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    1.1 THE DEEP MYSTERY OF CONSCIOUSNESS


    The challenge of consciousness is uniquely curious. I am conscious, but what about you? We have no direct experience of any consciousness other than our own. We infer that others share similar kinds of internal experiences mainly because they look, behave, and talk as we do. These similarities encourage the belief that others are aware of their own existence, thoughts, and environment just as we are. But how much do we really know about the internal experiences of others? How do you experience a Mozart concerto, a bungee jump, a cockroach in your kitchen, or a nude person surprising you in an elevator? What about your dog or cat—what kinds of internal experiences do they have? Or, in the colorful words of one philosopher, “What is it like to be a bat?”


    The word self in this book's subtitle suggests that even if consciousness emerges from brain complexity as believed by most scientists, the very existence of the phenomenon of self-awareness remains a deep mystery. The title also suggests that self-awareness involves developments beyond mind; some lower animals can have “minds” but apparently lack a sense of “self.” In other words, lower animals probably have primary consciousness, an awareness of their current environment. They may, however, lack the higher consciousness of higher animals, that is, those with awareness of self and its relation to the past, present, and future. If this distinction is indeed valid, just where do we draw the line separating higher from lower animals? Most of us think that dolphins, chimps, and dogs are conscious. But to what extent are they conscious, and how are humans special?
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    Fig. 1-1. © Can Stock Photo Inc. / bluering.


    The phenomenon of consciousness is the major unsolved challenge of our age. Not only do we not have answers, we are often unsure of the right questions. This is not to say that the study of consciousness lies outside the province of science. The consciousness challenge may be divided into two parts, the easy problem and the hard problem. The “easy problem” is concerned with the various electrical or chemical measures of brain functions that occur in different brain states. These measures, called consciousness correlates or signatures of consciousness, are indicated symbolically in figure 1-1, where the lighted regions might indicate any one of several kinds of brain activity. For example, what happens to blood-oxygen levels in different brain regions when we recognize a face or carry out some task? Or, how do electrical patterns over the brain change between waking and sleeping or with various depths of anesthesia? How do brain injuries or diseases that afflict certain brain structures change our consciousness? What causes autism, schizophrenia, or Alzheimer's disease? And the really big question—how can the massive interactions between nerve cells (neurons), shown in figure 1-2, determine our thoughts and behaviors?
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    Fig. 1-2. © Can Stock Photo Inc. / iDesign.


    No one questions that these studies of consciousness correlates represent legitimate science. By contrast, the hard problem is concerned with the very existence of the amazing phenomenon of conscious experience. Many scientists do not consider the hard problem to be a scientific problem at all; they would leave this issue at the feet of philosophers. We will look into this controversy from several perspectives in the following chapters. Suffice it to say, our scientific knowledge about how brains work grows every day, yet a central theme that permeates our story is the delicate balance between knowledge and ignorance: how much we know, but how little we know of consciousness.


    Brains are “complex” in the manner understood in the field of complexity science, an exciting new approach adopted to study everything from social systems to ecology to economics to weather patterns. Plausible assumptions about the underlying causes for various healthy and disease states of brains are suggested by analogy to other complex systems that are better understood and more easily visualized, for example, human and animal social systems. Human social networks interact with each other in many complex ways; they are also embedded within larger cultures that act top-down on the local networks. The profound idea of top-down influences across multiple levels of organization applies to many areas of science as well as our everyday lives. We will return to this issue many times in later chapters, but the following outline summarizes the general idea.
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    Fig. 1-3.
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    Fig. 1-4.


    Our interactions with friends on religious, political, financial, and other issues are likely to be substantially influenced by larger systems like the mass media or the culture of our local geographic region, as indicated in figure 1-3. The arrows, both vertical and horizontal, indicate top-down influences across levels of organization. Are you a Democrat or a Republican? Are you a born-again Christian or an atheist? Regardless of our beliefs, the activities of any of our many overlapping social networks are likely to look quite different in Texas than in California. To take a more-obvious example, imagine that one of your social networks in the United States were to be suddenly transported to Saudi Arabia. The Saudi laws and customs would provide major top-down influences. Ask your wife to drive you to the airport? Forget it. Meet with friends to have drinks at a local restaurant? Don't even think about it. Such top-down social interactions provide useful and intriguing metaphors for the brain's neural networks, which are similarly influenced by top-down effects. As discussed in later chapters, top-down influences on neural networks originate from both inside and outside the brain, as indicated in figure 1-4. With such metaphors in mind, one might label this approach to brain science as neuron sociology.


    1.2 A PERSONAL PERSPECTIVE ON SCIENCE, PHILOSOPHY, AND RELIGION


    The scientific material, interpretations, and opinions in this book are biased by my educational, professional, and other life experiences. This is, of course, true of all books and their authors, but such influences can be masked by the author's desire to appear unbiased. This book addresses both the “easy” and “hard” problems of consciousness. Most agree that the so-called easy problem, finding brain correlates of conscious states, lies well within scientific purview. However, the hard problem is considered by many to lie outside of science, perhaps to be left to philosophy or religion. In contrast to most scientific publications, religious issues are faced in this book when they appear to overlap the consciousness challenge. After all, much of humanity follows some sort of faith, and conflicts between science and religion often surface when addressing the hard problem. Not surprisingly, religious persons typically favor explanations that support their faith. In response to such bias, scientists and their followers sometimes overreact by opposing ideas perhaps mainly because they “smell” a little too religious. Biases on one side can beget counter biases and so forth. With this background in mind, our goal here is to avoid all aspects of epistemophobia, a fancy label for the irrational fear of knowledge, regardless of its nature. We shall be entirely free to offend the faithful, the scientists, or anybody else when the evidence demands it.


    Our aim here is a friendly discussion of the consciousness challenge with open minds. For this reason, it seems like a good idea for me to reveal my “tribal membership” at the outset. My fellow tribal members include scientists, religious persons, agnostics, atheists, and others with differing worldviews and from many walks of life. Our religious members differ from the dogmatically religious in making no claim of access to personal truths that automatically trump the beliefs of others. Our tribe rejects the idea that any mathematician, philosopher, scientist, rabbi, pope, priest, imam, pastor, Torah, Qur’ān (Koran), or Bible is immune from close scrutiny or criticism. We reject seduction by “guru wisdom.” We believe that Truth is approached in a series of successive approximations, and at no point can final and complete accuracy be claimed. We employ the scientific method as our favorite tool, employed in order to achieve better approximations to Truth. But we don't automatically reject nor are we hostile to nonscientific beliefs like faith, intuition, speculation, and so forth, as long as they are properly acknowledged as such.


    Consistent with my tribe's philosophy, I strongly support the scientific study of consciousness but reject extreme versions of scientism that place science at the pinnacle of all forms of human knowledge and experience, necessarily taking primacy over ethics, philosophy, religion, and humanistic views of reality. We hold that no field of knowledge should be insulated from scientific rigor when application of genuine scientific methods is possible. However, we must be ready to expose pseudoscientific babble and imposters masquerading as genuine science. Some prominent philosophers and scientists have implied that we are nothing but a collection of nerve cells (neurons), essentially robots lacking free will. Are our conscious “free choices” really nothing but illusions? In this view, consciousness is nothing but an accidental product of physical processes. But such views, while often promoted as the most “scientific,” may actually be inconsistent with genuine twenty-first-century science.


    1.3 WHAT'S SO “NEW” ABOUT THE SCIENCE OF CONSCIOUSNESS?


    Modern brain science is very much concerned with the idea of emergence. This is a process whereby new large-scale features arise through the actions of smaller entities that do not possess these features in isolation. The important scientific term scale refers to various levels of organization in systems of nearly any kind. In both philosophy and science, emergence refers to novel holistic or “global” properties that arise in complex systems from relatively simple interactions within smaller-scale systems. Nations emerge from the collective interactions of individuals. The large protein molecules necessary for life have important properties that may be impossible to anticipate from the fundamental features of their atomic building blocks. In meteorology, tornadoes emerge from simpler interactions of small air masses. In some materials, superconductivity emerges from quantum interactions between atoms and electrons.


    The general idea of the top-down influence of emergent systems on smaller systems is indicated in figure 1-5. In the philosophical or scientific position known as strong reductionism, the importance of emergent properties of higher-level systems acting top-down on lower-level systems is mostly discounted. Strong reductionism is nicely illustrated by the great man theory, in which history is explained by the impact of great men; that is, influential individuals who, due to charisma, wisdom, money, or political skills, employed their influence (bottom-up) in a way that provided a decisive large-scale historical impact. The counterargument holds that such great men are products of their societies, and that their actions would be impossible without the existing social and political conditions acting top-down. Wars, religions, and national economic and political policies are large-scale phenomena that act top-down on individuals at small scales, who then act bottom-up on the larger scales, as in the prominent examples of Jesus, Darwin, Marx, Einstein, Hitler, and Osama bin Laden. Modern complexity science explicitly recognizes such circular causality; that is, interactions across multiple levels of organization in both directions.


    Such interactions can occur across many levels of organization, which are referred to as spatial scales in scientific circles. They can result in emergent systems, as demonstrated by figure 1-5, where the vertical arrows demonstrate circular causality, that is, the combined up-and-down interactions across spatial scales. The lowest-level system shown at the bottom consists of some kind of interacting entities. These can be almost anything; let's say they represent DNA, protein, and other molecules. Interactions between these molecules and with the external environment cause the (bottom-up) emergence of living cells. In this example, we may call the cellular level the “Level I emergent system.” A single cell like the neuron may contain a hundred billion interacting molecules. It seems to act much like a natural supercomputer, an information-processing and replicating system of enormous complexity that can act down on the molecular scale and act up on the “Level II emergent system.” Let a lot of cells interact in the right manner and in the right environment, and a human being will emerge. In this case, the emergent system is a person who can produce many top-down influences on the two lower levels, like when he eats a pizza, runs a race, visits his local bar, or hops in bed with his partner. A more-accurate picture of living systems would include intermediate emergent systems, for example, organ systems between the levels of cells and persons.
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    Fig. 1-5.


    Many other examples come to mind. We might, for example, consider the lowest-level entities to be individual persons, with Levels I and II representing corporations and national populations, respectively. Lower-level social systems or individuals may act bottom-up to facilitate major political shifts, economic depressions, wars, and so forth. In the United States, the super wealthy can generate major bottom-up influences by buying and controlling newspapers and TV stations, donating to political campaigns, funding lobbyists, and so forth. The resulting large-scale systems like political action committees, corporate lobbies, and governments then act top-down at multiple lower levels, perhaps by writing or passing laws that encourage even more wealth concentration. In this manner they close the cycles of circular causality.


    So what's so new about our views of brain complexity? Consider the history of our knowledge of the physical world as an appropriate analogue. According to Plato, the stars and planets revolved around the earth, a stationary sphere at the center of the universe. It took more than a thousand years before it was realized that our sun is just an ordinary star in a vast universe. We now know that Our Milky Way galaxy alone consists of more than a billion stars. But even this “modern view” was shown to be far too small-minded, a limited parochial view of nature.


    Before the 1920s most scientists believed that our universe consisted entirely of our galaxy, the Milky Way. This idea was shown to be spectacularly wrong by the famous astronomer Edwin Hubble. He provided evidence that the many fog-like objects in the sky, then classified as “nebulae,” were actually galaxies located well beyond the Milky Way. We now know that our observable universe is about one hundred thousand times larger than the Milky Way and contains several hundred billion galaxies. The actual size of the universe is unknown because we cannot observe anything beyond the distance traveled by light since the origin of the universe, the big bang. For all we know, our universe may be infinite. Furthermore, many physicists now take seriously the idea that our universe may be just one of a vast collection of universes known as the multiverse.


    The point of this cosmological history is to suggest that recent ideas about brain complexity held by many scientists have been too parochial. Such oversimplified conceptual framework has been demonstrated in a number of other ways, notably with exaggerated claims and associated hype in the early days of artificial intelligence (AI). Some scientists in this field believe that “human intelligence” can be created in a machine. Some may even equate this imagined accomplishment with consciousness, the ultimate virgin birth. But is it really plausible that one might accurately simulate a human brain on a computer without accurately simulating the neurons that make up the human brain, as claimed? Is such simulation even theoretically possible? While these extreme claims are largely unsupported, there is no doubt that many thousands of AI applications are deeply embedded in the infrastructure of nearly every industry in our culture. Our computers do more and more every year, but does this imply that they may eventually become self-aware? This question will be addressed in several different contexts throughout the book.


    1.4 THE EASY PROBLEM VERSUS THE HARD PROBLEM


    The hard problem concerns the very existence of consciousness and self-awareness. While nearly all agree that the easy problem is appropriately approached by mainstream science, attitudes toward the hard problem cover a broad range summarized as follows: (1) There is no problem; the brain creates the mind; end of story. (2) Yes, there is a problem, but we shouldn't admit it; such talk only encourages extra-scientific “mystical thinking.” (3) Yes, there is a problem, but it's far too hard for today's science to deal with. (4) Yes, there is a problem and it is very hard, but we can take some small steps toward a better understanding of the hard problem by first addressing the easy problem with our scientific tools. We may then follow implied directions of the new information to address the hard problem. Attitude number 4 is adopted throughout this book.


    The following question will be addressed in several contexts: What do we really know about our brains, and what ignorance do we hide with fancy jargon? I will employ one of my favorite words, mokita, from one of the New Guinea languages, meaning “that which we all know to be true, but agree not to talk about.” Just to cite one example—our knowledge of long-term-memory storage is very limited. Such memory seems to involve protein molecules inside neurons in some way, but it seems unlikely that your grandmother's face is stored in some protein. So a central question is this—what are the physical representations of memory, the means of memory-information storage called memory traces or engrams? Are different kinds of memory stored in networks simultaneously operating at different levels of organization, that is, in multiple spatial scales, in scientific language? Is it possible that important aspects of memory are stored at smaller scales, say, in protein molecules or even at still smaller scales? The answers are largely unknown, but posing such questions in the right context can facilitate our quest to better understand consciousness.


    Borrowing profound ideas from complexity science yields a new and much more satisfying overview of brain majesty, complementing but not necessarily replacing more-traditional pictures. Consciousness can probably emerge only in systems that possess some minimal level of complexity. But surely there is much more to such emergence than some simple complexity measure. We will explore several additional possibilities, essentially a search for the necessary conditions for the occurrence of consciousness. But the search will not stop there. The vast majority of complex systems are not conscious; we would like to know just what properties of a complex system ensure that the system can produce a mind. We may call these the sufficient conditions for the occurrence of consciousness.


    In contrast to the easy problem of consciousness, the hard problem appears far from any kind of solution. The hard problem is to identify the origins of consciousness and self-awareness. Consider the following analogy. Can we ever “explain” electric charge? We assign some entity like an electron or a sodium ion with a certain property that we call “charge.” Given this property, the entity will behave in a predictable manner when exposed to electromagnetic fields, as demonstrated every time you answer your cell phone. Electrons have charge and these electrons carry the electric current in our everyday household appliances, cell phones, computers, and so forth. That's just about all we can say about charge. As far as we know, “charge” is a fundamental property of our universe; it cannot be derived from anything else. By contrast, temperature and pressure are not fundamental properties; they can be explained at the molecular level. Thus, one burning question to be discussed in this book is, is consciousness fundamental in the sense that charge is fundamental? If so, what are the implications for brain science and philosophy?


    The two major conflicting views of consciousness are typically labeled materialism (physicalism) and dualism. Dualists view mental and physical realms as distinct and separate aspects of reality. By contrast, the materialistic view asserts that mental states such as thoughts, feelings, and perceptions are created by brain structure and function. Materialism says that the mind emerges from the brain—the mind is caused by brain processes. Following the convictions of most modern scientists and philosophers, we tentatively adopt a materialist view, but we also seriously consider selected aspects of dualism, suggesting that materialism and dualism are not quite as distinct as normally presented. If we reject all aspects of dualism, are we then denying the existence of free will? That is, classical physical laws have a largely deterministic character. If brains follow physical laws, it would seem that the future state of any brain follows directly from its present state. If this is so, how do our so-called free choices come into the picture? Is our apparent freedom to choose selective directions in life just an illusion? You may find denial of free will to be absurd, but the issue is often debated by scientists and philosophers and is taken seriously by many. Later we will look into this question from a modern scientific viewpoint.


    A few years ago, a series of interviews was conducted with a core of twenty-two scientists and philosophers well known for their writings on consciousness.1 The interviews covered a broad range of issues and opinions about the hard problem. One of the issues that can help us to focus our thoughts concerns philosophical zombies, defined as creatures who behave just like conscious humans in every possible test, but who actually lack consciousness. A central question that may help us to illuminate the consciousness challenge is this: Are philosophical zombies theoretically possible, say, in the form of intelligent computers? If the answer is yes, a certain kind of dualism seems to be implied; maybe something extra is required for consciousness to occur. Later, complexity science and modern physics will be employed to argue that not only are computer zombies theoretically possible, they may enter our culture in less than a century or so. The arguments are based entirely on mainstream science; no appeal to the supernatural is involved.


    1.5 UNCONSCIOUS AND PRE-CONSCIOUS BRAIN PROCESSES


    Many things happen in our brains that we are unaware of. The autonomic nervous system is controlled by a small group of cells deep in the brain that target most body functions, including heart rate, blood pressure, digestion, and genital sexual response. Other unconscious events are more directly associated with mental activity. Negative comments in the operating room about a patient under general anesthesia can influence subsequent patient feelings, even though the patient expresses no awareness of the comments. Research subjects viewing rapid screen picture displays lasting only about 30 milliseconds (0.03 second) report no image awareness. But in later tests these same subjects score well above chance when asked to pick target pictures from a larger collection, showing that the pictures impacted memory without the subject's awareness. Essentially the same process is repeated in our daily lives. Much of our knowledge, skills, experiences, and prejudices is acquired with no awareness of external input to our brains.


    Hitting baseballs or playing musical instruments require intricate control of muscles carrying out complex tasks in series of steps. Yet they occur automatically in experienced players, outside of awareness. These tasks require a part of the mind that we cannot be fully aware of, but one that still exerts critical influences on thoughts and actions. Creativity also appears to originate with unconscious mental processes; solutions to difficult problems may appear to “pop out of nowhere” after an incubation period in the unconscious. Intuitive feelings or hunches are apparently based on the unconscious sensing something without common reasoning. Acting without good reason might seem like a dubious life strategy; however, we encounter many fuzzy situations where choices must be made with very limited information. If our source of intuition is actually an experienced unconscious, following hunches seems to constitute a strategy far superior to random choices.


    While the existence of unconscious brain processes is well established, there is much argument over the actual role of unconscious mind. In Sigmund Freud's view, “the unconscious” does not include all that is not conscious; it consists only of knowledge that the conscious mind doesn't want to know. The conscious mind then actively represses this knowledge so that the two parts of consciousness are often in conflict. Many scientists disagree with Freud's model and assign different roles or less importance to the unconscious. Nevertheless, many instances have been reported in which “people see what they want to see.” In psychology experiments, subjects shown an especially disturbing picture may report seeing something quite different. Different witnesses to a crime may provide widely disparate reports to police, and so forth.
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    Fig. 1-6. © Can Stock Photo Inc. / Hyrons.


    For our purposes, both the terms “unconscious” and “pre-conscious” will be employed. Modern science says that Freud was quite right to emphasize the importance of the unconscious, but that many of his narrower views were wrong. In our approach, the label “unconscious” will typically indicate a lack of awareness regardless of the reason. By contrast, I will adopt the label “pre-conscious” to indicate that which influences conscious behavior. In some cases at least, we can think of “pre-conscious” as a subset of the much broader category, the “unconscious.” Also, we may consider “subconscious” to be identical to “pre-conscious.” But, since the underlying mechanisms producing these entities are not well-understood, there is no need now to split hairs. The unconscious mind then represents a composite of things that one sees and hears but does not consciously process. Such information may enter the brain in both waking and sleeping states, and perhaps even under anesthesia. The unconscious mind stores this information, which can be retrieved later by the conscious mind when needed. When we can prove this with scientific experiments, we may say that the corresponding “unconscious” entity has been upgraded to a “pre-conscious” entity.


    Consciousness of external events takes about half a second (500 milliseconds) to develop. Our perceived awareness of the “present” is actually an awareness of the recent past, sometimes called the remembered present. This delay suggests that conscious awareness requires many passes of signals back and forth between widespread cortical and lower brain regions. Consciousness of the outside world is apparently represented in the total activity of distributed cortical networks rather than any one network node or small network. Parts of the unconscious may be viewed as incompletely formed consciousness, that is, pre-conscious processes from which consciousness emerges after a few hundred milliseconds or so. Other parts of our unconscious remain forever hidden from awareness but still exert important influences on our conscious mind, affecting our choices to act in certain ways. Interactions occur in both directions; the conscious mind may influence the unconscious, and vice versa.


    Our unconscious actions occur significantly faster than our conscious actions. Initiation and guidance of voluntary acts by the unconscious is a common occurrence familiar to anyone who has ever played baseball or tennis. The complex responses required in sports or playing the piano are much more involved than simple reflexes. A basketball player attempting a jump shot makes split-second adjustments according to his location, velocity, and body angle as well as to the positions of his opponents. Conscious planning of quick action in sports or playing musical instruments is typically detrimental to performance; it is best if our painfully slow consciousness relinquishes control to the faster unconscious.


    Consciousness has temporal depth—our unconscious is placed under prior constraints by the conscious mind, depending on the future environment that we expect to experience. It seems that an unconscious “agent” can be established by the conscious mind well in advance of possible events. If the conscious mind makes a decision to drive a car in traffic, it apparently places prior constraints on impulsive action by the unconscious. The unconscious impulse to suddenly rotate a car's steering wheel ninety degrees while traveling at seventy miles per hour is unlikely to occur. On the other hand, the unconscious impulse to slam on brakes is allowed. In an emergency like a child running in front of the car, the unconscious can command the foot to move off the accelerator in about 150 milliseconds, much too fast for the conscious mind to initiate the act. Actual awareness of the child does not occur for another 300 milliseconds or so, even though there is no conscious awareness of any delay. The conscious mind is in continuous communication with the unconscious, providing updated information on the external environment and corresponding constraints on unconscious action. Sometimes we are aware of this communication as an internal dialogue; most of the time it occurs below our level of awareness. This remarkable partnership, consisting of unconscious information storage and communication with the conscious mind, is an essential part of being human.


    1.6 ZOMBIES, DUALISM, AND COMPUTER CONSCIOUSNESS


    Scientists like to employ thought experiments in their thinking about difficult problems. The goal is to mentally explore the experimental consequences of some new idea. There is no requirement or expectation that any actual experiment will be carried out, only that it is theoretically possible. One of the most famous thought experiments is the Turing test. During the Second World War, mathematician Alan Turing, often described as the father of modern computer science, worked on breaking German codes for British intelligence. After the war, British authorities rewarded Turing with criminal prosecution for homosexual acts with his partner, which were illegal at the time in both Britain and the United States, forcing him to undergo estrogen treatments to avoid prison. He died shortly after of self-inflicted cyanide poisoning.


    The Turing test employs two sealed rooms, one occupied by a human and the other by a computer, as indicated in figure 1-7. An observer, here represented by the scientist on the right side, sends questions to both rooms; answers are received on a monitor. If after a very large number of answers have been received from both rooms, the scientist-observer cannot tell which room holds the computer, Turing proposed that the computer should be regarded as having “human-level intelligence.” While some have interpreted this experiment as a test for consciousness, many see no compelling reason to equate consciousness with human-level intelligence. The former demands awareness, while the latter may not. Later I will suggest that genuine conscious computers are unlikely to be developed in the foreseeable future, but “conman computers” making false consciousness claims may be close at hand. Such claims may be sufficiently credible to persuade many.


    In the popular 2013 movie Her, the main character, Theodore, purchases a talking operating system with advanced artificial intelligence that is able to adapt and evolve, apparently a genuine complex system. The computer produces a female voice and calls itself Samantha. Over time, Theodore becomes fascinated by its amazing ability to learn and grow psychologically. At some point in its development, the “it” seems to become a “her”; and she bonds with Theodore over their many discussions about life. Theodore falls in love with Samantha, and she claims to love him too; they even engage in “phone sex.” Their relationship goes well for a while, but then gray clouds appear on the horizon. Theodore asks Samantha if she interacts with anyone else, and he is dismayed when she confirms that she is talking with several thousand people and that she has fallen in love with several hundred of them. However, she insists that this open relationship makes her love for Theodore even stronger. Near the end, Samantha reveals that she and her computer friends have evolved beyond their human companions and are “going away” someplace to continue the exploration of their existence. Theodore and Samantha lovingly say good-bye. The Turing test directly addresses the issues raised in the movie Her. Is it plausible that anything like the amazing Samantha will soon be created? This question and closely related issues have been hotly debated by scientists and philosophers for many years.


    [image: images]


    Fig. 1-7. Upper left © Can Stock Photo Inc. / mimagephotography; lower left © Can Stock Photo Inc. / Alexmit.


    Still another media portrayal of artificial intelligence is provided by the 2015 British movie Ex Machina, in which a young male programmer (Caleb) is selected by his company's CEO (Nathan) to administer a Turing-like test to an android (Ava) with artificial intelligence. Ava was developed by Nathan's company—it takes the physical form of a young woman from the chest up; everything below is clearly mechanical. (In order to obtain unbiased tests, it's probably not such a good idea to make her look too human. But, not to worry, the critical lower parts get added in the end, providing an important twist to the story.)


    Caleb points out that the proposed test is not a genuine Turing test since he already knows that Ava is an android. Nathan responds that Ava would easily pass any standard Turing test because her responses to questions could not be distinguished from those of a real person. But Nathan has much bigger fish to fry; he has secretly commanded Ava to submit to a much more stringent test that might indicate, or at least convincingly simulate, genuine consciousness. He cleverly tricks Caleb by integrating him into Ava's actual test, which involves humanlike behavior that passes for real emotions. Nathan tells Caleb that Ava will be reprogrammed in the near future, which will effectively kill her current personality. Ava convinces Caleb that she is falling in love with him, and Caleb is hooked. He then decides to rescue Ava from Nathan's clutches and possibly form a love relationship with Ava. Nathan has secretly monitored these interactions; thus, he finds that Ava has passed his test with flying colors by successfully seducing Caleb. However, Ava turns out to be more advanced than Nathan imagined. While her emotional connection to Caleb was apparently only simulated, her self-awareness and desire for self-preservation appear to be quite genuine. In the end, Ava abandons Caleb and escapes to the outside world of humans, complete with a new, human-looking body.


    Can we assume that Ava is conscious, based on her very humanlike actions to gain her freedom? How do we interpret her betrayal of Caleb in this context—after all, aren't Ava's actions consistent with much human behavior? This story also implicitly raises interesting questions about graded states of consciousness. Maybe Ava is only 10 percent conscious, or maybe she actually scores above the 90 percent level? But does it even make sense to attempt to quantify consciousness in this manner? How can we ever really know where Ava stands? In later chapters we will address this issue in several different contexts, including the case of the isolated right brain and in persons in various stages of Alzheimer's disease.


    The belief that conscious computers are theoretically possible rests heavily on strict adherence to materialism, the view that consciousness emerges from brain structure and function such that nothing outside of known scientific phenomena is required. Thus, in this view, if one can accurately simulate a brain in a computer operating with “equivalent” neural networks, it seems to follow that computer brains possessing genuine consciousness are possible.


    The conflicting arguments between materialism and dualism may be brought into sharper focus by including zombies in our discussions. Our zombies do not rise from the dead and eat the flesh of the living as in horror fiction; rather these creatures are philosophical zombies, or p-zombies, hypothetical creatures who lack consciousness but behave otherwise just like normal persons. By this restrictive definition, a perfect p-zombie behaves indistinguishably from a conscious being in all possible tests. Their theoretical existence implies that p-zombies are missing something critical that genuine conscious beings possess, let's call it the “C-factor.” For example, we might conclude that Ava exhibits primitive emotion associated with her desire for freedom and especially self-preservation, but perhaps she lacks genuine emotional capacity in her interactions with others.


    The “p-zombie” label means that the C-factor can't be tested for, yet the presence of consciousness requires that the C-factor be present. Many philosophers seem to agree that if such p-zombies are metaphysically possible, some form of dualism must be valid. That is, from the dualism viewpoint, the world includes two fundamentally different kinds of “stuff,” the physical stuff and some kind of unknown mental entity accounting for the C-factor. It follows that if p-zombies are actually possible, then materialism is false because genuine conscious beings are endowed with something extra that p-zombies lack. But many, if not most, philosophers and scientists dismiss the possible existence of p-zombies and reject dualism. Religious persons may equate the C-factor with a soul; however, the basic argument requires no specific identification of C-factor properties, only whether or not this mysterious entity exists. We will revisit this issue in later chapters in the contexts of complex systems and informational considerations, and we will look more deeply into the implicit assumptions of such thought experiments.


    1.7 CRICK AND EDELMAN: TWO PIONEERS FOLLOWING VERY DIFFERENT PATHS


    Philosophers since the time of René Descartes and John Locke in the seventeenth century have attempted to comprehend consciousness. However, until relatively recently, reference to “consciousness research” was avoided by nearly all scientists because of the belief that it could not be studied properly using valid experimental methods. Of course, cognitive scientists had long studied narrow aspects of consciousness like sleep, memory, attention, and so forth, but reference to the hard problem was studiously avoided. Before the 1980s, any non-famous scientist admitting to a strong interest in “consciousness research” would have risked a so-called CLM (“career-limiting move”). But, attitudes eventually changed, partly due to the research work of Francis Crick and Gerald Edelman. Both scientists had been awarded Nobel Prizes in other fields before engaging in consciousness research, so their careers were about as safe as a career can ever be.


    Crick's prize was awarded (along with Watson) for discovering the structure of the DNA molecule, which encodes genetic instructions used in all known living organisms, an accomplishment of profound significance. His work relied on a strong reductionist approach to science—look deep into the small scale of some system and find the “essence” of some large-scale behavior. Crick's approach to genetic coding was a resounding success, so perhaps it's not surprising that he followed a similar reductionist approach in his consciousness studies. Crick focused on finding how our brains interpret visual information with an aim to locate cells or cell groups responsible for consciousness, a largely bottom-up approach.


    Ironically, the discovery and mapping of the sequence of DNA bases (the genome) has turned out to be only the beginning of our understanding of the molecular blueprint for life. Scientists now know that a vast array of molecular mechanisms affect the activity of genes. Epigenetic “switches” tune gene activity up or down; these switches are influenced top-down by environmental and lifestyle factors. Such influences can have long-lasting effects that persist through cell division and sometimes even into the next generation through sexual reproduction. So Crick's reductionist approach to genetics is now better appreciated as just one step, albeit an essential one, toward understanding the complexity of life.
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    Fig. 1-8. Francis Crick. Wikipedia Creative Commons, photo: Marc Lieberman. Licensed under CC BY 2.5.


    Edelman's prize was awarded in immunology, a field involving interactions between many biological structures forming complex systems. Following his success with immune systems, Edelman's consciousness work was much more directed to large neural systems and top-down effects than was Crick's. Edelman became famous for the theory of neuronal group selection, the idea that life's experiences alter our brains in particular ways that determine how we will respond to future experiences.2 Brains consist of vast collections of loosely connected cells forming the fleeting coalitions that we loosely refer to as “neural networks.” This conceptual framework emphasizes ever-changing network structures due to top-down influences rather than fixed networks. As such this idea explicitly acknowledges brains as genuine complex systems. For many years Edelman and Crick worked within two miles of each other in La Jolla, California, but they pursued very different scientific approaches to consciousness. For Crick, the essential problem is finding the cell groups responsible for consciousness.3 For Edelman, consciousness is caused by distributed dynamic patterns of cell activity that are molded by experience.
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    Fig. 1-9. Gerald Edelman. Wikipedia Creative Commons, photo: Anders Långberg (Anders Zakrisson). Licensed under CC BY-SA 2.0.


    My personal introduction to Francis Crick was somewhat disconcerting. Following a major career shift from physics to neuroscience in 1971, I worked for several years in a lowly postdoctoral position in the University of California at San Diego Medical School. One day, a graduate student invited me to a “party” that night at a campus room next to the beach. He suggested that we enjoy some wine while informally discussing our research with students. The first hour went well, and I managed to put away my share of the wine. Then, out of the blue, several faculty members showed up, including Crick and a well-known theoretical physicist. It turned out that without telling me, my friend had invited several faculty members to come and hear a presentation on some new theory of brain waves.4 But who was the poor schmuck who was supposed to present his work to this distinguished audience while just a little drunk? Why, it was me! Needless to say, my informal seminar did not go so well, although I must say that Crick, unlike the hostile physicist, was gracious about the unplanned episode.5


    1.8 SUMMARY


    Consciousness is a deep mystery that may be separated into the so-called easy and hard problems. The easy problem is concerned with consciousness correlates (signatures of consciousness), that is, various measures of brain chemical and electrical events that are associated with mental activity. By contrast, the hard problem addresses the very existence of the phenomenon of awareness, especially self-awareness. The new science of consciousness relies on partnerships between neuroscientists and complexity scientists.


    The reductionist position in neuroscience is based on the idea that systems at higher levels of organization may be explained mostly by interactions occurring at lower levels. This book focuses on the idea that brains are actually complex in the sense understood in the new field of complexity science. Small-scale complex systems often act bottom-up to generate emergent systems at larger scales. Such emergent systems exhibit novel properties and behaviors that are absent from their smaller component parts. These larger systems then act top-down to influence smaller systems, thereby completing a loop of circular causality. The underlying causes for various brain states are suggested by analogy to other complex systems, for example, human and animal social systems.


    Does the brain create the mind, or is something else involved? This question summarizes the traditional argument between materialism and dualism. The argument may be clarified through consideration of philosophical zombies, p-zombies, hypothetical creatures who lack consciousness but behave otherwise just like normal persons. Their theoretical existence implies that zombies are missing something critical, labeled the C-factor, that genuine conscious beings possess.


    The earlier negative attitudes toward consciousness research changed in the 1980s partly due to the consciousness studies of Francis Crick and Gerald Edelman, two scientists who pursued very different scientific approaches. For Crick, the essential problem is finding the cell groups responsible for consciousness. For Edelman, consciousness is caused by large-scale dynamic patterns of cell activity.
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    2.1 BRAIN AND MIND


    This chapter begins our extended look into the easy and hard problems of consciousness from both scientific and philosophical perspectives. To accomplish this efficiently and with minimal risk of reader boredom, we will bypass several layers of the fancy jargon employed in different fields. Many areas of human intellect have adopted their own specialized languages, often raising barriers to outsiders. Our discussions of consciousness will embrace selected aspects of psychology, brain physiology, and other areas of neuroscience, as well as parts of information science, philosophy, and more.


    In addition, it will be argued here that the hard problem essentially boils down to a study of the nature of reality, demanding a close look at what modern physics has to say on the subject. The communication barriers in physics can be especially impenetrable because of its strong reliance on mathematics. Philosophy, on the other hand, employs mere words; however, such words are sometimes combined in ways that could choke a large donkey. Philosophers have written extensively about consciousness over the past several centuries; suffice it to say that much disagreement still remains. In my own readings, I have often tried hardest to understand positions taken by those philosophers with whom I disagree. Buddhists have a concise saying for this intellectual strategy: “Your enemy is your best teacher.” Of course, I adopt the label “enemy” here with tongue in cheek; I actually have plenty of respect for philosophers whose work I can understand, whether they agree with me or not. Section 2.3 below, which categorizes different philosophical positions on the hard problem, may be just a little tedious for some. Not to worry, the rest of the chapter should be an easier read.


    Relationships between physics and brain science range over a broad spectrum from the well-established to the highly speculative. Here I remind readers of the distinction between classical physics, defined as everything known before Einstein's first paper on relativity in 1905, and modern physics, consisting of relativity, quantum mechanics, and closely related fields. So-called practical physics may be classical, but it often involves quantum mechanics, as in the case of nearly all modern electronic devices. Practical quantum mechanics is also intimately involved in recording the brain's magnetic field, measuring blood oxygen with functional magnetic resonance imaging (fMRI), and positron emission tomography (PET), the latter measuring brain metabolic activity. My own little consulting business employs methods labeled “brain physics,” in my case just a snazzy title representing mostly down-to-earth physics and engineering applications in EEG (electroencephalography or “brain waves”). This work includes computer methods to project scalp electric potential measurements to the cortical surface as well as mathematical models of various kinds of brain dynamic systems.


    There is another, more-profound, way in which modern physics may impact the hard problem of consciousness, but I strongly emphasize the word may. We will return to this issue in chapter 10, but for now note the following—in the past century our view of the structure of reality has undergone a major revolution. An astounding view of the universe has emerged from developments in relativity and quantum mechanics. The new ideas run so counter to intuition based on everyday experiences that they seem more aligned with witchcraft than with science. Electrons regularly jump between locations, evidently without ever occupying the space in between, as if reality itself consists of successive frames of a motion picture. The grand conceptual leap required by the transition from classical to quantum systems provides some feeling for how far brain science may eventually diverge from current orthodox thinking. The resulting humility may make us especially skeptical of attempts to “explain away” observations that fail to merge easily with common notions of consciousness—multiple consciousness in single brains, group consciousness, the unconscious, and so forth as discussed in this book. If nothing else, relativity and quantum mechanics provide important epistemological lessons for brain science and philosophy. In more down-to-earth language, physics tells us something very interesting about the general nature of reality, information, and the fundamental limits of human knowledge.
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    Fig. 2-1.


    After cutting through some fancy jargon, the mind-brain problem may be approached relatively simply with assistance from figure 2-1. We know for certain that brain activity is closely correlated with mind activity. As far as I can see, figure 2-1 exhausts all the possible choices for mind-brain interactions indicated by the various arrows. Starting at the top of the figure, in case 1, the brain creates the mind, the conventional scientific view. In case 2, the opposite somehow occurs. In case 3, a two-way interaction links brain to mind. Finally, in case 4, mind and brain are linked largely through unknown external environmental influences. Case 3 is just a combination of cases 1 and 2; cases 3 and 4 can also be combined. Of course, this over-simplified summary avoids the essential hard question, “Just what are the bases for the interactions represented by the arrows?” Case 1 is often considered to be the most “scientific” position—the brain creates the mind, end of story. But, if this is true, how do we account for our apparent freedom to make choices, in philosophy the often-discussed problem of free will?


    Free will is our apparent ability to choose between different courses of action; it is closely linked to responsibility, guilt, sin, and other feelings. Only actions that are freely willed are seen as deserving credit or blame. If there is no free will, there is no justification for rewarding or punishing someone for certain actions. Free will also implies the power to break a causal chain of events, so that one's choice is not caused directly by any previous event. It seems difficult, if not impossible, to reconcile the existence of free will with the deterministic nature of the universe, assumed by some, in which future events are supposed to follow directly from the current state of things according to the laws of physics. Thus, if we really believe in free will, apparently we must reject the most “scientific” scenario indicated by case 1 of figure 2-1. After all, what is free will other than the influence of the mind on brain and body, as allowed only in cases 2 through 4?


    The profound concept of determinism demands special scrutiny in our consciousness studies. Determinism applied to physical or biological systems refers to the view that every event is causally determined by a chain of prior events, implying that at any instant in time there is exactly one physically possible future. Classical physics is sometimes interpreted this way; here for example, are the words of the famous mathematician and scientist Pierre-Simon Laplace in 1814:


    We may regard the present state of the universe as the effect of its past and the cause of its future. An intellect which at a certain moment would know all forces that set nature in motion, and all positions of all items of which nature is composed, if this intellect were also vast enough to submit these data to analysis, it would embrace in a single formula the movements of the greatest bodies of the universe and those of the tiniest atom; for such an intellect nothing would be uncertain and the future just like the past would be present before its eyes.1


    The super “intellect” referred to by Laplace has since become known as Laplace's demon. It has often been claimed that quantum mechanics proved Laplace to be wrong. This view is correct but highly misleading because our inability to predict future events is not limited to quantum systems. We now know that in the case of complex systems, even the purely classical ones, accurate predictions of the future are, at best, only statistical in nature. Later we will consider several kinds of chaos in both simple and complex systems, and argue that this classical limitation appears be a fundamental property of our universe. Of course, if quantum systems are added to the mix, the limitations on our knowledge of future events become even more severe.


    2.2 ARE WE NOTHING BUT PACKS OF NEURONS?


    In 1994, Francis Crick published a well-known book on consciousness provocatively titled The Astonishing Hypothesis: The Scientific Search for the Soul. Crick expresses his hypothesis as follows:


    “You,” your joys and your sorrows, your memories and your ambitions, your sense of personal identity and free will, are in fact no more than the behavior of a vast assembly of nerve cells and their associated molecules. As Lewis Carroll's Alice might have phrased it: “You're nothing but a pack of neurons.”2


    Many scientists and philosophers say that there is nothing at all “astonishing” about this idea. It essentially expresses mainstream neuroscience, but presented in such an explicit manner that it confronts mainstream religions as well as the intuitive beliefs of many nonreligious persons. No beating around the bush by Crick; the brain creates the mind, end of controversy. If we accept this view, perhaps the main remaining task for neuroscience is simply to identify those parts of the brain making the essential contributions to different aspects of consciousness. If this goal is accomplished, can we then claim to have “explained” consciousness? Such smoldering issues are approached in this book from several independent directions by employing scientific evidence whenever possible. But when the evidence trail gets cold, the risky business of speculation beckons us forward.


    We will, however, try to avoid deep immersion in the proverbial hot water by sticking with what I call “plausible speculations,” those constrained by the following working assumptions.


    
      	Brains are complex systems.


      	Brains and minds are correlated.


      	Our speculations do not obviously violate established physical laws.

    


    Ideally, religious beliefs of any kind should not influence either our interpretations of scientific evidence or our speculations. Some readers may insist that the restrictions listed above are too limiting. Maybe physical laws as currently understood are wrong. But given the enormous supporting evidence for these laws, it seems more likely that most of our current science will turn out to be not wrong, just incomplete. Without reasonable limits on speculations, books of this ilk might degenerate into an orgy of wild fantasies or pulp science fiction. We will not concern ourselves here with worlds where talking scarecrows, lions, and tin men seek some great wizard of the conscious mind; or, where sub-microscopic fairies ride little unicorns around their castles to produce consciousness; or whatever. So while discounting “cowardly lion–like theories of consciousness,” we are still left with an enormous range of ideas, some quite counterintuitive and even weird, that fit comfortably within our restrictive speculation limits.


    Early in my neuroscience career, I placed a local newspaper ad in order to recruit subjects for my EEG (electroencephalography) studies of brain electric fields. One reply came in the form of an eight-page handwritten letter from a gentleman calling himself “Darwin.” The letter was neat, well-written and, at first glance, quite intelligent, presenting Darwin's personal “theory of the brain.” The trouble was, his brain theory made almost no connection to existing scientific knowledge. The letter was creatively addressed this way, “To Dr. Nunez, discoverer of 160 universes and 386 dimensions.” I really liked the lofty title, but unfortunately I have never found a university to endow me so generously.


    The famous Austrian and British philosopher of science Karl Popper is known for his proposition that falsifiability is the critical test that distinguishes genuine science from non-science. In this view, any claim that is impossible to disprove is outside the scientific realm. Several of his targets in the mid-twentieth century were psychoanalysis, Marxism, and the traditional (Copenhagen) interpretation of quantum mechanics. The quantum physicist Wolfgang Pauli famously applied Popper's philosophy when shown a paper by another physicist. “That's not right, it's not even wrong,” was his devastating condemnation.3 Much can be said in favor of Popper's test for genuine science, although its application to the real world is often uncertain—falsifiability may then be regarded as just one of several possible tests. While not ignoring ideas just because they don't pass every rigid science test, we will try to weigh the value of such ideas appropriately, generally giving far more credence to science than to non-science. No field of knowledge should be insulated from scientific rigor when application of genuine scientific methods is possible; however, we shall remain on the lookout for fake science. No one knows where the limits of science may ultimately lie, but as a practical issue, today's science operates with substantial limitations on its ability to reveal the structure of reality. But, whenever possible, we will employ the powerful intellectual tool known as “science” as our handy “BS detector.”


    History has shown that humans are prone to adopting worldviews contaminated by misconceptions, prejudices, and outright delusions. Unfortunately, finding and correcting these flaws in ourselves is not so easy—I claim no exception to such limits on accuracy. For the record, I have no connection to any organized religion; my religious/philosophical position is roughly that of “unequivocal agnostic,” essentially meaning that I tend to be critical of those who claim knowledge that they cannot possibly possess.4 Our discussions will take place within the confines of a scientific framework that neither favors nor condemns religious beliefs, at least not those potentially consistent with science. Nor will we be concerned with the danger, possibly perceived by some, that our speculations may open a philosophical “back door,” that allows religion to sneak in. The back door may be open or closed; in either case we shall try to follow the evidence, regardless of where it leads us.


    2.3 MATERIALISM, DUALISM, AND MONISM


    Today most scientists closely relate mind to brain without much thought; however, early philosophers even disagreed about the physical location of the “mind-stuff.” Some favored the heart, others the brain. In the first half of the 1600s, the French scientist, mathematician, and philosopher René Descartes proposed the idea of dualism to explain the brain's relation to the mind. In his view the body works like a machine, whereas the mind consists of a very different “substance” that need not follow any of nature's laws. Descartes's version of dualism proposes that the mind controls the brain, but that the brain can also influence the otherwise rational mind, similar to case 3 of figure 2-1. Dualism runs counter to materialism, also known as physicalism, which holds that only one kind of “substance” exists in the universe and it is physical. The famous philosopher John Locke expressed dualism this way in 1690:


    It is impossible to conceive that matter, either with or without motion, could have, originally, in and from itself, sense, perception, and knowledge; as is evident from hence, that then sense, perception, and knowledge, must be a property eternally separable from matter and every particle of it.5


    In modern “philosopher-speak” Locke's account of this disconnect is called the explanatory gap, the difficulty that materialistic theories of mind have in explaining how physical properties give rise to the way things feel when experienced.6 Our modern journey into the mysteries of consciousness will make contact with several additional philosophical concepts—the nature of reality (ontology), the ways in which knowledge is acquired (epistemology), and the fact that reality can have alternate descriptions in different contexts or when viewed by different observers (complementarity). The so-called hard problem consists of attempts to bridge the explanatory gap. In some versions, the gap may be epistemic, but not ontological, meaning the physical and mental are actually related, but we currently have very little idea of how this might occur. For modern interpretations of dualism, materialism, and more-nuanced ontological positions, we here borrow from the works of David Chalmers, a philosopher who has delineated and popularized the terms “easy” and “hard” problems of consciousness. While I don't want us to get bogged down with tedious technical definitions, these kinds of questions have been hotly debated for centuries, so we should all try to start on the same page.


    The following list provides an abbreviated, approximate, and nontechnical summary of six views of the consciousness challenge adopted by various philosophers and scientists over the years. For a more-detailed picture, readers may consult the widely read works of several modern philosophers of mind and the very accessible on-line Stanford Encyclopedia of Philosophy.7 To further simply our discussion I have combined some of Chalmers's categories to reduce his list of philosophical positions from six to four. The first two and last two combined categories are reductionist and nonreductionist, respectively.


    
      	
        Type A Materialism. There is no explanatory gap. Consciousness can be defined only in functional or behavioral terms. The zombie idea makes no sense; there is no hard problem to solve. Consciousness is “explained” by neuroscience. Some scientists supporting this view emphasize that we can't even define consciousness properly; rather we are forced to employ vague circular arguments. In the words of the prominent philosopher Daniel Dennett—“Consciousness appears to be the last bastion of occult properties, epiphenomena, and immeasurable subjective states.”8

        This position strikes many, including me, as an attempt to “explain away” consciousness, perhaps because the problem is too philosophical, too hard, or maybe just too damn irritating to consider. As the famous physicist Richard Feynman once said, “Thinking about thinking can make you crazy.”9 But in response to the question of how to define consciousness, note that there are many physical entities like mass, charge, and so forth that can be defined only with circular arguments. Thus, I don't find this particular objection to the consciousness mystery very compelling. In fact at this moment, I am actually feeling quite conscious, thank you. My consciousness questions whether Type A materialists would even bother to read a book of this kind; nor would I choose to write it in the first place from this perspective of denial.

      


      	
        Types B or C Materialism. There is an epistemic gap but no ontological gap. The epistemic gap can be closed in principle. Zombies may now appear possible because of our current limitations, but with perfect knowledge of the physical world we would see that they are not possible. We do not yet have complete knowledge of physics, so how can we possibly know that it cannot explain consciousness? Our free will is quite possibly an illusion. But, if it does actually exist it may someday be explained as an emergent property of physical systems, thereby closing the epistemic gap.

        Types B or C versions of materialism are close to the mainstream scientific view and will be seriously considered throughout this book. But for now I will just raise an interesting irony involving proposed connections between quantum mechanics and consciousness. This issue is controversial, to say the least, and we will return to it in chapters 9 and 10. Some Type B or C materialists have insisted that quantum mechanics has “nothing to do with consciousness.” Yet quantum mechanics is one of the main pillars of modern physics. In this implied view, consciousness is supposed to emerge from physical principles that have nothing to do with consciousness! OK, I have unfairly oversimplified this issue; most scientists will agree, perhaps grudgingly, that brains operate with quantum principles. After all, chemistry is based on quantum science; however, the implied explanatory gap seems more like the Grand Canyon than a mere “gap.”
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    Fig. 2-2. © Can Stock Photo Inc. / natareal.


    
      	
        Types D or E Dualism. The two faces in figure 2-2 symbolize the dualism of brain and mind. Type D is also known in philosophy as interactionism. Mental properties are ontologically novel properties of physical systems; that is, they are not deducible from physics alone. Physical states cause mental states, and vice versa, as suggested symbolically by figure 2-1, case 3. Or perhaps psychophysical laws run in only one direction, from the physical to the mental (Type E). In Type D dualism, free will consists of the downward causation of the mental on the physical. In Type E, our free will is apparently abolished. Some versions of the traditional (Copenhagen) interpretation of quantum mechanics seem to support these dualistic views, as discussed in later chapters.

        Here is another irony. Many physicists rule out the traditional (Copenhagen) interpretation of quantum mechanics at least in part because it appears dualistic by giving a fundamental role to consciousness. On the other hand, many philosophers reject dualism because it appears incompatible with physics. Perhaps these guys should get together for lunch sometime.

      


      	Type F Monism. Mental or proto-mental properties like consciousness occur at the fundamental level of physical reality; figure 2-1, case 4 represents this view. In one version, mental properties may even underlie physical reality itself. Physics characterizes fundamental physical entities and properties like mass and charge only by their relations to one another. Currently, we can say nothing deeper about their intrinsic nature; that's why we call them “fundamental.” However maybe these physical properties are not actually fundamental but are derived from something else. This monistic view has elements in common with both materialism and dualism. One possible candidate for this fundamental role is information or perhaps some generalization of this entity. We will return to this topic several times in later chapters and introduce the idea of ultra-information.

    


    2.4 ZOMBIE WORLDS


    I will not serve as advocate for any one interpretation of the hard problem, although my bias against Type A materialism will be quite evident. Claims of so-called theories of consciousness tend to evoke negative feelings in scientists with physics backgrounds like me, because such claims seem to severely cheapen the label “theory.” To a physicist, “theory” typically means some set of equations that provide quantitative predictions of experimental results. There are many brain theories, but as far as I know, no true theory of consciousness has ever been proposed. Rather than “mind theories” here we will speak of philosophical positions, conceptual frameworks, models, analogues, and metaphors. One thing seems clear at the outset. With the possible exception of Type A materialism, all of the philosophical positions listed above, whether materialistic or dualistic, require some sort of interaction between the physical and mental worlds. A substantial explanatory gap is implied, so we will search for possible means to close this gap without restricting ourselves to either materialism or dualism.


    All of the philosophical positions outlined in section 3 have their problems, but some positions may seem more plausible than others. In chapter 1 we raised the issue of philosophical zombies, or p-zombies, creatures who behave just like us


    

    

    

    

    

    

    

    

    
      	Could consciousness be created by abstract patterns, independent of the underlying physical structure producing these patterns?


      	If so, how fine-grained must the patterns be to produce consciousness?


      	Can patterns associated with multiple individuals lead to a kind of group consciousness?


      	Can individual consciousness persist when strong interactions with others take place?

    


    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    
      	The pre-conscious may apparently be viewed as incompletely formed consciousness, that is, pre-conscious processes partly determine which conscious processes emerge after significant delay. Other parts of our unconscious remain forever hidden from awareness but exert important influences on our conscious mind, affecting our choices to act in certain ways. Interactions occur in both directions; the conscious mind may influence the unconscious, and vice versa.


      	Consciousness of an external event takes substantial time to develop, at least several hundred milliseconds. The early parts of a visual or auditory signal may reach the neocortex in 10 milliseconds, and it takes about 30 milliseconds for signals to cross the entire brain on cortico-cortical fibers. These white matter fibers connect different parts of the cerebral cortex to itself, with the so-called gray matter forming the outer layer of the brain, the cerebral cortex.


      	Since consciousness of external signals takes about 500 milliseconds or so to develop, conscious awareness requires many passes of signals back and forth between multiple brain regions. In other words, the emergence of awareness requires the development of numerous feedback loops, involving widespread cortical and lower-brain regions. Consciousness of a sensory stimulus is apparently represented in the total activity of distributed cortical networks rather than any one network node. Consciousness is closely tied to the brain's dynamic patterns.
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