggesting is that one important and common error is that they are both committed to a mechanistic account of matter, where matter is conceived as inert.  One alternative would therefore seem to be to revisit the idea that matter, at least the neuronal matter comprising the brain, is not inert, but is rather, in some sense or other, sentient.  But what exactly would this be committing us to?  The short answer is some form of pan-psychism which Searle and, so far as I am aware, every other mainstream philosopher of mind rejects. I have suggested that one reason for this is their commitment to a mechanistic philosophy of matter.  For many, I am sure, pan-psychism also seems to be invoking the occult.  
Consider, for example Colin McGinn’s comment regarding the rise of consciousness that, if neurons are credited with what he calls proto-conscious states, ‘it seems easy enough to see how neurons could generate consciousness…. (Panpsychism now threatens)’ McGinn, 1991, p28n).   The threat is all too clear for McGinn.  Actually, there is real irony here.  Of all the philosophers who have put their minds to the issue of consciousness, McGinn is surely one of the great mystery mongers, believing that we will never be able to resolve this problem scientifically.  He seems to prefer that mystery to the possibility that it might have a scientific resolution if only we changed our science back towards what he seems to fear is the mystery of pan-psychism.  
Anyway, my point is that a very strong second reason for rejecting pan-psychism is the feeling for some that it smacks of the occult.  But, does it?  I have tried to show, above, that at the very least it is not anti-scientific.  Indeed, it did much to further science in precisely those areas that we are most interested in regard to mind/brain, the biological sciences and especially cell theory.  Certainly we do not have to go back in every regard to the eighteenth and nineteenth century versions, too much has happened in science since then.  However, there is way of conceiving matter as sentient, running through the work of Henri Bergson, Alfred North Whitehead, Charles Hartshorne and on into the present with philosophers interested in the interface between science and religion such as David Ray Griffin.  Griffin advocates a notion of pan-experientialism that is set within a post-modern conception of scientific naturalism.  In my 2003 PESA paper, I argued for the merits of a reconstructive post-modern framework for discussing issues of mind and brain.  That accords with Griffin’s position, but on the issue of sentient matter my approach is more reserved than Griffin.  He is happy to accept Whitehead’s notion that the fundamental units of nature are what Whitehead calls ‘actual occasions’, meaning that matter is both temporally and spatially extensive.  From this starting point, Griffin argues for a position that he calls ‘panexperientialism with organisational duality’:
because a distinction is made between two ways in which low-level individuals can be organised into “compound individuals” in which a higher-level of experience (which might be conscious) emerges, and merely “aggregational societies” such as rocks and telephones, in which no higher-level experience emerges.  A rock as such, therefore, has no experience whatsoever; the highest experiences in the rock are those of the billions on molecules (Griffin, 2000, p.167).
I have to admit to ignorance. I simply do not know whether it is meaningful to talk about molecules possessing some level of experience.  As we have noted, this would certainly be the position of German nature-philosophy.  What I will say, however, is that lying behind this assertion I notice another strand of thought which I do find helpful.  I have noted two reasons why the mechanistic, materialistic view of matter became so firmly established –one theological and the other social. There is a third, additional reason.  I believe that the apparent coherence of the mechanistic tradition was seen as ‘foundational’ and therefore in tune with the seventeenth century quest for certainty.  I see this same motive lying behind the almost obsessive reductionism that is part and parcel of materialism, including the reduction of mind to matter as seen earlier in this discussion when considering Crick.   
One can easily understand why, at the beginning of modern science the world should be viewed as rational, logical, consistent, ordered and hierarchical. One in which it was possible to find at rock-bottom the fundamental units of matter upon which all else could be constructed.  How from their perspective, could one begin to understand a world that was not ‘fundamentalist’ or ‘foundational’ in this sense?  The answer from a twenty-first century point of view, however, is that we certainly can understand such a world, by using the notion of self-consistency.  This is what underpins the so-called ‘bootstrapper’s’ approach which suggests that all of physics flows from the requirement that components be consistent with one another and with themselves. There is no rock-bottom, no ultimate reduction.  Matter is relational and for the purpose of our argument in this paper, perhaps there may be no absolute dividing line between those parts of matter that experience and those that do not.
In any event, it is this kind of image of matter that I believe applies when talking about the brain.  If we return to our earlier discussion of memory, we can see clear examples of the relational view of matter in the way the brain draws on different sites within the brain to reconstruct or recategorise memory.  There we saw Damasio referring to the reconstruction of memory as the brain’s ‘trick of timing’.  It is easy to be blasé and pass over this point, hardly noticing it, but there is something we should notice.  This isn’t a computer tape brain at work; it is an organism of great complexity, one that is essentially alive in all its parts.  Elsewhere Damasio invites us to consider that: 
every elementary part of our organism, every cell in the body is not just animated but living.  Even more dramatically, every cell is an individual living organism – an individual creature….

The nerve sensors that convey the requisite information to the brain and the nerve nuclei and nerve sheaths that map the information inside of it are living cells, and in need of comparable homeostatic regulation.  The nerve cells are not impartial bystanders (Damasio 2003, p.127-129).
Nerve cells are certainly not impartial bystanders, they are alive.  That implies that they possess elementary experience, and in the case of brain cells that is not hard to illustrate.  Consider, for example the migration of nerve cells when the brain is being formed in the womb.  A quarter of a century ago it was believed that each cell in the brain was predetermined in the role it would play, perhaps as a cell in the visual system or the auditory system.  It is now realised that this is far from accurate.   It is the migration process itself that helps to determine the role that the cell will play.  For some reason, not well understood, neurons reach their destination by finding themselves ‘at home’ with other neighbouring neurons and by responding to the signals they are receiving.  Each cell in the brain responds to the experiences it is receiving, its contacts with other neurons and neuronal maps or groups, being strengthened by the contact or dying back for lack of contact.  
We must not think that this degree of experience is restricted to human brains.  As John Allman has noted:

Bacteria possess highly developed sensory systems for the detection of nutrients, energy sources, and toxins, and the capacity to store and evaluate the manifold information provided by these diverse receptors.  The final outcome of this sensory integration is the decision to continue swimming in the same direction or tumble into a different course.  Thus some of the most fundamental features of brains, such as sensory integration, memory, decision-making, and the control of behaviour, can all be found in these simple organisms (Allman, 2000, p.5-6. Italics added).
Education and personhood

Bacteria with rudimentary brains capable of memory and decision-making; it should be enough to make any philosopher of mind stop and think, let alone any philosopher of education.   Perhaps not only philosophers of education but also psychologists as well, when framing their theories about learning and thinking, might do well to consider the neurobiology of the brain.  In some ways, of course, it can be claimed that philosophers and psychologists along with others concerned with education have started to consider the biological basis of thinking and learning.  One can cite, for example, the brain-based approaches to learning advocated by Eric Jensen and others, or the work of the Committee on Developments in the Science of Learning and their 2001 publication How people learn; Brain, mind, experience, and school.  My aim in this paper, however, is to take the approach via the brain a step further; opening up what I think might be a useful and interesting research area.  If the aim of brain-based learning is to improve teaching and learning techniques on the basis of increased knowledge of the brain, that certainly has some merit.  The issue then is how much of neuroscience can actually aid teaching and learning, and how much actually has very little to offer teachers in real classroom situations.  Currently brain-based learning is a fashionable area, but fashions come and go.  In time, we will see what actually emerges, and what it gives us that is sustainable.
On the other hand, if the aim is to apply neuroscience to our understanding of personhood that would seem to me to open up the field considerably.  Last year, at the 2004 PESA Conference I presented a paper that I called: Can the synaptic self have values and make choices?  A reworked version of that paper, following review, will hopefully be published in June 2006.  One aim of that paper was to argue that the main interface between moral education and neuroscience concerns the nature of the human person.  But then I think that same argument applies right across the educational spectrum.  What area of education would not benefit from an enhanced understanding of personhood?   The burden of this paper has been that we will only begin to get a good purchase on this issue if we can somehow move away from what I see as the rather debilitating influence of the mechanistic view of matter, which is a core doctrine in both the dualistic and materialistic accounts of matter.

Cynics will argue, of course, that this is not a matter of practicality and practicalities are all that matter in education..  Practicalities do matter, but practicalities are never without presuppositions and if those presuppositions turn out to be wrong or inadequate they can be quite distorting.    Let me come straight to the point.  So much of what happens in education, in terms of teaching, the construction of the curriculum, the choice of subjects and the amount of time they are given, the way assessment is conceived and handed down, school league tables and so on and so forth is utterly mechanistic.  And so, ultimately, is the way education often treats children and teachers.  Far too much of education is dominated by mechanistic presuppositions.  In this paper I have tried to start to point a way out of this bind, by arguing that the mechanistic model provides a very limited and limiting account of reality.   And at the level of human selfhood, we are sentient minds composed of sentient nerve cells.  There is no absolute divide between mind and matter and it is this relational, holistic self that memorises and learns.  Education would do well it were reconstructed on the basis of this more holistic notion of human selfhood.
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