
Chapter 1

Prolegomenon to the Study of
Consciousness

Consciousnessis what makesthe mind-body problemreally intr actable. . . Without conscious-
ness the mind-body problem would be much less interesting. With consciousnessit seems
hopeless.

From Thomas Nagel'sessay \What Is It Like to Be a Bat?"

In ThomasMann's un�nished novel, Confessionsof Felix Krul l, Con�dence Man, Profes-
sor Kuckuck comments to the Marquis de Venostaon the three fundamental and mysterious
acts of creation. Foremostis the creation of something|namely , the universe|out of noth-
ing. \Nothing" appearsto be the most natural state of being. Why is there anything at all?
Today's deepthinkersareno closerto answering this questionthan Socrates,Plato, or Aristo-
tle were2,300yearsago. The secondact of creation is the onethat begat life from inorganic,
dead matter. While the exact sequenceof events that establishedself-replicating systems
4 billion yearsago is likely to remain shroudedin the fog of time, prebiotic chemistry has
made rapid advances,and plausible hypothesesare being tested experimentally. The third
mysteriousact is the creation of consciousness1 and consciousbeingsout of organic matter,
beingsthat can re
ect upon themselves. Humansand at least someanimalsnot only detect
light, move their eyes, and perform other actions, but also have \feelings" associated with
theseevents. This is a remarkable feature of the world that cries out for an explanation.
Consciousnessremainsoneof the key puzzlesconfronting the scienti�c worldview.

1The word consciousnessderives from the Latin conscientia, composed of cum (with or together) and
scire (to know). Until the early seventeenth century , consciousnesswasusedin the senseof moral knowledge
of right or wrong, what is referred to today as conscience.
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1.1 What Needs to Be Explained?

Throughout recordedhistory, men and womenhave wonderedhow we can see,smell, re
ect
upon ourselves, and remember childhood events. How do thesefeelingsarise? The funda-
mental question at the heart of the mind-body problem is how does the feeling mind arise
out of electro-chemical interactions in the body2 to the salty taste and crunchy texture of
potato chips, the deepblue of the alpine sky, or the feeling of hanging on tiny �ngerholds
on a wall a coupleof metersabove the last securefoothold? Philosophershave traditionally
called thesedi�eren t sensoryqualities qualia. More broadly put, the puzzle is how can a
physical systemhave qualia?

Furthermore, why is a particular quale the way it is and not di�eren t? How comered
feelsthe way it does,quite distinct from the sensationof seeingblue? Thesearenot abstract,
arbitrary symbols, they represent somethingmeaningful to the organism. Philosopherstalk
about intentionality ; the mind's capacity to represent or to be about things. How meaning
and intentionalit y arisesfrom electrical activit y in the vast neural networks making up the
brain remain a deep mystery. The structure of these networks, their connectivity, surely
plays a role, but how so?3

How is it that humans and many animals have experiences? Why can't people live,
beget, and raise children without consciousness?From a subjective vantage point, this
would resemble not being alive at all, like sleepwalking through life. Why, then, from the
point of view of evolution, does consciousnessexist? What survival value is attached to
subjective, mental life?

In Haitian lore, a zombie is a deadpersonwho, by the magicalpower of a sorcerer,must
act out the wishesof the personcontrolling him. In philosophy, a zombieis an imaginary
being who behaves and acts just like a normal person,but has absolutely no experiences:
no consciouslife, no sensations,and no feelings.A particularly insidiouszombie might even
claim that sheis experiencingsomething,when in reality sheis not.

The fact that it is sodi�cult to imaginesuch a scenariois living proof of the fundamental
importance of consciousnessto daily life. Following Ren�e Descartes'sfamous remark|

2No consensualusageof objective and subjective terms hasemergedacrossdisciplines. I adopt the follow-
ing convention throughout the book: detection and behavior are objective terms that can be operationalized
(as in \the retina detects the red 
ash, and the observer moves her �nger in response"). Detection and
behavior can occur in the absenceof consciousness.I use sensation, perception, seeing, experience, mind,
and feeling in their subjective senses,as in \conscious sensation" and so on. While I'm on the topic of con-
vention, one last one. Throughout the book, I useawarenessand consciousness(or aware and conscious) as
synonyms. Somescholars distinguish betweenthesetwo on ontological (Chalmers, 1996),conceptual (Block,
1997) or psychological (Tulving, 1993) grounds. At this point, there is little empirical evidencejustifying
such a distinction. I might have to revisethis standpoint in the future. Curiously, the contemporary scienti�c
literature discouragesthe usageof consciousness,while awarenessis acceptable. This is more a re
ection of
sociological trends than deepinsight.

3The exact relationship between consciousnessand intentionalit y is unclear (see the anthology by
Chalmers, 2002). Philosophers disagree over whether the features which render consciousnesspuzzling,
qualia, are themselves intentional. Someassumethat intentionalit y is a property of all mental states, both
consciousand unconscious.
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made in the context of establishing his existence|I can ascertain with certainty that \I
am conscious."Not always, not in a dreamlesssleepor while under anesthesia,but often:
when I read, talk, climb, think, discuss,or just sit and admire the beauty of the world.4

The mystery deepenswith the realization that much of what goeson in the brain bypasses
consciousness.Electrophysiological experiments prove that furious activit y in legions of
neuronscan fail to generatea consciouspercept or memory. In a re
ex action, you will
instantly and vigorouslyshake your foot if you detect an insectcrawling over it, even though
the realization of what is happening only comeslater on. Or your body reacts to a fearful
sight, a spider or gun, before it's been consciouslyregistered: the palms becomesweaty,
the heartbeat increases,blood pressurerises,and adrenalineis released.And all this before
you know that you are afraid and why. Many relatively complex sensory-motorbehaviors
are similarly rapid and unconscious.Indeed, the point of training is to teach our bodies to
quickly executea complexseriesof movement|suc h asreturning a serve,evadinga punch, or
tying shoelaces|without thinking about it. Unconsciousprocessingextendsto the highest
echelons of the mind. Sigmund Freud argued, for example, that childhood experiences|
often of a traumatic nature|can profoundly determineadult behavior without any conscious
insight into this in
uence. Much high-level decisionmaking and creativity occurs without
consciousthought, a topic treated in more depth in Chapter 18.

So much of what constitutes the ebb and 
o w of daily life takesplace beyond the pale
of consciousness.Someof the best evidencefor this comesfrom the clinic. Consider the
strangecaseof the neurologicalpatient D.F. Sheis unableto seeshapesor recognizepictures
of everyday objects yet can catch a ball. Even though shecan't tell the orientation of a thin
mail box-like slit (is it horizontal?) she can rapidly and e�ortlessly post a letter into the
slit. By studying such patients, neuropsychologists have inferred the existenceof zombie
agentsin the brain that bypassawareness;that is, they don't give rise to consciousness(as
I pointed out in the �rst footnote to this chapter, I equateawarenesswith consciousness).
Theseagents are dedicated to stereotypical tasks, such as shifting the eyes or positioning
the hand. They usually operate fairly rapidly and don't have accessto explicit memory. I'll
return to thesethemesin Chapters12 and 13.

Why, then, isn't the brain just a large collection of specialized, unconsciousagents?
Life might be boring if it were, but sincesuch agents work e�ortlessly and rapidly, why is
consciousnessneededat all? What is its function? In chapter 14 I arguethat consciousness
is a general-purposeprocessingmodefor planning, slower to activate than the zombie agents,
and associated with explicit memory.

Consciousnessis an intensely private matter. A sensationcannot be directly conveyed
to somebody elsebut is usually circumscribed in terms of other experiences.Try to explain

4Strictly speaking, I don't know whether you are consciousor not. You might even be a zombie! However,
becauseyou act and speak just asI do, becauseyour brain is similar to mine, and becauseyou and I sharethe
sameevolutionary heritage, I sensibly assumethat you are also conscious.At present, the proper scienti�c
understanding of consciousnessis insu�cien t to prove this, but everything about the natural world appears
compatible with this assumption. Solipsism denies this and argues that only the subject himself is truly
consciouswhile everybody elseis a zombie. This seemsimplausible and also rather arbitrary . After all, why
should I, out of all people in the world, be singled out for consciousness?
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your experienceof seeingred. You'll end up relating it to other percepts,such as \red as a
sunset" or \as a Chinese
ag" (this task becomesnext to impossiblewhen communicating
to a person blind from birth). One can talk meaningfully about the relationships among
di�eren t experiencesbut not about any singleone. This too needsto be explained.

This then is the charter for our quest. To understandhow and why conscioussensations
emergeout of the brain, why they arestructured the way they are,how they acquiremeanings
and why they are private, and, �nally , how and why do so many behaviors occur in the
absenceof consciousness.

1.2 A Spectrum of Answ ers

Philosophersand scientists have ponderedthe mind-body problem in its present form since
the publication of Descartes's\T rait�e de l'homme" in the mid-seventeenth century. Until
the 1980s,however, the vast majorit y of work in the brain sciencesmade no referencesto
consciousness.In the last two decades,philosophers,psychologists,cognitive scientists, clin-
icians, neuroscientists, and even engineershave publisheddozensand dozensof monographs
and books aimed at \discovering," \explaining," or \reconsidering" consciousness.Much of
this literature is either purely speculative or lacks any detailed scienti�c programfor system-
atically discovering the neuronal basisof consciousnessand, therefore, doesnot contribute
to the ideasdiscussedin this book.

Beforeintroducingthe approach FrancisCrick and I havetakento addresstheseproblems,
I will survey the philosophical landscape to familiarize readerswith someof the possible
categoriesof answers that peoplehave considered.Keep in mind that only cartoon like and
abbreviatedpocket sketchesof thesepositions are provided here.5

Consciousness Dep ends on an Immaterial Soul

Plato, the patriarch of Westernphilosophy, is widely credited with the conceptof a person
as an immortal soul imprisoned in a mortal body. He also proposedthat ideashave a real
existenceand are eternal. These\platonic" viewsweresubsequently absorbed into the New
Testament and form the basisof the classicalRoman Catholic doctrine of a soul. The belief
that at the heart of consciousnesslies a transcendent and immortal soul is widely sharedby
many religions and faiths throughout the world.6

5I can't possibly do justice to the sophisticated nature of thesearguments. Anyone interested in all the
subtle twists and turns is urged to consult the philosophical anthologies by Block, Flanagan, and G•uzeldere
(1997) and by Metzinger (1998). The textb ook by the philosopher Patricia Churchland (2002) overviews
contemporary mind-brain problems with an emphasison the relevant neuroscience.I also recommendthe
compact and readable monograph by Searle (1997). For the reverberations of these discussionsamong
theologians,seeBrown, Murphy, and Malony (1998) and the thoughtful McMullin (2000).

6Being raisedin a devout Roman Catholic family, I havemuch sympathy for this point of view. Flanagan's
book (2002) exploresthe clashbetweenthe notion of soul (and free will) and the modern scienti�c view that
tends to deny both (seealso Murphy, 1998).
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In modern times, Descartesdistinguishedbetweenres extensa|suc h as the animal spir-
its that run through nerves and �ll the muscles,substanceswith spatial extent|and res
cogitans|thinking substances.He arguedthat res cogitans are unique to humansand give
rise to consciousness.Descartes'sontological division into two categoriesconstitutesthe very
de�nition of dualism. Weaker forms of dualism had beenproposedearlier by Aristotle and
by Thomas Aquinas. The most famous modern defendersof dualism are the philosopher
Karl Popper and the neurophysiologist John Eccles,who was honoredwith the 1963Nobel
Prize in Physiologyor Medicinefor his discoveriesconcerningthe ionic mechanismsinvolved
in excitation and inhibition at the nerve cell membrane.

While logically consistent, strong dualist positionsaredissatisfyingfrom a scienti�c view-
point. Particularly troublesomeis the mode of interaction betweenthe soul and the brain.
How and where is this supposedto take place? Wouldn't this interaction have to follow
the laws of physics? This, however, would require an exchangeof energythat needsto be
accounted for. And what happens to this spooky substance,the soul, onceits carrier, the
brain, dies? Doesit 
oat around in somehyperspace,like Casper the Friendly Ghost?7

The conceptof an immaterial essencecan be saved by postulating that the soul is im-
mortal and completely independent of the brain. This leaves it as something ine�able,
undetectable,a \ghost in the machine," to usea phrasecoinedby Gilbert Ryle, outside of
science.

Consciousness Cannot Be Understo od by Scienti�c Means

Quite a di�eren t philosophicaltradition is the \m ysterian" position that claims that human
beingsareunableto comprehendconsciousnessbecauseit is just too complex. This limitation
is either a principled, formal one (how can any systemcompletely understand itself?) or a
practical one, expressedin a pessimismabout the human mind's inabilit y to perform the
necessarymassive conceptual revisions (what chance does an ape have of understanding
generalrelativit y?).8

Other philosophersassert that they don't seehow the physical brain can give rise to
consciousness.Therefore,any scienti�c programto explorethe physicalbasisof consciousness
is doomedto failure. This is an argument from ignorance:the current absenceof a compelling
argument for a link betweenthe brain and the consciousmind cannot be taken as evidence

7Popper and Eccles(1977) argued that brain-soul interactions will be camou
aged by Heisenberg's un-
certainty principle, according to which it is impossibleto know precisely the position and the momentum of
a microscopicsystem, such as an electron, at the sametime. In 1986,Ecclespostulated that the conscious
mind interfereswith the releaseprobabilit y of vesiclesat synapsesin a way that doesnot violate conservation
of energy yet is su�cien t to in
uence the brain's behavior. These ideashave not beenreceived with enthu-
siasmby the scienti�c communit y. Yet what is refreshingabout the Popper and Eccles(1977) monograph is
that they take consciousnessseriously. They assumethat sensationsare a product of evolution that criesout
for somefunction (see,in particular, Eccles,1989). This is a remarkable sentiment after so many decadesof
behaviorism that disregardedconsciousnessentirely .

8The term mysterian originates with Flanagan (1994), who used it to characterize the approaches of
Lucas (1961), Nagel (1974), and McGinn (1989).
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that such a link doesnot exist.
Although it is possiblethat scientists will be unable to fully comprehend|ev en in prin-

ciple, let alone in practice|the workings of brains and the genesisof consciousness,it is
premature to concludeso now. Systemsneuroscienceis a young discipline, accumulating
newknowledgewith ever-more-re�nedmethods at a breath-taking pace. Beforemuch of this
development hasrun its course,there is no reasonto cometo this defeatist conclusion.Just
becauseone particular scholar is unable to understand how consciousnessmight arise does
not meanthat it must be beyond all human comprehension!

Consciousness Is Illusory

Another typeof philosophicalreaction to the mind-body dilemmais to deny that there is any
real problem at all. The most lively contemporary exponent of this rather counterintuitiv e
notion|originating in the behaviorist tradition|is the philosopher Daniel Dennett from
Tufts University in Massachusetts. In ConsciousnessExplained, hearguesthat consciousness
is an elaborate illusion, mediatedby the sensesin collusionwith motor output, and supported
by social constructionsand learning. While acknowledging that peopleclaim that they are
consciousand that this persistent, but erroneous,belief needsto be explained, he denies
the inner reality of the ungraspableaspects of visual qualia. Dennett seeksto explain the
third-personaccount of consciousnesswhile rejecting thoseaspectsof the �rst-p ersonaccount
that render it resistant to reduction.9

Having dental pain is about expressing,or wanting to express,certain behaviors: to want
to stop chewingon that sideof the mouth, to run away and hide until the pain hassubsided,
to grimace,and soon. These\reactiv e dispositions," ashe calls them, are real. But not the
badnessof the pain. That elusive or ine�able aspect of it doesn't exist. To anybody who
hasever su�ered from an excruciating toothache, this comesas rather surprising news.10

Given the centralit y of subjective feelingsto everyday life, it would require extraordi-
nary factual evidencebeforeconcluding that qualia and feelingsare illusory. Philosophical
arguments, basedon logical analysiscoupled to introspection, are not powerful enoughto
deal with the real world with all of its subtleties in a decisive manner. The philosophical
method is at its best when formulating questions,but doesnot have much of a track record

9A third-p ersonaccount recognizesonly objective events, such as light of a certain wavelength impinging
upon the retina, causingthe personto exclaim \I seered," while the �rst-p ersonaccount is concernedwith
subjective events, such as the sensationof red. The late Francisco Varela labeled the program of mapping
�rst-p ersonexperiencesonto the brain neurophenomenology (Varela, 1996).

10I refer the reader to Dennett's book (1991), and to Dennett and Kinsbourne (1992). SeeRyle (1949)
for an antecedent in the behavioral tradition. For an update on his views, consult Dennett (2001). In
his 1991 book, Dennett rightly takes aim at the notion of a Cartesian theater, a single place in the brain
where consciousperception must occur (note that this does not exclude the possibility of a distributed set
of neuronal processesthat expressconsciousnessat any one point in time). He proposesa \m ultiple draft"
model to account for various puzzling aspects of consciousness.Dennett's writing is characterized by his
skillful useof colorful metaphors and analogies,of which he is overly fond. It is di�cult to map theseonto
speci�c neuronal mechanisms.
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at answering them. The approach I take in this book is to considerthe �rst-p ersonaccounts
as brute facts of life and seekto explain them.

Consciousness Requires Fundamen tally New Laws

Somehave called for new scienti�c laws to explain the puzzleof consciousness,rather than
just more facts and principles about the brain. RogerPenrose,at Oxford University, argues
in the wonderful The Emperor's New Mind that present-day physics is incapableof dealing
with the intuition of mathematicians|and, by extension,|p eopleat large. Penrosebelieves
that a yet-to-be-formulated theory of quantum gravit y will explain how human conscious-
nesscan carry out processesthat no possibledigital (Turing) computer could implement.
In conjunction with the anesthesiologistStuart Hamero�, at the University of Arizona at
Tucson,Penrosehasproposedthat microtubules,self-assembling cytoskeletal proteins found
throughout all cellsin the body, arecritically involved in mediating coherent quantum states
acrosslarge populations of neurons.11

While Penrosehas generateda vigorous debate regarding the extent to which mathe-
maticianscanbe said to have accessto certain noncomputabletruths and whether thesecan
be instantiated by computers,it remainsutterly mysterioushow quantum gravit y could ex-
plain how consciousnessarisesout of matter. Both consciousnessand quantum gravit y have
enigmatic features,but to concludethat oneis thereforethe causeof the other seemsrather
arbitrary. Given the lack of any positive evidencefor macroscopicquantum-mechanical
e�ects occurring in the brain, I will not pursuethis idea further.

The philosopherDavid Chalmers,at the University of Arizona at Tucson,has sketched
an alternative proposal in which information has two aspects,onephysically realizablethat
is usedin computers,and a phenomenalor experiential aspect that is inaccessiblefrom the
outside. In his view, any information-processingsystem, from a thermostat to a human
brain, can be consciousin at least somerudimentary sense(although Chalmersadmits that
it probably doesn't feel like much \to be a thermostat"). While the audacity of endowing
all systemsthat represent information with experiencehas a certain appeal and elegance,
it is not clear to me how Chalmers's hypothesis could be tested scienti�cally . For now,
this modern-day \panpsychism" must be acceptedas a belief. Over time, though, a theory
couched in the languageof probabilities and information theory might well prove necessary
to understandconsciousness.Even if Chalmers'sframework is accepted,a morequantitativ e

11Penrose'sbooks (Penrose,1989, 1994) are among the most lucid and best-written accounts of Turing
machines, G•odel's theorems, computing, and modern physics I have encountered. However, given that
both monographs nominally deal with the human mind and brain, they are equally remarkable for the
almost complete absenceof any seriousdiscussionof psychology and neuroscience.Hamero� and Penrose
(1996) outline their proposal that microtubules, a major component of cellular sca�olding, are critical to the
processesunderlying consciousness.The Achilles' heel of this idea is the lack of any biophysical mechanism
that would permit neurons, and not just any cells, to rapidly form highly speci�c coalitions acrosslarge
regions of the brain on the basis of quantum-coherency e�ects. All of this is supposed to take place, of
course, at body temperature, a rather hostile environment for sustaining such events over macroscopic
scales.
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framework must beworkedout. Do certain typesof processingarchitectures,such asmassive
parallel versus serial, facilitate the development of consciousness?Does the richnessof
experiencerelate to the amount or organization of memory (shared or not, hierarchical or
not, static or dynamic memory, and so on)?12

While I cannot rule out that explaining consciousnessmay require fundamentally new
laws, I currently seeno pressingneedfor such a step.

Consciousness Is an Emergen t Prop ert y of Certain Biological Sys-
tems

The working hypothesisof this book is that consciousnessemergesfrom neuronal features
of the brain.13 Understanding the material basisof consciousnessis unlikely to require any
exotic new physics but rather a much deeper appreciation of how highly interconnected
networks of a large number of heterogeneousneuronswork. The abilities of coalitions of
neuronsto learn from interactions with the environment and from their own internal activ-
ities are routinely underestimated. The individual neuronsthemselvesare complexentities
with unique morphologiesand thousandsof inputs and outputs. Their interconnections,the
synapses, are molecular machines that comeequipped with learning algorithms that mod-
ify the strength and dynamics of synapsesacrossmany timescales. Humans have no real
experiencewith such vast organization. Hence,even biologists struggle to appreciate the
properties and power of the nervoussystem.

A reasonableanalogy can be made with the debate raging at the turn of the twentieth
century concerningvitalism and the mechanismsunderlying heredity. How can merechem-
istry store all of the information neededto specify a unique individual? How can chemistry
explain how splitting a single frog embryo at the two-cell stagegives rise to two tadpoles?
Doesn't this require somevitalistic force, or new law of physics as Erwin Schr•odinger was
postulating?

The central di�cult y facedby researchersat the time wasthat they couldnot imaginethe
great speci�cit y inherent in individual molecules.This is perhapsbest expressedby William
Bateson,oneof England's leadinggeneticistsin the early part of the twentieth century. His
1916reviewof The Mechanismof MendelianHeredity, a book by the Nobel laureateThomas
Hunt Morgan and his collaborators, states:

The propertiesof living things are in someway attached to a material basis,per-
hapsin somespecialdegreeto nuclearchromatin; and yet it is inconceivable that

12I de�nitely recommendat least browsing through Chalmers's (1996) book, in particular his Chapter 8.
For a theoretical approach towards consciousnessbasedon measuresof complexity and information theory,
seeTononi and Edelman (1998) and Edelman and Tononi (2000). Nagel (1988) examinespanpsychism.

13I useemergence in the sensethat the initiation and propagation of the action potential in axonal �b ers,
a highly nonlinear phenomenon, is the result of|and can be predicted from|the attributes of voltage-
dependent ionic channelsinserted into the neuronal membrane. In this sense,the laws of heredity arise from
a consideration of the properties of DNA and other macromoleculesin a lawful, reducible manner. For a
general intro duction to the problem of emergence,seeBeckermann, Flohr, and Kim (1992).
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particles of chromatin or of any other substance,however complex, can possess
those powers which must be assignedto our factors or gens. The supposition
that particles of chromatin, indistinguishablefrom each other and indeedalmost
homogeneousunder any known test, can by their material nature confer all the
properties of life surpassesthe rangeof even the most convinced materialism.

What Batesonand othersdid not know at the time, given the technologyavailable, wasthat
chromatin (that is, the chromosomes)is only homogeneousstatistically, being composed
of roughly equal amounts of the four nucleic bases,and that the exact linear sequenceof
the nucleotidesencodes the secretsof heredity. Geneticists underestimatedthe abilit y of
these nucleotides to store prodigious amounts of information. They also underestimated
the amazingspeci�cit y of protein molecules,which has resulted from the action of natural
selectionover a few billion yearsof evolution. Thesemistakesmust not be repeated in the
quest to understandthe basisof consciousness.

The hypothesisof this book assumesthat consciousnessis an emergent property arising
out of the speci�c interactions amongneuronsand their elements. That is, consciousnessis
fully compatible with the laws of physicsbut not easyto predict from them.

1.3 Our Approac h Is a Pragmatic, Empirical One

In order to make progresson thesedi�cult questionswithout getting boggeddown in di-
versionaryskirmishes,I will have to make someassumptionswithout justifying them in too
much detail. Theseare provisional working hypothesesthat might well needto be revised
or even rejectedlater on. The physicist turned molecularbiologist Max Delbr•uck advocated
\The Principle of Limited Sloppiness"when it comesto experiments. He recommendedtry-
ing things in a rough and ready manner to seewhether or not they might work out. I apply
this principle to the realm of ideasabout the brain.

A Working De�nition

Most everyone has a general idea of what it means to be conscious. According to the
philosopherJohn Searle,\Consciousnessconsistsof those states of sentience, or feeling, or
awareness,which begin in the morning when we awake from a dreamlesssleepand continue
throughout the day until we fall into a comaor die or fall asleepagain or otherwisebecome
unconscious."14 If I ask you to describe what you seeand you respond in an appropriate

14The de�nition, taken from Searle(1997), leavesout an entire domain of consciousexperiencesthat are
usually not remembered: vivid dreamsthat can't be distinguished from real life. More elaborate de�nitions
of consciousnessare not more helpful. For instance, Schi� and Plum (2000), two neurologists who treat
severely neurologically impaired patients, state: \A t its least, normal human consciousnessconsists of a
serially time-ordered, organized,restricted, and re
ectiv e awarenessof self and the environment. Moreover,
it is an experienceof graded complexity and quantit y." While useful clinically, this de�nition presupposes
notions of awareness,the self, and so on. The Oxford English Dictionary is not much more helpful, having
8 entries under 'consciousness'and 12 under 'conscious.'
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manner, I will assumefor now that you are conscious.In terms of psychological processes,
focal attention and someform of brief memory are su�cien t for perceptual awareness.15

Operationally, consciousnessis neededfor complex, nontrained tasks that demand short-
term memory.

Although this is fairly vague,this working de�nition is good enoughto get started. As the
scienceof consciousnessadvances,the de�nition will needto bere�ned and expressedin more
fundamental neuronal terms. Until the problem is understood much better, though, a more
formal de�nition of consciousnessis likely to be either misleading or overly restrictive, or
both. If this seemsevasive, try de�ning a gene. Is it a stableunit of hereditary transmission?
Doesa genehave to code for a singleenzyme?What about structural and regulatory genes?
Does a genecorrespond to one continuous segment of nucleic acid? What about introns?
And wouldn't it make more senseto de�ne a geneas the mature mRNA transcript after
all the editing and splicing have taken place? So much is now known about genesthat any
simplede�nition is likely to be inadequate.Why should it be any easierto de�ne something
as ine�able as consciousness?16

Historically, signi�cant scienti�c progresshas commonly been achieved in the absence
of formal de�nitions. For instance, the phenomenologicallaws of electrical current 
o w
were formulated by Ohm, Amp�ere, and Volta well before the discovery of the electron in
1892by Thompson. For the time being, therefore, I adopt the above working de�nition of
consciousnessand will seehow far I can get with it.

Consciousness Is Not Unique to Humans

It seemsplausiblethat somespeciesof animals|mammals, in particular|p ossesssome,but
not necessarilyall, of the featuresof consciousness;that they see,hear, smell, and otherwise
experiencethe world in ways not too dissimilar from people. Of course,each specieshas its
own uniquesensorium,matchedto its ecologicalniche. But I assumethat theseanimalshave
feelings,subjective states. To believe otherwiseseemspresumptuousand 
ies in the faceof
all experimental evidencefor the continuity of behaviors betweenanimals and humans. We
are all Nature's children.

This is particularly true for monkeysand apes,whosebehavior and brain structure are
remarkably similar to thoseof humans(it takesan expert to distinguish a cubic millimeter
of monkey brain tissuefrom the samechunk of human brain tissue). In fact, the best model
currently available for studying stimulus awarenessat the neuronal level is the visual sys-
tem of the macaquemonkey. Given this likeness,appropriate experiments on non-human
primates|carried out in a humaneand ethical manner|are necessaryto discover the mech-
anismsunderlying consciousness.17

15Psychophysical evidenceforcesme to conclude that focal, top-down attention is not strictly necessary
to see(Chapter 9).

16SeeKeller (2000) for a concisemonograph on the intellectual history of genes.
17A few words on someof the approximately 200 primate species,of which we are but one member. The

order of primates is divided into two suborders, prosimians (literally , \b efore monkeys") and anthropods,
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Of course,humans do di�er fundamentally from all other organismsin their abilit y to
talk. True languageenableshomo sapiensto represent and disseminatearbitrarily complex
concepts. Languageleadsto writing, representativ e democracy, generalrelativit y, and the
Macintosh computer,activities and inventions that arebeyond the capabilitiesof our animal
friends. The primacy of languagefor most aspects of civilized life has given rise to a belief
amongphilosophers,linguists, and others that consciousnessis impossiblewithout language
and that, therefore, only humans can feel and introspect. While this might be true, to
a limited extent, about self-consciousness(as in, \I know that I am seeingred"), all of
the evidencefrom split-brain patients, autistic children, evolutionary studies, and animal
behavior is fully compatible with the position that animals can experiencethe sights and
soundsof life.18

At present, it is unknown to what extent consciousperceptionis commonto all animals. It
is probablethat consciousnesscorrelatesto someextent with the complexity of the organism's
nervous system. Squids, bees, fruit 
ies, and even roundworms are all capable of fairly
sophisticatedbehaviors. Perhapsthey too possesssomelevel of awareness;perhapsthey too
can feelpain, experiencepleasure,and smell. I will discussexperiments to test this assertion
later on in the book.

How Can Consciousness Be Approac hed in a Scienti�c Manner?

Consciousnesstakes many forms, but it seemsbest to begin with the form that is easiest
to investigate. Studying vision has several advantagesover studying other senses,at least
when it comesto understandingconsciousness.

First, humansare visual creatures. This is re
ected in the large amount of brain tissue
that is dedicatedto the analysisof imagesand in the importance of seeingin daily life. If
you have a cold, for instance,your nosebecomesstu�y and you may loseyour senseof smell,
but this impairs you only mildly. A transient lossof vision, asoccursduring snow blindness
on the other hand, will devastate you.

Second,visual perceptsarevivid and rich in information. Pictures and moviesarehighly
structured yet easyto manipulate using computer-generatedgraphics.

Third, there is a sheerendlessnumber of illusions that directly manipulate visual ex-
perience. Take motion-induced blindness: a bunch of randomly moving blue lights are su-

encompassingmonkeys, apes and humans. There are two superfamilies of monkeys, which have distinct
geographicaldistributions, New World and Old World monkeys. Old World monkeys,which include baboons
and macaques, have larger and more convoluted brains than New World monkeys,are easilybred in captivit y,
and are not endangered. They are popular as a model system for human brain organization. Goril las,
orangutans and the two species of chimpanzees constitute the great apes. Given their highly developed
cognitive abilities and kinship to humans, little invasive research is carried out on apes. Most of what is
known about their brains derivesfrom postmortem studies.

18The position that only humanspossessconsciousnessand that animals are mereautomatons, advocated
most famously by Descartes,usedto be widespread. After Darwin and the rise of evolutionary explanations,
it became less so. However, even today some argue that language is a sine qua non for consciousness
(Macphail, 1998).
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perimposedonto three highly salient but stationary yellow spots. Fixate anywhere on the
display, and after a while one, two or even all three disks simply disappear.19 Gone! It is
an amazing sight: the swirling blue cloud wipes the yellow spots from sight even though
the spots continue to stimulate the retina. Following a brief eye movement the spots reap-
pear. While such sensoryphenomenaare far removed from \in tentionalit y," the \ab outness
of consciousness,"\free will," and other conceptsdear to philosophers,understanding the
neuronalbasisof visual illusions can teach much about the physical basisof consciousnessin
the brain. In the early days of molecular biology, Max Delbr•uck focusedon the geneticsof
phages,simple virusesthat prey on bacteria. You might have thought that the way phages
passinformation on to their descendants is irrelevant to human heredity. Yet this is not the
case.Likewise,Eric Kandel's belief that the lowly marine snail Aplysia hasmuch to teach us
about the molecularand cellular strategiesunderlying memoryhasproven to be prophetic.20

Last, and most important, the neuronalbasisof many visual phenomenaand illusionshas
been investigated throughout the animal kingdom. Perceptual neurosciencehas advanced
to such a point that reasonablysophisticatedcomputational models have beenconstructed
and have proven their worth in guiding experimental agendasand summarizingthe data.

I thereforeconcentrate on visual sensationor awareness.Antonio Damasio,the eminent
neurologist at the University of Iowa, refers to such sensoryforms of awarenessas core
consciousness, and di�eren tiates these from extended consciousness.21 Core consciousness
is all about the here and now, while extended consciousnessrequires a senseof self|the
self-referential aspect that for many peopleepitomizesconsciousness|and of the past and
the anticipated future.

My approach neglects,for now, theseand other aspectssuch as languageand emotions.
This is not to say that theseare not critically important to humans. They are. Aphasics,
children with severeautism, or patients who have lost their senseof selfareseverely impaired,
con�ned to hospitalsor nursing homes.For the most part, however, they canstill seeand feel
pain. Extendedconsciousnessshareswith sensoryconsciousnessthe samemysteriousstance,
but it is much lessamenableto experimental investigationssincethesecapabilitiescan't easily
be studied in laboratory animals, making accessto the underlying neuronsdi�cult.

Underlining my choice is the tentativ e assumptionthat all the di�eren t aspects of con-
sciousness(smell, pain, visual awareness,self-consciousness,and so on) employ one or per-
hapsa fewcommonmechanisms.Figuring out the neuronalbasisfor onemodality, therefore,
will simplify understanding them all. From an introspective point of view, this is quite a
radical hypothesis. What is the communality betweena sound,a sight, and a smell? Their
content feelsquite di�eren t, yet all three have that magical buzz about them. It is possible
that the subjective sensationsassociated with each are causedby similar neuronal events

19The motion-induced blindnessphenomenonwas discovered by Bonneh, Cooperman, and Sagi (2001).
20Kandel (2001).
21SeeDamasio'sbook (1999). A pithy formulation of his ideascan be found in Damasio(2000). The cogni-

tiv e psychologist Endel Tulving at the University of Toronto refers to perceptsas involving noetic (knowing)
consciousness,in contrast to autonoetic (self-knowing) consciousnessthat is characteristic of episodic memory
(Tulving, 1985). Edelman and Tononi (2000) refer to primary and higher-order consciousness.
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and circuits.

I allude to other promising lines of work, too, such asolfaction and Pavlovian condition-
ing, particularly if they have featuresthat make them easyto study in the laboratory. Given
the desirability of relating consciousnessto the �ring activit y of individual neuronsand their
arrangements, it will be imperative to carry out relevant experiments in behaving mice. The
amazingdevelopment of ever-more-powerful molecularbiology toolspermits scientists to ma-
nipulate rodent brains in a deliberate, delicate, and reversiblemanner, somethingcurrently
not possiblein primates.

Altered statesof consciousness|h ypnosis,out-of-body experience,lucid dreaming,hallu-
cination, meditation, and soon|are not coveredin this book. While they are all fascinating
casestudies of the human condition, it is di�cult to accesstheir underlying neuronal rep-
resentations (can a monkey be hypnotized?). A comprehensive theory of consciousnesswill
ultimately have to account for theseunusual phenomena.22

1.4 The Neuronal Correlates of Consciousness

Francisand I focuson discovering the neuronal correlatesof consciousness(NCC). Whenever
information is represented in the NCC you becomeconsciousof it. The goal is to discover
the minimal set of neuronal events and mechanismsthat gives rise to a speci�c conscious
percept (Figure 1.1). The NCC involvesthe �ring activit y of neuronsin the forebrain.23 As
detailed in the next chapter, by �ring activit y I meanthe sequencesof pulses,about a tenth
of a volt in amplitude and 0.5-1msecin duration. Thesebinary spikesor action potentials
can be treated as the principal output of forebrain neurons. Stimulating the relevant cells
with someundiscoveredtechnologythat replicatestheir spiking pattern, or spiking discharge,
should give rise to the samepercept as using natural images,soundsor smells.

Our approach assumesthat some neural activit y is both necessaryand su�cien t for
biological sentience. Note this important point: consciousnessdoes not depend on any
behavior. Empirical support for this fact derivesfrom many sources.In dreaming,a highly
consciousstate, almost all voluntary musclesare actively inhibited.24 Too many patients
are unfortunate enough to lose the use of their motor system, either during short-lived

22Blackmore (1982), Gr•usserand Landis (1991), and Blakeet al. (2002)havecontributed to the psychology
and neurology of out-of-body experiences,a fascinating phenomenonthat has, until recently , been almost
entirely co-optedby new agemystics. Manford and Andermann (1998) review complex visual hallucinations
from a clinical vantage point.

23A three sentenceprimer on grossbrain architecture. I follow a tripartite division of the vertebrate brain
into the forebrain, the midbrain and the hindbrain. The forebrain consists,by and large, of the neocortex,
the basal ganglia, hippocampus, amygdala, olfactory bulb and the thalamus and its associated structures.
The brainstem includes the midbrain, pons and medulla.

24Revonsuo(2000) overviews the form and putativ e functions of phenomenaldream content.
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episodes25 or permanently,26 yet without losing the abilit y to experiencethe world. Direct
brain stimulation with electrodesor magneticpulsestriggers simplepercepts,such as
ashes
of colored light, the basis for ongoing research in neuroprosthetic devicesfor the blind. I
thereforeconcludethat motor action is not necessaryfor consciousness.

Outside world Inside the brain

NCC

Conscious percept

Figure 1.1: The Neur onal Correla tes of Consciousness
The NCC is the minimal set of neural events|here synchronized action poten-
tials in neocortical pyramidal neurons|that give rise to a speci�c consciouspercept.

The notion of the NCC is signi�cantly more subtle than illustrated by the cartoon and
must alsospecifyover what rangeof circumstancesanddata the correlationbetweenneuronal
events and consciousperceptholds. Is the relationship true only when the subject is awake?
What about dreamsor various pathologies? Is the relationship the samefor all animals?
Thesecomplicationsare taken up in Chapter 5.

Using the NCC in this way implies that if I am aware of an event, the NCC in my head
must directly expressthis. There must be an explicit correspondence between any mental
event and its neuronal correlates. Another way of stating this is that any change in a

25A transient form of paralysis is one of the characteristic features of narcolepsy, a neurological disorder.
Triggered by a strong emotion|laugh ter, embarrassment, anger, excitement|the a�icted subject suddenly
loosesskeletal muscletone without becomingunconsciousness.Severecataplectic attacks can lasts for minutes
and leave the patient collapsed on the 
o or, utterly unable to move or to signal, but fully aware of her
surroundings (Guilleminault, 1976;Siegel,2000).

26The most dramatic of thesehave locked-in syndrome (Feldman, 1971;see,also, Celesia,1997). Take the
caseof Jean-Dominique Bauby, the editor of the French fashion magazineEl le, who retained nothing but
the abilit y to move his eyes up and down following a massive stroke. He composedan entire book on his
inner experiencesusing eye movements as a form of Morse code. Bauby's 1997Le Scaphandre et le Papil lon
(translated as The Butter
y and the Diving-Bel l) is a strangely uplifting and inspirational volume written
under appalling circumstances. If his last link with the world, his vertical eye movements, had beensevered,
Bauby would have beencondemnedto living a fully consciouslife while appearing all but dead! He and other
such patients appear to seemuch like normals, although this has never beensystematically studied. Frozen
addicts, discussedin Chapter 7, are yet another living proof that complete lack of mobilit y and consciousness
can coexist.
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subjective state must be associated with a change in a neuronal state.27 Note that the
converseneed not necessarilybe true; two di�eren t neuronal states of the brain may be
mentally indistinguishable.

It is possiblethat the NCC is not expressedin the spiking activit y of someneuronsbut,
insteadfor example,in the concentration of free,intracellular calciumionsin the postsynaptic
dendritesof their target cells.28 Or the invisible partners of neurons,glia cells that support,
nurture and maintain nerve cellsand their environment in the brain, might play a direct role
(although this is unlikely29). But whatever the correlatesare, they must map directly, rather
than indirectly, onto consciousperceptionbecausethe NCC givesrise to consciousness

At this point, it becomesnecessaryto distinguish betweenthe di�eren t kinds of neuronal
activities, which can looselybe termed pre-NCC, NCC, and post-NCC activities.

All of the nerve cell activit y responsible for extracting \meaningful" information from
the sensoryapparatusand processingit in an elaborate mannerbeforeit is expressedin the
NCC is pre-NCC. Theseelaborate neuronaloperationsareoften thought of ascomputations.
A prototypical example of the pre-NCC is the events in the retina that are not directly
responsiblefor visual awareness.

The activit y of a privileged subsetof operations that take place in the brain gives rise
to a consciouspercept. It is possiblethat the NCC is associated with somespecial type of
activit y in oneor more setsof neuronswith somespecial pharmacological,anatomical, and
biophysical properties that must exceedsomethreshold and last for someminimal amount
of time.

BecauseI believe that consciousnessis not a mere epiphenomenonbut enhancesthe
survival of the organism, the NCC activit y must, in turn, a�ect other neurons in some
manner. This post-NCC activit y must in
uence other neurons that can ultimately cause
somebehavior to occur. This activit y canalsofeedback to the NCC neuronsand to previous
stagesin the hierarchy, signi�cantly complicating matters.

27This stance implies that in the absenceof a physical carrier, consciousnesscan't exist. Put succinctly:
no matter, never mind.

28The proposition that the NCC is closely related to subcellular processesis not as outlandish as it may
sound. Cellular biophysicists have realized over the past few years that the distribution of calcium ions
within dendrites represents a crucial variable for processingand storing information (Koch, 1999). Calcium
ions enter spinesand dendrites through voltage-gatedchannels. This, along with their di�usion, bu�ering,
and releasefrom intracellular stores,leadsto rapid local modulations of the calcium concentration within the
dendritic tree. The concentration of calcium can, in turn, in
uence the membrane potential (via calcium-
dependent membrane conductances)and|b y binding to bu�ers and enzymes|turn on or o� intracellular
signaling pathways that initiate plasticit y and form the basisof learning. The dynamics of calcium in thick
dendrites and cell bodies spansthe right timescale(on the order of hundreds of milliseconds) for perception.
Indeed, it has been established experimentally in the cricket that the concentration of free, intracellular
calcium in the omega interneuron correlates well with the degreeof auditory masking, a time-dependent
modulation of auditory sensitivity in theseanimals (Sobel and Tank, 1994).

29Glia cells are as numerousas neuronsbut are rarely talked about. Their behavior is sluggishand they
show little of the elaborate sensitivity associated with forebrain neurons(Laming et al., 1998). This is why
they are unlikely to play a direct role in perception. Someglia cells exhibit all-or-none propagating calcium
events, akin to action potentials, except that they occur over seconds,(Cornell-Bell et al., 1990;Sanderson,
1996).
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Discovering the NCC would constitute a major step forward on the road to a �nal under-
standingof consciousness.Identi�cation of the NCC will enableneuroscientists to manipulate
its cellular substrateon the basisof pharmacologicalintervention and geneticmanipulations.
For instance, it may be possibleto fashion transgenicmice whoseNCC can be rapidly and
safelyswitched on and o�. Such \zombie" rodents could provide oneanswer to the question
Freud famouslyasked, \how much behavior is unconscious"(as well as leadingto a new and
powerful classof anesthetics).

Eventually, a theory that bridges the explanatory gap, that explains why activit y in a
subsetof cells gives rise to a particular type of feeling, is required. This theory needsto
make comprehensiblewhy the activit y meanssomethingfor the organism(e.g., why doesit
hurt?) and why qualia feel the way they do (e.g., why doesred look oneway, quite di�eren t
from blue?).30

For now, it is best to concentrate on identifying the NCC in the mammalian brain and
interfering with it both speci�cally and delicately.

1.5 Recapitulation

Consciousnessresidesat the nexus of the mind-body problem. It appears as mysterious
to twenty-�rst century scholars as when humans �rst started to wonder about their minds
several millennia ago. Nevertheless,scientists today are better positioned than ever to in-
vestigatethe physical basisof consciousness.

My approach is a direct one that many of my colleaguesconsidernaive or ill-advised.
I take subjective experienceas given and assumethat brain activit y is both necessaryand
su�cien t for biological creaturesto experienceanything. Nothing elseis needed.I seekthe
genesisof phenomenalstateswithin brain cells, their arrangements and activities. My goal
is to identify the speci�c nature of this activit y, the neuronalcorrelatesof consciousness,and
to determine to what extent the NCC di�er from activit y that in
uences behavior without
engagingconsciousness.

The focus is on sensoryforms of consciousness|vision, in particular. More than other
aspects of sensation,sensoryawarenessis amenableto empirical investigations. Emotions,
language,and a senseof the self and of others are critical to daily life, but thesefacetsof
consciousnessare left for later, when their neural baseswill be better understood. Similar
to the quest to understand life, discovering and characterizing the molecular, biophysical,
and neurophysiologicaloperations that constitute the NCC will likely help solve the central
enigma,how events in certain privileged systemscan give rise to feelings,

It would be contrary to evolutionary continuity to believe that consciousnessis unique to
humans. Instead, I assumethat the human mind sharessomebasicproperties with animal
minds|in particular, with mammalssuch as monkeys and mice. I ignore niggling debates

30There is no guarantee that sciencewill discover a �nal, objective theory of consciousness.As Chalmers
(1996) and others have argued, onemight have to settle for somesort of nonreductionist physicalist account
of consciousnessor for an ontological dualism with rigorous, quantitativ e bridging principles linking the
domain of subjective experienceswith objective reality. Only time will tell.
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about the exact de�nition of consciousnessand whether or not my spinal cord is conscious
but is not telling me. Thesequestionsmust be answered eventually, but today they only
impedeprogress.You don't win a war by �gh ting the most arduousbattle �rst.

Blunders will be committed and oversimpli�cations will be made in the courseof this
colossal,long-term undertaking, but thesewill only becomeapparent as time passes.For
now, scienceshould rise to the challengeand explorethe basisof consciousnessin the brain.
Like the partially occludedview of a snow-covered mountain summit during a �rst ascent,
the lure of understandingthis puzzleis irresistible. As Lao Tsu thoughtfully remarked many
yearsago, \A journey of a thousandmiles beginswith a singlestep."

Now that we have started, let me acquaint you with somekey conceptsthat will guide
our quest. In particular, I will needto 
esh out the notions of explict and implicit neuronal
representations, essential nodes,and the various forms of nervousactivit y.


