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This book is dedicated to three of the great pioneers and innovators—whose lives spanned the twentieth century and who lived into the twenty-first—who have made our field possible:
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Elmer Green, who first hooked up yogis and explored the boundaries of science and mysticism.
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Joe Kamiya, who discovered brain wave discernment and thus empowered a new discipline for Psychology.
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Hershel Toomim (right), who invented machines, both practical and healing, to bring new dimensions to biofeedback therapy.

THE NEUROFEEDBACK SOLUTION
“Clearly written and exciting in scope. The contributors assembled here represent the ‘who’s who’ in research-based neurofeedback. They pioneered the use of sophisticated technology and developed effective protocols to treat a variety of disorders.”
LES FEHMI, PH.D., DIRECTOR OF THE PRINCETON BIOFEEDBACK CENTRE, DEVELOPER OF OPEN FOCUS TRAINING, AND AUTHOR OF THE OPEN-FOCUS BRAIN
“This book comes close to having it all: the past, present, and future of neurofeedback and neuroplasticity; the theories; and the stories of real people who, using neurofeedback and related technologies, discover and rediscover their true humanity and higher functioning. Here is the humanity with the technologies, and the technologies with the humanity.”
LEN OCHS, PH.D., FOUNDER OF OCHSLABS AND THE LENS TECHNIQUE
“The brain can do far more for itself than drugs or other invasions, and the possibilities and realities are brought forth herein. The wisdom to self-regulate is contained in every brain. Larsen introduces a host of pioneers who are forging the future in this important emerging discipline.”
THOMAS COLLURA, PH.D., BIOMEDICAL ENGINEER, NEUROPHYSIOLOGIST, AND FOUNDER AND PRESIDENT OF BRAINMASTER TECHNOLOGIES
“Stephen Larsen has done an amazing job of pulling together state-of-the-art neurofeedback treatments into an easy-to-read book that will be useful to experts in the field as well as the general public. Those already doing neurofeedback as well as those with no background at all can learn from this book.”
JEFFREY A. CARMEN, PH.D., LICENSED PSYCHOLOGIST AND CREATOR OF THE EZPIR HEG NEUROFEEDBACK SYSTEM
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FOREWORD
Nancy White, Ph.D., and Leonard Richards, Th.D.
In his second book about neurofeedback, Stephen Larsen takes us further into the fascinating odyssey of this promising field: its birth, its adolescence, and now the dawn of its emergence into a mature treatment modality. The story the author tells us here is far from the final chapter in this rapidly developing discipline, and his current work chronicles significant aspects of neurofeedback’s grown-up life: what it has become and what it can do today. Attention is duly given to the knowledge, understanding, and inventiveness that current practitioners have gained by “going to school” for a generation, under the tutelage of the field’s original researchers—to whom this book is dedicated. Like Dad finally giving us the keys to our own car, today’s practitioners are taking the results of their mentors’ toil and driving more skillfully and safely into the future.
Important research findings in neural science regarding the physiology and functioning of our brains corroborate and support the findings of neurofeedback researchers—conducted for the most part without the extravagant funding available for more conventional projects—to provide an evidence-basis that gives the field greater acceptance than ever before. Stephen Larsen chronicles some of these developments, devoting an entire chapter (chapter 2) to the mainstream neuroscientific underpinnings of neurofeedback.
This field didn’t always have the level of acceptance it does today. I (Nancy White) was one of the first professionals who brought neurofeedback from research into daily clinical practice; this began in the 1970s. Back then, many in the medical establishment treated neurofeedback with disdain, if not outright derision. On more than one occasion a parent reported to us that her child’s pediatrician told her not to bother with neurofeedback because she was “wasting her money.” They found otherwise when they proceeded with neurofeedback therapy and their children improved markedly. At the end of an interview we gave to Houston’s business newspaper in the mid-1990s, a well-known local psychiatrist was asked to comment; he laid waste to the entire article with his own relatively uninformed negativity. But today an entire section of his practice is devoted to neurofeedback.
On another occasion in the early 1990s we attended a dinner party in the elegant gardens of a friend’s home. At our table sat a much older couple; the man introduced himself as a neurologist who remembered Houston’s venerable Medical Center “when it was a corn field.” At some point in the conversation he turned to me and asked, “And what is it you do, my dear?” I replied that we trained people’s brains to improve neural function, at which point the old doctor pulled his glasses down on his nose and with a stern look said, “Poppycock, my dear, you can’t train brains!”
Today, neurofeedback is conducted on a small scale at Baylor College of Medicine in Houston and at the University of Texas Medical Branch in Galveston. In our own clinic, we offer a variety of neurofeedback and related treatment modalities to improve brain function—in cases ranging from ADHD through traumatic brain injury to Asperger’s and autism. How we use these modalities is guided by a wide range of testing and diagnostic tools, recently developed but increasingly accepted as reliable in the mental health professions.
We’re a long way from the old-fashioned brown box with the 1970s blinking light, which signaled “feedback.” Today’s venues may be the similar but the conversations are growing in sophistication and confidence. That’s how far the field of neurofeedback has come and that’s how much the rapidly growing body of research gives evidence of its efficacy.
And outcomes of this marvelous adventure are what Stephen Larsen gives us in this book.
More than a sequel to his earlier work, The Healing Power of Neurofeedback, this offering, The Neurofeedback Solution, takes us much further, much deeper, into this fascinating field. The distinguished professional contributors in this volume lay out salient aspects of today’s neurofeedback in detail, but they do so in an accessible and conversational tone, despite the technical details included. We’re introduced to a spectrum of areas in which neurofeedback has shown itself to be truly helpful. We believe neurofeedback can be life-changing, for ourselves, for loved ones, and for the many people so obviously helped by it, from difficult conditions otherwise unresponsive to conventional treatments.
At the very end of this book, we are given brand new perspectives on the mysterious field of consciousness itself—from a neurofeedback perspective—with Stephen interviewing some of the foremost brain wave experts in the world; they help us to understand the relationship between the brain and human behavior, at ever-deeper levels. This entire book gives both detailed science and warm and engaging human wisdom on how our minds work and how we can heal ourselves. You can trust that the science is sound, but you will not bog down in its details, because the overall message is so accessible and so universally human.
Enjoy!
NANCY WHITE AND LEONARD RICHARDS
NANCY WHITE, PH.D., QEEG, BCN Fellow, is cofounder and clinical director of Unique MindCare in Houston, Texas (formerly The Enhancement Institute). She is a past president and board member of the International Society for Research and Neurofeedback (ISNR), a consulting editor of the Journal of Neurotherapy, a member of the Quantitative EEG Certification Board, and a frequent presenter at professional conferences internationally. She has published a number of research articles and is a contributing author to the first and second editions of Introduction to Quantitative EEG and Neurofeedback (Academic Press 1999, 2009). She lives in Houston, Texas, with her professional and life partner, Leonard Richards.
LEONARD RICHARDS, M.B.A., TH.D., is a clinical associate at Unique MindCare, specializing in deep-state neurofeedback therapies for addiction, depression, anxiety, and post-traumatic stress disorder. In private practice he serves as a coach to senior executives and entrepreneurs. He has chaired or served on a number of charitable and educational boards. He has also written a number of magazine and journal articles, is a contributing coauthor to Introduction to Quantitative EEG and Neurofeedback, Second Edition, and coauthors research articles with Nancy White and others. He lives in Houston, Texas, with his professional and life partner, Nancy White.

INTRODUCTION
WHY ANOTHER BOOK ON NEUROFEEDBACK?
Why indeed? Simple answer: Neurofeedback is at the cutting edge of mental health care. Neurofeedback is one of the few evidence-based alternatives to pharmaceutical approaches. Neurofeedback helps people perform at the top of their game in an increasingly challenging world. Neurofeedback is about brain-computer interface—as in science fiction. In short, neurofeedback is a very “happening thing.”
We are referring to the human biocomputer talking to a silicon chip–type computer, just like “Hal” in 2001: A Space Odyssey. Much like Michael Knight’s talking car on the old TV show Knight Rider, the human brain talks to the machine, and the machine extends the reach of the brain through information it couldn’t quite get on its own—about its own vital functioning!
Miraculous as the capabilities of the machine are, without the “higher power,” the human consciousness directing it, it is basically useless. The robot can both do much more and much less than the human being can do. In biofeedback, if we hook ourselves to a machine, it can tell us things about ourselves we don’t know—about our temperature or blood pressure; and in neurofeedback—about our brain waves. Who out there knows when they are producing a certain brain wave? (But we know the effects of the shifting kaleidoscope of our brain energies—we are sleepy, we are alert, we are anxious, we are deeply engrossed in an inner fantasy.) We are also learning that we have to give our mechanical servant the right kind of instructions, skillful instructions, so it knows how to talk back to us politely and intelligibly, so we can learn from our own creation.
Some have likened the cyberrevolution to a genie that has not only gotten out of the bottle, but is now is talking back to us, in global surveillance systems and automated menus on telephones and computers that drive us crazy! We’re supposed to be in charge, and the Frankenstein monster is abroad, in every mall, in our cars, on our cell phones, and in our e-mail. It is an open question whether our creature will ultimately help us or kill us.
There is an old Chinese curse: “May you live in interesting times!” This is a very interesting time! (In case you haven’t noticed!) In biofeedback and neurofeedback, there is a focused attempt, by lots of very smart people, to create healing robots. We can learn about the brain from computers, and computers, after all, were built by—and are children of—the brain. If we expect our children to learn from us, can we learn from them? Can we form a healing partnership with our own creation?
I think we can.
My first book on this same subject, The Healing Power of Neurofeedback, was published by Healing Arts Press in 2006. I am told my book has played its own small part in helping the intelligent general public learn about neurofeedback and make their own better-informed decisions about whether to avail themselves of this gentle, noninvasive treatment method that can ameliorate many problems involving the nervous system—problems that lie in a zone not so well addressed either by the dominant medical paradigm or by traditional psychotherapy.
Healing Power concentrated on the LENS (Low Energy Neurofeedback System), the cutting-edge brain technology I have both learned from and contributed to over the last decade and a half. The LENS can sometimes provide breathtakingly short courses of treatment, sometimes even for intractable-seeming problems. I am told that thanks to the book and the wider visibility it afforded the LENS, there are now twice as many practitioners as there were, worldwide, and they bring to the field their own art and science; this book in part reflects their contribution.
In much the same way as Healing Power brought together clinicians and brain theorists, this book brings together a whole new colloquy—very much not the “same old, same old.” There is not only new equipment but also new protocols for established equipment (as is described in later chapters), as well as whole new theories accounting for how this healing modality called “neurofeedback” actually works. Moreover, the clinicians, and the whole science itself, are in a state of development and transformation—as people realize its incredible healing potential. While in the earlier book I tried to honor the historically significant contributors who led up to the development of the LENS, as well as Dr. Len Ochs’s own contribution to a whole new direction in neurofeedback, the LENS remains a small enclave within a field that itself is not that large, and the field itself has been involved its own complex evolution.
The good news is, you don’t have to have read either book to understand the other, and I have deliberately written them so that each stands alone on its own merits. Healing Power examined neurofeedback up until 2005 (when the manuscript was turned in), and The Neurofeedback Solution details the developments from that point onward. Also, while Healing Power focused on the LENS as the culmination of neurofeedback to that time, as I believed it to have been, The Neurofeedback Solution focuses on what has happened since that time, as more people than the founder see the possibility of the method and write their own protocols, or use the LENS in combination with other methods.
In effect, since the turn of the millennium, there has been a kind of quantum explosion in this exciting field of brain-healing technology. As I prepared to write this book—attending conferences and talking to the innovators, who are both clinicians and innovative computer geniuses who are making it happen—I was “blown away” again and again by the rapidity with which our knowledge base is expanding. There is a whole new breed of scientist whose purview reaches beyond solid-state circuitry into mathematics, physics, probability theory, neuroscience, and healing. Talk about new “Rennaissance men” (and women)! As knowledge expands, the humans trying to grok it (Robert Heinlein’s word in Stranger in a Strange Land) are able to master unique and useful ways of deploying that knowledge—for healing and consciousness exploration. The age of specialization has yielded to the age of dialogue—and synergy; it is nothing short of what teenagers call “awesome!”
I am humbled by the vastness of the evolving knowledge base about the brain that I have explored to write this book. I gassho to the many brilliant thinkers I have interviewed and taken seminars with, and I recognize how many people there are who know much more than I do. Understanding this, I had to identify my own role and find my own voice, as it were, as a (hopefully useful) expositor of a quantum technology. Only your feedback after reading this book will tell me if I have been successful. (I have only been willing to try because of some very nice feedback I have gotten in the past.) In fact, the magical utility of feedback is the theme that runs throughout this approach to healing the brain and the mind. Below you will find some basic terms that are used throughout this book; I also want to add that there is a list of acronyms in the back of the book, which you should refer to, as well as a compilation of neurofeedback resources for the interested reader. Please also know that the “Conclusions” at the end of the various chapters are my own.
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A Definition of Basic Terms
Biofeedback: Any machine-mediated, often electronic device that feeds back to an organism information or a signal that helps the organism learn or change something.
Neurofeedback: A brain-based form of biofeedback, usually using brain waves. There are many schools of neurofeedback, each with its own protocols.
The LENS: The Low Energy Neurofeedback System developed by Dr. Len Ochs, which uses subliminal (radio frequency) signals to produce dramatically rapid results. Can be used to treat small children and animals, as well as adults.
Operant conditioning: A reward-based system of learning, in which an organism must discriminate between stimuli in order to obtain the “reinforcement.”
Classical conditioning: A type of learning based on the innate, nervous system–based responses of the organism.
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ONE
WHAT IS NEUROFEEDBACK?
The Helpful Little Robot
A biofeedback machine is a type of helpful little robot. First thing, it doesn’t lie.
Any psychotherapist knows how beautifully defended most people’s psyches can be—in the service of preserving the status quo—even if their way of being in the world is making them sick and crazy. They may fiercely hang on to what seems to everyone around them a “neurotic” set of compensations—some would call them “symptoms.” That is why some psychotherapists have to use really sneaky techniques to effect therapeutic change—hypnosis, Neuro-Linguistic Programming, even years of (expensive) psychoanalysis. (That’s why some therapeutic environments count on group therapy, because really well-defended people, like alcoholics or sociopaths, can defeat the attempts of even the most skillful therapist, and it takes a “whole group” to bring about positive change.)
But now imagine that the therapist has “a little helper,” who everyone knows tells nothing but the truth. In fact, he is a robot—so you can’t argue with him or deny what he says. Years ago a patient who was herself a psychotherapist came to me for a consultation. After years of therapy, including some of the most cathartic and expressive approaches, which were very popular at the time—such as bioenergetics, psychodrama, and even “primal scream” therapy—she was possibly worse, but certainly no better. Some of the most skillful veterans in our therapeutic community had tried with her—and failed.
In our first psychotherapy session, she readily got in touch, once more, with her primordial angst—the “emotional self ” she called her “inner child.” Just think, a few skillful questions, and this patient was in touch with her primal pain. (That’s the point at which, off guard, you could say to yourself, “What a good therapist I must be—to have gotten to the problem so quickly!”)
But I did my own usual kind of “proprioceptive” biofeedback. How did I, the therapist, really feel inside as my client was having her dramatic catharsis? Was I feeling empathic, vindicated in my approach, and as if I had really accomplished something?
No, I actually felt bored, and maybe a little bemused at the spectacle (which is not my usual response to a patient in distress). Then I remembered my little helper I had just brought over from the college biofeedback lab.
“Would you mind if I just hooked you up to a little robot?” I asked. Astonished, she stopped the emotional pyrotechnics for a moment, and agreed. I hooked her to a GSR or skin galvanometer (at the heart of the classic “lie detector” test).
I then invited her to resume, and she willingly obliged—it was a very familiar therapeutic MO for her, and she jumped back in.
But the little robot was absolutely unimpressed. According to the GSR machine, she was flatlined, as if there were no genuine (physically arousing) emotion at all.
I gently confronted her with the disparity. I hinted that the “abreaction,” the emotional discharge, instead of being therapeutically useful, might be a learned response to the environment (the privilege of working with psychotherapists who embrace the emotional-discharge school of therapy).
Instead of the kind of shrill doubling of the emotional output, as had happened in the past when discerning psychodynamic therapists had accused her of “secondary gain”—that is, “getting something” out of the emotional display (like attention)—she sighed, shrugged her shoulders, and said, “Oh, well.” (How do you argue with a “little robot” who always tells the truth?)
We were able to begin some far more useful and insight-yielding therapy from that point onward, with a far more appropriate affect that fluctuated within normal bounds.
Biofeedback and neurofeedback skate elegantly between the paradigms of psychopharmacology and psychiatry on the one hand and psychodynamic or behavioral psychotherapy on the other. Relying neither on medicines nor on lengthy talking analyses and interventions, it does a third thing. It hooks someone up to a machine, which is neutral. The machine puts no one on drugs, nor does it analyze one’s Oedipal dilemmas or “flawed reinforcement history.”*1 Instead it says, “You have a lot of muscle tension” (EMG) or, “Your hands are freezing and your head is on fire—which is fueling that migraine!” (temperature biofeedback). Or, “Your brain waves are similar to those we have seen before with head-injury patients” (EEG or neurofeedback). “Can you think of any traumatic brain injury you forgot to tell me about?”
It is a different form of communication, and invitation to response, that the little robot offers. It does not say: “Improve your attitude” or “Think positively,” things one can fail at; it simply says: “Turn on this tone, or that animation, or play that movie with sound—and some good things might happen.” Succeeding or failing is not limited to whether you are a good responder to this or that drug, nor whether you are a compliant or insightful psychotherapy client. Instead, success is predicated on how much you can produce this result, or play this little computer game (say Pac-Man).
What a wonderful alternative to the terrifying obligation to get better by having to change oneself in all kinds of ways (reform programs often doomed to fail, psychoanalysis, where one “doesn’t get it,” or a behavior modification program in which one is lax or inconsistent). The biofeedback is more immediate and less cluttered with sociocultural baggage.
Change this light, make this music or video play, and in effect learn to trust the thing inside you that can do that; making it happen like a miracle of which you don’t understand the agency, but which is real nonetheless. The implicit value system of biofeedback agrees with the fundamental tenets of psychoanalysis or behaviorism. It says, “Yes, you are capable of affecting the unconscious mind”—even “classically conditioned” reflexes you felt totally helpless to control. Try this little piece of self-influence, and see if anything changes in the relationship with your unconscious mind—on which you depend for nine-tenths of everything you do anyway. Without the vaguest idea of how to produce what you would like to happen, you do it anyway—and thus are in sync, and in a pretty good rapport with the terra incognita inside. Biofeedback opens avenues to dialogue with the unconscious in which you are not simply “fighting yourself ” but are open to influencing not just the unconscious but your relationship to it. There will be more discussion on this in the clinical examples that follow.

The Existence of Brain Waves
The very existence of brain waves was not really described systematically till the end of the 1920s, by Dr. Hans Berger. During World War I, Berger was almost killed in a military operation by a runaway piece of military equipment. His sister, many hundreds of miles away, showed an inexplicable knowledge of the fact that her brother had almost died—at the very time of the near-accident. Berger, of a scientific mind, set out to probe the inexplicable. Using an extremely primitive string galvanometer, he measured the oscillatory waves that could be recorded through the skull and scalp. These are measured not in thousandths but millionths of a volt—called “microvolts.”
Berger gave the first waves he found, all over the scalp, the name alpha, after the first letter in the Greek alphabet. In turn, the other brain wave ranges were discovered. Beta is a faster frequency associated with mental effort and thinking (also anxiety). Delta, the slowest frequency, is found in abundance in deep sleep, and it also indicates injury or deep kinds of depression. Theta is the gateway frequency that seems to connect the conscious and the unconscious mind. It appears in the hypnagogic and hypnopompic states that lead into and out of sleep and is also found in hypnosis, mystical experience, and deep reverie—as well as attentional problems.
All this is covered in basic neurofeedback books and in The Healing Power of Neurofeedback, which also shows how different schools of thought applied different training procedures up till the discovery of the LENS. This is fascinating, because the LENS does not reward or signal out a specific range for training; it stimulates the dominant frequency at an offset (a frequency measure in Hertz or cycles per second), thus allowing the brain to self-regulate.
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Fig. 1.1. Classic chart of brain waves
This book includes many wonderful stories and cases from the LENS as the treatment modality I know best, but it also takes a second look at traditional neurofeedback and the amazing things we can learn from going right to the source, in our biofeedback command-central, the brain itself. Later in this book we will look at how basic neurofeedback can be used in multiple ways: to supplement or follow the LENS; to work with traditional—or, as it is called, “peripheral”—biofeedback (such as heart rate variability or muscle tension); and to work with new technologies that use something other than “waves” to talk to the brain (such as “slow cortical potentials”) and the simple dynamic of blood flow to the brain (HEG, or hemoencephalography). In short, since the publication of my first book
on this topic in 2006, this field has not been idle; instead it is growing
with the technology, particularly the brain-computer interface technology.
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Fig. 1.2. Electric fields of the brain. Cortical surface regions where 
alpha
rhythms were recorded in a large population of epilepsy surgery patients
are indicated by wavy lines. The dotted region near the central motor strip
indicates beta activity. EcoG activity was characterized by counting zero
crossings before Fourier transforms were used in EEG. Reproduced from Jasper
and Penfield (1949).

Surfing the Waves
I’m working on this book on my brand new Apple computer. I wasn’t
sure I wanted to learn a new computer technology; after all, I’ve been
with Windows for years, and it’s all ploddingly familiar. But I wanted a
different tool to work on this book: zingy, versatile, with good graphics
capabilities. Besides, I wanted a rugged little machine with a good battery
that I can carry anywhere, on the Trailways bus, or at the airport, for
when inspiration comes calling.
Great idea, but can old dogs learn new tricks? I’m in my late sixties, and here I am, standing in front of this kid who can’t be more than twenty, a third my age, and he’s an Apple “genius.” Now he’s showing me all kinds of things I never saw before: unfamiliar icons, little guitars and palm trees and stamps in a strip at the bottom of my computer. My mind is racing to take it all in.
I recognize the state: just short of anxiety, but with a unique acquisitive energy to multiprocess information, a little like surfing on a big gnarly wave of information; it’s beta waves I need to produce now, right around 15–18 Hz. I first learned to really identify this range on one of Siegfried Othmer’s classic EEG Spectrum machines back in the 1990s. After an intensive ten-hour day in Summit, New Jersey, all on EEG neurofeedback, with Siegfried and his wife, Sue, I was tired and mentally wiped out. In the middle of a three-day intensive training, I was looking forward to crashing on a relative’s couch, next town over, and starting the same regimen again the next day.
On the way out the door, there was a vacant machine sitting there, and I ogled it uneasily. (Too much brain on the brain!) What the heck! I attached the single electrode to my scalp and told the machine: Reward beta, inhibit theta, and listened for the signals. Soon I wasn’t tired any more; instead, I was wired.
Driving home after the seminar, the state rose up suddenly again on the New Jersey Turnpike; suddenly traffic was zooming all around me in three tightly channeled lanes and all well over the speed limit. A low, malicious chuckle broke out of me, and I stepped on the gas, weaving in and out of traffic, giddily relishing the speed, like Mr. Toad in The Wind in the Willows. It’s the sensation of a brain on overdrive, but it sure gets things done, and it gets you where you’re going, in the fast lane. (After years of experience, I’m convinced it’s the safest way to drive in aggressive New York traffic. Daydream, and you’re doomed!) Arriving at my relatives’ house, I chatted wildly, a ball of fire. I didn’t realize EEG biofeedback could actually do something like this! After all, I was physiologically as well as mentally exhausted. Could it galvanize the body via the mind?
Arriving home after the seminar, I realized I was thinking faster than my family members; maybe I was even a little hard on them, talking too fast, impatient.
“Oh, oh. Down, boy!”
Time to slow down. How about a glass of wine and a dunk in the hot tub? Ah . . . That’s better; I’m back to a mindless, content “alpha” (8–12 Hz). I’m not looking at the clock any more, and I’m not expecting anything unusual of anyone.
As I write this first chapter, I’m looking for a way to communicate to my reader how exciting are the possibilities that neurofeedback can open for us, a technology that puts the mind and the computer together and lets them talk to each other. It’s a healing technology that expands our options for mental control—and it’s also an an optimal performance technology.
The advantage of having done years of neurofeedback is that I have developed a different kind of cognition, call it a metacognition even, that allows me to identify the state, or the dominant brain wave range, I am in and thus exert some kind of control, either directly or indirectly, over what’s happening inside my head.
Back to the Apple store, where I started, and the present: By the time I’m done processing everything the brainy kid has told me, and daring to imagine I can remember anything, I sort of go limp. By the time I’m home I just want to relax, close my eyes, and sink into reverie. Hovering close to the borders of sleep, colorful images swarm around, and I hear themes from classical music in my mind, as clearly as if I were in a concert hall—a unique faculty I have often enjoyed. It’s very restful, and it goes on for some time, because here time doesn’t matter at all . . .
As I slide back to normal waking consciousness, that is, the “place of thinking,” I marvel at the richness of the theta state that I just passed through (about 4–8 Hz). I was swimming in mental imagery, seeing and hearing things. But not to worry, theta’s just as important in the daily cycle of things as beta or alpha. In fact, theta helps me recover my wits and delivers some unexpected inspiration. (And by the way, theta is deeply involved in forming long-term, meaningful memories via a little brain organ called the “hippocampus.”)
“That’s great for personal experiences and narrative consciousness,” some scientifically oriented readers might be saying, “good storytelling, but how do you know these beta and theta states correspond to anything in the real world?”
An inspiration has just come to me. I think I’ll tell them about John Gruzelier’s heavenly musicians and the dance, the pas de deux between beta and theta experiences.

Gruzelier’s Heavenly Musicians
British researcher John Gruzelier*2 is a cultured, soft-spoken scientist, a professor of Psychology at Goldsmith’s College, University of London, who has designed some of the most highly regarded experiments in neurofeedback, real studies with experimental and control groups, statistics, and a blinded panel of experts. Gruzelier’s list of 250 scientific publications includes work on the immune system, schizophrenia, and hypnosis, but for our purposes, let’s look at a paper I heard him give at a major international conference (Gruzelier 2009).
His theoretical question, now to be put to the experimental test? Could neurofeedback offer anything whatever to music students in a highly competitive music conservatory environment? Judges are routinely used to evaluate students’ accuracy and musicality, so it was relatively easy in this study to blind the judges—that was their job; they simply did not know anything about the students they were evaluating beyond their performance. The students who had received neurofeedback training to strengthen their beta brain waves performed discriminably (and significantly according to the judges) better than the control group, especially on tasks requiring sight reading and musical accuracy. Teaching the students’ brains to speed up made it easier for them to master the complex processes of reading and playing a musical score.
This was finding number one, which Gruzelier documented indisputably. It is not impossible that Ritalin or amphetamines could produce similar improvements in score, but these drugs have a narrow window of efficacy (no effect before the drug begins to work, and afterward the musician may become “buzzed” or “wasted”). (“Speed freaks” do not usually last that long in the realm of professional musicians; they are rather like meteors that streak through the sky, casting a great trail as they burn themselves to oblivion.)
But the next finding of Gruzelier leaves crude pharmaceutical influence in the dust. He wondered what would happen if the musicians were now led to explore theta, at the other, slower end of the brain wave spectrum. Theta brings in the flavor of emotionality, reverie, opening the portals of the “deep unconscious.” When the students were exposed to theta training and then went before the judges yet again, the judges felt that there was more than mere accuracy in their music (the higher frequency beta): there was soul, there was expression, there was deep rapport and communication of the musician with the listener, from theta.
Try that one with pharmaceuticals: Dexamyl perhaps, the stimulant Dexedrine with amobarbital, a barbiturate derivative. Frankly, I have never heard that great musicians are produced by such a druggy combo. The outcomes of this type of neurofeedback further illustrate the principle that in this realm, monolithic approaches are counterproductive, whereas flexible approaches, tentatively and pragmatically applied, seem to produce the richest and the best outcomes. The neurofeedback has the delicacy to mobilize endogenous systems within the person, whereas the pharmaceutical approach simply floods the brain with chemicals, and the brain now has the additional task of sorting out how to function normally while under an alien (nonendogenous) occupation. No wonder it gets exhausted, especially when the chemical invasion is repeated day after day, and it must try to mobilize itself as best it can under these circumstances (think of life in Baghdad trying to return to normal while an occupying army is still present).

Morphogenesis and Neurofeedback
A colleague, Jeremy Narby, a professor of Psychology at Ohio University, cued me to a very subtle application of the principle of pedagogical influence. He noticed that over years of teaching the same course in transpersonal psychology, the class seemed to “deepen” both intellectually and experientially each semester. It is not unexpected that this should happen when students acquire a new vocabulary and become familiar with the subject matter; their questions would be better, and the discussions would become really interesting, drawing forth new dimensions of the psychological problem that was before them. The surprising part, though, Narby told me, was that semester to semester, even with brand-new students, they would seem to start at a higher level of discourse and then take it to still higher and more sophisticated levels.
A skeptic might say that it was just due to his own development as a professor and educator, and indeed, that variable can’t be discounted. Because he was the professor, naturally he was the only observer with the continuity to form a judgment. As science, such an idea must remain speculation, though an interesting and perhaps testable hypothesis could come out of it. I thought I had already observed some version of the same thing in a college course I taught called “The Psychology of Consciousness.” Admittedly, the course tried to empower students and encourage them to be their own “field study” in consciousness, tracking dreams, daydreams, and reveries, the effects of prolonged concentration, the effects of meditation or sensory isolation. I had to agree with Narby after about ten more years of teaching. The students seemed almost to take up where their predecessors had left off.
I believe something like this has taken place in biofeedback and neurofeedback as fields. Yes, they are fields in which “consciousness is studying itself,” so you can guarantee that there are going to be surprise “field effects.” Not everyone always gets along by any means, and people have different paradigms for studying the phenomena in which they are interested. But major breathroughs ripple through the field like chemical reactions. For example, there are now about three hundred LENS practitioners worldwide. The subject is on the agenda at major neurofeedback conferences, and the articles appear in professional journals such as the Journal of Neurotherapy.
Another example: About ten years ago, I felt I must be a maverick neurofeedback clinician and researcher for being so interested in heart-rate variability (HRV), a measure of cardiac health. I finally went to Boulder Creek, California, got trained and licensed at HeartMath as a provider, and went on to study the work of Rutgers professor Paul Lehrer and his detailed analyses of the HRV.
But I should really be concentrating on brain waves, the EEG, shouldn’t I? They are demanding enough as a subject, after all. But now, HRV has swept the self-regulation field, and there are many, many approaches, although Doc Childre and HeartMath were right there at the beginning. It turns out HRV training is a major physiological marker for what the rest of the nervous system, including the brain, is doing. Independent researchers such as Stephen Eliot have brought new ways of thinking about systemic resonance and coherence to the process. Almost everyone that comes to our office gets training in coherent breathing and HRV. It didn’t take long for all our staff to be trained and to use it alongside of neurofeedback sessions to help keep patients in balance as we work.
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Defining Emerging Brain-Changing Technologies
HEG or hemoencephalography (a term coined by Toomim and Carmen to define the clinical diagnostic tool they developed; see chapter 13) uses simple blood-flow biofeedback to change brain waves (neurofeedback).
HRV or heart-rate variability (Doc Childre’s HeartMath and/ or Eliot’s Coherent Breathing, as well as other approaches) uses breathing (about 5–6 breaths per minute) and concentration on a positive emotion to change the brain.
The NeuroField, developed by Nicholas Dogris, uses pulsed electromagnetic fields to stimulate and balance the entire nervous system.
Slow cortical potentials (SCP), developed and used in Europe by Nils Birbaumer, are more DC than AC.*3 Infra-low frequency (ILF) training (developed by Othmer and Smith) is AC so slow that it seems like DC. Both SCP and ILF can be trained with operant conditioning techniques; they affect the entire AC spectrum of brain waves.
Z-score training (developed by Smith and Collura, using Thatcher’s NeuroGuide database) is based on qEEG (quantitative electroencephalographic) databases that do moment-by-moment comparison of the subject being trained to normative metrics such as coherence, connectivity, and phase.
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Minds and hearts at work means integrative healing methods that involve the best our minds can do, but also with the human emotional life taken into account or included: “a path with heart.”

Infra-Low Frequencies, or ILF, HEG, and Z-Score Training
Because these terms will be found in the text and in interviews with professionals, I’m going to give the reader the briefest of introductions to these things, just as I did with biofeedback, neurofeedback, and the LENS. They will be covered in greater depth in chapter 13. Here are three unusual forms of neurofeedback, which are very salient in the professional community these days:
Infra-low frequencies (ILF) seem to lie in the DC realm instead of the AC realm of “brain waves” (and hence are often confused with slow cortical potentials, which are “true” DC). ILF fluctuations are slower than delta (.5–4 Hz by most reckoning). They lie below a frequency so low that many EEG machines cannot register it; it is called “the corner frequency.” Against the vivid up-and-down frequencies of the conventional EEG spectrum (with rhythmical, frequent sine-wave excursions above and below the Y axis), this inexorable energy probably corresponds to the same energy that moves through the acupuncture meridians and points. More on this will be discussed later, but this energy may correspond to something seldom spoken of in Psychology these days: the will. Amazingly, training this energy has been said to reduce negative symptomatology and help in recovery from trauma and emotional injury.
The training of hemoencephalography (HEG) begins with the work of Drs. Marjorie and Hershel Toomim, venerable pioneers in the realm of biofeedback (nirHEG), and Dr. Jeffrey Carmen, a New York clinical psychologist, each working independently (pirHEG). Rather than training the brain waves themselves, the Toomims and Carmen focused on the circulatory system that nourishes the brain. We know that if you deliver more oxygen and glucose to areas of the brain, they suddenly begin to work better. A way of verifying this is that the EEG frequencies speed up. Different biofeedback modalities actually offer a scientific and objective way to measure modalities that affect completely different parameters. So I have people practice deep muscle relaxation measurable on an EMG, and I see that their EEG also actually changes—there is a statistically noticeable increase in alpha (8–12 Hz). The Toomims used simple operant conditioning to increase blood flow to people’s frontal areas. Not surprisingly, even though this may seem like an indirect way of getting there, the brains of these individuals began to work better.
Z-score training is a brilliant, dizzyingly complex “brainchild” of Mark Smith and Thomas Collura, and it is based on the NeuroGuide database of Robert Thatcher. The first thing required is a qEEG, or quantitative electroencephalogram of nineteen “sites” (according to the International 10–20 system) acquired through a “cap” on the scalp. What is the difference between this and the EEG you get in a neurologist’s office? Almost nothing except the manner of interpretation. The neurologist counts on his specialized training—up to two years—and his expert eye to scan the raw EEG for anomalies, mostly relating to epilepsy or some form of TBI.
The “q,” on the other hand, uses computer parameters to analyze the data in the blindingly rapid calculations of the microprocessor. Not only can the computer do fast Fourier transforms (FFTs) to turn the raw data into a “power spectrum” that compares the amount of the different brain wave ranges—alpha, beta, delta, and so on—but, in a feat worthy of an interstellar navigator on a spacecraft, compares the metrics that instantly appear in the EEG to a “cohort,” a representative group of people matched as to age and gender to the subject being measured. This is the “Z-score.” Your brain is instantaneously compared to a “normative database” (people who are “normal” because they are like lots of other people).
The qEEG is examined and used as a basis for the Z-score “training.” Where does the brain listen or fail to listen to itself ? The FFT is used to compare the qEEG (done with the nineteen-site “cap” that measures sites simultaneously) for phase lag or advance between the sites. (I will explain this in greater detail a bit later in the book, as well as provide more information on Dr. Robert Thatcher and his NeuroGuide database as we learn how this space-age hybrid came to be.)
The NeuroField is the brainchild of Dr. Nicholas Dogris. At first I was reluctant to consider this machine “biofeedback” at all. Rather, it seemed more akin to “energy medicine,” because the NeuroField does its work through pulsed electromagnetic fields that are preprogrammed and selected by the operator.
But Dr. Dogris, on the threshold of FDA approval, has made his device use both biofeedback and neurofeedback after all, by an ingenious method that will be described in more detail later. (He built in both an HRV monitoring device and an EEG monitoring device that show the results of the energy field “sweep” or treatment that is given. This is real science: administer your wisp of a radio frequency that you hope will help someone’s arthritis, or depression, or TBI, and then see how it affects the cardiac environment and the brain itself.) Dogris thought there might be value in the widely applied practice of muscle testing—done by many bodyworkers to determine whether a substance or a situation is good or bad for you—but he thought the procedure was far too subjective, so he got a couple of little robots, who couldn’t lie, to help him. There will be an in-depth analysis of these systems in chapter 13.
We are left with the fact that with almost any kind of feedback system—whether the unconscious, subliminal operation of the LENS; the time-honored techniques such as alpha-theta that helped Eugene Peniston’s war veterans with drug and alcohol dependence; the SMR (sensorimotor rhythm) that helped Barry Sterman’s cats be seizure-free even when exposed to seizure-inducing chemicals; the beta, explored by Joel Lubar and the Othmers for intellectual activity and problem solving; or the very high frequency gamma believed by Davidson and others to accompany states of near-“enlightenment” or optimal performance—we have the single, simple underlying dynamic of the brain exercising itself by changing its functioning. If physical exercise relates to improved functioning of both body and mind (as it does), then the same principle holds “in spades” for the brain.
We look next to movements in a mainstream, university-based science—neurobiology, or neuroscience—which comment poignantly on the change in thinking we are talking about!


TWO
THE CHANGING BRAIN
Neuroplasticity and the Paradigm Shift
The entire rest of this book is believable and comprehensible only if you have an open neurological paradigm. Or, as one bumper sticker from the nineties said: Minds are like parachutes, they work best when they are open.
I believe neurofeedback makes sense only if you see it in the broader context of neural plasticity, a concept now sweeping the entire field of neuroscience, with implications so broad for humanity that they are staggering. We now know that the brain is able not only to change its functioning—we all seem to have accepted that—but its very physiological substrata: the neurons, their synapses, and the entire biochemical environment dwelling there, on which modern psychopharmacology has based its enterprise (and it is a vast and lucrative one indeed).
Old assumptions, so fundamental to our consumer culture that professions and economies are based on them, are in the process of being replaced. Something needs to die so that something new, something healthier, more flexible, and more alive can take its place.
The Death of the Old Paradigm
Thomas Kuhn, who gave the term paradigm its modern meaning and then popularized it so that everyone in the intellectual community knew what it meant, once quipped: “The old paradigm indeed will change, one funeral at a time!”
I came to learn more about what he meant as I did the background research for my recent book, The Fundamentalist Mind. People are extraordinary, versatile, creative geniuses, but we are also capable of getting stuck in our own habitual ways of thinking. Age and experience may not help; rather, they may consolidate or petrify what we already know till we know we know! (A genteel friend of mine, instead of saying someone was rigid or closed, would say, “Well, he’s just had a hardening of the categories”—or, “He suffers from logosclerosis!”) And this same condition afflicts the scientist no less than the rigid, fanatic world of the religious right.
Underneath what the Germans call die Weltanschauung, the “worldview,” lie fundamental assumptions about the way reality is put together. To examine an early dilemma from Psychology: Is the science of the human psyche to be examined structurally or functionally?
Not surprisingly, researchers pursuing both paradigms learned important things. For example, Walter Cannon learned that a major part of emotion in organisms is mediated through a central little organ called the hypothalamus (a structural analysis). He was right. But William James and Carl G. Lange, a Danish physiologist, at the same time came up with the idea that when an emotion is felt, it ricochets all around the body, so that the stomach and the heart become involved along with the brain (a functional analysis). Also right, especially with new sophisticated physiological measuring devices. Partisans of each perspective claimed they knew the answer.
In this book we seek to cultivate new ways of looking at old problems and to examine new technologies that did not exist during most of the last century. In this way we learn to open our paradigms, parachuting into the new and fantastic worlds of microbiology, microelectronics (as in the EEG), and previously unimaginable things like gene expression and neural plasticity.

The No-New-Neurons Orthodoxy
No less an authority than the venerable Santiago Ramón y Cajal had stated, not long after the turn of the twentieth century: Neurons do not regenerate. For ninety years that remained the dictum and the orthodoxy; lacking evidence to the contrary, neuroscientists passed the lore along like a piece of indisputable Bible-based theology (call it a type of neuroscientific fundamentalism).
Joseph Altman knew what political and social fundamentalism could do to the human mind from surviving the Wehrmacht in Hungary, where, as a Jew, and highly vulnerable, he invented for himself a kind of “aparanoia,” in which he held his head high and “refused to cower” (like the mouse hero in Despereaux). Surviving the Nazis, he “could not tolerate the rising Communist dictatorship,” thus becoming a “stateless displaced person” in West Germany for some years. He then emigrated, first to Australia and then the United States. After completing his graduate studies as a neuroscientist, he found a job at MIT (Gross 2009).
By the 1960s, now in his late thirties, Altman published the findings of his studies of rodent brains using thymidine autoradiographic techniques, which described the proliferation of new neurons in the dentate gyrus of the hippocampus, the olfactory bulb, and the neocortex of both rats and cats. The implications were revolutionary for the scientific community, demonstrating the physiological underpinnings of learning and opening whole new avenues of exploration for medicine and neurotherapies. It also offered to turn a shibboleth of modern neurophysiology on its head: the “no new neurons” orthodoxy, on which not a few experts had staked their professional reputations.
Though Altman published his findings in prestigious journals such as Nature and Science, for decades the old belief system, congruent with the scientific paradigms of the time, prevailed over the evidence. As late as 1970 an authoritative textbook of developmental neuroscience stated: “There is no convincing evidence of neuron production in the brains of adult mammals” (Gross 2009, 230). In effect, the field was held to a dogma by “minds that couldn’t change themselves.”
Then, fifteen years after Altman’s first publications, Michael Kaplan and his associates at the University of New Mexico reported evidence from electron microscopy (the only technique fine enough to show details in the neuronal environment) supporting neurogenesis in adult rats and adult macaque monkeys. (The “adult” part is important, because everyone knows juvenile brains are plastic; once matured, the brain was not believed to exhibit physiological changes.)
The traditional authority in the field of neuroscience had emanated from Yale’s prestigious neuroscientist Pasko Rakic, who said of Kaplan’s findings, “These may look like [new] neurons in New Mexico, but they do not look like neurons in New Haven!” Both Altman and Kaplan were to suffer professionally because their research was aligned with an unpopular paradigm.
But there was additional evidence of plasticity from another source. During the same period, Fernando Nottebohm and his associates at Rockefeller University had been studying the amazing ability of songbirds to alter their songs year by year, even season by season. The same thymidine labeling process that had been used on the rodents showed the growth in birds of new neurons with long axonal processes and the formation of new synapses. (People all over the country were hearing blue jays and magpies that had learned how to sound like their cell phones—clearly a learned rather than a genetic response.) Still, the bird research was dismissed as an exotic abberation of flying creatures, whose ultralight brains need to learn new things over and over.
And as for rodents? Well, rodents were perpetually immature. Mice, as Disney shows us so plainly, never grow up! Rakic and his associates would publish research in 1985 that categorically denied neurogenesis in any adult organism.

Proving Neural Plasticity
Only four years later, in 1989, a young neuropsychologist named Elizabeth Gould was doing research on the lethal effects of stress and impoverished environments on neurons, particularly in the hippocampus (a limbic organ intimately associated with memory). While counting cells in stained, ultrathin slices of rat hippocampus, she unexpectedly found evidence of neurogenesis (cell growth) in addition to the apoptosis (cell death) from the effects of environmental impoverishment that she was studying. This was not supposed to happen. She kept on carefully counting. “There were too many cells,” she said.
Going back into the Rockefeller Institute’s archives on neurological research, she found Altman’s twenty-seven-year-old research, which announced that neurogenesis existed in the brains of rats, cats, and guinea pigs. His work should have occasioned decades of neurobiological research, if not founded a whole new field with implications for education, neurotherapy, degenerative diseases such as Parkinsonism, and implications about the roles of stem cells and neuroglia in neuronal damage repair. But the budding field of neurogenesis had withered on the vine. The old paradigm had announced the truth: there is no neurogenesis in adult organisms. Without acceptance in academic circles and professional journals, funding sources dried up too.
Curiosity, and maybe an indignant awareness that injustice had been done both to Altman and to the truth itself, led Gould to pursue eight years of feverish neurobiological research. Not unexpectedly, Gould’s work was soundly criticized. Finally she decided to confront Rakic’s findings directly by documenting neurogenesis in brains of primates: adult marmosets. She found new neurons in the olfactory cortex and hippocampus. (Now a Princeton professor, she had taken Yale to the mat.) By 1999 Rakic recanted his earlier position and admitted in print that he himself had seen new neurons in the hippocampi of macaques. To Rakic’s credit as a scientist (not a scientific fundamentalist) this is not an easy thing to do.
Gould’s work was to have other social—and even, perhaps, political—implications. She was to show how stress and deprived environments kill brain cells, whereas well-being and enriched environments grow them. The enlivening principle, of course, is stimulation, as well as the friendliness and diversity of the environment. Gould’s research was to lead to some major conclusions, all of which are important for their neuroscientific, as well as clinical and social, implications:
	Hormonal regulation of cell production. This has led to research, spearheaded by Emory University scientists, showing that estrogen and progesterone therapies, administered in a timely manner to those with recent head injuries, can have major impact on healing and cell regeneration.
	Experience-dependent changes in neurogenesis, particularly the ability of stress-related factors to inhibit neuron growth.
	The importance of complex environments, particularly those resembling the natural living conditions of the animal. “Natural” burrows for adult rats or natural foraging environments for macaques affect the animals’ ability to regenerate neurons.

The functional role of new neurons, particularly those that mediate the stress response, and learning how to cope with the stress.
Stress, which causes the secretion of glucorticoid hormones, inhibits neuronal growth and shrinks and depletes the brain and central nervous system (CNS)—especially over time. (Implication: War and international stress zones generate less-than-optimally intelligent human beings, who in turn may be easily exploited for extreme political agendas. The old paradigm holds in concentration camps and for caged animals.)
A recent Seed Magazine article says: “The social implications of this research are staggering!” If boring environments, stressful noises, and the primate’s particular slot in the dominance hierarchy all shape the architecture of the brain—and Gould’s team has shown that they do—then the playing field isn’t level. Poverty and stress aren’t just an idea, “they are an anatomy. Some brains never even have a chance” (Lehrer 2008, 2010).
For those of us who, as psychologists, were raised on behaviorism so to speak, it is an interesting idea that a rat in the impoverished environment of a Skinner box follows those Skinnerian operant conditioning paradigms so well because they’re the only game in town. But give rats, or monkeys, enriched or more naturalistic environments, and their behavior changes. Thus Gould’s contemporary research has these more stimulating types of environments for her experimental animals. If bare Skinner boxes wither neurons, enriched environments can restore them and help grow new ones. Gould believes the proliferating new neurons in the hippocampus have two major roles: learning and modulation of the stress response.

Eric Kandel Loves Snails (in a Different Way Than the Rest of Us)
But maybe that’s because they helped him win the Nobel Prize in 2000!
Much of the modern work on the functioning of neurons was done on marine creatures, which (are lucky enough to) possess giant neurons. (Another advantage is that you can poke microelectrodes into the cell to see how its electrodynamics work in living action. My colleague Juan Acosta-Urquidi—see chapter 14—who worked at Woods Hole Marine Biological Lab, has described how this is done with the squid neurons, with glass micropipettes inserted into the pulsing, living cell to sample its internal chemical dynamics.)
Discovering how snails protect themselves by withdrawing their siphon, easily observed in the giant neurons, Kandel and associates showed, at the molecular biological level, how what Donald Hebb called “consolidation,” the transmutation of short-term into long-term memory, took place. Snails could be “aversively” conditioned by pairing a neutral stimulus with a noxious one. When the researchers repeated the noxious conditioning over a short period up to forty times, the snail retained the memory for several hours. When the aversive learning trials were reduced in frequency, not intensity, and spread out over several hours, long-term memory was potentiated for up to three weeks.
From this and other experiments, a new science was developed, now being studied in microbiology labs all over the world: gene expression. While all our cells contain all our genes, the majority of them are not expressed, or activated, unless special conditions supervene. Mostly genes just replicate themselves (the template function). What was being discovered by Kandel, and replicated in many other labs, was the “transcription function” that switches genes on and off. It was this factor that was causing the neurogenesis, which is also called neural plasticity. Sprouting was going on, to the extent that in neurons with 1,300 connections there were now 2,700, more than twice as many (Doidge 2007, 220).
The old neurobiological orthodoxy had not dreamed of, nor anticipated, “gene switching” nor “transcription factors.” Everything was conceived of in a much more simplistic, mechanical way.

Neural Plasticity Everywhere: The Plot Thickens
Alvaro Pascual-Leone, the distinguished Harvard neuroscientist, considers Ramón y Cajal his spiritual preceptor, and ultimately he would become involved in disproving his master’s century-old dictum, no new neurons!
During the 1990s, as Elizabeth Gould was doing the meticulous electron-microscope neuron-counting in rat and marmoset brains, Pascual-Leone was using a kind of energy-medicine procedure: transcranial magnetic stimulation (TMS). Eventually he came to the same conclusion she did. In 1999 he published a paper with his associates called “Transcranial magnetic stimulation and neuroplasticity” (Pascual-Leone et al. 1999).
Pascual-Leone would more gently replicate some of the legendary Wilder Penfield experiments that Wilder had done during open-brain surgery, using a copper wire and low voltages to touch a part of the brain, suddenly evoking concrete memories or experiences from the person’s past. (It is out of this work that much of the modern brain mapping that stresses localization has come, and we will return to that topic a little later.) We have all seen the grotesque little guys made out of cortical gray matter that are called homunculi, with the big mouths and lips and thumbs, that show either sensory or motor reception or control of the body from regions in the brain.
Pascual Leone felt that the new TMS stimulation was far less invasive (than copper wires on recently opened brains, for example). In doing so, he pioneered work that was to have profound clinical implications in what is called rTMS, “repetitive” transcranial magnetic stimulations, used as therapy for depression and other problems.
Faraday had shown that any electrical current through a conductor produces a magnetic field. Likewise, magnetic fields can affect conductive wires—or neurons, for that matter. TMS could be used alternatively to turn neuronal groups, fairly tightly localized, either on or off.
Working in Spain with teachers of the blind, who, as part of their training, agreed to wear light-impermeable blindfolds for a week, he discovered astonishing changes in very brief periods of time. Not only, as folk wisdom everywhere seems to know, did the other senses of the blinded become more acute so that they could visualize space better than previously and hear echoes from objects (all signs of neuronal plasticity), but as they undertook the daunting process of learning Braille, within days their brains began to reorganize. Instead of learning just with the areas of their brains associated with touch, the visual cortex showed activity. (They were learning how to “see” with their fingertips.) Confirmation was provided in totally unexpected subjective reports: when subjects were touched, or heard sounds, they reported “hallucinations of beautiful, complex scenes of cities, skies, sunsets, Lilliputian figures, cartoon figures” (Doidge 2007, 210).
Thus the synesthesias reported by people in altered states of consciousness or after ingesting psychedelics: sounds can become colors, colors qualities of touch or emotion; the usual boundaries of the five senses are blurred. Reading Pascual-Leone’s experiments, I thought of the Kogi, a “lost tribe” of Colombia, in which children who are deemed to possess psychic or visionary abilities are isolated in darkness for nine years and only gradually introduced to the light, whereupon they become a specialized type of shaman, a seer, who is said to be able see in both the physical and the spiritual worlds.
Although Pascual-Leone has become a great advocate of neural plasticity, that doesn’t stop him from contemplating its opposite: neurological rigidity, the very subject I take on in The Fundamentalist Mind. I propose in that book that primate attention is sensitized to dominance hierarchies and the tendency to be subservient to others of superior rank. Mirror neurons then help us imitate such “authority figures” (the ultimate symbolic form of which is “God”). In the presence of fear, the amygdala becomes involved, and we have rigid attitudes favoring dichotomous choices: “Are you a believer or an infidel?” Clearly, violent and discriminatory behavior can be a consequence.
Ritual also helps cement what was originally plastic into firm behavioral patterns that will now be resistant to change. Religions know and understand this and hence are made up of rituals and “credos,” saying the things in which one is supposed to believe over and over until they are second nature. What “fires together, wires together,” said neuropsychologist Donald Hebb in the 1950s.
It is not so far from Hebb to Pascual-Leone. Behaviors repeated again and again not only affect synapses, they probably foster new neurons and dendrites. The neurological “traffic” gets directed down these routes, and they become the highways and superhighways of our functioning. Eventually the behaviors slip from habits into behavioral rituals (and all the things “old dogs” are said to acquire so you can’t teach them “new tricks” any more). There are thus not only ritualized behavior patterns, but beliefs, attitudes, and values that go along with them.
Even when a behavior or attitude clearly does not serve a person—in fact is downright dysfunctional or embarrassing, as in the rituals of obsessive-compulsive disorder (OCD), for example—it may persist. Psychotherapists often make their living attempting to change the secret mainsprings of these problems. But, as often as not, verbal understanding doesn’t affect the behavior or the emotions. However, neurofeedback may have better tools. In the EEG domain, these fixations can be associated with a frozen dominant frequency, a rhythm that seems stuck in the brain, or problems in coherence, connectivity, and/or synchronization or the lack of it.
Later in this volume I will take on the controversy that exists in neuroscience between the importance of locations in the brain and their complex interconnecting energy networks. These are the factors measured in qEEG work called “coherence,” “comodulation,” and “phase synchrony.”
There can no longer be any question that single locations are not responsible for everything having to do with a particular brain function. The Nobel Prize–winning work of Gerald Edelman suggests that rather than any simple isomorphic representation of perception or function, there is a kind of competition between patterns, which he calls “operators,” found with representations throughout the brain, in which, for example, the visual and the tactile ideas of space and dimension are involved in someone’s ability to perform an action like reaching for an object on a shelf. Functions are clearly shared between operators such as the visual and tactile-spatial assemblies. Information flows fluidly around in our brains from one neural assembly, or operator, to another. In Edelman’s version of human maturation, there is a kind of Darwinian competition between assemblies to see which ones can
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