WHY GOD WON'T
GO AWAY

Brain Science
and the Biology of Belief

ANDREW NEWBERG, M.D.
EUGENE D’AQUILI, M.D., Ph.D.

and VINCE RAUSE

BALLANTINE BOOKS » NEW YORK




; 1001 by As s 1
Entloone he D 2002 | 1 M
4 E
Al FOLS Fese

of The Random House Py

of Random House, Inc., New York, and 15l i da
by Random House of Canada Limited, T
Grateful acknowledgment 1s made to the foll g for
previously published
Harcourt, I “Foomote 1o All Praver
Copyright © 194 by the Executors of tf i
(992 by C. 5. Lewis Pre Lid. Reprinted by .
| MceGraw-Hill T P " fig i ’ "
yrd editior Kandel and Schwartz. 199 J f
The McGraw-Hill Ce na

New World Library: ¢ xcerpts from Fhe Myine Hea W Teasdale
|.|||'1.'|.;"'.' 1999 by Wavne Te asdale Hl-rur,|;-;,- by permis f Mew Waorld

I
Library, MNovat

o, CA, www. newworldlibrar O

Random House, Inc.: excerpts from A Histor y of God by Karen Armstrong,

L opy ||;;|||:-. ) 1991 by Karen l"l-r'ﬂl'-!l'-.ll'.','_ E.{L;-,““.I d b PECMIssion o
Alfred A Knopl, a division of Random House, [

Ballantine and colophon arc trademarks of Random House, Ind
www.ballantinebooks.con
lustranons by Judith Cummis

A Library of ongress Catalog Control Number .

PUDIsShEr woan feqguesn

ISBN 0-M45-44034.X
Manufactured in the United Stares of Amenca

First Trade Edition: Apnil 2002

dlifoa

First Edition: April 200

I_’|41ﬁ]hw1‘|-'u|'l1l




CONTENTS

1. A Photograph of God?: An Introduction to the Biology
of Belief

2. Brain Machinery: The Science of Perception

3. Brain Architecture: How the Brain Makes the Mind

4. Myth-making: The Compulsion to Create Stories

and Beliefs

Ritual: The Physical Manifestation of Meaning

Mysticism: The Biology of Transcendence

. The Origins of Religion: The Persistence of a Good Idea

Realer Than Real: The Mind in Search of Absolutes

9. Why God Won't Go Away: The Metaphor of God
and the Mythology of Science
Epilughc: So Just What Is Neurotheology Anyway?

FKZ‘-JJ\U'I

Notes

References

About the Authors
Index

11
35

54
77
98
128
142

157
173




i

BRAIN MACHINERY

The Science of Perception

In the early 1980s, scientists at a leading university robotics center
watched as their newly created robot trundled from one end of its
universe to the other in jittery fits and starts. That “universe” was
no more than twenty feet across, consisting entirely of a cluttered
basement storage room in a university building. Yet this was the
only world that the robot’s programming enabled it to know.

The robot itself—an ungainly stack of computer processing
units bolted to a rolling metal frame—was a rather homely traveler.
It had been built for smarts, not beauty, and its powerful computer
brain had been loaded with specially written software designed to
help it “think™ its way across the room. The robot had also been
equipped with a rudimentary sense of vision, supplied by a video
camera bolted to its metal frame, which would feed its digital brain
with the “sensory” input needed to complete the trip successfully.

The robot’s objectives, as assigned by the scientists, were simple:
to use its robotic vision to navigate safely through the crowded
room, find the door leading to the hallway, and swing the big door
open. The casual observer might find this an unworthy challenge
for such an advanced machine, but the scientists knew the mission
would stretch the robot’s computational powers to the limit. They
hoped the experiment would tell them important things about the
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ability of artificial intelligence systems to perceive and interact
with their surroundings while on the move.

In this experiment, movement was the issuc, and the demands
it placed upon the robot’s computerized brain were apparent in

the intense effort the robot poured into every painstaking step:
even the slightest forward motion was preceded by an agonizingly
prolonged analytical pause—the challenge of sidestepping a desk,
tor example, might delay the robot for hours.

To understand why the robot’s progress was so excruciatingly

slow, we have to understand the primitive fashion in which it
perceived its surroundings. The robot's only source of information
about the landscape that it was trying to traverse came in the form
of the visual images fed to its computers by the video camera
bolted to its frame. The robot depended upon these visual images
to onent itself to the surrounding world, but each time the robot
inched forward those images subtly changed: angles and distances
shifted, shadows seemed to drift, some objects seemed closer, while
others secemed farther away.

The room was not physically changing, of course; what changed
was the robot’s physical relationship to each item in the room.
Each time the robot moved forward, it saw a different picture of its
world. These pictures were different in very subtle degrees, but
those subde differences were enough to bring the brainy machine
to a standstill. Its processors lacked the computational power, and
its software lacked the complexity, to understand that the world
portrayed in the later sets of images was nothing more than a
slightly altered version of the world it had seen before.

As far as the robot was concerned, any change meant total
change, and each new image was showing him a completely new
and different universe. Experience from the *old” world did not
carry over into the new one—reality, for the robot, did not flow
continuously from one moment to the next—so each new visual
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image represented an entirely new reality that had to be fathomed
from scratch.

This processing placed a staggering load upon the robot’s digi-
tal brain, and as a result, its forward progress was torturously slow.
Finally, some ten hours after it embarked, it made its way to the
door that was its destination, grasped the metal lever in a crude ro-
botic claw, and slowly tugged the door open.

The completion of the journey triggered a short celebration
among lab staffers. Afterward, the robot was rolled back to its
starting point and instructed to repeat the trip. Dutifully, the robot
began another painfully slow trudge across the storeroom, and
after many hours of hard work, it once again stood at its destina-
tion. But as its cameras scanned the door, and its computer brain
compared the resulting images to the visual template stored in its
memory circuits, the robot’s progress ground to a shuddering halt
Someone had pressed short strips of plastic tape onto the door 10
form a small black X. The X changed everything. The robot knew
nothing of doors with Xs. Nothing in its silicon-based sensibilities
hinted that a door might be marked with an X and still be con-
sidered a door. Because of the X, the door’s “doorness,” for the
robot, had dissolved, and the robot saw no choice but to turn away

and continue its search elsewhere.

The experiment just described happened nearly twenty years ago,
when the age of high technology was first gathering steam, and the
promise of artificial intelligence was just beginning to be enthusias-
tically explored. Since then, generations of new computers have
been created, each with successively larger memory banks, faster
processing speeds, and more impressive number-crunching capa-
bilities. Marvels such as voice recognition and virtual reality have
become commonplace, and our fastest computers can solve more
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mathematical equations in a heartbeat than Newton could have
worked out in five lifetimes

Despite two decades of dramatic technological advances, how
ever, even the fastest and most powertul aruhcial intelligence svs
tems stll lack the ability to create as smooth and fluid a rendition
of reality as the brain. And when these machines are asked 1o
process intormation in a way that would allow a robot to move
purposefully across a room, even the best of them are easilv out
performed by a toddler, a cat, or a hamstes

These shortcomings of artificial intelligence systems are, of
course, no reflection upon the brilliance of scientists working to
create smart machines. They do, however, illustrate how difficult

it 1s to weave billions of bits of disembodied data into a v

d'uﬂ-llﬂll.'. Liul.'ah]:.' rcnditlutl of a “world”™ w ithin which
vidual organism can safely and productively move about. Yet this
15 exactly the feat that even the humblest living creatures must
constantly accomplish. It is, in fact, a fundamental requirement
of survival: Organisms must tirelessly process a torrent of con
stantly shifting sensory data. They must sort it, process it, weave
it into some useful rendition of reality, and then move about freely
within that reality in ways that best enhance their chances of
survival,

In basic terms, an animal’s survival depends upon its ability to
negotiate its environment in order to have the best chance of find-
ing mates and food, while keeping low its chances of falling off a
cliff or blundering into the path of a hungry predator. The easily

disoriented robot mentoned above

would fail spectacularly ar all
lhf&{' tasks. 1f it w

cre an edible living thing, it would be casily
preyed upon. Monkeys, rabbits, mice,
creatures that can swiftly
dangers and :

and indeed any other mobile
perceive and react to the ever-shifting
opportumties that fill the world around them would
survive ]Ungr.

I'he most |I||4c|l1,n reason that ][I'I,'ini_: lhing: are t'-l|‘|.'lMl: of such re-
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BRAIN MACHINERY

markable sensory processing, while cutting-edge computers are
not, is that their intricate neural networks, which interpret sensory
input, were not logically engineered in top-down fashion by scien-
tists. These organic, internal networks were assembled, neuron by
neuron and from the bottom up, over millions of years of evolu-
tionary trial and error.! Shaped by the immediate and specific prob-
lems of survival, over countless generations of genetic fine-tuning,
these neural networks developed to levels of complexity and ele-
gant integration that even the most brilliant software engineers can
only dream of approaching. The goal of every living brain, no
matter what its level of neurological sophistication, from the tiny
knots of nerve cells that govern insect behavior on up to the intri-
cate complexity of the human neocortex, has been to enhance the
organism’s chances of survival by reacting to raw sensory dara and
translating it into a negotiable rendition of a world.

In all living things, the basic unit upon which brains rely to
accomplish their function—the nerve cell—is very similar® The
neural systems of even the most primitive creatures operate ac-
cording to the same basic principles of chemical stimulation and
electrical conduction that propel human neurobiology. A simple
flat worm,! for example, may have only a few hundred nerve cells
in its entire anatomy, but the process by which this rudimentary
neural network guides the worm's simple repertoire of behaviors—
nourishing itself, reproducing, and avoiding potential danger—is
the same process that, when elaborated and multiplied into the stag-
gering intricacy of the human brain, powered Einstein's legendary
thought experiments and created the poetry of Shakespeare.

The expansive neurological distance between the human brain
and the nervous system of a worm is difficult to measure, but it
is not infinite. The difference is primarily a matter of complexity.
Neurologically speaking, in fact, complexity is primarily what sepa-
rates the worm from the toad, the toad from the chimp, and the
chimp from, say, Stephen Hawking.
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The evolution of animal brains is generally marked by an increase
in complexity.* The result of this complexity has been to provide
organisms with the ability to perceive their environment with ever-
increasing precision, and to react to that environment with a more
versatile, more effective range of adaptive responses. In primitive
organisms like the worm, nervous systems are comprised of a
simple string of nerve cells, which provide only the coarsest inter-
pretation of reality, allowing only crude approach/avoid reactions.

As you trace the evolution of species, however, those neural
strings become longer and more intricate. They begin to loop and
tangle. Elaborate neural nerworks evolve, and as nerve cells in-
crease in number, first by millions, then by billions, they begin to
cluster into highly specialized structures that allow ever more so-
phisticated processing of sensory information. Eventually, con-
necting circuits develop among these structures, which allow them
to share and integrate information to produce rich, multilayered
perceptions of the environment and highly efficient ways of adapt-
ing to it.

The billowing complexity that characterizes the evolution of
neurological systems reaches its fullest point so far in the elegant
engineering of the human brain. By virtue of its highly developed
| neural architecture, the brain provides human beings with a multi-
*I sensory and multiperceptual understanding of the world around
: them. It also cnables a vast repertoire of sophisticated behaviors
with which to react 1o the threats and opportunities that the envi-
ronment presents.

y Humans have the capacity to anticipate good and bad situa-
Wﬂﬂtmtrywmmopﬁmllmﬂ:.ﬂmks to their big,
complex brains, early humans learned to store food for the future,
plant crops, and dig wells. To better their chances of survival, they
banded W‘h“ into tribes and clans and developed ways of com-
municating, which allowed them to hunt, share resources, and de-
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\
fend themselves more efficiently. As their societies evolved, hu-
mans found more and more sophisticated ways to gain control
over their environment in the form of cities, nations, governments,
religions, culture, technologies, and eventually science.

The brain's functions that have allowed humans to accomplish
these achievements are variously described as: creativity, genius, in-
sight, and inspiration. But none of these quintessentially human
accomplishments would have been possible without the brain's
ability to generate rich, effective, and meaningful perceptions of
the world.

BRAIN MACHINERY

The average human brain weighs about three and a half pounds.
It's roughly the size of a large head of cauliflower, and resembles,
in color and consistency, a generous blob of extra-firm tofu. Small
ligaments help moor the brain to the walls of the bony skull, and a
thin layer of fluid provides a cushion between the skull and the
brain's convoluted outer surface. Those distincuve convolutions
are the clustered contours of the various individual structures that
make up the brain’s conglomerate structure. Each of these struc-
tures has a set of highly specialized functions, but each also coop-
erates with the rest of the brain as a whole in complex and elegant
ways, giving it the ability to channel, interpret, and respond to the
rush of information flooding the body’s neural pathways.

There are two basic ways to determine the function of any
given brain structure. The first involves the study of brains damaged
in some way, most often, by a tumor, trauma, or stroke. By corre-
lating the damaged arca with the corresponding loss of function,
for example, scientists have learned that damage to the occipital
lobe results in the impairment of vision, and that damage to the
temporal lobe can affect the ability to speak.

A second way of determining the functions of the brain is
through the study of brain images obtained while subjects perform
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WHY GOD WON'T GO AWAY

specific behaviors or tasks. These are called activation studies and
show which areas of the brain are activated when a certain behavior
is performed.

It is beyond the scope and purpose of this book to provide an
exhaustive anatomical study of the brain. In order to understand
the relationship between the brain and spirituality, however, it’s
important to have an understanding of basic brain functions. With
that purpose in mind, we have focused on the individual brain
structures we believe are most pertinent to the phenomenon of
spiritual experience. Some of these structures are involved in the
generation of emotional and neurobiological states and will be dis-
cussed in the following chapter. In this chapter, we will focus on
the cerebral cortex, often considered the scat of our human nature.
The cerebral cortex performs most of the brain’s higher cogni-
tive functions, and its various processing centers, or association
areas, assemble the streams of neural impulses into the meaningful
perceptions with which the brain makes sense of the world.

In all our discussions, we have made an effort to use terms and
descriptions that will be accessible to a nonprofessional audience.
These will not necessarily be the terms that neuroscientists would
use. Furthermore, some of our discussions are based upon empiri-
cal fact and others upon hypothesis. We will strive 1o make a clear
distinction between the two. All of our comments, however, whether
factual or theoretical, are based on solid scientific research. Inter-
ested readers will find references to this background informarion in
the notes section at the end of the book.

WHAT MAKES US HUMAN:
THE CEREBRAL CORTEX

Most of the human brain is contained in the familiar folds of the
cerebral cortex, where all high-order cognitive functions occur.
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BRAIN MACHINERY

Figure 2.1: A view of the brain from the side (the front of the brain is
to the left).

The vast majority of the cerebral cortex is referred to as the neo-
cortex, because it is the most recently evolved region of the brain.
The evolution of this “new cortex” gave us the cerebral intelligence
that separates humans so decisively from other animals and enables
us to create language, art, myth, and culture.

The cortex is connected to the body by more primitive “sub-
cortical” structures that regulate basic life-support systems, the
actvity of hormones, and primal emotions. The subcortical struc-
tures connect the neocortex to the brain stem, which in turn con-
nects the brain to the spinal cord and the biological processes of the
body (see Figure 2.1).* So the cercbral cortex is also an important
center of sensory and motor control. It is where mind and body
come together and create our self-image and our view of the world.

The cercbral cortex is divided into the left and right hemi-
spheres, and each hemisphere is further divided into four large

"
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structiures known as lobes

see Figures 2.1 and 2.2). The temporal
;"l"-‘- |i'"£-'![t'41 !:11|1',; the sides of the l'u.ni. 15 associated with |.lr|-
guage and con rpr1|.h| r|1rr1|-nn-,;; the occ i|\|r.|i lobe, at the back of the

head, with vision; the parictal lobe, which sits beneath the crown of

the skull is home to sensory perception, \ isual-spanial tasks, and
body orentation; and the frontal lobe, situated directly behind the
torehead, is associated with attention and initiating muscle actvity.
The two hemispheres of the brain are similar in appcarance
nction. For example, the left hemisphere re-
cewves and analyzes sens

and, 10 some extent. fu

ations from the right side of the body and
Boverns right-side motor activity, while the right hemisphere does

the same for the |H|Jj.':~ lefr side. Both |'11-n|.|w.}1!mr._~\ also contain
centers lor processing !Jn'nl‘.l-lp:u.. which, when working in concert.

Bive us the power of expressive verbal communication

At the same time, however, there are important differences in
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the attention association area is involved with processing and control of emotion in association with the limbic system.
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This is one of Niels Bohr's mistaken  interpretations of quantum mechanics.
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A key insight!  Neither science nor religion "own" exclusive right to interpretation, but together, they provide an enriched understanding of the universe and the mystery of life.
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