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  World War II started something. The pain and tragedy of head injuries catapulted brain research into the foreground of scientific and pseudoscientific investigation. From the popular claims of split-brain research to the profound findings of neurotransmitter studies, discoveries by increasing numbers of researchers and readers have focused on learning how the brain works.


  This explosion of research has given birth to a new field of knowledge: cognitive science, also known as brain science. One feature that makes this field unique is its interdisciplinary nature—it is made up of more than one traditional field of study. The research has been conducted by investigators from seven broad fields, although some subdivisions of these fields are more germane to cognitive science than others; for example, psychopharmacology is more germane than social psychology. The fields are


  1. Biology


  2. Chemistry


  3. Psychology


  4. Information science


  5. Philosophy


  6. Anthropology


  7. Linguistics


  Prior to World War II, communication among scholars in these fields was minimal. But the momentum increased noticeably soon after the war ended. Most people seem to date the beginning of cognitive science as a formal interdisciplinary field of study from September 1948 (Gardner, 1985), when scientists assembled at the Hixon Symposium, titled “Cerebral Mechanisms of Behavior,” at the California Institute of Technology. Presenters included John von Neumann and Karl Lashley, representing mathematics and psychology. Many regard this meeting as the death knell for the behaviorism of B. F. Skinner, Ivan Petrovich Pavlov, Edward Lee Thorndike, and John B. Watson, which had held sway until then. No more would strict stimulus-response explanations of human behavior be ascendant. With the rise of cognitive science came the doctrine that human behavior consisted of more than conditioned responses, that the human mind was indeed able to create, to choose, to reflect—in short, to explore the universe between stimulus and response. Stephen Covey (1990, p. 69) suggests that between stimulus and response, man has the freedom to choose. Or, as Richard Restak (1991, p. 50) observes, we are moving from Socrates’s “know thyself” to Kierkegaard’s “choose thyself.” In a recent resounding affirmation of Kierkegaard’s dictum, filmmakers have given us the award-winning What the Bleep Do We Know?—an intense plea for self-determination of the world’s citizens (check their website at www.whatthebleep.com for study groups and so forth).


  Emerging from over 30 years in the relative obscurity of academia, cognitive science had its coming-out with the publication in 1982 of Morton Hunt’s The Universe Within: A New Science Explores the Human Mind. His highly readable volume introduced many to this new field. Drawing from examples in areas such as problem solving, creativity, decision science, epistemology, moral development, personality theory, artificial intelligence, logic, linguistics, learning theory, and memory, he showed how cognitive science has brought previously isolated fields together into one common alliance committed to describing how the mind works. He related how this alliance of scholars is collaborating to describe the mind’s functioning from both the detailed, microscopic, bottom-up perspective, as in cellular neurobiology, and the big-picture, global, top-down perspective, as in discussions of primary personality traits. The excitement of this multipronged scientific movement lies in the moment when the bottom-up, or molecular, studies become recognized as equivalent to the top-down, or molar, studies.


  An example of such a “meeting at the middle” can be found in Hans Eysenck’s The Biological Basis of Personality (1967), in which he begins to establish the relationship between the reticular activating system (RAS) in the brain (a molecular structure) and the personality traits of extraversion and neuroticism (molar behaviors). Paul MacLean (1990) describes the bottom-up perspective as “objective” and the top-down approach as “subjective.” For an excellent and timely discussion of this molecular-molar relationship, see Cacioppo and Berntson (1992).


  The Mind-Brain Dichotomy


  As we slip into the content proper of this book, you will notice that the terms brain and mind are used interchangeably. IBMer E. Baird Smith has a comedy routine in which he asks, “Is your mind a part of your brain, or is your brain all in your mind?” In the 19th century, English scholar Thomas Hewitt Key played with this semantic difficulty by asking, “What is mind? No matter. What is matter? Never mind.” This semantic puzzle needs attention! Dealing with the historical debate between mind and brain is beyond the purpose of this book. Understandable treatments are available in Gardner (1985) and Hunt (1982). In the seventeenth century, René Descartes argued for dualism, with “mind” a kind of software and “brain” a kind of hardware; he apparently developed this idea as a result of a rift with the church authorities, who allowed him to continue his work so long as he stuck to the body and let the church take care of the mind and spirit. Later, behaviorists like Skinner argued for monism (nothing exists other than cells), whereas current thinking argues for an interactionist approach, which describes the intimate, sensitive way in which mind (ideas and images) and body (cells, chemicals, and electricity) directly and immediately influence each other. As a simple example, we know that a joyful disposition (mind and spirit) can increase the number of “helper cells” in the immune system (brain and body) and, conversely, that a reduction in the number of helper cells can dampen a joyful disposition. We also know that using our memory and skills tends to preserve nerve cells (“use it or lose it”) and that, conversely, losing nerve cells over time interferes with memory and skills.


  To say “use your mind” or “use your brain” is to say the same thing. It is like saying “use your computer” versus “use your word processing program.” The features of one influence the features of the other. Ira Black (1991, p. 8) argues that our mental software and hardware are one and the same when he speaks of the “essential unity of structure and function.” When the computer is turned off, the word-processing program cannot function. Yet just because the computer is turned on, that doesn’t mean the program is being used, or being used to capacity. When the brain is dead, the mind cannot function. Yet just because the brain is alive doesn’t mean the mind is being used, or being used to capacity. In a sense, then, the best definition of mind is that it is the state that occurs when the brain is alive and at work. Richard M. Restak, who wrote the books and television series The Brain (1984), The Mind (1988), and Receptors (1994), despaired of a crisp, clear definition that could distinguish between the two, concluding, “Mind is the astounding interplay of 100 billion neurons. And more” (1988, p. 31; Note: More recent research puts this number at 23 billion, not 100). J. A. Hobson (1988, p. 230), in The Dreaming Brain, writes, “I believe that when we have truly adequate descriptions of brain and mind, dualism and all of its dilemmas will disappear. We will speak of the brain-mind as a unity, or invent some new word to describe it.” To talk of the brain is to refer to the more molecular aspects of a phenomenon, while to talk of the mind is to refer to the more molar aspects.


  Cognitive and cognition are our only words that refer to both brain and mind, and the public finds them smacking of the ivory tower. We do need a new word that the public will accept—perhaps something like processor or reactor, main, or brind. Candace Pert, discoverer of the endorphin receptor, refers to the bodymind, thus enlarging the discussion. She teaches that the brain and nervous system are so widely represented throughout the body with mutual receptors that it does not make sense to speak of them separately. Meanwhile, a good discussion of the nature of the mind and various states of consciousness is available in Daniel Dennett’s Kinds of Minds (1996).


  Human or Animal: What’s the Difference?


  Humorists, philosophers, scientists, theologians—all have made stabs at defining the difference between humans and animals. Consider:


  No animal admires another animal.


  —Blaise Pascal


  Man is the only animal that blushes. Or needs to.


  —Mark Twain


  The desire to take medicine is perhaps the greatest feature which distinguishes man from animals.


  —Sir William Osler


  The parade of quotes could quickly become tiring. I will, however, summarize both the popular and scientific efforts to describe this difference by one top-down and one bottom-up observation. The top-down observation: humans can learn to write, whereas animals can’t. The bottom-up observation: humans have a proportionately greater area of uncommitted cerebral cortex, or cortex in which unused synapses are available to be committed to new learning (see fig. 1.1). The cerebral cortex (see chapter 2 and appendix A) is the part of the brain that houses the rational functions, such as problem solving, planning, and creativity. The comparison between a rat’s brain and a human brain is dramatic. All but a sliver of the rat’s brain is “committed” to motor, auditory, somatosensory, olfactory, and visual functions—that is, survival activities. These committed, or dedicated, areas can’t be used for any other function, such as memory or problem solving, in much the same way that a word-processing machine can’t be used for other computing functions. In contrast, well over half of the human brain is uncommitted and thus available for forming new synapses and networks in the service of creativity, problem solving, analysis, memory—in short, of civilization itself. In other words, we have a greater capacity for learning. (See the discussion of synapses in chapter 2.)
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  Figure 1.1. Cortical Commitment


  A comparison of committed (shaded) and uncommitted (unshaded) regions of the cerebral cortex in rat (top) and human (bottom).


  Since the publication of the first edition of this book in 1994, a flurry of books on the subject of evolutionary psychology have appeared. These books are based on 20 years of assimilation of E. O. Wilson’s monumental Sociobiology, which was published in 1975. Wilson’s text has provided the major source of data for new Darwinists who are committed to the notion that a single human nature is deeply rooted in our primate ancestors and that this single human nature satisfactorily explains both the diversity and the commonality among us. This flurry of books includes J. Diamond, The Third Chimpanzee: The Evolution and Future of the Human Animal (1992) and Guns, Germs, and Steel: The Fates of Human Societies (1997a); J. L. Elman and others, Rethinking Innateness: A Connectionist Perspective on Development (1996); R. Wrangham and D. Peterson, Demonic Males: Apes and the Origins of Human Violence (1996); and R. Wright, The Moral Animal: The New Science of Evolutionary Psychology (1994). The net impact of these works is not so much to change the way we understand the mind-brain, but rather to deepen our understanding of how we got to be who we are. Specific points made by these new Darwinists will appear throughout this edition. Michael Gazzaniga (1998, p. 59) sums up these arguments as follows:


  No scientist seriously questions whether we are the product of natural selection. We are a finely honed machine that has amazing capacities for learning and inventiveness. ... The ability to learn and think comes with our brains. The knowledge we acquire with these devices results from interactions with our culture. But the devices come with the brain, just as the brakes come with the car.


  What Is the Mind-Brain?


  Metaphors abound to explain the physical process that governs our behavior. Some explain it as a power plant, emphasizing the electrochemical ionic transfers that culminate in the nervous system’s capacity to supply enough power to illuminate a 25-watt light bulb. Others explain it as a computer and use the analogy of RAM and ROM, bits and bytes, and memory and storage to describe the brain’s capacity to store 2.8 × 1020 bits of information. Still others see the brain as a library that can store 10 million thousand-page books. And some see the brain as a mini-government that administers a vast array of bodily functions, from breathing and blood flow to meditation and stock market analysis.


  May I have the envelope, please? The winner is—all of these and more. The closer we get to understanding the structure and function of the mind-brain, the more anomalies slip through the cracks of our descriptions. Should our goal be to have complete understanding? Probably. To settle for a lesser goal may blind us to new insights: if we are not expecting large gains in scientific progress, we are less likely to experience them. However, to the degree that we can humbly marvel in wonderment at the vast unexplained mystery of mind, brain, and behavior, we are more likely to live in peace with ourselves and our neighbors. With admitted imperfection of the self comes the humility necessary for developing satisfying relationships.


  The Core Principles of Cognitive Science


  When we reflect on the vast mind-brain literature, we see several patterns emerge. These patterns may best be described as the core principles of cognitive science—the concepts essential to making sense out of the thousands of pieces of research available to us. As an aid to browsing through this book, I will state here what I see as the core principles.


  Nativism. The principle of nativism holds that we inherit our behavior and that our environment can either nurture it to develop naturally or distort it by withholding nurturance (food, shelter, warmth, touch, affection, attention, and so on).


  Unity. The principle of unity holds that the body and the mind are one and the same, and that a change in one results in a change in the other.


  Connectivity. The principle of connectivity holds that the establishment of new connections between prior learnings is the essence of growth and development and that the condition of the connection points, like the condition of the gap in a spark plug, determines how well we function.


  Interconnectivity. The principle of interconnectivity holds that each identifiable element in our vast storehouse of experiences and learnings is connected to each of the other elements, some more strongly or closely and others more loosely or distantly (thus, to remember a name, we silently say the alphabet until the name pops out).


  Control. The principle of control holds that the health of the human (and animal) organism is a function of the degree to which the individual feels in control of his or her situation, with less perceived control resulting in poorer health and performance and greater perceived control resulting in better health and performance.


  The Nature-Nurture Debate: The Pendulum Swings


  In the first edition of this book (1994), I made a moderately strong statement about nature having drawn even with nurture in their power to account for the causes of individual differences. In the 10 years since that time, the overwhelming accumulation of research supporting the genetic basis of individual differences renders that statement overly cautious. William Wright, in his excellent summary of behavioral genetics research, Born That Way (1998), concludes that genetics is the hands-down dominant determinant of who we are. Although the statistical concordance rates suggest that genetics, or nature, accounts for more than 50 percent of individual differences, the remainder is not necessarily accounted for by the environment.


  
    “A devil, a born devil, on whose nature Nurture can never stick, on whom my pains, Humanely taken, all, all lost, quite lost. ...”


    —Prospero, of Caliban,

    in William Shakespeare’s The Tempest

  


  Environmental influences come in two forms: shared and nonshared. Shared influence includes the example of my mother having played the piano for all seven of us kids, whereas nonshared influence includes the example of my mother being 45 when I was born (and no longer a tennis player, with all that entailed). Wright cites research that conclusively identifies nonshared influence as second in influence after genetics, with shared influence accounting for almost nothing. And Judith Rich Harris, in her paradigm-challenging book The Nurture Assumption (1998), points out that this nonshared influence comes primarily from the peer group, not the home. Harris contends, with convincing evidence, that the primary source of nurture-type influence on personality comes from the peer group and not the family. She calls her view Group Socialization Theory. Its axioms run something like this:


  1. Peer group influence is greatest between ages 8 and 25.


  2. During this period, a person self-categorizes according to the many groups she belongs to: girl, musical, athletic, scholarly, violent, and so on.


  3. In any given period of the youth’s history, one peer group is salient, for whatever reason.


  4. A young person attempts to minimize differences between himself and others in the salient peer group (assimilation).


  5. He develops according to the peer group’s needs and what he brings to the group: leadership, comic, drone, peacemaker, and so on (differentiation).


  6. The individual feels some hostility toward other groups and tends to maximize the contrast between self and these nonsalient groups.


  7. It is from the salient peer group that one takes one’s rules of conduct.


  8. When an individual, for whatever reason or circumstance, switches to a new salient peer group, she takes on the rules of that new group.


  Harris further describes the “social module” of the brain, which apparently has two modes, one for relationships and one for groups. The relationship mode supports long-term relationships; the group mode switches easily when one group increases in salience. In fact, one can gain a new peer group simply by the power of suggestion. Call a child a loser, for example, and he then belongs to a new peer group of losers. To this extent, we can exert influence on young people by the degree to which we can reinforce membership in and identity with desirable peer groups.


  Rounding out the influence pattern is what has come to be known as the phenomenon of genetics choosing environment (rather than the old-school paradigm of environment shaping behavior). Examples of this include my having chosen to spend relatively more time with my mother, because my high-openness genes found more expression there than with the low-openness profile of my father. I could have chosen to go fishing with him, but that was not my cup of tea; I preferred experiencing arts and crafts and music and literature and travel and games and cooking with my mother. For several other ways that genes and environment interact, consider the information in table 1.1.


  [image: ]


  Furthermore, Wright and others (for example, Loehlin, 1992) have documented the phenomenon of the “certain transitoriness of environmental effects” (Loehlin, 1992, p. 84), which says that as we age, we tend to become more like the genetic blueprint with which we started life. In one study, identical twins reared in the same home were measured in similarity of behavior at high school graduation, and again some dozen years later, in an attempt to determine whether monozygotic twins increased, decreased, or experienced no change in similarity after leaving their common nest. The result: they were more similar. Apparently, family and community accentuated supposed differences in the twins, but once they were out on their own, they could eschew unnatural behaviors and become truer to their common genetic makeup. As Columbia University’s Nathan Brody once commented in a speech, “Change is the process of becoming more like who we are.” Loehlin points out that it is this transitoriness of environmental effects on personality that accounts for the variations in test-retest scores with personality instruments. Firmly rooted gene-based behaviors are constant, while episodic, environmentally influenced behaviors are more likely to come and go.


  Consider the following cases, which show evidence of the heritability of behavior in organisms as simple as bees and as complex as humans.


  Honeybees


  “Foul brood” is an infectious disease of honeybees that afflicts larvae in the cells of their honeycomb. Certain hygienic strains of bees fight the disease by locating cells that have the disease, opening the wax cap, removing the larvae, and moving them out of the hive. W. C. Rothenbuhler (Dawkins, 1989) discovered that the behavior of the hygienic bees was governed by two distinct genes—one gene for uncapping the cell and a second gene for dragging out and disposing of the diseased larvae. Unless both genes were present in a worker bee, the hygienic behavior didn’t happen. If a bee possessed only the uncapping gene, it would gleefully fill its day uncapping the disease-containing cells but would not remove the afflicted larvae. Alone, without any of the uncapping bees around, bees with the removal gene would do nothing. However, if Rothenbuhler himself removed the wax caps, the removal bees would gladly spend their days dragging diseased larvae out of the hive. (This reminds me of a friend who loved to wash dishes: when our Boy Scout troop went camping, I would always cook, and he would always wash. He didn’t cook, and I didn’t wash.)


  Twins


  Neubauer and Neubauer (1990, pp. 20–21) relate two striking examples of this persistence of genetic material:


  1. Two monozygotic twin girls were separated at birth and placed in homes far apart. About four years later, researchers interviewed the adoptive parents of each girl. The parents of Shauna said, “She is a terrible eater—won’t cooperate, stubborn, strong-willed. I can’t get her to eat anything unless I put cinnamon on it.” The parents of Ellen said, “Ellen is a lovely child—cooperative and outgoing.” The researcher probed, asking, “How are her eating habits?” The response was: “Fantastic—she eats anything I put before her, as long as I put cinnamon on it!” (p. 20).


  2. Two monozygotic twin boys were separated at birth and placed in homes far apart. They were interviewed 27 years later. Both had turned out to be obsessive-compulsive neatniks, scrubbing their separate homes frequently and constantly picking up and making things neat and clean. When they were asked to explain their compulsion for neatness, one attributed it to his reaction to an adoptive parent who was a slob, while the other attributed it to his upbringing by an adoptive parent who was a neatnik!


  Most researchers currently studying this nature-nurture relationship are calling it a 50-50 ratio, attributing half the variation in behavior to genetics and half to environmental influence. For example, if your IQ is 20 points above the mean, or about 120, then roughly 10 of the points are attributable to genetic influence and the other 10 to environmental influence. The general conclusion of most behavioral genetics researchers, however, is that environmental influence serves as an enhancer or preventer of genetic predispositions and, therefore, that environment can’t create dispositions for which no genetic basis exists. This current research is a confirmation of the ancient saw that you can’t make a silk purse from a sow’s ear.


  
    “There are an infinite number of causes for everything.”


    —Leda Cosmides

  


  Just how do twin studies lead us to this conclusion? Monozygotic twins, who develop from a single egg, have identical genetic coding. Some sets of twins are separated at birth; for example, they may be given up for adoption, with one twin moving to California, the other to Georgia. Other pairs grow up together. To the degree that environmental influences shape behavior, identical twins reared together would be expected to be more alike than those reared apart. That, however, is not the case; the similarity between identical twins does not increase if they are reared together. Separated identical twins show strong similarities, even in their religious feelings and vocational preferences.


  However, we must beware of the temptation to think of specific traits or behaviors as purely innate. Elman states, “There is virtually no interesting aspect of development that is strictly ‘genetic,’ at least in the sense that it is exclusively a product of information contained within the genes” (Elman and others, 1996, p. xii). There is no sociability gene, no fat gene, no rape gene. But there are genes that will interact with the complex landscape of environment and inheritance to explain all manner of things. Quartz and Sejnowski (2002, p. 128) paint a clear portrait of this truth in this manner:


  But doesn’t the fact that we are all born some particular way sound depressingly deterministic? No, because being born some way doesn’t amount to being forever destined to remain that way. Genes help determine your height at birth, but your environment—for example, what you eat as you mature—also has an important influence. The average European today is eight inches taller than the typical European 150 years ago, a change that is attributed to environmental factors. So it is with temperament.


  I can’t emphasize enough, however, that, although at times we seem to have discovered causes of certain behaviors, in truth the picture is far more complex. Even though brain chemicals control our genes’ manufacture of proteins (e.g., turn them on or off, speed them up, slow them down), outside events can also influence this process. Consider the simple and lowly prairie vole. Quartz and Sejnowski (2002, pp. 44–45) relate that the female prairie vole has no pre-established age for arriving at puberty. Instead, she must wait until she gets a whiff of the urine of an unrelated male, which sends her brain chemicals into overdrive, resulting in her becoming fully ready to mate within 24 hours, attaching herself to the first unrelated male, and bonding with him for life, with no attraction to any other. Now, if such a thing as a whiff of urine can alter the female prairie vole’s behavior for a lifetime, how many other such apparently innocent occurrences influence human behavior to varying degrees of magnitude?


  Conclusions Regarding Nature and Nurture


  According to Pinker (1994, p. 357), “It is not so easy to show that a trait is a product of selection. The trait has to be hereditary. It has to enhance the probability of reproduction of the organism, relative to organisms without the trait, in an environment like the one its ancestors lived in.” So to the degree that all traits are hereditary, they are adaptive; they are helpful to survival. Every trait, then, whether it be anger or reliability, solitude or defiance, has its survival value.


  It is important to acknowledge the inherited component of individual differences. However, we need to avoid simplistic thinking. Here’s one interesting and little-considered fact about twins that constitutes an exception to their rule of being identical in all things: because identical twins compete more for resources in the womb than do fraternal twins, the identicals exhibit more differences in birth weight. For example, identicals share the same sack within the placenta and must share finite resources, whereas fraternals have their own individual sacks and are more likely to consume similar amounts of nutrients (Plomin, DeFries, McClearn, and Rutter, 1997, p. 73).


  This does not mean that we must disavow the efficacy of environmental nurture, however. Wrangham and Peterson (1996, p. 106) underscore this point when they lament Margaret Mead’s falsification of Samoan data in favor of her favorite theory: cultural determinism, the doctrine that culture, not inheritance, is the basis of behavior. They write, “Cultural determinism ... leads us to hope ... but it can also bring us to oversimplify necessarily complex problems and to avoid examining hard realities. It can lead to denial, and the regressive creation of a mythical Arcadia.” John Watson (1925) wrote, “Give me a dozen healthy infants, well-formed, and my own specified world to bring them up in, and I’ll guarantee to take any one at random and train him to become any type of specialist I might select—doctor, lawyer, artist, merchant-chief, and yes, even beggar-man and thief, regardless of his talents, penchants, tendencies, and abilities, vocations, and race of his ancestors” (cited in Pinker, 1994, pp. 406–407). But today we know better. We owe our behavior to both our genes and our upbringing. They are inextricably interdependent, the weft and the warp of personality.


  The Neuroplasticity Debate: What Are the Limits on Rewiring the Brain?


  Michael Merzenich (Syka and Merzenich, 2010), Norman Doidge (2007), and Jeffrey Schwartz (Schwartz and Begley, 2002; Schwartz and Gladding, 2011) are leaders among neuroscientists who have begun a new chapter in thinking about the role of the brain in changing behavior. This “neuroplasticity” movement abounds with optimism for our capacity for rewiring ourselves. The very term plasticity suggests the opposite of “etched in stone.” Three kinds of plasticity are in play: the capacity of neurons to take on new functions, the capacity of the brain to restructure itself, and the capacity of individuals to change their behavior. Let’s take a look at what researchers are reporting.


  Doidge (2007) describes a phenomenon he labels “competitive plasticity” (p. 59). To wit, if you stop using one skill and practice another, the brain space once allocated to the former will shift to the latter. Plasticity means not only that the brain can learn new skills, but that the skills we repeat continue to become entrenched at the expense of the unused ones, so that we experience a battle for space. New learning drives out old, and the best way to unlearn something is to literally drown it out with a competing pattern. The chemical oxytocin—the so-called “cuddle” chemical—is associated with this process. Oxytocin is secreted with a double-edged effect: it partially dissolves the old attachment and helps establish the new one. One becomes attached to one’s first baby through the catalytic effect of oxytocin flooding while one holds the baby close to one’s chest. When a second baby arrives, the same flooding loosens attachment to child number one—relatively less dependent by this time—and establishes a bond with child number two. A similar process happens when shifting from quarterback to wide receiver (as did Armanti Edwards of the Carolina Panthers), or from piano to French horn (as I did in the sixth grade). In fact, a year after I began playing horn, I found I had lost my ability to read two clefs simultaneously on the piano, a skill that had been natural for me until that time. It is like a woodland path used by hikers for decades becoming overgrown from disuse as the result of a rival, new pathway with more desirable features. While the bad news is that valued prior skills (such as my piano playing) can fade, unwanted skills (and memories, behaviors, knowledge, and the like) can also fade.


  The more we use a skill, the more entrenched it becomes, and the harder it is to unlearn. That is why bad habits are hard to break. The more we engage in the bad habit, the more entrenched it becomes. However, to the degree that we diligently and consistently avoid the bad/old habit and replace it with a good/new one, the bad/old habit will over time lose out to the good/new one. Replace the urge to smoke with the urge to chew gum, the urge to snack with the urge to walk around the block and get some fresh air, the urge to flirt with the urge to silently find fault with her/him. Because entrenched pathways are so difficult to unseat, it is all the more important that each of us establish good habits as early in life as possible.


  Schwartz (Schwartz and Begley, 2002; Schwartz and Gladding, 2011) applies the competitive plasticity principle to his therapeutic practice. For example, he has described a four-step approach (relabel, reframe, refocus, and revalue) to working with disorders (in this case, obsessive-compulsive disorder, or OCD):


  1. “Relabel” the urge to wash (for example) as a neurochemical misfire, a false message from within. This step uses a Buddhist-like “mindfulness” to focus attentively on the urge for the purpose of verifying its essential falseness. Relabel “urge to etc.” with “medical disorder.”


  2. “Reframe” or reattribute the source of the urge, such that the patient knows it is not due to lack of washing (or other OCD behavior), but rather to an overactive region in their brain, actually using brain scan images.


  3. “Refocus” on something else, an adaptive, acceptable, useful behavior to use instead of the OCD behavior—gardening, needlepoint, basketball, computer games, cooking, walking, hobbies, practicing a musical instrument, and so forth.


  4. “Revalue” the false urge. This essentially means taking the effort and time to deeply ingrain the “relabeling” of step one, such that the patient views the unwanted urges as superfluous, bizarre, or just unwanted.


  Merzenich (Syka and Merzenich, 2010, p. 68) has demonstrated that distractions impede learning, with close attention associated with stronger, longer-lasting results. Multitasking is not the handmaiden of learning! I address the issue of attention (also called willpower, focus, and concentration) later, in topics 10.5 and 20.8. Doidge (2007) cites Merzenich’s research on BDNF (brain-derived neurotrophin factor, pp. 80ff.) and how it relates to distractions. It works like this: When we attempt to learn something new, and new neuronal connections try to become established, the brain secretes BDNF, thus simultaneously activating the nucleus basalis (the control center of plasticity, he calls it) and thickening the myelin sheath. In his work with autism and learning disabilities, Merzenich has developed a theory that, for some reason, either environmental, genetic, or both, some individuals experience an overproduction of BDNF, and, because the nucleus basalis shuts down after it has had too much BDNF—aargh, no more!—the ability to pay attention, and hence to learn, shuts down. Constant noise (as in his research on kids growing up near the Frankfurt airport) can cause this. This excessive production of BDNF has the effect of enabling many random, unintended nerve connections to be made, which results in unfocused, disturbing firings. This suggests that people who have trouble focusing on necessary new learning may get some support from medication that suppresses BDNF production.


  Merzenich has concluded that when this pattern of massive release of BDNF with subsequent massive, random wiring happens during a critical period, it terminates the critical period. This leaves the individual with “undifferentiated brain maps and utterly indiscriminate neurons that get turned on by any frequency” (Doidge, 2007, p. 82). So, “when asked to focus on one thing, these children experience booming, buzzing confusion—one reason autistic children often withdraw from the world and develop a shell. Merzenich thinks this same problem, in a milder form, may contribute to more common attention disorders” (p. 82). Further, he is working with artificial methods (i.e., not using BDNF) for turning on the nucleus basalis, such as electrodes, to enable more efficient learning in children and adults.


  The way the nucleus basalis works to promote learning and memory is through (1) secreting acetylcholine for supporting new structures and (2) secreting dopamine to reward the learner with a sense of pleasure at the accomplishment. As we age, our supplies of dopamine and acetylcholine decrease, with the result of decreased attention, difficulty finding the right word, etc. Merzenich points out that most adults in their seniority have not really used their focused-attention capability since being in school. He has found that such adults can recapture their nucleus basalis by taking on significant learning tasks that require extended focused attention, such as learning a new language. He has found that learning new material in old age has a global effect on brain function (p. 87). But he emphasizes the word new. Just practicing what you already know won’t work. Learn a new language, a new dance. If you haven’t danced a particular step since your teen years, then dusting it off may be fun but won’t have the desired effect on the nucleus basalis—try learning a new step. This will improve not only general brain function, but also your sense of balance.


  Merzenich has formed a company, Posit Science (www.positscience.com), for the purpose of developing computer-based brain exercises. I tried one module of his “Insight” program. It presented rising and falling sounds of varying durations. The older we get, due to general loss of brain function, the longer the sound needs to be for us to identify whether it is rising or falling. My level was 43 milliseconds, above average for my 72 years. Supposedly, through their training program, my peers can increase not only specific processing skills like this auditory one, but general brain functioning, and, especially, the ability to focus attention.


  Merzenich is working not only on auditory and visual skills but on fine and gross motor skills as well. He discourages crutches, such as canes, as he feels they “hasten decline” (Doidge, 2007, p. 91). One suggestion is to maximize time spent barefoot, as wearing shoes over time deadens sensory perception and affects balance. Being barefoot reestablishes more accurate perceptions.


  Finally, Merzenich, perhaps as a balance for all this constructive learning, is developing programs to help in destructive unlearning: in other words, programs that help us erase undesired memories. Of course, this “mental eraser” (Doidge, 2007, p. 91) is aimed at obsessions, phobias, and post-traumatic images, not trivially bothersome memories such as being jilted. Ethical issues abound here. Another technique is constructive disuse (Doidge, 2007, pp. 134ff.), as in restraining a person’s right (good) arm to force use of the left (injured) arm. Edward Taub developed this therapy, calling it “constraint-induced movement,” or CI. In daily three-hour sessions, Taub begins simply, gradually, incrementally increasing the number and degree of movements in a kind of shaping process. Patients generally learn to not use certain mental processes and to use crutches instead. For example, if you can’t think of a name, you point to a picture. From an injury, a patient learns to not use the injured part and to use the crutch instead. Taub has them constrain the crutch, forcing them to use the function they have learned not to use. In one protocol, a patient who cannot think of names of things plays a card game in which they have to verbally identify the picture on the card, without the usual crutch of pointing to the item somewhere in the environment or pantomiming. Unable to call a book a “book,” they can call it “the thing I read to my kids,” but they can’t point to a book on the shelf. In other words, they learn to not use the pointing/pantomiming crutch, thereby forcing new neural connections.


  Taub has identified guidelines to effective CI training (Doidge, 2007, pp. 155ff.):


  1. The content of the training should relate to everyday living


  2. Use small increments


  3. The session should be concentrated, intense


  4. The tenure of sessions and total number of sessions should be minimal


  He calls intense training over a minimal span of time “massed practice.” He equates it to language immersion, where one can only speak the host language, thereby constraining one’s own language, i.e., learning to not use it.


  Taub has developed a computer-based program for patients who cannot make it to his clinic. It is called AutoCITE (automated CI therapy), and outside reviews have concluded that it is effective with minimal supervision.


  One of the core principles of neuroplasticity is the roadblock. Doidge writes: “People learning a new skill can recruit operators [i.e., existing neural processes involved in other skills] devoted to other activities, vastly increasing their processing power, provided they can create a roadblock between the operator they need and its usual function” (Doidge, 2007, p. 212; my italics). So, you literally need to block competing sensory inputs. As an example, when I encounter a particularly difficult passage while practicing my recorder—say, one full of arpeggios in Vivaldi’s Concerto for Sopranino Recorder, first I memorize the passage. Then I close my eyes in order to eliminate rival visual distractions so that I can better focus on my fingers and my ears. By putting up a roadblock to my visual distractions (e.g., birds, tree limbs swaying in the breeze, my kitchen, the bookshelves, and literally everything in my line of sight), I am able to focus all of my mental and physical resources on the task at hand. This would hold true for other kinds of distractions, such as getting away from strong smells (Jane is making turkey soup now—that certainly makes it difficult to concentrate) and eliminating tactile distractions (e.g., an itchy sweater).


  Building on Gage’s research with mice, Doidge (2007, p. 252) reports that exercise and new learning work hand in hand to nurture the brain. Exercise, aerobic exercise, results in new cells, while new learning protects cell integrity and extends cell life. He explains the former from an evolutionary point of view by associating aerobic exercise with traveling to new areas for food, shelter, raw materials, or safety. So, if you never traveled, you’d never need to learn anything new. Same old, same old. But when travel started, humans who were able to produce new nerve cells were at an advantage, as they could accommodate the new information in strange environments. So aerobic exercise (travel, evolutionarily speaking) and new learning (new plants, animals, terrains, people, evolutionarily speaking) are both necessary for optimal brain health.


  Doidge writes (p. 254): “Not all activities are equal in this regard. Those that involve genuine concentration—studying a musical instrument, playing board games, reading, and dancing—are associated with a lower risk for dementia. Dancing, which requires learning new moves, is both physically and mentally challenging and requires much concentration. Less intense activities, such as bowling, babysitting, and golfing, are not associated with a reduced incidence of Alzheimer’s.” Maybe you could bowl or golf with associates who speak a different language, and force yourself to learn and use their language! And, learn new dance steps with your grandchildren while babysitting!


  Doidge continues (p. 256):


  Nothing speeds brain atrophy more than being immobilized in the same environment; the monotony undermines our dopamine and attentional systems crucial to maintaining brain plasticity. A cognitively rich physical activity such as learning new dances will probably help ward off balance problems and have the added benefit of being social, which also preserves brain health. Tai chi, though it hasn’t been studied, requires intense concentration on motor movements and stimulates the brain’s balance system. It also has a meditative aspect, which has been proven very effective in lowering stress and so is likely to preserve memory and the hippocampal neurons.


  After reviewing the current research on neuroplasticity, here are my closing thoughts:


  •What are the limits of learned nonuse? For example, in behavior therapy, many people want to change their “personality”—some solitary people wish they were more sociable, some trusting people wish they were more skeptical, some driven people wish they were more laid back. For me, this is an ethical question: whether to accept one’s native temperament (more on that in chapter 30), or to try to change it. My recommendation is that a person not try to change a basic personality trait such as trust or gregariousness, but rather to focus on changing specific undesirable habits, such as smoking or cattiness. Rather than try to change one’s personality, work on finding a context (work, mate, interests, hobbies) that builds on one’s natural disposition (more on this at topic 34.2).


  •Most of the research showing successful rewiring has been on motor matters, such as regaining the use of a limb after a stroke. It remains to be seen whether these principles can, and should, be used on cognitive, emotional, volitional, and behavioral matters. The issue for me is, When do we accept who we are and when do we commit to change?


  •Research on behavioral matters does not report baseline measures. For example, Schwartz showed that 12 of 18 OCD patients successfully learned to control invasive thoughts, but he showed no relationship of these results to baseline traits, abilities, or physical or experiential variables. Is it not possible, for example, that higher levels of the Big Five trait C (for conscientiousness or consolidation—see chapter 30) might be associated with successful rewiring, or some other trait? Or is it not possible that diet, exercise, or weight could influence rewiring, with exercise providing more neurotrophins to support new synapses? And so forth.


  •Some are dissatisfied with aspects of the self that others would celebrate. For example, one more spontaneous person might wish for more discipline, while another more spontaneous person might celebrate that spontaneity through one or more ways they live out their life (e.g., through the arts, child care, recreation administration, consulting). One more disciplined person might wish for more spontaneity, while another might exploit their focus in the service of extraordinary goal attainment.


  •When is it more noble to accept how one is put together, and to find ways to build on it and ways to compensate for what one is not when one needs to? When is it more noble to work diligently to change something about the way one is?


  Here we get into the ethics of neuroplasticity. But first, let’s take a look at some brain basics.
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    Brain Basics

  


  
    
      	
        “We need education in the obvious more than investigation of the obscure.”


        —Attributed to Oliver Wendell Holmes Jr.

      

      	
        A Refresher Course in Hardware and Hormones

      
    

  


  Once upon a time there were only lizards and other such reptilian creatures. The lizard brain was simple, geared only to the maintenance of survival functions: respiration, digestion, circulation, and reproduction. Over evolutionary time, the leopard and other such mammalian creatures emerged. Extending out from the lizard brain stem, the leopard brain (now called the limbic system) added to animals’ behavioral repertoire the capacity for emotion and coordination of movement. This second phase of brain evolution yielded the well-known general adaptation syndrome (GAS), or fight-or-flight response (Selye, 1952). The evolutionary advantages of this syndrome are attested to by the disappearance of many reptilian species. The third phase of evolution was the learning brain—the cerebral cortex (see appendix A). This third and most recent phase of brain evolution provided the ability to solve problems, use language and numbers, develop memory, and be creative. MacLean (1990) refers to the three stages of brain evolution as protoreptilian, paleomammalian (early mammal), and neomammalian (late mammal). Figure 2.1 contrasts the three brain stages.
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  Figure 2.1. Two Views of the Evolution of the Brain


  (A) The dark area represents the earliest appearance of the brain, the lizard or reptilian brain; the shaded area, the leopard or early mammalian brain; the light area, the learning or late mammalian brain. (B) Alternate illustration of these levels of brain development.


  The millions of years of brain development from lizard to leopard to learner are repeated in each human embryo during the nine months in the womb. Thus, the development of an individual embryo (ontogeny) retraces (recapitulates) the evolutionary path of its ancestors (phylogeny). Scientists summarize this complex concept with those three words: “Ontogeny recapitulates phylogeny.” The consequences of poisoning the brain with drugs or alcohol during pregnancy can be seen in infants whose development was arrested or thwarted at the lizard or leopard level. More complete yet highly readable treatments of brain development and function are available in Hunt (1982), Restak (1984, 1988, 1994), Seung (2012), and Greenfield (1996); a detailed encyclopedia of information is available in Gregory (1987).


  Because this book is concerned with the day-to-day applications of brain science, I will not attempt to provide a complete physical description of the brain and all of its functions. However, for readers who would like to see where the various parts of the brain mentioned in this book are located, I have provided several illustrations in appendix A (such readers might wish to make a tab to that appendix for ready reference). It is not really important for you to know, for example, what the hypothalamus is or even what it does. I will dwell only on the physical aspects that you should understand in order to apply the ideas presented here to everyday life. Two such physical aspects are the reticular activating system and the synaptic gap.


  Two Key Features of the Brain: RAS and the Gap


  A kind of “toggle switch” controls whether the leopard brain or the learning brain is currently in charge. This toggle, the reticular activating system (RAS), is located in an area beginning in the upper brain stem and continuing into the lower reaches of the cerebral cortex (see figure 2.2). RAS switching appears to occur at one of two times: when we become emotionally charged up or when we relax. When we become emotionally charged, as in the fight-or-flight response, the RAS shuts down the cerebral cortex, or learning brain. For all practical purposes, when the cortex is shut down, we proceed on “automatic pilot,” where instinct and training take over. When the limbic system, or leopard brain, is shut down as a result of general bodily relaxation and removal of threat, the RAS switches the cortex back on and allows creativity and logic to return to center stage. The RAS is a large, diffuse neural process, and its effective functioning is important to both our personal survival and our ability to enjoy life.
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  Figure 2.2. Control Elements in the Brain


  The reticular activating system (A) serves as a kind of toggle switch to allow either (B) the limbic system or (C) the cerebral cortex (shown with the RAS and limbic systems) to be in control of the brain at any one time.


  Martin Moore-Ede, surgeon, physiologist, educator, researcher, consultant, and writer, talks about the nine “switches” that foster cortical alertness when activated (Moore-Ede, 1993):


  1. A sense of danger, interest, or opportunity


  2. Muscular activity


  3. Time of day on the circadian clock


  4. Sleep bank balance


  5. Ingested nutrients and chemicals


  6. Environmental light


  7. Environmental temperature and humidity


  8. Environmental sound


  9. Environmental aroma


  I would add to his list the following:


  10. Recency of stressful episodes


  11. Recency of aerobic exercise


  12. Environmental negative ions


  13. Degree of one’s self-perception as being in control


  If you are responsible for the overall effectiveness of a place of work, you might take this as a checklist for evaluating the degree to which that workplace fosters mental alertness. The overall effect of these switches is to influence our levels of alertness, described in figure 2.3.
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  Figure 2.3. The Brain Process at a Glance


  Another key feature of the brain is the synapse. The synapse is the point at which neurons, or nerve cells, connect with one another; its effective functioning is vital to our quality of life. A typical nerve cell is composed of a main cell body (with nucleus) and two branches, one outgoing and the other incoming, that serve as communication links with other nerve cells. The outgoing branch is called the axon, the incoming branch the dendrite. The axon and the dendrite both have many connector points, so that a neuron can receive many messages through its dendritic terminals and send different messages through its axonic terminals. The space where the axon of one neuron establishes a connection with the dendrite of another neuron is the synapse, or synaptic gap (see figure 2.4).
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  Figure 2.4. Basic Neuronal Structure


  The lower enlarged area shows the synapse in some detail; the upper area shows how it fits into the overall neuronal structure.


  Dr. Gabrielle M. de Courten-Myers, professor of neuropathology at the University of Cincinnati, worked with a team at the University of Lausanne in Switzerland to count the number of cells in the brain. The team studied brain slices from 11 cadavers over several years. Their findings:


  •The typical human brain has about 23 billion cells, not the 100 billion previously asserted.


  •Male brains averaged 2 billion more neurons than female brains, and the difference held proportionately in both hemispheres, unlike current thought that asserts that males and females have an equal number of cells.


  •Females have more neuropil—the fibrillar substance comprising dendrites, axons, and synapses that facilitates interneuron communication.


  What should we make of these findings? First, the differences in male and female brains is not negligible. Second, the difference does not necessitate differences in intelligence. Third, the difference could explain why more women have Alzheimer’s disease, as well as why men do better at spatial reasoning. Studies are under way to determine the significance of these findings—but, for the moment, I must retract my statement in the first and second editions of this book that the typical brain comprises 100 billion neurons.


  Within each synapse, hundreds of receptors on the dendritic side wait for the proper chemical to be exuded from its dedicated axon. These chemicals are ligands or, as Candace Pert calls them, “informational substances”; they comprise three groups of chemicals: neurotransmitters, steroids, and peptides. These informational substances move from axon to dendritic receptor in a “lock-and-key” manner, in which one type of receptor and that type alone can admit its dedicated ligand. A given synaptic gap can contain multiple types of receptors, but each individual receptor can only admit its unique ligand. Only an endorphin can attach to an endorphin receptor, for example; dopamine would bounce off it.


  Although synapses are extremely important, they represent only 2 percent of the total number of receptor sites in the body, with various kinds of receptors distributed far and wide, from the immune system to the gut, from the heart muscles to the gonads. In addition to synaptic transmission, ligands travel through intercellular space using blood and cerebrospinal fluid as a medium. This process is called chemotaxis (literally, “the chemical ferries itself”). Chemotaxis is the capacity of a cell that has a certain kind of receptor to detect, as if by radar, the presence of its ligands at some remote location within what Pert calls the bodymind. So, in addition to synaptic transmission, which is a direct form of intercellular connection, cells can connect, or communicate, by remote travel. The difference between synaptic transmission and chemotaxis is really one of distance. In the former, the ligand travels only microns, while in the latter the ligand travels inches, feet, or even meters.


  Just as the condition of the gap in an automotive spark plug is important to effective operation of a car, the receptors must be clean and in good condition for our nerves to work properly. You can clean the gap of a spark plug with a wire brush, and you can also clean the synaptic gap. Normal maintenance of the synapse is accomplished by the presence of calpain, a compound derived from calcium. Calpain acts as a kind of cleanser, dissolving protein buildup at the synaptic gap like a miniature PacPerson (remember the PacMan video game of the early 1980s in which a moving circular head gobbled a diet of dots?). The dietary sources of the cleanser calpain are dairy products and leafy green vegetables. Too little calcium in the diet results in protein buildup at the synapse, with resulting loss of mental performance (for example, memory) as the buildup interferes with the ability of neural messengers to “jump” the synapse. On the other hand, if there is too much calcium in the diet, the excess calpain itself begins to interfere with neural transmissions. One drastic solution to remove protein from the synaptic gap is electric shock. Studies have shown that for aged patients with severe memory loss, improvements in memory lasted up to six months following shock treatment. Additional suggestions for caring for the synaptic gap appear in table 2.1.


  
    
      
        	
          Table 2.1. The Care and Feeding of Synapses

        
      


      
        	
          Sources

        

        	
          Work Examples

        
      


      
        	
          Environmental richness

        

        	
          Posters; sculpture; paintings; variation in paint, drapes, wallpaper; puzzles; games (mental and physical)

        
      


      
        	
          Diet

        

        	
          Follow National Research Council’s Recommended Daily Allowances; do not eliminate fats, and avoid extremes of calcium (see chapter 7)

        
      


      
        	
          Snacks

        

        	
          For mentation: proteins and complex carbohydrates For relaxation: simple carbohydrates and fats

        
      


      
        	
          Exercise

        

        	
          Aerobic exercise 4–5 times per week

        
      


      
        	
          Atmosphere (such as ions)

        

        	
          Encourage fresh air for invigoration, not simple carbohydrates or caffeine; use air purifiers

        
      


      
        	
          Breaks

        

        	
          Encourage breaks after each learning episode (at least every 1½ hours)

        
      


      
        	
          Habits

        

        	
          Make new learning the organizational norm: skills, games, tapes, languages, names and faces; openly acknowledge and reward suggestions for improvement and new learning

        
      

    

  


  In a sense, RAS switching is the major determinant of our primary strategies from situation to situation (proactive-cortical vs. reactive-limbic), whereas the conditions of the synaptic gap and ligand receptors generally determine the effectiveness of the tactics we employ (memory, logic, creativity, movement, coordination, perception, and so on). The consequences of ineffective RAS switching are devastating. Recent studies have revealed tumors in the brains of some criminals. These tumors are hypothesized to have prevented RAS switching from the limbic system to the cortex, thus maintaining a level of rage behavior. In 1980, in Sacramento, California, a man turned himself in to authorities after repeated violent outbursts. His physician discovered that a tumor was causing pressure in a way that sustained limbic arousal. After surgical removal of the tumor, the pattern of rage disappeared. Apparently, the tumor had caused this man’s RAS to lock up. Experimental efforts (Restak, 1984) to create the same type of uncontrollable rage have been carried out by implanting electrodes into the brains of bulls and cats. Activation of an electrode is the equivalent of constant pressure from a tumor. By simply turning a switch on or off, experimenters have turned rage and aggression on and off. An implanted cat in the middle of attacking a mouse would instantly turn friendly when the experimenter turned off the switch.


  Neurotransmitters: The Alphabet of Personality


  So, we are born with 23 billion brain cells, or neurons. But it is not the number of neurons itself that determines our mental characteristics; it is how they are connected. Each cell reaches out to other cells through its axon (it “acts-on” other cells), with endpoints of the axon pairing up with receiving points on the dendrites (“end-right”) of neighboring cells. Each neuron is connected to hundreds of other neurons by anywhere from 1,000 to 10,000 synapses. Edelman (1992) estimates that it would take some 32 million years to count synapses in the cerebral cortex alone.


  Learning is defined as the establishment of new neural networks composed of synaptic connections and their associated chemotaxic patterns. Gary Lynch of the University of California, Irvine, is one researcher who has confirmed that new synapses appear after learning. It is the density of the brain, as measured by the number of synapses, that distinguishes greater from lesser mental capacity. Ira Black (1991) defines knowledge as the “pattern of connectivity” between neurons, and learning as modifications to this pattern of connectivity. Only 10 years ago, it was thought that learning consisted solely of the formation of new synapses. Today we regard the synapse as the structural center but acknowledge the vast intercellular movement through blood and cerebrospinal fluid as a coequal player in the learning process. The number of synapses and their condition, the circulatory system, and the cerebrospinal fluid form the stage upon which our electrochemical language plays out its drama. The alphabet of its physiological language is composed of over two hundred ligands.


  The ligands are secreted by nerve cells, immune cells, and other cells that affect the formation, maintenance, activity, and longevity of synapses, neurons, and various organs. They are like the letters of the alphabet, with their “words” corresponding to behaviors. As words are composed of letters, with individual letters having predictable phonetic effects and groups of letters having predictable semantic effects, so behaviors are composed of ligand activity, with individual informational substances having predictable physiological effects and groups of them having predictable behavioral effects.


  The ligands create two broad categories of effect: excitation (or activation) and inhibition. For example, one neurotransmitter will activate sleep and another will inhibit it. Drinking milk will trigger the release of melatonin, the neurotransmitter that activates sleep (and, along with the neurotransmitter serotonin, depression), but eating chocolate, which contains caffeine, will interfere with sleep. Still other chemicals serve as neuromodulators, affecting the intensity of excitation or inhibition. Intensity of transmission is measured by the action potential, an electrical charge with wave properties (see figure 2.5). In the figure, Jane has a lower threshold for tasting salt (that is, she doesn’t need as much for the same effect) compared to Janet. The potential for a “too much salt” response is not activated unless Jane’s threshold is crossed.
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  Figure 2.5. The Action Potential


  The nature of the action potential is a key to understanding individual differences. Neurons don’t even fire (react to a stimulus), for example, if the stimulus is too weak to cross the response threshold. The threshold for activation of a particular neuron is determined by a complex interplay of one’s genetic code, physical condition (tired, pained, alert), and environment (noisy, light, cold, stimulating). Thus, although ligands constitute a kind of alphabet, other factors affect the nature of neural communication, in much the same way that volume, pitch, and speed affect how our spoken words are understood. I once counseled a young female manager who felt that she was being passed over unjustly for promotion to a field management position. Her manager declined her requests, saying that she was too valuable to be promoted. Her manner was so contrite that I speculated to her that her manager had most likely not heard her pleas for promotion; her voice and emotional level had not crossed his “threshold” for acknowledgment. She practiced a more forceful presentation, delivered it to her manager, and was promoted within days!


  Neurons average about three informational substances apiece: some may contain channels for only two, while others may have channels for five. Because each ligand can exist in a continuum of states—weak, medium, and strong—the types of information transmitted in one synapse can range from a dozen to a thousand. I have often thought of the human personality not as a computer but rather as something of a giant equalizer (see chapter 30), the contraption stereo buffs use to modulate and transmit sound from their records, tapes, and CDs. Surely you’ve seen those electrical units with their levers and gauges hooked up to a stereo system. Well, the levers of the equalizer are analogous to the informational substances: one affects the quality of sound, the other the quality of behavior. A little less serotonin and more testosterone, a little less of the endorphins, the body’s own tranquilizer—now we’ve got a real Bengal tiger on our hands! Add more serotonin—ah, now we’re purring.


  But this process is complex. Don’t let my effort to simplify it obscure the vast interconnectedness of cells, chemicals, and systems. Black (1991, p. 37) writes: “Consideration of synaptic transmission has illustrated that the synapse is hardly a simple digital switch, enslaved to a few, simple physiological variables. Quite the opposite occurs. Synaptic communication is a remarkably flexible and changing process, subject to modification by intraneuronal, extraneuronal, local microenvironmental and even distant regulatory mechanisms.”


  Black goes on to describe the range of complexity of a single neuron. My summary of his description follows:


  •Circuits of neurons are electrochemically coded.


  •The circuits of a single neuron may use from two to five transmitters, or coded signal types.


  •One transmitter may respond to stimuli independent of other transmitters.


  •Each transmitter has multiple states (from two or three discrete states to a continuous state).


  •So, for example, four transmitter types with three states each (weak, medium, and strong) would possess the potential for 81 distinct neuronal states.


  •The number of neuronal states for a typical neuron may range from just under 100 to the thousands.


  •Multiplying these numbers by 1011 neurons gives you some idea of the complexity of the system.


  Following are some of the informational substances that appear frequently in the literature:


  Norepinephrine (also called noradrenaline). This serves as a kind of “printer” that fixes information into long-term memory and helps establish new synapses associated with memory. Rats deprived of norepinephrine can still learn but can’t remember. The release of norepinephrine as a result of sympathetic arousal in the fight-or-flight response explains why we so vividly remember information related to moments of shock, fright, or anger.


  Calpain. This neurotransmitter serves as a cleanser when it is released by calcium into the synaptic gap.


  Dopamine. Dopamine’s performance is multifaceted, with various researchers arguing for rival primary roles. Previc (2009, p. 16) concludes that dopamine is primarily associated with six skills:


  •Motor coordination


  •Working memory


  •Mental flexibility (as opposed to rigidity)


  •Processing speed


  •Creativity


  •Space/time reasoning


  Too much dopamine is one of the causes of schizophrenia, whereas too little dopamine is associated with Parkinson’s symptoms. Higher levels of dopamine are also associated with creativity, the ability to imagine visual scenes in one’s head, and the tendency to ask “what if ...” questions.


  Endorphins. Literally, this is the “morphine within” the brain, serving as a tranquilizer and analgesic. It is released in the presence of pain, relaxation exercises, vigorous exercise, and hot chili peppers. Frank Etscorn, of the New Mexico Institute of Mining and Technology, injected endorphin blockers into the bloodstreams of jalapeño pepper eaters. The result was sheer agony. Hot chili peppers are not enjoyable without endorphin release.


  Serotonin. Low levels are associated with depression, while increased levels are associated with sleep and relaxation. Serotonin is an amine that is metabolized from the amino acid tryptophan, which is produced in the pancreas by the hydrolyzing action of the enzyme trypsin on proteins. Serotonin constricts blood vessels and contracts smooth muscles; it and norepinephrine are both associated with the RAS switching mechanism: extreme levels prevent flexible switching. Serotonin is being closely observed in research on depression. While serotonin levels appear to be consistently related to depression, it cannot act alone in influencing depression. (In a 1983 UCLA study, a higher-than-average level of serotonin was found in dominant male vervet monkeys and in officers of college fraternities!)


  GABA. GABA (gamma aminobutyric acid) is an inhibitor. When low levels of GABA are found in combination with low levels of serotonin, we have a recipe for violence and aggression. High levels of serotonin and GABA are associated with passive behavior. Franklin (1987) reported that levels of GABA drop while a person is watching violence in action, thus setting the stage for possible increased personal aggression.


  Glutamate. Glutamate is the primary excitatory neurotransmitter. As a mnemonic, associate glutamate with a “glutton” for action, or the “gluteus maximus” buttocks muscles, signifying action.


  Acetylcholine. Acetylcholine is a neurotransmitter metabolized from dietary fat (fat → lecithin → choline + cholinacetyltransferase → acetylcholine). It is absolutely essential to the health of the neuronal membrane: the cell wall becomes brittle without it. It is also necessary for activating REM (rapid eye movement) sleep, the stage of sleep in which we dream. That is why a minimum level of fat is necessary in our diet (see chapter 14).


  The Two Sides of the Brain


  Volumes of research have documented the specialization of function in the two hemispheres of the brain, and this topic has captured the imagination of the reading public. Yet the practical, day-to-day implications are few. In addition, many of the findings are exaggerated, with fantastic conclusions drawn from scant data. We do know that the “left brain” (in right-handed individuals, at least) is the seat of language, logic, interpretation, and arithmetic, whereas the “right brain” is the seat of geometry, nonverbal processes, visual pattern recognition (faces, lines), auditory discrimination, and spatial skills. The left brain is used more when examining details, the right when considering the big picture. We know that the left hemisphere governs activity on the right side of the body and the right hemisphere governs activity on the left side. We know that people of all ages inwardly exhibit measurable left-brain activity when they outwardly engage in approach behaviors, cheerfulness, and other such positive emotions. Avoidance behaviors and negative emotions, on the other hand, are associated with activity in the right brain (Fox, 1991). Further, we know (Geary, 1998, pp. 265–268) that with respect to language, males use most areas of the left hemisphere. In other words, scans show diffused patterns throughout the left hemisphere during language use. On the other hand, females show more concentrated focal points of brain activation, and in both hemispheres. With respect to spatial skills, males use the right hemisphere, females use both. Many excellent summaries of this research are available (for example, Gazzaniga, 1985; Hugdahl, 2010).


  
    Note: When you see cross references to other sections of this book, you may benefit from taking time now to read them; they provide information that will deepen your understanding of the current material.

  


  Recent studies (Previc, 2009) have revealed that specific neurotransmitters dominate in each of the two hemispheres. Dopamine and acetylcholine hold sway in the left. These two chemicals are noted for their association with abilities in language, mathematics, and reasoning. In the right hemisphere, seat of emotions and nonverbal processes, serotonin and noradrenaline dominate. Researchers assume that the prominence of these neurotransmitters in their respective hemispheres explains each hemisphere’s unique capabilities.


  Although an abundance of literature is available on hemisphericity, the primary applications of its findings relate to medical and pharmaceutical research-and-development departments. Those of us out on the street can get little more than interesting poetry. A few everyday applications are available. For example, there is some evidence that talking, in and of itself, promotes positive emotions. If you know people who need cheering up, find ways to engage them in conversation, either actively or passively: go to a movie or carry on a conversation with a sick friend. There also is some evidence that artistic activity serves as a vehicle to express negative emotions. So if you know people who need to deal openly with negative emotions or experiences, try artistic, nonverbal modes of expression. However, to make a big deal, for example, out of “teaching to the right brain” makes appealing to one’s creativity sound like something new. Hemisphere research has only confirmed that we have a more creative side and a more linear side.


  Brain Waves and Conscious States


  The nervous system transmits electrical signals. One way of describing the level of electrical activity is by categorizing the frequency of the “waves” that are generated in an electroencephalograph:


  Beta waves. Above 11 cycles per second (Hz); associated with the wakeful alertness known as attention and arousal.


  Alpha waves. About 9–11 Hz; associated with resting quietly and meditating with the eyes closed; alpha waves typically move back up to beta waves when eyes reopen.


  Theta waves. About 4–8 Hz; associated with light sleep.


  Delta waves. Under 4 Hz; associated with deep sleep.


  References to these four kinds of brain waves will appear throughout this work. An acronym for remembering the sequence is “Brains are thinking daily”—BATD.


  The Use of Animals in Human Research


  Both ethical and scientific questions surround the use of animals in human research. The benefits that humans derive from
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