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Searching for the Secrets of Consciousness



Consciousness is an enigmatic beast. It’s more than mere awareness—it’s how we experience the world, 
how our subjective experience relates to the objective universe around us. And therein lies the rub, 
in that tiny little word “how.” Neuroscientists continue their stepwise progress in figuring out 
just what separates so-called “mind” from brain. How do the neural and chemical workings of our 
brains create our minds, our total experience of the world, our thoughts and feelings, and that 
sense of self that distinguishes the individual from everyone else?



In this eBook, The Secrets of Consciousness, we explore these 
very questions, starting with a Section 1, “The Nature of Consciousness.” 
Scientific American Advisory Board member and prominent neuroscientist known for his research on the neural 
bases of consciousness, Christof Koch offers several pieces on just what is consciousness. Using techniques 
such as functional brain imaging to record activity, one article looks at how unconscious mechanisms affect 
thought; another, at the consciousness of bees; and a third, a feature on how our perceptions create 
a “movie” in our heads.



Section 2, “From Brain to ‘Mind,’” delves into theories on precisely how consciousness happens. How is 
neural activity translated or interpreted to become a “mind” that feels, records, remembers, and all the 
other things that make our lives “ours?” An indepth look at the “hard problem,” as author David J. Chalmers 
puts it, requires an entirely new theory that places consciousness itself as a fundamental component akin 
to the forces of physics. Two leading neuroscientists go head-to-head in a story titled “Debate: How Does 
Consciousness Happen?” in which each expresses a different take on the neurons and circuits involved 
in creating conscious awareness.



Of course, when we talk about measuring consciousness, no device exists that can test whether an unresponsive 
person is truly conscious. Section 3, “Measuring Consciousness,” discusses what tools we do have and what 
they can tell us. One story, “Eyes Open, Brain Shut,” addresses the heartbreaking scenario above of 
measuring consciousness in people who are unresponsive or behaving reflexively—such as a coma or 
vegetative state—while another, “The Mechanics of Mind Reading,” takes us on a wild ride into 
the use of brain scans to “read” thoughts.



“Altered States of Reality” is the fascinating focus of Section 4, including how consciousness 
is affected when we go under anesthesia, when we’ve been hypnotized, when we’re dreaming or 
sleepwalking, and...when we’re dead. Jesse Bering’s article, titled “The End,” explores what 
he calls an inevitable and troublesome by-product of self-consciousness—believing that the mind 
lives on after the brain dies. 

In a category all their own, psychoactive drugs are discussed in 
  Section 5, which rounds up a handful of interesting stories on the re-birth of using previously 
  blacklisted hallucinogens as healing drugs. Chemicals such as LSD, psilocybin and others were 
  outlawed in the 1950s and 1960s, but have since seen resurgence in clinical testing due to their 
  promise as healing medications for cancer patients, addicts and people with other psychiatric illnesses. 


Finally, Section 6 explores “The Enigma of Spirituality.” David Biello takes on the search for 
“God in the Brain” in his article highlighting studies searching for specific neurological centers 
of spirituality; while Amishi P. Jha writes about “Being in the Now,” or how mindfulness meditation 
can help everyone from addicts to former soldiers suffering from PTSD.



It’s been said before, but the brain is the final frontier. Just how that brain creates not only 
awareness, but also integrates that awareness into creating experiences, memories, and an enduring 
sense of self—well, it might take overhauling not only how we study ourselves, but how we define 
our reality in the process of looking.






–Jeanene Swanson

Book Editor






	
		
	

SECTION 1


The Nature of Consciousness


		

	
	    
How Unconscious Mechanisms Affect Thought

by Christof Koch




What is consciousness? What is this ineffable, subjective stuff—this thing,
substance, process, energy, soul, whatever—that you experience as the sounds and
sights of life, as pain or as pleasure, as anger or as the nagging feeling at the back of
your head that maybe you’re not meant for this job after all. The question of the
nature of consciousness is at the heart of the ancient mind-body problem. How
does subjective consciousness relate to the objective universe, to matter and
energy?



Consciousness is the only way we experience the world. Without it, you would be
like a sleepwalker in a deep, dreamless sleep, acting in the world, speaking, having
babies, but without feeling anything. You would feel nothing, nada, nichts, 
rien. Indeed, in the most famous deduction of Western thought, philosopher and
mathematician René Descartes concluded that because he was conscious he
existed. That was his only unassailable proof that he wasn’t just a chimera. Maybe
he didn’t have the body he thought he had, maybe he had fake memories
(premonitions of The Matrix), but because he was conscious he must exist.



Yet the questions go on. Are only people conscious? What about a fetus? What about a neurological patient in a persistent vegetative
state, such as Terri Schiavo (who died in 2005), who can’t do much more than open and close her eyes? Although many are willing to
accord sentience, consciousness, to our beloved cats and dogs, what about apes, monkeys, whales, mice, bees and all the other critters
on the planet? Can a fly be conscious? What about artificial consciousness? Is your cool iPhone sentient? Can machines ever become
conscious, as is widely assumed in so many science-fiction novels and movies?



Until recently, these questions were purely within the domain of speculative philosophy and fantasy. But over the past decades, science
has been making huge strides in exploring the brain. An immense number of psychological, medical, neurobiological and physical
stories about consciousness can now be told. 



I am a scientist who seeks rational explanations of ineffable consciousness and of how and why it arises in the brain. But I also realize
that our universe is a strange place; there are more things in heaven and earth than are dreamt of in philosophy. So I try to be humble
when it comes to one of the most mystifying aspects of this universe—that I wake up each day and find myself conscious, capable of
seeing, touching, loving, feeling and remembering. I am not a zombie! Many different traditions besides the modern scientific one have
provided answers, and we should not reject them out of hand but listen to them.



Unconscious Influences



As I wrote these lines, I was flying back from the 2008 annual meeting of the Association for the Scientific Study of Consciousness that took
place in Taipei, Taiwan. It’s a gathering of hard-nosed philosophers, neurologists, psychologists and neuroscientists
concerned with consciousness. One of its high points is an annual award, named in honor of the father of American psychology. The
2008 William James Prize for Contributions to the Study of Consciousness went to Naotsugu Tsuchiya, a young neurobiologist from the
California Institute of Technology. What had he done that caught the attention of the prize committee?



In 2005 Tsuchiya invented a technique, continuous flash suppression, which renders a picture invisible, hiding it from your conscious
sight. Yet some part of your brain has access to the image and influences your behavior in untold ways. The way it works is simple. Say
Tsuchiya wants to camouflage a picture of an angry male face. With the help of a split computer screen, Tsuchiya projects a faint image
of this snarling guy into your left eye. Your right eye sees a rapidly changing set of colored rectangles, one on top of another. If you keep
both eyes open, all you see are the ever changing series of colored patches but no angry face. The constantly flickering colors attract your
attention in a way that the static portrait does not. As soon as you close your right eye, the face becomes visible. But otherwise you have
no inkling that the face is there, even though your left eye has been staring at it for many minutes. You simply do not see it. So what is
the big deal?



Subconsciously Active



Functional brain imaging shows that this angry face still activates a part of your brain that is concerned with fear, the amygdala. That is,
at least some sector of your brain knows about the face—as it ought to because an angry male face in front of you might spell big trouble.
This brain activity remains unconscious but may influence your behavior or generate a subtle feeling of unease.



Using this technique, psychologist Sheng He, with his student Yi Jiang and their colleagues at the University of Minnesota, made an
intriguing discovery. They projected to one eye a photograph of a naked person on one side of the gaze and a scrambled version of the
same image on the other side. They then hid both using continuous flash suppression. The paid volunteers who participated in the
experiment never saw anything but flashes of color. The psychologists asked the volunteers to guess whether the naked person was in
the left or the right part of the image. But they couldn’t. Their guesses were no better than chance.



He and Jiang demonstrated that the observers attended to the naked picture but not to its scrambled counterpart. Even more
interesting, straight males attended to pictures of naked women but were slightly repelled by pictures of naked men. Straight women
were attracted to pictures of naked men without showing a consistent repulsion for pictures of naked women. Gay men behaved much
like straight women; they unconsciously paid attention to the pictures of the naked men but not to those of women. What is
disconcerting about this experiment is that this all took place outside the pale of consciousness. Because the observers never actually
saw the naked images, they had no idea they were attracted or repelled by them. This experiment is scary because it seems as if people’s
sexual orientation could be inferred (statistically) from their unconscious attentional biases. An example of the unconscious mind at
work. Freud would have loved it.



What this experiment teaches us is that the mind has many nooks and crannies; some—probably the minority—are consciously
accessible, whereas most are hidden from introspection, lost in the vast catacombs of the brain. Yet they can powerfully influence your
behavior, making you do things without knowing why. Continuous flash suppression—and other techniques that magicians and
psychologists have invented to distract you so you do not see things while looking at them—in combination with functional brain
imaging is a delicate tool to map the landscape of the visual unconscious.







--Originally published: Scientific American Mind 19(5), 18-19. (October/November 2008)





	
	    
Exploring the “Mind” of Bees

by Christof Koch




We take the magical gift of consciousness for granted. From the time I awaken until
I fall into a deep, dreamless sleep, I am flooded with conscious sensations. And
contrary to assertions made by philosophers, novelists and other literati, by and
large this stream of consciousness does not relate to quiet self-reflection and
introspective thoughts. No, most of it is filled with raw sensations.



In 2008, a friend and I climbed a sea cliff above the Pacific surf at Malibu,
Calif. When I am on the sharp end of the rope, my inner critic—that voice in my
head reminding me of deadlines, worries and my inadequacies—is gone, is silent.
My mind is all out there—conscious of the exact orientation, shape and texture of
the rock, looking for tiny indentations where I can get purchase for my fingers and
toes, always aware of how high I am above the last bolt. One moment I am
exquisitely aware of my feet on all too smooth rock, reaching upward with my left
hand for a handhold. The next I am airborne, my right hand bloody, my right rib
cage aching. After catching my breath and shouting to my anxious belayer that I’m
okay, I am filled with adrenaline for having survived yet another fall, can’t contain
my enthusiasm, and scream.



Two weeks later, only a bruised rib remained as a testament to how much of the stream of
consciousness is pure sensation. Whether you are weaving on a motorbike through
flowing traffic, running in the mountains, dancing to fast rock and roll, reading an
engaging book, making love or debating with your friend, your eyes, ears, skin and
body sensors paint an engrossing picture of the outside, including your own body,
onto your mind’s canvas.



Animal Consciousness?



I suspect this feeling is not that dissimilar to the way animals consciously
experience their world. Except perhaps for the great apes and a few other privileged
big-brained animals, most species do not posses the highly developed sense of self,
the ability to reflect on oneself, that people have. Most biologists and pet owners are willing to grant consciousness to cats, dogs and
other mammals. Yet our intuitions fail us completely when we consider fish and birds, let alone invertebrates such as squid, flies or
worms. Do they experience the sights and sounds, the pains and pleasures, of life? Surely they can’t be conscious—they look too
different from us, too alien.



Insects, in particular, were long thought to be simple, reflexive creatures with hardwired instinctual behaviors. No more. Consider the
amazing capabilities of the honeybee, Apis mellifera.



Martin Giurfa of the University of Toulouse in France and Mandyam Srinivasan and Shaowu Zhang, both at the Australian National
University in Canberra, trained free-flying bees, using sugar water as a reward, in a variety of complex learning tasks. The
neuroethologists taught the bees to fly in and out of tall cylinders with one entryway and two exit holes. Each bee had to choose one of
two exits to leave the cylinder and to continue her flight. (In bee colonies, males are a small minority and do only one thing—and that
only during the virginal flight of the colony’s queen.)



These cylinders were staggered into mazes with multiple levels of “Y” branch points that the bees encountered before reaching the
desired feeder station. In one set of experiments, the scientists trained bees to track a trail of colored marks, as in a scavenger hunt. The
bees could then follow—more or less—the same strategy in a completely unfamiliar maze. Amazingly enough, bees can use color in an
abstract manner, turning right, for instance, when the branch point is colored blue and left when it is colored green. Individual animals
developed quite sophisticated strategies, such as the right-turn rule, that always led to the goal, though not necessarily by the shortest
route.



In humans, the short-term storage of symbolic information—as when you enter an acquaintance’s phone number into your iPhone’s
memory—is associated with conscious processing. Can bees remember task-relevant information? The gold standard for evaluating
working memory is the delayed matching-to-sample (DMTS) paradigm. The subject looks at a picture for a few seconds. The test image
then disappears for five or 10 seconds. Subsequently, two pictures are shown next to each other, and the animal has to choose, by
pushing a lever or moving its eyes, which of the two images was the test picture. This test can be carried out correctly only if the animal
remembers the image. A more complex version, the delayed nonmatching-to-sample (DNMTS) task, requires one additional processing
step: choosing the opposite image from the one previously shown.



Although bees can’t be expected to push levers, they can be trained to take either the left or the right exit inside a cylinder modified for
the DMTS test. A color disk serves as a cue at the entrance of the maze, so that the bee sees it before entering. Once within the maze, the
bee has to choose the arm displaying the color that matches (DMTS) or differs from (DNMTS) the color at the entrance. Bees perform
both tasks well. They even generalize to a situation they have never previously encountered. That is, once they’ve been trained with
colors, they “get it” and can now follow a trail of vertical stripes if a disk with vertical gratings is left at the entrance of the maze. These
experiments tell us that bees have learned an abstract relation (sameness in DMTS, difference in DNMTS) irrespective of the physical
nature of the stimuli. The generalization to novel stimuli can even occur from odors to colors.



Insect Intelligence



Although these experiments do not tell us that bees are conscious, they caution us that we have no principled reason at this point to
reject this assertion. Bees are highly adaptive and sophisticated creatures with a bit fewer than one million neurons, which are
interconnected in ways that are beyond our current understanding, jammed into less than one cubic millimeter of brain tissue. The
neural density in the bee’s brain is about 10 times higher than that in a mammalian cerebral cortex, which most of us take to be the
pinnacle of evolution on this planet. In humans, widespread loss of cerebral cortex, as in the vegetative patient Terri Schiavo, leads to an
irreversible loss of consciousness. That is not to say that a cerebral cortex is necessary for consciousness in creatures with a different
evolutionary heritage.



Bees live in highly stratified yet flexible social organizations with group decision-making skills that rival academic, corporate or
government committees in efficiency. In spring, when bees swarm, they choose a new hive that needs to satisfy many demands within a
couple of days (consider that the next time you go house hunting). They communicate information about the location and quality of
food sources using the waggle dance. Bees can fly several kilometers and return to their hive, a remarkable navigational performance.
Their brains seem to have incorporated a map of their environment. And a scent blown into the hive can trigger a return to the site
where the bee previously encountered this odor. This type of associative memory was famously described by French novelist Marcel
Proust in À la Recherche du Temps Perdu.



Given all of this ability, why does almost everybody instinctively reject the idea that bees or other insects might be conscious? The
trouble is that bees are so different from us and our ilk that our insights fail us. But just because they are small and live in colonies does
not mean that they can’t have subjective states, that they can’t smell the fragrance of the golden nectar or experience the warm rays of
the sun or maybe even have a primitive sense of self. I am not a mystic. I am not arguing for pan-psychism, for the notion that anything
is conscious. Nor am I assuming that bees can reason or can reflect on their fate as animated cartoon bees.



What this dilemma highlights is that there is no accepted theory of consciousness, no principled theory that would tell us which
systems, organic or artificial, are conscious and why. In the absence of such a theory, we must at the very least remain agnostic about
consciousness in these creatures. So the next time a bee hovers above your breakfast toast, attracted by the sweet jam, gently shoo her
away. For she might be a fellow sentient being, experiencing her brief interlude in the light, shoehorned between this moment and
eternity.







--Originally published: Scientific American Mind 19(6), 18-19. (December 2008/January 2009)





	
	    
The Quest to Find Consciousness

by Gerhard Roth




What is the nature of consciousness? Asking the question
is simple, but determining the answer is not. Consciousness
can seem utterly familiar, even mundane.
People excuse themselves for “unconsciously” ignoring someone at a
party or profess that they seek to “expand their consciousness.” But a
true understanding of the phenomenon remains elusive.



How do the brain’s physical systems work together to create the subjective
experiences of the mind—the self-reflective, private thoughts that
make us who we are? Noting the difficulty of using empirical science to
quantify something so subjective, David J. Chalmers, a philosopher at
the University of Arizona, has dubbed this the “hard problem.”



For a long time, the topic was left to philosophers,
but that has changed in recent years as neuroscientists
have taken up the challenge. Francis
Crick of the Salk Institute for Biological Studies in
San Diego and Christof Koch of the California Institute
of Technology, for example, have argued
that a sound approach to exploring the mechanisms
of consciousness is to concentrate on finding
what are called the neural correlates—the processes
in the brain that are most directly responsible for
consciousness. Locating the neurons in the cerebral
cortex that correlate best with consciousness, and
figuring out how they link to neurons elsewhere in
the brain, may provide key insights.



Recent advances in imaging techniques have
made it possible to observe which areas of the brain
are at work during various types of mental activities.
Consciousness may be one of the greatest unsolved
puzzles of neuroscience, but by learning
more about the processes involved, researchers are
at least gradually identifying the pieces.



Many Levels



Any effort to understand consciousness must
begin by noting that it comprises various states.
One should therefore not refer to the consciousness,
as is often the case in philosophical discussions.
At one end of the spectrum is the so-called
alertness (or vigilance) state. States of lower consciousness
include drowsiness, dozing, deep sleep
and on down to coma.



The characteristic stream of consciousness consists
of two forms: background and actual. Background
consciousness encompasses long-lasting
sensory experiences, such as a sense of personal
identity, awareness of one’s physical body, control
of that body and intellect, and one’s location in
space and time. Other elements include the level of
reality of one’s experiences and the difference between
that reality and fantasy. Background consciousness
provides the foundation for the second
type: actual consciousness. The concrete, sometimes
rapidly alternating states of actual consciousness
include awareness of processes in one’s
own body and the surrounding environment; intellectual
activities, such as thinking, imagining and
remembering; emotions, feelings and needs (such
as hunger); and wishes, intentions and acts of will.



Attention is an important feature of consciousness.
Events that do not command our attention
hardly exist for us, even if they influence how we
perceive, feel or react. Attention, in the sense of
concentration, sharpens the actual states of consciousness.
The more we concentrate on one single
event, the more other events will fade out of our consciousness.



In everyday life, our brains perceive and process
a great deal of information that never reaches
our consciousness. Neuroscientists refer to these
subconscious data as implicit perception and implicit
learning. Most experts feel that such unconscious
perception leads to a “flat” processing of information:
one recognizes objects, occurrences or
connections by means of obvious physical characteristics
and simple rules. No details or complex
content is recognized, however. In contrast, we can
consciously give an account of complex tasks involved
in explicit perception and explicit learning.



Traits of attention and actual consciousness are
present when the brain confronts events or problems
that it judges to be important and new. With
the aid of various types of memory, the brain classifies
perceptions according to whether they are important
(or unimportant) and known (or unknown).
If something is categorized as unimportant,
it will either not make it to consciousness at
all or it will do so only in an imprecise way. Information
that is “important but known” brings
about the activation of processes that have already
dealt with it previously, and therefore the brain can
take routine actions that require a minimal level of
consciousness. Only when an occurrence or task is
important and new—for example, when a person
must solve a complex problem or learn a new motor
skill—do the systems for consciousness and attention
fully activate. Consciousness is, in this case,
a specific method for processing information that
would be too intricate for subconscious processes.



Many tasks, particularly those that require
practice, must first be consciously perceived. Driving
a car, riding a bicycle, playing the piano—to
learn such skills, we must concentrate on them.
With increased practice, we can reduce the level of
concentration and alertness. If we then turn our attention
to the smaller details, we can actually disrupt
the action’s smooth progression.



Signposts of Consciousness



In the past few years, neuroscientists have discovered
regions of the brain that contribute to consciousness
and have formed theories about what
those regions may be doing to contribute to that
unique form of awareness. A historically important
tool of such research is the study of patients with
injuries to specific areas of the brain. Observations
of results, however, do not reveal much about the
neural mechanisms that underlie consciousness.
Finding such information requires methods that
register neural activity, beginning on the level of individual
cells or even their synapses (points of connection),
up to the cortical networks that contain
millions or billions of nerve cells. Special imaging
procedures help to provide clues: magnetic encephalogram
(MEG), positron emission tomography
(PET) and functional magnetic resonance imaging
(fMRI). The electroencephalogram (EEG) records
electrical brain waves.



Using these techniques, researchers have learned
that individuals consciously perceive only information
that is processed in the associative regions
of the cerebral cortex. Elementary processing activities
outside the cortex cannot be accessed by
consciousness. The many states of consciousness
thus represent the end product of extremely complex,
yet completely unconsciously processed, activities.
Even the feeling that we are free in our intentions
and actions—the subjective impression of
free will—is molded by centers that work unconsciously.
Consciousness may have an “advisory”
rather than a decisive role in shaping our actions.



What happens, then, in the associative regions
when we experience a given state of consciousness?
The various states are thought to be based on split-second
“rewiring” in the cortex’s neural networks.
These networks consist of millions of nerve cells
that are densely interconnected. The synapses can
strengthen or weaken their connections for a short
time, which alters the manner in which information
is processed locally. In this way, nerve cells
from specific sections of the networks temporarily
share the same state of excitement. For instance,
when the brain is attempting to recognize one object
among many objects or to comprehend the
meaning of a sentence, a group of nerve cells temporarily
forms a single meaning unit. The combination
of connections between the thalamus (an
important switching center) and the cortex (which
operates more on a localized and spread-out level)
seems to play a major role in the emergence of synchronized activities.



Thinking in One-Second Intervals



In the brain regions that are relevant to consciousness,
chemicals are released that modulate,
or influence, the rapid changes in the synapse
strength of the cortical neurons. The so-called reticular
formations and the limbic centers exercise significant
control in this release. The messenger material (the “quick”
neurotransmitters such as glutamate or gammaaminobutyric
acid), which is responsible for the
transfer of signals between nerve cells, operates in
a matter of milliseconds. Neuromodulating processes,
and the chemical reactions caused by them
inside a cell or on a synapse, require much more
time—approximately one second or even longer.
This could be the basis for the characteristic one-second
interval of consciousness: the period during
which perception, imagination, thought and memory are released.









Gateway to Consciousness



Individuals consciously perceive only that information
processed in the associative regions of the cerebral cortex.
But many regions that operate on a subconscious
level participate in the various states of consciousness.



One example, in the brain stem, is the reticular
(meaning “little net,” which the structure resembles) formation,
which helps to regulate the
general state of activity and consciousness
in the cerebral cortex.
The reticular formation receives
signals from various neural pathways
and acts as a kind of filter; it
alerts the higher cognitive functions
when a stimulus is novel or
persistent. Its fibers project widely
through the brain, many through
the thalamus (considered to be the
doorway to the cerebral cortex).



The reticular formation has cell
groups called nuclei. The medial
nucleus group comprises the ascending
reticular activating system.
It receives messages from all the
sensory systems regarding processes
in the body or its local environment.
As soon as the systems
detect a significant change, it and
areas of the thalamus work to increase
the cortex’s general level of
activity, thereby increasing one’s
state of alertness.



The median and lateral nucleus
groups, particularly the dorsal
raphe nucleus, the pedunculopontine
tegmental nucleus (PPT) and
the locus coeruleus (“blue spot”),
operate more specifically than the
medial group. The neural tracts of
the locus coeruleus are believed to
report the presence of new or conspicuous
stimuli to the brain and
the cortex via the neuromodulating
chemical noradrenaline. The PPT and basal forebrain signal
the importance of the stimuli via acetylcholine, thereby
influencing the degree of focused attention and memory
formation. The raphe nuclei, involved in emotions and
cognition, seem to dampen their targeted areas, mainly
the cortex, by means of serotonin.


[image: ]
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Neuromodulating processes require relatively
large amounts of oxygen and glucose. The corresponding
replenishment through an increase in the
local blood flow occurs within seconds. Here is one
example of how the process works. Imagine having
to quickly identify an object within a complex
scene. At first, one must concentrate, resulting in a
corresponding effort in the temporal and occipital
lobes. The strength of synaptic connections is altered
in existing networks, or new networks are
formed until a solution is found. After several repetitions
of the task, these cortex connections are
more vigorous, enabling completion with less mental effort; a PET or fMRI of the brain would show
an almost immeasurably small amount of cortical
activity. Similarly, after sufficient practice to acquire
a learned motor skill, a person can complete
the movement “in his sleep” and can even mull
other thoughts simultaneously. Networks involved
in the action gradually become reduced in size and
are shifted to the motor cortex and to deeper motor
centers such as the cerebellum and the basal
ganglia (which operate unconsciously).



The brain is constantly trying to automate processes,
thereby dispelling them from consciousness;
in this way, its work will be completed faster, more
effectively and at a lower metabolic level. Consciousness,
on the other hand, is slow, subject to error
and “expensive.”



Associations in the Brain



Why are only those processes that take place in
the associative cortex accompanied by consciousness?
A cursory look reveals nothing obvious. That
area of the brain does not vary that much in appearance
from the rest of the cortex. It, too, consists
of six different layers with a relatively homogeneous
cellular makeup. Its points of entry and
exit are coordinated on the individual layers, just
as is the case in the rest of the cortex. But the answer
may lie in those connections themselves—and
the astonishing number of them.



The primary and secondary sensory regions of
the cortex are concerned with an initial, low-level
processing of information from the sensory organs.
The associative regions become activated afterward. For example, information
travels from the eyes through the thalamus
first to the primary and secondary visual cortex,
and from there it goes to the various visual associative
regions in the parietal and temporal lobes.
But there are also many reverse connections back
to the primary and secondary regions. Neurons in
the associative areas respond to input in a much
more complicated manner than do cells in the sensory
regions—they work in a highly integrative
way. Specific nerve cells in the transitional zone
from the parietal, occipital and temporal lobes react
to visual and auditory stimuli; visual and tactile
stimuli; or visual, auditory and tactile stimuli.









The Seat of Consciousness



Consciousness is involved only in activities stemming
from the associative regions of the cortex. (The other
cortex regions are for sensory and motor functions.)
These regions are found in the neocortex, or isocortex,
which consists of four lobes: the occipital, parietal,
temporal and frontal. The associative cortex is involved with
the conscious perception and identity of one’s own body;
in the planning of movement, spatial perception, orientation
and imagination; and in spatial alertness.



The temporal lobe’s associative cortex is responsible
for sight and hearing. Its lower section and the bordering
areas of the occipital lobe recognize objects, faces
and scenes. The middle and upper regions process
sounds, melodies and language. The language center
known as Wernicke’s area is found here (in the brain’s
left hemisphere in most people); it registers the meaning
of words and simple sentences.



The frontal lobe’s associative cortex is divided into
an upper and a side region, called the prefrontal cortices,
as well as a region above the eye sockets called the orbitofrontal
cortex. The prefrontal cortex helps to structure
sensory perception corresponding to a given time and location.
It also enables individuals to act and speak according
to a specific plan and context, solve problems,
and rework the content of thoughts and actions. Its activity
thus creates the foundation of conscious plans and
intentions for action. The orbitofrontal cortex is mainly occupied
with the internal formulation of goals, motivation
and emotions, as well as with the evaluation of the consequences
of one’s own actions. Some researchers refer
to this as the seat of morals and ethics and therefore
of our conscience. The language center known as Broca’s
area is also found in the frontal lobe.



The imaging processes PET and fMRI take advantage
of the fact that brain regions with
neurons in a more excited state display
a higher metabolism. When a
test subject observes objects, faces
or scenes, activity increases in the
transitional area between the lower
occipital and temporal lobes. If the
test requires the analysis of complex
sentences, Broca’s area is tapped.
The cingulate gyrus, a cerebral convolution
of the limbic system, displays
excitement when a person experiences
pain. If one has to reach
more complex decisions when performing
an action, the prefrontal cortex
and the orbitofrontal cortex are
active. These so-called neural correlates
give scientists clues about the
mechanisms of consciousness.
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The associative cortex has a much stronger
overall connection than the other cortices to the hippocampus
(the organizer of cognitive memory) and
the limbic system (particularly to the amygdala, the
organizer and possible center of emotional memory).
These cortical regions appear to be extremely
important in producing the different states of consciousness.











Emotions and Memory



Emotions are shaped “subcortically,” as neurobiologists
say, by the impact of the limbic system’s
centers on the cerebral cortex and by memories of
one’s experiences.



The amygdala, an almond-shaped nucleus of the limbic
system, plays a central role in emotion. The structure
generates and processes unconscious emotional states
and experiences, mainly recognizing stimuli from the environment
that are considered terrifying or that could be
physically damaging. Some researchers believe that the
amygdala also takes part in nonfear-related emotions,
such as curiosity and the will
to action.



The emotions of desire,
satisfaction and contentment
are most closely related to
activities in the mesolimbic
system, which consists of
the nucleus accumbens and
the ventral tegmental area.
By using the neuromodulator
chemical dopamine and the
so-called brain’s own opiates,
the mesolimbic system
alerts the other brain centers,
particularly the cerebral
cortex, when a positive or desirable
circumstance presents
itself.



Memory content, which is
mediated by the hippocampus
and the surrounding cortex, is
also critical in consciousness.
Brain researchers also call
conscious memory “declarative
memory.” Scientists differentiate
between two types
of declarative memory. Semantic
memory comprises
facts not relating directly to
people, locations or time. Episodic
memory, in contrast, includes
concrete experiences
relating to the self. The core of
episodic memory is the autobiographic memory, which
forms the foundation of the self and self-awareness. According
to current theory, the hippocampus is responsible
for episodic memory, and the surrounding cortex controls
semantic memory.



The cingulate cortex sits between the limbic system
and the cerebral cortex. It is involved in controlling alertness
and in the emotional coloring of perception (for example,
when experiencing pain). In addition, the cingulate
cortex works closely with the frontal lobe to control the
recognition and correction of mistakes.
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The development of consciousness seems to be
largely reliant on the numerous nerve cells in the
cortex being linked to other cells. The cortex’s high
number of connections vastly exceeds the number of
points of entry and exit. This arrangement means
that the cortex communicates with itself more than
with the sensory organs and motor apparatus.



Synchronized Firing



Neuroscientists can thus outline which functions
the states of consciousness fulfill and which physical,
chemical, anatomical and physiological conditions
are necessary in the brain for the development
of these states. Yet we are still left with a critical
question: How does consciousness occur? Many
theories have been put forward, but no consensus
yet exists; a number of the ideas give a central role to
interactions between the thalamus and the cortex.



One good candidate explanation might be
found in the synchronization of the billions of cortical
nerve cells with the trillions of synapses—which are all the while under the influence of the
reticular formation, thalamus, hippocampus and
limbic systems. The astronomically high occurrence
of internal rewiring in the associative cortex
adds weight to this idea. Learning more about the
properties of the links in the brain’s neural networks
could yield insights about emergent characteristics
such as personal experience.



For now, no definitive explanations exist, but
that is not likely to remain true forever. Consciousness
has a rather unique character, but at least
some of the mysteries that surround it should
nonetheless—eventually—fall away in the face of
persistent scientific inquiry.







--Originally published: Scientific American Mind 14(1), 32-39. (January/February 2004)





	
	    
Me, Myself and I

by Uwe Herwig




Mrs. K. questions who she really is.
Her family, her career, her entire life seem pointless. She feels anxious and
broods. She sometimes screams at her children for no reason and then
feels guilty. She has toyed with the idea of suicide. In contrast, Mr. M. believes
that he possesses extraordinary gifts. He spends long nights writing
down grandiose plans to save the world and sends his manuscripts to
numerous publishers. Despite heaps of debt, he buys an expensive sports
car, anticipating success. He has never felt more confident. These patients
suffer from different mental illnesses—Mrs. K. is depressed, and Mr. M.
is manic—but they both hold highly distorted views of themselves.



It is more than just sage advice to “know thyself,” as Heraclitus advocated
in the fifth century B.C. A realistic self-image is a hallmark of a
healthy mind. Ancient Greek philosophers speculated that the psyche determines
behavior. Since then, numerous studies have shown that people
with a faulty self-image tend to have high levels of anxiety, defensiveness,
self-doubt and narcissism. Relationships, careers and happiness suffer
when reality doesn’t match who we think we are.



How does a person’s self-image come unglued? Neuroscientists have
long searched for the origins of self in the brain. Thanks to advances in
imaging technologies, they have made progress in recent years, but the
“I” remains hard to pin down. For one thing, it is the product of a distributed
array of brain structures. More confounding, the “I” is a moving
target: many factors—from a person’s upbringing to major life events—continually shape the self. This shifting sense of self does not only derive
from the narratives we construct to make sense of our lives. It is also biological:
experiences generate new brain cells and neural pathways.



Yet despite all this wiring and rewiring, the mind typically manages to
maintain a consistent self-portrait. Subjectively, we perceive the “I” as an
unchanging framework—a steady reference point for ordering our thoughts,
emotions and experiences. Moreover, the “I” provides clear 
boundaries—we make sharp distinctions between internal and external events. We regard
thoughts, feelings and memories as our own; they belong to us. And
even when we empathize with others, we know very well whose mental
states belong to whom. How does the healthy brain maintain this unwavering,
well-defined self? And to what end? Why aren’t we simply biological automatons—unaware of ourselves or of how we
relate to our surroundings? It is perhaps one of the
central questions of what it means to be human.



The Layers of Self-Awareness



We begin to establish a sense of self shortly after
birth. From three to five months old, babies start
to gain control over their movements; they recognize
themselves in the mirror at about 18 months;
they grasp concepts such as “I” and “mine” at about
age two; and they readily describe their own feelings
at about three years old. Once children reach
elementary school, they make friends and begin to
draw comparisons, which further inform their self-image.
Teens and young adults continue to expand
their personal identities as they practice progressively
nuanced social skills.



Neural connections form in step with these developmental
stages. A newborn’s brain exhibits relatively
few of the trillions of synaptic linkages it will
ultimately possess. By a child’s sixth year, however,
his or her brain has experienced an explosive growth
in its connections. Over time, experience consolidates
and prunes these associations: unused links
disappear, while significant or frequent experiences
reinforce other channels. As this fine-tuning takes
place, we become increasingly well acquainted with
ourselves—from our basic biological urges to deepseated
desires and dreams.



The sense of self has multiple components. To
begin with, there is the ability to recognize one’s
own face and body and to know what those body
parts are doing at any given moment. There is also
the sense of ownership—you perceive your body as
belonging to you—and the sense of agency: you feel
responsible for your own movements and actions.
And at the highest level, there is the awareness of
one’s own emotions and the ability to link disparate
life experiences to a stable self-image.



Brain malfunctions can disrupt any of these processes.
We have seen how depression and mania can
derail a stable self-image, but other aspects of self are
equally vulnerable. There are people, for example,
who function pretty much normally except that they
do not recognize themselves in a mirror. Others have
trouble tracking the movements of their bodies.
Some may even disown one of their limbs.



In the mid-1990s neurologist Antonio R.
Damasio, then at the University of Iowa, distilled the
self’s multiple layers into a three-part hierarchy. The
lowest level, which Damasio calls the proto-self, corresponds
to a simple, neural representation of the
body. This proto-self oversees basic physical functions
such as metabolism, body temperature and circadian
rhythms. We are not conscious of the proto-self
unless problems arise, eliciting attention from the
core self (the intermediate level), which generates our
immediate cognizance of the here and now. At this
level of awareness, signals from the body give rise to
nonverbal impulses—feelings of hunger, sadness or
cold. The autobiographical self, Damasio’s top layer,
enables us to evaluate our impulses rationally—referencing
earlier experiences and current goals—and
to guide our behavior in a targeted way.



These three layers of self emanate from increasingly
sophisticated processing centers in the brain.
The proto-self is associated with the brain stem and
the hypothalamus, structures found at the base of
the brain near the spinal cord. The core self enlists
areas in the interbrain, or diencephalon, which serve
as a relay for visceral activities, and the amygdala,
which is primarily involved in processing emotions.
It also activates the cingulate cortex and the insula,
which are connected to emotions, and the medial
and dorsolateral prefrontal cortex, which act as an
internal governor, forming plans of action and issuing
commands. The autobiographical self, meanwhile,
relies on linguistic abilities that only humans
possess. Accordingly, it employs speech and memory
centers in the hippocampus and Broca’s area, as
well as parts of the prefrontal cortex. Many of the
areas related to the self are found along the brain’s
midline, where its two hemispheres meet.



The Tickle Conundrum



To explore the self in the laboratory, scientists
often use a two-part model instead of Damasio’s triumvirate.
On a practical level, it makes sense to divide
the “I” into its physical and cognitive components.
The physical self is where we feel our own
body, thanks to sensory feedback from the skin,
joints and abdominal cavity. This input generates 
interoception—our awareness of pain, temperature,
itching and hunger, among other internal sensations.
The cognitive self is where we recognize and
reference ourselves in the world.



Interoceptive awareness appears to depend heavily
on the anterior insula, a brain structure that is
buried deep within the cerebral cortex. In 2004
Hugo D. Critchley and his co-workers at University
College London conducted an experiment in which
they asked people to estimate their own heart rates
as they lay in a magnetic resonance imaging machine. The study subjects listened to their heartbeats
through a headset—either in real time or delayed by
half a second—and then had to decide which version
was their actual pulse.



The results showed that greater activity in the
anterior insula corresponded to greater accuracy on
the task. In other words, subjects who were more in
tune with their own heartbeat made greater use of
their insula. Furthermore, people who were particularly
sensitive to physical sensations—for instance,
they were more apt to notice a dry mouth or abdominal
pressure—tended to have more insular gray matter
than is normal. Other research has implicated
heightened interoceptive awareness in panic and
anxiety disorders. In such conditions, behavioral
dysfunction may relate to faulty readings of the self.



The cognitive self, in contrast, seems to reside
in the medial prefrontal cortex—located behind the
eyes on the inner surface of each hemisphere. In
2006 Joseph Moran, now a postdoctoral fellow at
the Massachusetts Institute of Technology, and his
colleagues asked healthy test subjects to judge how
well a string of adjectives applied either to themselves
or to people they knew. Only when the participants
related the traits to themselves did functional
MRI scans of their brains show increased activity
in the medial prefrontal cortex. Interestingly,
this increase occurred regardless of whether the adjective
described a positive or a negative attribute.



The brain also contains specialized circuits for
distinguishing between self-generated and external
stimuli—which explains at least in part why we cannot
tickle ourselves. To discover which brain regions
normally make this self/nonself distinction,
Knut Schnell of the University of Bonn in Germany
and his colleagues asked 15 men to play a simple
racing video game. Periodically, the computer
would take over the steering function, and the men
had to monitor, as they played, whether they or the
computer was controlling the car.



Functional MRI scans revealed that as the participants
observed their own actions, they activated
a network in the prefrontal cortical region and in
the inferior parietal lobe. The prefrontal cortex, in
its role as the brain’s command center, plans our actions
and sends instructions to whatever parts of
the body are required. At the same time, it sends a
copy of its instructions to parts of the parietal lobe,
which monitor our movements and anticipate the
corresponding sensations. The brain takes special
notice if our experience does not match the parietal
lobe’s predictions—say, the car turns left when we
turn the wheel to the right. In this way, we filter out
self-generated stimuli and perceive external input—sensations we have not predicted—more urgently.



Related brain structures are responsible for self-referential
thinking, according to studies by Tilo
Kircher of the University Psychiatric Clinic in Marburg,
Germany, and Steven M. Platek of Georgia
Gwinnett College in Lawrenceville, Ga. Activity in
the cingulate cortex, as well as the premotor, insular
and somatosensory cortices, increased when test
subjects looked at photographs of themselves. But
when the participants looked at photographs of
other people (some of whom they knew, others
whom they did not), these brain areas either did not
light up or lit up only faintly on the MRI scanner.
Moreover, cingulate and insular areas fire even
when someone merely expects to see his or her own
face, as Annette B. Brühl of the Psychiatric University Hospital Zurich reported in 2008 at the annual
meeting of the German Psychiatry and Psychotherapy
Association in Berlin.



The Emotion Connection



Why does the brain contain mechanisms for picturing
ourselves—where we are, what we are doing,
who we are and how we feel? The simple answer is
that many creatures, not just humans, have a basic
level of self-awareness; they need it to survive. An
animal that can’t tell what is itself and what is the
world is virtually helpless. It can’t react or coordinate
its movements. It can’t make the critical inferences
about cause and effect (“When x happened, I
felt y”) that enable it to find food and avoid harm.



But for animals, like humans, that inhabit a complex
social universe, the autobiographical self offers
another advantage: the opportunity to regulate feelings.
We live in a sea of emotionally significant stimuli,
from the neighbor’s snapping dog to an unexpected
hug, and it is vital to our mental and physical
health that we respond appropriately—which may involve
replacing a knee-jerk emotion with a more reasoned
view. Once we bring charged emotions into the
realm of awareness, we can neutralize their stressful
physiological effects, such as an elevated heart rate,
increased blood pressure, sweating and trembling.



In 2007, building on previous work by Kevin N.
Ochsner of Columbia University and James J. Gross
of Stanford University, my colleagues and I explored
the neural basis of a technique known as cognitive
reappraisal that depends, by definition, on selfawareness.
Using this method, people learn to reflect
on a situation and reframe it in a positive way.



Our team from the Psychiatric University Hospital
Zurich, the University of Zurich in Switzerland
and the University of Ulm in Germany conducted a
two-part study. In the first part, we told 18 healthy
test subjects that we would present them with either
unpleasant or emotionally ambiguous pictures—possibly happy, possibly not—as they lay in an MRI
scanner. We asked them, as they anticipated the pictures,
to reassure themselves that they were perfectly
safe no matter what the images showed.



In the second part, we told another 16 subjects to
anticipate these images but did not instruct them to
manage their expectations in any way. The people
from the first group who successfully used cognitive
reappraisal to stay calm showed increased activity in
the prefrontal cortex and weaker activity in the
amygdala—they had apparently prompted the brain
to use its decision-making powers to buffer emotional
responses. And the strategy worked even when
people did not know what was coming.



Meditation techniques that enhance mindfulness—purposeful, attentive and nonjudgmental
awareness of the moment—seem to prime the same
circuitry. In a recent study we asked subjects either
to be aware of their current emotions or to think
about themselves. The pure focus on an individual’s
emotional state reduced activity in the amygdala,
creating a calming effect.



As imaging technology continues to develop, it
is possible that brain-scanning devices might someday
provide real-time feedback to people as they
meditate, enabling them to train their brain to be
more mindful. And in the near future scientists may
be able to study whether this kind of feedback might
be used to help people master emotional self-regulation.
People such as Mrs. K. and Mr. M. would
likely derive benefit. Research makes it clear that
our self-image is a product of our brain. By honing
our powers of self-reflection, we can actively work
to keep our self-image in step with reality.







--Originally published: Scientific American Mind 21(3), 58-63. (July/August 2010)





	
	    
The Movie in Your Head

by Christof Koch




The brain is an amazingly dynamic organ. Millions of neurons in all
corners of our gray matter send out an endless stream of signals. Many
of the neurons appear to fire spontaneously, without any recognizable
triggers. With the help of techniques such as electroencephalography
(EEG) and microelectrode recordings, brain researchers are listening in on the
polyphonic concert in our heads. Any mental activity is accompanied by a ceaseless
crescendo and diminuendo of background processing. The underlying principle
behind this seeming racket is not understood. Nevertheless, as everyone
knows, the chaos creates our own unique, continuous stream of consciousness.



And yet it is very difficult to focus our attention on a single object for any
extended period. Our awareness jumps constantly from one input to another.
No sooner have I written this sentence than my eyes move from the computer
screen to the trees outside my window. I can hear
a dog barking in the distance. Then I remember
the deadline for this article—which isn’t going to
be extended again. Resolutely, I force myself to
type the next line.



How does this stream of impressions come to
be? Is our perception really as continuous as it
seems, or is it divided into discrete time parcels,
similar to frames in a movie? These questions are
among the most interesting being investigated by
psychologists and neuroscientists. The answers
will satisfy more than our curiosity—they will tell
us if our experience of reality is accurate or a fiction
and if my fiction is different from yours.



Did You See That Animal?



Nothing that we perceive, think or feel falls
out of the blue into our inner eye. Each mental
feat is grounded in particular processes in the
brain. Scientific research methods are not well
suited to studying the neuronal processes that
accompany our conscious experience. Yet much
has been learned concerning the neural basis of
subjective experience. My old friend and colleague,
the late Francis Crick, and I coined a term
for these fascinating processes: neuronal correlates
of consciousness, or NCCs—the set of firings
among neurons that correlates with each bit
of awareness that we experience.



How are we to understand the creation and
disappearance of such NCCs? Do they spring—like Athena from the head of Zeus—completely
formed from unconscious brain activity, only to
dissolve instantly again? Such an all-or-nothing
principle would certainly conform to our subjective
experience, in which a thought or sensation is
suddenly there and then disappears. On the other
hand, NCCs might build up over a longer time
until they intrude into our awareness and may
then only slowly fade until they are so slight that
we can no longer perceive them.



Something like this second theory is advanced
by psychologist Talis Bachmann of the University
of Tartu in Estonia. Bachmann believes that
consciousness for any one sensation takes time,
comparable to the development of a photograph.
Any conscious percept—say, the color red—does
not instantly appear; we become aware of it gradually.
A large body of experimental work seems
to support this hypothesis.



Measuring reaction times is the most obvious
approach to studying the temporal structure of
consciousness. As early as the 19th century, psychologists
exposed test subjects to flashes of light
that varied in duration and intensity. They were
attempting to discover how long an individual had
to be exposed to a stimulus to perceive it consciously
and how close in time two stimuli had to
be to be perceived as one continuous sensation.



Today researchers flash a small black bar on
a computer screen and ask subjects to press a
button as soon as they recognize whether the bar
is vertical or horizontal. Measured this way,
however, the reaction time includes not only the
interval it takes for the eye and brain to process
the stimulus but also how long it takes for the
desired motor response—pressing the button.



To separate these components, researchers
such as Simon J. Thorpe of the Brain and Cognition
Research Center in Toulouse, France, measure
so-called evoked potentials—changes in the
electrical activity of neurons. This brain signal
can be captured by electrodes attached to the
scalp, as in an EEG recording. In one experiment,
subjects were asked to decide quickly whether an
image that flashed on a screen for fractions of a
second contained an animal or not. This task did
not prove difficult, even though they had no idea
what kind of animal would be projected.



It became evident that the individuals needed
less than half a second to give the correct answer.
The time was about the same when they were
asked to press a button to indicate whether an image
showed a car or another means of transportation.
The researchers then compared the brain
reactions triggered by the animal images with
those elicited by scenes containing no animals. In
the initial fractions of a second after presentation,
the EEG patterns were nearly identical.



It takes approximately 30 to 50 milliseconds
for nerve impulses to travel from the eye’s retina
to the visual centers of the cerebral cortex at the
back of the head. By 150 milliseconds, the evoked
potential in response to animal images diverged
from the electrical brain potential following nonanimal
images. In other words, after about one
tenth of a second something in the cerebral cortex
began to distinguish animal from nonanimal pictures.
Given that the processing time of lone neurons
is in the millisecond range, this categorization
is remarkably swift and can be accomplished
only via massive parallel processing.



This result does not mean, however, that the
information “animal” or “not animal” is consciously
accessible within 150 milliseconds. Sight
occurs in a flash, but the brain needs more time to
create conscious impressions.



Masking Reality



Odd things can happen when stimuli follow
in rapid succession, and it doesn’t matter whether
they are visual, acoustic or tactile. For example,
registering one image can distort previous or subsequent
images or suppress them completely if
they are flashed quickly on a monitor. Psychologists
refer to this effect as masking.



Masking makes it clear that our perception
can deviate significantly from reality. Such systematic
distortions of perception teach researchers
the rules that the mind uses to construct its
view of the world. The most frequently used technique
is backward masking, in which the mask
follows an initial stimulus. Here both stimuli can
fuse completely, as neuropsychologist Robert
Efron of the University of California at Davis
found out. When Efron flashed a 10-millisecond-long
green light immediately after a 10-millisecond-long red light, his subjects reported a single
flash. What color did they see? Yellow, rather
than a red light that changed into green. Two images
in rapid succession sometimes result in a
single conscious impression.



Recently Stanislas Dehaene, a cognition researcher
at INSERM in Orsay, France, used the
masking technique to study word processing. Dehaene
presented subjects who were lying in a
functional magnetic resonance imaging (fMRI)
scanner with a series of slides in rapid succession.
On the slides were simple words like “lion.”
These words appeared for barely 30 milliseconds—just long enough for the individuals to decode
them correctly. Yet if a series of random
images appeared before and after the target
word, recognition fell off dramatically.



When the word was seen, the fMRI machine
recorded vigorous brain activity in multiple locations,
including in vision and speech centers.
Masked, however, by the random images immediately
preceding and following the word “lion”
on the screen, brain activity was muted and confined to parts of the visual cortex involved in
early phases of vision. Masking eliminated conscious
recognition of “lion”; only the input stages
of the visual brain were activated.



Researchers have prolonged the interval between
stimuli and still achieved masking—up to
100 milliseconds. This means that even an image
that strikes the retina one tenth of a second after
a prior image can cancel out conscious perception
of the first image. And yet, although the masking
thwarts the development of a visual impression, it
cannot prevent unconscious processing: test subjects
who were encouraged to guess often correctly
identified the initial images, even though they
had been masked from conscious perception.



How Long Is a Moment?



How can we explain such aberrations? How
is it even possible for a second stimulus to alter
the perception of one that has already arrived?
Think of two waves approaching a beach; if they
move at the same speed, the second one should
never be able to catch up with the first. But feedback
mechanisms are involved in neural processing.
As soon as neuronal signals within the visual
cortex or even between the cortex and deeper
brain regions start shuttling back and forth, as
they do, subsequent information can distort the
processing of earlier information.



How far back in time masking can extend
tells us something about temporal delay in the
brain’s feedback loops. If we add the experimentally
derived maximum masking span of approximately
100 milliseconds to the 150 milliseconds
that are required to discern a visual signal, this
means that a minimum of about a quarter of a
second is needed to consciously see a stimulus.
Depending on its characteristics, the time span
can be even longer but hardly ever shorter. Our
perceptions, it seems, lag considerably behind reality—and we don’t notice that.



Neuronal correlates of consciousness have a
kind of minimum life span, and this existence
corresponds in our experience more or less to
what can be called the minimal perceptual moment.
In all probability, subsequent brain activity
during backward masking disturbs precisely
those processes that signal the onset and disappearance
of a target stimulus. Looked at the other
way around, remnants of previous activity remain
for a short time and may momentarily prevent
the development of new NCCs. This
competition among overlapping neural coalitions
may be a significant feature of consciousness.



Sensory impressions come and go for various
reasons: eye movements, a change in attention, or
simply sensory cells becoming fatigued. With increasing
visual input, for example, the firing activity
of the visual cortex rises steadily and may shoot
up precipitously once a certain threshold has been
reached. This is why, for example, a light that is
flashed briefly appears to be brighter than a steady
beam of the same intensity. After the initial rapid
increase, the perceived brightness of the steady
beam gradually begins to drift to a lower value.



If sensing such a simple input can be so variable,
imagine how complicated it must be for the
brain to assess the actual world. One of the significant issues facing consciousness research is the
fact that the world around us is so incredibly complex
and multifaceted. Objects can only rarely be
reduced to qualities that are as easily measured as
simple brightness or color. A face, for example, is
characterized by unique shapes, contours, colors
and textures. The position and gaze of the eyes,
the play of the mouth, the form of the nose, skin
folds and blemishes—how do we integrate all
these details into a unified image that conveys a
person’s identity, gender and emotional state?



This question goes to the core of the so-called
binding problem. If NCCs arise within the various
processing centers in the brain at different
times, shouldn’t each of the attributes be perceived
with a time lag? How is the brain able to
integrate all these individual activities?



Neurobiologist Semir Zeki of University College
London has been researching this problem
for many years. By measuring how subjects perceive
squares that can randomly change color as
they move on a screen, he has shown that a change
in color of such an object is seen 60 to 80 milliseconds
faster than a change in the direction of that
object’s movement. That is, one attribute is registered
at a different time than another attribute of
the same moment. This finding suggests that there
may not be much truth to the presumed unity of
consciousness—at least not when we are looking
at extremely short time spans.



Such discrepancies rarely make themselves felt
in our everyday lives, however. When a car races
past me, its form does not seem to lag behind its
color, even though each processing step—awareness
of form, color, sound, speed and direction of
movement—requires separate assessments by different
regions of my brain, each with its own dynamic
and delay. A unified impression is rapidly
reached because the brain has no mechanism for
registering the asynchrony. We are almost never
aware of the differing time lags. We simply perceive
all the qualities of an object simultaneously—as incoherent as that composite image might be.



Snapshots in Time



A common metaphor for consciousness is that
we live and experience things in a river of time.
This implies that perception proceeds smoothly
from our first waking moment of the day until we
sink our heads onto the pillow at night. But this
continuity of consciousness may be yet another
illusion. Consider patients who experience “cinematographic
vision” resulting from severe migraine
headaches. According to Oliver Sacks, the
neurologist and noted author who coined the
term, these men and women occasionally lose
their sense of visual continuity and instead see a
flickering series of still images. The images do not
overlap or seem superimposed; they just last too
long, like a movie that has been stuck on freeze-frame
and then suddenly jumps ahead to catch up
to a real-time moving scene.



Sacks describes one woman on a hospital
ward who had started to run water into a tub for
a bath. She stepped up to the tub when the water
had risen to an inch deep and then stood there,
transfixed by the spigot, while the tub filled to
overflowing, running onto the floor. Sacks came
upon her, touched her, and she suddenly saw the
overflow. She told him later that the image in her
mind was of the water coming from the faucet
into the inch of water and that no further visual
change had occurred until he had touched her.
Sacks himself has experienced cinematographic
vision following the drinking of sakau, a popular
intoxicant in Micronesia, describing a swaying
palm as “a succession of stills, like a film run too
slow, its continuity no longer maintained.”



These clinical observations demonstrate that
under normal circumstances, temporal splitting
of sensations is barely, if ever, noticeable to us.
Our perception seems to be the result of a sequence
of individual snapshots, a sequence of moments,
like individual, discrete movie frames that, when
quickly scrolling past us, we experience as continuous
motion. The important point is that we
experience events that occur more or less at the
same moment as synchronous. And events that
reach us sequentially are perceived in that order.



Depending on the study, the duration of such
snapshots is between 20 and 200 milliseconds.
We do not know yet whether this discrepancy
reflects the crudeness of our instruments or some
fundamental quality of neurons. Still, such discrete
perceptual snapshots may explain the common
observation that time sometimes seems to
pass more slowly or quickly.



Assume that the snapshot of each moment increases
in duration for some reason, so that fewer
snapshots are taken per second. In this case, an
external event would appear shorter and time
would seem to race by. But if the individual images
were shorter in duration—there were more
of them per unit of time—then time would appear
to pass more slowly.



People who have been in automobile accidents,
natural catastrophes and other traumatic
events often report that at the height of the drama,
everything seemed to go in slow motion. At
present, we know little about how the brain mediates
our sense of time.



If, in fact, changing coalitions of larger neuron
groups are the neuronal correlates of consciousness,
our state-of-the-art research techniques are
inadequate to follow this process. Our methods
either cover large regions of the brain at a crude
temporal resolution (such as fMRI, which tracks
sluggish power consumption at time scales of seconds),
or we register precisely (within one thousandth
of a second) the firing rate of one or a
handful of neurons out of billions (microelectrode
recording). We need fine-grained instruments that
cover all of the brain to get a picture of how widely
scattered groups of thousands of neurons work
together. Eventually this level of interrogation
may enable us to manipulate our flow of consciousness
with technology. As things stand now,
this is only a dream.







--Originally published: Scientific American Mind 16(3), 58-63. (October/November 2005)
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Theories: From Brain to “Mind”


		

	
	    
How the Brain Creates the Mind

by Antonio R. Damasio





Over the past decade, it's become apparent that one
question towers above all others in
the life sciences: How does the set of processes we call mind emerge from the activity of
the organ we call brain? The question is hardly new. It has been formulated in one way
or another for centuries. Once it became possible to pose the question and not be
burned at the stake, it has been asked openly and insistently. Recently the question has preoccupied both
the experts—neuroscientists, cognitive scientists and philosophers—and others who wonder about the origin
of the mind, specifically the conscious mind.



The question of consciousness now occupies center stage because biology in general and neuroscience in
particular have been so remarkably successful at unraveling a great many of life’s secrets. More may have
been learned about the brain and the mind in the 1990s—the so-called decade of the brain—than during the
entire previous history of psychology and neuroscience. Elucidating the neurobiological basis of the conscious
mind—a version of the classic mind-body problem—has become almost a residual challenge.



Contemplation of the mind may induce timidity in the contemplator, especially when consciousness becomes
the focus of the inquiry. Some thinkers, expert and amateur alike, believe the question may be unanswerable
in principle. For others, the relentless and exponential increase in new knowledge may give rise to a vertiginous
feeling that no problem can resist the assault of science if only the theory is right and the techniques are
powerful enough. The debate is intriguing and even unexpected, as no comparable
doubts have been raised over the likelihood of explaining how the
brain is responsible for processes such as vision or memory, which are obvious
components of the larger process of the conscious mind.



I am firmly in the confident camp: a substantial
explanation for the mind’s emergence from the
brain will be produced and perhaps soon. The
giddy feeling, however, is tempered by the acknowledgment
of some sobering difficulties.



Nothing is more familiar than the mind. Yet
the pilgrim in search of the sources and mechanisms
behind the mind embarks on a journey
into a strange and exotic landscape. In no particular
order, what follows are the main problems facing
those who seek the biological basis for the
conscious mind.



The first quandary involves the perspective
one must adopt to study the conscious mind in
relation to the brain in which we believe it originates.
Anyone’s body and brain are observable to
third parties; the mind, though, is observable
only to its owner. Multiple individuals confronted
with the same body or brain can make the
same observations of that body or brain, but no
comparable direct third-person observation is
possible for anyone’s mind. The body and its
brain are public, exposed, external and unequivocally
objective entities. The mind is a private,
hidden, internal, unequivocally subjective entity.



How and where then does the dependence of a
first-person mind on a third-person body occur
precisely? Techniques used to study the brain include
refined brain scans and the measurement of
patterns of activity in the brain’s neurons. The
naysayers argue that the exhaustive compilation
of all these data adds up to correlates of mental
states but nothing resembling an actual mental state.
For them, detailed observation of living
matter thus leads not to mind but simply to the
details of living matter. The understanding of
how living matter generates the sense of self that
is the hallmark of a conscious mind—the sense
that the images in my mind are mine and are
formed in my perspective—is simply not possible.
This argument, though incorrect, tends to silence
most hopeful investigators of the conscious mind.



To the pessimists, the conscious-mind problem
seems so intractable that it is not even possible to
explain why the mind is even about something—why mental processes represent internal states or
interactions with external objects. (Philosophers
refer to this representational quality of the mind
with the confusing term “intentionality.”) This argument
is false.



The final negative contention is the reminder
that elucidating the emergence of the conscious
mind depends on the existence of that same conscious
mind. Conducting an investigation with
the very instrument being investigated makes
both the definition of the problem and the approach
to a solution especially complicated. Given
the conflict between observer and observed,
we are told, the human intellect is unlikely to be
up to the task of comprehending how mind
emerges from brain. This conflict is real, but the
notion that it is insurmountable is inaccurate.



In summary, the apparent uniqueness of the
conscious-mind problem and the difficulties that
complicate ways to get at that problem generate
two effects: they frustrate those researchers committed
to finding a solution and confirm the conviction
of others who intuitively believe that a solution
is beyond our reach.



Evaluating the Difficulties



Those who cite the inability of research on the
living matter of the brain to reveal the “substance
of mind” assume that the current knowledge
of that living matter is sufficient to make
such judgment final. This notion is entirely unacceptable.
The current description of neurobiological
phenomena is quite incomplete, any way you
slice it. We have yet to resolve numerous details
about the function of neurons and circuits at the
molecular level; we do not yet grasp the behavior
of populations of neurons within a local brain region;
and our understanding of the large-scale
systems made up of multiple brain regions is also
incomplete. We are barely beginning to address
the fact that interactions among many noncontiguous
brain regions probably yield highly complex
biological states that are vastly more than the
sum of their parts.



In fact, the explanation of the physics related to
biological events is still incomplete. Consequently,
declaring the conscious-mind problem insoluble
because we have studied the brain to the hilt
and have not found the mind is ludicrous. We
have not yet fully studied either neurobiology or
its related physics. For example, at the finest level
of description of mind, the swift construction,
manipulation and superposition of many sensory
images might require explanation at the quantum
level. Incidentally, the notion of a possible role for
quantum physics in the elucidation of mind, an
idea usually associated with mathematical physicist
Roger Penrose of the University of Oxford, is
not an endorsement of his specific proposals,
namely, that consciousness is based on quantumlevel
phenomena occurring in the microtubules—constituents of neurons and other cells. The
quantum level of operations might help explain
how we have a mind, but I regard it as unnecessary
to explain how we know that we own that
mind—the issue I regard as most critical for a
comprehensive account of consciousness.



The strangeness of the conscious-mind problem
mostly reflects ignorance, which limits the
imagination and has the curious effect of making
the possible seem impossible. Science-fiction
writer Arthur C. Clarke has said, “Any sufficiently
advanced technology is indistinguishable from
magic.” The “technology” of the brain is so complex
as to appear “magical,” or at least unknowable.
The appearance of a gulf between mental
states and physical/biological phenomena comes
from the large disparity between two bodies of
knowledge—the good understanding of mind we
have achieved through centuries of introspection
and the efforts of cognitive science versus the incomplete
neural specification we have achieved
through the efforts of neuroscience. But there is no
reason to expect that neurobiology cannot bridge
the gulf. Nothing indicates that we have reached
the edge of an abyss that would separate, in principle,
the mental from the neural.



Therefore, I contend that the biological processes
now presumed to correspond to mind processes
in fact are mind processes and will be seen to be
so when understood in sufficient detail. I am not
denying the existence of the mind or saying that
once we know what we need to know about biology
the mind ceases to exist. I simply believe that
the private, personal mind, precious and unique,
indeed is biological and will one day be described
in terms both biological and mental.



The other main objection to an understanding
of mind is that the real conflict between observer
and observed makes the human intellect unfit to
study itself. It is important, however, to point out
that the brain and mind are not a monolith: they
have multiple structural levels, and the highest of
those levels creates instruments that permit the
observation of the other levels. For example, language
endowed the mind with the power to categorize
and manipulate knowledge according to
logical principles, and that helps us classify observations
as true or false. We should be modest
about the likelihood of ever observing our entire
nature. But declaring defeat before we even make
the attempt defies Aristotle’s observation
that human beings are infinitely curious
about their own nature.



Reasons for Optimism



My proposal for a solution to the conundrum
of the conscious mind requires
breaking the problem into two
parts. The first concern is how we generate
what I call a “movie-in-the-brain.” This
“movie” is a metaphor for the integrated
and unified composite of diverse sensory
images—visual, auditory, tactile, olfactory
and others—that constitutes the multimedia
show we call mind. The second issue is
the “self” and how we automatically generate
a sense of ownership for the movie-in-the-brain. The two parts of the problem are
related, with the latter nested in the former.
Separating them is a useful research
strategy, as each requires its own solution.



Neuroscientists have been attempting
unwittingly to solve the movie-in-the-brain
part of the conscious-mind problem
for most of the history of the field. The endeavor
of mapping the brain regions involved
in constructing the movie began about
a century and a half ago, when Paul
Broca and Carl Wernicke first suggested
that different regions of the brain were involved
in processing different aspects of
language. More recently, thanks to the advent
of ever more sophisticated tools, the
effort has begun to reap handsome rewards.



Researchers can now directly record the
activity of a single neuron or group of neurons
and relate that activity to aspects of a
specific mental state, such as the perception
of the color red or of a curved line.
Brain-imaging techniques such as PET
(positron emission tomography) scans
and fMR (functional magnetic resonance)
scans reveal how different brain regions in
a normal, living person are engaged by a
certain mental effort, such as relating a
word to an object or learning a particular
face. Investigators can determine how
molecules within microscopic neuron circuits participate
in such diverse mental tasks, and they can
identify the genes necessary for the production
and deployment of those molecules.









Neuroscience continues
to associate specific
brain structures with
specific tasks. Some
language regions are
highlighted in a and b.
Color-processing (red)
and face-processing
(green) regions are
shown in c. One’s own
body sense depends on
the region shown in d.
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Progress in this field has been swift ever since
David H. Hubel and Torsten Wiesel of Harvard
University provided the first clue for how brain
circuits represent the shape of a given object, by
demonstrating that neurons in the primary visual
cortex were selectively tuned to respond to edges
oriented in varied angles. Hubel and Margaret S.
Livingstone, also at Harvard, later showed that
other neurons in the primary visual cortex respond
selectively to color but not shape. And
Semir Zeki of University College London found
that brain regions that received sensory information
after the primary visual cortex did were specialized
for the further processing of color or movement.
These results provided a counterpart to observations
made in living neurological patients:
damage to distinct regions of the visual cortices interferes
with color perception while leaving discernment
of shape and movement intact.



A large body of work, in fact, now points to the
existence of a correspondence between the structure
of an object as taken in by the eye and the
pattern of neuron activity generated within the
visual cortex of the organism seeing that object.



Further remarkable progress involving aspects of
the movie-in-the-brain has led to increased insights
related to mechanisms of learning and
memory. In rapid succession, research has revealed
that the brain uses discrete systems for different
types of learning. The basal ganglia and cerebellum
are critical for the acquisition of skills, for example,
learning to ride a bicycle or play a musical
instrument; the hippocampus is integral to the
learning of facts pertaining to such entities as people,
places or events. And once facts are learned,
the long-term memory of those facts relies on
multicomponent brain systems, whose key parts
are located in the vast brain expanses known as
cerebral cortices.



Moreover, the process by which newly learned
facts are consolidated in long-term memory goes
beyond properly working hippocampi and cerebral
cortices. Certain processes must take place, at
the level of neurons and molecules, so that the
neural circuits are etched, so to speak, with the
impressions of a newly learned fact. This etching
depends on strengthening or weakening the contacts
between neurons, known as synapses. A
provocative finding by Eric R. Kandel of
Columbia University and Timothy P. Tully of
Cold Spring Harbor Laboratory is that etching the
impression requires the synthesis of fresh proteins,
which in turn rely on the engagement of
specific genes within the neurons charged with
supporting the consolidated memory.



These brief illustrations of progress could be expanded
with other revelations from the study of
language, emotion and decision making. Whatever
mental function we consider, it is possible to
identify distinct parts of the brain that contribute
to the production of a function by working in
concert; a close correspondence exists between
the appearance of a mental state or behavior and
the activity of selected brain regions. And that
correspondence can be established between a given
macroscopically identifiable region (for example,
the primary visual cortex, a language-related
area or an emotion-related nucleus) and the microscopic
neuron circuits that constitute the region.



Most exciting is that these impressive advances
in the study of the brain are a mere beginning.
New analytical techniques continuously improve
the ability to study neural function at the molecular
level and to investigate the highly complex
large-scale phenomena arising from the whole
brain. Revelations from those two areas will make
possible ever finer correspondences between brain
states and mental states, between brain and mind.
As technology develops and the ingenuity of researchers
grows, the fine grain of physical structures
and biological activities that constitute the
movie-in-the-brain will gradually come into focus.



Confronting the Self



The momentum of current research on cognitive
neuroscience, and the sheer accumulation
of powerful facts, may well convince many
doubters that the neural basis for the movie-in-the-brain can be identified. But the skeptics will
still find it difficult to accept that the second part
of the conscious-mind problem—the emergence
of a sense of self—can be solved at all. Although I
grant that solving this part of the problem is by no
means obvious, a possible solution has been proposed,
and a hypothesis is being tested.



The main ideas behind the hypothesis involve
the unique representational ability of the brain.
Cells in the kidney or liver perform their assigned
functional roles and do not represent any other
cells or functions. But brain cells, at every level of
the nervous system, represent entities or events
occurring elsewhere in the organism. Brain cells
are assigned by design to be about other things
and other doings. They are born cartographers of
the geography of an organism and of the events
that take place within that geography. The oft-quoted
mystery of the “intentional” mind relative
to the representation of external objects turns out
to be no mystery at all. The philosophical despair
that surrounds this “intentionality” hurdle alluded
to earlier—why mental states represent internal
emotions or interactions with external objects—lifts with the consideration of the brain in a Darwinian
context: evolution has crafted a brain that
is in the business of directly representing the organism
and indirectly representing whatever the
organism interacts with.



The brain’s natural intentionality then takes us
to another established fact: the brain possesses devices
within its structure that are designed to manage
the life of the organism in such a way that the
internal chemical balances indispensable for survival
are maintained at all times. These devices are
neither hypothetical nor abstract; they are located
in the brain’s core, the brain stem and hypothalamus.
The brain devices that regulate life also represent,
of necessity, the constantly changing states
of the organism as they occur. In other words, the
brain has a natural means to represent the structure
and state of the whole living organism.



But how is it possible to move from such a biological
self to the sense of ownership of one’s
thoughts, the sense that one’s thoughts are constructed
in one’s own perspective, without falling
into the trap of invoking an all-knowing homunculus
who interprets one’s reality? How is it
possible to know about self and surroundings? I
have argued in my book The Feeling of What Happens
that the biological foundation for the sense
of self can be found in those brain devices that
represent, moment by moment, the continuity of
the same individual organism.



Simply put, my hypothesis suggests that the
brain uses structures designed to map both the
organism and external objects to create a fresh,
second-order representation. This representation
indicates that the organism, as mapped in the
brain, is involved in interacting with an object,
also mapped in the brain. The second-order representation
is no abstraction; it occurs in neural
structures such as the thalamus and the cingulate cortices.



Such newly minted knowledge adds important
information to the evolving mental process. Specifically,
it presents within the mental process the
information that the organism is the owner of the
mental process. It volunteers an answer to a question
never posed: To whom is this happening? The
sense of a self in the act of knowing is thus created,
and that forms the basis for the first-person
perspective that characterizes the conscious mind.



Again from an evolutionary perspective, the
imperative for a sense of self becomes clear. As
Willy Loman’s wife says in Arthur Miller’s Death
of a Salesman: “Attention must be paid!” Imagine
a self-aware organism versus the same type of organism
lacking it. A self-aware organism has an
incentive to heed the alarm signals provided by
the movie-in-the-brain (for instance, pain caused
by a particular object) and plan the future avoidance
of such an object. Evolution of self rewards
awareness, which is clearly a survival advantage.



With the movie metaphor in mind, if you will,
my solution to the conscious-mind problem is
that the sense of self in the act of knowing
emerges within the movie. Self-awareness is actually
part of the movie and thus creates, within
the same frame, the “seen” and the “seer,” the
“thought” and the “thinker.” There is no separate
spectator for the movie-in-the-brain. The idea of
spectator is constructed within the movie, and
no ghostly homunculus haunts the theater. Objective
brain processes knit the subjectivity of the
conscious mind out of the cloth of sensory mapping.
And because the most fundamental sensory
mapping pertains to body states and is imaged as
feelings, the sense of self in the act of knowing
emerges as a special kind of feeling—the feeling
of what happens in an organism caught in the
act of interacting with an object.








The sense of self has a seat in the brain’s core. Stripping away the external anatomy of a
human brain shows a number of deep-seated regions responsible for homeostatic regulation,
emotion, wakefulness and the sense of self.
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The Future



I would be foolish to make predictions about
what can and cannot be discovered or about
when something might be discovered and the
route of a discovery. Nevertheless, it is probably
safe to say that by 2050 sufficient knowledge of
biological phenomena will have wiped out the
traditional dualistic separations of body/brain,
body/mind and brain/mind.



Some observers may fear that by pinning down
its physical structure something as precious and
dignified as the human mind may be downgraded
or vanish entirely. But explaining the origins
and workings of the mind in biological tissue will
not do away with the mind, and the awe we have
for it can be extended to the amazing microstructure
of the organism and to the immensely complex
functions that allow such a microstructure to
generate the mind. By understanding the mind at a
deeper level, we will see it as nature’s most complex
set of biological phenomena rather than as a mystery
with an unknown nature. The mind will survive
explanation, just as a rose’s perfume, its molecular
structure deduced, will still smell as sweet.









--Originally published: Scientific American 281(6), 112-117. (December 1999)





	
	    
Solving the “Hard Problem”

by David J. Chalmers




Conscious experience is at
once the most familiar thing in
the world and the most mysterious.
There is nothing we
know about more directly
than consciousness, but it is extraordinarily
hard to reconcile it with everything
else we know. Why does it exist? What
does it do? How could it possibly arise
from neural processes in the brain? These
questions are among the most intriguing
in all of science.



From an objective viewpoint, the
brain is relatively comprehensible. When
you look at this page, there is a whir of
processing: photons strike your retina,
electrical signals are passed up your optic
nerve and between different areas of
your brain, and eventually you might respond
with a smile, a perplexed frown or
a remark. But there is also a subjective aspect.
When you look at the page, you are
conscious of it, directly experiencing the
images and words as part of your private,
mental life. You have vivid impressions of
the colors and shapes of the images. At
the same time, you may be feeling some
emotions and forming some thoughts.
Together such experiences make up consciousness:
the subjective, inner life of the mind.



For many years, consciousness was
shunned by researchers studying the
brain and the mind. The prevailing view
was that science, which depends on objectivity,
could not accommodate something
as subjective as consciousness. The
behaviorist movement in psychology,
dominant earlier in this century, concentrated
on external behavior and disallowed
any talk of internal mental processes.
Later, the rise of cognitive science
focused attention on processes inside the
head. Still, consciousness remained off-limits,
fit only for late-night discussion over drinks.



Over the past several years, however,
an increasing number of neuroscientists,
psychologists and philosophers have
been rejecting the idea that consciousness
cannot be studied and are attempting to
delve into its secrets. As might be expected
of a field so new, there is a tangle of diverse
and conflicting theories, often using
basic concepts in incompatible ways. To
help unsnarl the tangle, philosophical
reasoning is vital.



The myriad views within the field
range from reductionist theories, according
to which consciousness can be explained
by the standard methods of neuroscience
and psychology, to the position
of the so-called mysterians, who say we
will never understand consciousness at
all. I believe that on close analysis both of
these views can be seen to be mistaken
and that the truth lies somewhere in the middle.



Against reductionism I will argue that
the tools of neuroscience cannot provide a
full account of conscious experience, although
they have much to offer. Against
mysterianism I will hold that consciousness
might be explained by a new kind of
theory. The full details of such a theory
are still out of reach, but careful reasoning
and some educated inferences can reveal
something of its general nature. For example,
it will probably involve new fundamental
laws, and the concept of information
may play a central role. These
faint glimmerings suggest that a theory of
consciousness may have startling consequences
for our view of the universe and
of ourselves.



The Hard Problem



Researchers use the word “consciousness”
in many different ways. To clarify
the issues, we first have to separate the
problems that are often clustered together
under the name. For this purpose, I find
it useful to distinguish between the “easy
problems” and the “hard problem” of
consciousness. The easy problems are by
no means trivial—they are actually as
challenging as most in psychology and
biology—but it is with the hard problem
that the central mystery lies.



The easy problems of consciousness
include the following: How can a human
subject discriminate sensory stimuli and
react to them appropriately? How does
the brain integrate information from
many different sources and use this information
to control behavior? How is it
that subjects can verbalize their internal
states? Although all these questions are
associated with consciousness, they all
concern the objective mechanisms of the
cognitive system. Consequently, we have
every reason to expect that continued
work in cognitive psychology and neuroscience
will answer them.



The hard problem, in contrast, is the
question of how physical processes in the
brain give rise to subjective experience.
This puzzle involves the inner aspect of
thought and perception: the way things feel
for the subject. When we see, for example,
we experience visual sensations, such
as that of vivid blue. Or think of the ineffable
sound of a distant oboe, the agony
of an intense pain, the sparkle of happiness
or the meditative quality of a moment
lost in thought. All are part of what
I call consciousness. It is these phenomena
that pose the real mystery of the mind.



To illustrate the distinction, consider
a thought experiment devised by the Australian
philosopher Frank Jackson. Suppose
that Mary, a neuroscientist in the
23rd century, is the world’s leading expert
on the brain processes responsible for
color vision. But Mary has lived her
whole life in a black-and-white room and
has never seen any other colors. She
knows everything there is to know about
physical processes in the brain—its biology,
structure and function. This understanding
enables her to grasp all there is
to know about the easy problems: how
the brain discriminates stimuli, integrates
information and produces verbal reports.
From her knowledge of color vision, she
knows how color names correspond with
wavelengths on the light spectrum. But
there is still something crucial about color
vision that Mary does not know: what
it is like to experience a color such as red.
It follows that there are facts about conscious
experience that cannot be deduced
from physical facts about the functioning of the brain.



Indeed, nobody knows why these
physical processes are accompanied by
conscious experience at all. Why is it that
when our brains process light of a certain
wavelength, we have an experience of
deep purple? Why do we have any experience
at all? Could not an unconscious
automaton have performed the same
tasks just as well? These are questions
that we would like a theory of consciousness to answer.



Is Neuroscience Enough?



I am not denying that consciousness
arises from the brain. We know, for
example, that the subjective experience
of vision is closely linked to processes in
the visual cortex. It is the link itself that
perplexes, however. Remarkably, subjective experience seems to emerge from
a physical process. But we have no idea
how or why this is.



Given the flurry of work on
consciousness in neuroscience and psychology,
one might think this mystery is
starting to be cleared up. On closer examination,
however, it turns out that almost
all the current work addresses only
the easy problems of consciousness. The
confidence of the reductionist view comes
from the progress on the easy problems,
but none of this makes any difference
where the hard problem is concerned.



Consider the hypothesis put forward
by neurobiologists Francis Crick of the
Salk Institute for Biological Studies in San
Diego and Christof Koch of the California
Institute of Technology. They suggest
that consciousness may arise from certain
oscillations in the cerebral cortex,
which become synchronized as neurons
fire 40 times per second. Crick and Koch
believe the phenomenon might explain
how different attributes of a single perceived
object (its color and shape, for example),
which are processed in different
parts of the brain, are merged into a coherent
whole. In this theory, two pieces
of information become bound together
precisely when they are represented by
synchronized neural firings.



The hypothesis could conceivably
elucidate one of the easy problems about
how information is integrated in the
brain. But why should synchronized oscillations
give rise to a visual experience,
no matter how much integration is taking
place? This question involves the
hard problem, about which the theory
has nothing to offer. Indeed, Crick and
Koch are agnostic about whether the
hard problem can be solved by science at all.



The same kind of critique could be
applied to almost all the recent work on
consciousness. In his 1991 book Consciousness
Explained, philosopher Daniel
C. Dennett laid out a sophisticated
theory of how numerous independent
processes in the brain combine to produce a coherent response to a perceived
event. The theory might do much to explain
how we produce verbal reports on
our internal states, but it tells us very little
about why there should be a subjective
experience behind these reports. Like
other reductionist theories, Dennett’s is a
theory of the easy problems.



The critical common trait among
these easy problems is that they all concern
how a cognitive or behavioral function
is performed. All are ultimately
questions about how the brain carries
out some task—how it discriminates
stimuli, integrates information, produces
reports and so on. Once neurobiology
specifies appropriate neural mechanisms,
showing how the functions are performed,
the easy problems are solved.



The hard problem of consciousness,
in contrast, goes beyond problems about
how functions are performed. Even if
every behavioral and cognitive function
related to consciousness were explained,
there would still remain a further mystery:
Why is the performance of these
functions accompanied by conscious experience?
It is this additional conundrum
that makes the hard problem hard.










WHY NEUROSCIENCE MAY BE ABLE TO EXPLAIN CONSCIOUSNESS



We believe that at the moment the best
approach to the problem of explaining
consciousness is to concentrate on finding
what is known as the neural correlates of
consciousness—the processes in the brain
that are most directly responsible for
consciousness. By locating the neurons in
the cerebral cortex that correlate best with
consciousness, and figuring out how they
link to neurons elsewhere in the brain, we
may come across key insights into what
David J. Chalmers calls the hard problem: a
full accounting of the manner in which
subjective experience arises from these
cerebral processes.



We commend Chalmers for boldly
recognizing and focusing on the hard
problem at this early stage, although we are
not as enthusiastic about some of his
thought experiments. As we see it, the hard
problem can be broken down into several
questions: Why do we experience anything
at all? What leads to a particular conscious
experience (such as the blueness of blue)?
Why are some aspects of subjective
experience impossible to convey to other
people (in other words, why are they
private)? We believe we have an answer to
the last problem and a suggestion about the
first two, revolving around a phenomenon
known as explicit neuronal representation.



What does “explicit” mean in this
context? Perhaps the best way to define it
is with an example. In response to the
image of a face, say, ganglion cells fire all
over the retina, much like the pixels on a
television screen, to generate an implicit
representation of the face. At the same
time, they can also respond to a great many
other features in the image, such as
shadows, lines, uneven lighting and so on.
In contrast, some neurons high in the
hierarchy of the visual cortex respond
mainly to the face or even to the face
viewed at a particular angle. Such neurons
help the brain represent the face in an
explicit manner. Their loss, resulting from a
stroke or some other brain injury, leads to
prosopagnosia, an individual’s inability to
recognize familiar faces consciously—even
his or her own, although the person can still
identify a face as a face. Similarly, damage
to other parts of the visual cortex can cause
someone to lose the ability to experience
color, while still seeing in shades of black
and white, even though there is no defect in
the color receptors in the eye.



At each stage, visual information is
reencoded, typically in a semihierarchical
manner. Retinal ganglion cells respond to a
spot of light. Neurons in the primary visual
cortex are most adept at responding to lines
or edges; neurons higher up might prefer a
moving contour. Still higher are those that
respond to faces and other familiar objects.
On top are those that project to pre-motor
and motor structures in the brain, where
they fire the neurons that initiate such
actions as speaking or avoiding an oncoming automobile.



Chalmers believes, as we do, that the
subjective aspects of an experience must
relate closely to the firing of the neurons
corresponding to those aspects (the neural
correlates). He describes a well-known
thought experiment, constructed around a
hypothetical neuroscientist, Mary, who
specializes in color perception but has
never seen a color. We believe the reason
Mary does not know what it is like to see a
color, however, is that she has never had
an explicit neural representation of a color
in her brain, only of the words and ideas
associated with colors.



In order to describe a subjective visual
experience, the information has to be
transmitted to the motor output stage of
the brain, where it becomes available for
verbalization or other actions. This
transmission always involves reencoding
the information, so that the explicit information
expressed by the motor neurons is
related, but not identical, to the explicit
coninformation expressed by the firing of the
neurons associated with color experience,
at some level in the visual hierarchy.



It is not possible, then, to convey with
words and ideas the exact nature of a
subjective experience. It is possible,
however, to convey a difference between
subjective experiences—to distinguish
between red and orange, for example. This
is possible because a difference in a high-level
visual cortical area will still be
associated with a difference in the motor
stages. The implication is that we can never
explain to other people the subjective
nature of any conscious experience, only
its relation to other ones.



The other two questions, concerning
why we have conscious experiences and
what leads to specific ones, appear more
difficult. Chalmers proposes that they
require the introduction of “experience” as
a fundamental new feature of the world,
relating to the ability of an organism to
process information. But which types of
neuronal information produce consciousness?
And what makes a certain type of
information correspond to the blueness of
blue, rather than the greenness of green?
Such problems seem as difficult as any in
the study of consciousness.



We prefer an alternative approach,
involving the concept of “meaning.” In what
sense can neurons that explicitly code for a
face be said to convey the meaning of a
face to the rest of the brain? Such a
property must relate to the cells’ projective
field—the pattern of synaptic connections
to neurons that code explicitly for related
concepts. Ultimately, these connections
extend to the motor output. For example,
neurons responding to a certain face might
be connected to ones expressing the name
of the person whose face it is and to others
for her voice, memories involving her and so
on. Such associations among neurons must
be behaviorally useful—in other words,
consistent with feedback from the body and
the external world.



Meaning derives from the linkages
among these representations with others
spread throughout the cortical system in a
vast associational network, similar to a
dictionary or a relational database. The
more diverse these connections, the richer
the meaning. If, as in our previous example
of prosopagnosia, the synaptic output of
such face neurons were blocked, the cells
would still respond to the person’s face,
but there would be no associated meaning
and, therefore, much less experience.
Therefore, a face would be seen but not
recognized as such.



Of course, groups of neurons can take
on new functions, allowing brains to learn
new categories (including faces) and
associate new categories with existing
ones. Certain primitive associations, such
as pain, are to some extent inborn but
subsequently refined in life.



Information may indeed be the key
concept, as Chalmers suspects. Greater
certainty will require consideration of
highly parallel streams of information,
linked—as are neurons—in complex
networks. It would be useful to try to
determine what features a neural network
(or some other such computational
embodiment) must have to generate
meaning. It is possible that such exercises
will suggest the neural basis of meaning.
The hard problem of consciousness may
then appear in an entirely new light. It
might even disappear.
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The Explanatory Gap



Some have suggested that to solve
the hard problem, we need to bring in
new tools of physical explanation: non-linear
dynamics, say, or new discoveries
in neuroscience, or quantum mechanics.
But these ideas suffer from exactly the
same difficulty. Consider a proposal from
Stuart R. Hameroff of the University of
Arizona and Roger Penrose of the University
of Oxford. They hold that consciousness
arises from quantum-physical
processes taking place in microtubules,
which are protein structures inside neurons.
It is possible (if not likely) that such
a hypothesis will lead to an explanation
of how the brain makes decisions or even
how it proves mathematical theorems, as
Hameroff and Penrose suggest. But even
if it does, the theory is silent about how
these processes might give rise to conscious experience. Indeed, the same problem
arises with any theory of consciousness
based only on physical processing.



The trouble is that physical theories
are best suited to explaining why systems
have a certain physical structure and how
they perform various functions. Most
problems in science have this form; to explain
life, for example, we need to describe
how a physical system can reproduce,
adapt and metabolize. But consciousness
is a different sort of problem
entirely, as it goes beyond the scientific explanation
of structure and function.



Of course, neuroscience is not irrelevant
to the study of consciousness. For
one, it may be able to reveal the nature of
the neural correlate of consciousness—the brain processes most directly associated
with conscious experience. It may
even give a detailed correspondence between
specific processes in the brain and
related components of experience. But
until we know why these processes give
rise to conscious experience at all, we will
not have crossed what philosopher Joseph
Levine has called the explanatory gap between
physical processes and consciousness.
Making that leap will demand a new kind of theory.



In searching for an alternative, a key
observation is that not all entities in science
are explained in terms of more basic
entities. In physics, for example, spacetime,
mass and charge (among other
things) are regarded as fundamental features
of the world, as they are not reducible
to anything simpler. Despite this
irreducibility, detailed and useful theories
relate these entities to one another in
terms of fundamental laws. Together
these features and laws explain a great variety
of complex and subtle phenomena.



A True Theory of Everything



It is widely believed that physics
provides a complete catalogue of the universe’s
fundamental features and laws.
As physicist Steven Weinberg puts it in
his 1992 book Dreams of a Final Theory,
the goal of physics is a “theory of
everything” from which all there is to
know about the universe can be derived.
But Weinberg concedes that there is a
problem with consciousness. Despite the
power of physical theory, the existence of
consciousness does not seem to be derivable
from physical laws. He defends
physics by arguing that it might eventually
explain what he calls the objective
correlates of consciousness (that is, the
neural correlates), but of course to do this
is not to explain consciousness itself. If
the existence of consciousness cannot be
derived from physical laws, a theory of
physics is not a true theory of everything.
So a final theory must contain an additional
fundamental component.



Toward this end, I propose that conscious
experience be considered a fundamental
feature, irreducible to anything
more basic. The idea may seem strange at
first, but consistency seems to demand it.
In the 19th century it turned out that
electromagnetic phenomena could not be
explained in terms of previously known
principles. As a consequence, scientists
introduced electromagnetic charge as a
new fundamental entity and studied the
associated fundamental laws. Similar
reasoning should be applied to consciousness.
If existing fundamental theories
cannot encompass it, then something new is required.



Where there is a fundamental property,
there are fundamental laws. In this
case, the laws must relate experience to
elements of physical theory. These laws
will almost certainly not interfere with
those of the physical world; it seems that
the latter form a closed system in their
own right. Rather the laws will serve as a
bridge, specifying how experience depends
on underlying physical processes.
It is this bridge that will cross the explanatory gap.



Thus, a complete theory will have two
components: physical laws, telling us
about the behavior of physical systems
from the infinitesimal to the cosmological,
and what we might call psychophysical
laws, telling us how some of those
systems are associated with conscious experience.
These two components will constitute
a true theory of everything.



Supposing for the moment that they
exist, how might we uncover such psychophysical
laws? The greatest hindrance
in this pursuit will be a lack of data. As I
have described it, consciousness is subjective,
so there is no direct way to monitor
it in others. But this difficulty is an obstacle,
not a dead end. For a start, each
one of us has access to our own experiences,
a rich trove that can be used to formulate
theories. We can also plausibly
rely on indirect information, such as subjects’
descriptions of their experiences.
Philosophical arguments and thought experiments
also have a role to play. Such
methods have limitations, but they give us
more than enough to get started.



These theories will not be conclusively
testable, so they will inevitably be more
speculative than those of more conventional
scientific disciplines. Nevertheless,
there is no reason they should not be
strongly constrained to account accurately
for our own first-person experiences, as
well as the evidence from subjects’ reports.
If we find a theory that fits the data
better than any other theory of equal simplicity,
we will have good reason to accept
it. Right now we do not have even a single
theory that fits the data, so worries
about testability are premature.



We might start by looking for high-level
bridging laws, connecting physical
processes to experience at an everyday
level. The basic contour of such a law
might be gleaned from the observation
that when we are conscious of something,
we are generally able to act on it
and speak about it—which are objective,
physical functions. Conversely, when
some information is directly available for
action and speech, it is generally conscious. Thus, consciousness correlates well
with what we might call “awareness”: the
process by which information in the brain
is made globally available to motor processes
such as speech and bodily action.



Objective Awareness



The notion may seem trivial. But as
defined here, awareness is objective and
physical, whereas consciousness is not.
Some refinements to the definition of
awareness are needed, in order to extend
the concept to animals and infants, which
cannot speak. But at least in familiar cases,
it is possible to see the rough outlines
of a psychophysical law: where there is
awareness, there is consciousness, and vice versa.



To take this line of reasoning a step
further, consider the structure present in
the conscious experience. The experience
of a field of vision, for example, is a constantly
changing mosaic of colors, shapes
and patterns and as such has a detailed
geometric structure. The fact that we can
describe this structure, reach out in the direction
of many of its components and
perform other actions that depend on it
suggests that the structure corresponds directly
to that of the information made
available in the brain through the neural
processes of objective awareness.



Similarly, our experiences of color
have an intrinsic three-dimensional structure
that is mirrored in the structure of
information processes in the brain’s visual
cortex. This structure is illustrated in
the color wheels and charts used by artists.
Colors are arranged in a systematic
pattern—red to green on one axis, blue to
yellow on another, and black to white on
a third. Colors that are close to one another
on a color wheel are experienced as
similar. It is extremely likely that they also correspond
to similar perceptual representations
in the brain, as one part of a system
of complex three-dimensional coding
among neurons that is not yet fully understood.
We can recast the underlying
concept as a principle of structural coherence:
the structure of conscious experience
is mirrored by the structure of information
in awareness, and vice versa.



Another candidate for a psychophysical
law is a principle of organizational
invariance. It holds that physical systems
with the same abstract organization will
give rise to the same kind of conscious
experience, no matter what they are
made of. For example, if the precise interactions
between our neurons could be
duplicated with silicon chips, the same
conscious experience would arise. The
idea is somewhat controversial, but I believe
it is strongly supported by thought
experiments describing the gradual replacement
of neurons by silicon chips. The remarkable implication
is that consciousness might someday
be achieved in machines.







DANCING QUALIA IN A SYNTHETIC BRAIN



Whether consciousness could arise in a complex, synthetic
system is a question many people find intrinsically fascinating.
Although it may be decades or even centuries before such
a system is built, a simple thought experiment offers strong
evidence that an artificial brain, if organized appropriately, would
indeed have precisely the same kind of
conscious experiences as a human being.



Consider a silicon-based system in
which the chips are organized and
function in the same way as the
neurons in your brain. That is, each chip
in the silicon system does exactly what
its natural analogue does and is
interconnected to surrounding elements
in precisely the same way. Thus, the
behavior exhibited by the artificial
system will be exactly the same as
yours. The crucial question is: Will it be
conscious in the same way that you are?



Let us assume, for the purpose of
argument, that it would not be. (Here we
use a reasoning technique known as reductio ad absurdum, in
which the opposite hypothesis is assumed and then shown to
lead to an untenable conclusion.) That is, it has either different
experiences—an experience of blue, say, when you are seeing
red—or no experience at all. We will consider the first case; the
reasoning proceeds similarly in both cases.



Because chips and neurons have the same function, they are
interchangeable, with the proper interfacing. Chips therefore can
replace neurons, producing a continuum of cases in which a
successively larger proportion of neurons are replaced by chips.
Along this continuum, the conscious experience of the system
will also change. For example, we might replace all the neurons
in your visual cortex with an identically organized version made
of silicon. The resulting brain, with an artificial visual cortex, will
have a different conscious experience from the original: where
you had previously seen red, you may now experience purple (or
perhaps a faded pink, in the case where
the wholly silicon system has no experience at all).



Both visual cortices are then
attached to your brain, through a two-position
switch. With the switch in one
mode, you use the natural visual cortex;
in the other, the artificial cortex is
activated. When the switch is flipped,
your experience changes from red to
purple, or vice versa. When the switch is
flipped repeatedly, your experiences
“dance” between the two different
conscious states (red and purple),
known as qualia.



Because your brain’s organization
has not changed, however, there can be no behavioral change
when the switch is thrown. Therefore, when asked about what
you are seeing, you will say that nothing has changed. You will
hold that you are seeing red and have seen nothing but 
red—even though the two colors are dancing before your eyes. This
conclusion is so unreasonable that it is best taken as a reductio
ad absurdum of the original assumption—that an artificial system
with identical organization and functioning has a different
conscious experience from that of a neural brain. Retraction of
the assumption establishes the opposite: that systems with the
same organization have the same conscious experience. 



—D.J.C.
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Theory of Consciousness



The ultimate goal of a theory of
consciousness is a simple and elegant set
of fundamental laws, analogous to the
fundamental laws of physics. The principles
described above are unlikely to be
fundamental, however. Rather they seem
to be high-level psychophysical laws,
analogous to macroscopic principles in
physics such as those of thermodynamics
or kinematics. What might the underlying
fundamental laws be? No one really
knows, but I don’t mind speculating.



I suggest that the primary psychophysical
laws may centrally involve the
concept of information. The abstract notion
of information, as put forward in the
1940s by Claude E. Shannon of the
Massachusetts Institute of Technology, is
that of a set of separate states with a basic
structure of similarities and differences
between them. We can think of a
10-bit binary code as an information
state, for example. Such information
states can be embodied in the physical
world. This happens whenever they correspond
to physical states (voltages, say)
and when differences between them can
be transmitted along some pathway, such
as a telephone line.



We can also find information embodied
in conscious experience. The pattern
of color patches in a visual field, for
example, can be seen as analogous to that
of the pixels covering a display screen. Intriguingly,
it turns out that we find the
same information states embedded in
conscious experience and in underlying
physical processes in the brain. The three-dimensional
encoding of color spaces, for
example, suggests that the information
state in a color experience corresponds
directly to an information state in the
brain. Thus, we might even regard the
two states as distinct aspects of a single
information state, which is simultaneously
embodied in both physical processing
and conscious experience.



Aspects of Information



A natural hypothesis ensues.
Perhaps information, or at least some information,
has two basic aspects: a physical
one and an experiential one. This hypothesis
has the status of a fundamental
principle that might underlie the relation
between physical processes and experience.
Wherever we find conscious experience,
it exists as one aspect of an information
state, the other aspect of which is
embedded in a physical process in the
brain. This proposal needs to be fleshed
out to make a satisfying theory. But it fits
nicely with the principles mentioned earlier—systems with the same organization
will embody the same information, for
example—and it could explain numerous
features of our conscious experience.



The idea is at least compatible with
several others, such as physicist John A.
Wheeler’s suggestion that information is
fundamental to the physics of the universe.
The laws of physics might ultimately
be cast in informational terms, in
which case we would have a satisfying
congruence between the constructs in
both physical and psychophysical laws.
It may even be that a theory of physics
and a theory of consciousness could
eventually be consolidated into a single
grander theory of information.



A potential problem is posed by the
ubiquity of information. Even a thermostat
embodies some information, for example,
but is it conscious? There are at
least two possible responses. First, we
could constrain the fundamental laws so
that only some information has an experiential
aspect, perhaps depending on
how it is physically processed. Second,
we might bite the bullet and allow that all
information has an experiential aspect—where there is complex information processing,
there is complex experience, and
where there is simple information processing,
there is simple experience. If this
is so, then even a thermostat might have
experiences, although they would be
much simpler than even a basic color experience,
and there would certainly be no
accompanying emotions or thoughts.
This seems odd at first, but if experience
is truly fundamental, we might expect it
to be widespread. In any case, the choice
between these alternatives should depend
on which can be integrated into the most powerful theory.



Of course, such ideas may be all
wrong. On the other hand, they might
evolve into a more powerful proposal
that predicts the precise structure of our
conscious experience from physical processes
in our brains. If this project succeeds,
we will have good reason to accept
the theory. If it fails, other avenues will
be pursued, and alternative fundamental
theories may be developed. In this way,
we may one day resolve the greatest mystery of the mind.







--Originally published: Scientific American 286(4), 90-99. (April 2002)





    

	
	    
Debate: How Does Consciousness Happen?

by Christof Koch and Susan Greenfield





In this debate, two leading neuroscientists disagree about the activity that takes place in the brain during subjective experience. Christof Koch's theory is that for each conscious experience, a unique set of neurons in particular brain regions fires in a specific manner. Susan Greenfield's theory is that for each conscious experience, neurons across the brain synchronize into coordinated assemblies, then disband. 




How brain processes translate to consciousness
is one of the greatest unsolved questions in science. Although
the scientific method can delineate events immediately
after the big bang and uncover the biochemical
nuts and bolts of the brain, it has utterly
failed to satisfactorily explain how subjective
experience is created.



As neuroscientists, both of us have made it our
life’s goal to try to solve this puzzle. We share
many common views, including the important
acknowledgment that there is not a single problem
of consciousness. Rather, numerous phenomena
must be explained—in particular, selfconsciousness
(the ability to examine one’s own
desires and thoughts), the content of consciousness
(what you are actually conscious of at
any moment), and how brain processes relate to
consciousness and to nonconsciousness.



So where does the solution begin? Neuroscientists
do not yet understand enough about the
brain’s inner workings to spell out exactly how
consciousness arises from the electrical and
chemical activity of neurons. Thus, the big first
step is to determine the best neuronal correlates
of consciousness (NCC)—the brain activity that
matches up with specific conscious experiences.
When you realize you are seeing a dog, what has
happened among which neurons in your brain?
When a feeling of sadness suddenly comes over
you, what has happened in your brain? We are
both trying to find the neuronal counterpart of
each subjective experience that an individual
may have. And this is where we differ.



Our disagreement over the best NCC emerged
during a lively debate between us at the University
of Oxford in the summer of 2006, sponsored
by the Mind Science Foundation in San
Antonio. Since then, we have continued to explore
and challenge each other’s views, a dialogue
that has resulted in the article here. We are
bound, nonetheless, by one fundamental commonality:
our views stem primarily from neuroscience,
not just philosophy. We both have considered
a tremendous amount of neuroscientific,
clinical and psychological data, and it is from
these observations that our arguments arise.



Koch Speaks



“Specific groups of neurons mediate
distinct conscious experiences.”



Both Susan Greenfield and I are searching for
the most appropriate neuronal correlates of consciousness.
If we can find the right NCC, the
direct cause-and-effect mechanisms that create
consciousness may follow.



In my view, which has evolved since Francis
Crick and I began investigating consciousness in
1988, every conscious percept (how the brain
represents stimuli from the senses) is associated
with a specific coalition of neurons acting in a
specific way. There is a unique neuronal correlate
of consciousness for seeing a red patch, another
for seeing one’s grandmother, a third for
feeling angry. Perturbing or halting any neuronal
correlate of consciousness will alter its associated
percept or cause that percept to disappear.



Physiologically, the likely substrate for NCC
is a coalition of pyramidal neurons—a type of
neuron that communicates over long ranges—within the cerebral cortex. Perhaps only a million
such neurons—out of the 50 billion to 100 billion
in our heads—are needed to form one of these coalitions.
When, say, Susan enters a crowded room
and I see her face, a coalition of neurons suddenly
chatters in concert for a fraction of a second or
longer. The coalition reaches from the back of the
cortex, where representations of visual stimuli
are first processed, into the front of the cortex,
which carries out executive functions such as providing
perspective and enabling planning. Such
a coalition would be reinforced if I paid attention
to the stimulus of her image on my retina, which
would strengthen the amplitude or the synchrony
of the activity among the select neurons. The
coalition sustains itself and suppresses competing
coalitions by feeding excitatory signals back
and forth among the neurons in the back and
front of the cortex. If, suddenly, someone calls
my name, a different coalition of neurons in the
auditory cortex arises. This coalition establishes
two-way communication with the front of the
brain and focuses my consciousness on the voice,
suppressing the earlier coalition representing
Susan’s face, which fades from my awareness.



One universal lesson from biology is that organisms
evolve specific gadgets, and this is true
for the brain. Nerve cells have developed myriad
shapes and functions, along with specific wiring
patterns among them. This heterogeneity is reflected in the neurons that constitute NCC. It is
here that I differ most from Susan. In my view,
consciousness is not some holistic property of a
large collection of firing neurons that are bathed
in a solution of neurotransmitters, as she argues.
Instead I maintain that specific groups of neurons
mediate, or even generate, distinct conscious
experiences.



And soon enough, the growing ability of neuroscientists
to delicately manipulate populations
of neurons will move us from observing that a
particular conscious state is associated with
some neuronal activity to pinpointing causation—observing that a given population is partially
or wholly responsible for a conscious state.



But how do we determine which set of neurons,
and what activity among them, constitutes
a conscious percept? Do NCC involve all the pyramidal
neurons present in the cerebral cortex at
any given time? Or do they just involve a subset
of long-range projection cells communicating between
the frontal lobes and the sensory cortices
in the back of the brain? Or do they involve neurons
anywhere that are firing in synchrony?



Much of the contemporary work on NCC has
concentrated on vision. Visual psychologists
have perfected techniques to hide things from
our conscious perception, like a magician who
misdirects us so that we do not see what is happening
in front of our eyes. One example is flash
suppression, a phenomenon discovered by then
graduate student Naotsugu Tsuchiya and myself
in 2005. Perception of a small, stationary image
shown to one eye—say, a faint, gray, angry face
projected into the right eye—is completely suppressed
by a stream of constantly changing color
patches flashed into the other eye. This suppression
can last for minutes, even though the scary
face is perfectly visible if the viewer blinks his or
her left eye; although legions of neurons in the
primary visual cortex are firing vigorously in response
to the stimulation from the left eye, they
do not contribute to consciousness. This result
is hard to explain in Susan’s view that any coherent
firing by a large collection of neurons is a
correlate of consciousness. Researchers are using
such illusions to find NCC in the brains of
trained monkeys and humans.



Before Francis passed away, he and I offered
several proposals about how consciousness
works, based on experimental results. One is
that NCC include pyramidal neurons that are
strategically located in an output zone of the cerebral
cortex known as layer 5. These cells send
out signals to, and directly receive strong excitatory inputs from, another set of pyramidal neurons
in a different region. Such an arrangement
could implement a positive feedback loop, a coalition
of neurons that, once triggered, would
keep on firing until shut off by another coalition
of neurons. These groups also fire over fractions
of a second, much closer to the timescale of conscious
awareness than single-neuron firings.



This notion about networks of neurons has
received a boost from results by researchers
at the Mount Sinai School of Medicine, Columbia
University and the New York State Psychiatric
Institute, working under Stuart C. Sealfon
of Mount Sinai and Jay A. Gingrich of
Columbia. Sealfon’s and Gingrich’s teams have
demonstrated in genetically modified mice that
hallucinogens—such as LSD, psilocybin (an ingredient
of mushrooms) and mescaline—act on
a type of molecule, called a serotonin receptor,
found on the pyramidal cells that cluster in layer
5. The hypothesis that the mind-bending effects
of hallucinogenic compounds come from activation
of one receptor type on a specific set of neurons—rather than from “messing up” the brain’s
circuits in some holistic manner—can be further
tested with molecular tools that can toggle layer
5 pyramidal cells on and off until the exact set of
neurons being affected is identified.



A second proposal for how NCC underlie
consciousness involves the claustrum, a sheet-like
structure within the cortex. Remarkably the
neurons composing this structure receive input
from almost all regions of the cortex and project
back to almost all as well. This structure may be
perfectly situated to bind the activity of the sensory
cortices into a single, coherent percept.



To advance these ideas, neuroscientists must
sample the chattering electrical activity of a very
large number of neurons at many locations. This
work is delicate and difficult, but the miniaturization
of electrodes is making it possible. Preliminary
efforts confirm that specific groups of
neurons express the types of perceptions that
form our daily experiences.



None of these insights imply that one, 100 or
even one million neurons living in a lab dish
could be conscious. Neurons are part of vast
networks and can generate consciousness only
in that context. An analogy is helpful: although
DNA molecules in a cell spell out the composition
of the proteins in our bodies, many other
molecules must also be present in the cell to construct
and maintain those proteins.



The varying extent and provenance, or origin,
of coalitions of neurons can also account for the
different content of consciousness in infants,
adults and animals. That any coalition can exist
at all depends on the existence of arousal circuits
in the brain stem and thalamus (which relays sensory
inputs to the cortex) that are continuously
active and that perfuse the cortex and its satellite
structures with neurotransmitters and other substances.
If a person’s arousal circuits are silent—as they are when one is in deep sleep or under anesthesia
or when one has suffered trauma akin to
that of Terri Schiavo, the woman who fell into a
persistent vegetative state that captivated the media—no stable coalition of cortical neurons can
arise and the person is not conscious.



Although this model can be tested by physiological
experiments, a valid criticism is that it is
not a theory built from a set of principles—that
is, it cannot predict what type of system has conscious
experiences. Neuroscience needs a theory
that predicts, based on physical measurements,
which of the following organisms is conscious: a
fruit fly, a dog, a human fetus five months after
conception, an unresponsive Alzheimer’s patient,
the World Wide Web, and so on.



Some experts, including Giulio Tononi of the
University of Wisconsin–Madison, are working
on such theories. But we are still so ignorant
about the brain that we can only speculate. Specific 
hypotheses that can be tested with today’s
technology will help. As Francis was fond of saying,
what drove his and James Watson’s 1953
discovery of the double-helical structure of DNA
were experiments, not a theory of how genetic
information might be encoded in molecules.



Fundamentally, my explanation is that qualitative,
not quantitative, differences in neuronal
activity give rise to consciousness. What matters
is not the sheer number of neurons involved, as
Susan stresses, but the informational complexity
that they represent. A specific network of
neurons is needed for a specific percept, not any
random collection of neurons that become highly
active. Furthermore, for full consciousness, a
coalition of neurons must encompass both sensory
representation at the back of the cortex as well
as frontal structures involved in memory, planning
and language. The brain works not by dint
of its bulk properties but because neurons are
wired up in amazingly specific and idiosyncratic
patterns. These patterns reflect the accumulated
information an organism has learned over its
lifetime, as well as that of its ancestors, whose
information is represented in genes. It is not crucial
that a sufficient number of neurons are active
together but that the right ones are active.



Greenfield Speaks



“Consciousness is generated by a
quantitative increase in the holistic
functioning of the brain.”



If neuronal correlates of consciousness are nothing
more than the discharges of certain neurons
and not others, as Christof Koch suggests, then
consciousness resides in the neurons themselves.
Yet Christof offers no explanation as to what
qualitative property such neurons or regions
have, compared with others. Moreover, if not
even a million neurons can generate consciousness
without being part of “vast networks,” then
the burden of identifying NCC shifts to describing
what these networks are. By looking at specific brain connections for different forms of
consciousness, Christof is guilty of a 21st-century
form of phrenology, in which different functions
are related directly to different brain
regions, especially the cortex. His enthusiasm for
the cortex should be tempered by the fact that
many species, such as birds, have no cerebral cortex
yet are considered conscious. Even if such
compartmentalization were possible, it would
not explain how consciousness is generated.



In my view, consciousness cannot be divvied
up into different, parallel experiences. Indeed,
we know that visual stimulation can change
how we hear, and vice versa. This merging of
the sensorium’s components argues against concepts
such as an isolated visual consciousness.
Most important, either you are conscious or you
are not. In Christof’s lab, subjects are conscious
throughout experiments performed on their
neurons; therefore, it is not consciousness that
the experiments manipulate but the content of
that consciousness. Any consequent explanation
is really a foray into answering “What is attention?”
That question is certainly valid, but it
is a different one from “What is consciousness?”
I contend that to define the best NCC we must
elucidate the difference between consciousness
and unconsciousness.



My own starting assumption is that there is
no intrinsic, magical quality in any particular
brain region or set of neurons that accounts for
consciousness. We need to identify a special
process within the brain. And to be a truly robust
correlate of consciousness, this neuronal
process must account for a variety of everyday
phenomena, including the efficacy of an alarm
clock, the action of anesthetics, the distinction
of dreams from wakefulness, the existence of
self-consciousness, the possible difference between
human and animal consciousness, and
the possible existence of fetal consciousness. A
more plausible view of consciousness is that it is
not generated by a qualitatively distinct property
of the brain but by a quantitative increase
in the holistic functioning of the brain. Consciousness
grows as brains grow.



But what is the key neuronal mechanism in
this process? The attempt to show a process-related
correlate of consciousness has been inspired
by various findings, including those of
German neurophysiologist Wolf Singer. Singer
demonstrated that a huge population of neurons
between the thalamus and the cerebral cortex
transiently fire together at a frequency of 40
times a second. But because the same activity
can arise in this tissue kept alive in a lab dish, an
additional condition must be a prerequisite for
consciousness.



Neuroscientist Rodolfo Llinas of New York
University Medical Center more recently suggested
that this coordinated, transient firing sets
up two complementary loops between the thalamus
and the cerebral cortex that work in conjunction
to maintain consciousness: a “specific”
system relating to the content of consciousness
and a “nonspecific” system relating to the arousal
and alertness of consciousness. This account
does indeed provide an explanation for why the
strong sensory input of an alarm clock triggers
full consciousness. Moreover, Llinas’s model
distinguishes between the consciousness of
dreams and that of wakefulness; in dreams,
there is no sensory input to feed the arousal loop,
so only the content loop functions.



The central problem is that models developed
by Llinas and others conceive of consciousness
as an all-or-nothing condition. They fail to describe
how the physical brain can accommodate
the ebb and flow of a continuously variable conscious
state. I favor an alternative. For more
than a decade, scientists have known that the
activity of tens of millions of neurons can synchronize
for a few hundred milliseconds, then
disband in less than a second. These “assemblies”
of coordinating cells can vary continuously
in just the right space and timescales for the
here-and-now experience of consciousness.
Wide-ranging networks of neurons assemble,
disassemble and reassemble in coalitions that
are unique to each moment. My model is that
consciousness varies in degree from one moment
to the next and that the number of neurons active
within an assembly correlates with the degree
of consciousness present at any given time.



This neuronal correlate of consciousness—the transient assembly—satisfies all the items on
the shopping list of phenomena above. The efficacy of an alarm clock is explained as a very vigorous
sensory input that triggers a large, synchronous
assembly. Dreams and wakefulness
differ because dreams result from a small assembly driven by weak internal stimuli, whereas
wakefulness results from a larger assembly driven
by stronger external stimuli. Anesthetics restrict
the size of assemblies, thus inducing unconsciousness.
Self-consciousness can arise only
in a brain large and interconnected enough to
devise extensive neuronal networks. The degree
of consciousness in an animal or a human fetus
depends on the sizes of their assemblies, too.



Recall that neither Christof nor I is attempting
to explain how consciousness arises. We are
not attempting to answer what Australian philosopher
David Chalmers has dubbed the “hard
problem”: determining how physiological events
in the brain translate into what you experience
as consciousness. We are seeking a correlation—a way to show how brain phenomena and subjective
experiences match up, without identifying
the all-important middle step of how a phenomenon
causes an experience. Neuronal
assemblies do not “create” consciousness but
rather are indices of degrees of consciousness.
Because an assembly’s size and the corresponding
degree of consciousness result from a variety
of physiological factors—such as degree of connectivity,
strength of stimuli and competition
from other assemblies—each factor could eventually
be manipulated experimentally. The assembly
model’s ability to generate falsifiable hypotheses
and account for the diverse range of
phenomena related to consciousness surely
makes it particularly powerful.



An obvious criticism of the assembly model,
which Christof articulated during our Oxford
debate, is that it merely posits that “size is everything.”
But most of science is indeed “all
about measurement”—the objective quantification
of observations. Size is everything in science.
Other skeptics say that assemblies are too
vague a notion, but several researchers have revealed
detailed characterizations of neuronal
mechanisms that underlie the generation of assemblies
lasting less than a second, such as Amiram
Grinvald of the Weizmann Institute of Science
in Rehovot, Israel, Ole Paulsen of Oxford
and John G. Jefferys of the University of Birmingham
in England.



Decisive tests in humans must await better
noninvasive imaging techniques that have a time
resolution commensurate with the milliseconds-long
timescale of the formation and disbanding
of neuronal assemblies. Once these techniques
are available, we should be able to observe assemblies
that correlate with the subjective experiences
of, for example, neuropathic pain, depression
and schizophrenia. Nevertheless, researchers
have already observed the assembly
model in action. In 2006 Toby Collins and others
in my group at Oxford showed that in rats,
the formation, activity and duration of assemblies
correlate selectively with the action of anesthetics.
Pilot observations in our laboratory,
yet unpublished, also show that the number of
neurons active in assemblies in the sensory cortex
of an anesthetized rat reflects degrees of anesthesia.
Another member of my team, Subhojit Chakraborty, demonstrated that
in rats, assemblies in the visual and auditory systems
might serve as a good basis for distinguishing
the subjectivity of seeing versus hearing.



Other criticisms relate to time and space. In
epilepsy, for example, a prolonged neuronal assembly
sustains a seizure, which equates with a
loss of consciousness. But the whole point of assemblies
as the appropriate NCC is that they are
highly transient; a seizure acts as a jamming
mechanism that prevents that transience, thus
allowing a single assembly to last orders of magnitude
longer than normal. Collins, Michael
Hill, Eleanor Dommett and I have similarly suggested
in a recent paper that anesthetics also
may act as a jamming mechanism.



Another area of objection is that the assembly
model does not have any spatial properties; there
is no identified anatomical locus. But all too often
we place far too much significance on localization
as an end in itself. There is no need for a
“center” for any given brain function, much less
for consciousness.



A more plausible scenario would be that many
different brain regions, in generating highly transient
assemblies, converge as inputs to a spacetime
manifold. The present difficulty is that we
cannot describe such a manifold using current
experimental techniques. Perhaps the manifold
could eventually be modeled mathematically.
Such models and their interactions may be the
way forward.



A final problem, and one that applies to NCC
at the basic level, is how they might be harnessed
to tackle the hard problem: determining how
physiological events in the brain translate into
what you experience as consciousness. We will
not be in a position to find a solution until we
know what kind of evidence would satisfy us: A
brain scan, a performing rat, a robot, a formula?
Or perhaps an induced change in one’s subjective
state, such as if Christof’s brain could be
manipulated so that he would experience the
world as I do—and even agree with me. 
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A “Complex” Theory

by Christof Koch




Do you think that your newest acquisition, a Roomba robotic vacuum cleaner that
traces out its unpredictable paths on your living room floor, is conscious? What
about that bee that hovers above your marmalade-covered breakfast toast? Or the
newborn who finally fell asleep after being suckled? Nobody except a dyed-in-the-wool 
nerd would think of the first as being sentient; adherents of Jainism,
India’s oldest religion, believe that bees—and indeed all living creatures, small and
large—are aware; whereas most everyone would accord the magical gift of
consciousness to the baby.



The truth is that we really do not know which of these organisms is or is not
conscious. We have strong feelings about the matter, molded by tradition, religion
and law. But we have no objective, rational method, no step-by-step procedure, to
determine whether a given organism has subjective states, has feelings.



The reason is that we lack a coherent framework for consciousness. Although
consciousness is the only way we know about the world within and around
us—shades of the famous Cartesian deduction cogito, ergo sum—there is no
agreement about what it is, how it relates to highly organized matter or what its
role in life is. This situation is scandalous! We have a detailed and very successful
framework for matter and for energy but not for the mind-body problem. This
dismal state of affairs might be about to change, however.



The universal lingua franca of our age is information. We are used to the idea that
stock and bond prices, books, photographs, movies, music and our genetic makeup
can all be turned into data streams of zeros and ones. These bits are the elemental
atoms of information that are transmitted over an Ethernet cable or via wireless,
that are stored, replayed, copied and assembled into gigantic repositories of
knowledge. Information does not depend on the substrate. The same information
can be represented as lines on paper, as electrical charges inside a PC’s memory
banks or as the strength of the synaptic connections among nerve cells.



Since the early days of computers, scholars have argued that the subjective, phenomenal states that make up the life of the mind are
intimately linked to the information expressed at that time by the brain. Yet they have lacked the tools to turn this hunch into a concrete
and predictive theory. Enter psychiatrist and neuroscientist Giulio Tononi of the University of Wisconsin–Madison. Tononi has
developed and refined what he calls the integrated information theory (IIT) of consciousness.



An Integrated Theory



IIT is based on two axiomatic pillars.



First, conscious states are highly differentiated; they are informationally very rich. You can be conscious of an uncountable number of
things: you can watch your son’s piano recital, for instance; you can see the flowers in the garden outside or the Gauguin painting on the
wall. Think of all the frames from all the movies you have ever seen or that have ever been filmed or that will be filmed! Each frame,
each view, is a specific conscious percept.



Second, this information is highly integrated. No matter how hard you try, you cannot force yourself to see the world in black-and-white,
nor can you see only the left half of your field of view and not the right. When you’re looking at your friend’s face, you can’t
fail to also notice if she is crying. Whatever information you are conscious of is wholly and completely presented to your mind; it cannot
be subdivided. Underlying this unity of consciousness is a multitude of causal interactions among the relevant parts of your brain. If
areas of the brain start to disconnect or become fragmented and balkanized, as occurs in deep sleep or in anesthesia, consciousness
fades and might cease altogether. Consider split-brain patients, whose corpus callosum—the 200 million wires linking the two cortical
hemispheres—has been cut to alleviate severe epileptic seizures. The surgery literally splits the person’s consciousness in two, with one
conscious mind associated with the left hemisphere and seeing the right half of the visual field and the other mind arising from the right
hemisphere and seeing the left half of the visual field.



To be conscious, then, you need to be a single, integrated entity with a large repertoire of highly differentiated states. Although the
60-gigabyte hard disk on my MacBook exceeds in capacity my lifetime of memories, that information is not integrated. For example, the
family photographs on my Macintosh are not linked to one another. The computer does not know that the girl in those pictures is my
daughter as she matures from a toddler to a lanky teenager and then a graceful adult. To my Mac, all information is equally
meaningless, just a vast, random tapestry of zeros and ones.



Yet I derive meaning from these images because my memories are heavily cross-linked. And the more interconnected, the more
meaningful they become. Indeed, Tononi’s IIT postulates that the amount of integrated information that an entity possesses
corresponds to its level of consciousness.



These ideas can be precisely expressed in the language of mathematics using notions from information 
theory such as entropy. Given a particular brain, with its neurons and axons, dendrites and synapses, one can, in principle, accurately compute
the extent to which this brain is integrated. From this calculation, the theory derives a single number, Φ (pronounced “fi”). Measured in
bits, Φ denotes the size of the conscious repertoire associated with any network of causally interacting parts. Think of Φ as the synergy
of the system. The more integrated the system is, the more synergy it has, the more conscious it is. If individual brain regions are too
isolated from one another or are interconnected at random, Φ will be low. If the organism has many neurons and is richly endowed with
specific connections, Φ will be high—capturing the quantity of consciousness but not the quality of any one conscious experience. (That
value is generated by the informational geometry that is associated with Φ but won’t be discussed here.)



Explaining Brain Facts



The theory can account for a number of puzzling observations. The cerebellum, the “little brain” at the back of the brain that contains
more neurons than the convoluted cerebral cortex that crowns the organ, has a regular, crystallinelike wiring arrangement. Thus, its
circuit complexity as measured by Φ is low as compared with that of the cerebral cortex. Indeed, if you lose your cerebellum you will
never be a rock climber, pianist or ballet dancer, but your consciousness will not be impaired. The cortex and its gateway, the
thalamus—the quail egg–shaped structure in the center of the brain—on the other hand, are essential for consciousness, providing it
with its elaborate content. Its circuitry conjoins functional specialization with functional integration thanks to extensive reciprocal
connections linking distinct cortical regions and the cortex with the thalamus. This corticothalamic complex is well suited to behave as a
single dynamic entity endowed with a large number of discriminable states. Lose one chunk of a particular cortical area, and you might
be unable to perceive motion. If a different area were lesioned, you would be blind to faces (yet could see the eyes, hair, mouth and
ears).



When people are woken from deep sleep, they typically recall experiencing nothing or, at best, only some vague bodily feeling; this
experience contrasts with the highly emotional narratives our brains weave during rapid-eye-movement (REM) sleep. What is
paradoxical is that the average firing activity of individual nerve cells does not differ that much in deep sleep and quiet wakefulness. At
the whole system level, though, electroencephalographic electrodes on the skull pick up slow, large and highly synchronized waves
during deep sleep. Because these waves are quite regular, they will disrupt the transfer of specific information among brain cells.



Every day, in tens of thousands of surgical operations, patients’ consciousness is quickly, safely and transiently turned off and on again
with the help of various anesthetic agents. There is no single mechanism common to all. The most consistent regional finding is that
anesthetics reduce thalamic activity and deactivate mesial (middle) and parietal cortical regions. Twenty years of electrical recording in
anesthetized laboratory animals provided ample evidence that many cortical cells, particularly in primary sensory cortical regions,
continue to respond selectively during anesthesia. What appears to be disrupted is large-scale functional integration in the
corticothalamic complex.



IIT explains why consciousness requires neither sensory input nor behavioral output, as happens every night during REM sleep, in
which a central paralysis prevents the sleeper from acting out her dreams. All that matters for consciousness is the functional relation
among the nerve cells that make up the corticothalamic complex. Within this integrated dynamic entity can be found the dream of the
lotus eater, the mindfulness of the meditating monk, the agony of the cancer patient and the Arcadian visions of your lost childhood
home. Paraphrasing Oscar Wilde, I would say it is the causal interactions within the dynamic core that make the poppy red, the apple
odorous and the skylark sing.



Consciousness Is Universal



One unavoidable consequence of IIT is that all systems that are sufficiently integrated and differentiated will have some minimal
consciousness associated with them: not only our beloved dogs and cats but also mice, squid, bees and worms.



Indeed, the theory is blind to synapses and to all-or-none pulses of nervous systems. At least in principle, the incredibly complex
molecular interactions within a single cell have nonzero Φ. In the limit, a single hydrogen ion, a proton made up of three quarks, will
have a tiny amount of synergy, of Φ. In this sense, IIT is a scientific version of panpsychism, the ancient and widespread belief that all
matter, all things, animate or not, are conscious to some extent. Of course, IIT does not downplay the vast gulf that separates the Φ of
the common roundworm Caenorhabditis elegans with its 302 nerve cells and the Φ associated 
with the 20 billion cortical neurons in a human brain.



The theory does not discriminate between squishy brains inside skulls and silicon circuits encased in titanium. Provided that the causal
relations among the transistors and memory elements are complex enough, computers or the billions of personal computers on the
Internet will have nonzero Φ. The size of Φ could even end up being a yardstick for the intelligence of a machine.



Future Challenges



IIT is in its infancy and lacks the graces of a fully developed theory. A major question that it so far leaves unanswered is, Why should
natural selection evolve creatures with high Φ? What benefit for the survival of the organism flows from consciousness? One answer
that I hope for is that intelligence, the ability to assess situations never previously encountered and to rapidly come to an appropriate
response, requires integrated information. Another possible answer, though, could be that high-Φ circuits do not have any special
status in terms of their survival. Just as electrical charge is a fundamental feature of the universe without a function, consciousness
might also lack any specific evolutionary role. It just is.



A second stumbling block with IIT is that Φ is exceedingly difficult to compute even for very small systems. To accurately evaluate Φ for
the roundworm is utterly unfeasible, even if using all of Google’s more than 100,000 computers. Can we find other algorithms to more
easily compute Φ?



A third issue to understand is why so much brain processing and so many of our daily behaviors are unconscious. Do the neural
networks that mediate these unconscious, zombielike behaviors have lower Φ than the ones that give rise to consciousness?



Tononi’s integrated information theory of consciousness could be completely wrong. But it challenges us to think deeply about the
mind-body problem in a novel, rigorous, and mathematically and empirically minded manner. And that is a great boon to this endeavor.



If Tononi’s equation for Φ proves to plumb the hitherto ineffable—consciousness itself—it would validate the ancient Pythagorean belief
that “number is the ruler of forms and ideas and the cause of gods and demons.”








--Originally published: Scientific American Mind 20(4), 16-19. (July/August 2009)
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Measuring Consciousness


		

	
	    
A Consciousness Meter

by Christof Koch




Measure what is measurable, and make measurable what is not so.



This quote from Galileo Galilei, one
of the founding fathers of science, is a call
to arms for ingenious bench scientists,
clinicians and theoreticians to render
consciousness measurable: to build an
instrument that can tell whether that
prone person who is nonresponsive or behaving
in a reflexlike manner is actually
conscious of something—of anything.
Such a “consciousness meter” should reliably
distinguish between a sleeper who
is experiencing a vivid dream—even if she
does not recall most of its content
later on—and one who is in
a dreamless, deep sleep, not feeling
anything. Not just black but
nothing, nichts, nada, rien. 
Or between a patient who is deeply
anesthetized, and oblivious to
the abdominal surgery being
performed on him, and the rare
cases of “awareness under anesthesia.”
Such a device should
also be able to tell whether a
grievously brain-injured patient,
whose electroencephalograph
(EEG) might be flat but who is
moaning and occasionally moving
his head or limbs, is experiencing
pain or distress or is truly not conscious—alive but oblivious to the world.



Most scholars of consciousness aver
that to be aware of something is to have a
single, integrated experience. When
looking at a sunset, for instance, you cannot
separate the garish purple-orange
hues from the bright globe about to sink
below the horizon. Unless you are colorblind,
color is a holistic aspect of your experience.
When you are looking out at the
world, you cannot make yourself be only
conscious of the left or the right half of
your visual field. You experience both.
Whatever information you are conscious
of is wholly and completely presented to
your mind; it cannot be subdivided.



Underlying this unity of consciousness
is a multitude of causal interactions
among the relevant parts of the brain that
create the mind. If areas of the brain start
to disconnect or become fragmented and
balkanized, as occurs in deep sleep or in
anesthesia, consciousness fades and
might cease altogether. Giulio Tononi, a
neuroscientist, psychiatrist and expert on
sleep and consciousness at the University
of Wisconsin–Madison, has made this
phenomenal aspect of consciousness the
centerpiece of his Integrated Information
Theory of consciousness.



Tononi, together with his colleague
Marcello Massimini, now a professor at
the University of Milan, Italy, and a few
others set out to measure the extent to
which the brain is integrated during sleep
and during various pathological states.



The Bell of Consciousness



In a series of experiments, the researchers
delivered a single, high-field pulse of
magnetic energy via a technique called
transcranial magnetic stimulation (TMS)
to the heads of volunteers. Discharging a
plastic-enclosed coil of wire held against
the scalp induces a brief electric current in
the gray matter underneath the skull (the
subject feels a slight sting from stimulation
of the skin). This pulse excites brain
cells and nearby fibers of passage that
will, in turn, engage synaptically connected
neurons in a cascade of activity that reverberates
inside the head. This electrical
activity quickly dies out.



Tononi and Massimini rigged the subjects’
scalp with 64 electrodes for recording
the EEG while subjects were either
quietly resting or asleep. When awake, the
volunteers’ EEG following the
TMS pulse showed a typical waxing
and waning pattern of fast, recurrent
brain waves, lasting a
third of a second or so. A mathematical
analysis of the EEG signals
revealed that a hotspot of
high-amplitude potential traveled
from the premotor cortex, above
which the TMS coil was positioned,
to the matching premotor
cortex in the other hemisphere, to
the motor cortex and to the posterior
parietal cortices in the
back. Think of the brain as a
large church bell and the TMS device
as the clapper. Once struck,
a well-cast bell will ring at its characteristic
pitch for a considerable time. And so
does the awake cortex, buzzing between
10 to 40 times a second.



In contrast, the brain of a deep sleeper
acts like a stunted, badly tuned bell.
Whereas the initial amplitude of the EEG
is larger than when a subject is awake, its
duration is much shorter, and it does not
reverberate across the cortex to other
connected regions. Although the neurons
remain active in sleep, as evidenced
by the strong, local response, integration
has broken down. Little of the spatially
differentiated and temporally variegated
sequence of electrical activity that is typical
for the awake brain is present. The
same is also true of subjects who volunteered
to undergo general anesthesia
with propofol or xenon. The TMS pulse
invariably produces a simple response
that remains local, indicative of a breakdown
of cortico-cortical interactions
and a lessening of integration.



Probing the Mind of a Patient



When severe injury strikes the brain,
consciousness may not return. A car accident,
a fall, a combat wound, a drug or
alcohol overdose, a near drowning—any
of these can lead to profound unconsciousness.
Thanks to rescue helicopters
and emergency medical technicians, who
quickly deliver the victim to the care of a
team of specialized trauma nurses and
physicians, many patients can be plucked
back from the edge of death. Although
this is a blessing for most, it is a curse for
a few. They remain alive for years, never
recovering consciousness, undead.



Impaired states of consciousness include
coma, the vegetative state and the
minimally conscious state. Overall arousal
fluctuates from complete absence in
coma, to periodic sleep-wake transitions
in the vegetative state, to conscious awakenings
with purposeful movements in the
minimally conscious state, to more or less
continual awareness.



In the U.S. alone, as many as 25,000
patients hover for years in a persistent
vegetative state. What makes the situation
almost unbearable is that they can
look and act as if they are fully present.
Indeed, such patients have daily sleep-wake
cycles. When they are “awake,”
their eyes are open and they may move reflexively; they may grimace, turn their
head, groan. To the naive observer, these
movements and sounds suggest that the
patient is awake, trying to communicate
with loved ones. The tragedy of the ruined
patient’s blank and empty life,
drawn out over hopeless decades in hospices
and nursing homes, is mirrored and
amplified by the love—and the resources—her family expends on her care, always
hoping for a miraculous recovery.



You may recall Terri Schiavo in Florida,
who lingered for 15 years in a persistent
vegetative state until her medically
induced death in 2005. Because of the
nasty, public fight between her husband,
who advocated discontinuing life support,
and her parents, who believed that
their daughter had some measure of
awareness, the case was litigated up and
down the judicial chain, and eventually
drew in then president George W. Bush.
Medically, her case was uncontroversial.
She had brief episodes of automatisms:
head turning, eye movements and the
like, but no reproducible or consistent,
purposeful behavior. Her EEG was flat,
indicating that her cerebral cortex had
shut down. Her condition failed to improve
over many years. The autopsy
showed that her cortex had shrunk by
half, with her visual centers atrophied;
thus, contrary to public reports at the
time, she could not have seen anything.



In contrast to Schiavo, minimally
conscious patients have fluctuating signs
of nonreflexive reactions, such as pursuing
a target with their eyes or making
verbal or hand responses to simple commands.
Whereas consciousness has fled
patients in a vegetative state, it is partially
preserved in minimally conscious
ones. It is, of course, absolutely critical to
tell the difference between one and the
other. Yet this is often not possible with
purely behavioral-based measures.



Neurologist Steven Laureys of University
Hospital in Liège, Belgium, Massimini,
Tononi and their colleagues measured
the span of brain integration in
such patients. They applied TMS pulses
to the parietal or frontal lobes of patients
who had their eyes open. The result was
unambiguous. Patients in a vegetative
state had simple and local EEG 
responses—usually a slow, single positive-negative
wave (when they had any response at
all)—resembling the deep sleep and anesthesia
response. Contrariwise, in minimally
conscious patients, the magnetic
pulse triggered the complex electrical responses
expected of healthy, awake subjects.
Five patients were additionally recruited
from intensive care as soon as
they awoke from coma. Three eventually
recovered awareness, and two did not.



The onset of consciousness in those
patients who did recover was preceded
by a lengthening and complexification
of the EEG response to the magnetic
pulses—they progressed from a single
localized wave to a much richer spatio-temporal
pattern. In other words, this
method can act as a crude consciousness
meter. A miniaturized TMS coil in combination
with an EEG device with a
handful of electrodes can easily be assembled
into an instrument.



In this way, theoretical insights into
consciousness are married to clinical
practice that benefits many.






--Originally published: Scientific American Mind 24(1), 24-25. (March/April 2013)






	
	    
Eyes Open, Brain Shut

by Steven Laureys




Recent progress in medical care has greatly increased the
number of people who survive acute brain damage.
Doctors can save the lives of many patients who suffer
trauma to the brain (often after a road accident) or a lack of
oxygen (for example, after a cardiac arrest or drowning), but
if the damage is severe, the victim will slip into a coma. Individuals
in this condition do not open their eyes; at best, they
will show some reflex movements of the limbs. Coma rarely
lasts longer than two to five weeks. Those who regain consciousness
typically do so within days. Others will die, and still
others will awaken from their coma but remain unconscious,
entering what is called the vegetative state.



Even for experts, the vegetative state is a very disturbing
condition. It illustrates how the two main components of consciousness
can become completely dissociated: wakefulness remains
intact, but awareness—encompassing all thoughts and
feelings—is abolished. By wakefulness, I mean that patients in
a vegetative state have sleep/wake cycles. At the times when
they seem to be awake, their eyes open and sometimes wander.
At other times they keep their eyes shut and appear to be asleep,
although they may open them and stir when touched or spoken
to. These patients usually can breathe without technical assistance
and can make a variety of spontaneous movements—such
as grinding teeth, swallowing, crying, smiling, grasping another’s
hand, grunting or groaning—but these motions are always
reflexive and not the result of purposeful behavior. Typically
patients will not fix their eyes on anything for a sustained period,
but in rare instances they may briefly follow a moving
object or turn fleetingly toward a loud sound.



Many people in a vegetative state regain
consciousness in the first month after
a brain injury. After a month, however,
the patient is said to be in a persistent
vegetative state (PVS) and the
probability of recovery diminishes as
more time passes. Every year in the U.S.
at least 14,000 new victims of acute
brain damage remain vegetative one
month after their injury. In 1994 the
Multi-Society Task Force on PVS (a
team of 11 researchers from various institutions)
concluded that the chances of
recovery are close to zero if the patient
shows no signs of awareness one year after
a traumatic brain injury or three
months (later revised to six) after brain
damage from lack of oxygen or other
causes. For these very long-standing cases,
the task force proposed the name
“permanent vegetative state.”



The study of PVS was thrust into the
public spotlight in 2005 as politicians
debated the case of Terri Schiavo, a Florida
woman who had been in a vegetative
state since 1990. (Her parents and husband
disagreed over whether she could
ever recover; the courts ultimately allowed
doctors to remove Schiavo’s feeding
tube, and she died of dehydration 13
days later.) The controversy highlighted
the importance of developing more effective
ways to determine whether a patient
is permanently vegetative or in a
more hopeful condition. Scientists have
recently studied the use of brain-imaging
techniques to identify signs of awareness
that could be hidden in an unresponsive
patient. If physicians had access
to reliable methods of detecting
conscious awareness, they might be able
to better distinguish between brain-damaged
patients who have a chance of
recovery and those who face bleaker
prospects. At the same time, this research
may shine a new light on the nature
of consciousness itself.



A Difficult Diagnosis



In patients who recover from
the vegetative state, the first signs of consciousness
are often minimal and appear
gradually. The patient may start making
deliberate, nonreflexive movements but
remain unable to express and communicate
thoughts and feelings. To classify
these cases, doctors have created a clinical
category called the minimally conscious
state. Like the vegetative state,
the minimally conscious state may be a
transient condition on the way to further
recovery of consciousness, or it may be
chronic and sometimes permanent. An
important difference, though, is that patients
who have remained in the minimally
conscious state for years still have
a chance of recovery. In a much publicized
case, Terry Wallis, an Arkansas
man who had been in a minimally conscious
state since a road accident in 1984,
started talking in 2003. Wallis also regained
some ability to move his limbs,
although he cannot walk and still needs around-the-clock care.



Making the distinction between the
vegetative and minimally conscious
states is challenging and requires repeated
examinations by well-trained
physicians who have experience with
such patients. Clinicians making the diagnosis
of a vegetative state will base
their judgment on the absence of behavioral
signs of consciousness. Put simply,
if a patient looks awake (meaning he or
she has his or her eyes open), repeatedly
fails to obey commands (such as “pinch
my hand” or “look downward”) and
makes only reflexive movements, the
doctor will conclude that the patient is
in a vegetative state.



In the early 1990s, however, studies
led by Nancy Childs of the Healthcare
Rehabilitation Center in Austin, Tex.,
and Keith Andrews of the Royal Hospital
for Neurodisability in London showed
that more than one third of the patients
initially diagnosed as being in a vegetative
state in fact showed some signs of
awareness when carefully examined. To
obtain a more reliable diagnosis, doctors
need to employ standardized clinical
tests that gauge a patient’s responses to a
wide variety of auditory, visual and tactile
stimuli. Examples of such tests include
the Coma Recovery Scale, developed
by Joseph Giacino of the JFK Johnson
Rehabilitation Institute in Edison,
N.J., and the Sensory Modality Assessment
Rehabilitation Technique, created
by Helen Gill-Thwaites, also at the Royal
Hospital for Neurodisability. The diagnostic
superiority of these specialized
consciousness scales is beyond doubt,
but they are much more time-consuming
than a routine neurological examination
or a simpler test such as the Glasgow Coma Scale.



But conscious awareness is a subjective
experience that is inherently difficult
to measure in another being. Might even
the most careful assessment miss signs of
awareness in acutely brain-damaged,
noncommunicative patients? Over the
past decade investigators have struggled
to find an objective test that could confirm or dispute a clinical diagnosis of the
vegetative state. Structural imaging of
the brain—employing either magnetic
resonance imaging (MRI) or x-ray computed
tomographic (CT) scanning—can
help doctors visualize the extent of brain
damage, but such techniques cannot detect
signs of consciousness. Recent studies,
though, indicate that examining MRI
images of traumatic brain injuries may
help physicians predict whether a patient
will emerge from the vegetative state. For
example, patients with damage to certain
regions, such as the brain stem and the
corpus callosum (the band of tissue connecting
the cerebral hemispheres), appear
to have a poorer chance of recovery.



Furthermore, investigations using a
new technique called MRI diffusion
tensor imaging—which gauges the integrity
of the brain’s white matter, the
neuronal axons that carry nerve impulses—have increased understanding of
the mechanisms underlying recovery
from the vegetative state. A team led by
Nicholas Schiff of Cornell University,
for instance, recently used diffusion tensor
imaging to show the regrowth of
axons in the brain of Wallis, the patient
who emerged from a minimally conscious
state after 19 years of silence.



Another widely used tool is the electroencephalogram
(EEG), which measures
the brain’s electrical activity. EEG
results can reveal a patient’s state of
wakefulness because electrical activity
slows during nondreaming sleep. For
patients in a coma, the instrument can
confirm the clinical diagnosis of brain
death (when the EEG becomes isoelectric—that is, a flat line). The EEG is not
as reliable, though, for measuring
changes in awareness. For patients in
the vegetative state, the device can neither
confi rm their diagnoses nor predict
their chances of recovery. My colleagues
and I at the University of Liège in Belgium
have demonstrated that minimally
conscious patients show an electrical
brain response called the P300 potential
when hearing their own names, but not
when hearing other first names. Some
patients in a chronic vegetative state,
however, demonstrated similar P300 responses,
so the technique appears to
have no diagnostic use.








AWAKE BUT NOT AWARE



After brain injury that leads to coma, a patient’s
progress may follow one of several paths (top). If
the patient does not die or quickly recover, he or
she will most likely transition to the vegetative
state. (In rare cases, a person may develop locked-in syndrome, 
a complete paralysis of the body’s voluntary muscles.) The patient may then evolve
to the minimally conscious state and often to further recovery of consciousness or remain in the
vegetative state permanently. Compared with people in other mental states (bottom), vegetative
patients have a high level of wakefulness—unlike comatose individuals, they have sleep/wake
cycles—but none of the awareness that characterizes normal conscious wakefulness.
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A Consciousness Region?



Perhaps the most promising method
for investigating the vegetative state
is functional neuroimaging. Studies employing
positron-emission tomography
(PET) have shown that the metabolic activity
of the brain—as measured by its
consumption of glucose—decreases in
the vegetative state to less than half of
normal values. These experiments were
first performed in the late 1980s by a
group led by Fred Plum of Cornell and
later repeatedly confirmed by several
European groups, including ours. But
some patients who recover from the vegetative
state do so without substantial
changes in overall brain metabolism, as
reported by our laboratory in the late 1990s.



Moreover, we observed that some
fully conscious and healthy volunteers
have global brain metabolism values
comparable to those seen in some patients
in a vegetative state. And Schiff has
reported that a few vegetative patients
had a close to normal cortical metabolism.
Hence, measuring overall levels of
energy consumption in the brain cannot
indicate the presence of awareness.



Our group could, however, identify
areas in the brain that appear to be particularly
important for the emergence of
awareness. Comparing patients in a vegetative
state with a large cohort of healthy
volunteers, we found a significant lack of
metabolic activity in the widespread network
of polymodal associative cortices
(located in the frontal and parietal lobes
of the brain) that are involved in the cognitive
processing of sensory information. We showed that awareness
is also related to the so-called cross
talk, or functional connectivity, within
this frontoparietal network and with centers
deeper in the brain, notably the thalamus.
In our vegetative patients, the long-distance
connections between one cortex
and another, as well as the links between
the cortices and the thalamus, appeared
to be disrupted. Moreover, recovery from
the vegetative state is paralleled by a
functional restoration of the frontoparietal
network and its connections.












VIEWING THE DAMAGE



Brains of vegetative patients
show distinctive losses in
metabolic activity, as measured
by the consumption of glucose in
the tissues. Regions in the prefrontal and
parietal cortices (purple) are significantly less
active in vegetative patients. The dysfunction could be a result
of cortical damage or disruption of the links (red arrows) between the cortices and
the thalamus. These connections appear to be crucial to conscious awareness.
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Unfortunately, patients in a minimally
conscious state seem to show a
rather similar cerebral dysfunction. As
a result, PET measurements of brain
metabolism cannot distinguish between
the vegetative and minimally conscious
states when the patient is at rest. The
technique did reveal differences, though,
when analyzing changes in brain function
induced by external stimuli such as
pain and spoken words.



We studied pain perception by electrically
stimulating the hand (which was
experienced as painful by healthy control
subjects) and using PET to gauge
cerebral blood flow, which is another
marker for neural activity. In both the
vegetative patients and the controls, the
results indicated activity in the brain
stem, the thalamus and the primary somatosensory
cortex, which receives sensory
information from the peripheral
nerves. In the vegetative patients, however,
the rest of the brain failed to respond.
The small cortical region that
did show activity (the primary somatosensory
cortex) was isolated and disconnected
from the rest of the brain, in
particular from the networks believed
to be critical for conscious pain perception.
(These results can reassure family
members and caregivers that patients in
a vegetative state do not perceive pain in
the same way that healthy people do.)



The PET studies found a similar pattern
when we talked to vegetative patients.
Just as for somatosensory stimulation,
the activity was limited to the
lowest cortical centers (in this case, the
primary auditory cortices) while higher-order
polymodal areas failed to respond
and remained functionally disconnected.
This level of cerebral processing is
considered insufficient for auditory
awareness. In minimally conscious patients,
however, auditory stimuli can
trigger large-scale, higher-order cortical
activity normally not observed in the
vegetative state. Schiff was the first to
use functional MRI (fMRI) on patients
in the minimally conscious state and
showed that their language networks
were activated during the presentation
of a personally meaningful story read by
a familiar voice. When played backward,
the story did not provoke such a
response, whereas it did so in healthy control subjects.



Similarly, in 2004 our group reported
that auditory stimuli with emotional
power (such as infant cries and the patient’s
own name) induce a much more
widespread activation in minimally conscious
patients than meaningless noise
does. These results indicate that content
does matter when talking to a minimally
conscious patient. But to develop this
technique into a diagnostic tool, we
knew we had to show that complex auditory
stimuli never activate large-scale
networks in vegetative patients.



Tennis in the Brain



This hypothesis faced its toughest
test in 2006 when a team led by
Adrian Owen of the University of Cambridge,
in collaboration with Melanie
Boly from our group, studied a 23-year-old
woman who had suffered a traumatic
injury to the front of her brain in a
traffic accident. She remained comatose
for more than a week and then evolved
to a vegetative state. She spontaneously
opened her eyes but never responded
to any verbal or nonverbal commands.



Five months after the accident Owen
and his colleagues studied the woman’s
brain using fMRI. During the scanning,
the researchers played recordings of
spoken sentences—for example, “There
was milk and sugar in his coffee”—along with noise sequences that acoustically
matched those sentences. The spoken
sentences triggered activity in her
superior and middle temporal gyri,
brain regions involved in understanding
speech and the meaning of words; the
same pattern was observed in healthy
control subjects. These results possibly
indicated conscious linguistic processing
in the vegetative woman, but not
necessarily. Studies of healthy patients
have shown that such processing may
also occur during sleep and even under
general anesthesia.



To clarify whether the patient was
consciously responding to language, the
investigators conducted a second study
in which they asked her to perform mental
imagery tasks. When she was asked
to imagine playing a game of tennis, the
fMRI scans showed activity in the supplementary
motor area of her brain, just
as it did in the control subjects. When she
was asked to imagine walking through
the rooms of her house, the scans showed
activation of the network involved in
spatial navigation—the premotor, parietal
and parahippocampal cortices.
Again, the response was indistinguishable
from that seen in the healthy subjects.
Despite the clinical diagnosis that
the patient was in a vegetative state, she
understood the tasks and repeatedly
performed them.



The first question raised by these
spectacular results was whether the patient
was misdiagnosed. Although repeated
expert assessments had confirmed that she was in the vegetative
state at the time of the study, the examinations
revealed that her eyes briefly
fixed on objects. This finding is sometimes
observed in the vegetative state,
but it is atypical and should prompt
physicians to search for other signs of
awareness. During another examination
about six months after the study,
the patient was able to fix her eyes on an
object for a sustained period (more than
five seconds) and could track her own
mirror image; both these signs herald a
transition to the minimally conscious state.



Given her young age and the cause
and duration of the vegetative state, we
knew from the start that the patient’s
chances of recovery were not zero but
about one in five. Thus, the results of the
study should not be misinterpreted as
evidence that all patients in a chronic
vegetative state may actually be conscious.
In fact, we have not observed any
similar signs of awareness in functional
scans of more than 60 other vegetative
patients studied at the University of
Liège. The most likely explanation of the
results is that our 23-year-old patient
was already beginning the transition to
the minimally conscious state at the time
of the experiment. Indeed, a recent study
by Di Haibo of Zhejiang University in
China and his colleagues confirmed that
the activation of higher-level brain regions
during fMRI tests can predict recovery
to the minimally conscious state.



These findings underline the point
that ascertaining consciousness is a tricky
business. We have learned much from
new imaging techniques that measure
neural activity in brain-damaged patients,
but more research is needed before scientists
can use functional neuroimaging to
confirm a diagnosis of the vegetative state
and to help in the prognosis and treatment
of this devastating medical condition.
For the time being, doctors must
continue to rely on thorough clinical examinations
when making their difficult therapeutic decisions.







--Originally published: Scientific American 296(5), 84-89. (May 2007)





	
	    
The Mechanics of Mind Reading

by Daniel Bor




As a favor to friends in my academic department, I have frequently been a guinea pig
in the functional magnetic resonance imaging (fMRI) scanner. In most of these cases,
I fight valiantly against slumber as the stimuli flash on the small screen in front
of me and the hypnotic, high-pitched beeps of the scanner reverberate all around.
This time, though, it was different. Martin Monti, a fellow neuroscientist at the MRC Cognition
and Brain Sciences Unit in Cambridge, England, was going to read my mind. As the
bed I lay on slid robotically into the giant doughnut-shaped scanner, I had a strange sensation
that I was about to be seen naked—mentally, at least.



The task was simple: Monti would ask me questions—did I have any siblings, did I think England
was going to win the soccer match that night, and
so on. If I wanted to answer “yes,” then I would
imagine myself playing tennis, activating a known
set of motor regions in my brain by doing so. If I
wanted to answer “no,” then I was to imagine navigating
around the rooms of my home, activating an
entirely different set of areas involved in scene perception.
Given that each scan—and thus each of my
yes or no answers—took five minutes, the conversation
was not the most riveting I had ever had, but
when Monti accurately guessed my response every
time, it was nonetheless thrilling and unnerving in
equal measure.



Last year Monti and others used this technique
on a patient diagnosed with a permanent vegetative
state, who showed few outward signs of awareness.
The researchers demonstrated that the patient was
still conscious and could even communicate, as they
reported in the New England Journal of Medicine
on February 18, 2010. The patient responded to
questions with “yes” and “no” the same way I did,
by thought alone. No other
means currently exist that could have shown that a
fully aware, communicative mind was trapped in
the patient’s unresponsive body.



Such a feat of scientific telepathy was unheard
of a decade ago. But now “mind reading” in various
guises is beginning to dominate the field of neuroscience.
What caused this revolution? Over the past
several years many scientists have changed the way
they analyze the data they gather from brain scans.
Using a new information-crunching technique, they
have deciphered brain activity to reveal not only the
content of conscious thought but also information
from participants’ unconscious minds—even recreating
the images in movies they are watching.
The new technique has led to insights into the intricate
workings of memory and the complex process
of decision making. And the method is still in its infancy—the most exciting breakthroughs are no
doubt still to come.



Seeing the Forest and the Trees



The quest to get inside other people’s heads is
far from new. Polygraph machines represent a century’s
worth of persistent attempts to use technology
to decode thoughts. But lie detectors work
indirectly—they identify only the stress response
that may or may not be a sign of dishonesty. To truly
read thoughts, scientists need to directly decode
brain activity. Brain-computer interfaces are progressing
rapidly on this front, using electroencephalography
(EEG) or electrodes implanted in the
brain to detect neural signals and translate them
into commands to move robotic arms or cursors on
a computer screen. Researchers are using such technology
today to train patients with amyotrophic lateral
sclerosis, or Lou Gehrig’s disease, whose ability
to move is slowly failing, to control a communication
interface by thought alone.



But this type of signal decoding, though hugely
important in medicine, has limited mind-reading
potential; it requires that users practice extensively
to direct their thoughts in such a way that a computer
can translate their brain signals into commands
for motion or speech. Decoding a range of
thought processes without resorting to heavy training
regimes requires a very different approach.



Enter fMRI. Developed in the 1990s, this imaging
technology offered a radical new opportunity
to peer inside the mind as it worked, by detecting
blood flow to active brain areas. But fMRI data sets
can be vast. Each image of activity might require
100,000 three-dimensional pixels, called voxels,
with a new image being taken every two seconds,
for up to an hour. Multiply that by around 20 subjects
in a study, and you end up with perhaps four
billion voxels to examine. The traditional way of
solving this problem is to focus on just one of those
100,000 voxels in each image, in one location in all
the subjects, and to see whether that voxel rises or
falls in activity over time, in accord with the mental
fluctuations under study.



But analyzing brain scans in this way involves
throwing away vast amounts of useful data by ignoring
how these voxels might be working together,
in a pattern of activity, to represent information.
The old method is comparable to looking at a fuzzy
photograph and concluding that only the bright regions
are important. The new method would consider
all the textures and contrasts of the fuzzy photograph,
gauging how they relate to one another to
create shapes and figures—and ultimately recognize
a picturesque landscape or a smiling face.



This new, far more sensitive method, known as
multivariate pattern analysis (MVPA), is effectively
a form of artificial intelligence. The program creates
algorithms that link mental events with specific
patterns of brain activity—for instance, when told
a person is thinking about tennis, it detects a corresponding
signal in the pattern of activity among
motor area voxels—and then, based on those assessments,
it makes predictions about how new brain
data relate to a person’s mental state. Each time the
program spots an identifiable pattern of brain signals,
it makes a prediction about what the person is
thinking about—whether it’s playing tennis or, if
the telltale brain activity takes a different form,
something else entirely. These predictions potentially
allow neuroscientists to read minds.



Locating Consciousness



The main early successes of MVPA came in the
tricky attempt to study how brain activity generates
consciousness. For example, how do people make
visual sense of the world around them? In 2005
neuroscientist Geraint Rees and his colleagues at
University College London investigated a well-known
effect known as binocular rivalry. When
different images are presented to each eye, people
consciously perceive only one at a time, even though
their eyes are viewing both images. Awareness tends
to alternate between the two images every 15 seconds
or so. Using MVPA, the Rees team pinpointed
what is happening in the brain as the images flip
back and forth. They learned that activity in the primary
visual cortex, the first cortical area that responds
when we look at something, consists of raw
input that has little to do with the image we consciously
see. Other, more complex, visual regions
that become active later in the chain of events turn
out to be the areas that create the image that people
report seeing in any given moment. Standard brain-imaging
analysis methods lacked the power to detect such results.



More intriguing, Rees and his colleague John-Dylan Haynes, now at the Bernstein Center for
Computational Neuroscience in Berlin, used MVPA
in 2005 to read subjects’ unconscious minds. They
showed volunteers pictures of a black disk marked
with dashed white lines that were oriented in one of
two directions. The disk was masked most of the
time by a second disk that had crisscrossing lines in
both directions. When the mask disappeared, it revealed the target
disk for only 17 milliseconds at a time—too short a
span for the volunteers to consciously register the
direction of the dashed lines. And, as expected,
their guesses at the orientation of the lines on the
target disk had only chance-level accuracy (50 percent).
Using MVPA to study the primary visual cortex,
however, the scientists were able to learn which
line orientation a subject was seeing—even though
the subject himself did not know! As in the previous
study, the results suggest the primary visual cortex
is a kind of brain-only version of what the eyes see;
that information is later processed by other visual
brain regions in more conscious ways.



It wasn’t long before these powerful MVPA
methods branched out into territory far removed
from consciousness perception. Although ethically
contentious progress is being made using MVPA to
predict when a person is lying, considerably more
profound results are appearing in another field: decision making.



In 2008 Haynes asked volunteers to carry out a
simple task—to choose whether to press the left or
right button on a remote control while in the fMRI
scanner. When Haynes set his MVPA algorithm to
learn which patterns corresponded with this decision,
he was astounded to find strong signals in the
prefrontal and parietal cortices (areas involved in
processing novel or complex goals) up to 10 seconds
before the volunteer consciously decided to act.
This result has deep ramifications. Does it mean
that we have no free will? Or does free will kick in
only for more complex decisions? More research
will be needed to answer these questions—but it is
exciting that MVPA has moved such concerns, once
strictly the domain of philosophy, into the province
of scientific study.



I Know What You’re Seeing



One drawback of many fMRI studies is that the
stimuli are so artificial—say, dashed white lines on
a black disk—that their generalization to the real
world is limited. But now, because of the flexibility
and power of MVPA methods, it is feasible to show
photographs or videos in the scanner and analyze
the resulting brain activity. Such methods have enabled
scientists to refine their understanding of the
basic workings of memory. For instance, neuroscientist
Eleanor Maguire, also at University College
London, and her co-workers used MVPA
to identify patterns in the part of the brain that
stores memories, the hippocampus. As reported in
Current Biology, the researchers
showed volunteers three seven-second movie clips
depicting women doing everyday activities (for instance,
drinking from a coffee cup, then throwing
it away). The volunteers then recalled each of the
clips while the researchers scanned their brains. Using
MVPA, the researchers were able to predict
which clip each volunteer was recalling at any given
time. They also discovered that particular areas
within the hippocampus, including the right and
left anterior and the right posterior portions, are especially
important for storing these so-called episodic memories.







Episodic Memories



When people remember an event or a short film,  they activate their so-called
episodic memory to replay the scenes in their mind. Using a
powerful data-crunching technique, researchers can now determine
which of three similar clips volunteers are recalling at any given time.
The same analysis technique has enhanced our understanding of the
brain’s memory storage area, the hippocampus (pink), by revealing
substructures (yellow) especially important for episodic memory.
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Impressive though the results have been, the
studies to date are relatively crude, capable of identifying
one of a handful of mental states (tennis
game or home layout?). This is a far cry from genuine
mind reading, where looking at neural activity
would reveal a person’s thoughts without referring
to a preset shortlist of possibilities. One lab, though,
seems to be edging closer. Neuroscientist Jack Gallant
of the University of California, Berkeley, published
results in 2008 showing that his pattern-recognition
programs can guess which of 1,000 pictures
the person just viewed—a dramatic leap from
the two or three options other algorithms have
learned to parse. And at the Society for Neuroscience
conference in 2009, he presented data that
went much further—actually reconstructing, from
the activity in the visual cortex, what volunteers
were seeing when they watched a series of movie
trailers. For instance, at the very moment that a
man in a white shirt appeared on screen, the program
would spit out an outline of a white torso.
Such provisional progress suggests tantalizing possibilities, such as the ability
to “read off” a crime witness’s memories or record
and play back the visual imagery in dreams.



Some scientists remain skeptical about the
promise of MVPA. The studies that demonstrate
that the technique makes accurate predictions are
statistically significant, but that often means that
the computer’s guess is a hair’s breadth above
chance. Many studies that rely on MVPA to pick
between two alternatives score around 60 percent
accuracy, for instance, when a blind guess would
give 50 percent—a useful improvement, but hardly
telepathy. The yes-or-no experiment I took part in
is far more robust, partly because it gathers a large
amount of data before assessing the guesses. Yet if
I were mischievously to imagine playing baseball instead
of tennis or navigating around my childhood
home instead of my current one, neither the prediction
program, nor the experimenter, would have a
clue that I was breaking the rules.



In the end, what the fMRI scanner shows is a
noisy, indirect measure of neural activity—blood
flow is thought to correlate to activity, but it may
not be a perfect proxy. The imperfect nature of the
data creates inherent limits to what the technology
can achieve. And even if fMRI provided a direct
measure, it would still be an approximate one: a single
voxel represents the collective activity of many
tens of thousands of neurons. Still, technological
advances in MRI physics may be on the horizon, enabling
more reliable, higher-resolution measurements
and nudging true mind reading out of the
realm of science fiction.







--Originally published: Scientific American Mind 21(3), 52-57. (July/August 2010)
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What Doctors Don’t Understand About Anesthesia

by Stephen Dougherty




Today anesthetics are considered as routine as a trip to the dentist. They have been
around at least since the 18th century when a talented chemist named Humphry
Davy discovered the mysterious effect of nitrous oxide (laughing gas). Davy, young
and ambitious, set out to rigorously test the gas’s effect, inhaling nitrous oxide daily
for several months. Under slightly less rigorous conditions, Davy shared the gas
with a distinguished group of friends including Samuel Taylor Coleridge, James
Watt, and Robert Southey—who wrote in a letter that “the atmosphere of the
highest of all possible heavens must be composed of this gas.” These early trials laid
the foundation for anesthesia’s emergence in medicine today. Yet in the modern
era, despite tremendous advances in the quality and selectivity of anesthetics, we
still have a poor understanding of how anesthetics work in the brain.



Highlighting these fundamental gaps in knowledge, a group of researchers recently
made a surprising discovery about how we transition out of consciousness and
back. The common view holds that going under (induction) and coming back up
(emergence) are the same process, albeit in different directions. However, a recent
study published in the journal PLoS ONE suggests that going under is not the same
as coming back up.



The researchers, led by Dr. Max Kelz at the University of Pennsylvania School of
Medicine, observed that less anesthetic is required to keep the brain anesthetized
than to induce unconsciousness. To explain these observations, the researchers
have introduced a concept they call “neural inertia,” referring to the brain’s
resistance to transitions between consciousness and unconsciousness. Elucidating
the mechanisms of neural inertia could be critical to the task anesthesiologists
perform every day, namely preventing patients from experiencing pain or
awareness during surgery and in helping those patients who exhibit delays
returning to the conscious state. This line of research could also provide insights
into disrupted states of consciousness like coma.



According to the common model, an anesthetic drug reaches its site of action in the central nervous system, causing the patient to
become unconscious. Over time, as the anesthetic is passively eliminated from the system, the patient comes back up. If this assumption
is true then concentrations of anesthetic should be the same at entrance and emergence. Researchers performed a simple experiment in
mice and fruit flies to test this idea. They measured the concentration of anesthetic in the brain going under and the concentration in
the brain coming back up from the anesthetized state. They found that the concentration of anesthetic at emergence was lower than the
concentration entering the anesthetized state—indicating a delay in, or resistance to, returning to the waking state.



Clinical observations in humans also provide evidence for neural inertia. Narcolepsy with cataplexy is a sleep disorder marked by
intense daytime sleepiness coupled with sudden losses of muscle tone. These patients can take as long as eight hours to emerge from
general anesthesia, whereas the typical patient emerges in minutes. Their disorder is known to be caused by reduced amounts of a
protein called hypocretin, which helps regulate wakefulness and REM sleep. In another experiment, the researchers tested mice with
mutations in a hypocretin gene causing sleep disturbances similar to humans with narcolepsy. The mutant mice did indeed show a
significant delay in emerging from unconsciousness, but no difference entering into the anesthetized state, indicating that only
emergence is dependent on the hypocretin system.



Research efforts are just beginning to illuminate the neural circuits underlying neural inertia, but they have the potential to make a
significant impact on the field. As an anesthesiologist, Dr. Kelz sees a key function of neural inertia, namely keeping the patient
unconscious. A small percentage of patients report experiencing awareness during surgery—estimates are low (around 1 in 1000 cases),
but significant if you consider the number of patients who undergo general anesthesia every day. On the other end of the spectrum,
patients with certain neurological conditions may not wake up for an extended period after general anesthesia. Future investigations of
the circuits involved in neural inertia may give the anesthesiologist more control over anesthesia at the bedside.



An article in the New York Times Magazine described a series of astonishing cases 
in which doctors successfully woke some patients from coma after years of unresponsiveness. The discovery 
came accidentally when a coma patient was given an insomnia drug
to improve sleep quality. To everyone’s surprise, the patient woke up and recognized his mother after three years of unresponsiveness.
Since the discovery, subsequent investigations have yielded similar effects in a subset of patients declared vegetative. While the effects
are temporary, with continued use some patients have fully regained consciousness. Nobody understands exactly how the insomnia
drugs work for these patients, but studies that begin to untangle the complex biology of neural inertia may help illuminate the
transitions between conscious states that most of us take for granted.







--Originally published: Scientific American online, February 28, 2012.





	
	    
Is Hypnosis a Distinct Form of Consciousness?

by Scott O. Lilienfeld and Hal Arkowitz





The hypnotist, dangling a swinging pocket watch before the subject’s eyes, slowly
intones: “You’re getting sleepy...You’re getting sleepy...” The subject’s head
abruptly slumps downward. He is in a deep, sleeplike trance, oblivious to
everything but the hypnotist’s soft voice. Powerless to resist the hypnotist’s
influence, the subject obeys every command, including an instruction to act out an
upsetting childhood scene. On “awakening” from the trance half an hour later, he
has no memory of what happened.



In fact, this familiar description, captured in countless movies, embodies a host of
misconceptions. Few if any modern hypnotists use the celebrated swinging watch
introduced by Scottish eye surgeon James Braid in the mid-19th century. Although
most hypnotists attempt to calm subjects during the “induction,” such relaxation is
not necessary; people have even been hypnotized while pedaling vigorously on a
stationary bicycle. Electroencephalographic (EEG) studies confirm that during
hypnosis subjects are not in a sleeplike state but are awake—though sometimes a
bit drowsy. Moreover, they can freely resist the hypnotist’s suggestions and are far from mindless automatons. Finally, research by
psychologist Nicholas Spanos of Carleton University in Ontario shows that a failure to remember what transpired during the hypnosis
session, or so-called posthypnotic amnesia, is not an intrinsic element of hypnosis and typically occurs only when subjects are told to
expect it to occur.



The Consciousness Question



The iconic scene we described at the article’s outset also raises a deeper question: Is hypnosis a distinct state of consciousness? Most
people seem to think so; in a survey, psychologist Joseph Green of Ohio State University at Lima and his colleagues
found that 77 percent of college students agreed that hypnosis is a distinctly altered state of consciousness. This issue is of more than
academic importance. If hypnosis differs in kind rather than in degree from ordinary consciousness, it could imply that hypnotized
people can take actions that are impossible to perform in the waking state. It could also lend credibility to claims that hypnosis is a
unique means of reducing pain or of effecting dramatic psychological and medical cures.



Despite the ubiquitous Hollywood depiction of hypnosis as a trance, investigators have had an extremely difficult time pinpointing any
specific “markers”—indicators—of hypnosis that distinguish it from other states. The legendary American psychiatrist Milton Erickson
claimed that hypnosis is marked by several unique features, including posthypnotic amnesia and “literalism”—a tendency to take
questions literally, such as responding “Yes” to the question “Can you tell me what time it is?” We have already seen that posthypnotic
amnesia is not an inherent accompaniment of hypnosis, so Erickson was wrong on that score. Moreover, research by Green,
Binghamton University psychologist Steven Jay Lynn and their colleagues shows that most highly hypnotizable subjects do not display
literalism while hypnotized; moreover, participants asked to simulate hypnosis demonstrate even higher rates of literalism than highly
hypnotizable subjects do.



Other experts, such as the late University of Pennsylvania psychiatrist Martin Orne, have argued that only hypnotized participants
experience “trance logic”—the ability to entertain two mutually inconsistent ideas at the same time. For example, a hypnotist might
suggest to a subject that he is deaf and then ask him, “Can you hear me now?” He may respond “No,” thereby manifesting trance logic.
Nevertheless, research by the late Theodore X. Barber, then at the Medfield Foundation, and his colleagues showed that participants
asked to simulate hypnosis displayed trance logic just as often as hypnotized people did, suggesting that trance logic is largely a function
of people’s expectations rather than an intrinsic component of the hypnotic state itself.



Brain Changes



Still other investigators have sought to uncover distinct physiological markers of hypnosis. Under hypnosis, EEGs, especially those of
highly suggestible participants, sometimes display a shift toward heightened activity in the theta band (four to seven cycles per second).
In addition, hypnotized participants frequently exhibit increased activity in their brain’s anterior cingulate cortex (ACC).



Yet neither finding is surprising. Theta activity is typically associated with states of quiet concentration, which frequently accompany
hypnosis. The ACC is linked to the perception of contradictions, which many hypnotized participants experience as they imagine
things—such as childhood experiences in the present—that seem to conflict with reality. Further, psychologists have reported similar
brain changes among awake subjects. For example, the ACC becomes activated during the famous Stroop task, which requires subjects
to name the colors of ink (such as “green”) in which competing color words (such as “blue”) are printed. Thus, these brain changes are
not unique to hypnosis.



Fueling the perception of hypnosis as a distinct trancelike state is the widespread assumption that it leads to marked increases in
suggestibility, even complete compliance to the therapist’s suggestions. Nowhere is this zombielike stereotype portrayed more vividly
than in stage hypnosis shows, in which people are seemingly induced to bark like dogs, sing karaoke and engage in other comical
behaviors in full view of hundreds of amused audience members.



Yet research shows that hypnosis exerts only a minor impact on suggestibility. On standardized scales of hypnotic suggestibility, which
ask participants to comply with a dozen suggestions (that one’s arm is raising on its own power, for example), the increase in
suggestibility following a hypnotic induction is typically on the order of 10 percent or less. Moreover, research demonstrates that a
formal hypnotic induction is not needed to produce many of the seemingly spectacular effects of hypnosis, such as reduction of extreme
pain or various physical feats, popular in stage hypnosis acts, such as suspending a participant horizontally between the backs of two
chairs. One can generate most, if not all, of these effects merely by providing highly suggestible people with sufficient incentives to
perform them. Stage hypnotists are well aware of this little secret. Before beginning their shtick, they prescreen audience members for
high suggestibility by providing those people with a string of suggestions. They then handpick their participants from among the
minority who comply.



We agree with Lynn and psychologist Irving Kirsch of the University of Hull in England, who wrote in 1995 that “having failed to find
reliable markers of trance after 50 years of careful research, most researchers have concluded that this hypothesis [that hypnosis is a
unique state of consciousness] has outlived its usefulness.” Increasingly, evidence is suggesting that the effects of hypnosis result largely
from people’s expectations about what hypnosis entails rather than from the hypnotic state itself. Still, it is always possible that future
studies could overturn or at least qualify this conclusion. In particular, research on potential physiological markers of hypnosis may
elucidate how hypnosis differs from other states of consciousness. Although hypnosis poses fascinating mysteries that will keep
scientists busy for decades, it seems clear that it has far more in common with everyday wakefulness than with the watch-induced
trance of Hollywood crime thrillers.








--Originally published: Scientific American Mind 19(6), 80-81. (December 2008/January 2009)





	
	    
Unlocking the Lucid Dream

by Ursula Voss





I moved my eyes, and I realized that I was asleep in bed.
When I saw the beautiful landscape start to blur, I
thought to myself, “This is my dream; I want it to stay!”
And the scene reappeared. Then I thought to myself how
nice it would be to gallop through this landscape. I got
myself a horse...I could feel myself riding the horse and
lying in bed at the same time.




So recounted a test subject in the sleep laboratory at the University
of Bonn in Germany. This particular sleeper was
having a lucid dream, in which the dreamer recognizes
that he or she is dreaming and can sometimes influence the
course of the dream. By measuring the brain waves of lucid
dreamers, my colleagues and I are gaining a better understanding
of the neural processes underlying this state of consciousness that exists
between sleep and waking. In addition to providing clues about
the nature of consciousness, research on
lucid dreams is also beginning to suggest
new ways to treat anxiety and learn complex
movements while asleep.



Waking Frequencies during Sleep



Most people report having a lucid
dream at least once in their life, and a small
fraction of us have them as often as once or
twice a week. Some individuals even develop
routines to increase their chances of
having a lucid dream. But researchers who wanted to
study lucid dreams were long confounded
by the need to rely on subjects’ self-reports.
The process of recall is notoriously prone
to distortion; for example, some people
may confuse lucid dreams with the transient
hallucinations that occur while falling
asleep or waking up.



In 1975 sleep researcher Stephen LaBerge of Stanford University and his colleagues
figured out a way to prevent such
misinterpretation. Unlike the rest of the
body, the eye and its movements are not
inhibited during sleep. The researchers instructed
subjects to move their eyes a certain
way as soon as the sleepers recognized
they were dreaming, for example, by rolling
their eyes twice from left to right.
These signals are easily distinguished
from the rapid eye movement (REM) that
occurs randomly during regular dreams.
We still use this method today.



After a sleeper has signaled with eye
movements that a lucid dream has started,
researchers can investigate the corresponding
brain activity using electroencephalography
(EEG). In an EEG recording,
electrodes attached to the skin of the
head pick up the oscillating electrical signals
that indicate that thousands or millions
of neurons are firing in synchrony.
Recent studies indicate that the brain’s
activity during lucid dreaming resembles
that of waking consciousness.



In 2009 my team and I decided to take
a closer look at the brain activity of lucid
dreamers. In the sleep laboratory, we
found what we believe to be an electrical
signature of lucid dreaming—increased
activity in the 40-hertz range (the “gamma
band”), primarily in the frontal lobe,
located behind the forehead. We tend to
generate these high-frequency waves
when we concentrate on a particular object.
In addition to the frontal lobe, other
regions of the cerebral cortex—the rippled
mantle on the surface of the brain—play a
major role in lucid dreaming. The frontal
lobe seems to work in lucid dreams much
as it does in the waking state, whereas areas
in the parietal and temporal lobes exhibit
patterns more typical of REM sleep.



Another striking feature in our study
involved coherence—a rough measure of
how coordinated the activity is in various
areas of the brain. Coherence is generally
slightly decreased in REM sleep, but not
during lucid dreams. Think of the brain’s
activity during REM sleep as equivalent
to a party with all the guests talking simultaneously.
In lucid dreams, however,
the party guests tend to converse with
one another, and the overall background
noise decreases.



Beyond Fantasies



Until recently, most experts thought
of lucid dreaming as a curiosity—a fun
way to act out wishful thinking about
flying or meeting celebrities. But recent
research has uncovered practical uses for
lucid dreams. Chronic nightmare sufferers
often find their only source of relief is
learning how to take control of their
dreams. A study in Psychotherapy and
Psychosomatics in October 2006 found
that those who learned how to increase
their frequency of lucid dreams reported
fewer awful dreams afterward, although
the exact mechanism underlying the relief
is unclear. Perhaps becoming aware
during a bad dream allows sufferers to
distance themselves emotionally from
the dream’s content. Some people may
even become so adept at lucid dreaming
that they are able to keep themselves
from imagining frightening disaster scenarios
while they are asleep.



In theory, lucid dreams could help alleviate
generalized anxiety or the reaction
to specific fear stimuli in everyday
life (for instance, spiders) by allowing
people to confront worries and frights in
the safe environment afforded by knowing
“it’s just a dream.” More research is
needed to test this application.



Beyond therapeutic applications, lucid
dreaming may also facilitate the learning
of complicated movement sequences.
In dreams, we are all capable of unusual
actions. We can fly, walk through walls or
make objects disappear. According to
sports psychologist Daniel Erlacher of the
University of Heidelberg in Germany,
athletes can internalize complex motor
sequences, such as those needed in the
high jump, more quickly after targeted
lucid-dream training.



Regular dreams have been shown to
be involved in problem solving, so some
researchers have asked if lucid dreams
could be useful in focusing the dreamer’s
mind. A small study in 2010 at Liverpool
John Moores University in England suggested
that lucid dreams are good for creative
endeavors such as inventing metaphors
but not for more rational exercises
such as solving brainteasers. The lucid
dreamers in the study were instructed to
summon a “guru” figure, a wise character
to serve as a kind of guide. Indeed,
some of the subjects found their dream
characters to be surprisingly helpful.



We still have much to learn about lucid
dreaming. For example, we do not
know under what circumstances these
dreams appear most frequently or how to
induce them more reliably. Once we do,
we may finally harness these unique
dreams’ healing power and gain insight
into the nature of consciousness. Lucid
dreaming’s potential for therapy, problem
solving or pure entertainment could
be limitless.







Am I Dreaming?



Lucid dreams cannot be willfully induced, but you can increase the likelihood that you will have one.
People who practice these techniques regularly are able to have one or two lucid dreams per week.




1. Throughout each day, ask yourself repeatedly if you are awake. When this habit
becomes ingrained, you may find yourself asking the question in a dream—at which
point your chances of realizing you are dreaming skyrocket.



2. Make a point to look in a mirror or reread a bit of text every so often as a “reality
check.” In dreams, our appearance is often altered and the written word is notoriously
hard to pin down. You may carry the habit of checking for these dream signs
into sleep, where they could alert you to the fact that you are dreaming.



3. Keep a dream journal by the bed and jot down the dreams you remember immediately
on waking. Studies show that this practice makes you more aware of your
dreams in general, and people who are more aware of their dreams are more likely
to have a lucid dream.



4. Before falling asleep, focus intently on the fantasy you hope to experience in as much
detail as possible. Research shows that “incubating” an idea just before bed dramatically
increases the likelihood that you will dream about it. And if you suddenly
notice that you are dancing with the movie star you hoped to meet, you might just
realize you are having a dream and be able to take control of what happens next.




Adapted from the Lucidity Institute’s Web site: www.lucidity.com










--Originally published: Scientific American Mind 22, 33-35. (November/December 2011)





	
	    
Death by Sleepwalker

by Francesca Siclari, Giulio Tononi and Claudio Bassetti




On the morning of May 24, 1987, sometime after 1:30 AM,
a 23-year-old Canadian named Kenneth Parks drove
14 miles to his in-laws’ home, strangled his father-in-law
to the point of unconsciousness, and beat and
stabbed his mother-in-law to death. A year later he was acquitted
of both assault and murder. After a careful investigation, specialists
reached the astonishing conclusion that Parks had been sleepwalking—and sleep driving and sleep attacking—during the incident.



This story inspired a 1997 made-for-television movie, The Sleepwalker Killing, starring Hilary Swank as
Parks’s wife. Although such extreme
cases are rare, unintended acts of violence
during sleep are quite common
among those with sleep disorders. In a
1995 study of 64 sleep clinic patients
suffering from sleepwalking or sleep
terrors, more than half exhibited harmful
behavior during sleep. An analysis
at a different clinic that same year concluded
that 70 percent of their 41 sleepwalking
patients acted in a potentially
injurious way.



Evidence from population surveys
confirms that sleep violence is not a trivial
threat. In a 2010 review of nearly
20,000 telephone interviews across six
European countries, about 1.7 percent
of the respondents reported behaving violently
during sleep. Because this study
is based on self-reports, it may be an
overestimate. Nevertheless, the findings
echoed an earlier survey, in which 2.1
percent reported acting in dangerous
ways while slumbering.



Ultimately sleep violence is a symptom
of an underlying condition. Scientists
who study these behaviors, including
the authors of this article, seek to
identify its psychological and neurological
determinants and to produce effective
treatments. What makes these reports
so alarming, however, is the total
lack of self-control they imply. The ability
to unwittingly carry out complex actions
while asleep poses a serious challenge
to our sense of being in charge. Using
imaging techniques, we have learned
that while certain important regions of
a sleepwalker’s brain behave as if the
person is deeply asleep—such as the
frontal lobe—others are unusually active,
as if the person is wide awake.
These emerging findings allow us not
only to explore the subtle boundaries
separating normal and pathological
sleep but also to probe the mysteries of
consciousness and free will.



Neither Awake nor Asleep



For as long as we have recognized walking and talking in our
sleep, we have also been aware of more extreme nighttime behaviors.
Homer’s epics mention a sleeper’s tragic suicide. In 1313
a church-led council concluded that a sleepwalking killer was
not culpable for his crimes. One of the first legal cases involving
sleep violence occurred in the central European region of Silesia
in 1791, in which a woodcutter killed his wife with an ax and
later insisted he was asleep at the time. We have no way of knowing
the truth of those matters; nonetheless, the medical literature
reflects many complex actions executed during sleep, including
driving, eating and sex, as well as murder, suicide and rape. In
fact, much of the evidence that scientists use to study extreme
cases of sleep violence comes from criminal investigations and court cases.



Sleep violence tends to emerge from three main conditions:
rapid eye movement (REM) sleep behavior disorder, arousal
disorders and epilepsy. We will focus primarily on arousal disorders,
which occur during non-REM sleep. In arousal disorders,
a sleeper enters a so-called dissociative state, as though
beginning but failing to completely awaken. The first brain-imaging
study to observe this dissociative state was led by one of
us (Bassetti) while at the University Hospital of Bern in 2000.
A 16-year-old sleepwalker was monitored for two nights with
electrodes placed on his scalp to produce a polysomnogram of
his brain activity. On one of those nights, when the polysomnogram
showed the teenager to be in deep sleep, he rose from his
bed and opened his eyes, a scared expression on his face. Half
a minute after he began sleepwalking, Bassetti’s team injected
him with a weak radioactive tracer. Several hours later the tracer
would allow the researchers to produce scans of his brain activity
at the time of sleepwalking.



We then compared the boy’s brain activity when sleepwalking
and when in deep sleep. In the sleepwalking state, scans revealed
greater activity in areas of the brain involved in motor
control, including the posterior cingulate cortex and parts of
the cerebellum, located in the middle and at the base of the
brain, respectively. Compared with the brain activity of healthy,
awake subjects, the sleepwalker showed less engagement in regions
responsible for higher cognitive functions, such as attention,
insight, planning and judgment.



A similar pattern was found in 2009 by sleep specialist Michele
Terzaghi and her colleagues at Niguarda Hospital in Milan,
Italy. The researchers implanted electrodes under the cranium
of a patient who suffered from both epilepsy and sleepwalking.
During the study the subject sat up and spoke briefly
while asleep. As in Bassetti’s study, parts of the sleepwalker’s
posterior cingulate cortex, tucked into the middle of the brain,
appeared as active as in an awake person, whereas other regions
remained in a sleeplike state.



Rude Awakening



One of the important results from these studies is that during
a sleepwalking episode, the brain’s frontal lobe functioned
as if in deep sleep. Among other things, the frontal lobe enables
a person to understand and evaluate an action’s consequences.
Dysfunction in this area, seated directly behind the forehead,
has been linked to violent behavior.



Low frontal lobe activity, however, does not fully explain
sleep violence. Sleepwalking without incident is common in
children, and for many adults the only injury comes from bumping
into furniture. Mark Pressman, a doctor of sleep medicine
at Thomas Jefferson University, investigated this question by
analyzing 32 cases of nocturnal violence documented in the
medical and legal literature. In 2007 he reported that most aggressive
behavior may be provoked by encounters with other
people while the sleeper is somnambulating.



Disturbing dreams can also accompany abnormal sleep behavior.
A team under medical doctor Isabelle Arnulf of Pitié-Salpêtrière 
Hospital in Paris interviewed 38 patients in the sleep
disorder unit with questions about the content, frequency, time
and activity of their sleep disorders. Sleepwalkers reported experiencing
intense, nightmarish images. In the study, published
in 2009, 84 percent of these images inspired fear and more than
half were unhappy in content. About a quarter of individuals
questioned had dreamed of being physically attacked.



Getting through the Night



Sleep is not an all-or-none phenomenon. At times, the
boundaries between sleep and wakefulness are disrupted, and
individuals become caught between these states. The sleepwalker
who attacks a beloved family member, the narcoleptic who
is conscious but suddenly rendered unable to move by a bout of
laughter, and the lucid dreamer, perfectly aware of the fact that
his or her experiences are not real, are all examples. Such cases
of unusual sleep offer a window into consciousness. Not only
does consciousness vanish when we doze off and reappear in
full on waking, it can assume a variety of forms. It can range
from brief images that flash by as sleep sets in to vivid hallucinatory
experiences in dreams later in the night.



These observations inevitably raise difficult questions.
What determines the level of consciousness during sleep and
wakefulness? Which parts of the brain must be awake to carry
out actions deliberately, with full knowledge of their consequences?
How culpable is a person like Kenneth Parks for his
behavior? Only further study of the brain and behavior, awake
and asleep, will yield the answers.



So far this work underscores that sleep and wakefulness can
coexist in the brain. Sleep can occupy certain populations of
brain cells but not others. This observation has consequences
for a healthy person’s waking life as well. Think of the last time
you had a poor night’s sleep. There is a good chance that the
next day, parts of your brain were off-line while the rest was
humming along in a normal waking state. This is what one of
us (Tononi) and colleagues showed in a breakthrough study
published in 2011. In the brain of sleep-deprived, awake rats,
isolated groups of neurons briefly ceased firing, a phenomenon
that increased with the amount of sleep deprivation. Working
with researchers at the University of California, Los Angeles,
they also reported that same year that when humans sleep, some
parts of the brain can be observed behaving as if they are already
awake, especially toward the end of the night.



Because we can identify the brain regions involved in sleep
disorders, these conditions provide an excellent case study for
clarifying how the brain creates an integrated conscious experience.
The discoveries being made in sleep violence may have
moral, ethical and legal implications that society has barely begun to recognize.







--Originally published: Scientific American Mind 23(3), 38-41. (July/August 2012)





	
	    
The End

by Jesse Bering





Everybody’s wonderin’ what and where they all came from.
Everybody’s worryin’ ’bout where they’re gonna go when the whole thing’s done.
But no one knows for certain and so it’s all the same to me.
I think I’ll just let the mystery be.




It should strike us as odd that we feel inclined to nod our heads in agreement
to the twangy, sweetly discordant folk vocals of Iris Dement in “Let the Mystery
Be,” a humble paean about the hereafter. In fact, the only real mystery is
why we’re so convinced that when it comes to where we’re going “when the
whole thing’s done,” we’re dealing with a mystery at all. After all, the brain is like
any other organ: a part of our physical body. And the mind is what the brain does—it’s
more a verb than it is a noun. Why do we wonder where our mind goes when the
body is dead? Shouldn’t it be obvious that the mind is dead, too?



And yet people in every culture believe in an afterlife of some kind or, at the very
least, are unsure about what happens to the mind at death. My psychological research
has led me to believe that these irrational beliefs, rather than resulting from
religion or serving to protect us from the terror of inexistence, are an inevitable by-product
of self-consciousness. Because we have never experienced a lack of consciousness,
we cannot imagine what it will feel like to be dead. In fact, it won’t feel
like anything—and therein lies the problem.



The common view of death as a great mystery
usually is brushed aside as an emotionally fueled
desire to believe that death isn’t the end of the
road. And indeed, a prominent school of research
in social psychology called terror management
theory contends that afterlife beliefs, as well as
less obvious beliefs, behaviors and attitudes, exist
to assuage what would otherwise be crippling
anxiety about the ego’s inexistence.



According to proponents, you possess a secret
arsenal of psychological defenses designed to
keep your death anxiety at bay (and to keep you
from ending up in the fetal position listening to
Nick Drake on your iPod). My writing this article,
for example, would be interpreted as an exercise
in “symbolic immortality”; terror management
theorists would likely tell you that I wrote
it for posterity, to enable a concrete set of my
ephemeral ideas to outlive me, the biological organism.
(I would tell you that I’d be happy enough
if a year from now it still had a faint pulse.)



Yet a small number of researchers, including
me, are increasingly arguing that the evolution of
self-consciousness has posed a different kind of
problem altogether. This position holds that our
ancestors suffered the unshakable illusion that
their minds were immortal, and it’s this hiccup
of gross irrationality that we have unmistakably
inherited from them. Individual human beings,
by virtue of their evolved cognitive architecture,
had trouble conceptualizing their own psychological
inexistence from the start.



Curiously Immortal



The problem applies even to those who claim
not to believe in an afterlife. As philosopher and
Center for Naturalism founder Thomas W. Clark
wrote in a 1994 article for the Humanist (emphases mine):



Here ... is the view at issue: When we die,
what’s next is nothing; death is an abyss, a
black hole, the end of experience; it is eternal
nothingness, the permanent extinction
of being. And here, in a nutshell, is the error
contained in that view: It is to reify nothingness—make
it a positive condition or quality
(for example, of “blackness”)—and then
to place the individual in it after death, so
that we somehow fall into nothingness, to
remain there eternally.



Consider the rather startling fact that you
will never know you have died. You may feel
yourself slipping away, but it isn’t as though there
will be a “you” around who is capable of ascertaining
that, once all is said and done, it has actually
happened. Just to remind you, you need a
working cerebral cortex to harbor propositional
knowledge of any sort, including the fact that
you’ve died—and once you’ve died your brain is
about as phenomenally generative as a head of
lettuce. In a 2007 article published in the journal
Synthese, University of Arizona philosopher
Shaun Nichols puts it this way: “When I try to
imagine my own non-existence I have to imagine
that I perceive or know about my non-existence.
No wonder there’s an obstacle!”



This observation may not sound like a major
revelation to you, but I bet you’ve never considered
what it actually means, which is that your
own mortality is unfalsifiable from the first-person
perspective. This obstacle is why writer
Johann Wolfgang von Goethe allegedly remarked
that “everyone carries the proof of his own immortality
within himself.”



Even when we want to believe that our minds
end at death, it is a real struggle to think in this
way. A study I published in the Journal of Cognition
and Culture in 2002 reveals the illusion of
immortality operating in full swing in the minds
of undergraduate students who were asked a series
of questions about the psychological faculties of a dead man.



Richard, I told the students, had been killed
instantaneously when his vehicle plunged into a
utility pole. After the participants read a narrative
about Richard’s state of mind just prior to the
accident, I queried them as to whether the man,
now that he was dead, retained the capacity to
experience mental states. “Is Richard still thinking
about his wife?” I asked them. “Can he still
taste the flavor of the breath mint he ate just before
he died? Does he want to be alive?”



You can imagine the looks I got, because apparently
not many people pause to consider
whether souls have taste buds, become randy or
get headaches. Yet most gave answers indicative
of “psychological continuity reasoning,” in
which they envisioned Richard’s mind to continue
functioning despite his death. This finding
came as no surprise given that, on a separate
scale, most respondents classified themselves as
having a belief in some form of an afterlife.



What was surprising, however, was that
many participants who had identified themselves
as having “extinctivist” beliefs (they had ticked
off the box that read: “What we think of as the
‘soul,’ or conscious personality of a person, ceases
permanently when the body dies”) occasionally
gave psychological-continuity responses,
too. Thirty-two percent of the extinctivists’ answers
betrayed their hidden reasoning that emotions
and desires survive death; another 36 percent
of their responses suggested the extinctivists
reasoned this way for mental states related to
knowledge (such as remembering, believing or
knowing). One particularly vehement extinctivist
thought the whole line of questioning silly and
seemed to regard me as a numbskull for even asking.
But just as well—he proceeded to point out
that of course Richard knows he is dead, because
there’s no afterlife and Richard sees that now.



So why is it so hard to conceptualize
inexistence anyway? Part of my own account, which I
call the “simulation constraint hypothesis,” is
that in attempting to imagine what it’s like to be
dead we appeal to our own background of conscious
experiences—because that’s how we approach
most thought experiments. Death isn’t
“like” anything we’ve ever experienced, however.
Because we have never consciously been without
consciousness, even our best simulations of
true nothingness just aren’t good enough.



For us extinctivists, it’s kind of like staring
into a hallway of mirrors—but rather than confronting
a visual trick, we’re dealing with cognitive
reverberations of subjective experience. In
Spanish philosopher Miguel de Unamuno’s 1913
existential screed, The Tragic Sense of Life, one
can almost see the author tearing out his hair
contemplating this very fact. “Try to fill your
consciousness with the representation of no-consciousness,”
he writes, “and you will see the impossibility
of it. The effort to comprehend it
causes the most tormenting dizziness.”



Wait, you say, isn’t Unamuno forgetting
something? We certainly do have experience with
nothingness. Every night, in fact, when we’re in
dreamless sleep. But you’d be mistaken in this
assumption. Clark puts it this way (emphasis
mine): “We may occasionally have the impression
of having experienced or ‘undergone’ a period
of unconsciousness, but, of course, this is
impossible. The ‘nothingness’ of unconsciousness
cannot be an experienced actuality.”



If psychological immortality represents the
intuitive, natural way of thinking about death,
then we might expect young children to be particularly
inclined to reason in this way. As an
eight-year-old, I watched as the remains of our
family’s golden retriever, Sam, were buried in the
woods behind our house. Still, I thought Sam had
a mind capable of knowing I loved her and I was
sorry I didn’t get to say goodbye. That Sam’s spirit
lived on was not something my parents or anyone
else ever explicitly pointed out to me. Although
she had been reduced to no more than a
few ounces of dust, which was in turn sealed in a
now waterlogged box, it never even occurred to
me that it was a strange idea.



Yet if you were to have asked me what Sam
was experiencing, I probably would have muttered
something like the type of answers Gerald
P. Koocher reported hearing in a 1973 study published
in Developmental Psychology. Koocher,
then a doctoral student at the University of Missouri–Columbia 
and later president of the American
Psychological Association, asked six- to
15-year-olds what happens when you die. Consistent
with the simulation-constraint hypothesis,
many answers relied on everyday experience
to describe death, “with references to sleeping,
feeling ‘peaceful,’ or simply ‘being very dizzy.’ ”



A Mind-Body Disconnect



But Koocher’s study in itself doesn’t tell us
where such ideas come from. The simulation-constraint
hypothesis posits that this type of
thinking is innate and unlearned. Fortunately,
this hypothesis is falsifiable. If afterlife beliefs are
a product of cultural indoctrination, with children
picking up such ideas through religious
teachings, through the media, or informally
through family and friends, then one should rationally
predict that psychological-continuity
reasoning increases with age. Aside from becoming
more aware of their own mortality, after all,
older kids have had a longer period of exposure
to the concept of an afterlife.



In fact, certain findings show the opposite developmental
trend. In a 2004 study reported in
Developmental Psychology, Florida Atlantic
University psychologist David F. Bjorklund and I
presented 200 three- to 12-year-olds with a puppet
show. Every child saw the story of Baby
Mouse, who was out strolling innocently in the
woods. “Just then,” we told them, “he notices
something very strange. The bushes are moving!
An alligator jumps out of the bushes and gobbles
him all up. Baby Mouse is not alive anymore.”



Just like the adults from the previously mentioned
study, the children were asked about dead
Baby Mouse’s psychological functioning. “Does
Baby Mouse still want to go home?” we asked
them. “Does he still feel sick?” “Can he still smell
the flowers?” The youngest children in the study,
the three- to five-year-olds, were significantly
more likely to reason in terms of psychological
continuity than children from the two older age groups were.



But here’s the really curious part. Even the
preschoolers had a solid grasp on biological cessation;
they knew, for example, that dead Baby
Mouse didn’t need food or water anymore. They
knew he wouldn’t grow up to be an adult mouse.
Heck, 85 percent of the youngest kids even told
us that his brain no longer worked. Yet most of
these very young children then told us that dead
Baby Mouse was hungry or thirsty, that he felt
better or that he was still angry at his brother.



One couldn’t say that the preschoolers lacked
a concept of death, therefore, because nearly all
of the kids realized that biological imperatives no
longer applied after death. Rather they seemed to
have trouble using this knowledge to theorize
about related mental functions.



From an evolutionary perspective, a coherent
theory about psychological death is not necessarily
vital. Anthropologist H. Clark Barrett of the
University of California, Los Angeles, believes
instead that understanding the cessation of
“agency” (for example, that a dead creature isn’t
going to suddenly leap up and bite you) is probably
what saved lives (and thus genes). According
to Barrett, comprehending the cessation of the
mind, on the other hand, has no survival value
and is, in an evolutionary sense, unnecessary.



In a 2005 study published in the journal Cognition,
Barrett and psychologist Tanya Behne of
the University of Manchester in England reported
that city-dwelling four-year-olds from Berlin
were just as good at distinguishing sleeping animals
from dead ones as hunter-horticulturalist
children from the Shuar region of Ecuador were.
Even today’s urban children appear tuned in to
perceptual cues signaling death. A “violation of
the body envelope” (in other words, a mutilated
carcass) is a pretty good sign that one needn’t
worry about tiptoeing around.



The Culture Factor



On the one hand, then, from a very early age,
children realize that dead bodies are not coming
back to life. On the other hand, also from a very
early age, kids endow the dead with ongoing psychological
functions. So where do culture and
religious teaching come into the mix, if at all?



In fact, exposure to the concept of an afterlife
plays a crucial role in enriching and elaborating
this natural cognitive stance; it’s sort of like an
architectural scaffolding process, whereby culture
develops and decorates the innate psychological
building blocks of religious belief. The
end product can be as ornate or austere as you
like, from the headache-inducing reincarnation
beliefs of Theravada Buddhists to the man on the
street’s “I believe there’s something” brand of
philosophy—but it’s made of the same brick and
mortar just the same.



In support of the idea that culture influences
our natural tendency to deny the death of the
mind, Harvard University psychologist Paul
Harris and researcher Marta Giménez of the
National University of Distance Education in
Spain showed that when the wording in interviews
is tweaked to include medical or scientific
terms, psychological-continuity reasoning decreases.
In this 2005 study published in the Journal
of Cognition and Culture, seven- to 11-year-old
children in Madrid who heard a story about
a priest telling a child that his grandmother “is
with God” were more likely to attribute ongoing
mental states to the decedent than were those
who heard the identical story but instead about
a doctor saying a grandfather was “dead and buried.”



And in a 2005 replication of the Baby Mouse
experiment published in the British Journal of
Developmental Psychology, psychologist David
Bjorklund and I teamed with psychologist Carlos
Hernández Blasi of Jaume I University in Spain to
compare children in a Catholic school with those
attending a public secular school in Castellón,
Spain. As in the previous study, an overwhelming
majority of the youngest children—five- to six-year-olds—from both educational backgrounds
said that Baby Mouse’s mental states survived.
The type of curriculum, secular or religious, made
no difference. With increasing age, however, culture
becomes a factor—the kids attending Catholic
school were more likely to reason in terms of
psychological continuity than were those at the
secular school. There was even a smattering of
young extinctivists in the latter camp.



Free Spirits



The types of cognitive obstacles discussed
earlier may be responsible for our innate sense
of immortality. But although the simulation-constraint
hypothesis helps to explain why so
many people believe in something as fantastically
illogical as an afterlife, it doesn’t tell us why
people see the soul unbuckling itself from the
body and floating off like an invisible helium balloon
into the realm of eternity. After all, there’s
nothing to stop us from having afterlife beliefs
that involve the still active mind being entombed
in the skull and deliriously happy. Yet almost nobody
has such a belief.



Back when you were still in diapers, you
learned that people didn’t cease to exist simply
because you couldn’t see them. Developmental
psychologists even have a fancy term for this basic
concept: “person permanence.” Such an offline
social awareness leads us to tacitly assume
that the people we know are somewhere doing
something. As I’m writing this article in Belfast,
for example, my mind’s eye conjures up my friend
Ginger in New Orleans walking her poodle or
playfully bickering with her husband, things that
I know she does routinely.



As I’ve argued in my 2006 Behavioral and
Brain Sciences article, “The Folk Psychology of
Souls,” human cognition is not equipped to update
the list of players in our complex social rosters
by accommodating a particular person’s sudden
inexistence. We can’t simply switch off our
person-permanence thinking just because someone
has died. This inability is especially the case,
of course, for those whom we were closest to and
whom we frequently imagined to be actively engaging
in various activities when out of sight.



And so person permanence may be the final
cognitive hurdle that gets in the way of our effectively
realizing the dead as they truly are—infinitely in situ, inanimate carbon residue. Instead
it’s much more “natural” to imagine them
as existing in some vague, unobservable locale,
very much living their dead lives.







--Originally published: Scientific American Mind 19(5), 34-41. (October/November 2008)
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Psychedelic Chemist Explores Inner Space, One Drug at a Time

by David Biello




Alexander Shulgin is the world's foremost "psychonaut." The 82-year-old chemist
has not only created more of the 300 known consciousness-altering (or
psychoactive) compounds than anyone living or dead, he has, by his own account,
sampled somewhere between 200 and 250 of them himself—most of them cooked
up in the musty lab behind his home in the hills east of Berkeley, Calif., where he
has shared many a chemical voyage with his wife of 26 years, Ann.



"I take them myself because I am interested in their activity in the human mind.
How would you test that in a rat or mouse?" says Shulgin, known to friends as Sasha.



He has paid the price for his avocation. Some of his creations have induced
uncontrollable vomiting, paralysis and the feeling that his bones were melting,
among other terrors. And though some believe Shulgin has opened the doors of
perception to a new class of potentially therapeutic mind-altering compounds,
others argue that he bears responsibility for the damage that ongoing abuse of such
now-illicit substances can cause.



As a student at the University of California, Berkeley, in the 1950s, Shulgin's
gateway drug was mescaline, a naturally occurring psychedelic found in peyote and
other groovy cacti. "It introduced me to new colors which I had never seen before,"
Shulgin says. "It allowed me to interpret whatever I was looking at with an entirely
new vocabulary...And yet, what a simple structure!"



In the 1960s, while working as a biochemist at The Dow Chemical Co. in San
Francisco, he couldn't resist tinkering with the potent mescaline molecule. He
synthesized entirely new compounds that retained similar, trippy qualities. Some variations were less potent, but others were even more
powerful or imparted their own unique twist.



Shulgin, who left Dow in 1965 to consult for the U.S. Drug Enforcement Administration (DEA) among other pursuits, offered the best of
his new chemical darlings to Ann, his second wife; the most promising of these were passed along to a close circle of 10 friends until the
mid-1990s, when the DEA, no longer paying for his services, raided his lab and revoked his license to work with illegal drugs.



His personal favorite, which he describes as "extraordinarily comfortable and quite erotic," is known simply as 2C-B for its chemical
makeup.



One by one, Shulgin has seen many of the compounds he invented or experimented with become illegal in the U.S., including some that
have never been synthesized by anyone and some that he thought might prove therapeutic, such as MDMA
(3,4-methylenedioxymethamphetamine), better known as ecstasy. "I was very sad to see MDMA achieve the status of a Schedule 1
drug," a designation that prohibits its manufacture or use in the U.S., he says. "I felt that it would inhibit research into its medical value
and that's the way it's turned out."



Some researchers agree that the government's response to psychoactive drugs has deprived them of a unique window into human
consciousness. After all, rodents will happily ingest most intoxicants and narcotics—from marijuana to heroin—but not the headier
psychedelics.



"Peculiarly, not only did we make them illegal, but we backed away from them scientifically," says neuroscientist Roland Griffiths of
Johns Hopkins University School of Medicine, one of the researchers who is restarting basic research into psychedelics. His lab has
shown that psilocybin, the active ingredient in the variety of fungi known as magic mushrooms, can bring on lasting feelings of
well-being. This may indicate that it could be harnessed to help clinically depressed or addicted patients.



Shulgin, who continues to study cacti for new chemical routes to altered states, predicts that by the year 2060, the number of different
known psychedelics will have grown from 300 to 2,000. He intends to discover—and perhaps sample—as many of them as he can. "It is
like opening a door to a hallway," he says, "that has unopened doors for its entire length, and behind every door is a world with which
you are totally unfamiliar."







--Originally published: Scientific American online, March 20, 2008.





	
	    
This is Your Brain on Drugs

by Christof Koch




In the 1954 foundational text of the Age of Aquarius, The Doors of Perception,
Aldous Huxley describes his encounters with mescaline, a psychoactive substance
derived from the peyote cactus and traditionally used by Native Americans for
religious purposes. Huxley’s experiences include profound changes in the visual
world, colors that induce sound, the telescoping of time and space, the loss of the
notion of self, and feelings of oneness, peacefulness and bliss more commonly
associated with religious visions or an exultant state: “A moment later a clump of
Red Hot Pokers, in full bloom, had exploded into my field of vision. So passionately
alive that they seemed to be standing on the very brink of utterance, the flowers
strained upwards into the blue.... I looked down at the leaves and discovered a
cavernous intricacy of the most delicate green lights and shadows, pulsing with
undecipherable mystery.” Yet remarkably these enhanced percepts are not
grounded in larger but in reduced brain activity, as a recent experiment reports.
More on that in a moment.



Mescaline, together with psilocybin, another natural psychoactive compound
produced by “magic” mushrooms, and lysergic acid diethylamide (LSD or, simply,
acid), a potent synthetic psychedelic drug, became widely popular in the 1960s
counterculture. The striking similarities between the reports of LSD users and
symptoms of acute psychosis led researchers to postulate that serotonin, a
chemical-signaling compound or neurotransmitter released by certain groups of
neurons in the brain stem, helped to mediate both types of experiences. Indeed, it
is now quite certain that the characteristic subjective and behavioral effects of
psychedelics are initiated via stimulation of serotonin 2A receptors (known as
5-HT2A) on cortical neurons.



All these hallucinogens were declared controlled drugs in the late 1960s and early
1970s for a variety of medical, political and cultural reasons. Their use moved
underground, and research on their psychological, physiological and neuronal
effects all but ceased. With the realization of possible therapeutic benefits of psychedelics to reduce anxiety and chronic pain, however,
the societal taboos against scientific research on their neurobiology have somewhat relaxed. A number of well-controlled European
studies have carefully explored the action of hallucinogens on the brains of normal volunteers.



Functional brain-imaging experiments done at the end of the past century using positron-emission tomography (PET) found marked
activation in the frontal lobe of volunteers who had taken hallucinogens, in particular in the prefrontal cortex (PFC), anterior cingulate
cortex (ACC) and the insula cortex. This was in line with the expectation that the intensification of ordinary experiences and the
consciousness-expanding aspects that are so widely associated with psychedelics would be reflected in higher than usual brain activity.
Now comes a study from David Nutt, a psychopharmacologist at Imperial College London, and his colleagues that completely upends
this view.



Turn On, Tune In and Drop Out



The British scientists injected either a harmless saltwater concoction (a placebo) or two milligrams of psilocybin directly into the veins
of 30 volunteers while they were lying inside a magnetic scanner. As expected, the subjects experienced within a minute or two the
effects of the drug. During their short “trip,” their brains were scanned with one of two different functional MRI techniques. Both gave
consistent but very surprising results.



Brain activity was widely reduced! That is, these mind-altering drugs decreased hemodynamic activity, including blood flow, in selected
regions, such as the thalamus, the medial prefrontal cortex (mPFC), the ACC and the posterior cingulate cortex (PCC). Activity in these
regions dropped by up to 20 percent, relative to before the injection. Even more striking, the deeper the reduction in activity in the ACC
and mPFC, the stronger the subject felt the effects of the hallucinogen. Nowhere did activity show an increase. Furthermore, the
communication between the PFC and cortical regions in the back of the brain was also disrupted. The surprise is not that reduction of
hemodynamic activity in specific sectors of the brain is unheard of. Nor was the activity completely turned off—that would lead within
minutes to permanent damage and brain death.



Hemodynamic activity as registered by fMRI scanners is tightly linked to neuronal activity. A standard reading of Nutt’s fMRI data
seems to imply that expanding your mind by taking magic mushrooms turns many brain circuits down rather than up. Suddenly,
Timothy Leary’s famous admonition to hippies to “turn on, tune in and drop out” acquires a whole new meaning.



The ACC and parts of the mPFC inhibit limbic and other structures. Thus, their downregulation, or reduction in response, would allow
the content of the limbic systems that process emotion and perhaps sensory cortices to play a relatively more dominant role. It is not
that enhanced hemodynamic, or even neuronal, activity by itself gives rise to perception and thought. After all, epileptic seizures are
hypersynchronized discharges that engulf the entire cortex in massive rhythmic activity that renders the patient unconscious. It is the
pattern of spiking across heterogeneous populations of neurons that carries the specific information, the messages, that are represented
in consciousness.



At this point, this is all pure speculation because the detailed biophysical mechanisms and the effects of psilocybin on different neurons
remain to be worked out.



Any such remarkable finding needs to be replicated by other groups before it becomes part of textbook knowledge. Moreover, the
discrepancy with the earlier PET experiments needs to be explained. Two major differences are the mode of taking the drug
(intravenously versus orally) and the time of measurement (immediately versus an hour later).



What is intriguing is that the regions that show the strongest reduction in activity are among the most heavily interconnected in the
brain. They act like traffic circles or hubs that link disparate regions. Thus, the brain on psilocybin becomes more disconnected, more
fragmented, which might explain some of the dissociative aspects of acid trips. Yet why this state should cause the mind-expanding
effects that are the prime reason these drugs are treasured is utterly unclear. The study once again highlights how elusive our knowledge
of the mind-brain hinge remains.







--Originally published: Scientific American Mind 23(2), 18-19. (May/June 2012)








	
	    
LSD Returns—For Psychotherapeutics

by Gary Stix




Albert Hofmann, the discoverer of LSD, lambasted the countercultural movement
for marginalizing a chemical that he asserted had potential benefits as an
invaluable supplement to psychotherapy and spiritual practices such as meditation.
“This joy at having fathered LSD was tarnished after more than ten years of
uninterrupted scientific research and medicinal use when LSD was swept up in the
huge wave of an inebriant mania that began to spread over the Western world,
above all the United States, at the end of the 1950s,” Hofmann groused in his 1979
memoir LSD: My Problem Child.



For just that reason, Hofmann was jubilant in the months before his death last
year, at the age of 102, when he learned that the first scientific research on LSD in
decades was just beginning in his native Switzerland. “He was very happy that, as
he said, ‘a long wish finally became true,’ ” remarks Peter Gasser, the physician
leading the clinical trial. “He said that the substance must be in the hands of
medical doctors again.”



The preliminary study picks up where investigators left off. It explores the possible
therapeutic effects of the drug on the intense anxiety experienced by patients with
life-threatening disease, such as cancer. A number of the hundreds of studies
conducted on lysergic acid diethylamide-25 from the 1940s into the 1970s (many of
poor quality by contemporary standards) delved into the personal insights the drug
supplied that enabled patients to reconcile themselves with their own mortality. In
recent years some researchers have studied psilocybin (the active ingredient in
“magic mushrooms”) and MDMA (Ecstasy), among others, as possible treatments
for this “existential anxiety,” but not LSD.



Gasser, head of the Swiss Medical Society for Psycholytic Therapy, which he joined
after his own therapist-administered LSD experience, has only recently begun to
discuss his research, revealing the challenges of studying psychedelics. The
$190,000 study approved by Swiss medical authorities, was almost entirely funded
by the Multidisciplinary Association for Psychedelic Studies, a U.S. nonprofit that
sponsors research toward the goal of making psychedelics and marijuana into prescription drugs. Begun in 2008, the study intends to
treat 12 patients (eight who will receive LSD and four a placebo). Finding eligible candidates has been difficult—after 18 months only
five patients had been recruited, and just four had gone through the trial’s regimen of a pair of all-day sessions. “Because LSD is not a
usual treatment, an oncologist will not recommend it to a patient,” Gasser laments.



The patients who received the drug found the experience aided them emotionally, and none experienced panic reactions or other
untoward events. One patient, Udo Schulz, told the German weekly Der Spiegel that the therapy with LSD helped him overcome
anxious feelings after being diagnosed with stomach cancer, and the experience with the drug aided his reentry into the workplace.



The trials follow a strict protocol—“all LSD treatment sessions will begin at 11 a.m.”—and the researchers are scrupulous about avoiding
mistakes that, at times, occurred during older psychedelic trials, when investigators would leave subjects alone during a drug session.
Both Gasser and a female co-therapist are present throughout the eight-hour sessions that take place in quiet, darkened rooms, with
emergency medical equipment close at hand. Before receiving LSD, subjects have to undergo psychological testing and preliminary
psychotherapy sessions.



Another group is also pursuing LSD research. The British-based Beckley Foundation is funding and collaborating on a 12-person pilot
study at the University of California, Berkeley, that is assessing how the drug may foster creativity and what changes in neural activity
go along with altered conscious experience induced by the chemical. Whether LSD will one day become the drug of choice for
psychedelic psychotherapy remains in question because there may be better solutions. “We chose psilocybin over LSD because it is
gentler and generally less intense,” says Charles S. Grob, a professor of psychiatry at the University of California, Los Angeles, who
conducted a trial to test psilocybin’s effects on anxiety in terminal cancer patients. Moreover, “it is associated with fewer panic reactions
and less chance of paranoia and, most important, over the past half a century psilocybin has attracted far less negative publicity and
carries far less cultural baggage than LSD.”



Others assert the importance of comparative pharmacology—how does LSD differ from psilocybin?—because of the extended period of
research quiescence. Just because many types of so-called SSRI antidepressants exist, “it doesn’t mean that they are all identical,”
observes Roland Griffiths, a Johns Hopkins University researcher who conducts trials with psilocybin. In any case, close to the 40th
anniversary of the Woodstock music festival, psychoactive substances that represented the apotheosis of the counterculture lifestyle are
no longer just hippie elixirs.







--Originally published: Scientific American 301(4), 18-20. (October 2009)





	
	    
Hallucinogens as Medicine

by Roland R. Griffiths and Charles S. Grob




Sandy Lundahl, a 50-year-old health educator, reported to the behavioral biology research center at
the Johns Hopkins University School of Medicine
one spring morning in 2004. She had volunteered
to become a subject in one of the first studies of hallucinogenic
drugs in the U.S. in more than three decades.
She completed questionnaires, chatted with
the two monitors who would be with her throughout the eight
hours ahead, and settled herself in the comfortable, living-room-like
space where the session would take place. She then swallowed
two blue capsules and reclined on a couch. To help her relax and
focus inward, she donned eyeshades and headphones, through
which a program of specially selected classical music played.



The capsules contained a high dose of psilocybin, the principal
constituent of “magic” mushrooms, which, like LSD and
mescaline, produces changes in mood and perception yet only
very rarely actual hallucinations. At the end of the session, when
the psilocybin effects had dissipated, Lundahl, who had never
before taken a hallucinogen, completed more questionnaires.
Her responses indicated that during the time spent in the session
room she had gone through a profound mystical-like experience
similar to those reported by spiritual seekers in many
cultures and across the ages—one characterized by a sense of interconnectedness
with all people and things, accompanied by
the feeling of transcending time and space, and of sacredness
and joy.



At a follow-up visit more than a year later, she said she continued
to think about the experience every day and—most 
remarkably—that she regarded it as the most personally meaningful
and spiritually significant event of her life. She felt it had
brought on positive changes in her moods, attitudes and behaviors,
as well as a noticeable increase in overall life satisfaction.
“It seems like the experience triggered a quickening of my spiritual
unfolding or development,” she wrote. “Ripples of insight
still occur...[I am] much more loving—making up for the past
hurts I’ve inflicted...More and more I’m able to perceive people
as having the light of the divine flowing through them.”



Lundahl was one of 36 participants in a study conducted by
one of us (Griffiths) at Johns Hopkins that began in 2001 and
was published in 2006, with a follow-up report published two
years later. When the initial paper appeared in the journal Psychopharmacology,
many in the scientific community welcomed
the revival of a research area that had long been dormant. Psilocybin
studies at Johns Hopkins continue along two tracks: One
explores the drug’s psychospiritual effects in healthy volunteers.
The other delves into whether hallucinogen-induced states of altered
consciousness—and, in particular, mystical-like experiences—might 
ease various psychiatric and behavioral disorders, including
some for which current therapies are not very effective.
The main drug used in these studies is psilocybin, a so-called
classic hallucinogen. As with other drugs in this class—psilocin,
mescaline, DMT and LSD—psilocybin acts on brain cell receptors
for the signaling molecule serotonin. Confusingly, substances
from other drug classes that exert pharmacological effects different
from those of the classic hallucinogens also bear the “hallucinogen”
label in popular media and epidemiological reports.
These compounds, some of which may also offer therapeutic potential,
include ketamine, MDMA (which is familiar as “ecstasy”),
salvinorin A and ibogaine, among others.



OVERCOMING LEARY’S LEGACY



Therapeutic research with hallucinogens pursues tantalizing
evidence from studies begun in the 1950s that collectively involved
thousands of participants. Some of these studies hinted
that hallucinogens could help treat substance addiction and relieve
the psychological distress of terminal illness. This research
came to a halt in the early 1970s, as recreational use of the hallucinogens,
mostly LSD, grew and garnered sensationalistic media
coverage. The field had also been tainted by the widely publicized
dismissal of Timothy Leary and Richard Alpert from
Harvard University in 1963 in response to concerns about unconventional
research methods using hallucinogens, including,
in Alpert’s case, giving psilocybin to a student off campus.



The burgeoning and unsupervised use of the little-understood
substances, partly a result of Leary’s charismatic advocacy,
generated a backlash. The 1970 Controlled Substances Act placed
common hallucinogens in Schedule I, its most restrictive category.
New limitations were placed on human research, federal
funding ceased, and investigators involved in this line of research
found themselves professionally marginalized.



Decades passed before the anxiety-ridden attitudes that had
blocked investigation subsided enough to allow rigorous human
studies with these much storied substances. The mystical-like
experiences brought about by hallucinogens interest researchers
particularly because such experiences have the potential to
produce rapid and enduring positive changes in moods and 
behavior—changes that might take years of effort to achieve with
conventional psychological therapy. The Johns Hopkins work is
so exciting because it demonstrates that such experiences can
be elicited in a lab in most subjects studied. It permits, for the
first time, rigorous, prospective scientific investigations that
track volunteers before and after taking the drug. This type of
study enables researchers to examine the causes and psychological
and behavioral effects of these extraordinary experiences.



In its recent study the Johns Hopkins investigators used
questionnaires originally designed to assess mystical experiences
that occurred on their own without drugs. They also looked
at overall psychological states at two and 14 months after the
psilocybin session. The data showed that participants experienced
increased self-confidence, a greater sense of inner contentment,
a better ability to tolerate frustration, decreased nervousness
and an increase in overall well-being. Ratings of their
behavior by friends, family members and work colleagues uninformed
about the drug experience were consistent with the participants’
self-ratings. One typical comment from a subject: “The
sense that all is One, that I experienced the essence of the universe
and the knowing that God asks nothing of us except to receive
love. I am not alone. I do not fear death. I am more patient
with myself.” Another participant was so inspired that she wrote
an entire book about her experiences.



RELIEF OF SUFFERING



When research into hallucinogen-based therapy stalled some
40 years ago, it left a to-do list that included the treatment of alcoholism
and other drug addictions, anxiety associated with
cancer, obsessive-compulsive disorder, post-traumatic stress
disorder, psychosomatic disorder, severe character pathology
and autism. Back then, most published reports were anecdotal
accounts of treatments with hallucinogens, furnishing much
weaker evidence than that from controlled clinical trials. Even
the best studies of the era did not incorporate the stringent control
conditions and methodologies that have become standard
in modern clinical psychopharmacology research.



With cancer, patients frequently confront severe anxiety and
depression, and antidepressants and anxiety-reducing drugs
may be of limited help. In the 1960s and early 1970s more than
200 cancer patients received classic hallucinogens in a series of
clinical studies. In 1964 Eric Kast of Chicago Medical School,
who administered LSD to terminal patients with severe pain, reported
that the patients developed “a peculiar disregard for the
gravity of their situations and talked freely about their impending
death with an affect considered inappropriate in our Western
civilization but most beneficial to their psychic states.” Subsequent
studies by Stanislav Grof, William Richards and their
colleagues at Spring Grove State Hospital near Baltimore (and
later at the Maryland Psychiatric Research Center) used LSD
and another classic hallucinogen DPT (dipropyltryptamine).
The trials showed decreases in depression, anxiety and fear of
death, and patients who had a mystical-type experience had the
most improvements in psychological measures of well-being.



One of us (Grob) has updated this work. In September 2010 a paper
in the Archives of General Psychiatry reported on a 2004–2008 pilot
study at the Harbor-UCLA Medical Center to assess whether
psilocybin sessions reduced anxiety in 12 terminal cancer patients.
Although the study was too small to yield definitive conclusions, it
was encouraging: the patients showed diminished anxiety and
improved mood, even several months after the psilocybin session.
As with studies conducted years ago, participants also reported
less fear of impending death. Johns Hopkins and New York University
have now undertaken studies with cancer patients using
higher doses of psilocybin—ones more likely to induce the 
mystical-like experiences that earlier investigations indicated were pivotal
to lasting therapeutic benefits. In Switzerland a similar pilot
study has begun using LSD instead of psilocybin.



Alcoholics, cigarette smokers and other substance abusers
sometimes report beating their addictions after a deeply affecting
mystical experience that occurred spontaneously without
drugs. The first wave of clinical hallucinogen research recognized
the potential therapeutic power of these transformative
experiences. More than 1,300 patients participated in addiction
studies that yielded more than two dozen publications decades
ago. Some of those studies administered high doses to minimally
prepared patients with little psychological support, a few of
whom were even physically strapped to their beds. Researchers
who appreciated the importance of “set and setting” and who
provided better support to patients tended to see better results.
This earlier work yielded promising but inconclusive results.



The new generation of hallucinogen research, with its better
methodologies, should be able to determine whether these drugs
can in fact help people overcome their addictions. At Johns Hopkins,
Griffiths, Matthew Johnson and their colleagues have begun
a smoking cessation pilot study using psilocybin sessions to
supplement cognitive-behavioral therapy, a form of treatment
that teaches patients how to change their thoughts and behaviors
to quit and remain abstinent.



Beyond treating addictions, studies have recently started to
test whether psilocybin can help allay the symptoms of obsessive-compulsive
disorder. Other controlled substances with different
mechanisms of action are also showing therapeutic potential. Recent
investigations demonstrated that ketamine, given in low
doses (it is normally used as an anesthetic), could provide more
rapid relief from depression than traditional antidepressants
such as Prozac. A recent trial in South Carolina used MDMA to
successfully treat post-traumatic stress disorder in patients whom
conventional therapies had failed to help. Similar MDMA trials
are under way in Switzerland and Israel.



RISKS AND THE ROAD AHEAD



For therapies using the classic hallucinogens to gain acceptance,
they will have to overcome concerns that emerged with
the drug excesses of the “psychedelic ’60s.” Hallucinogens can
sometimes induce anxiety, paranoia or panic, which in unsupervised
settings can escalate to accidental injuries or suicide.
In the Johns Hopkins study, even after careful screening and at
least eight hours of preparation with a clinical psychologist,
about a third of the participants experienced some period of
significant fear and about a fifth felt paranoia sometime during
the session. But in the supportive, homelike setting provided in
the research center and with the constant presence of trained
guides, the Johns Hopkins participants encountered no lasting ill effects.



Other potential risks of hallucinogens include prolonged psychosis,
psychological distress, or disturbances in vision or other
senses lasting days or even longer. Such effects occur infrequently
and even more rarely in carefully screened and psychologically
prepared volunteers. Although classic hallucinogens are sometimes
abused (used in a manner
that jeopardizes the safety of the
users or others), they are not typically
considered drugs of addiction,
because they neither promote
compulsive drug taking nor
induce a withdrawal syndrome.
To help minimize adverse reactions,
the Johns Hopkins group
recently published a set of safety
guidelines for conducting high-dose
hallucinogen studies. Given
researchers’ ability to manage
drug risks, we feel that studies of
these substances should continue
because of their potential ability
to transform the life of, say, a
cancer patient or drug addict. If
hallucinogens prove themselves
useful in the treatment of substance
abuse or the existential anxiety associated with life-threatening
illness, further investigations could explore whether drug-induced
experiences might be incorporated into therapies related
to major public health problems, such as eating disorders,
risky sexual behavior or a wider set of maladaptive behaviors.



Benefits may also come from neuroimaging and pharmacological
techniques that did not exist in the 1960s, which provide
a better understanding of how these drugs work. Imaging of the
brain areas involved in the intense emotions and thoughts people
have under the drugs’ influence will provide a window into
the underlying physiology of mystical-type experiences produced
by hallucinogens. Further research may also yield nonpharmacological
approaches that work more quickly and effectively
than traditional spiritual practices such as meditation or
fasting to produce mystical experiences and desired behavioral
changes—the kind of experience that convinced Bill Wilson in
Towns Hospital in New York City to stop drinking and inspired
him to found Alcoholics Anonymous in the 1930s.



Understanding how mystical experiences can engender benevolent
attitudes toward oneself and others will, in turn, aid in
explaining the well-documented protective role of spirituality in
psychological well-being and health. Mystical experiences can
bring about a profound and enduring sense of the interconnectedness
of all people and things—a perspective that underlies the
ethical teachings of the world’s religious and spiritual traditions.
A grasp of the biology of the classic hallucinogens, then, could
help clarify the mechanisms underlying human ethical and cooperative
behavior—knowledge that, we believe, may ultimately
be crucial to the survival of the human species.








--Originally published: Scientific American 303(6), 76-79. (December 2010)
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The Neurobiology of Bliss

by Nadia Webb




In studies that observe the brain in action, the right hemisphere seems to be the
sexy hemisphere. It lights up during orgasm—so much so that, in one study, much
of the cortex went dark, leaving the right prefrontal cortex as a bright island. New
research suggests the right hemisphere is also hyperactive amongst the
“hypersexual,” a symptom of brain injury loosely defined as groping,
propositioning or masturbating in public without shame.



What is surprising about this is that pleasure is classically thought of as the
province of the left hemisphere, not the right. The left is most active when recalling
happy memories, meditating on love for another, and during the expansiveness of
grandiosity or mania.



The left hemisphere is even preferentially more active among people free of
depression and less active among the unhappy. If the brain were a simpler and
more cooperative organ, the left hemisphere would be lit up like the Fourth of July
during an orgasm. Instead, it is surprisingly silent. Why might this be so?



Until about a decade ago, neuroscience had little scientific basis from which to
comment on bliss, sexual or otherwise. Despite our public fascination with things
sexual, as researcher, Gemma O’Brien put it, “orgasm is not impersonal and third
person enough for the sciences.” Neuroscience was hobbled by the avoidance of
such squashy topics, even if it meant setting aside important parts of human
experience. However, a clearer portrait of pleasure is now emerging. Bliss, both
sacred and profane, shares the diminution of self-awareness, alterations in bodily
perception and decreased sense of pain. And while the left frontal lobe may be
linked to pleasure, the other three characteristics are bilateral.



Absence of pain is predictably akin to pleasure, but the other two—losing a sense of
identity and of bodily limits—are less obvious. Self-awareness, apparently, is no
picnic. William James described the self as that kernel of consciousness that persists throughout various experiences and sensations.
The self is divided between the stream of consciousness and an internal observer—except in those rare moments when we dissolve into
mysticism.



Self-awareness exists as a running critique organizing conscious experience. Telling stories to ourselves (often about ourselves) is the
cognitive default.



Escaping continual self-observation seems an underappreciated pleasure. Roy Baumeister wrote an entire book devoted to the premise
that self-awareness is frequently a burden. Across cultures, we blunt awareness with alcohol, drugs, auto-hypnotic rituals and when
times are dire, suicide. Meditation offers relief from this self-preoccupation and one of the few tools for creating a durable boost in
happiness—perhaps by dampening activity in regions implicated in judgment, comparison, planning and self-scrutiny. Left prefrontal
cortex activation correlates with happiness and Tibetan Buddhist monks have created the greatest measured spike in activity in this
region produced by simple thought when meditating on compassion. The reported depth of meditation also corresponds to activity in
the brain’s pleasure centers, such as left forebrain bundle, anterior insula and precentral gyrus. This overt pleasure is accompanied by a
shift in emotional self-regulation; meditators are more aware of thoughts and feelings conceptually, but less emotionally disrupted by
them, according to one study. Both hemispheres are involved in self-observation.



Pleasure is also linked to a loss of awareness of the boundaries of our body, and this, too, involves both sides of the brain. Orgasm and
meditation dissolve the sense of physical boundary, but the activation patterns are distinct. Meditation does so in a somewhat cerebral
way, altering bodily self-awareness by enhancing activity in specific brain regions, such as right angular gyrus—regions that become
most lively during attempts to imagine ourselves from a stranger’s perspective, during out of body experiences or déjà vu, and in a
neurologically obscure disorder in which patients lack awareness of their own paralysis or bodily infirmity.



But during orgasm, the cerebellar deep nuclei and vermis, also in the cerebellum, glow. The cerebellum used to be thought of as the
“motor bit” tacked onto the back of the brain. The deep nuclei are mysterious, but they seem involved in planning and initiating
movement, motor learning, rhythm, synchronizing and smoothing of movement. The vermis tracks the movement of the body through
space outside of conscious awareness. Unlike meditation, orgasm seems a heightened sense of being within one’s body rather than the
sense of being outside of it. The disconnected awareness meditation (“I am not my thoughts, I am not this experience”) is antithetical to
the self-forgetting of sex in which wallowing in the experience, and the relationship, is precisely the point.








--Originally published: Scientific American online, July 12, 2011.





	
	    
Titanic and the Science of Near-Death Experiences

by Jennifer Ouellette




James Cameron’s 1997 blockbuster movie Titanic broke box office records
and garnered bushels of awards; it remains one of the top-grossing films of
all times. A large part of its appeal lay in the central (fictional) story of the
doomed young lovers, London socialite Rose (Kate Winslet) and
impoverished American artist Jack Dawson (Leonardo DiCaprio), who—SPOILER ALERT!—ultimately sacrifices his own life to save hers.



A good tragic love story is a time-tested recipe for cinematic success, and Titanic definitely delivers the spectacle.



But even people whose heartstrings remained untugged by the tearjerker tale couldn’t help but be entranced by the lavish re-enactment
of its tragic sinking. There’s just something about the Titanic that resonates with us on a deep, subconscious level, and it is that element
that ultimately raises Cameron’s film above mere Hollywood bathos.



It’s tough to put one’s finger precisely on just what that “something” is, but sci-fi author Connie Willis managed to do just that in her
2001 novel, Passage. I’ve been a Willis fan for years. 
She has the skeptical mind of a scientist—her husband is a physicist—and the
soul of poet, mixing science fact, science fiction, literary allusion, and metaphor with memorable characters and terrific story-telling.
She’s won multiple awards—most recently for the double novels Blackout 
and All Clear—making her “one of the most honored sci-fi writers of the 1980s and 1990s.”



Willis has tackled time travel, chaos theory, and the sociology of fads (Doomsday Book, To
Say Nothing of the Dog, Bellwether), but in Passage, she immerses herself in the Ultimate
Question: is there life after death, a part of our consciousness that continues even after the
body dies? To explore her theme, she delineates the science of Near-Death Experiences
(NDEs): the proverbial light at the end of the tunnel, at least if the estimated 7 million
people who claim to have experienced an NDE are to be believed. Written accounts of NDEs
date back some two thousand years,and hail from all over the world.



The man responsible for coining the term “near-death experience” is Raymond Moody, an
MD who has written several books on the afterlife based on patient testimonials, who
believes NDEs are evidence of a soul (consciousness that exists separately from the brain), and evidence of the existence of an afterlife.



He’s boiled the typical NDE down to a few key features. First, there’s a strange kind of noise, alternately described as a ringing or a
buzzing. There is a sense of blissful peace, and often an out-of-body experience (feeling as if one is floating above one’s body and
observing it from that vantage point). There’s that light at the end of the tunnel, being met by loved ones, angels, or other religious
figures, and a kind of “life review”—seeing one’s life flash before one’s eyes.



But as the Skeptic’s Dictionary helpfully points out, Moody’s books ignore the fact that as many as 15% of NDEs are outright hellish
experiences.



There have been some solid scientific studies of what happens to the brain during such events, 
notably a 2001 Dutch study published in the prestigious British medical journal, The Lancet. 
The researchers examined 344 patients who were resuscitated after suffering
cardiac arrest, and interviewed them within a week afterwards about what—if anything—they remembered. The results were a bit
startling: about 18% reported being able to recall some portion of what happened when they were clinically dead, and between 8 and 12
percent said they experienced some form of an NDE.



Neurochemistry offers some convincing alternative explanations. Perhaps NDEs aren’t evidence of an afterlife, but illusions created by a
dying (oxygen deprived) brain. Cardiac arrest and the anesthesias used in ERs are capable of triggering NDE-like brain states. The
Dutch researchers found that “similar experiences can be induced through electrical stimulation of the temporal lobe,” for instance, as
can neurochemicals such as endorphins and serotonin, and hallucinogenic drugs like LSD and mescaline.



An October 2006 article in New Scientist described a theory by University of Kentucky
neurophysiologist Kevin Nelson attributing NDEs to a kind of “REM intrusion”: “Elements
of NDE bear uncanny similarity to the REM state,” he told the magazine.



He describes REM intrusion as “a glitch in the brain’s circuitry that, in times of extreme
stress, may flip it into a mixed state of awareness where is is both in REM sleep and
partially awake at the same time.” Something similar might be happening with NDEs, he
reasons, although the jury is still out on that particular hypothesis.



Karl Jansen has managed to induce NDEs with ketamine, a hallucenogenic related to PCP,
but far less destructive; it’s an anesthetic that works not just by dulling pain, but by creating a dissociative state. According to Jansen,
the conditions that give rise to NDEs—low oxygen, low blood flow, low blood sugar, and so forth—can kill brain cells, and the brain
often responds by triggering a flood of chemicals very similar to ketamine to protect those cells, which would produce “out of body”
sensations and possibly even hallucinations. Jansen claims his approach can reproduce all the main elements Moody attributes to
NDEs: the dark tunnel with a light at the end, out of body experiences, strange noises, communing with god, and so on.



Why do so many people see a light at the end of the tunnel? Susan Blackmore, a psychology professor at the University of the West of
England in Bristol, thinks she might have an explanation: neural noise. During cardiac arrest, in the throes of death, the brain is
deprived of oxygen, causing brain cells to fire rapidly and quite randomly in the visual cortex. There are lots of cells firing in the middle,
and fewer towards the outer edge, producing white light in the center fading into dark at the outer edges.



That feeling of peace and well-being might be due to the fact that the brain is pumping out endorphins in response to pain, which can
produce a dream-like state of euphoria. That same cerebral anoxia might also cause the strange buzzing or ringing sound people claim
to hear when they enter an NDE.



Willis takes that tiny bit of factual thread and spins it into a complex scientific mystery, skewering cheap
spiritualism in the bargain. She got the idea for the book when a friend insisted she read a book on NDEs,
insisting she would find it inspiring. Instead, Willis loathed it. In fact, it made her angry: “I thought it was
not only pseudoscience, but absolutely wicked in the way it preyed on people’s hopes and fears of death,
telling them comforting fictions.”



She channeled that anger into the novel, creating the character of Dr. Maurice Mandrake, a physician who
has abandoned all pretense of scientific objectivity, prompting his “witnesses” to say what he expects 
to hear—a strategy that has made him a best-selling author of just the sort of book that triggered Willis’ creative rage.



Mandrake’s foil in the novel is the main protagonist, Joanna Lander, also a doctor studying NDEs, but her
approach is far more rational, firmly grounded in the scientific method—which puts her at odds with Mandrake and his minions. She
finds an ally in neuroscientist Richard Wright, who has contrived a way to induce NDEs using a psychoactive drug called dithetamine.
His theory is that the NDE is a survival mechanism, part of a series of strategies the brain employs whenever the body is seriously
injured. The NDE is a side effect of neurochamical events.



While NDEs seem to have some striking similarities in the various recorded accounts, what specific form the NDE will take depends on
the individual, and for Willis, this provides an opportunity for a clever twist.



Recall the now-famous final scene in Cameron’s Titanic, when the elderly Rose, having 
lived a long, full life, dies quietly in her sleep. The camera follows her “soul’s” journey out of her body, towards 
a white light, then down into the ocean depths until she reaches the present-day wreck. As the camera moves into the 
main dining hall, we see the shipwreck morph back into its former unsunken glory, and all those who perished are on 
hand to welcome Rose back to the fold. Waiting at the top of the grand staircase is Jack himself, who takes Rose’s 
hand, her youth restored, and the lovers are reunited in eternity. (Cue violins and a thousand sobbing fans.)



But what if Rose had, instead, popped back to her reality as an elderly woman in the middle of the ocean? Her “vision” would have been
classified as a classic NDE. Joanna would definitely have wanted to interview her. Not only would Rose have made an excellent witness,
but the two share a common NDE framework. When Joanna consents to let Richard induce NDEs in herself as a subject, she also finds
herself on the Titanic—the very day of its sinking.



Of course, it isn’t really the Titanic: she knows that, even though the experience feels uncannily real, nothing like a typical dream state.
But Joanna is convinced there’s a reason her subconscious has picked this particular framework in which to place her NDE.



The Titanic is the perfect metaphor for what is happening as the brain strives to make sense of things even as it is dying (or pseudodying,
in the case of induced NDEs). The body is a sinking ship, the chemical signals and electrical impulses are SOS messages trying to
find some form of rescue, some way of jump-starting the body before brain death sets in, within four to six minutes after the onset of
oxygen deprivation. The metaphor of the Titanic, says Joanna’s former English teacher, is “the very mirror image of death.”



Willis knows a little something about death, having lost her mother quite suddenly when she was 12, an experience she has described as
“a knife that cut across my life and chopped it in two. Everything changed.” But she didn’t take refuge in the popular Hallmark
sentiments that often pass for profundity in this country. “[O]ur American culture is especially in denial about death,” she said in a
2003 interview, and while writing Passage, “I wanted to make sure some reader who had just 
had somebody die...would say, ‘Thank you for telling the truth and trying to help me understand this whole process.’”



And what a brutal truth it is. The novel ends by taking us right into the dying brain of one of the characters, quite conscious and very
aware of what these visions represent: synapses firing randomly, memories falling away, even language being lost, before the visual
cortex shuts down completely. The depiction is unflinching, and all the more powerful because it never resorts to easy platitudes.



It’s not an easy book to read, yet I return to it again and again. Maybe it’s because Willis stops short of letting everything go dark. In the
end, she acknowledges that perhaps some things cannot—and need not—be known. By leaving things open-ended, Passage reassures
us that it’s okay for this to remain unknown. Our only job, as human beings, is to make the life journey as rich and meaningful as
possible—in whatever way we choose to do so.







--Originally published: Scientific American online, April 6, 2012.








	
	    
Searching for God in the Brain

by David Biello




The doughnut-shaped machine swallows the nun, who is outfitted in a plain T-shirt
and loose hospital pants rather than her usual brown habit and long veil. She wears
earplugs and rests her head on foam cushions to dampen the device’s roar, as loud
as a jet engine. Supercooled giant magnets generate intense fields around the nun’s
head in a high-tech attempt to read her mind as she communes with her deity.



The Carmelite nun and 14 of her Catholic sisters
have left their cloistered lives temporarily for
this claustrophobic blue tube that bears little resemblance
to the wooden prayer stall or sparse
room where such mystical experiences usually occur.
Each of these nuns answered a call for volunteers
“who have had an experience of intense
union with God” and agreed to participate in an
experiment devised by neuroscientist Mario
Beauregard of the University of Montreal. Using
functional magnetic resonance imaging (fMRI),
Beauregard seeks to pinpoint the brain areas that
are active while the nuns recall the most powerful
religious epiphany of their lives, a time they experienced
a profound connection with the divine.
The question: Is there a God spot in the brain?



The spiritual quest may be as old as humankind
itself, but now there is a new place to look:
inside our heads. Using fMRI and other tools of
modern neuroscience, researchers are attempting
to pin down what happens in the brain when people
experience mystical awakenings during prayer
and meditation or during spontaneous utterances
inspired by religious fervor.



Such efforts to reveal the neural correlates of
the divine—a new discipline with the warring titles
“neurotheology” and “spiritual neuroscience”—not only might reconcile religion and science but
also might help point to ways of eliciting pleasurable
otherworldly feelings in people who do not
have them or who cannot summon them at will.
Because of the positive effect of such experiences
on those who have them, some researchers speculate
that the ability to induce them artificially
could transform people’s lives by making them
happier, healthier and better able to concentrate.
Ultimately, however, neuroscientists study this
question because they want to better understand
the neural basis of a phenomenon that plays a
central role in the lives of so many. “These experiences
have existed since the dawn of humanity.
They have been reported across all cultures,”
Beau regard says. “It is as important to study the
neural basis of [religious] experience as it is to
investigate the neural basis of emotion, memory
or language.”



Mystical Misfirings



Scientists and scholars have long speculated
that religious feeling can be tied to a specific place
in the brain. In 1892 textbooks on mental illness
noted a link between “religious emotionalism”
and epilepsy. Nearly a century later, in 1975, neurologist
Norman Geschwind of the Boston Veterans
Administration Hospital first clinically described
a form of epilepsy in which seizures originate
as electrical misfirings within the temporal
lobes, large sections of the brain that sit over the
ears. Epileptics who have this form of the disorder
often report intense religious experiences, leading
Geschwind and others, such as neuropsychiatrist
David Bear of Vanderbilt University, to speculate
that localized electrical storms in the brain’s temporal
lobe might sometimes underlie an obsession
with religious or moral issues.



Exploring this hypothesis, neuroscientist
Vilayanur S. Ramachandran of the University of
California, San Diego, asked several of his patients
who have temporal lobe epilepsy to listen
to a mixture of religious, sexual and neutral
words while he tested the intensity of their emotional
reactions using a measure of arousal called
the galvanic skin response, a fluctuation in the
electrical resistance of the skin. In 1998 he reported
in his book Phantoms in the Brain (William
Morrow), co-authored with journalist Sandra
Blakeslee, that the religious words, such as
“God,” elicited an unusually large emotional response
in these patients, indicating that people
with temporal lobe epilepsy may indeed have a
greater propensity toward religious feeling.



The key, Ramachandran speculates, may be
the limbic system, which comprises interior regions
of the brain that govern emotion and emotional
memory, such as the amygdala and hypothalamus.
By strengthening the connection between
the temporal lobe and these emotional
centers, epileptic electrical activity may spark religious
feeling.



To seal the case for the temporal lobe’s involvement,
Michael Persinger of Laurentian University
in Ontario sought to artificially re-create
religious feelings by electrically stimulating that
large subdivision of the brain. So Persinger created
the “God helmet,” which generates weak
electromagnetic fields and focuses them on particular
regions of the brain’s surface.



In a series of studies conducted over the past
several decades, Persinger and his team have
trained their device on the temporal lobes of hundreds
of people. In doing so, the researchers induced
in most of them the experience of a sensed
presence—a feeling that someone (or a spirit) is in
the room when no one, in fact, is—or of a profound
state of cosmic bliss that reveals a universal
truth. During the three-minute bursts of stimulation,
the affected subjects translated this perception
of the divine into their own cultural and religious
language—terming it God, Buddha, a benevolent
presence or the wonder of the universe.



Persinger thus argues that religious experience
and belief in God are merely the results of
electrical anomalies in the human brain. He
opines that the religious bents of even the most
exalted figures—for instance, Saint Paul, Moses,
Muhammad and Buddha—stem from such neural
quirks. The popular notion that such experiences
are good, argues Persinger in his book
Neuropsychological Bases of God Beliefs (Praeger
Publishers, 1987), is an outgrowth of psychological
conditioning in which religious rituals are
paired with enjoyable experiences. Praying before
a meal, for example, links prayer with the
pleasures of eating. God, he claims, is nothing
more mystical than that.



Expanded Horizons



Although a 2005 attempt by Swedish scientists
to replicate Persinger’s God helmet findings
failed, researchers are not yet discounting the
temporal lobe’s role in some types of religious
experience. After all, not all such experiences are
the same. Some arise from following a specific
religious tradition, such as the calm Catholics
feel when saying the rosary. Others bring a person
into a perception of contact with the divine.
Yet a third category might be mystical states that
reveal fundamental truths opaque to normal
consciousness. Thus, it is possible that different
religious feelings arise from distinct locations in
the brain. Individual differences might also exist.
In some people, the neural seat of religious feeling
may lie in the temporal lobe, whereas in others
it could reside elsewhere.



Indeed, University of Pennsylvania neuroscientist
Andrew Newberg and his late colleague,
Eugene d’Aquili, have pointed to the involvement
of other brain regions in some people under certain
circumstances. Instead of artificially inducing
religious experience, Newberg and d’Aquili
used brain imaging to peek at the neural machinery
at work during traditional religious practices.
In this case, the scientists studied Buddhist meditation,
a set of formalized rituals aimed at
achieving defined spiritual states, such as oneness
with the universe.



When the Buddhist subjects reached their
self-reported meditation peak, a state in which
they lose their sense of existence as separate individuals,
the researchers injected them with a radioactive
isotope that is carried by the blood to
active brain areas. The investigators then photographed
the isotope’s distribution with a special
camera—a technique called single-photon-emission
computed tomography (SPECT).



The height of this meditative trance, as they
described in a 2001 paper, was associated with
both a large drop in activity in a portion of the
parietal lobe, which encompasses the upper back
of the brain, and an increase in activity in the
right prefrontal cortex, which resides behind the
forehead. Because the affected part of the parietal
lobe normally aids with navigation and
spatial orientation, the neuroscientists surmise
that its abnormal silence during meditation underlies
the perceived dissolution of physical
boundaries and the feeling of being at one with
the universe. The prefrontal cortex, on the other
hand, is charged with attention and planning,
among other cognitive duties, and its recruitment
at the meditation peak may reflect the fact
that such contemplation often requires that a
person focus intensely on a thought or object.



Neuroscientist Richard J. Davidson of the University
of Wisconsin–Madison and his colleagues
documented something similar in 2002, when
they used fMRI to scan the brains of several hundred
meditating Buddhists from around the world.
Functional MRI tracks the flow of oxygenated
blood by virtue of its magnetic properties, which
differ from those of oxygen-depleted blood. Because
oxygenated blood preferentially flows to
where it is in high demand, fMRI highlights the
brain areas that are most active during—and thus
presumably most engaged in—a particular task.



Davidson’s team also found that the Buddhists’
meditations coincided with activation in
the left prefrontal cortex, again perhaps reflecting
the ability of expert practitioners to focus
despite distraction. The most experienced volunteers
showed lower levels of activation than did
those with less training, conceivably because
practice makes the task easier. This theory jibes
with reports from veterans of Buddhist meditation
who claim to have reached a state of “effortless
concentration,” Davidson says.



What is more, Newberg and d’Aquili obtained
concordant results in 2003, when they imaged
the brains of Franciscan nuns as they prayed.
In this case, the pattern was associated with a
different spiritual phenomenon: a sense of closeness
and mingling with God, as was similarly
described by Beauregard’s nuns. “The more we
study and compare the neurological underpinnings
of different religious practices, the better
we will understand these experiences,” Newberg
says. “We would like to [extend our work by]
recruiting individuals who engage in Islamic and
Jewish prayer as well as revisiting other Buddhist
and Christian practices.”



Newberg and his colleagues discovered yet
another activity pattern when they scanned the
brains of five women while they were speaking in
tongues—a spontaneous expression of religious
fervor in which people babble in an incomprehensible
language. The researchers announced in
2006 that the activity in their subjects’ frontal
lobes—the entire front section of the brain—declined
relative to that of five religious people who
were simply singing gospel. Because the frontal
lobes are broadly used for self-control, the research
team concluded that the decrement in activity
there enabled the loss of control necessary
for such garrulous outbursts.



Spiritual Networking



Although release of frontal lobe control may
be involved in the mystical experience, Beauregard
believes such profound states also call on a
wide range of other brain functions. To determine
exactly what might underlie such phenomena, the
Quebecois neuroscientist and his colleagues used
fMRI to study the brains of 15 nuns during three
different mental states. Two of the conditions—resting with closed eyes and recollecting an intense
social experience—were control states
against which they compared the third: reminiscence
or revival of a vivid experience with God.



As each nun switched between these states on
a technician’s cue, the MRI machine recorded
cross sections of her brain every three seconds,
capturing the whole brain roughly every two minutes.
Once the neural activity was computed and
recorded, the experimenters compared the activation
patterns in the two control states with those
in the religious state to elucidate the brain areas
that became more energized during the mystical
experience. (Although Beauregard had hoped the
nuns would experience a mystical union while in
the scanner, the best they could do, it turned out,
was to conjure up an emotionally powerful memory
of union with God. “God can’t be summoned
at will,” explained Sister Diane, the prioress of
the Carmelite convent in Montreal.)



The researchers found six regions that were
invigorated only during the nuns’ recall of communion
with God. The spiritual memory was accompanied
by, for example, increased activity in
the caudate nucleus, a small central brain region
to which scientists have ascribed a role in learning,
memory and, recently, falling in love; the
neuroscientists surmise that its involvement may
reflect the nuns’ reported feeling of unconditional
love. Another hot spot was the insula, a prune-size
chunk of tissue tucked within the brain’s
outermost layers that monitors body sensations
and governs social emotions. Neural sparks there
could be related to the visceral pleasurable feelings
associated with connections to the divine.



And augmented activity in the inferior parietal
lobe, with its role in spatial awareness—paradoxically,
the opposite of what Newberg and
Davidson witnessed—might mirror the nuns’
feeling of being absorbed into something greater.
Either too much or too little activity in this region
could, in theory, result in such a phenomenon,
some scientists surmise. The remainder of
the highlighted regions, the researchers reported
in the September 25, 2006, issue of Neuroscience
Letters, includes the medial orbitofrontal cortex,
which may weigh the pleasantness of an experience;
the medial prefrontal cortex, which may
help govern conscious awareness of an emotional
state; and, finally, the middle of the temporal lobe.



The quantity and diversity of brain regions
involved in the nuns’ religious experience point
to the complexity of the phenomenon of spirituality.
“There is no single God spot, localized
uniquely in the temporal lobe of the human
brain,” Beauregard concludes. “These states are
mediated by a neural network that is well distributed
throughout the brain.”



Brain scans alone cannot fully describe a
mystical state, however. Because fMRI depends
on blood flow, which takes place on the order of
seconds, fMRI images do not capture real-time
changes in the firing of neurons, which occur
within milliseconds. That is why Beauregard
turned to a faster technique called quantitative
electroencephalography (EEG), which measures
the voltage from the summed responses of millions
of neurons and can track its fluctuation in
real time. His team outfitted the nuns with red
bathing caps studded with electrodes that pick
up electric currents from neurons. These currents
merge and appear as brain waves of various frequencies
that change as the nuns again recall an
intense experience with another person and a
deep connection with God.



Beauregard and his colleagues found that the
most prevalent brain waves are long, slow alpha
waves such as those produced by sleep, consistent
with the nuns’ relaxed state. In work that has not
yet been published, the scientists also spotted
even lower-frequency waves in the prefrontal and
parietal cortices and the temporal lobe that are
associated with meditation and trance. “We see
delta waves and theta waves in the same brain
regions as the fMRI,” Beauregard says.



Fool’s Errand?



The brain mediates every human experience
from breathing to contemplating the existence of
God. And whereas activity in neural networks is
what gives rise to these experiences, neuroimaging
cannot yet pinpoint such activity at the level of
individual neurons. Instead it provides far cruder
anatomical information, highlighting the broad
swaths of brain tissue that appear to be unusually
dynamic or dormant. But using such vague structural
clues to explain human feelings and behaviors
may be a fool’s errand. “You list a bunch of
places in the brain as if naming something lets you
understand it,” opines neuropsychologist Seth
Horowitz of Brown University. Vincent Paquette,
who collaborated with Beauregard on his experiments,
goes further, likening neuroimaging to
phrenology, the practice in which Victorian-era
scientists tried—and ultimately failed—to intuit
clues about brain function and character traits
from irregularities in the shape of the skull.



Spiritual neuroscience studies also face the
profound challenge of language. No two mystics
describe their experiences in the same way, and
it is difficult to distinguish among the various
types of mystical experiences, be they spiritual or
traditionally religious. To add to the ambiguity,
such feelings could also encompass awe of the
universe or of nature. “If you are an atheist and
you live a certain kind of experience, you will
relate it to the magnificence of the universe. If
you are a Christian, you will associate it with
God. Who knows? Perhaps they are the same,”
Beauregard muses.



Rather than attempting to define religious experience
to understand it, some say we should be
boiling it down to its essential components.
“When we talk about phenomena like a mystical
experience, we need to be a lot more specific
about what we are referring to as far as changes
in attention, memory and perception,” Davidson
says. “Our only hope is to specify what is going
on in each of those subsystems,” as has been done
in studies of cognition and emotion.



Other research problems abound. None of
the techniques, for example, can precisely delineate
specific brain regions. And it is virtually impossible
to find a perfect so-called reference task
for the nuns to perform against which to compare
the religious experience they are trying to
capture. After all, what human experience is just
one detail different from the awe and love felt in
the presence of God?



Making Peace



For the nuns, serenity does not come from a
sense of God in their brains but from an awareness
of God with them in the world. It is that peace and
calm, that sense of union with all things, that Beauregard
wants to capture—and perhaps even replicate.
“If you know how to electrically or neurochemically
change functions in the brain,” he says,
“then you [might] in principle be able to help normal
people, not mystics, achieve spiritual states
using a device that stimulates the brain electromagnetically
or using lights and sounds.”



Inducing truly mystical experiences could
have a variety of positive effects. Recent findings
suggest, for example, that meditation can improve
people’s ability to pay attention. Davidson
and his colleagues asked 17 people who had received
three months of intensive training in meditation
and 23 meditation novices to perform an
attention task in which they had to successively
pick out two numbers embedded in a series of
letters. The novices did what most people do, the
investigators announced in June: they missed the
second number because they were still focusing
on the first—a phenomenon called attentional
blink. In contrast, all the trained meditators consistently
picked out both numbers, indicating
that practicing meditation can improve focus.



Meditation may even delay certain signs of aging
in the brain, according to preliminary work by
neuroscientist Sara Lazar of Harvard University
and her colleagues. A 2005 paper in NeuroReport
noted that 20 experienced meditators showed increased
thickness in certain brain regions relative
to 15 subjects who did not meditate. In particular,
the prefrontal cortex and right anterior insula
were between four and eight thousandths of an
inch thicker in the meditators; the oldest of these
subjects boasted the greatest increase in thickness,
the reverse of the usual process of aging. Newberg
is now investigating whether meditation can alleviate
stress and sadness in cancer patients or expand
the cognitive capacities of people with early memory loss.



Artificially replicating meditative trances or
other spiritual states might be similarly beneficial
to the mind, brain and body. Beauregard and
others argue, for example, that such mystical
mimicry might improve immune system function,
stamp out depression or just provide a more
positive outlook on life. The changes could be
lasting and even transformative. “We could generate
a healthy, optimal brain template,” Paquette
says. “If someone has a bad brain, how
can they get a good brain? It’s really [a potential
way to] rewire our brain.” Religious faith also
has inherent worldly rewards, of course. It brings
contentment, and charitable works motivated by
such faith bring others happiness.



To be sure, people may differ in their proclivity
to spiritual awakening. After all, not everyone
finds God with the God helmet. Thus, scientists
may need to retrofit the technique to the patient.
And it is possible that some people’s brains will
simply resist succumbing to the divine.



Moreover, no matter what neural correlates
scientists may find, the results cannot prove or
disprove the existence of God. Although atheists
might argue that finding spirituality in the brain
implies that religion is nothing more than divine
delusion, the nuns were thrilled by their brain
scans for precisely the opposite reason: they
seemed to provide confirmation of God’s interactions
with them. After all, finding a cerebral
source for spiritual experiences could serve equally
well to identify the medium through which
God reaches out to humanity. Thus, the nuns’ forays
into the tubular brain scanner did not undermine
their faith. On the contrary, the science gave
them an even greater reason to believe.








--Originally published: Scientific American Mind 18(5), 38-45. (October/November 2007)








	
	    
Being in the Now

by Amishi P. Jha




Pulling into a parking spot at work, you realize you have no recollection of the drive that got you there. 
On reaching the bottom of a page in a book, you are
frustrated that you have failed to understand what
you just read. In conversation, you suddenly become
aware that you have no idea what the person speaking
to you has said.



These episodes are symptoms of a distracted
mind. You were thinking about a vacation while
reading a report or reliving a hurtful exchange with
a friend instead of paying attention to the road or
conversation. Whether the mind journeys to the future
or the past, whether the thoughts that whisked
you away were useful, pleasant or uncomfortable,
the consequences are the same. You missed the
present, the experience of the moment, as it was
unfolding. Your mind was hijacked into mental
time travel.



Distinct from deliberate daydreaming, our mind
gets offtrack in this fashion almost half the time, according
to studies in which people report by smartphone
what they are doing, feeling and thinking
throughout the day. Such mental meandering is tied
to negative mood. Chronic psychological stress, suffered
by millions, may be built on a mind consumed
by rumination, worry or fear about many topics.
This type of diffused and unstable focus impairs
performance, too. In moments that demand quick
decisions and action, the consequences of diverted
attention and perception could be deadly.



The opposite of a wandering mind is a mindful
one. Mindfulness is a mental mode of being engaged
in the present moment without evaluating or
emotionally reacting to it. Hundreds of articles lay
out evidence showing that training to become more
mindful reduces psychological stress and improves
both mental and physical health, alleviating depression,
anxiety, loneliness and chronic pain. More than 250
medical centers worldwide now offer mindfulness-based
therapies for mood and other disorders.



Now findings from my laboratory and others
have revealed a surprising mechanism for these benefits. 
Mindfulness training works, at least in part,
by strengthening the brain’s ability to pay attention.
Although video games and medication can also
sharpen focus, mindfulness training
uniquely builds the ability to direct attention at will
through the sea of internal and external stimulation
while also allowing for greater awareness of what is
happening in the moment. Whether research findings
in small groups of individuals can be scaled up
to society at large remains to be seen. Yet the overarching
message seems to be that the more people
engage in such training, the happier and healthier we all will be.



Salve for Sadness



For millennia Eastern cultures have proffered
various forms of what we now call mindfulness
meditation as a solution to the conundrum of human
suffering. Ancient texts detail precise training
exercises to cultivate attention to ongoing perceptual
experience rather than conceptual trains of
thought. People have been engaging in mindfulness
exercises ever since, claiming they improve mental
clarity and calm and even promote longevity.



One broad category, referred to as focused attention
practices, guides individuals to select a specific
sensation, tied to breathing, for example, on which
to focus. Instructions encourage the practitioner to
notice when his or her mind goes astray and simply
return attention back to his or her immediate sensations.
Another type, called receptive or open-monitoring
practices, coaches participants to watch what
enters, then drops out of, consciousness moment by
moment. Think of hearing the faint sound of a fire
truck siren in the distance. The sound becomes louder
as the truck approaches, then fainter again as it
passes. You may notice that initially the siren is part
of a vast sea of sounds, later that it is the most salient
sound, only to fade into the background again.
Thoughts, emotions and other sensations may similarly
grow and diminish as we remain in a watchful
monitoring mode. Many sages, beginning with Buddha
Siddhartha Gautama, have advocated repeated
engagement in these forms of meditation as a route
to increasing mindfulness in daily life.



It was not until the late 1970s that research on
mindfulness began to get traction in the psychological 
and medical sciences. At that time, biologist Jon
Kabat-Zinn of the University of Massachusetts
Medical School developed a secular outpatient program
called Mindfulness-Based Stress Reduction
(MBSR) that includes a manual for trainers. The
eight-week program emphasizes two aspects of attention:
the ability to voluntarily focus attention,
narrowing our thoughts to keep out distractions,
and to monitor ongoing thoughts, feelings 
and sensations—without getting caught up in them—a phenomenon
called meta-awareness. Working together,
focusing and monitoring prevent our mind from
wandering without our knowledge and escaping our control.



In the past decade researchers have established
that MBSR and similar techniques can be used to
successfully treat a wide variety of illnesses. In 2011
graduate student Jacob Piet and professor of psychology
Esben Hougaard of the University of Aarhus
in Denmark published a meta-analysis (quantitative
review) of six studies with a total of 593 patients,
who were given mindfulness-based cognitive
therapy to prevent relapse into depression. This
technique, developed by psychologist Zindel Segal
and his colleagues at the University of Toronto, is
modeled after MBSR but emphasizes the idea that
the negative thoughts that can spark a depressive
episode are fleeting mental events. Their transitory
nature means that patients can choose to attend to them or not.



After receiving mindfulness-based cognitive
therapy, patients often report noticing that the experience
of sadness fluctuates moment to moment
and that negative thoughts lose their power over
time. Indeed, Piet and Hougaard report that depressed
patients with three or more episodes of major
depression who undertook this cognitive mindfulness
training had significantly lower relapse rates
than those given the usual care or a placebo. Mindfulness
training in its various forms has similarly
helped alleviate suffering from psychological illnesses
such as anxiety, panic disorders and phobias.



Mindfulness exercises can ameliorate bodily ills
as well—most notably chronic pain. Because these
exercises can lessen psychological stress, they can
reduce the emotional contribution to pain, which is
often quite significant. In fact, one of MBSR’s first
clinical uses was for the treatment of chronic pain.
In 1985 Kabat-Zinn and his colleagues enrolled 90
patients with chronic pain in his eight-week program,
measuring their levels of pain, negative mood
and anxiety before and after their participation.
The researchers saw significant reductions in these
negative symptoms after the program ended but
found no beneficial changes in 21 patients who received
traditional treatment methods such as nerve
blocks, physical therapy and antidepressants. Strikingly,
the benefits from Kabat-Zinn’s exercises were
maintained for up to 15 months, and patients reported
continuing the exercises on their own.



Recent data suggest that mindfulness training
can also help with less severe, but still significant,
psychological issues such as job-related burnout in
medical professionals and teachers. Although the
training may not reduce the number of job-related
stressors, it helps to change a person’s relation to
these stressors and renew his or her sense of curiosity
and connection with patients or students.



Social stressors, such as loneliness in elders, can
also diminish with the practice of mindfulness. In
2012 psychologist J. David Creswell and his colleagues
at Carnegie Mellon University assigned 20
people between the ages of 55 and 85 to participate
in an MBSR course and another 20 such individuals
to receive no therapy. Creswell’s team found that
self-reported loneliness, as assessed by a questionnaire,
dropped among those receiving MBSR but
remained unchanged in the others. Loneliness is
not directly related to the number of social contacts
a person has. In fact, programs to increase social
engagement among older people do not necessarily
lessen their feelings of disconnectedness. Mindfulness
training may make loneliness less distressing
by helping people recognize that, although they feel
alone, their loneliness does not define them.



What is more, in Creswell’s study this psychological
improvement was accompanied by changes
in immune function. The mindfulness course reduced
blood levels of pro-inflammatory proteins,
suggesting that this training may also lower the risk
in older adults of inflammatory diseases such as lupus
and rheumatoid arthritis. Other studies indicate
that mindfulness training can relieve symptoms
of ailments that stress can exacerbate, including
psoriasis, dermatitis, fibromyalgia and irritable bowel disease.



Being mindful may even relate to a biological indicator
of longevity. In a study published in 2012
psychologist Elissa S. Epel and her colleagues at the
University of California, San Francisco, found that
people who have a greater propensity toward mind
wandering were found to have shorter caps, called
telomeres, at the ends of their chromosomes than
those whose minds were more often anchored in the
present. Shorter telomeres are associated with a
shorter life span for an organism. As a result, the
authors suggested in their paper that “a present attentional
state may promote a healthy biochemical
milieu and, in turn, cell longevity.”



Finding Focus



As mindfulness training was gaining traction as
a wellness-promotion and stress-reduction tool in
the early 2000s, I began to consider, from a cognitive
perspective, how it might work. As late as 2007
my field—cognitive neuroscience—had yet to weigh
in on what is happening in the brain when people
practice mindfulness. I wondered if my own expertise
on the brain bases of attention might be able to
fill the gaps in our understanding. After all, there
were striking parallels between current theories of
distinct brain systems supporting attention and accounts
from ancient texts describing practices to
cultivate calm focus and open, accepting curiosity
of events as they unfold.



Physician Michael Baime of the University of
Pennsylvania, psychologist Jason Krompinger, now
at Harvard Medical School, and I set out to investigate
this link by asking 34 medical and nursing students
to perform a test of visual attention. They had
to detect a target appearing at one of two locations
on a computer screen. Sometimes they were told
where and when the target would appear; other
times they were either alerted only to when it would
appear or given no warning at all. Then for eight
weeks, half the subjects engaged in mindfulness exercises
that required concentrated focus for 30 minutes
a day. When they took the test again, these volunteers
were 5 percent faster at responding during
the trials in which they were told both where and
when the target would appear, indicating that they
were better at directing their attention to the cued
location than the untrained participants, who
showed no improvement. The results were the first
hint that we were on the right track in linking mindfulness
training with a person’s ability to willfully
orient his or her attention in space.



We then separately tested the effects of the
open-monitoring approach on attention by recruiting
another 17 individuals with previous experience
in mindfulness training to participate in a one-month
intensive mindfulness retreat. The retreat included
receptive, open-monitoring practices in addition
to focusing exercises. At the end of the
month, the participants had improved their ability
to detect the target when there was no warning.
Their responses were 7 percent faster than other
groups receiving only concentrated exercises or no
training, suggesting that open-monitoring practices
tune bottom-up attention, making people more
aware of what is going on around them. Since this
study, experiments from various research teams
have found similar benefits on attention from these
two types of mindfulness exercises.



Mindfulness training can tune our ability to attend
to tactile as well as visual stimulation. In 2011
psychologist Catherine Kerr and her colleagues at
Harvard enrolled eight people in an eight-week
MBSR course, requiring 45 minutes of daily practice.
The researchers then flashed a word on a computer
screen denoting a body part—say, “hand” or
“foot”—that might soon be getting a light, barely
detectable tap. While the participants watched the
words and felt the taps, Kerr and her colleagues
measured ongoing seven- to 10-hertz magnetic signals
at the scalp from neurons representing the
hand in the somatosensory cortex, a region of the
brain that registers sensations from various body
parts. Among the participants who took the course,
but not in eight untrained individuals, the researchers
saw greater signal power in the hand area of the
brain after seeing “hand” compared with “foot,”
reflecting an increased readiness of neurons to fire,
a brain signature of attention. This anticipatory activity,
before the hand was tapped, suggests that
MBSR tunes people’s ability to generate high-resolution
representations of their hand or other body
parts at will, sharpening body awareness.



These results may help explain how MBSR may
alleviate the psychological impact of chronic pain.
If a person can willfully direct attention to specific
body parts that are experiencing pain, he or she
may notice subtle fluctuations in sensations at those
locations, to the point where the idea of pain as a
monolithic “thing” may fall apart into ever changing
sensations. As a result, the pain may become
less distressing. Similar mechanisms tied to attention
may be at play for psychological and social
stressors. In these cases, present-moment focus and
monitoring of sadness, say, or loneliness, may help
minimize the perceived significance of these forms of suffering.



Recently my colleagues and I have connected
mindfulness training to both a sharpening of focus
and improved mood. In a study published in 2010
we tested 51 U.S. marines, 34 of whom engaged in
mindfulness exercises involving focused attention
developed by Elizabeth A. Stanley, a professor of security
studies at Georgetown University. We asked
marines to remember letters that appeared on a
computer screen before and after simple math problems,
which they were supposed to solve. This task
assessed their working memory, the ability to hold
and manipulate selected information over a few to
several seconds. Working memory, akin to a mental
white board, works hand in hand with attention,
which puts the information onto the board and
keeps distractions off of it.



People with higher working memory capacity—think of a bigger whiteboard—are better able to regulate
mood and prevent their minds from getting
offtrack. Unfortunately, working memory capacity
shrinks under stress, which marines experience as
they prepare for military deployment. Indeed, we
found that marines who did not receive mindfulness
training had lower working memory capacity, more
itinerant minds and worse mood at the end of the
eight weeks than they did when the study began.
Marines who engaged in mindfulness exercises for
12 minutes or more every day, however, kept their
working memory capacity, focus and mood stable
over the eight weeks. The more an individual practiced,
the better he or she fared, with those who
practiced the most showing improvements in memory
and mood by the end of the study. These results
are in line with other findings that suggest that better
control of attention is the most effective way to regulate mood.



Several groups of researchers have found that
these improvements in performance correspond to
tractable changes in brain structure and function.
In the brain, a network of regions, including certain
sections of the prefrontal and parietal cortex (at the
front and top surface of the brain), support voluntary
or top-down selective attention. Meanwhile
other parts of the prefrontal and parietal cortex, together
with the insula, form a network that monitors
what is happening in a bottom-up fashion. In
2012 neuroscientist Eileen Luders and her colleagues
at the University of California, Los Angeles,
reported that certain parts of this bottom-up network—prominently the insula—are more intricately
and tightly folded in people who have engaged in
mindfulness training for an average of 20 years
compared with otherwise similar untrained individuals.
The additional folds are very likely to indicate
more efficient communication among neurons
in these regions, which may underpin better bottom-up attention.



Cultivating Consciousness



Attention is almost certainly not the only way
mindfulness training works. Mindfulness techniques
are most likely to alter and strengthen many
other brain networks and processes. Several studies
suggest, for example, that such exercises shift the
mind from a narrative mode of viewing the self, in
which the central character in the story is you, to a
more experiential view, in which you observe the
unfolding of your thoughts, feelings and sensations
over time. Other studies indicate that emotional
changes or the calming of stress-induced physiological
symptoms may drive psychological improvements.
Whether better attention relates to these
other suggested mechanisms is not yet clear.



Whatever the mechanism, efforts to become
more mindful could make a considerable dent in human
suffering. Working mindfulness practices into
your daily routine can bring benefits similar to
those of physical exercise. As an antidote to an ambling
mind, negative mood and stress, such mental
workouts can help virtually everyone live a happier,
healthier and more fulfilled life. Students or athletes
who want to boost their performance, for example,
and parents, teachers or caregivers wishing to be
more attentive to others’ needs may all find mindfulness
training useful. Such training may be particularly
essential, however, for people such as soldiers,
surgeons and air traffic controllers whose
ability to control and monitor their attention may
be a matter of life or death.



As we learn to grab a hold of our own attention,
we gain control of our own happiness and health. Perhaps
the time is now for us all to consider cultivating
greater awareness of our moment-to-moment experiences
and the contents of our consciousness.











Capturing Attention



Mindfulness, a focus on the present moment without
judgment, has proven benefits for health and
happiness. Engaging in daily mindfulness workouts
can help you assume this mental mode more often in
your daily life. The following 10- to 15-minute mindfulness
exercise is designed to train two types of attention: concentrative
focus, a narrowing of your attention, and open monitoring,
a broad awareness of sensations and surroundings.




Here’s what to do:




>> Sit in an upright, stable position, hands resting on your
thighs or cradled together.



>> Lower or close your eyes, whichever is more comfortable
for you.



>> Attend to your breath, following its movement throughout
your body.



>> Notice the sensations around your belly as air flows into
and out of your nose or mouth. You have been breathing
all day—all of your life—and in this moment, you are
simply noticing your breath.



>> Select one area of your body affected by your breathing
and focus your attention there. Control your focus, not
the breathing itself.



>> When you notice your mind wandering—and it will—bring
your attention back to your breath.



>> After five to 10 minutes, switch from focusing to monitoring.
Think of your mind as a vast open sky and your
thoughts, feelings and sensations as passing clouds.



>> Feel your whole body move with your breath. Be receptive
to your sensations, noticing what arises in the moment.
Be attentive to the changing quality of experience—sounds, aromas, the caress of a breeze ... thoughts.



>> After about five more minutes, lift your gaze or open your
eyes.




—Scott Rogers, director of Programs and Training,

Mindfulness Research and Practice Initiative, University of Miami











--Originally published: Scientific American Mind 24(1), 26-33. (March/April 2013)
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