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Preface

My father always liked taking things apart and was fascinated by how anything and everything around him worked, be it his car, a TV, a jet engine – or the body and the brain. Ever since I can remember, he would ponder in awe on the nature of electricity, human nature, belief and the precarious state of being alive, not with any fixed assumptions but revelling in the profundity and richness of the intellectual challenge of not having a simple solution. As James Thurber once remarked, ‘It is better to know some of the questions than all of the answers,’ and I think this sheer enjoyment of savouring a problem and sharing it with others must have rubbed off on me very early: it certainly set me on the path for my choices at school. Science was taught as a series of known facts, and no room was left for further wonderment: the amoeba split in two; distilling water (of which no one explained the relevance) involved drawing with stencils a conglomeration of equipment involving conical flasks connected by ruler-sharp tubes and required neatness in the exercise book but not much else; the physics of time and space was encapsulated by ticker-tape trolleys spewing out white strips of paper with appropriately distanced dots stamped out on them. Despite the changes in education in the digital era, I suspect there is still room in science teaching to show students the more distant and less certain horizons to which the bread-and-butter rites of passage might lead. In my case, the big questions that trouble us all (but especially, perhaps, adolescents) as to why wars start, the nature of love, free will, destiny and, above all, the essence of one’s own individuality seemed to be so much better met by history and literature – in my case, of the ancient world. Accordingly, with great relief I abandoned science as soon as I could in favour of the old Victorian package of Latin, Greek, ancient history and maths.

The world of the ancient Greeks, in particular, offered the chance to explore what seemed to be the big questions about the human condition, and inevitably led into a more general interest in philosophy. However, in my first year at Oxford, I was brought up short by an emphasis on the seemingly forensic analysis of language: I can still recall sitting in the Bodleian Library one Saturday morning, ploughing through a whole chapter on the definite article (‘the’) and reflecting that perhaps I had not, after all, made the best choice of subject. So it was that I changed to the then fledgling subject of psychology, grew increasingly to favour the more physiological options and became mesmerized, for the first time, by a science that didn’t have simple answers but could address the very questions I’d asked as a schoolgirl with empirically based discoveries. To everyone’s surprise, not least my own, I morphed into a neuroscientist, thanks to the huge support and encouragement of my then tutor Dr Jane Mellanby and the Head of Pharmacology, Professor William Paton. This was the start of a research career investigating novel brain mechanisms, with particular relevance to neurodegenerative disorders.

But that early fixation with the mind never left, and with it the nagging issue of consciousness: what it was and how it happened – which perhaps amounts to one and the same question. Yet, if someone claimed to be able to answer that question, what would I have expected them to show me? A performing rat? A brain scan? A formula? Not even the most hypothetical and futuristic of scenarios could capture that essential or, rather, the quintessential ingredient: subjectivity. So, alongside the daily lab experiments, I carried on talking to philosophers, in particular, the late Susan Hurley. Together, we organized a wide-ranging series of debates between philosophers and neuroscientists that ended up being published in 1987 as Mindwaves. The appeal of these broad discussions, which often lasted long into the evening, was that I learnt how a topic common to both disciplines – say, memory – could clearly be approached with a completely different agenda, set of priorities and perspective. Above all, for me as a neuroscientist, the most important issue was the risk of neglecting the phenomenology – the all-important subjectivity that caused one wag to label the neuroscientific exploration of consciousness as a CLM: a Career Limiting Move.

It was continuing reflections on the subjective nature of ‘mind’ and ‘consciousness’ that then led me, in 1995, to write Journey to the Centres of the Mind, and, in 2000, The Private Life of the Brain. Since you could ‘lose your mind’ but still be conscious, it struck me that the two terms were far from synonymous and that working out how they related to each other, in neuroscientific terms, might offer a small step forward. The Private Life of the Brain, therefore, is mainly a theoretical foray, albeit based on a range of on empirical data, into how ‘mind’ and ‘consciousness’ could be rooted in the physical brain and how we might develop a system of studying these often interlinked but sometimes independent phenomena by correlating objective events with their respective subjectivity. I ended up concluding that we need some kind of Rosetta Stone, a frame of reference that is bilingual, something that could be described in phenomenological terms just as readily as in physiological ones.

The perfect candidate was not any macro-scale brain region, nor any micro-scale collection of synapses, but a mid-level, ‘meso-scale’ brain process which, until the 1990s, had escaped detection: neuronal assemblies. Assemblies can be thought of as being a bit like the ripples generated by a stone thrown into a puddle: once triggered, large numbers (millions) of neurons generate a spread of activity, working together over a sub-second time frame. This fast scale of milliseconds had meant that assemblies were impossible to detect with classic brain imaging, which relies on indirect measurements, such as blood flow, and therefore typically has a resolution of only seconds. However, with the pioneering introduction of voltage-sensitive dyes which give a direct read-out of neuronal activity, it became possible at last to explore these highly transient coalitions of brain cells in real time.

When I wrote The Private Life of the Brain, the study of neuronal assemblies was still in its infancy, and I could only gesture at how they might provide the all-important basis for developing a neural correlate of consciousness: in fact, looking back at the latest edition, I see with some bemusement that, though mentioned in the text, the term ‘assembly’ doesn’t even feature in the index. But I longed now to progress from theory to reality and to monitor assemblies in my own lab: fortunately, the usual obstacles of finding the right people and, of course, finding funds turned out on this occasion not to be as insuperable as I’d imagined. A talented graduate student in our group, Ed Mann, was willing to travel to Japan and was generously hosted in the lab of Dr Ichikawa for the summer in 2001 to learn the technique of optical imaging so that we could set up our own system back in Oxford. Just as importantly, and far from inevitable, funding for the highly specialized equipment and subsequent experiments was provided by an initial grant from Pfizer Ltd, and then continued by the Templeton Foundation, the Mind Science Foundation and the European Society of Anaesthesiology. What had seemed an improbable dream became a reality and, over the last fifteen years, we have been able to test out many of the ideas that were initially only hypothetical. Hence, this book.

A Day in the Life of the Brain is far from being an exhaustive review of the field of consciousness research, though it inevitably draws, where appropriate, on relevant and recent work in philosophy, psychology, neuroscience and physics. Sadly, it’s unavoidable that things can get a bit technical, because, this time, unlike in The Private Life of the Brain, we’ll be looking at many more real experiments. However, as much as possible, I’ve tried to save the general reader from too much scientific detail by separating out into the Notes the kind of information the specialist might expect.

The main aim of this book is to suggest a new interdisciplinary approach to consciousness: the central supposition is that neuronal assemblies offer a framework of description that is equally feasible using phenomenological and physiological terminology in parallel. Accordingly, the best possible examples of different subjective states of mind seemed to be not some contrived laboratory scenario but those with which we are all familiar: the different stages of a typical day. The plan is to journey through the ups and downs of waking, eating, working, playing, being troubled and dreaming to see how, in each instance, we can match up a particular subjective state with a differing profile of objectively measurable events in the physical brain: neuronal assemblies.

Since A Day in the Life of the Brain is heavily dependent on the papers we have compiled and/or had published by using optical imaging, I would like to thank those who have worked in the group on the project over the years and are co-authors on the publications cited. In particular, I would like to acknowledge the most recent researcher, Scott Badin, who has refined our study of assemblies to a much greater degree of precision and whose work features extensively throughout these pages. A special thanks is due to Dr Francesco Fermani, a theoretical physicist with whom Scott and I have passed many enjoyable evenings over a bottle of wine, attempting to go beyond empirical data to mathematical modelling, as described in the final chapter. Above all, I would like to thank Dr Ian Devonshire: not only did Ian progress from working with brain slices to performing optical imaging in vivo, but he has now made an invaluable contribution to the book by fact-checking, editing and ensuring that the references are up to date and appropriately representative.

The book itself would not have been possible without the support of the editors from Penguin, Stefan McGrath, who originally commissioned it, and Laura Stickney, who has tirelessly seen drafts through various iterations into a form ready for the final excellent copy-editing of Sarah Day. Lastly, as always, I’d like to thank my agent, Caroline Michel, for her unerring enthusiasm and friendship, and to acknowledge the contribution of others, which has been less specific but no less valuable: Professor John Stein, Professor Clive Coen and Mr Charlie Morgan have provided endless intellectual challenge and tough love, while my mother, Dorice, now an author herself, has provided the best input of all: unconditional love. So we come full circle back to my father, who gave both my brother and me a real curiosity and courage to square up to the big questions. I’d like to think that, wherever he is, he knows how much I owe him.

Susan Greenfield
Oxford, 27 March 2016
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1

In the Dark

THE STORY SO FAR

It’s early in the morning and still dark outside. Your heart rate has dropped to a single beat per second and your blood pressure is the lowest it will be for the next fifteen hours. Your respiration has fallen to twelve breaths a minute, while your blood glucose is at rock bottom. Your bladder and bowels are slowly filling but are not yet sufficiently inflated to disturb your slumber. Despite the ingenious physiology remorselessly at work in all your organs, you sleep on, oblivious. In this state, your brain and, indeed, your whole body are currently somehow preventing entry to a private inner universe that poses one of the biggest challenges in science – but any minute now, when the alarm buzzes, this special place will be all yours, exclusively. However close you are to someone, however articulate, poetic, musical or compassionate you are, you will never, ever, be able to share your direct subjective experience with anyone else. But right now, for just a little longer, you’re ‘dead to the world’: unconscious.

Without consciousness, life would indeed be pretty much the same as death. The conscious condition makes life worth living: yet what is it, this insubstantial, intangible inner … what, exactly? Across the centuries, our predecessors have struggled to define and understand how we can best grapple with what is so intellectually elusive yet so familiar that we take it for granted day after day. Over the last forty or fifty years, the issue has been thrown into ever sharper focus with the ascendance of neuroscience and the massive increase in our knowledge of the brain. But with this wealth of facts and insight the problem becomes ever more glaring: how can your individual, subjective experience be translated within your physical brain into squirts of chemicals and electrical blips, and vice versa? When it comes to other ambitious scientific scenarios such as time travel or perpetual-motion machines, the possibility of their eventual realization might defy the laws of physics, but then again – at least, hypothetically – you’d recognize the solution as such if ever some ingenious inventor presented it to you. So what would actually prove to you that some scientist, or philosopher, or even sci-fi novelist, had come up with the definitive insight into the subjective experience we call consciousness?

Would the newly enlightened individual perhaps be brandishing a brain scan, or clapping their hands at a mathematical formula? These ‘solutions’, however ingenious, would never be convincing, as they would not account for how objectively observable events transubstantiate into the first-hand feeling of that very special private experience. Somehow, in some way, in the brain and in the body, a subjective perspective is generated – we could almost say ‘conjured up’ – but no one has so far been able to produce any kind of convincing answer, however hypothetical, as to how this apparent miracle takes place. It is one of the deepest mysteries and the most enduring puzzles not just for scientists but for any of us to ponder. Small wonder that the black night outside your bedroom window is as nothing compared to the intellectual darkness that gives rise to this conceptual impasse.

Back in the mid-1980s, the philosopher Susan Hurley and I thought it would be a great idea to set up a series of seminars at Oxford University between neuroscientists and philosophers on various aspects of the mind and brain. Inevitably, we made little progress in understanding what any brain-based process might be for consciousness itself,1 not least perhaps because neither neuroscience nor philosophy has any clear common base from which to start, as the two disciplines share no opening assumptions. Nonetheless, the seminars did highlight the major headache that bedevils both disciplines: how to explore a subjective phenomenon in an objective way. One plus, however, was that we discovered that a fruitful multidisciplinary debate could be had over more modest, more specific questions, such as whether a machine could be conscious, what the evolutionary power of consciousness could be, and the impact of language on thinking.

Even back then, neuroscience was starting to challenge the tired old dichotomies of brain versus mind, mental versus physical, by showing how changes in the brain due, say, to physical damage, matched up, correlated, with changes in subjective personal experience. In the words of one of the philosopher participants, Paul Seabright: ‘Memories, no less than molecules, are physical objects, part of the physical universe, but objects we are capable of recognizing under names other than [those] physics gives them.’

This tension between the objective and the subjective has seemed insoluble ever since the great philosopher René Descartes first raised it in the seventeenth century, when he chose to segregate a conscious mind from the biological brain. This conceptual chasm, between the first-person perspective of moment-to-moment experience in real life and the third-person perspective that is the hallmark of scientific experimentation, is tough to cross. When we describe a human being, or any animal, as having ‘perceptual experiences’ or ‘conscious states’, we are talking about some of the most basic features which distinguish living from non-living things. A stone is not ‘about’ anything and neither does it have any subjective properties, but a perception is ‘about’ what is seen (or experienced) and therefore does have subjective properties, such as what it is like to see the colour red. These features are obvious to us from our first-person view of the world, but when we shift perspective to the third-person stance of objective science we find ourselves in some difficulty. We can speak of brain states, which in turn may be reduced to neurons sparking and pulsing out powerful chemicals, but it is hard to see how this neurobiological maelstrom relates to the features of consciousness that are so apparent to us in your own everyday experience: the taste of chocolate melting slowly in your mouth, the sunshine on your face, the swishing roar of surf. The aim of the journey we’re about to undertake in this book is to gain insight into what is physically happening inside our heads when we savour food, become tipsy after a couple of glasses of wine, dream, walk outdoors, or sit all day long in an office.

At each stage of your day, various factors drive an endless succession of different types of brain states, which are themselves based on very large numbers of brain cells working together for just a fraction of a second. ‘Assemblies’ are powerful brain processes which, nonetheless, are still relatively unknown and under-investigated. We will see how these transient, large-scale neuronal coalitions, assemblies, can correspond to your experience of different levels and types of consciousness, and so operate as a kind of Rosetta Stone – that famous relic engraved with a decree written in three languages and so providing the key to unlocking Egyptian hieroglyphs. By matching up these novel events in the brain with different types of consciousness, assemblies could serve a similar purpose, enabling us to translate one ‘language’, the subjectivity of personal experience, into another – the objectivity of neuroscience, and the other way around. After all, surely any so-called ‘scientific’ explanation of consciousness must give equal weight to the first-person subjective experience.

The basic assumption that subjectivity is core to understanding consciousness is something the scientific community has found a bit unpalatable to take on board because the empirical method is ruthlessly objective and impartial. No surprise, then, that someone once described the study of consciousness as a CLM: a Career Limiting Move; to many traditionalists, the spectre of being ‘unscientific’ prohibits any further exploration of the subject. ‘Scientific’ is an adjective frequently appended with much fanfare to all types of terms, especially ‘evidence’, yet it is rarely defined. Suffice it to say that scientists typically report findings which, most importantly of all, are objective: two or more researchers will each measure something in the same way under the same conditions and come up with the same, consistent result. Yet that’s precisely why the normal machinery of scientific method is so tricky when we are dealing with consciousness, because the would-be researcher really has to acknowledge upfront the quintessential feature of subjectivity. Even those neuroscientists daring to work in the area – pleasingly, a swelling minority – tend to ignore the diversity of individual subjective states: instead, we focus, understandably, on principles of brain function with which we are already familiar and the ensuing processes and effects that we are comfortable measuring.

DISENTANGLING DIFFERENT TERMS

Even before you take your lab coat down from its peg, however, the problem of defining consciousness may stay your hand. What exactly are we going to be dealing with? Trading the term in for apparent synonyms such as ‘wakefulness’ or ‘awareness’ will get us nowhere; nor, in any case, are these alternatives satisfactory, as they emphasize a more generic, passive reactivity to the outside world rather than our quintessentially individual and unique appreciation of the ongoing experience of it. The difficulty in clarifying what we mean arises from the adoption of one of the easiest strategies we have for defining things. For instance, you might say, ‘Flight is when you defy gravity’; but consciousness is when you do what, exactly? You don’t necessarily have to do anything at all: you could simply lie flat in silence and with your eyes closed, yet you could still be conscious. This kind of operational definition is useless. The alternative option is to refer to a higher ‘set’, or wider category. For example: a table is a piece of furniture; love is an emotion; consciousness is a … is a what? Where is the higher, or wider, category? There is none.

Since we can’t formally define consciousness, the next best thing is at least to sort out understandable confusions with other terms that can sometimes sneakily creep in as further synonyms when, in fact, they are concepts that have their own distinct meaning. For example, the subconscious, so central to the ideas of the father of psychoanalysis, Sigmund Freud, implies that there is a scenario of which you are not aware even though you are fully awake. The subconscious could be a necessary, but not sufficient, component of the final conscious state, as opposed to unconsciousness, its complete abolition in deep sleep or coma. Then there is self-consciousness, the sense of being a unique individual, which at full throttle might involve a feeling of ill ease, even anxiety. Self-consciousness in its more muted, everyday sense of merely being aware that you are different from everyone else must be in some way different from general consciousness: otherwise, why the need for two terms? And just think for a moment about non-humans: a cat or dog would, by every devoted owner’s account, be decidedly and irrefutably conscious. Then again, it seems less plausible that the pet would be fully cognisant of their respective feline or canine station in life: after all, not even human infants are aware of who and where they are, yet we assume they can be conscious.

Nonetheless, many scientists and philosophers focus their efforts to understand consciousness on what is often referred to as a ‘higher’ state, or metarepresentation: they explore the extent to which the beginnings of self-consciousness could be apparent in non-humans such as other primates.2 But a subjective state of consciousness will not guarantee at all that self-consciousness will automatically ensue. For instance, if you are in a state of literal abandonment – say, by means of wine, women and song, or the contemporary equivalent of drugs, sex and rock ’n’ roll – then, almost by definition, it would be impossible to be self-conscious (or vice versa), as any reluctant would-be dancer knows when venturing up on to the floor. However, self-consciousness, fascinating, disconcerting and occasionally embarrassing though it may be, isn’t really getting to the heart of the most basic problem – what it means, in neuroscientific terms, just to feel something: to be sentient. The tail-wagging dog, the purring cat and the gurgling baby are having some kind of subjective experience, but they are not self-conscious, although to all intents and purposes they behave as though they are conscious and we interact with them on that assumption. The crucial issue we need to sort out before anything else is the pure subjectivity of sensation – any old sensation – in the first place. The all-important first step is not necessarily to recognize yourself in a mirror, to know your own name, or be appreciative of your life story so far but, much more basically, to experience some raw kind of inner state.

But perhaps the most common and misleading muddling is when the term ‘consciousness’ is used interchangeably with ‘mind’. When it is operational and in good working order, this ‘mind’ is something highly personal, hence expressions like ‘my mind’s made up’, or ‘to my mind’, or ‘change my mind’. But when you do lose consciousness,say, in sleep or anaesthesia, no one could describe your condition as one in which you had lost your mind. And just as this ‘mind’ will presumably endure during sleep, when consciousness is ‘lost’, so the converse will also hold: in moments of great pleasure, you can ‘lose’ your mind without losing consciousness – the wine, women and song scenario, in which you will ‘be out of’ your mind yet still be conscious, often ‘ecstatically’; the very term comes from the Greek for ‘to stand outside of yourself’. However, even when you experience extremes of emotion, you will still be experiencing an intensely subjective, conscious state. So whatever it is, the mind must be something continuously available yet something you need not necessarily be accessing all the time. The mind can be viewed as something that is independent of consciousness when you ‘let yourself go’, but at the same time it must be a way of describing some peculiarly personal features of your individual brain, things which make you the unique person you are and which will in turn contribute as a factor to many, but not all, moments of your consciousness.

Having cleared away, if not cleared up, some of these deceptive related terms, we’re still faced with the elusive reality of this raw, primary consciousness. It might be that the best we can do in terms of a definition is to adopt what will be at least the most pragmatic way forward for a brain scientist – yet which may well make a philosopher wince – and say, ‘Look, we all know what we mean by ‘consciousness’. It is what people lose when they go to sleep, it is what is abolished when they are anaesthetized; it is the experience that you are having right now: an inner, subjective state that no one else can share.’ We therefore have a choice: either to abandon ship right now because we cannot articulate a formal definition or, alternatively, to go along with this informal appeal to common sense. If we take, as we will, this more practical stance, then we can explore just how far neuroscientists can go to try to work out how it is all happening: how this mysterious process of subjectivity unfolds in the physical brain and body.

There are two possible ways to set about this. First, we could start with the actual physical brain and, subsequently, try to deduce some theory, or model, of consciousness from whatever physiological processes we observe. Alternatively, we could go with a second option and begin the other way around: first, to develop a theory, or model, of consciousness and, subsequently, apply this hypothetical scenario to see if it could work in elucidating the real brain. Let’s try each strategy in turn: Experiment to Theory, then Theory to Experiment.

FROM EXPERIMENT TO THEORY

When starting with the physical brain itself, the huge challenge is to work out how consciousness might ever arise from the unlikely and unhelpful biological squalor of its morass of molecules, cells and electrical blips. In other words, we need to identify what scientists call the neural correlate of consciousness (NCC), that is, the single, all-important critical feature in the actual brain that matches up faithfully with a personalized and direct subjective experience. Candidate NCCs can come, as we’re about to see, in a wildly diverse variety of flavours, from domineering brain regions and oscillating neuronal circuits down to single cells and tiny elements within them. But they all have a crucial, basic principle in common: all NCCs start by focusing on a particular brain feature which has, for whatever reason, been seized upon as particularly special. The game plan is then to attempt to link this special feature to consciousness as typically monitored by a laboratory or clinical protocol, for instance, by determining whether something is visible versus invisible, or the subject is conscious versus unconscious.

Many distinguished scientists have tried to solve the puzzle of consciousness by using this strategy. Perhaps the most notable was the late Francis Crick, who famously cracked the double-helix code of DNA in 1953 and several decades later turned his attention to the biology of consciousness. Crick’s aim was to work out what in the brain is different when you see something, in contrast to when you are oblivious to it. His reasoning was that it should be possible to detect differences in the brain according to whether or not the human subject reports that they are conscious of something. When the individual affirms that something is indeed visible to them, then whatever new process we observe occurring in the brain will, with straightforward logic, be the physical correlate of consciousness. Consequently, Crick focused specifically on visual experiences not least, presumably, because they are easy to manipulate experimentally – so long as the subject keeps their eyes open.

The rationale for paring down the complexity of human consciousness to its bare essentials is clear: by focusing on just one of the five senses, in this case, vision, Crick and his colleague Christof Koch could keep things as simple as possible. Their idea was to demonstrate the key brain mechanism for consciousness as ‘the minimal set of neuronal events that gives rise to a specific aspect of conscious percept’. In other words, the goal was to identify the bare minimum of brain processes that would measure up with, and accommodate, a conscious experience.3

These minimal neuronal events were then boiled down further within the visual system to a particular group of neurons ‘associated with an object or event’, which were constant and predetermined entities in and of themselves: a fixed feature of the central nervous system. This set-up immediately presents a problem: how can a pre-organized set of brain cells reflect a fleeting moment of consciousness? Crick and Koch’s answer: ‘To reach consciousness, some neural activity for that feature has to cross a threshold.’ But the real problem there is that the crucial neural activity was never specified, and the only way a rigid network of cells could ever do anything above what it is already doing would be to become more active and discharge more electrical blips (action potentials). But, if this is the case, the possible repertoire of the all-important special brain property for consciousness is going to be severely limited, to a mere increase in common-or-garden cell activity. What would make that shift so vitally significant, some kind of neuronal Rubicon? We have no indication what the ‘threshold’ would be, or why, nor why a quantitative change in collective activity would be in any way so distinctive that it triggered a qualitatively different mental state.

But could we in any case really best understand a state of consciousness by boiling it down simply to one of the senses, to the exclusion of all the others? In a highly contrived experimental scenario in a lab, it is just about conceivable that a subject could concentrate for a short, predetermined period on a purely visual stimulus, but even then they would still hear the voice of the experimenter, still be aware of the hard or soft surface of the chair on which they are sitting, still detect perhaps its slight smell of leather or polished wood. In other words, the subject will be having a multisensory, holistic experience that isn’t compartmentalized into five different types of consciousness corresponding to each of the five senses.

Moreover, Crick and Koch were at pains to stress that in the attempt to keep consciousness or, rather, its correlate, down to the minimum kit, they will ‘leave on one side some of the more difficult aspects, such as emotion and self-consciousness’. However, our feelings and emotions might well be the all-defining quintessence of consciousness in its most basic form, as arguably demonstrated by the purring cat or the gurgling baby. If consciousness is to be simplified at all to a minimum kit, then surely it should be boiled down to a raw emotion that is the output of a holistic brain state – a shriek, or a cry, or a giggle – not to a single, isolated visual sense, say, floating free and independent of all else.

However, putting this objection aside, comparing scenarios in which you see something versus those in which you don’t, could still get us somewhere: the idea now would be to investigate the particular conscious states of patients with brain damage as they react to stimuli presented to them under various conditions. By comparing the particular kind of impairment they have experienced with any deviations in their responses from those of the norm, scientists could extrapolate which brain regions have most influence over consciousness. For example, patients with damage to the fibres that connect the two cerebral hemispheres present with what is known as a ‘split-brain’: as the term suggests, the two hemispheres of the brain are ‘split’ from one another and unable to communicate directly. By showing, say, an apple to the right hemisphere (by placing the object to the left), the patient will be unable to name it. This is because many aspects of speech are linked to the left hemisphere in most people so, despite being able to see the apple, the patient cannot actually articulate what it is. When the apple is positioned to the patient’s right, its image is projected to the left hemisphere, and the patient this time can come up with the right name.4

Another group of neurological patients who have proved popular with neuroscientists are those with ‘blindsight’, a condition in which they have a blind spot in their visual field so that they are not aware of objects positioned in that field of view.5 Sometimes the blind spot can extend throughout their visual field to render the patient completely blind and yet, bizarrely, psychological tests reveal that the brain has nonetheless registered and processed objects. Those affected by the condition, for instance, will often be able to catch a ball thrown to them, despite not consciously being able to see either the ball or the person throwing it, almost as though they were on automatic pilot.

But there is a big ‘but’. The problem with studying brain-damaged patients is that, although an investigation of these conditions may give insights into the bizarre type of consciousness a particular person is experiencing – its quality, or content – it tells you nothing at all about how that consciousness is generated in the first place. After all, the subject will have been conscious throughout the entire experiment.

Then again, it is possible to work with healthy subjects, this time by simply looking at shifts in consciousness. Some neuroscientists have even gone so far as to treat consciousness as pretty much synonymous with attention:6 but they are not the same thing. For example, you can have attention without consciousness.7 When a photo is flashed up briefly and unexpectedly, people can still summarize its content, even though they don’t have time to register the detail:8 in fact, it seems that thirty thousandths of a second is all that is needed to appreciate the ‘gist’ of a scene, without awareness of any of the specific detail it contains. And then you can have consciousness without attention. Even if someone is attending to some other task, they can still distinguish features of a peripheral scene, such as whether it does or does not contain an animal or vehicle9 or whether a face is male or female.10

Intrinsically sound and inherently interesting though all these various findings might turn out to be, they still fail to throw light on the basic issue: understanding the actual transformation from unconscious states (anaesthetized or asleep) to having that tantalizing subjective inner experience. The deal-breaker surely is that split-brain and blindsight patients (or indeed, healthy volunteers in whom these conditions are effectively induced experimentally) are continuously conscious: the key, underlying phenomenon we want to explore remains mockingly constant. It’s important to remember that the intransitive verb ‘to be conscious’ is not interchangeable with its transitive counterpart, ‘to be conscious of something’.

Nonetheless, the strategy of comparing events in the brain which could match up with moments when you see something, in contrast to when you do not, has continued in popularity, with experiments in healthy individuals as well as brain-damaged patients, now that brain imaging with scans has become mainstream. For example, only during ‘conscious’ visual experiences of a particular object do the later stages of the visual pathway in the brain light up in brain imaging.11 But, in the end, how much can really be deduced from knowing that particular brain regions, when lighting up in a scan, match up with a specific conscious experience? After all, a correlation can be a cause, an effect, or neither. The actual relationship between an active area of brain and a subjective experience is far from obvious and continues to defy explanation.

Anyone who looks in a continental butcher’s shop window can see straightaway that the brains of different mammals are different in size, shape and appearance but are nevertheless composed of different regions readily visible to the naked eye and adhering to the same basic anatomical theme. So could any of these distinct brain regions qualify as ‘a centre’ in the brain for consciousness itself? After all, it’s a happy thought that the brain is composed of autonomous ‘centres’ for this or that function, since the tenets of brain operations would then be so much easier to grasp. It was for this very reason, at the beginning of the nineteenth century, that the ‘science’ of phrenology (Greek for ‘study of the mind’) became popular. White porcelain heads covered with black-lined rectangles with precise labels such as ‘love of country’ and ‘love of children’ provided the template against which bumps on an individual brain could be evaluated in order to gauge the strength of a particular trait.

Nowadays, neuroscientists are all too well aware that this is a seductively simplistic concept and that there is in fact no such thing as a ‘centre’ for any mental function, let alone consciousness. There are two good reasons for rejecting any such notion. First, it just doesn’t make sense to say that the brain is composed of independent mini-brains. When I was a child, I used to read a comic strip, The Numskulls,12 about little men who lived inside a man’s head; each had a job to do. There was the nose-cleaning department, for example, as well as some kind of HQ where the manager Numskull telephoned orders to his subordinates. I can still visualize well how the walls within the cartoon brain separating the different Numskull rooms were very rigid, the doors between them closed. In a sense, this is a rather crude caricature of how some people, when they talk about ‘centres’ in the brain, might be inadvertently conceptualizing consciousness. Just think about it: if this was how the brain truly worked, we would need to know what is going on inside each Numskull skull. Might there be mini-Numskulls and, inside the mini-Numskulls, micro-Numskulls, and so on? Surely, if we follow this strategy, we are merely going to miniaturize the problem, not solve it.

In any case, we now know from half a century or more of research that the brain doesn’t work like that. Take vision, for example. There are at least thirty different brain regions that contribute to the experience of seeing something.13 It’s a bit like instruments in an orchestra, or a cordon bleu recipe with very complex ingredients. Each brain region does indeed have its own specific part to play, but each contributes to the whole. That whole is more than the sum of its parts and that whole is the moment of conscious experience.

Even so, one enduring article of faith is that consciousness must be related in some way to the cortex, the outer layer of the brain (so named after the Latin for ‘bark’), since this part of the brain has been the latest to develop in evolution and is ever more pronounced in species of increasingly sophisticated mental prowess. Moreover, it appears that simple deactivation of the cortex is sufficient to create loss of consciousness.14 So if that’s all there were to it, then we could simply say that all the consciousness condition requires is an intact cortex that interfaces operationally with the rest of the brain. Such an idea – namely, that it’s not, after all, the cortex itself that’s all-important but the brain must additionally be intact – is too vague to be helpful.

A further reason for not putting all our eggs into the cortex basket is one arising from investigations that took place almost seven decades ago. The pioneering Canadian neurosurgeon Wilder Penfield suggested that the cortex may not be at all important for the experience of consciousness. This heretical proposal was based on the observation that there was no impairment in the continuity of consciousness of 750 awake patients undergoing surgical procedures involving removal of portions of the cortex.15 In addition, much more recently, the idea that the cortex isn’t required for consciousness has been further supported by investigation into cases of a condition known as anencephaly/hydranencephaly, in which babies are born with large portions of the brain, including the cortex, absent. Children with these conditions still show signs of wakefulness and consciousness, as assessed by standard neurological examinations, during their development and on into maturity.16 Finally, within a perfectly intact cortex, loss of consciousness can still occur with ‘absence’ seizures.17 In other words, the cortex cannot be the seat of consciousness.

Another flaw in any project of trying to localize consciousness in specific brain regions is apparent when you look at brain-imaging data monitoring the effects of anaesthesia. It turns out that there are many regions involved in the first-hand experience a subject may have at any one moment. Imagine there was indeed just a single and independent centre for consciousness: if so, you would predict that, if you were to anaesthetize someone and thereby take away that consciousness, then only that one special area, the ‘centre’ alone, would conspicuously and exclusively be rendered inactive. But that’s not the case: imaging studies with human volunteers show that there is no single brain region in isolation that is out of action when someone undergoes anaesthesia; instead, the brain shuts down activity across the board.18 There is no one area that is exclusively diminished in operations as the anaesthetic starts to take effect.

Inevitably, the highly improbable phrenological link between bumps in skull bone and subtle mental traits became discredited as advances in medical science made possible more direct, invasive examination of the real brain itself. Yet the simplistic reasoning of phrenology can still have echoes in subsequent clinical interpretations. As medicine progressed, clinicians became increasingly adept at keeping patients alive even if they had sustained serious brain damage from, say, bullets, or trauma, or stroke, leading in turn to particular neurological syndromes sadly still common today. But a misguided phrenology perspective still sneaked in from time to time: it remained very tempting to assign the damaged brain area the ‘function’ that had been lost. The flaw in this reasoning was highlighted by one psychologist wag over fifty years ago: if you remove a valve from a wireless (as it was then called) aka a radio, and the device started to howl, then you wouldn’t claim that the function of the valve was to inhibit howling.19 Of course, if the brain area in question is faulty, like the elderly valve, the holistic system of the wireless will be impaired, but the specific contribution of the valve, or indeed the brain region, cannot be extrapolated backwards from the net outcome.20

Despite these advances in understanding, an enthusiasm for the potential significance of different brain regions has been remorselessly sustained in neuroscientific research. We’ve seen that in the earliest investigations some thirty years ago cases of impaired functioning gave clues as to what brain area was linked to a specific problem. Now, however, healthy volunteers can be used to see what area of the brain is normally operational during certain behaviours, thanks to the huge leaps forward since the 1980s in non-invasive brain-imaging techniques. Nowadays, you can look at a scan and you might well see bright blobs pinpointing certain areas in a sea of background grey brain, or perhaps multicoloured arrays in which white is a hot spot, shading through to yellow to orange to red, to a low-activity purple perimeter. When confronted with these impressive and beautiful images, it’s important to bear in mind that these pictures are opening up to you a window on to the brain at work but at work over a protracted period in time and with much of the vitally important ongoing brain activity missing from the picture.

The real issue arises over interpretation. Brain scans usually have a temporal resolution of seconds, while the action potential, the blip that is the universal electrical signature of active brain cells, is over a thousand times or so faster. Think of brain scans, therefore, as comparable to those sepia Victorian photographs showing in precise detail static, inanimate buildings but at the same time excluding any people or animals, which would be moving too fast for the lengthy exposure to capture. The buildings were, of course, present and real, as would be a steady-state tumour showing up on a brain scan, or a permanent lesion after a stroke; but they would constitute, literally, only a small part of the complete picture.

Nonetheless some scientists,21 undeterred, have in their studies claimed that it is possible to ‘decode’ mental states from looking at brain imaging if they focus on the spatial pattern of responses across the cortex. However, the very term ‘decoding’ is misleading. A code, by its very essence, is a format that will always need to be translated back into the original and which must be very different from the original for it to make any sense. Dots and dashes, for instance, are meaningless unless you know Morse code; only then can decoding back into the original version take place. In contrast, subjective mental states, if they are indeed analogous to dots and dashes, are not converted back into spatially distributed brain activity, or vice versa – instead, they are correlates of it. In brain science, there isn’t even as yet any framework for a causal relationship, let alone a rule book for code breaking to enable switching between the two.22 Just because you know where something might be happening, it doesn’t tell you anything about how it is happening – not least because it’s far from obvious what the ‘something’ is, especially when captured over time windows two or three orders of magnitude slower than real time.

The most problematic issue with brain regions being the ‘centre for’ this or that mental property is as basic as the terminology itself. A ‘centre’ suggests that everything starts or finishes within it, yet there is no brain area that works in such a way. Instead, all brain regions interconnect with each other, even over long neural distances, via fibre tracts which enable constant dialogue across the brain, like a telephone exchange. There is no hierarchy of command within an individual, unlike the iconic Russian dolls each of which fits inside another. Somehow, each brain area is a kind of relay station – a junction, or a crossroads – but never, ever the final destination.

Another difficulty when it comes to brain scans is that we normally think of a mental trait, let’s say being witty or kind, not in a quantitative way: how often we do it, or how much we have of it – but rather as a quality someone either happens to have or not have, and which makes up part of their individual character. Such refined and sophisticated traits arise mysteriously from the machinations and interplay of many different components of the holistic brain working from the level of individual synapses and proteins through to the sophisticated chatter of large-scale neural networks. As such, they defy simple operational definitions and are far harder to highlight on a brain scan than a quantifiable skill would be: phenomena as abstracted as wit and kindness are not readily measurable – unlike, say, memory capacity.

This doesn’t mean, of course, that we are not making important new discoveries about brain function by using these scans: far from it. It’s just that we shouldn’t jump to easy conclusions. Take the well-known study of registered London taxi drivers, who famously have to pass an oral exam testing their knowledge of all the streets and one-way systems of the UK capital. Brain imaging revealed that the hippocampus, a part of the brain related to memory, is enlarged in these drivers, due to the huge burden on their working memory.23 But that doesn’t mean we can then leap to the conclusion that the hippocampus is the single ‘centre’ for the task in question: in this case, the complex and multifaceted process of memory. Memory involves the laying down of a diversity of new skills, new facts and new events, as well as their subsequent retrieval; all these different types of memory, and their different stages in processing over time, involve many brain regions and mechanisms.24

More recent attempts to find the key brain property serving as the biological basis of consciousness have consequently taken their inspiration not so much from specific cerebral regions but from their interconnectivity. A lot of research has focused on the reciprocal loop between the outer layer of the brain, the cortex, and the deeply situated thalamus, an area which acts as a kind of relay hub for the different senses: the thalamocortical loop. Why should this circuit in the brain be so attractive to researchers? There are several reasons.

The first is that the thalamocortical connection does not function in patients in a persistent vegetative state such as a coma, suggesting that it might well have a key role in consciousness (although it is also the
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