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			To my parents, and to Ann and Dan, my American parents

		

	
		
			Consciousness is the only real thing in the world 
and the greatest mystery of all.

			—Vladimir Nabokov, Bend Sinister (1947)

			The brain is wider than the sky,

			For, put them side by side,

			The one the other will include

			With ease, and you beside.

			—Emily Dickinson (ca. 1862)
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			INTRODUCTION: THE STUFF OF THOUGHT

			Deep inside the Lascaux cave, past the world-renowned Great Hall of the Bulls, where Paleolithic artists painted a colorful menagerie of horses, deer, and bulls, starts a lesser-known corridor known as the Apse. There, at the bottom of a sixteen-foot pit, next to fine drawings of a wounded bison and a rhinoceros, lies one of the rare depictions of a human being in prehistoric art (figure 1). The man is lying flat on his back, palms up and arms extended. Next to him stands a bird perched on a stick. Nearby lies a broken spear that was probably used to disembowel the bison, whose intestines are hanging out.
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					FIGURE 1. The mind may fly while the body is inert. In this prehistoric drawing, dated approximately 18,000 years ago, a man lies supine. He is probably asleep and dreaming, as hinted by his strong erection, characteristic of the phase of rapid-eye-movement sleep, during which dreams are most vivid. Next to him, the artist painted a disemboweled bison and a bird. According to the sleep researcher Michel Jouvet, this may be one of the first depictions of a dreamer and his dream. In many cultures, the bird symbolizes the mind’s ability to fly away during dreams—a premonition of dualism, the misguided intuition that thoughts belong to a different realm from the body.

				

			

			The person is clearly a man, for his penis is fully erect. And this, according to the sleep researcher Michel Jouvet, illuminates the drawing’s meaning: it depicts a dreamer and his dream.1 As Jouvet and his team discovered, dreaming occurs primarily during a specific phase of sleep, which they dubbed “paradoxical” because it does not look like sleep; during this period, the brain is almost as active as it is in wakefulness, and the eyes ceaselessly move around. In males, this phase is invariably accompanied by a strong erection (even when the dream is devoid of sexual content). Although this weird physiological fact became known to science only in the twentieth century, Jouvet wittily remarks that our ancestors would easily have noticed it. And the bird seems the most natural metaphor for the dreamer’s soul: during dreams, the mind flies to distant places and ancient times, free as a sparrow.

			This idea might seem fanciful were it not for the remarkable recurrence of imagery of sleep, birds, souls, and erections in the art and symbolism of all sorts of cultures. In ancient Egypt, a human-headed bird, often depicted with an erect phallus, symbolized the Ba, the immaterial soul. Within every human being, it was said, dwelled an immortal Ba that upon death took flight to seek the afterworld. A conventional depiction of the great god Osiris, eerily similar to Lascaux’s Apse painting, shows him lying on his back, penis erect, while Isis the owl hovers over his body, taking his sperm to engender Horus. In the Upanishads, the Hindu sacred texts, the soul is similarly depicted as a dove that flies away at death and may come back as a spirit. Centuries later doves and other white-winged birds came to symbolize the Christian soul, the Holy Spirit, and the visiting angels. From the Egyptian phoenix, symbol of resurrection, to the Finnish Sielulintu, the soul bird that delivers a psyche to newborn babies and takes it away from the dying, flying spirits appear as a universal metaphor for the autonomous mind.

			Behind the bird allegory stands an intuition: the stuff of our thoughts differs radically from the lowly matter that shapes our bodies. During dreams, while the body lies still, thoughts wander into the remote realms of imagination and memory. Could there be a better proof that mental activity cannot be reduced to the material world? That the mind is made of a distinct stuff? How could the free-flying mind ever have arisen from a down-to-earth brain?

			Descartes’s Challenge

			The idea that the mind belongs to a separate realm, distinct from the body, was theorized early on, in major philosophical texts such Plato’s Phaedo (fourth century BC) and Thomas Aquinas’s Summa theologica (1265–74), a foundational text for the Christian view of the soul. But it was the French philosopher René Descartes (1596–1650) who explicitly stated what is now known as dualism: the thesis that the conscious mind is made of a nonmaterial substance that eludes the normal laws of physics.

			Ridiculing Descartes has become fashionable in neuroscience. Following the publication of Antonio Damasio’s best-selling book Descartes’ Error in 1994,2 many contemporary textbooks on consciousness have started out by bashing Descartes for allegedly setting neuroscience research years behind. The truth, however, is that Descartes was a pioneering scientist and fundamentally a reductionist whose mechanical analysis of the human mind, well in advance of his time, was the first exercise in synthetic biology and theoretical modeling. Descartes’s dualism was no whim of the moment—it was based on a logical argument that asserted the impossibility of a machine ever mimicking the freedom of the conscious mind.

			The founding father of modern psychology, William James, acknowledges our debt: “To Descartes belongs the credit of having first been bold enough to conceive of a completely self-sufficing nervous mechanism which should be able to perform complicated and apparently intelligent acts.”3 Indeed, in visionary volumes called Description of the Human Body, Passions of the Soul, and L’homme (Man), Descartes presented a resolutely mechanical perspective on the inner operation of the body. We are sophisticated automata, wrote this bold philosopher. Our bodies and brains literally act as a collection of “organs”: musical instruments comparable to those found in the churches of his time, with massive bellows forcing a special fluid called “animal spirits” into reservoirs, then a broad variety of pipes, whose combinations generate all the rhythms and music of our actions.

			I desire that you consider that all the functions that I have attributed to this machine, such as the digestion of food, the beating of the heart and the arteries, the nourishment and growth of the bodily parts, respiration, waking and sleeping; the reception of light, sounds, odours, smells, heat, and other such qualities by the external sense organs; the impression of the ideas of them in the organ of common sense and the imagination, the retention or imprint of these ideas in the memory; the internal movements of the appetites and the passions; and finally the external movements of all the bodily parts that so aptly follow both the actions of objects presented to the senses. . . . These functions follow in this machine simply from the disposition of the organs as wholly naturally as the movements of a clock or other automaton follow from the disposition of its counterweights and wheels.4

			Descartes’s hydraulic brain had no difficulty moving his hand toward an object. The object’s visual features, impinging on the inner surface of the eye, activated a specific set of pipes. An inner decision-making system that was located in the pineal gland then leaned in a certain direction, thus sending the spirits flowing, to cause precisely the appropriate movement of the limbs (figure 2). Memory corresponded to the selective reinforcement of some of these pathways—an insightful anticipation of the contemporary idea that learning relies on changes in the brain’s connections (“neurons that fire together wire together”). Descartes even presented an explicit mechanical model of sleep, which he theorized as a reduced pressure of the spirits. When the source of animal spirits was abundant, it circulated through every nerve, and this pressurized machine, ready to respond to any stimulation, provided an accurate model of the wake state. When the pressure weakened, making the lowly spirits capable of moving only a few threads, the person fell asleep.
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					FIGURE 2. René Descartes’s theory of the nervous system stopped short of a fully materialistic conception of thought. In L’homme, published posthumously in 1664, Descartes foresaw that vision and action could result from a proper arrangement of the connections between the eye, the pineal gland inside the brain, and the arm muscles. He envisaged memory as the selective reinforcement of these pathways, like the punching of holes in cloth. Even fluctuations in consciousness could be explained by variations in the pressure of the animal spirits that moved the pineal gland: high pressure led to wakefulness, low pressure to sleep. In spite of this mechanistic stance, Descartes believed that the mind and the body were made of different kinds of stuff that interacted through the pineal gland.

				

			

			Descartes concluded with a lyrical appeal to materialism—which was quite unexpected, coming from the pen of the founder of substance dualism:

			To explain these functions, then, it is not necessary to conceive of any vegetative or sensitive soul, or any other principle of movement or life, other than its blood and its spirits which are agitated by the heat of the fire that burns continuously in its heart, and which is of the same nature as those fires that occur in inanimate bodies.

			Why, then, did Descartes affirm the existence of an immaterial soul? Because he realized that his mechanical model failed to provide a materialist solution for the higher-level abilities of the human mind.5 Two major mental functions seemed to lie forever beyond the capacity of his bodily machine. The first was the capacity to report its thoughts using speech. Descartes could not see how a machine might ever “use words or other signs by composing them, as we do to declare our thoughts to others.” Reflexive cries posed no problem, as a machine could always be wired to emit specific sounds in response to a specific input; but how could a machine ever respond to a query, “as even the dumbest person can”?

			Flexible reasoning was the second problematic mental function. A machine is a fixed contraption that can only act rigidly, “according to the disposition of its organs.” How could it ever generate an infinite variety of thoughts? “It must be morally impossible,” our philosopher concluded, “that there should exist in any machine a diversity of organs sufficient to enable it to act in all the occurrences of life, in the way in which our reason enables us to act.”

			Descartes’s challenges to materialism stand to this very day. How could a machine like the brain ever express itself verbally, with all the subtleties of human language, and reflect upon its own mental states? And how might it make rational decisions in a flexible manner? Any science of consciousness must address these key issues.

			The Last Problem

			As humans, we can identify galaxies light years away, study particles smaller than an atom. But we still haven’t unlocked the mystery of the three pounds of matter that sits between our ears.

			—Barack Obama announcing the BRAIN initiative (April 2, 2013)

			Thanks to Euclid, Karl Friedrich Gauss, and Albert Einstein, we possess a reasonable understanding of the mathematical principles that govern the physical world. Standing as we do on the shoulders of such giants as Isaac Newton and Edwin Hubble, we understand that our earth is just a speck of dust in one of a billion galaxies that originated from a primeval explosion, the big bang. And Charles Darwin, Louis Pasteur, James Watson, and Francis Crick showed us that life is made of billions of evolved chemical reactions—just plain physics.

			Only the story of the emergence of consciousness seems to remain in medieval darkness. How do I think? What is this “I” that seems to be doing the thinking? Would I be different if I had been born at a different time, in another place, or in another body? Where do I go when I fall asleep, and dream, and die? Does it all arise from my brain? Or am I in part a spirit, made of distinct stuff of thought?

			These vexing questions have perplexed many a bright mind. Writing in 1580, the French humanist Michel de Montaigne, in one of his famous essays, lamented that he could find no coherence in what past thinkers had written about the nature of the soul—they all disagreed, both on its nature and on its seat within the body: “Hippocrates and Hierophilus lodge it in the ventricle of the brain; Democritus and Aristotle, throughout the body, Epicurus in the stomach, the Stoics within and around the heart, Empedocles, in the blood; Galen thought that each part of the body had its own soul; Strato lodged it between the eyebrows.”6

			Throughout the nineteenth and twentieth centuries, the question of consciousness lay outside the boundaries of normal science. It was a fuzzy, ill-defined domain whose subjectivity put it forever beyond the reach of objective experimentation. For many years, no serious researcher would touch the problem: speculating about consciousness was a tolerated hobby for the aging scientist. In his textbook Psychology, the Science of Mental Life (1962), George Miller, the founding father of cognitive psychology, proposed an official ban: “Consciousness is a word worn smooth by a million tongues. . . . Maybe we should ban the word for a decade or two until we can develop more precise terms for the several uses which ‘consciousness’ now obscures.”

			And banned it was. When I was a student in the late 1980s, I was surprised to discover that, during lab meetings, we were not allowed to use the C-word. We all studied consciousness in one way or another, of course, by asking human subjects to categorize what they had seen or to form mental images in darkness, but the word itself remained taboo: no serious scientific publication used it. Even when experimenters flashed brief pictures at the threshold of participants’ conscious perception, they did not care to report whether the participants saw the stimuli or not. With a few major exceptions,7 the general feeling was that using the term consciousness added nothing of value to psychological science. In the emerging positive science of cognition, mental operations were to be solely described in terms of the processing of information and its molecular and neuronal implementation. Consciousness was ill defined, unnecessary, and passé.

			And then in the late 1980s everything changed. Today the problem of consciousness is at the forefront of neuroscience research. It is an exciting field with its own scientific societies and journals. And it is beginning to address Descartes’s major challenges, including how our brain generates a subjective perspective that we can flexibly use and report to others. This book tells the story of how the tables have turned.

			Cracking Consciousness

			In the past twenty years, the fields of cognitive science, neurophysiology, and brain imaging have mounted a solid empirical attack on consciousness. As a result, the problem has lost its speculative status and become an issue of experimental ingenuity.

			In this book, I will review in great detail the strategy that has turned a philosophical mystery into a laboratory phenomenon. Three fundamental ingredients have made this transformation possible: the articulation of a better definition of consciousness; the discovery that consciousness can be experimentally manipulated; and a new respect for subjective phenomena.

			The word consciousness, as we use it in everyday speech, is loaded with fuzzy meanings, covering a broad range of complex phenomena. Our first task, then, will be to bring order to this confused state of affairs. We will have to narrow our subject matter to a definite point that can be subjected to precise experiments. As we will see, the contemporary science of consciousness distinguishes a minimum of three concepts: vigilance—the state of wakefulness, which varies when we fall asleep or wake up; attention—the focusing of our mental resources onto a specific piece of information; and conscious access—the fact that some of the attended information eventually enters our awareness and becomes reportable to others.

			What counts as genuine consciousness, I will argue, is conscious access—the simple fact that usually, whenever we are awake, whatever we decide to focus on may become conscious. Neither vigilance nor attention alone is sufficient. When we are fully awake and attentive, sometimes we can see an object and describe our perception to others, but sometimes we cannot—perhaps the object was too faint, or it was flashed too briefly to be visible. In the first case, we are said to enjoy conscious access, and in the second we are not (and yet as we shall see, our brain may be processing the information unconsciously).

			In the new science of consciousness, conscious access is a well-defined phenomenon, distinct from vigilance and attention. Furthermore, it can be easily studied in the laboratory. We now know of dozens of ways in which a stimulus can cross the border between unperceived and perceived, between invisible and visible, allowing us to probe what this crossing changes in the brain.

			Conscious access is also the gateway to more complex forms of conscious experience. In everyday language, we often conflate our consciousness with our sense of self—how the brain creates a point of view, an “I” that looks at its surroundings from a specific vantage point. Consciousness can also be recursive: our “I” can look down at itself, comment on its own performance, and even know when it does not know something. The good news is that even these higher-order meanings of consciousness are no longer inaccessible to experimentation. In our laboratories, we have learned to quantify what the “I” feels and reports, both about the external environment and about itself. We can even manipulate the sense of self, so that people may have an out-of-body experience while they lie inside a magnetic resonance imager.

			Some philosophers still think that none of the above ideas will suffice to solve the problem. The heart of the problem, they believe, lies in another sense of consciousness, which they call “phenomenal awareness”: the intuitive feeling, present in all of us, that our internal experiences possess exclusive qualities, unique qualia such as the exquisite sharpness of tooth pain or the inimitable greenness of a fresh leaf. These inner qualities, they argue, can never be reduced to a scientific neuronal description; by nature, they are personal and subjective, and thus they defy any exhaustive verbal communication to others. But I disagree, and I will argue that the notion of a phenomenal consciousness that is distinct from conscious access is highly misleading and leads down a slippery slope to dualism. We should start simple and first study conscious access. Once we clarify how any piece of sensory information can gain access to our mind and become reportable, then the insurmountable problem of our ineffable experiences will disappear.

			To See or Not to See

			Conscious access is deceptively trivial: we lay our eyes on an object, and seemingly immediately, we become aware of its shape, color, and identity. Behind our perceptual awareness, however, lies an intricate avalanche of brain activity that involves billions of visual neurons and that may take nearly half a second to complete before consciousness kicks in. How can we analyze this long processing chain? How can we tell which part corresponds to purely unconscious and automatic operations, and which part leads to our conscious sense of seeing?

			This is where the second ingredient of the modern science of consciousness kicks in: we now have a strong experimental handle on the mechanisms of conscious perception. In the past twenty years, cognitive scientists have discovered an amazing variety of ways to manipulate consciousness. Even a minuscule change in experimental design can cause us to see or not to see. We can flash a word so briefly that viewers will fail to notice it. We can create a carefully cluttered visual scene, in which one item remains wholly invisible to a participant because the other items always win out in the inner competition for conscious perception. We can also distract your attention: as any magician knows, even an obvious gesture can become utterly invisible if the watcher’s mind is drawn to another train of thought. And we can even let your brain do the magic: when two distinct images are presented to your two eyes, the brain will spontaneously oscillate and let you see one picture, then the other, but never both at the same time.

			The perceived image, the one that makes it into awareness, and the losing image, which vanishes into unconscious oblivion, may differ minimally on the input side. But within the brain, this difference must be amplified, because ultimately you can speak about one but not about the other. Figuring out exactly where and when this amplification occurs is the object of the new science of consciousness.

			The experimental strategy of creating a minimal contrast between conscious and unconscious perception was the key idea that cracked wide open the doors to the supposedly inaccessible sanctuary of consciousness.8 Over the years, we discovered many well-matched experimental contrasts in which one condition led to conscious perception while the other did not. The daunting problem of consciousness was reduced to the experimental issue of deciphering the brain mechanisms that distinguish two sets of trials—a much more tractable problem.

			Turning Subjectivity into a Science

			This research strategy was simple enough, yet it relied on a controversial step, one that I personally view as the third key ingredient to the new science of consciousness: taking subjective reports seriously. It was not enough to present people with two types of visual stimuli; as experimenters, we had to carefully record what they thought of them. The participant’s introspection was crucial: it defined the very phenomenon that we aimed to study. If the experimenter could see an image but the subject denied seeing it, then it was the latter response that counted—the image had to be scored as invisible. Thus, psychologists were forced to find new ways of monitoring subjective introspection, as accurately as possible.

			This emphasis on the subjective has been a revolution for psychology. At the beginning of the twentieth century, behaviorists such as John Broadus Watson (1878–1958) had forcefully ousted introspection from the science of psychology:

			Psychology as the behaviorist views it is a purely objective experimental branch of natural science. Its theoretical goal is the prediction and control of behaviour. Introspection forms no essential part of its methods, nor is the scientific value of its data dependent upon the readiness with which they lend themselves to interpretation in terms of consciousness.9

			Although behaviorism itself was also eventually rejected, it left a lasting mark: throughout the twentieth century, any recourse to introspection remained highly suspicious in psychology. However, I will argue that this dogmatic position is dead wrong. It conflates two distinct issues: introspection as a research method, and introspection as raw data. As a research method, introspection cannot be trusted.10 Obviously, we cannot count on naïve human subjects to tell us how their mind works; otherwise our science would be too easy. And we should not take their subjective experiences too literally, as when they claim to have had an out-of-body experience and flown to the ceiling, or to have met their dead grandmother in a dream. But in a sense, even such bizarre introspections must be trusted: unless the subject is lying, they correspond to genuine mental events that beg for an explanation.

			The correct perspective is to think of subjective reports as raw data.11 A person who claims to have had an out-of-body experience genuinely feels dragged to the ceiling, and we will have no science of consciousness unless we seriously address why such feelings occur. In fact, the new science of consciousness makes an enormous use of purely subjective phenomena, such as visual illusions, misperceived pictures, psychiatric delusions, and other figments of the imagination. Only these events allow us to distinguish objective physical stimulation from subjective perception, and therefore to search for brain correlates of the latter rather than the former. As consciousness scientists, we are never as pleased as when we discover a new visual display that can be subjectively either seen or missed, or a sound that is sometimes reported as audible and sometimes as inaudible. As long as we carefully record, on every trial, what our participants feel, we are in business, because then we can sort the trials into conscious and unconscious ones and search for brain activity patterns that separate them.

			Signatures of Conscious Thoughts

			These three ingredients—focusing on conscious access, manipulating conscious perception, and carefully recording introspection—have transformed the study of consciousness into a normal experimental science. We can probe the extent to which a picture that people claim not to have seen is in fact processed by the brain. As we will discover, a staggering amount of unconscious processing occurs beneath the surface of our conscious mind. Research using subliminal images has provided a strong platform to study the brain mechanisms of conscious experience. Modern brain imaging methods have given us a means of investigating how far an unconscious stimulus can travel in the brain, and exactly where it stops, thus defining what patterns of neural activity are exclusively associated with conscious processing.

			For fifteen years now, my research team has been using every tool at its disposal, from functional magnetic resonance imaging (fMRI), to electro- and magnetoencephalography, and even electrodes inserted deep in the human brain, to try to identify the cerebral underpinnings of consciousness. Like many other laboratories throughout the world, ours is engaged in a systematic experimental search for patterns of brain activity that appear if and only if the scanned person is having a conscious experience—what I call the “signatures of consciousness.” And our search has been successful. In one experiment after another, the same signatures show up: several markers of brain activity change massively whenever a person becomes aware of a picture, a word, a digit, or a sound. These signatures are remarkably stable and can be observed in a great variety of visual, auditory, tactile, and cognitive stimulations.

			The empirical discovery of reproducible signatures of consciousness, which are present in all conscious humans, is only a first step. We need to work on the theoretical end as well: How do these signatures originate? Why do they index a conscious brain? Why does only a certain type of brain state cause an inner conscious experience? Today no scientist can claim to have solved these problems, but we do have some strong and testable hypotheses. My collaborators and I have elaborated a theory that we call the “global neuronal workspace.” We propose that consciousness is global information broadcasting within the cortex: it arises from a neuronal network whose raison d’être is the massive sharing of pertinent information throughout the brain.

			The philosopher Daniel Dennett aptly calls this idea “fame in the brain.” Thanks to the global neuronal workspace, we can keep in mind any idea that makes a strong imprint on us, for however long we choose, and make sure that it gets incorporated into our future plans, whatever they might be. Thus consciousness has a precise role to play in the computational economy of the brain—it selects, amplifies, and propagates relevant thoughts.

			What circuit is responsible for this broadcasting function of consciousness? We believe that a special set of neurons diffuses conscious messages throughout the brain: giant cells whose long axons crisscross the cortex, interconnecting it into an integrated whole. Computer simulations of this architecture have reproduced our main experimental findings. When enough brain regions agree about the importance of incoming sensory information, they synchronize into a large-scale state of global communication. A broad network ignites into a burst of high-level activation—and the nature of this ignition explains our empirical signatures of consciousness.

			Although unconscious processing can be deep, conscious access adds an additional layer of functionality. The broadcasting function of consciousness allows us to perform uniquely powerful operations. The global neuronal workspace opens up an internal space for thought experiments, purely mental operations that can be detached from the external world. Thanks to it, we can keep important data in mind for an arbitrarily long duration. We can pass it on to any other arbitrary mental process, thus granting our brains the kind of flexibility that Descartes was looking for. Once information is conscious, it can enter into a long series of arbitrary operations—it is no longer processed in a reflexive manner but can be pondered and reoriented at will. And thanks to a connection to language areas, we can report it to others.

			Equally fundamental to the global neuronal workspace is its autonomy. Recent studies have revealed that the brain is the seat of intense spontaneous activity. It is constantly traversed by global patterns of internal activity that originate not from the external world but from within, from the neurons’ peculiar capacity to self-activate in a partly random fashion. As a result, and quite opposite to Descartes’s organ metaphor, our global neuronal workspace does not operate in an input-output manner, waiting to be stimulated before producing its outputs. On the contrary, even in full darkness, it ceaselessly broadcasts global patterns of neural activity, causing what William James called the “stream of consciousness”—an uninterrupted flow of loosely connected thoughts, primarily shaped by our current goals and only occasionally seeking information in the senses. René Descartes could not have imagined a machine of this sort, where intentions, thoughts, and plans continually pop up to shape our behavior. The outcome, I argue, is a “free-willing” machine that resolves Descartes’s challenge and begins to look like a good model for consciousness.

			The Future of Consciousness

			Our understanding of consciousness remains rudimentary. What does the future hold in store? At the end of this book, we will return to the deep philosophical questions, but with better scientific answers. There I will argue that our growing understanding of consciousness will help us not only resolve some of our deepest interrogations about ourselves but also face difficult societal decisions and even develop new technologies that mimic the computational power of the human mind.

			To be sure, many details remain to be nailed down, but the science of consciousness is already more than a mere hypothesis. Medical applications now lie within our grasp. In countless hospitals throughout the world, thousands of patients in a coma or a vegetative state lie in terrible isolation, motionless, speechless, their brains destroyed by a stroke, a car accident, or a transient deprivation of oxygen. Will they ever regain consciousness? Might some of them already be conscious but fully “locked in” and unable to let us know? Can we help them by turning our brain-imaging studies into a real-time monitor of conscious experience?

			My laboratory is now designing powerful new tests that begin to reliably tell whether a person is or is not conscious. The availability of objective signatures of consciousness is already helping coma clinics worldwide and will soon also inform the related issue of whether and when infants are conscious. Although no science will ever turn an is into an ought, I am convinced that, once we manage to objectively determine whether subjective feelings are present in patients or in infants, we will make better ethical decisions.

			Another fascinating application of the science of consciousness involves computing technologies. Will we ever be able to imitate brain circuits in silico? Is our current knowledge sufficient to build a conscious computer? If not, what would it take? As consciousness theory improves, it should become possible to create artificial architectures of electronic chips that mimic the operation of consciousness in real neurons and circuits. Will the next step be a machine that is aware of its own knowledge? Can we grant it a sense of self and even the experience of free will?

			I now invite you to take a journey into the cutting-edge science of consciousness, a quest that will guarantee deeper meaning to the Greek motto “Know thyself.”

		

	
		
			1

			CONSCIOUSNESS ENTERS THE LAB

			How did the study of consciousness become a science? First, we had to focus on the simplest possible definition of the problem. Shelving for later the vexing issues of free will and self-consciousness, we concentrated on the narrower issue of conscious access—why some of our sensations turn into conscious perceptions, while others remain unconscious. Then many simple experiments allowed us to create minimal contrasts between conscious and unconscious perception. Today we can literally render an image visible or invisible at will, under full experimental control. By identifying threshold conditions, in which the very same image is perceived consciously only half the time, we can even keep the stimulus constant and let the brain do the switching. It then becomes crucial to collect the viewer’s introspection, because it defines the contents of consciousness. We end up with a simple research program: a search for objective mechanisms of subjective states, systematic “signatures” in brain activity that index the transition from unconsciousness to consciousness.

			Take a look at the visual illusion in figure 3. Twelve dots, printed in light gray, surround a black cross. Now stare intently at the central cross. After a few seconds, you should see some of the gray dots fade in and out of existence. For a few seconds, they vanish from your awareness; then they pop back in. Sometimes the entire set goes away, temporarily leaving you with a blank page—only to return a few seconds later with a seemingly darker shade of gray.
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					FIGURE 3. A visual illusion called “Troxler fading” illustrates one of the many ways in which the subjective content of consciousness can be manipulated. Stare intently at the central cross. After a few seconds, some of the gray dots should vanish, then return at random moments. The objective stimulus is constant, but its subjective interpretation keeps changing. Something must be changing inside your brain—can we track it?

				

			

			An objectively fixed visual display can pop in and out of our subjective awareness, more or less at random. This profound observation forms the basis of the modern science of consciousness. In the 1990s, the late Nobel Prize winner Francis Crick and the neurobiologist Christof Koch jointly realized that such visual illusions gave scientists a means to track the fate of conscious versus unconscious stimuli in the brain.1

			Conceptually at least, this research program poses no major difficulty. During the experiment with the twelve dots, for instance, we can record the discharges of neurons from different places in the brain during moments in which the dots are seen, and compare these recordings with those made during moments in which the dots are not seen. Crick and Koch singled out vision as a domain ripe for such investigations, not only because we are beginning to understand in great detail the neural pathways that carry visual information from the retina to the cortex, but also because there are myriad visual illusions that can be used to contrast visible and invisible stimuli.2 Do they share anything? Is there a single pattern of brain activity that underlies all conscious states and that provides a unifying “signature” of conscious access in the brain? Finding such a signature pattern would be a major step forward for consciousness research.

			In their down-to-earth manner, Crick and Koch had cracked the problem open. Following their lead, dozens of laboratories started studying consciousness through elementary visual illusions such as the one you just experienced. Three features of this research program suddenly put conscious perception within experimental reach. First, the illusions did not require an elaborate notion of consciousness—just the simple act of seeing or not seeing, what I have called conscious access. Second, a great many illusions were available for study—as we shall see, cognitive scientists have invented dozens of techniques to make words, pictures, sounds, and even gorillas disappear at will. And third, such illusions are eminently subjective—only you can tell when and where the dots disappear in your mind. Yet the results are reproducible: anyone who watches the figure reports having the same kind of experience. There is no point in denying it: we all agree that something real, peculiar, and fascinating is going on in our awareness. We have to take it seriously.

			I argue that those three crucial ingredients have brought consciousness within the reach of science: focusing on conscious access; using a panoply of tricks to manipulate consciousness at will; and treating subjective reports as genuine scientific data. Let us now consider each of these points in turn.

			The Many Facets of Consciousness

			Consciousness: the having of perceptions, thoughts and feelings; awareness. The term is impossible to define except in terms that are unintelligible without a grasp of what consciousness means. . . . Nothing worth reading has been written about it.

			—Stuart Sutherland, International Dictionary of Psychology (1996)

			Science often progresses by carving out new distinctions that refine the fuzzy categories of natural language. In the history of science, a classic example is the separation of the concepts of heat and temperature. Everyday intuition treats them as one and the same. After all, adding heat to something will increase its temperature, right? Wrong—a block of ice, when heated, will melt while staying at a fixed temperature of zero degrees Celsius. A material may have a high temperature (e.g., a firework spark, which may reach a few thousand degrees Celsius) but have so little heat that it won’t burn the skin (because it has very little mass). In the nineteenth century, distinguishing heat (the amount of energy transferred) from temperature (the average kinetic energy in a body) was key to making progress in thermodynamics.

			The word consciousness, as we use it in daily conversation, is similar to the layman’s heat: it conflates multiple meanings that cause considerable confusion. In order to bring order to this field, we first need to sort them out. In this book, I argue that one of them, conscious access, denotes a well-defined question, one that is sufficiently focused to be studied with modern experimental tools, and that has a good chance of shedding light on the entire problem.

			So what do I mean by conscious access? At any given time, a massive flow of sensory stimulation reaches our senses, but our conscious mind seems to gain access to only a very small amount of it. Every morning as I drive to work, I pass the same houses without ever noticing the color of their roof or the number of their windows. As I sit at my desk and concentrate on writing this book, my retina is bombarded with information about the surrounding objects, photographs, and paintings, their shapes and colors. Simultaneously, my ears are stirred with music, birdsong, noise from the neighbors—and yet all these distracting bits remain in the unconscious background while I focus on writing.

			Conscious access is, at once, extraordinarily open and inordinately selective. Its potential repertoire is vast. At any given moment, with a switch of my attention, I can become conscious of a color, a scent, a sound, a lost memory, a feeling, a strategy, an error—or even the multiple meanings of the word consciousness. If I make a blunder, I may even become self-conscious—which means that my emotions, strategies, errors, and regrets will enter my conscious mind. At any moment, however, the actual repertoire of consciousness is dramatically limited. We are fundamentally reduced to just about one conscious thought at a time (although a single thought can be a substantial “chunk” with several subcomponents, as when we ponder the meaning of a sentence).

			Because of its limited capacity, consciousness must withdraw from one item in order to gain access to another. Stop reading for a second, and notice the position of your legs; perhaps you feel a pressure here or a pain there. This perception is now conscious. But a second earlier it was preconscious—accessible but not accessed, it lay dormant amid the vast repository of unconscious states. It did not necessarily remain unprocessed: you constantly adjust your posture unconsciously in response to such bodily signals. However, conscious access made it available to your mind—all at once, it became accessible to your language system and to many other processes of memory, attention, intention, and planning. It is precisely that switch from preconscious to conscious, suddenly letting a piece of information into awareness, that I will discuss in the next chapters. Exactly what happens then is the question that I hope to clarify in this book: the brain mechanisms of conscious access.

			To do so, we will need to further distinguish conscious access from mere attention—a delicate but indispensable step. What is attention? In his landmark opus The Principles of Psychology (1890), William James proposed a famous definition. Attention, he said, is “the taking possession by the mind, in clear and vivid form, of one out of what seem several simultaneously possible objects or trains of thought.” Unfortunately, this definition actually conflates two different notions with distinct brain mechanisms: selection and access. William James’s “taking possession by the mind” is essentially what I have called conscious access. It is the bringing of information to the forefront of our thinking, such that it becomes a conscious mental object that we “keep in mind.” That aspect of attention, almost by definition, coincides with consciousness: when an object takes possession of our mind such that we can report it (verbally or by gesturing), then we are conscious of it.

			However, James’s definition also includes a second concept: the isolation of one out of many possible trains of thought, which we now call “selective attention.” At any moment, our sensory environment is buzzing with myriad potential perceptions. Likewise, our memory is teeming with knowledge that could, in the next instant, surface back into our consciousness. In order to avoid information overload, many of our brain systems therefore apply a selective filter. Out of countless potential thoughts, what reaches our conscious mind is la crème de la crème, the outcome of the very complex sieve that we call attention. Our brain ruthlessly discards the irrelevant information and ultimately isolates a single conscious object, based on its salience or its relevance to our current goals. This stimulus then becomes amplified and able to orient our behavior.

			Clearly, then, most if not all of the selective functions of attention have to operate outside our awareness. How could we ever think, if we first had to consciously sift through all the candidate objects of our thoughts? Attention’s sieve operates largely unconsciously—attention is dissociable from conscious access. True enough, in everyday life, our environment is often clogged with stimulating information, and we have to give it enough attention to select which item we are going to access. Thus attention often serves as the gateway for consciousness.3 However, in the lab, experimenters can create situations so simple that only one piece of information is present—and then selection is barely needed before that information gets into the subject’s awareness.4 Conversely, in many cases attention operates sub rosa, covertly amplifying or squashing incoming information even though the final outcome never makes it into our awareness. In a nutshell, selective attention and conscious access are distinct processes.

			There is a third concept that we need to carefully set apart: vigilance, also called “intransitive consciousness.” In English, the adjective conscious can be transitive: we can be conscious of a trend, a touch, a tingle, or a toothache. In this case, the word denotes “conscious access,” the fact that an object may or may not enter our awareness. But conscious can also be intransitive, as when we say “the wounded soldier remained conscious.” Here it refers to a state with many gradations. In this sense, consciousness is a general faculty that we lose during sleep, when we faint, or when we undergo general anesthesia.

			To avoid confusion, scientists often refer to this sense of consciousness as “wakefulness” or “vigilance.” Even these two terms should probably be separated: wakefulness refers primarily to the sleep-wake cycle, which arises from subcortical mechanisms, whereas vigilance refers to the level of excitement in the cortical and thalamic networks that support conscious states. Both concepts, however, differ sharply from conscious access. Wakefulness, vigilance, and attention are just enabling conditions for conscious access. They are necessary but not always sufficient to make us aware of a specific piece of information. For instance, some patients, following a small stroke in the visual cortex, may become color-blind. These patients are still awake and attentive: their vigilance is intact, and so is their capacity to attend. But the loss of a small circuit specialized in color perception prevents them from gaining access to this aspect of the world. In Chapter 6 we will meet patients in a vegetative state who still awaken in the morning and fall asleep at night—yet do not seem to access any information consciously during their waking time. Their wakefulness is intact, yet their impaired brain no longer seems able to sustain conscious states.

			In most of this book, we will be asking the “access” question: What happens during consciousness of some thought? In Chapter 6, however, we will return to the “vigilance” meaning of consciousness and consider the applications of the growing science of consciousness to patients in a coma or a vegetative state, or with related disorders.

			The word consciousness has still other meanings. Many philosophers and scientists believe that consciousness, as a subjective state, is intimately related to the sense of self. The “I” seems an essential piece of the puzzle: How can we ever understand conscious perception without first figuring out who is doing the perceiving? In a standard cliché, the first words that a hero utters upon recovering from a knockout blow are “Where am I?” My colleague the neurologist Antonio Damasio defines consciousness as “the self in the act of knowing”—a definition that implies that we cannot solve the riddle of consciousness until we know what a self is.

			The same intuition underlies Gordon Gallup’s classic mirror self-recognition test, which probes whether children and animals recognize themselves in a mirror.5 Self-awareness is attributed to a child who uses the mirror to gain access to hidden parts of his body—for instance, to spot a red sticker surreptitiously placed on his forehead. Children gain the ability to detect the sticker by use of a mirror, typically between eighteen and twenty-four months. Chimpanzees, gorillas, orangutans, and even dolphins, elephants, and magpies have been said to pass this test6—leading a group of colleagues to bluntly assert, in the Cambridge Declaration on Consciousness (July 7, 2012), that “the weight of evidence indicates that humans are not unique in possessing the neurological substrates that generate consciousness.”

			Once again, however, science requires that we refine the concepts. Mirror recognition need not indicate consciousness. It could be accomplished by an utterly unconscious device that merely predicts how the body should look and move and that adjusts its movements based on a comparison of these predictions with the actual visual stimulation—as when I thoughtlessly use a mirror to shave. Pigeons can be conditioned to pass the test—although only after considerable training that essentially turns them into mirror-using automata.7 The mirror recognition test may just be measuring the extent to which an organism has learned enough about its own body to develop expectations of what it looks like, and enough about mirrors to use them to compare expectation with reality—an interesting competence without doubt, but far from a litmus test for possession of a self-concept.8

			Most important, the link between conscious perception and self-knowledge is unnecessary. Attending a concert or watching a gorgeous sunset can put me in a heightened state of consciousness without requiring that I constantly remind myself that “I am in the act of enjoying myself.” My body and self remain in the background, like recurrent sounds or backdrop illumination: they are potential topics for my attention, lying outside my awareness, that I can attend to and bring into focus whenever needed. In my view, self-consciousness is much like consciousness of color or sound. Becoming conscious of some aspect of myself could just be another form of conscious access in which the information being accessed is not sensory in nature but concerns one of the various mental representations of “me”—my body, my behavior, my feelings, or my thoughts.

			What is special and fascinating about self-consciousness is that it seems to include a strange loop.9 When I reflect upon myself, the “I” appears twice, both as the perceiver and as the perceived. How is this possible? This recursive sense of consciousness is what cognitive scientists call metacognition: the capacity to think about one’s own mind. The French positivist philosopher Auguste Comte (1798–1857) considered this a logical impossibility. “The thinking individual,” he wrote, “could not divide into two, one reasoning, the other watching the reasoning. The observed organ and the observing organ being identical in this case, how could the observation be made?”10

			Comte was wrong, however: as John Stuart Mill immediately noted, the paradox dissolves when the observing and the observed are encoded at different times or within different systems. One brain system may notice when another fails. We do it all the time, as when we experience a word on the tip of our tongue (we know we should know), notice a reasoning error (we know we erred), or brood over a failed exam (we know we studied, we thought we knew the answers, and we cannot imagine why we failed). Some areas of the prefrontal cortex monitor our plans, attach confidence to our decisions, and detect our errors. Working as a closed-loop simulator, in tight interaction with our long-term memory and imagination, they support an internal soliloquy that lets us reflect upon ourselves without external help. (The very word reflection hints at the mirroring function whereby some brain areas “re-present” and evaluate the operation of others.)

			All in all, as scientists, we are better off starting with the simplest notion of consciousness: conscious access, or how we become aware of a specific piece of information. The thornier issues of self and recursive consciousness should best be kept for a later time. Maintaining a focus on conscious access, carefully setting it apart from the related concepts of attention, wakefulness, vigilance, self-consciousness, and metacognition, is the first ingredient in our contemporary science of consciousness.11

			Minimal Contrasts

			The second ingredient that makes the science of consciousness possible is the panoply of experimental manipulations that affects the contents of our consciousness. In the 1990s cognitive psychologists suddenly realized that they could fiddle with consciousness by contrasting conscious and unconscious states. Pictures, words, and even movies could be made invisible. What happened to those images at the brain level? By carefully delimiting the powers and limits of unconscious processing, one could begin to delineate, as in a photographic negative, the contours of consciousness itself. Combined with brain imaging, this simple idea provided a solid experimental platform for studying the cerebral mechanisms of consciousness.

			In 1989 the psychologist Bernard Baars, in his important book ambitiously called A Cognitive Theory of Consciousness,12 forcefully argued that there are, in fact, dozens of experiments that provide direct forays into the nature of consciousness. Baars added a crucial observation: many of these experiments provide a “minimal contrast”: a pair of experimental situations that are minimally different but only one of which is consciously perceived. Such cases are ideal, because they allow scientists to treat conscious perception as an experimental variable that changes considerably even though the stimulus remains virtually constant. By concentrating on such minimal contrasts, and trying to understand what changes in the brain, researchers could get rid of all the irrelevant brain operations that are common to conscious and unconscious processing and concentrate solely on the brain events that track the switch from the unaware to the aware mode.

			Consider, for instance, the acquisition of a motor activity such as typing. When we first learn to type, we are slow, attentive, and painfully self-conscious of every move we make. But after a few weeks of practice, typing becomes so fluent that we can do it automatically, while talking or thinking of something else, and without consciously remembering the locations of the keys. For scientists, studying what happens as behavior automatizes sheds light on the transition from conscious to unconscious. It turns out that this very simple contrast identifies a major cortical network, particularly including regions of the prefrontal lobe that activate whenever conscious access occurs.13

			Studying the converse transition, from unconscious to conscious, is now equally feasible. Visual perception affords experimenters plenty of opportunities for creating stimuli that come in and out of conscious experience. One example is the illusion with which we opened this chapter (see figure 3). Why do the fixed dots occasionally vanish from sight? We still don’t fully understand the mechanism, but the general idea is that our visual system treats a constant image as a nuisance rather than as a genuine input.14 As we keep our eyes perfectly still, each spot creates a constant, motionless stain of blurry gray on our retina—and at some point, our visual system decides to get rid of this constant blot. Our blindness to such spots may reflect an evolved system that filters out the defects of our eyes. Our retina is full of imperfections, such as blood vessels running in front of the photoreceptors, which we must learn to interpret as coming from inside rather than from outside. (Imagine how horrible it would be to be constantly distracted by wiggly bloody curves barring our gaze.) An object’s perfect immobility is a cue that our visual system uses in order to decide to fill in the missing information using the nearby texture. (Such “filling in” explains why we fail to notice the “blind spot” in our retina, at the place occupied by the visual nerve and therefore devoid of light receptors.) When we move our eyes, even by a very small amount, the spots drift slightly on the retina. The visual system therefore realizes that they must come from the external world rather than the eye itself—and it immediately lets them pop back into awareness.

			Filling in blind spots is just one of the many visual illusions that let us study the transition from unconscious to conscious. Let us take a quick tour of the many other paradigms available in the cognitive scientist’s toolkit.

			Rival Images

			Historically, one of the first productive contrasts between conscious and unconscious vision came from the study of “binocular rivalry,” the curious tug-of-war that occurs, inside our brains, when distinct images are shown to the two eyes.

			Our consciousness is entirely oblivious to the fact that we have two eyes that constantly move around. While our brain lets us see a stable three-dimensional world, it hides from our sight the amazingly complex operations that underlie this feat. At any given time, each of our eyes receives a slightly different image of the external world—yet we do not experience double vision. Under natural conditions, we typically fail to notice the two images and simply fuse them together into a single homogeneous visual scene. Our brain even takes advantage of the slight space between our two eyes, which induces a relative shift in the two images. As first observed by the English scientist Charles Wheatstone in 1838, it exploits this disparity to locate objects in depth, thus giving us a vivid sense of the third dimension.

			But what would happen, Wheatstone wondered, if the two eyes received completely different images, such as a picture of a face in one eye and of a house in the other? Would the images still be fused? Could we see two unrelated scenes at once?

			To find out, Wheatstone built a device that he dubbed the stereoscope. (It quickly started a craze for stereo pictures, from landscapes to pornography, that lasted throughout the Victorian era and beyond.) Two mirrors, placed in front of the left and right eyes, allowed the presentation of distinct pictures to the two eyes (figure 4). To Wheatstone’s amazement, when the two pictures were unrelated (such as a face and a house), vision became utterly unstable. Instead of fusing the scene, the viewer’s perception ceaselessly alternated between one image and the other, with only brief transitions between them. For a few seconds, the face would appear; then it would break down and vanish to reveal the house; and so on in a alternation created solely by the brain. As Wheatstone noted, “It does not appear to be in the power of the will to determine the appearance” of either image. Rather the brain, when confronted with an utterly implausible stimulus, seems to waver between two interpretations: face or house. The two incompatible images seem to fight for conscious perception—hence the term binocular rivalry.
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					FIGURE 4. Binocular rivalry is a powerful visual illusion discovered by Charles Wheatstone in 1838. A distinct image is presented to each eye, but at any given time we see only one image. Here, a face is presented to the left eye, and a house to the right eye. Rather than seeing two fused images, we see endless alternations of the face, the house, the face again, and so on. Nikos Logothetis and David Leopold trained monkeys to use a joy stick to report what they saw. The researchers showed that monkeys too experience this illusion, and went on to record the activity of neurons in the animals’ brains. The illusion was not present at the earliest stages of visual processing, in areas V1 and V2, where most neurons encoded both images equally well. However, at higher levels of the cortical hierarchy, particularly the brain areas IT (inferotemporal cortex) and STS (superior temporal sulcus), most cells correlated with subjective awareness: their discharge rate predicted which image was subjectively seen. Numbers indicate the fraction of such cells in different brain regions. This pioneering research suggests that conscious perception relies predominantly on higher-level association cortex.

				

			

			Binocular rivalry is an experimenter’s dream because it provides a pure test of subjective perception: although the stimulus is constant, the viewer reports that his vision changes. Furthermore, across time, the very same image changes in status: sometimes it is fully visible, while at other times it vanishes completely from conscious perception. What happens to it then? By recording data from neurons in monkeys’ visual cortex, the neurophysiologists David Leopold and Nikos Logothetis were the first to observe the cerebral fate of seen and unseen visual images.15 They trained the monkeys to report their perception by using a lever, then showed that monkeys experienced semirandom alternations of the two images, just as we do; they finally tracked the responses of single neurons as the monkeys’ preferred image faded in and out of conscious experience. The results were clear. At the earliest stage of processing, in the primary visual cortex that acts as the visual gateway into the cortex, many cells reflected the objective stimuli: their firing simply depended on which images were presented to the two eyes, and it did not change when the animal reported that his perception had switched. As visual processing progressed to a more advanced level, within so-called higher visual areas such as area V4 and the inferotemporal cortex, more and more neurons began to agree with the animal’s report: they fired strongly when the animal reported seeing its preferred image, and much less or not at all when this image was suppressed. This was, literally, the first glimpse of a neuronal correlate of conscious experience (see figure 4).

			To this day, binocular rivalry remains a privileged mode of access into the neural machinery underlying conscious experience. Hundreds of experiments have been dedicated to this paradigm, and many variants have been invented. For instance, thanks to a new method called “continuous flash suppression,” it is now possible to keep one of the two images permanently out of sight, by continuously flashing a stream of bright colorful rectangles into the other eye, such that only this dynamic stream is seen.16

			What is the main point of these binocular illusions? They demonstrate that it is possible for a visual image to be physically presented in the eye for a long duration, and to progress into the brain areas dedicated to visual processing, yet be totally suppressed from conscious experience. By simultaneously injecting, in the two eyes, potentially perceivable images, only one of which ends up being perceived, binocular rivalry proves that what matters to consciousness is not the initial stage of peripheral visual processing (where both alternatives are still available) but a later stage (at which a single winning image emerges). Because our consciousness cannot simultaneously apprehend two objects at the same location, our brain is the seat of a fierce competition. Unknown to us, not just two but countless potential perceptions ceaselessly compete for our conscious awareness—and yet at any given time, only one of them makes it into our conscious mind. Rivalry is, indeed, an apt metaphor for this constant fight for conscious access.

			When Attention Blinks

			Is this rivalry a passive process, or can we consciously decide which image will be the winner of the fight? When we perceive two competing images, our subjective impression is that we are passively submitted to these ceaseless alternations. That impression is false, however: attention does play an important role in the cortical competition process. First of all, if we try hard to attend to one of the two images—for instance, the face rather than the house—its perception lasts a little bit longer.17 That effect, though, is weak: the fight between the two images starts at stages that are not in our control.

			But most important, the very existence of a single winner depends on our giving it our attention; the fighting arena itself, as it were, is made up of the conscious mind.18 When we remove our attention from the location where the two images are presented, they cease to compete.

			The reader may ask, How do we know this? We cannot ask a distracted person what she sees, and whether she still perceives the images as alternating—because in order to respond, she would have to attend to that location. At first sight, the task of determining how much you perceive without attending smacks of circularity, much like trying to monitor how your eyes move in a mirror: no doubt your eyes move constantly, but whenever you watch them in a mirror, that very act forces them to remain still. For a long time, trying to study rivalry without attention seemed a self-defeating strategy, like asking what sound a falling tree makes when no one is around to hear it, or how we feel at the precise moment when we fall asleep.

			But science often achieves the impossible. Peng Zhang and his collaborators at the University of Minnesota realized that they did not have to ask the viewer whether the images were still alternating when she was not attending.19 All they had to do was to find brain markers of rivalry, which would indicate whether the two images still competed with each other. They already knew that, during rivalry, neurons alternatively fire for one or the other image (see figure 4)—so could they still measure such alternations in the absence of attention? Zhang used a technique called “frequency tagging,” whereby each image is “tagged” by flickering at its own specific rhythm. The two frequency tags can then be easily picked up on an electroencephalogram, recorded by electrodes placed on the head. Characteristically, during rivalry, the two frequencies exclude each other: if one oscillation is strong, the other is weak, reflecting the fact that we perceive only one image at a time. As soon as we cease to attend, however, these alternations stop, and the two tags co-occur independently of each other: inattention prevents rivalry.

			Another experiment confirms this conclusion by pure introspection: when attention is removed from rival images for a fixed duration, the image that is perceived upon return differs from what it should have been, had the images continued to alternate during the inattention period.20 Thus binocular rivalry depends on attention: in the absence of a consciously attending mind, the two images are jointly processed and no longer compete. Rivalry requires an active, attentive observer.

			Attention thus imposes a sharp limit on the number of images that can be simultaneously attended. This limit, in turn, leads to new minimal contrasts for conscious access. One method, aptly called the “attentional blink,” consists of creating a brief period of invisibility of an image by temporarily saturating the conscious mind.21 Figure 5 illustrates the typical conditions under which this blink occurs. A stream of symbols appears at the same location on a computer screen. Most of the symbols are digits, but some are letters, which the participant is told to remember. The first letter is easily remembered. If a second letter occurs half a second or more after the first, it too is accurately committed to memory. If the two letters appear in
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			Masking Conscious Perception
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			Primacy of the Subjective
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