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What goes on in our heads when we have a thought? Why do the physical events that occur
inside a fistful of gelatinous tissue give rise to the phantasmagoric world of conscious expe-
rience, a world that contains everything we feel, everything we know, and everything we
are? Scientists and philosophers have pondered these questions for eons, but until now their
answers could never be grounded in observable scientific experiment. In A Universe of
Consciousness, Edelman builds on the radical ideas he introduced in his monumental tril-
ogy—Neural Darwinism, Topobiology, and The Remembered Present—to present for the
firgt time an empirically supported full-scale theory of consciousness. Edelman and Tononi
show how they use ingenious technology to detect minute brain currents and to identify the
specific brain waves that correlate with particular conscious experiences. The results of this
pioneering work challenge much of the conventional wisdom about consciousness: In sup-
port of Freud's theories, the authors show that the so-called unconscious occupies a much
larger part of brain activity than previously thought. And in a radical departure from the
concept of consciousness as a unified entity, they argue that each person has a unique “con-
sciousness footprint,” underscoring the centrality of human individuality.

“A sense of excitement runs through all of Edelman’s books.” —Oliver Sacks

“Edelman and Tononi’s work breaks new ground.”
—Antonio Damasio, author of The Feeling of What Happens

“The best and most accessible introduction to Edelman’s ideas on consciousness. . . .
Explaining consciousness has become the Holy Grail of modern neuroscience. Any reck-
oning on who has found the true path is surely premature. Nevertheless, the account of
consciousness provided by Edelman and Tononi is certainly highly plausible and can be
recommended as one of the most ambitious accounts around.” — Nature

“[Edelman and Tononi] have compelling evidence for privileging the exponential progress
of science in studying the brain over the slow mediation of philosophy over the past mil-
lennia, and their resulting text contributes richly to both.”  —The Boston Book Review

Gerald M. Edelman, M.D., Ph.D. is Director of The Neurosciences Institute and Founder
of the Neurosciences Research Foundation. He received the Nobel Prize for Medicine in
1972. He is the author of Neural Darwinism (1987), Topobiology (1988), The Remembered
Present (1989), and Bright Air, Brilliant Fire (1992), all published by Basic Books.

Giulio Tononi, M.D., Ph.D. is a Senior Fellow in Theoretical and Experimental Neuro-
biology at the Neurosciences Institute. He is the editor with Olaf Sporns of Selectionism
and the Brain. Both authors live in San Diego, CA.
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DETAIL FROM MICHELANGELO'S CREATION OF ADAM IN THE SISTINE CHAPEL.
God is pictured on a background that bears more than a passing resemblance to a
section of the human brain. A detailed comparison can be found in F. L. Meshberger,

“An Interprefation of Michelangelo’s Creation of Adam Based on Neuroanatomy,” BOOKS

Journal of the American Medical Association, 264 (1 990), 1837-41. A Member of the Perseus Books Group
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Preface

Consciousness has been seen as both a mystery and a source of mystery. Itis
one of the main targets of philosophical inquiry, but only recently has it
been accepted into the family of scientific objects that are worthy of experi-
mental investigation. The reasons for this late acceptance are clear:
Although all scientific theories assume consciousness and conscious sensa-
tion and perception are necessary for their application, the means to carry
out scientific investigations of consciousness itself have only recently
become available.

There is something special about consciousness: Conscious experience
arises as a result of the workings of each individual brain. It cannot be shared
under direct observation, as the physicist’s objects can be shared. Thus,
studying consciousness presents us with a curious dilemma: Introspection
alone is not scientifically satisfactory, and though people’s reports about
their own consciousness are useful, they cannot reveal the workings of the
brain underlying them. Yet, studies of the brain proper cannot, in them-
selves, convey what it is like to be conscious. These constraints suggest that
one must take special approaches to bring consciousness into the house of
science.

In this book, we do just that, and we develop ways to answer the follow-
ing questions:

1. How does consciousness arise as a result of particular neural
processes and of the interactions among the brain, the body, and the
world?

2. How do these neural processes account for key properties of
conscious experience? Each conscious state is unified and indivisible,
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yet at the same time, each person can choose among an immense
number of different conscious states.

3. How can we understand different subjective states—so-called
qualia—in neural terms?

4. How can our understanding of consciousness help connect strictly
scientific descriptions to the wider domain of human knowledge and
experience?

To describe the neural mechanisms that give rise to consciousness, to
show how the general properties of consciousness emerge as a result of the
properties of the brain as a complex system, to analyze the origins of subjec-
tive states or qualia, and to show how the successful pursuit of all these
efforts may change our views of the scientific observer and of long-held
philosophical positions is, of course, a tall order, and in the short compass of
this volume much of interest must be omitted. But the main outlines of a
solution to the problem of consciousness can be sketched by paying close
attention to our four basic questions. Our answers are based on the assump-
tion that consciousness arises within the material order of certain organisms.
However, we emphatically do not identify consciousness in its full range as
arising solely in the brain, since we believe that higher brain functions
require interactions both with the world and with other persons.

Once we establish this new understanding of how consciousness emerges,
we touch on several interesting issues that derive from this perspective, We
propose a new view of the scientific observer, and we explore how we can
know what we know— the realm of epistemology. Finally, we discuss the
question of which subjects are appropriate for scientific study. Exposing
these matters to scrutiny is important because our position— that conscious-
ness arises as a particular kind of brain process that is both highly unified (or
integrated) and highly complex (or differentiated)—has wide-ranging impli-
cations.

To untangle the bases of consciousness and account for some of jts prop-
erties, we consider a number of challenging subjects. Indeed, before we get
to the central issue, the neural substrate of consciousness, we review struc-
tural and functional features of brain organization, as well as certain essen-
tial aspects of brain theory. To make the task easier for the reader, we have
prefaced each major part of the book with a prologue and each chapter with
a brief introduction. We suggest that to obtain a synoptic view, the reader
peruse in order the six prologues and the introductions to the chapters.
Doing so will help keep the whole picture in mind, especially in chapters
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that are necessary for analyzing consciousness but are not directly concerr}e‘d
with it. As for the later chapters, only two (chapters 10 and 11) have exphc'nt
mathematical content. The reader who is not inclined to follf)w the details
may get a reasonable understanding of their meaning by perusing th.e figures
and “humming the tune.” For those who wish to pursue specific issues or
references, we have placed notes at the back of the book. The notes are not,
however, necessary for comprehending our argument. We hope th.at by the
end of the journey through the text, readers will find themselves with a new

view of how matter becomes imagination.



