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NOTES

1 / Awakening

1. I became aware of the opposition to consciousness research in the late 1980s,
when I first talked about the issue with Francis Crick. By then Francis was thinking of
putting aside his favorite neuroscience topics and turning his efforts toward conscious-
ness. I was not quite ready to do the same, a wise move given the mood of the times. I
remember Francis asking me, with characteristic amusement, if I knew Stuart Suther-
land’s definition of consciousness. I did not. Sutherland, a British psychologist famous
for his dismissive and devastating remarks about varied issues and colleagues, had just
published in his Dictionary of Psychology a startling definition that Francis proceeded to
read: “Consciousness is a fascinating but elusive phenomenon; it is impossible to spec-
ify what it is, what it does, or why it evolved. Nothing worth reading has been written
about it.” Stuart Sutherland, International Dictionary of Psychology, 2nd ed. (New York:
Continuum, 1996).

We laughed heartily, and before we considered the merits of this masterpiece of
enthusiasm, Francis read me Sutherland’s definition of love. Here it is, for the curious
reader: “A form of mental illness not yet recognized by any of the standard diagnostic
manuals.” We laughed some more.

Even by the standards of the day, Sutherland’s statement was extreme, although it
did capture a widely held attitude: the time for consciousness research, by which
everyone really meant research on how the brain accounts for consciousness, had not
yet come. The attitude did not paralyze the field, but in retrospect it was pernicious: it
artificially separated the consciousness problem from the mind problem. It certainly
gave neuroscientists license to continue investigating the mind without having to con-
front the hurdles posed by the study of consciousness. (Surprisingly, I met Sutherland
many years later and told him what I was up to on the issues of mind and self. He
seemed to like the ideas and was extremely kind to me.)

The negative attitude is by no means gone. I respect the skepticism of the col-
leagues who still hold it, but the idea that explaining the emergence of conscious
minds is beyond current intelligence strikes me as very odd and probably false, as does
the idea that we must wait for the next Darwin or Einstein to solve the mystery. The
same intelligence that, for example, can ambitiously tackle the evolutionary history of
biology and uncover the genetic coding behind our lives ought to at least try to address
the problem of consciousness before declaring defeat. Darwin, by the way, did not
think that consciousness was the Everest of science, and I sympathize with that view.
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As for Einstein, who looked at nature through Spinoza’s lenses, it is difficult to imag-
ine consciousness fazing him, had the notion of elucidating it ever come under his
purview.

2. Beginning about a decade ago, in scientific articles and in a book, I specifically
addressed the problem of consciousness. See Antonio Damasio, “Investigating the
Biology of Consciousness,” Philosophical Transactions of the Royal Society B: Biological Sci-
ences 353 (1998); Antonio Damasio, The Feeling of What Happens: Body and Emotion in the
Making of Consciousness (New York: Harcourt Brace, 1999); Josef Parvizi and An-
tonio Damasio, “Consciousness and the Brainstem,” Cognition 79 (2001), 135—59;
Antonio Damasio, “The Person Within,” Nature 423 (2003), 227; Josef Parvizi and
Antonio Damasio, “Neuroanatomical Correlates of Brainstem Coma,” Brain 126
(2003), 1524—36; David Rudrauf and A. R. Damasio, “A Conjecture Regarding the
Biological Mechanism of Subjectivity and Feeling,” Journal of Consciousness Studies 12
(2005), 236—62; Antonio Damasio and Kaspar Meyer, “Consciousness: An Overview
of the Phenomenon and of Its Possible Neural Basis,” in The Neurology of Con-
sciousness: Neuroscience and Neuropathology, ed. Steven Laureys and Giulio Tononi (Lon-
don: Academic Press, 2009).

3. W. Penfield, “Epileptic Automatisms and the Centrencephalic Integrating Sys-
tem,” Research Publications of the Association for Nervous and Mental Disease 30 (1952), 13—
28; W. Penfield and H. H. Jasper, Epilepsy and the Functional Anatomy of the Human Brain
(New York: Little, Brown, 1954); G. Moruzzi and H. W. Magoun, “Brain Stem Retic-
ular Formation and Activation of the EEG,” Electroencephalography and Clinical Neuro-
physiology 1, no. 4 (1949), 455—73.

4. For a review of the relevant literature, I recommend the current edition of a
classic: Jerome B. Posner, Clifford B. Saper, Nicholas D. Schiff, and Fred Plum, Plum
and Posner’s Diagnosis of Stupor and Coma (New York: Oxford University Press, 2007).

5. William James, The Principles of Psychology (New York: Dover Press, 1890).

6. A “hint half guessed” and a “gift half understood” are words I borrowed from
T. S. Eliot to describe this elusiveness in Damasio, Feeling of What Happens.

7. James, Principles, 1, chap. 2.

8. A. Damasio, “The Somatic Marker Hypothesis and the Possible Function of the
Prefrontal Cortex,” Philosophical Transactions of the Royal Society B: Biological Sciences 351,
no. 1346 (1996), 1413—20; A. Damasio, Descartes’ Error (New York: Putnam, 1994).

9. John Searle, The Mystery of Consciousness (New York: New York Review Books,
1990).

10. Preferring to approach consciousness through perception and deferring inter-
est in the self has been a standard strategy, exemplified by Francis Crick and Christof
Koch in “A Framework for Consciousness,” Nature Neuroscience 6, no. 2 (2003), 119—26.
A notable exception, contained in a volume that deals mostly with emotion, is
J. Panksepp, Affective Neuroscience: The Foundation of Human and Animal Emotions (New
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York: Oxford University Press, 1998). Rodolfo Llinis also acknowledges the impor-
tance of the self; see his I of the Vortex: From Neurons to Self (Cambridge, Mass.: MIT
Press, 2002). Gerald Edelman’s thinking on consciousness implies the presence of a self
process, although that is not the focus of his proposals in The Remembered Present: A
Biological Theory of Consciousness (New York: Basic Books, 1989).

11. The gist of the disagreement is discussed in James, Principles, 1, 350—52. Hume’s
assertion and James’s response are as follows:

Hume: “For my part, when I enter most intimately into what I call myself, 1
always stumble on some particular perception or other of heat or cold, light or
shade, love or hatred, pain or pleasure. I never can catch myself at any time
without a perception, and never can observe anything but the perception.
When my perceptions are removed for any time, as by sound sleep, so long am
Iinsensible of myself, and may truly be said not to exist. And were all my per-
ceptions removed by death, and could I neither think, nor feel, nor see, nor
love, nor hate after the dissolution of my body, I should be entirely annihi-
lated, nor do I conceive what is farther requisite to make me a perfect non-
entity. If anyone, upon serious and unprejudiced reflection, thinks he has a
different notion of himself, I must confess I can reason no longer with him. All
I can allow him is, that he may be in the right as well as I, and that we are essen-
tially different in this particular. He may, perhaps, perceive something simple
and continued which he calls himself; though I am certain there is no such prin-
ciple in me.” Hume, Treatise on Human Nature, book 1.

James: “But Hume, after doing this good piece of introspective work, pro-
ceeds to pour out the child in the bath, and to fly to as great an extreme as the
substantialist philosophers. As they say the Self is nothing but Unity, unity
abstract and absolute, so Hume says it is nothing but Diversity, diversity
abstract and absolute; whereas in truth it is that mixture of unity and diversity
which we ourselves have already found so easy to pick apart . . . he denies this
thread of resemblance, this core of sameness running through the ingredients
of the Self, to exist even as a phenomenal thing.”

12. D. Dennet, Consciousness Explained (New York: Little, Brown, 1992); S. Gal-
lagher, “Philosophical Conceptions of Self: Implications for Cognitive Science,”
Trends in Cognitive Science 4, no. 1 (2000), 14—21; G. Strawson, “The Self,” Journal of
Consciousness Studies 4, nos. s—6 (1997), 405—28. In addition to the works cited in note
10, see also Damasio, Feeling of What Happens; P. S. Churchland, “Self-Representation
in Nervous Systems,” Science 296, no. 5566 (2002), 308—10; J. LeDoux, The Synaptic Self:
How Our Brains Become Who We Are (New York: Viking Press, 2002); Chris Frith,
Making Up the Mind: How the Brain Creates Our Mental World (New York: Wiley-
Blackwell, 2007); G. Northoff, A. Heinzel, M. de Greck, F. Bermpohl, H.
Doborowolny, and J. Panksepp, “Self-referential Processing in Our Brain—A Meta-
analysis of Imaging Studies on the Self,” NeuroImage 31, no. 1 (2006), 440—57.
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13. The work of Roger Penrose and Stuart Hameroff exemplifies this position,
which has also been championed by the philosopher David Chalmers. See R. Penrose,
The Emperor’s New Mind: Concerning Computers, Minds, and the Laws of Physics (Oxford:
Oxford University Press, 1989); S. Hameroff, “Quantum Computation in Brain
Microtubules? The Penrose-Hameroff ‘Orch OR’ Model of Consciousness,” Philo-
sophical Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciencies
356 (1998), 1869—96; David Chalmers, The Conscious Mind: In Search of a Fundamental
Theory (Oxford: Oxford University Press, 1996). The point about the coincidence of
mysteries was argued convincingly in Patricia S. Churchland and Rick Grush, “Com-
putation and the Brain,” in The MIT Encyclopedia of Cognitive Science, ed. R.. Wilson
(Cambridge, Mass.: MIT Press, 1998).

14. The false intuition is strengthened by the claim that the dimensions or mass of
mental states cannot be measured with conventional instruments. That is undeniably
true, but the situation is a consequence of the location of mental events (the recondite
interior of the brain) where conventional measurements are not possible. The situa-
tion is frustrating for observers, but it says nothing about the physicality, or lack
thereof, of mental states. States of mind begin physically, and physical they remain.
They can be revealed only when an equally physical construction called self becomes
available and does its witnessing job. The traditional conceptions of matter and mental
are unnecessarily narrow. The burden of proof does rest with those who find it natu-
ral for mind states to be constituted by brain activity. But endorsing the intuitive
mind-brain split as the only platform for discussing the problem is not likely to
encourage the search for additional proof.

15. Evolutionary thinking is also a major factor in the consciousness proposals of,
among others, Gerald Edelman, Jaak Panksepp, and Rodolfo Llinas. See also Nicholas
Humphrey, Seeing Red: A Study in Consciousness (Cambridge, Mass.: Harvard Univer-
sity Press, 2006). For examples of evolutionary thinking applied to the understanding
of the human mind, see E. O. Wilson (a pioneer in the field), Consilience: The Unity of
Knowledge (New York: Knopf, 1998), and Steven Pinker, How the Mind Works (New
York: Norton, 1997).

16. For fundamental work on selectional pressures in individual brain develop-
ment, see Jean-Pierre Changeux, Neuronal Man: The Biology of Mind (New York: Pan-
theon, 1985), and Edelman, Remembered Present.

17. My previous accounts of the self did not include the primordial self. The ele-
mentary feeling of existence was part of the core self. I came to the conclusion that the
process can work only if the brain-stem component of the protoself generates an ele-
mentary feeling, a primitive of sorts, independently of any object interacting with the
organism and thus modifying the protoself. Jaak Panksepp has long championed a
somewhat comparable view of the process and has also given it a brain-stem origin.
See Panksepp, Affective Neuroscience. Panksepp’s views differ in the following ways.
First, the simple feeling that he posits appears to be necessarily related to external
events in the world. He describes it as “that ineffable feeling of experiencing oneself as
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an active agent in the perceived events of the world.” On the other hand, the primitive
feeling/primordial self, I propose, is a spontaneous product of the protoself. In theory,
primordial feelings occur regardless of whether the protoself is engaged by objects and
events external to the brain. They need to be related to the living body and nothing
else. Panksepp’s description matches more closely my description of the core self,
which does include a feeling of knowing relative to an object. It appears to be a notch
up in the construction scale. Second, Panksepp relates this primary consciousness
mainly to motor activities in structures of the brain stem (periaqueductal gray, cere-
bellum, superior colliculi), while I place the emphasis in sensory structures such as
nucleus tractus solitarius and parabrachial nucleus, albeit in close association with the
periaqueductal gray and deep layers of superior colliculi.

18. The study of the links between neurobiological networks, on the one hand,
and social networks, on the other, is an important area of investigation. See Manuel
Castells, Communication Power (New York: Oxford University Press, 2009).

19. See F. Scott Fitzgerald, The Diamond as Big as the Ritz (New York: Scribner’s,
1922).

2 / From Life Regulation to Biological Value

1. Some of the sources for the concepts discussed in this section are as follows:
Gerald M. Edelman, Topobiology: An Introduction to Molecular Embryology (New York:
Basic Books, 1988); Christian De Duve, Blueprint for a Cell: The Nature and Origin of Life
(Burlington, N.C.: Neil Patterson, 1991); Robert D. Barnes and Edward E. Ruppert,
Invertebrate Zoology (New York: Saunders College Publishing, 1994); Eshel Ben-Jacob,
Ofer Schochet, Adam Tenenbaum, Inon Cohen, Andras Czirék, and Tamas Vicsek,
“Generic Modeling of Cooperative Growth Patterns in Bacterial Colonies,” Nature
368, no. 6466 (1994), 46—49; Christian De Duve, Vital Dust: Life as a Cosmic Imperative
(New York: Basic Books, 1995); Ann B. Butler and William Hodos, Comparative Verte-
brate Neuroanatomy (Hoboken, N. J.: Wiley Interscience, 2005); Andrew H. Knoll, Life
on a Young Planet (Princeton, N.J.: Princeton University Press, 2003); Bert Holldobler
and Edward O. Wilson, The Superorganism (New York: W.W. Norton, 2009); Jonathan
Flint, Ralph J. Greenspan, and Kenneth Kendler, How Genes Influence Behavior (New
York: Oxford University Press, 2010).

2. Lynn Margulis, Symbiosis in Cell Evolution: Microbial Communities (San Francisco:
W. H. Freeman, 1993); L. Sagan, “On the Origin of Mitosing Cells,” Journal of Theoret-
ical Biology 14 (1967), 225—74; J. Shapiro, “Bacteria as Multicellular Organisms,” Scien-
tific American 256, no. 6 (1998), 84—89.

3. In previous writings I have alluded to this behavioral anticipation and preview,
in simple organisms, of attitudes that we usually associate with complex human
behavior. See Antonio Damasio, The Feeling of What Happens: Body and Emotion in the
Making of Consciousness (New York: Harcourt Brace, 1999); and Looking for Spinoza
(New York: Harcourt Brace, 2003). Rodolfo Llinis makes comparable comments in I
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of the Vortex: From Neurons to Self (Cambridge, Mass.: MIT Press, 2002), as does T. Fitch
in “Nano-intentionality: A Defense of Intrinsic Intentionality,” Biology and Philosophy,
23, no. 2 (2007), 157-77.

4. For areview on the general physiology of neurons, see Eric R. Kandel, James H.
Schwartz, and Thomas M. Jessel, Principles of Neural Science, 4th ed. (New York:
McGraw-Hill, 2000).

s. De Duve, Vital Dust.

6. Claude Bernard, An Introduction to the Study of Experimental Medicine (1865), trans.
Henry Copley Greene (New York: Macmillan, 1927); Walter Cannon, The Wisdom of
the Body (New York: W. W. Norton, 1932).

7. Answers regarding the origins of homeostasis need to be found at even simpler
levels. The behavior of certain molecules is behind their spontaneous assembly in
arrangements such as RNA and DNA. Here we are confronting questions about the
very origin of life. We can say with some confidence that the conformation of some
molecules lends them a natural “self ” preservation, as close to the first light of home-
ostasis as one can get at the moment.

8. For a review of neuroscience on the notion of value, see Read Montague, Why
Choose This Book?: How We Make Decisions (London: Penguin, 2006). A recent volume
on decision-making devotes attention to the notion of value: Paul W. Glimcher et al.,
eds., Neuroeconomics: Decision Making and the Brain (London: Academic Press, 2009),
especially Peter Dayan and Ben Seymour, “Values and Actions in Aversion”; Antonio
Damasio, “Neuroscience and the Emergence of Neuroeconomics”; Wolfram Schultz,
“Midbrain Dopamine Neurons: A Retina of the Reward System?”; Bernard W.
Balleine, Nathaniel D. Daw, and John P. O’Doherty, “Multiple Forms of Value
Learning and the Function of Dopamine”; Brian Knutson, Mauricio R. Delgado, and
Paul E. M. Phillips, “Representation of Subjective Value in the Striatum”; and Kenji
Doya and Minoru Kimura, “The Basal Ganglia and Encoding of Value.”

9. For a clear picture of the complexity of homeostatic regulation, see Alan G.
Watts and Casey M. Donovan, “Sweet Talk in the Brain: Glucosensing, Neural Net-
works, and Hypoglycemic Counterregulation,” Frontiers in Neuroendocrinology 31
(2010), 32—43.

10. C. Bargmann, “Olfaction—From the Nose to the Brain,” Nature 384, no. 6609
(1996), s12—13; C. Bargmann, “Neuroscience: Comraderie and Nostalgia in Nema-
todes,” Current Biology 15 (2005), R832—33. I thank Baruch Blumberg for alerting me to
the concept of “quorum sensing.”

11. The automated, nonminded, and nonconscious life regulation of simple organ-
isms is good enough to permit survival in environments that offer abundant nutrients
and a low risk of conditions such as temperature variations or the presence of preda-
tors. But such simple organisms must remain within the environments to which they
are adapted or face extinction. Most species still in existence do very well indeed in
their ecological niche and operate under automated life regulation only.
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Moving out of the ecological niche opens up all sorts of possibilities for the roving,
trespassing creature. But trespassing comes at a potential cost. In situations of scarcity,
survival is possible only when the trespasser is equipped with sophisticated devices that
allow it new options of behavior. These new devices must offer valuable “advice” in
the form of making the trespasser go elsewhere to find what it needs, and they must
suggest alternate, safe means of doing so. The new devices also allow the trespasser to
predict incoming risks, such as predators, and provide a means to elude them.

3 / Making Maps and Making Images

1. Rodolfo Llin3s, cited earlier.

2. For a clear review of why the brain is not a blank slate, see Steve Pinker, The
Blank State: The Modern Denial of Human Nature (New York: Viking, 2002).

3. R. B. H. Tootell, E. Switkes, M. S. Silverman, et al., “Functional Anatomy of
Macaque Striate Cortex. II. Retinotopic Organization,” Journal of Neuroscience 8 (1983),
1531-68; K. Meyer, ]. T. Kaplan, R. Essex, C. Webber, H. Damasio and A. Damasio,
“Predicting Visual Stimuli on the Basis of Activity in Auditory Cortices,” Nature Neu-
roscience 13 (2010), 667—668; G. Rees and J. D. Haynes, “Decoding Mental States from
Brain Activity in Humans,” Nature Reviews Neuroscience 7 (July 7, 2006), 523—34. Also
see Gerald Edelman, Neural Darwinism: The Theory of Neuronal Group Selection (New
York: Basic Books, 1987), for a valuable discussion of neural maps and for his insis-
tence on the notion of value applied to the selection of maps; David Hubel and
Torsten Wiesel, Brain and Visual Perception (New York: Oxford University Press, 2004).

4. The stamping of value is possibly made on the basis of an emotional marker, a
somatic marker, as I have proposed elsewhere: A. Damasio, “The Somatic Marker
Hypothesis and the Possible Functions of the Prefrontal Cortex,” Philosophical Transac-
tions of the Royal Society B: Biological Sciences 351 (1996), 1413—20.

s. For reviews of pertinent neuropsychology literature, see H. Damasio and A.
Damasio, Lesion Analysis in Neuropsychology (New York: Oxford University Press,
1989); Kenneth M. Heilman and Edward Valenstein, eds., Clinical Neuropsychology, 4th
ed. (Oxford: Oxford University Press, 2003); H. Damasio and A. R. Damasio, “The
Neural Basis for Memory, Language and Behavioral Guidance: Advances with the
Lesion Method in Humans,” Seminars in the Neurosciences 2 (1990), 277—96; A. Damasio,
D. Tranel, and M. Rizzo, “Disorders of Complex Visual Processing,” in Principles of
Behavioral and Cognitive Neurology, ed. M. M. Mesulam (New York: Oxford University
Press, 2000).

6. Bjorn Merker is another author who has argued for the brain stem as an origin
for the mind and even for consciousness in “Consciousness Without a Cerebral Cor-
tex,” Behavioral and Brain Sciences 30 (2007), 63—8I.

7. Antonio R. Damasio, Paul J. Eslinger, Hanna Damasio, Gary W. Van Hoesen,
and Steven Cornell, “Multimodal Amnesic Syndrome Following Bilateral Temporal
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and Basal Forebrain Damage,” Archives of Neurology 42, no. 3 (1985), 252—59; Justin S.
Feinstein, David Rudrauf, Sahib S. Khlasa, Martin D. Cassell, Joel Bruss, Thomas J.
Grabowski, and Daniel Tranel, “Bilateral Limbic System Destruction in Man,” Journal
of Clinical and Experimental Neuropsychology, September 17, 2009, 1—19.

8. It might be countered that in the absence of the insula, other somatosensory
cortices (SI, SII) might provide the source for feelings; or that the anterior cingulate
cortices might as well, since they are often active in emotional-feeling studies using
fMRI. This idea is problematic on several counts. First, the anterior cingulate cortices
are essentially motor structures, involved in creating emotional responses rather than
sensing them. Second, visceral information is first channeled to the insula and only
then distributed to SI and SII. Extensive damage to the insula precludes this process.
Third, fMRI studies of bodily and emotional feelings in normal individuals reveal sys-
tematic and abundant insular activations but rare activations in SI and SII, a finding
that is in line with the fact that ST and SII are dedicated to exteroception and proprio-
ception (the mapping of touch, pressure, and skeletal movement) rather than intero-
ception (the mapping of the viscera and internal milieu). In fact, pain of visceral origin
tends not to map well onto SI, as shown by M. C. Bushnell, G. H. Duncan, R. K. Hof-
bauer, B. Ha, J.-I.- Chen, and B. Carrier, “Pain Perception: Is There a Role for Pri-
mary Somatosensory Cortex?” Proceedings of the National Academy of Sciences 96 (1999),
770509,

9.]. Parvizi and A. R. Damasio, “Consciousness and the Brainstem,” Cognition 79
(2001), 135—60.

10. Alan D. Shewmon, Gregory L. Holmes, and Paul A. Byrne, “Consciousness in
Congenitally Decorticate Children: Developmental Vegetative State as a Self-
fulfilling Prophecy,” Developmental Medicine and Child Neurology 41 (1999), 364—74.

11. Bernard M. Strehler, “Where Is the Self? A Neuroanatomical Theory of Con-
sciousness,” Synapse 7 (1991), 44—91; J. Panksepp, Affective Neuroscience: The Foundation of
Human and Animal Emotions (New York: Oxford University Press, 1998). See also
Merker, “Consciousness.”

12. The mapped arrangement of the retina is preserved, and the activity of the left
colliculus goes with the right visual field and vice versa. The neurons in the superficial
layers of the superior colliculus prefer to respond to moving rather than stationary
stimuli, and to slow-moving rather than fast-moving stimuli. They also prefer stimuli
that move across the visual field in a specific direction. The vision provided by the
superior colliculus privileges the detection and tracking of moving targets.

Unlike the superficial layers, the deep layers of the colliculus are connected to a
variety of structures related to vision, hearing, body sensation, and movement. The
visual input reaches these layers directly from the contralateral retina. The auditory
input reaches them from the inferior colliculus. The somatosensory input arrives from
the spinal cord, the trigeminal nucleus, the vagal nucleus, the area postrema, and the
hypothalamus. Proprioceptive information, the variety of somatosensory information
having to do with the musculature, reaches the superior colliculus from the spinal cord
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via the cerebellum. Vestibular information is transmitted via projections via the fasti-
gial nucleus.

13. The contrast between the superior and inferior colliculus is quite suggestive.
The inferior colliculus is also a layered structure, but its domain is purely auditory. It
is an important way station for auditory signals en route to the cerebral cortex. The
superior colliculus has both a visual domain, tied to its superficial layers, and a coordi-
nating domain, linked to the deep layers. See Paul ]. May, “The Mammalian Superior
Colliculus: Laminar Structure and Connections,” Progress in Brain Research 151 (2006),
321—78; Barry E. Stein, “Development of the Superior Colliculus,” Annual Review of
Neuroscience 7 (1984), 95—125; Eliana M. Klier, Hongying Wang, and Douglas J. Craw-
ford, “The Superior Colliculus Encodes Gaze Commands in Retinal Coordinates,”
Nature Neuroscience 4, no. 6 (2001), 627—32; and Michael F. Huerta and John K. Harting,
“Connectional Organization of the Superior Colliculus,” Trends in Neurosciences,
August 1984, 286—89.

14. Bernard M. Strehler, “Where Is the Self? A Neuroanatomical Theory of Con-
sciousness,” Synapse 7 (1991), 44—91; Merker, “Consciousness.”

15. D. Denny Brown, “The Midbrain and Motor Integration,” Proceedings of the
Royal Society of Medicine 55 (1962), 527—38.

16. Michael Brecht, Wolf Singer, and Andreas K. Engel, “Patterns of Synchroniza-
tion in the Superior Colliculus of Anesthetized Cats,” Journal of Neuroscience 19, no. 9
(1999), 3567—79; Michael Brecht, Rainer Goebel, Wolf Singer, and Andreas K. Engel,
“Synchronization of Visual Responses in the Superior Colliculus of Awake Cats,”
NeuroReport 12, no. 1 (2001), 43—47; Michael Brecht, Wolf Singer, and Andreas K.
Engel, “Correlation Analysis of Corticotectal Interactions in the Cat Visual System,”
Journal of Neurophysiology 79 (1998), 2394—407.

17. W. Singer, “Formation of Cortical Cell Assemblies,” Symposium on Qualitative
Biology 55 (1990), 939—52; Llinas, I of the Vortex.

18. L. Melloni, C. Molina, M. Pena, D. Torres, W. Singer, and E. Rodriguez,

“Synchronization of Neural Activity Across Cortical Areas Correlates with Conscious
Perception,” Journal of Neuroscience 27, no. 11 (2007), 2858—65.

4 / The Body in Mind
1. Franz Brentano, Psychology from an Empirical Standpoint, trans. Antos C. Ran-
curello, D. B. Terrel, and Linda L. McAllister (London: Routledge, 1995), 88—89.

2. Daniel Dennett, The Intentional Stance (Cambridge, Mass.: MIT Press, 1987), has
long made this same argument, and recently so has Tecumseh Fitch in “Nano-
intentionality: A Defense of Intrinsic Intentionality,” Biology and Philosophy 23, no. 2
(2007), 157-77.

3. William James, The Principles of Psychology (New York: Dover Press, 1890).
James’s treatment of the body as relevant to the understanding of the mind was largely



