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Dedicated to the memory of my father,
 Rayle Jonathan Bor, with much love











Introduction


On the night of Thursday, May 8, 1997, my father had a stroke. I’d been repeatedly reassured that the stroke was “very minor.” Nevertheless, when I visited him in the hospital, I felt profoundly disturbed by what I witnessed. This sluggish, exhausted man in front of me looked like my father, but I knew, deep down, that he wasn’t.


There were subtle clues that betrayed this impostor. Some changes verged on the comical, such as his newfound obsession for Kit Kats—he would eat nothing else for days. Others were more disconcerting. These differences could generally be characterized as a reversion from a sharp, responsible man into a confused child. Even more bizarrely, his attitude toward me would radically alter depending on whether I sat on the right or left side of his bed. When I sat on his right, he would take an interest in me, and we’d have a semi-coherent conversation. When I went instead to his left, it was as though I wasn’t in the room. He simply wasn’t aware of my presence.


I found myself morbidly wishing that he’d suffered a mild heart attack instead of a stroke. Then, at least, my dad would still be alive, as my dad. As it was, if this situation persisted, a portion of my father would already have died, and every time he spoke, I would be reminded of that fragment of his identity that was lost.


Amid my sense of shock at this new person that wasn’t Dad, and my chest-gripping anxiety that he would never fully recover, I couldn’t help examining his symptoms dispassionately. My father’s stroke had struck a few weeks before my university finals. I was studying philosophy and biological psychology, and consciousness was a hot topic in both fields. On the one hand, I was revising elegant philosophical arguments proposing that consciousness was  nonphysical and had little to do with brains. On the other hand, I was poring over the evidence for whether consciousness lay in this cortical region or that, and learning the details of “neglect”—the common stroke condition my father showed by ignoring the left side of space.


Sitting by my father’s bedside, I felt sure that the esoteric philosophical position was alien—so mistaken as almost to be offensive. Here was a man I loved dearly, robbed of his identity because a small clot on his brain had potently wounded his consciousness. Of course consciousness is a physical thing, I thought, as I sat on his left, achieving the painful magic trick of turning invisible. I didn’t exactly know why the philosophical arguments were flawed, or which brain theory of consciousness was most compelling at the time, but I did know which road I wanted to take to find out.


Although previously I was considering a PhD in the philosophy of mind, now there was no contest—a PhD in the neuroscience of consciousness it was. Soon afterward, I was accepted to study this at the University of Cambridge. I’ve been investigating this and related fields ever since, mainly at Cambridge, but also recently at the newly opened Sackler Centre for Consciousness Science at the University of Sussex. From the first painful glimpse of my father’s fractured consciousness, I understood how vital and fundamental this field is, but over the years I’ve increasingly discovered its fascinating and far-reaching twists and turns. Now I want to share each of these facets with you.


 



There is nothing more important to us than our own awareness.1 We see the breathtaking beauty of snowcapped mountains, the exhilarating grace and speed of a cheetah on a hunt. We hear melodic birdsong in our gardens. We fall in love, or experience the joy of our child’s first smile. We compose and appreciate music, art, and literature. We talk and laugh with our friends and family. All these, and everything else we care about, are conscious events. If none of these events were conscious, if we weren’t conscious to experience any of them, we’d hardly consider ourselves alive—at least not in any way that matters.


When I’m reveling in a glowing pleasure, or even if I’m enduring a sharp sadness, I always sense that behind everything there is the privilege and passion of experience. Our consciousness is the essence of who we perceive ourselves to be. It is the citadel for our senses, the melting pot of thoughts, the welcoming home for every emotion that pricks or placates us. For us, consciousness simply is the currency of life.


 



However, the scientific study of consciousness, for most of its existence, claimed the prize for the most vital, intimate, meaningful topic with the smallest research interest. Never before have we come within touching distance of understanding the history of our universe, its shape and form, the laws that govern every sparkling star and every dancing atom. Never before have we realized that within every cell in our bodies there lies, coiled up, the code that both defines us and connects us with all life on this planet. All of our wonderful toys of technology and all of our shining scientific discoveries have conscious endeavor to thank for their existence. Yet, until only a couple of decades ago, virtually no one was interested in the science of consciousness, and very little was understood about how the brain generates our experiences.


Historically, it was not scientists who grappled with the conundrum of consciousness, but philosophers. Nearly four hundred years ago, Descartes asserted that consciousness was an entirely personal, subjective entity, impenetrable both to the physical sciences and the minds of other people. When I listen to a Beethoven piano sonata, the sounds I hear, the way that the notes move me, is something that I can only ever imperfectly communicate via the crude medium of words. No one else can ever truly know what I experience—at least that’s what many people assume. The peculiarity and power of this observation is highlighted when consciousness is contrasted with any physical entity. Take any object one would care to name, from a subatomic particle to a brick to a star: Thousands of people all could, in principle, explore the same object from different angles, yet uncover an identical set of facts about it. For consciousness, it seems that there is no objectivity. Nor are there multiple viewpoints: There is only one viewpoint—mine.


Modern philosophers have expanded on this foundation, providing arguments for the position that consciousness is elevated beyond the pedestrian whirrings of our brains. Similarly, they claim that the sumptuous,  varied menu of feelings and knowledge we experience simply cannot be reduced to some tawdry computer or machine. I begin this book by addressing these stances, rooted in history. There’s no denying their intuitive and emotional appeal, but this should always be trumped by the picture that the empirical evidence paints. Indeed, when the light of science shines with forensic detail on this set of philosophical positions, their seeming validity dissolves. Instead, I argue, the most plausible view is that consciousness is a product of the brain, which is a form of computer.


 



Placing consciousness within the framework of a computational brain suggests a connection between awareness and information processing, since data analysis is the overriding purpose of our inner neuronal world. This general context also implies that our capacity to experience might have an evolutionary heritage, just as our neural machinery does.


Indeed, the common waters between consciousness, information, and biology run deep. A fundamental feature of nature is its ability to store and manipulate information. Evolution ensures that every life-form is a master at hoarding useful “ideas” about the world—not consciously, but via the blind representation of information in its chemical makeup. Consequently, there are countless examples to illustrate that animals aren’t the only clever organisms around. Plants have spikes, poisons, and a plethora of other ingenious tools to ward off predators. Even bacteria have an incredibly sophisticated arsenal of weapons designed to infiltrate a host, or thwart a potential assailant. These strategies are written in the language of deoxyribonucleic acid (DNA), a recipe of implicit beliefs about how best to function in the world. But how does this DNA-based system “learn” to build and adapt such accurate blind concepts in the first place?


In any form of learning, from bacteria becoming resistant to antibiotics, to a child making the tentative transition from crawling to walking, there is a tension between holding on to the familiar—to an existing bank of beliefs, a known way of life—and moving toward something new. This novelty injects a bit of chaos into the mix to shake up existing, stubborn ideas. These stumbling movements can potentially make matters worse, but, crucially, they at least allow for the possibility of improvement.


DNA is a fantastic medium for maintaining those stable implicit concepts about the world, and undoubtedly this is why it became the universal  carrier for the recipe of life. But there are also mechanisms that can rearrange the letters of the DNA recipe, so that a new collection of ideas can be written in future generations. When the world has moved on without you, when you and your current DNA-based beliefs are heading toward extinction, new concepts become essential, and this random mixing of the DNA pot might just create a few surviving organisms amid the many that fail. Such winners will in their DNA be carrying successful novel insights to steer them through these difficult times. In other words, this section of the species has blindly learned, over the generations, to innovate its way around a dangerous obstacle.


Without this ability to innovate, albeit in a random, cruel, inefficient manner, life simply would not have persisted on earth, and so this skill of nature to track the changing tides, and to exploit any advantage it can latch onto, is in some ways the essence of evolution. It’s no wonder, therefore, that such a fundamental attribute of life would burst the seams of its original DNA dam and spill into new territory. And the premier example of this expansion of learning dimensions is the evolutionary invention of a bundle of specialist computational cells that constitute a brain. Now an extra, panoramic range of innovations can occur within a single organism in a pointed, purposive way as it mentally probes the environment and stores within its neurons any new information, not coded in its DNA, that is relevant for survival.


Humans, too, are clearly cast in evolution’s intense furnace of the fight for survival. Although our mental life sometimes appears opaque by its sheer complexity, evolution has carefully finessed the foundations of every facet of our biological makeup—including our most sophisticated emotions and most inspired ideas.


Although humans are only one tiny strand of the web of life, we have a unique place in nature because of the vigor of our intellect and the extent of our awareness. We can muster up only about a fifth of the physical strength of our nearest relatives, the chimpanzees; even the sharpness of our senses is feeble compared to our chimp cousins. And yet, along with our supreme consciousness, we in some ways encapsulate evolution’s fundamental driving force by being absolute masters of innovation. Every species pushes to control and dominate its environment. But we, via our own ingenuity, have reshaped a staggering portion of the globe for our own benefit.


I will propose that innovations, those brightest of information-processing gifts, are the main purpose of consciousness. But it’s certainly not the case that all flavors of neural information will reach awareness. Many basic computational functions, such as the control of our breathing, can tick along perfectly well without any input from our conscious minds. Widespread, though simple, statistical learning constantly occurs without the aid of our awareness. Also, importantly, if we’ve previously consciously mastered some skill, such as walking, then our unconscious minds can almost entirely take over such tasks. In all these cases, the staid, pedestrian parts of information processing are handled by our unconsciousness, while our conscious minds are freed to dwell on newer, more difficult topics. And for any lesson involving even a smidgen of novelty or complexity, we simply have to engage our conscious minds to learn it.


Consciousness is the shining, gold-plated experimental laboratory of our mental mansion where we can analyze virtually anything to great depths. So as not to waste time and energy-intensive neural resources, our brains have to be extremely picky about what they let into this prized place. Attention is the gatekeeper of our awareness, only pushing through those items from our senses or inner cogitations that have the most pressing biological salience, and especially those unexpected features that offer us the greatest potential insights.


The space inside this playground of experiences, though, is frustratingly cramped. Our consciousness can only simultaneously deal with about four items, fully processed. But the magic arises by the amazing variety of ways that we can manipulate what resides within our conscious minds, and it is in these shuffling mental actions that we can learn profound truths about the world.


 



Crucially, our rich experiential landscape reflects the fact that awareness isn’t concerned with just any raw snippet of data. In fact, the absolute opposite is the case, as illustrated by the following curious, niggling conundrum: When most animals have fed well and found a safe place to stay, they normally then make the eminently sensible decision to rest. Admittedly, some species occasionally play in ways that look perfectly like practice for hunting or fighting. But that’s about it. Humans, in striking contrast, when all biological needs are met, reach for a sudoku puzzle or a games console—or we may even peruse a science book. Astoundingly, a few of us see the extended crossword puzzle of scientific research as a wonderful hobby. We therefore get the  biologically perverse situation of Albert Einstein converting the fiendish cryptic clue of the whole universe into the neat five-character solution of E = mc2—in his spare time!


Thus, one defining characteristic of humanity is its ravenous appetite for facts. But we don’t hunger for any old ragbag of information—no, we especially crave that small subset of knowledge that involves patterns. Uncovering the hidden structure in a puzzle may seem like a trivial idiosyncrasy of the human mind, as far removed from our evolutionary drive for survival as it is possible to be. But looks can be deceptive. This chronic mental hunger might dabble occasionally in intellectual play, rather like a thoroughbred horse that spontaneously chooses to gallop, just to exercise its sinewy, muscular frame. Much of the time, though, our restless, roving curiosity will latch onto real wisdom—not the limited, quiet wisdom of an old man imparting measured advice, but, in a broader meaning of the term, any bold innovation that suddenly empowers us with impressive new tools of understanding and control. Consciousness as a ravenous appetite for wisdom led us to discover fire, farming, and, indeed, all the modern products of science and technology that make our lives easier, longer, and more entertaining. On a smaller scale, this hunger for innovation, burning with a particularly bright restlessness when we’re young, guides us toward our first words and then toward the myriad stepping stones of knowledge needed to negotiate adulthood in a complex, modern world.


 



Consciousness is that choice mental space dedicated to innovation, a key component of which is the discovery of deep structures within the contents of our awareness. Latching onto this patterned, meaningful form of information processing is an immensely powerful way to learn, which accounts for why human consciousness has enabled us to take such great strides in every intellectual field we explore. By discovering the hidden rules in nature, by linking disparate ideas together according to their underlying common informational structure, we can weave a vast tapestry of meaning inside us. One consequence of this patient, piecemeal endeavor is that when we spot a chair, we don’t see it according to its basic sensory features. Instead, we unavoidably recognize it as a chair, and immediately have access to a pyramid of meaning relating to this one object—what forms chairs take, what functions they serve, their relationship to other furniture, the rooms and buildings they inhabit,  and so on. In fact, as we gaze around our world, our unconscious minds might be busily processing the basic sensory properties of each feature, but within the citadel of our awareness, we ineluctably view each component of the scene via the dense filter of the structure of knowledge we’ve acquired throughout our lives. Every single object on which we cast our eyes triggers a conscious wave of understanding, its own pyramid of meaning.


This roving appetite—not only for knowledge, but for profound patterns—is both the mechanism of innovation and the signature feature of human consciousness. DNA-based “ideas” cannot be conscious, partly because they are constrained to represent only the most basic facts of the world. Even chimpanzees struggle to understand hierarchies of meaning, but human consciousness thrives on this mental architecture, which enables us to understand and control the world with unique depth.


 



Consciousness concerns itself only with the most meaningful mental constructions and is ever hungry to build new patterns over existing architectures. To help in this aim, it itches to combine and compare any objects in our awareness. How the brain supports consciousness closely mirrors these functions. Those specialist regions of the cortex that manage the processing endpoints of our senses—for instance, areas involved in recognizing faces, rather than merely the colors and textures that constitute a face—furnish our awareness with its specific content. But there is also a network of our most advanced general-purpose regions that directly draws in all manner of content from these specialist regions. This is the core network, incredibly densely connected together, both internally and across major regions throughout the brain. In this inner core, multiple sources of meaningful, potentially highly structured information are combined by ultra-fast brain rhythms. And this, neurally speaking, is how and where consciousness arises.


We now have a sufficiently clear understanding of which brain regions are involved in awareness, how they communicate, and so on, to propose mathematical models of consciousness based on neural architecture and information signature, and indeed such models are already being proposed. Simultaneously, new empirical methods of indexing levels of awareness are emerging. The blistering progress underway promises answers to the previously impenetrable question of how we gauge the conscious levels of beings that aren’t equipped to tell us about their consciousness, via language. This  list of awkward subjects includes other animals, fetuses, babies, and—in the future—robots.


But there is another group of subjects who would call out even more pleadingly for a validation of their capacity for consciousness, if only they could. Patients with severe brain injury can appear to hover on the edge of awareness, with negligible behavioral signs that they are conscious. These patients’ doctors may naturally conclude that the ravages of injury or illness have truly robbed them of the capacity for awareness. But what if the damage includes the brain’s motor centers, leaving the patient utterly paralyzed? Are such patients secretly fully conscious, or has the extent of brain damage destroyed their capacity to experience the world, with paralysis therefore an irrelevance? How can we apply our scientific knowledge of consciousness to distinguish between these possibilities?


Our awareness gives us incredible gifts of understanding, though there is a heavy price to pay for such a vast consciousness. In the final sections of this book, I discuss the fragility of the organ that has grown so large and complex in order to support the amazing innovation machine of human consciousness. We are especially prone to serious brain injury, which can persistently rob us of awareness. Thankfully, though, many new techniques are arising to diagnose the levels of awareness that may still secretly reside in brain-damaged patients. Extensions of this research are beginning to offer us a chance to “hear” these patients, just by reading their brain signals, and for them to communicate with the outside world. Some emerging methods may even allow us to restore some degree of consciousness to patients in which it is clear that awareness is tragically absent as a result of injury.


Cases where severe brain injury leads to a persistent twilight of awareness are, thankfully, relatively rare. Unfortunately, though, the fragility of the human brain manifests very commonly, in more subtle forms. For optimum consciousness to occur, a complex interplay of various brain chemicals and activity between regions must be balanced just right. Some people have genes that make brain instabilities likely, and much of the population can be repeatedly battered by life’s stressful events, which further strains their intricate neural machinery. The result can easily be mental illness, a pandemic that gets far less focus than it deserves.


But vital new clues in both understanding and treatment are arising, with almost all psychiatric conditions being repainted in terms of disorders of  awareness. Some psychiatric conditions involve a deeply deflated conscious space, like a car that can only crawl on a dangerously icy road. Such patients are desperate to move through life at a more normal pace. They frantically cling to any meager hint of a pattern that they perceive, like a driver who assumes that the only solution is to slam his foot on the gas pedal. This panicked response causes the car to skid out of control. Likewise, the patient’s mind freewheels, generating a multitude of paranoid, spurious innovations, which we call delusions.


 



Various techniques that literally expand and reinvigorate consciousness are being successfully applied to almost all psychiatric patient groups. However, this is not just the story of what consciousness is, and when it breaks down, but how we can apply this knowledge to aid our daily lives. For instance, many of these awareness building approaches could just as easily be adopted by all of us, both to reduce the daily weight of stress we endure and to enable us to view the world more directly, with fresh eyes. And, in time, we can learn tenderly to nurture a consciousness that is quiet, open, and ready to discover many beautiful new patterns around us.
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Conceptual Conundrums of Consciousness


Philosophy







TECHNOLOGICAL TELEPATHY


Many people share the easy intuition that our minds are somehow separate from our bodies. Most religions have encapsulated this notion via the supposition that we continue to live, in some form, after our bodies have perished, either in the afterlife or within another animal via reincarnation. Therefore, according to such theologies, the brain and body have nothing to do with our consciousness. But if this were really true, then how could an aspirin pacify my pain? How could that morning shot of espresso dispel my drowsiness? Is it really a remarkable coincidence that these drugs change my brain chemistry at the same time that specific aspects of my experience are altered?


If these examples of the physical world influencing our mental states are too subtle, then let me provide a more direct case. A few years ago I went into a brain scanner as a guinea pig for a friend and colleague, Martin Monti, who was trying out a new experiment. I’d been inside the scanner many times before—it is common practice for researchers to scan each other using rough-and-ready versions of a test before finalizing the experiment and bringing in volunteers from the general population. But this time was very different. This time, Martin was going to use the scanner as a telepathic tool.


Normally I would be performing a task in the scanner as I watched a series of images, and the complicated demands of imaging analysis meant that my brain activity could only be deciphered days later. But Martin was now using a newer procedure to carry out a far cruder analysis on the fly that would enable him to see my brain’s activity mere seconds after it occurred. The resulting picture of which regions had lit up would be far less detailed than what we normally viewed, but for his purposes they were sufficient.


This particular study involved him asking me various questions. If I wanted to answer yes, then I’d imagine looking around my house, which would activate the navigation region at the bottom of my brain (the parahip-pocampal place area). If I instead chose to answer no to his question, then I was to imagine playing tennis, which would activate the part of my motor cortex responsible for my hand and arm—at the top of my brain. These two tasks were deliberately designed to produce well-documented, robust, but diametrically opposite activation patterns, thus making them amenable to crude real-time analysis. Such a pattern of brain areas lighting up works consistently between subjects because our brains compute such tasks in very similar ways.


The experiment was part of a project to attempt to communicate with patients who might be fully conscious, but are unable to show this to the outside world because they have lost all motor control. But before subjecting severely ill patients to the inconvenience of a scan, Martin needed to hone the technique on guinea pigs like me.


During most former occasions when I lay in the scanner, I had felt relaxed—even a little bored—and occasionally struggled to stay awake (not that I would admit this to the researcher!). Now, though, I was surprised to find how excited I was. As the radiographer pushed the bed I was lying on into the large, white, fattened-donut shape of the fMRI scanner, so that only my feet were outside, I realized I was even a little nervous. It almost felt as if I were mentally naked—that Martin could actually watch my thoughts from the console room as he stared at the scanner monitor. I knew that this wasn’t really how it worked, but nevertheless I felt a palpable, exhilarating vulnerability. I was about to become more mentally transparent than almost anyone in the world had been before.


After the various loud beeps and clicks of the calibration scans, I heard Martin’s voice in my earphones asking me whether I had any siblings. For  the next 30 seconds I recalled the various pieces of furniture and the shape and size of rooms in my home: meaning yes. Then I could relax for 30 seconds (the control) before repeating this minute-long cycle another four times. After the 5-minute train of piercing scanner beeps had stopped, the brief silence was broken by Martin’s voice in my headphones: “Okay—so you do have siblings. More than one?” Another 5 minutes passed as, in the non-rest periods, I imagined wild forehand swings with the tennis ball coming at me very fast: no. Then Martin’s voice again: “Okay, so you only have one sibling. A brother?” More house-browsing for yes. Martin correctly deciphered every answer I gave, simply by staring at a computer monitor that was representing my brain activity. In fact, he could normally do this within the first minute, with the other 4 minutes of trials seemingly only there for reassurance.


Once the family questions had been exhausted, the conversation resorted to outright chattiness: “So do you think England is going to win the world cup match tonight?” Knowing little about soccer, except for the quality of the England team, I frantically started playing tennis to indicate: not a chance. We continued to have a conversation like this for about half an hour, with me thinking in these 30-second chunks, and Martin looking at the pattern of brain activity, and knowing very quickly whether I had answered yes or no. Admittedly, with a question every 5 minutes, it was not the most efficient conversation I’d ever had, but let me emphasize what was occurring: This conversation was being carried out without one of us engaging in any form of speech, gesticulation, or writing. I was answering in my mind by pretending to do various things, and Martin was detecting my answers by looking at my brain activity, as I was thinking those answers. When the radiographer helped me off the scanner bed and removed the various wires and equipment that had surrounded me, I paused for a moment and thought: I have just participated in about the most definitive demonstration in existence that the mind is nothing more than the brain.



It’s not as if this were the first time I had believed this, of course, having been heavily swayed by the evidence of the personality changes my father endured when the right side of his brain was swollen and constricted. But even that didn’t diminish the impact of what I’d experienced. I had successfully undergone science’s equivalent of telepathy; Martin had watched the inside of my skull as if it were a film—right at the time when I was  co-opting my imagination to project the right images onto this “movie screen” of my brain.







PHILOSOPHY VERSUS SCIENCE


This book is shamelessly about the science of consciousness. Every chapter except this one will explore the evolutionary background and psychological and neural mechanisms of our own experiences. But questions about the relationship between the mind and body have been fiercely debated in philosophical circles for well over two thousand years. In fact, only in the past two decades has there been a clearly visible consciousness research field. It would therefore be remiss of me in a book on consciousness to ignore the major philosophical debates, which are such a well-established ancestral influence on consciousness science.


I will firmly assert, however, that these philosophical arguments, which rely so heavily on abstract logic for ammunition, as they neglect the scientific enterprise, provide very limited insights into consciousness, and can be positively misleading.


I’ll be centering on two key questions. First, is there nothing more to consciousness than brain activity, as my time in the scanner implied, or is awareness somehow independent of brains, bodies, and the rest of the physical world? And second, are we as mental beings nothing more than biological computers, or is there something special about the sensations we experience, and the meaning we attribute to the world, that could never be captured in software form?







DESCARTES AND THE MIND-BODY DUALITY


The seventeenth-century philosopher René Descartes is the landmark father figure of the philosophy of mind. In his most famous work, Meditations on First Philosophy, Descartes contemplated the possibility that a “malicious demon of the utmost power and cunning” had deceived him about the existence of all external things, including his own body. This is essentially also the premise of the film The Matrix, in which the hero, Neo, goes about his daily life believing that he is living in a twentieth-century U.S. city, only to  be woken up from this extended dream to realize that it was a simulated reality that devious computers had been generating and wiring into his brain.


Descartes recognized, though, that no matter how malicious this demon was, there was one realm of thought that was certain, impervious to the demon’s illusions: his own existence as a thinking being. Like Neo, you may believe in blissful ignorance that you have the same body you’ve always had, as that is what the computers feed into your senses. But the one act beyond the power of these evil computers is to fool you about your own existence. There are two options: If you do believe you exist, then logically you must exist—at least as some kind of conscious being—since the act of believing requires the existence of a conscious being to believe it. Alternatively, if you try, somehow, to believe you don’t exist, then the very act of doubting confirms your existence again, since doubt also requires a conscious being to perform the doubting, as it were. Therefore, just by the act of thinking (with doubt as one example), you know that there must be a conscious entity around, and you also know that it is you!


In the meditations, Descartes articulated this idea as: “I must finally conclude that this proposition, I am, I exist, is necessarily true whenever it is put forward by me or conceived in my mind.” But he put it more famously and succinctly in Discourse on the Method as “Cogito ergo sum” (I think therefore I am).


One of Descartes’ main arguments for justifying the mind-body duality was intimately bound to these views on doubt. The argument was deceptively simple and superficially persuasive: Because we can so effectively doubt the existence of our own bodies, but can never doubt the existence of our own minds, the mind is completely distinct from and independent of the body (a modern spin on this argument might substitute “body” for “brain”).


The brilliant philosopher, mathematician, and logician Gottfried Wilhelm von Leibniz, who was born around the time of Descartes’ death, was quick to vilify Descartes. Leibniz pointed out that all Descartes had actually shown was that he could contemplate that his conscious mind was distinct from his body. He certainly hadn’t proven anything. This critique can be illustrated by a slight twist on a well-known example. Say I happen to be walking the streets of Metropolis and from a distance I see a tall, well-built man with thick, ugly glasses hurrying into a telephone cubicle in an alley.  My friend tells me that he’s the Daily Planet reporter, Clark Kent. Suddenly, on the other side of the street, five gunmen descend on a security van, looking to steal hundreds of thousands of dollars in cash. I’m terrified and excited at the same time, and believe they’ll get away with it. Then I feel a momentary swirling wind, and miraculously, as if from nowhere, Superman flies past me toward the criminals. He has them disarmed and tied up in ropes in the blink of an eye. My friend looks at me, his head cocked sideways, and asks: “Do you . . . do you think there’s any chance that this Clark Kent guy is the same person as Superman?” I laugh at how ludicrous that suggestion is, and quickly retort: “Listen, I definitely know who Superman is—I’ve seen him fly around loads of times. I’ve even interviewed him twice for my magazine. I barely know this Clark Kent guy, and besides, from my fuzzy glimpse of him a minute ago, he even looks different because he wears glasses. Therefore I’m certain that Superman and Clark Kent are two completely distinct people.” My friend nods, impressed at my watertight logic, and I feel a warm, comforting sense of smugness at yet another example of my superior intellect.


The Superman observer is making two mistakes here: First, he’s assuming that his own level of knowledge of Superman/Clark Kent is an actual characteristic of Superman/Clark Kent; second, he’s assuming that superficial differences between Superman and Clark Kent must mean they are different people rather than two versions of the same person. But if he were a decent, professional reporter, seeking out definitive evidence like a bloodhound, his conclusions on Clark and Superman would be very different. If he studied Clark’s bizarrely frequent visits to telephone booths and knew that Superman always popped out of the very same booths moments later, if he found out that Clark always wore a Superman costume under his normal clothes, if he saw what Clark looked like without glasses, and so on—it would be blindingly obvious they were actually one and the same person.


Descartes’ argument, essentially based on his ignorance of the brain, is underpinned by a similar unwillingness to explore the evidence. To comprehensively test his claim, just as the bystander should be studying every detail of both Clark Kent and Superman, we would need to know everything about our brains and our awareness. If there are instances when consciousness radically alters, but brain activity is unchanged, then we can start talking about independence of brain and mind—but not until. As it is, all brain-scanning  experiments to date have shown that even the subtlest of changes in consciousness are clearly marked by alterations in brain activity. The alternative perspective, then, that consciousness is a physical, brain-based process, is eminently more plausible than the belief that consciousness is independent of the physical world.


But Descartes also claimed that our minds are necessarily private, subjective, and unobservable by others. It’s worth lingering on this point. When I look out at the vast ocean, hear the pulsing murmur of the waves, and feel a sense of peace and contentment, no one else will ever experience precisely what I experience at that moment. In an absolute sense, it seems that I really am trapped, alone, inside my head, and there’s nothing science can do to change this. To extend Descartes’ assertion in the modern world, brain scanners may capture an approximation of my consciousness, but could they ever, even in principle, enable someone else perfectly to experience what I just experienced? This question reflects the abiding mystery of subjectivity, which remains the inspiration for modern attempts to demonstrate the independence of mind and brain.


Finally, it is worth pointing out that Descartes, like everyone else who thought about such things until a century or so ago, assumed that the mental realm simply meant everything he was conscious of. Descartes would probably have viewed the concept of unconscious thoughts as an oxymoron, and certainly would never have accepted that our unconscious minds could influence our consciousness, as we all now largely assume. For the record, whenever I use the term “mind” from now on, or discuss “mental states,” I’m including all cognitive processing, conscious or not.


Although Descartes had contemporary critics who essentially believed that the mind was the physical brain (most notably the English philosopher Thomas Hobbes), Descartes’ mind-brain duality was largely accepted, even by philosophers, for centuries.







MODERNITY ARRIVES AND GHOSTS LEAVE


Despite Descartes’ prominence, beginning in the mid-nineteenth century within the medical and fledgling neuroscience communities there was mounting evidence that a dualistic position was simply untenable. The most famous neurological case of this period was that of Phineas Gage. Gage was  a foreman working in railroad construction in Vermont. One day, while he was helping to clear a volume of rock using explosives inserted into a hole, the gunpowder exploded prematurely. The tamping iron he was using shot out of the hole like a bullet. The frightening piece of metal was 3 centimeters wide, over a meter long, and weighed roughly 6 kilograms. It penetrated his left cheek, shattering the bone, then shot through his left frontal lobe, probably destroying much of the front part of the brain (see Figure 1). Finally it shot out through the top of his skull, eventually landing 25 meters away. Although obviously in shock and losing blood, amazingly, Gage remained conscious at the time and could speak within a few minutes. He was even able to walk unaided, and he managed to sit upright on the short cart journey to the physician. He eventually made a remarkable recovery, with one prominent exception.


A landmark paper by his physician, John Harlow, described how, before the accident, Gage was well balanced, smart, sociable, responsible, and respected. Afterward, however, Gage became immature, regularly profane, disrespectful, capricious, and seemingly unable to follow through with most of the dizzying numbers of plans he kept conceiving. In short, his previous friends believed he was “no longer Gage.” Shockwaves rippled through society with the story that a man’s personality could be so radically altered by brain damage. Although there was considerable controversy about the behavioral details of this case, in the decades to follow, dozens of similar instances were reported where brain damage led to changes in personality or intellect. Science was slowly beginning to turn the conceptual tanker around toward the idea that the mind simply was the brain.


It wasn’t until the middle of the twentieth century, though, that the most famous and biting attack on Descartes’ dualistic position was mounted. It came from an English philosopher named Gilbert Ryle. In his seminal 1949 work, The Concept of Mind, Ryle described Descartes’ position as a “philosopher’s myth.” Ryle pointed out that Descartes, in positing the independence of mind and body, was making a basic “category mistake.” As an example of a category mistake, let’s say a foreign friend visits me in Cambridge, and wants a tour of the university. I show her St. John’s College, where I was based as a PhD student, with its beautiful covered Bridge of Sighs over the boats punting on the river Cam, and its majestic New Court, which rather resembles a wedding cake. I then take her through various other departments and colleges, but after a while she grows impatient and asks, “Okay okay, I’ve seen where members of the college live, where scientists carry out research and all that, but I thought you were going to show me Cambridge University!” What my friend fails to understand is that all these buildings and people make up the university. They are not independent of it in any way, but are subcategories of a larger category called Cambridge University.


For Ryle, Descartes was making exactly the same kind of category mistake with the mind and brain. Descartes was perhaps aware that various brain regions contributed to sensory processing, but he nevertheless believed that the brain had nothing to do with our mental life. Instead, as Ryle put it, Descartes believed in “the dogma of the Ghost in the Machine.” For Descartes, this mind of mine is some mysterious ghost living inside the biological machine that is my brain. But there is no need for a ghost in the machine. The machine of the brain is all that’s required for a conscious mind to exist.


Before I leave discussing Ryle, I would like to return to a subtlety of the analogy, because I think it highlights something very interesting. Although, of course, my foreign friend was wrong to assume that the colleges and research departments were irrelevant to the concept of Cambridge University, perhaps she wasn’t entirely wrong. If I said “Cambridge University equals every building, student and staff now attached, or who has ever been attached to Cambridge University,” some people might argue that I was being too reductionist or unromantic in turning an eight-hundred-year-old institution into a set of components. There is meaning living within the phrase “Cambridge University” that cannot be entirely captured by a mere list of its component parts. There is the image that the population has of the university, which, for instance, is exploited in literature and films, and which carries with it perhaps a traditional, formerly aristocratic aura. The students themselves interact in ways that make the university embody something very academically minded, perhaps even a little nerdy, which is an atmosphere that cannot easily be explained by examining the university’s parts. In short, there are emergent properties to the concept “Cambridge University” that will never really be captured by a shopping list of items that Ryle would class as subcategories of the university.


In many domains, surprisingly sophisticated forms of knowledge can materialize out of the intricate combination of ideas at a lower level, and these can very much seem to be greater than the sum of those subterranean parts. One clear example of this is money. Studying the atomic properties of credit cards and coins will not generate very much understanding about how the world’s financial system works. Instead, many economic rules can be seen as emerging from the social interaction of people wishing to buy and sell goods and services. They can scale up to fiendishly complicated levels, with few people being able to predict the 2008 credit crunch, and hardly anyone understanding exactly why it happened. Another fascinating example is that of ants. A single ant is a very stupid animal indeed, capable of only the most rudimentary learning. One might assume that if you have a colony of stupid ants, all you have is millions of stupid creatures. But something almost magical happens when the ants interact (largely by chemical signaling)—they develop incredibly complex behaviors. These include farming (humans weren’t the first species to farm, by about 50 million years), complex nest-building, an intricate division of labor among seemingly identical animals, and about the only known non-mammal example of teaching, as one ant guides another to a food source, even pausing every so often to let its student catch up. This has led some to suggest that an ant colony should not be seen as a collection of ants, but more as a superorganism. Perhaps our global community of humans, now so tightly interconnected via the Internet, is another such superorganism.


Emergent properties are not the sole realm of animate objects. The laws of gravity are relatively simple, and yet the stunning spiral shape of our Milky Way arises out of them. The equations for fractals tend also to be just a handful of characters in length, despite generating shapes of seemingly infinite and quite unexpected complexity. (See Figure 2 for various illustrations of emergentism.)


When you have an object such as the human brain, which is the most complex lump of matter in the known universe, there is a good chance that various emergent properties will materialize there as well. I’m not for one moment proposing Descartes’ immaterial ghost, and shudder at its unscientific and religious connotations. But within a scientific, physical-based framework, I endorse and will discuss the idea that the brain is much more than the sum of its parts, and that consciousness may be its most shining, fascinating product.







THE IMPENETRABILITY OF “WHAT IT IS LIKE”


By the middle of the twentieth century, philosophy had largely caught up with neuroscience in believing that the mind was equal to the brain, and that any thought or feeling was really a collection of brain cells firing away. In fact, with the advent of computers, and the acknowledgment that we were nothing more than biological machines, the equation of mind with brain soon mutated into the equation of mind with computer program. We happened, by the quirks of evolution, to have been lumbered with this particularly wrinkly, jelly-like computer to substantiate the program of our minds, but it didn’t have to be this way; we could, in principle, have just the same thoughts with a “brain” made of silicon chips.


This theory of “mind as a computer, which accidentally equals brain,” is the most widely discussed philosophical position about the mind held today. It is also the view that almost all neuroscientists assume by default. But that hasn’t stopped some modern philosophers from attacking it from almost every angle.


The first doubt comes from the suggestion that the mind can be entirely reduced to the brain (or computer, or whatever other physical object one would care to mention). Descartes opposed the possibility of this reduction, assuming that there was something intrinsically subjective and nonphysical about the mental world. In 1974, Thomas Nagel, in one of the most famous philosophy papers of the past hundred years (“What Is It Like to Be a Bat?”), echoed Descartes’ position in modern form. Nagel accepted that thoughts could be characterized according to their ability to cause other thoughts and behavior, and he was certainly not opposed outright to the idea that minds were simply brains. But he did think there could be a problem with this view. If you and I hear Shostakovich’s Tenth Symphony, I can make a great stab at imagining what it was like for you to hear the music. Of course, I may be entirely wrong in my imagination, but I can at least generate a plausible guess as to what you experienced. I might even have a good go at imagining what my cat experiences when she hears the doorbell ring. We have similar ears mechanistically, and our brains’ primary hearing centers also aren’t entirely dissimilar. But if I try to imagine what a bat “see/ hears” when it uses echolocation to navigate, then I have no idea where to begin. Assuming that a bat is conscious, then our two consciousnesses seem totally incompatible. I can  gain absolutely no knowledge about bat consciousness—at least not in the realm of echolocation.2 And if I can’t even imagine what it is like to sense with echolocation, what hope is there that I can get a foothold using any of science’s tools?


This “what is it like” aspect of thought, Nagel claimed, was the essence of consciousness, and it posed a problem, in particular, for those wishing to reduce consciousness to a physical process in the brain. Nagel believed that if some animal was conscious, then it had to have a “what is it like?” aspect to it. Nagel did not state that it was impossible for us to understand what it was like to be a bat, although he did suggest that this barrier was a fundamental problem for science, one that it had to face with radically different, novel approaches.


Australian philosopher Frank Jackson took this position one step further and argued that it actually is impossible for science to explain mental states using only physical processes. His argument revolved around a thought experiment, which went something like the following.


Imagine that the year is 2412 and evil philosophers control the planet. One small coven of hellish thinkers calling themselves the Descartes Brigade hatches an idea for a cruel but potent experiment. The most celebrated scientist husband and wife in the world have just given birth to a beautiful daughter called Mary, but at the precise moment she’s born, the Descartes Brigade kidnaps her and locks her up in a windowless black and white room. They bleach her skin white, and even cosmetically alter her irises to be black, along with her hair. They feed her black and white foods through a small black hatch in the white wall, and as she grows up they entertain and teach her on black and white laptops and monitors. The physical sciences have been completed by this stage, and it is possible to know everything about physics, chemistry, and biology, especially including the brain sciences. Mary has little else to do, and anyway, like her parents, she has an aptitude for and love of science, so she takes it upon herself to learn this completed science. By the age of thirty, after decades of diligent study, she knows absolutely   everything about the physical world (stupendously implausible, of course, but let’s for the moment assume it’s possible), from the nature of all the subatomic particles to the activity of every brain cell that represents color vision in humans. The members of the Descartes Brigade at this stage know that their plan is coming to fruition and, finally, they unlock the door to Mary’s prison, letting her wander outside for the first time in her life. Dazzled by what she sees, overwhelmed, overjoyed, she stumbles into a nearby garden and bends down to stare at a red rose. As she views the scarlet color she exclaims, in shock: “Before being released I knew every physical detail of how the brain generates consciousness, but now I know something new: I know what it is like to see red. This extra knowledge is something that the physical sciences could never capture. Therefore there is something nonphysical about consciousness!” At this stage, she collapses and suffers a terrible nervous breakdown, but the philosophers of the Descartes Brigade callously rejoice. They believe that their poor guinea pig, Mary, has helped them show that consciousness is at least partly nonphysical. The evil philosophy gang members end their pamphlet by boldly proclaiming that Descartes was right all along!


Although this argument has indeed been influential, it is not as watertight as it might at first appear. In some ways it suffers from the same problems as Descartes’ argument. Descartes made the mistake of overreaching with his level of knowledge (because he didn’t know the existence of his body with as much certainty as he knew the existence of his mind, he leaped to the conclusion that his body was distinct from his mind, even though he never actually established that this was the case). Here Jackson was similarly overreaching by making strong assumptions about what a complete physical understanding of the universe would entail. Lord Kelvin, one of the greatest physicists of the nineteenth century, is reputed to have proclaimed, as recently as 1900, that “There is nothing new to be discovered in physics now. All that remains is more and more precise measurement.” The timing of this claim was somewhat comical: That same year, Max Planck initiated one physics revolution by introducing quantum mechanics to the world. Then, five years later, Albert Einstein followed with a set of his own revolutionary theories, including special relativity and the equivalence of energy and mass.


We have absolutely no idea what this “completed physics” will look like in four hundred years’ time. In fact, startling revolutions could turn up at  any moment to thoroughly embarrass anyone clinging to scientific dogmatism. A twenty-fifth-century portrait of the universe may well be far more bizarre than superstring theory or quantum mechanics, and it would be rather pointless to speculate on the details. It would also be foolhardy in the extreme to assume with certainty, as Jackson’s argument above seems to do, that such future physical scientific wisdom could not include a complete explanation of consciousness.


Indeed, this is not the only argument that can be raised against Jackson’s thought experiment. Suppose that Mary, bunkered down in her black and white room, actually has a wistful fascination for the flora and fauna that lie just outside her philosophers’ jail. So when she’s not studying the physical properties of neuronal circuitry, her hobby involves learning about the garden just outside. She hacks into a robot in the neighborhood, which happens to have some decent cameras for eyes. She steers it to her nearby garden and by this means finds out exactly what wavelengths of light are being emitted from the rose bush over the next few days. She therefore discovers what shade of red the rose is. Just to be certain, she practices more hacking skills on some nearby twenty-fifth-century flying brain scanners, which just happen to be a popular tool of the Big Brother government of the time. By this means, she sees the brain activity of all the passersby as they glance at the roses, and she infers easily that this activity corresponds to the experience of seeing red in every case. So before Mary ever leaves the room, she has incontrovertible, highly detailed knowledge from a range of sources that the roses in the garden near her room are indeed red. It’s important to emphasize, therefore, that when Mary finally is released from her room, she doesn’t necessarily suddenly discover that the rose is red—she could already know this. All she actually knows now that she did not know before is “what it is like to see” red. And this is a very strange kind of knowledge indeed. So what has she actually learned, if anything? Some philosophers suspect that she has not learned any new information whatsoever.


Because of this suspicion, a few critics of Jackson’s thought experiment have argued that “knowing what it is like to see color” is really like an ability to gather knowledge rather than knowledge itself. (In fact, Frank Jackson himself should be included on this list, because he has since rejected his former argument, largely in favor of this idea.) Our color vision allows us to learn many useful things, such as when fruits are ripe, or, in more modern  climes, to know when a traffic light indicates that we should stop the car. But this information relates to knowing that something is red. Knowing what it is like to see red is more abstract, and perhaps could best be described as an ability to recognize red if we came across it in the future; in other words, a rather specific ability to gather color information directly, without recourse to external machines such as cameras.


Nowadays, we have multiple ways in which to acquire color information using natural and artificial technologies, such as our eyes or a digital camera. But whether the source is our eyes or some fabulous feat of modern technology, all that really matters is that the information is acquired, rather than the way it is acquired. The information, the knowing that the rose is red, is independent of the tool by which that information is acquired. By contrast, “knowing what it is like” is dependent on the tool used to gather the information—in this case, Mary’s eyes. Consequently, it isn’t “knowing” at all—it is merely the ability to use the specific tool of our eyes in order to acquire knowledge. So it’s at least plausible that Mary didn’t, after all, know anything new when she was finally let out of her monochrome prison and saw the red rose. Therefore, consciousness can still be a purely physical event.







CAN A PROGRAM HAVE FEELINGS?


The other aspect of the standard model of consciousness is that it’s not only a physical process, carried out by the brain, but also a computational one. Modern philosophers have taken issue with this stance as well, attempting to argue that there are unique characteristics to consciousness in its natural biological form, which means we could never be converted into some silicon equivalent.


One prominent attack on the computational view of consciousness revisits the “what is it like” aspect of awareness, which includes all of our emotions and senses. The argument claims that the existence of this vital aspect of experience proves that consciousness cannot be captured by a computer. You and I both know that strawberries are red and blueberries blue, but what if my inner experiences of reds and blues are your experiences of blues and reds? Arguments along these lines assume it’s quite conceivable that we would neither behave nor think differently when faced with a fruit salad. Consequently, the software equivalent of our minds  could pick any old values to represent the reds and blues—or even entirely omit this bothersome bit of code, and by extension the rest of our color vision and all other senses and emotions—without weakening the fidelity of the program. But if this defining facet of our consciousness is a mere irrelevance to its computational equivalent, then that is a step too far, and computers simply cannot represent consciousness.


However, when the scientific details are taken into account, there is something ridiculous in the idea that you can simply swap red with blue, and leave all thoughts and behavior otherwise unchanged. Our perception of something as “red” is generated not just from the wavelength our eyes pick up, but also the vividness of the color, its comparison with the surrounding colors, its brightness, the meanings and categories of colors, and so on—and all this interacts with our other senses and feelings in an incredibly complex network of information (just think of “the blues” as a form of music depicting a class of emotion). All this perfectly mirrors the architecture of the brain, which is an inordinately dense web of connectivity, such that changing one region may modify the function of many others.


Consequently, my red cannot be your blue because there is no single, independent class of experience as “red.” The truth, instead, is that all examples of “what it is like” that you care to pick, from “burgundy” to “melancholy,” represent rich information about ourselves and the outside world unique to this moment, crucially not in isolation, but as a network of links between many strands of knowledge, and in comparison with all the other myriad forms of experience we are capable of. In this way, far from being irrelevant, our senses and feelings, although undeniably complex, serve a vital computational role in helping us understand and interact with the world.3








CAN A LAPTOP REALLY UNDERSTAND CHINESE?


The most famous defense of the idea that there is something special and nonprogrammable about our biological form of consciousness is the Chinese Room argument, first proposed by John Searle in 1980. The main purpose of this thought experiment was to demonstrate the impenetrability not of feeling, but of meaning. Searle was keen to prove that a human brain could not be reduced to a set of computer instructions or rules.


To describe the thought experiment, we need to turn to another gang of philosophers from the year 2412, Turing’s Nemesis. Restless and rebellious, these philosophers are prowling the streets of New York with an aggressive itch for a dialectic fight. Soon, they come across a group of Chinese tourists and decide to play a mischievous trick on them. They show the Chinese group a plain white room, which is entirely empty, except for a table, a chair, blank pieces of paper, and a pencil. They allow the Chinese to inspect every nook and cranny of the simple space. The only features to note, apart from a door and a naked lightbulb in the ceiling, are two letterboxes on either side of the windowless room, linking it with the outside world. One box is labeled IN and the other OUT.


The ringleader of Turing’s Nemesis, a thoroughly devious person, melodramatically explains to the Chinese group that he reveres their culture above all others and believes everyone else in the world does, too. In fact, he’s willing to bet a month’s wages that these Chinese people can pick any random sucker on the street, place him in this room, and that person will show that he worships their culture as well, because he will be able to fluently speak their language via the interchange of words on paper through the letterboxes. The exchanges will take place with the Chinese people on the outside and the random subject inside the room. The Chinese are quick to take up this bet (even in 2412, although quite a few non-Chinese people speak Mandarin, only a small proportion can write in the language).


The Chinese tourists take their time and pick a young Caucasian man. He does not seem particularly bright. He looks a little bewildered as they stop him on the street and pull him over. The ringleader of the philosophy gang accepts the man and helps him into the room. Out of sight, though, just as the ringleader shuts the door, he hands the man a thick book. He  whispers to him that if he follows the simple guidelines in the book, there’s a week’s worth of wages in it for just a few hours of work. This book is effectively a series of conversion tables, with clear instructions for how to turn any combination of Chinese characters into another set of Chinese characters.


The man in the room then spends the next few hours accepting pieces of paper with Chinese writing through the IN box. The paper has fresh Chinese sentences from a member of the Chinese group outside. Each time the man trapped in the room receives a piece of paper, he looks up the squiggles in the book, and then converts these squiggles into other squiggles, according to the rules of the book. He then puts what he’s written into the OUT box—as instructed. He is so ignorant that he doesn’t even know he’s dealing in Chinese characters; nevertheless, every time he sends them his new piece of paper, the Chinese are amazed that the answer is articulate and grammatically perfect, as if he were a native Mandarin speaker. Though the young man does not know it, he is sending back entirely coherent, even erudite, answers to their questions. It appears to the Chinese that they are having a conversation with him. The Chinese observe in virtual shock that he seems, totally contrary to first impressions, rather charming and intelligent. Amazed and impressed, the Chinese reluctantly pay the bet and walk away, at least able to take home the consolation of a glow of pride at the universal popularity of their culture.


With the Chinese group out of the way, the Turing’s Nemesis philosophers decide to keep their human guinea pig locked in the room a couple of hours longer. One of the Turing’s Nemesis members does in fact speak and read Chinese, and he translates each of the paper questions originally asked of the man in the room into English. He sends each question into the room in turn. The written answers, this time in English, come quite a bit faster. Although they aren’t nearly as well articulated as they were in Mandarin, they are somewhat similar to the Mandarin responses he had copied from the book. This time, however, the man actually understands everything that’s asked of him, and understands every answer he gives.


Now, claims the Chinese Room argument, if the mind were merely a program, with all its “if this, then that” rules and whatnot, it could be represented by this special book. The book contains all the rules of how a human would understand and speak Mandarin, as if a real person were in the room. But  absolutely nowhere in this special room is there consciousness or even meaning, at least where Mandarin is concerned. The main controller in the room, the young man, has absolutely no understanding of Chinese—he’s just manipulating symbols according to rules. And the book itself cannot be said to be conscious—it’s only a book after all, and without someone to carry out the rules and words in the book, how can the book have any meaning? Imagine if almost all life on the planet went extinct, but somehow this book survived. On its own, without anyone to read it, it’s a meaningless physical artifact.


The point of all this is that, when the rules of the book are used to write Chinese, there is no consciousness or meaning in the room, but when English is written later on, and a human is involved, there is consciousness and meaning. The difference, according to Searle, is that the book is a collection of rules, but there is something greater in the human that gives us consciousness and meaning. Therefore meaning, and ultimately consciousness, are not simply programs or sets of rules—something more is required, something mysteriously unique to our organic brains, which mere silicon chips could never capture. And so no computer will ever have the capacity for consciousness and true meaning—only brains are capable of this, not as biological computers, with our minds as the software, but something altogether more alien. Searle summarized this argument by stating that “syntax is not semantics.”


This argument—like all of the others I’ve described—may appear to be an unbreakable diamond of deductive reasoning, but it is in fact merely an appeal to our intuitions. Searle wants, even begs, us to be dismissive of the idea that some small book of rules could contain meaning and awareness. He enhances his plea by including the controller in the room, who is blindly manipulating the written characters even though he is otherwise entirely conscious. Perhaps most of us would indeed agree that intuitively there is no meaning or awareness of Mandarin anywhere in that room. But that’s our gut feeling, not anything concrete or convincing.


When you start examining the details, however, you find the analogy has flaws. It turns out that there are two tricks to this Chinese Room thought experiment that Searle has used, like a good magician, to lead our attention away from his sleight of hand.


The first, more obviously misleading feature is the fact that a fully aware man is in the room. He understands the English instructions and is  conscious of everything else around him, but he is painfully ignorant of the critical details of the thought experiment—namely, the meaning of the Chinese characters he is receiving and posting. So we center our attention on the man’s ignorance, and automatically extend this specific void of awareness to the whole room. In actual fact, the man is an irrelevance to the question. He is performing what in a brain would not necessarily be the conscious roles anyway—that of the first stages of sensory input and the last aspects of motor output. If there is absolutely any understanding or meaning to be found in that room for the Mandarin characters, it is in the rules of that book and not in the man. The man could easily be replaced by some utterly dumb, definitely nonconscious robot that feeds the input to the book, or a computerized equivalent of it, and takes the output to the OUT slot. So let’s leave the human in the room out of the argument and move on to the second trick.


And to understand the second trick, we must pose a fundamental question: Does that book understand Mandarin Chinese or not?







THE MOST COMPLEX OBJECT IN THE KNOWN UNIVERSE


The answer to this question may seem simple. Our intuition tells us that there cannot be any consciousness or meaning in this special room because the small book is a simple object. How could one slim paperback actually be aware? But the thought experiment’s second slippery trick is to play with the idea that something as incredibly sophisticated and involved as language production could possibly be contained in a few hundred pages. It cannot, and as soon as you start trying to make the thought experiment remotely realistic, the complexity of the book (or any other rule-following device, such as a computer) increases exponentially, along with our belief that the device could, after all, understand the Chinese characters.


Let’s say, for simplicity’s sake, that we limit our book to a vocabulary of 10,000 Mandarin words, and sentences to no longer than 20 words. The book is a simple list of statements of the form: “If the input is sentence X, then the output is sentence Y.” We could be mean here. Let’s assume that the Chinese people outside the room are getting increasingly desperate not to lose their bet. One of them actually thinks he half-spotted the Turing’s Nemesis ringleader slip some kind of book to the guy in the room. Another member of  the Chinese group happens to be a technology history buff and has played on a few clever computer simulations of human text chatters from the early twenty-first-century Turing Test competitions.4 He suggests a devious strategy—that they start coming up with any old combination of sequences varying in length from 1 to 20 words, totally ignoring grammar and meaning, to try to trick the person inside the room into silence. How big would the book have to be to cope with all the possibilities? The book would have to contain around 1080 different pairs of sentences.5 If we assume it’s an old-fashioned paper book, then it would have to be considerably wider than the diameter of our known universe—so fitting it into the room would be quite a tight squeeze! There is also the issue of the physical matter needed to make up this weighty tome. The number of pairs of sentences happens to equal the number of atoms in the universe, so the printer of the book would be running out of paper very early on even with the first copy! Obviously, it would be hopelessly unrealistic to make any kind of book that not only contained every possible sequence of up to 20 words, but also connected each sequence as a possible question to another as the designated answer. And even if the book were to be replaced by a computer that also performed this storage and mapping, the computer engineers would find there was simply not enough matter in the universe to build its hard disk.


Let’s try to move toward a more realistic book, or more practically, a computer program, that would employ a swath of extremely useful shortcuts to convert input to coherent output, as we do whenever we chat with each other. In fact, just for kicks, let’s make a truly realistic program, based exactly on the human brain. It might appear that this is overkill, given that we are only interested in the language system, but our ability to communicate linguistically is a skill dependent on a very broad range of cognitive skills.


Although almost all neuroscientists assume that the brain is a kind of computer, they recognize that it functions in a fundamentally different way from the PCs on our desks. The two main distinctions are whether an event has a single cause and effect (essentially a serial architecture), or many causes and effects (a parallel architecture), and whether an event will necessarily cause another (a deterministic framework), or just make it likely that the next event will happen (a probabilistic framework). A simple illustration of a serial deterministic architecture is a single line of dominoes, all very close together. When you flick the first domino, it is certain that it will push the next domino down, and so on, until all dominoes in the row have fallen. In contrast, for a parallel probabilistic architecture, imagine a huge jumble of vertically placed dominoes on the floor. One domino falling down may cause three others to fall, but some dominoes are spaced such that they will only touch another domino when they drop to the ground, which leaves the next domino tottering, possibly falling down and initiating more dominoes to drop, but not necessarily.


Although modern computers are slowly introducing rudimentary parallel features, traditionally, at least, a PC works almost entirely in a serial manner, with one calculation leading to the next, and so on. In addition, it’s critical that a computer chip functions in a deterministic way—if this happens, then that has to happen. Human brains are strikingly different: Our neurons are wired to function in a massively parallel way. The vast majority of our neurons are also probabilistic: If this neuron sends an output to many other neurons, then that merely makes it more (or sometimes less) likely that these subsequent neurons will be activated, or “fire.”


Why have one form of computer architecture over another? Partly because a serial deterministic architecture is so simple and straightforward. A computer can apply billions of very basic calculations in a second, whereas my brain carries out only a few major thoughts at a time, at the most. Consequently, it takes my PC a fraction of a second to calculate the square root of 17,998,163.09274564, whereas most of us would give up on such a fiendish task before we’d even begun. But because of the parallel, probabilistic nature of our brains, our processing is far more fluid and nuanced than any silicon computer currently in existence. We are exquisitely subject to biases, influences, and idiosyncrasies. For instance, if you read the following words: “artichoke artichoke artichoke artichoke artichoke,” you will spend the rest  of the day (or even somewhat longer) recognizing the word “artichoke” a little bit quicker than before (and you might even be a little more likely to buy one the next time you go to the supermarket). My word-processing program simply produces angry red lines to punish me for my ungrammatical repetitions of “artichoke.” It does not learn to insert those red lines any quicker by the fifth repetition of the word, compared to the first.
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