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Introduction

The continual revolution of the scientific age has revealed
time and time again that our intuitions regarding the natural
world  are  too  often  too  simple,  and  as  one  marvels  at  the
wondrous  complexity  that  is  revealed  by  the  avenues  of
discovery  which  have  sprung  up  to  replace  them,  these
ultimately  betray  the  utter  failures  of  the  primal,  intuitive
imagination.  

At the dawn of the 21st century the products of the last
several  hundred  years'  studies  in  nearly  every  subject
constitute the surest known ways to boggle the mind and to
embarrass  its  previous  misapprehensions  of  fact.   The
orientation  and  span  of  the  cosmos,  the  origins  of  life,  the
causes  of  disease,  the  fundamental  forces  at  work  in  the
universe,  these  are  all  things  about  which  the  primitive
peoples  of  the  world  can  now  be  seen  to  have  been  quite
wrong at a very fundamental level.

I invite the reader to consider the possibility that while
the mind certainly does fall  in that  category,  we cannot yet
count  it  among  the  things  which  we  do  truly  understand
today, and that while the other sciences have gone from basic
atomism to quantum mechanics, from 4 elements to 118 and
counting, psychology remains perched on the brink of its own
marvelous flight into the future.



INTRODUCTION

It is my belief and conviction that today's psychologists,
as  well  as  those  who  deal  with  psychological  matters  and
issues such as psychiatrists and social workers, are currently
operating  with  a  significantly  limited  set  of  tools  for
contending with the problems of the mind and its functions,
and while its true that some are able to achieve a notable level
of success in the amelioration of these they do so with limited
precision  and  with  limited  means  of  understanding  the
underlying dynamics.

Our study of the brain, meanwhile, has certainly risen to
marvelous  heights,  and  new  methods  and  research  have
uncovered wonder  after  wonder  as  we  have looked deeper
into  our  inner  workings.   And  yet  the  weight  of  these
discoveries  has  not  thus  far  matriculated appropriately  into
the  basic  psychological  understanding  nor,  surely,  into  the
curriculum from which we instruct the next generation.

Still,  it  is  inevitable  now,  as  that  weight  continues  to
accumulate, that this discrepancy will eventually have to be
resolved to conform to the facts as we now know them.

In  this  book  I  will  attempt  to  aid  that  transition  by
submitting a new account of the mind's mechanics, drawing
from  several  components  and  theories  based  in  other
disciplines,  primarily  neuroscience  and  general  human
biology, after which I will  contribute a series of conclusions
which  I  think  are  logically  necessitated  by  the  facts  of  the
matter as they currently appear.

x



INTRODUCTION

With this work I hope to resolve a number of the popular
confounds by which modern psychology is confronted, and to
impart  both  a  means  for  the  summary  and  clarification  of
subconscious operations, as well as a new conceptual view of
the mind and its behaviors.

There  is  much in this  book that  will  consist  mainly of
thought experiments and reasoned conjecture.  The nature of
most modern biological and behavioral research is that it often
requires significant funds and staff to which I simply do not
have access at this time.  I will nevertheless make every effort
to  balance  this  reasoning  with  descriptions  of  established
scientific fact, and despite my better wishes I will, for now at
least, leave scientific claims to the working scientists.

I  therefore consider  this  a  work of  natural  philosophy,
more  in  line  with  traditional  empirical,  observational,  and
analytical methodology than purely experimental science, and
it owes quite a lot to those whose work has helped to discover
and  to  inform  the  facts  upon  which  I  have  based  my
assumptions.

I  hope at  best for this  book to allow people to look at
these things in a different way, and that this new perspective
will refresh the exploration of some of the vexed questions of
mental  analysis  and  will  renew  the  consideration  and  the
exploration of these topics at large.

I hope at least that it makes for good reading.
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ONE

Complexity

THE AMOUNT OF INFORMATION contained  within  the  world
around  us  is  unbelievably  complex.   And,  as  it  happens,
potentially infinite.

In the context of human experience it could seem absurd
to assert this, baffled as any of us can be in the face of the wide
night sky or the briefest entertainment of its study over the last
five centuries, or perhaps at least useless or irrelevant, being
that  very little  going on in any of the billions of  billions of
galaxies around the universe are likely to interfere with one's
morning coffee.  But you'll notice that I didn't just say “in the
universe”.

And we need not try to imagine what 7 billion people
would look like all  in one place or how many elephants or
Empire  State  Buildings  it  would  take  to  encircle  the  globe
either, as we often do when we think of the complexity of our
planet, because I didn't just say “in the world” either.

When we  think  of  truly  massive  complexity,  we  often
come up with images like the ones above; trying to make a
loose  account  for  the  size  and  constituent  parts  of  our
expanding universe, or considering infinities by trying to wrap
our minds around the prospect of counting until  the end of
time and then forgetting to stop.
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But  throughout  our  history,  as  the  wide  lenses  of  our
telescopes drew our eyes out to the cosmic horizon, we have
also come to discover the microcosmic frontiers, and we have
found that this complexity is not solely represented by the vast
reaches of space and baffling quantities of matter.

In 1665, the English polymath Robert Hooke produced a
truly monumental book, the auspicious first publication of the
newly  formed Royal  Society,  entitled  Micrographia:  or,  Some
physiological  descriptions  of  minute  bodies  made  by  magnifying
glasses.   It  contained  astounding  and  minutely  detailed
depictions of common and familiar animals and objects; fleas,
gnats, lice, flies, needles, razors, and various plants, all thrust
into  magnificence  by  the  lenses  of  his  latest  obsession--  a
scientific novelty at the time called the microscope.
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This  work,  along  with  these  and  other  astonishing
images,  not  only  produced  the  world's  first  scientific  best-
seller  and  introduced  the  concept  of  the  biological  cell,
achievements on their own to be sure, but they also revealed
for the first time that even the tiniest of things can be vastly
complicated, in genuinely undreamt-of ways.

 Under Hooke's technologically-enhanced gaze, it could
be seen that sheer razor blades were in fact craggy and jagged,
that the bodies and legs of insects were covered in tiny little
hairs, and that the eyes of a dronefly, a creature only fifteen
millimeters  in  length,  were  made  up  of  hundreds  and
hundreds of smaller eyes working together.

These observations made the most banal and even pesky
things available for true fascination, and they single-handedly
redefined the most reasonable and casual assessments of what
there was to be known about the world in which we live.

3
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By 1859, the German biologist Ernst Haeckel was using a
more  advanced  version  of  the  same  equipment  to  study
radiolarians  and  other  protists,  drawing  and  describing
hundreds of new species which he observed in single drops of
seawater.

A gifted  artist  as  well  as  an  avid  naturalist,  Haeckel
produced page after page, and plate after plate, demonstrating
the marvelous capacity of nature's ingenuity even on the level
of single cells.  The body of work he left behind, apart from
being the  easiest  way to  get  anyone  who  is  even remotely
curious at heart sat squarely in front of a science book for a
while,  illustrates  not  only  the  complexity  of  which  the
organism as an individual  is  capable,  but also the splendor
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and variety of life as a whole.

The development of this body of knowledge, from Hooke
through  Haeckel  all  the  way  up  to  today's  x-ray
crystallography and electron microscopy, which allow grains
of pollen, even DNA strands and individual molecules, to be
rendered with unimaginable fidelity,  has been paralleled by
other branches of science as well.

Physicists and mathematicians have discovered the most
mind-bending  facts  about  concepts  that  seem  to  be  rather
simple.   Concepts  like  motion,  mass,  space,  composition  of
matter,  infinity;  all  of  these  and hundreds  more  have  been
revisited  and  revised  time  and  time  again  throughout  the
centuries, and have each time relinquished greater secrets and
marvels.

One  of  these  was  discovered  in  1978  by  the  French
scientist  and geometer  Benoit  Mandelbrot,  who was  able  to
demonstrate  that  even  an  infinite  amount  of  data  can  be
bound  within  a  finite  space.   With  the  help  of  computer
imaging, he was able to generate his eponymous Mandelbrot
set, an object which is, put simply, a portrait of infinity. 

An eternity is truly not enough time so see the entire thing
because, although it  has a finite perimeter,  however far you
zoom in upon any part of it you wish, you are presented with
pattern after pattern after pattern, branching and bifurcating
again and again, until you eventually get to...

another Mandelbrot set.
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And another, and another, and another...
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What  arises  from  these  considerations  is  this:  that  the
world  and  the  mechanics  by  which  it  functions  have  been
roundly  and  thoroughly  revealed  to  be  fantastically,
astoundingly,  and incomprehensibly  complex,  both  in  ways
that are familiar and accessible to us, and also in ways that
give us headaches and make us wonder if we're properly able
to understand the languages we've grown up speaking.

But  as  alien  and  even  startling  as  the  findings  and
considerations above may seem, the longer that I regard them
and the more that I survey the mass of information of which
the  world  at  any  glance  is  comprised,  the  more  startled  I
become not only by the complexity of the things revealed but
at once by the banality of the things first suggested.

I find myself asking a peculiar question-- if the world is
indeed so emphatically the way that it is, how is it that we, if
left unbothered by scientific papers and descriptions of their
findings, manage to see the world as we do on a regular day? 

How is it  that simplicity itself  arises from this mass of
complexity?

7





TWO

The Brain

HUMANITY AND OUR OWN inner  workings  have  by  no  means
been immune to this growth in understanding, and some of
our most astonishing discoveries throughout this process have
come from our study of the nervous system and, especially,
that mysterious organ we call the brain.

Any understanding of the mind and any assessment of
its functions and capabilities as an information processing unit
must begin with this small, unassuming, three pound mass of
squiggly,  gelatinous,  grey and white matter,  along with two
basic precepts.

First,  that  the mind and its  activities,  our feelings,  our
thoughts and ideas,  our drives and urges, our experiences and
memories, all begin and end with this brain and its variations,
and second, that the brain's architecture and its behaviors are
the product of a number of diverse factors; the genes that code
for its proteins, the prenatal circumstances in which it initially
formed, and of course its environment, both developmentally
speaking and in a more immediate sense.

These may seem to be fairly pedestrian considerations,
and ones that few modern people would have any difficulty
conceding.  But this has not always been the case, and in the
approximately two hundred and fifty thousand year history of
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the human species, it was some time before anyone was sure
that the brain had anything to do with it at all.

The earliest mention of the brain in the medical literature
comes from a remarkable Ancient Egyptian text from the 16th
century BCE, referred to as the Edwin Smith Surgical Papyrus.
It is known that this text is a copy and its source is believed to
be somewhat older, though opinions differ as to the date and
authorship of the original.

The text deals with 48 typical cases of various kinds of
trauma, mostly consistent with those incurred by soldiers in
battle,  and their  treatments.   Despite  the  inclusion  of  eight
magic spells and incantations to be used as a final means of
treatment,  the  manuscript  is  renowned for  its  practical  and
rational  approach  to  medicine,  particularly  when compared
with other medical texts of the time, and it contains the first
recorded use of the word “brain” in any language.

Not only does it describe damage to the
brain and spinal chord, but it goes so far as
to correlate paralysis on specific sides of the

body with damage to certain areas of the skull, meaning that it
was clear to this anonymous surgeon, at least to some degree,
that the brain is specialized in function.

Still, however, these were humble beginnings.  The most
sophisticated  means  of  treatment  at  the  time  consisted  of
immobilization of the head, or if one was lucky (and prone to
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headaches), a procedure called trepanation in which a hole is
cut  or  scraped  through  the  skull  and  left  open  to  relieve
pressure.

At this time Egyptian medicine and that of the world at
large still  held that the heart,  not the brain,  was the seat of
consciousness, emotion, and intelligence.  This belief persisted
throughout the world up until the time of the Ancient Greeks,
and even among these, there was significant debate.

Aristotle, for example, believed that the brain's purpose
was  to  cool  the  blood  as  it  left  the  heart,  and  while  he
recognized that the larger brains of humans were responsible
for  our  greater  capacity  for  reason  in  contrast  to  the  other
animals,  he  thought  that  this  was  due to  the  larger  organ's
greater cooling powers.

In  the  century  preceding  him  a  Pythagorean  called
Alcmaeon of Croton had asserted that the brain was the seat of
the mind,  and used surgical  methods of  experimentation to
develop the link between the senses (particularly vision) and
the  brain.  This  laid  the  foundation  for  Hippocrates,  a
contemporary of Aristotle and the father of Western medicine,
as well as those after him, to investigate the brain's anatomy
and to solidify the earliest murmurings of the conclusion that
would come to be known today by the central tenet of modern
neuropsychology, that “the mind is what the brain does”.

At this point, however, it was still far from clear exactly
what it  is  that the brain does.   All  the way up through the
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Renaissance  and  on  to  the  late  Victorian  age,  despite
contributions from the likes of Galen, Averroes, Maimonides,
Andreas  Vesalius,  René Descartes,  some  of  the  foremost
thinkers and scholars of their times, humanity at large could
maintain only the loosest grasp on the inner workings of this
magnificent machine.

One  of  the  major  keys  was  discovered  in  1771  by  an
Italian  physician,  physicist,  and  philosopher  named  Luigi
Galvani.  The legend goes that Galvani and an assistant had
been experimenting with static electricity by rubbing the skin
of dissected frogs, and that one of the frogs' legs were lying,
flayed open, on the table they had used.  The assistant was
using a metal scalpel that had acquired a static charge during
their  experiments,  and  he  touched  an  exposed  nerve,
whereupon there  was  a  spark  and,  astoundingly,  the  frog's
legs gave a massive kick.

With that, Galvani and his assistant had made the first of
many  observations
concerning  bioelectricity,
and they had realized that
electricity was the natural
force  that  underlay  what
had  been  known  to
ancient  philosophers  only
as “animation”. 

12
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 This discovery was critical in that it localized activity in
muscles and nerves, as opposed to discussing it as a kind of
diffuse,  elusive,  all-pervading  effervescence,  and  it
demonstrated that “life”, in the biological sense of movement
and activity, is far more mechanical than magical.

By the late 1800s,  the nervous system had fallen under
the gaze of Hooke's old friend, the microscope, and a German
anatomist named Heinrich von Waldeyer-Hartz had coined a
new  term  to  identify  its  tiny,  bulbous,  branching  cells:
“neurons”.

But  it  wasn't  until  a  new  staining  technique  was
developed  in  1873  by  an  Italian  physician  named  Camillo
Golgi  that  scientists  could  observe  the  networks  that  are
formed between individual neurons.  Golgi found that if  he
soaked brain tissue in solutions of potassium dichromate and
silver  nitrate,  the  cells  would  crystallize  with  a  substance

13
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called silver chromate, which would make them turn a deep
inky  black  and  show up in  stark  contrast  against  a  yellow
background.

This technique was in turn used and improved upon by a
Spanish histologist called Santiago Ramón y Cajal, who used it
to look at the brains of several species of birds and mammals,
carefully documenting the connections and networks within
the various samples of tissue.

For these discoveries Ramón y Cajal and Golgi shared the
1906 Nobel Prize for Physiology or Medicine, and with that
they had not only cemented their reputations and their place
in scientific history, they had also given birth to a whole new
field  of  study,  and  become  the  world's  very  first
neuroscientists.

As we look back on this moment from the vantage point
of today, we are apt to wonder if it is even minutely possible
that  when  those  neurons  were  first  revealed,  and  those
networks  were  first  observed,  that  anyone,  even  their
discoverers, could have obtained the shyest glimpse of what
lay within them.  But the sheer magnitude of  complexity into
which  they  peered,  displayed  in  high  fidelity  by  the
technologies of today and ever relinquishing new and greater
wonders,  must  surely  exceed  even  our  most  generous
concessions  to  these  most  prescient  of  the  19th  century's
biological avant-garde.

* * *
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The  average  human  brain  contains  no  fewer  than
100,000,000,000 (that's 100 BILLION) of  von Waldeyer-Hartz's
neurons, and the vast majority of these have somewhere in the
area of 10,000 synapses, or connections to other neurons.

For the mathematically reluctant, this puts the number of
synaptic  connections inside a single human brain at  a  truly
astounding one thousand trillion (or 1015).

Just  so  that  the  reader  may  take  an  extra  moment  to
appreciate this number, I have written it out below:

1,000,000,000,000

And yet, it gets more complicated still.  Because on each
synapse there are as many as one hundred thousand different
proteins, primarily in the form of receptors which receive and
react  with  chemicals  in  the  brain,  called  neurotransmitters,
and ion channels which control the flow of differently charged
atoms  of  sodium  and  potassium  from  one  side  of  the  cell
membrane  to  the  other,  as  well  as  several  other  kinds  of
protein switches, the variations in each of which have an affect
on the brain's cellular activity,.

Thus, the number of interactive components of a single
human  brain,  speaking  solely  of  the  proteins  themselves,
without  even accounting  for  the  chemical  or  atomic  matter
with which they interact, is a whopping:

15
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100,000,000,000,000,000,000
(1020, or one hundred quintillion)

...and  all  within  that  same  small,  unassuming,  three
pound mass  of  squiggly,  gelatinous,  grey  and white  matter
with which we first began.

Now,  the  majority  of  the  brain's  functions  are  highly
complex and sophisticated electrochemical reactions, but there
are a number of general facts of its construction and operation
which will aid us in the significantly simpler analysis of the
brain's most relateable construction, the mind.

The first is  that signals throughout the nervous system
are communicated from neuron to neuron by means of bursts
of electrical current called action potentials, which travel from
a neuron's  long tail,  called  the  axon,  through the  main cell
body, and out to a series of other branching lines called the
dendrites.

These currents  are generated when the area outside of
the  axon  takes  on  more  sodium  ions  (Na+)  and  fewer
potassium  ions  (K+)  than  are  concentrated  on  the  inside.
When this happens, a tiny channel in the cell membrane opens
up  and allows  sodium ions  to  flow into  the  axon,  and the
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electrical current within it builds up because these ions have a
positive electrical charge.

When  the  voltage  reaches  a  certain  level,  a  second
channel similar to the first one opens up to allow positively
charged  potassium  ions  out  of  the  axon,  and  the  electrical
current drops off again.

As this occurs it influences the electrical conditions of the
neighboring  parts,  and  very  quickly  the  current  is  passed
along in a chain reaction down the length of the cell.  This is
what is meant when one refers to a neuron “firing”.

There is a short time after these channels close up again
during  which  the  membrane  enters  a  so-called  “refractory
period” and the  axon stabilizes  to  its  original  voltage  level.
When the cell membrane is in its refractory period, no other
such bursts  of  electricity can occur,  and this  period ensures
that  the  action  potential  always  travels  faithfully  in  one
direction,  from  the  axon,  through  the  cell  body,  out  to  the
dendrites.

Once the current reaches the dendrites at the far end of
the cell, the charge dissipates into the different branches and
small  amounts  of  electricity  are  transferred  into  the
surrounding areas, thereby making it more likely for the same
process to occur in a particular neuron's neighbors.

On  some  neurons  the  axon  is  wrapped  in  a  material
called myelin, which acts as a kind of insulation for the living
wire.  This insulation is not continuous however, as it is with
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electrical wires, but is instead broken up into sections called
Schwann cells. 

As  an  action  potential  travels  down  the  length  of  a
myelinated axon, it is transported very quickly from point to
point between the Schwann cells, meaning that these currents
can  travel  faster  through  myelinated  neurons  than  through
unmyelinated ones.

This  difference  begins  to  account  for  some  of  the
differences  in  the  way  that  information  is  differentially
processed from neuron to neuron, and it is worth noting that
the myelination process occurs principally in neurons that fire
over and over again.  This process writ large is central to the
long-term reinforcement, or “potentiation”, of cell behavior.  

Put  simply,  if  there  is  something  that  a  neuron  does
routinely, the brain wants it to do it faster and more efficiently
as a way of conserving resources like adenosine triphosphate
(ATP), which is the fuel that is burned by the cell in order to

18



NEUROECONOMICS

open up the ion channels.
Adenosine  triphosphate  is  a  remarkable  molecule,  and

oxidative phosphorylation, the process by which it is burned,
is  a  fascinating  cellular  phenomenon,  but  for  the  sake  of
maintaining the focus of this work, I will dispense with their
discussion and skip to something interesting that occurs after
the process is concluded.

ATP is not only the fuel that a neuron uses to open up ion
channels,  but also the fuel  that  any cell  uses to perform its
operations,  and  as  it  is  burned  ATP  is  broken  down  and
simplified adenosine is left over as a by-product.  The harder
that  the  cells  work  and  the  more  work  overall  that  they
perform, the higher will be the resting levels of adenosine in
the bloodstream, and because of this, these levels serve well as
a general indicator of the body's overall level of fatigue.

In the brain there are specialized receptors for adenosine,
just like there are for many other chemicals to which the brain
responds  (called  neurotransmitters),  and  the  molecule  and
receptor fit together like a lock and a key.

When the right combination of a neurotransmitter and a
receptor bind together a reaction takes place,  usually in the
form of the production of action potentials or the release of
other  neurotransmitters,  and the  effects  of  this  reaction  are
passed along throughout the brain.  In this case, the effect is
that the brain begins to shut things down to prepare the body
for sleep so that it can regenerate.
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Now, however, enter a nice double espresso.

Suddenly  the  brain's  bloodstream  is  stuffed  full  of
caffeine  molecules,  which  have  a  chemical  structure  that  is
similar enough to adenosine that they will bind effectively to
the adenosine receptors.  This means that the two molecules
are what are called “ligands” of each other; each is a different
keys that fits the same lock.

And yet, because they are different chemicals, they have
different  effects.   Generally  speaking,  neurotransmitters  can
have excitatory or inhibitory effects, and while it's not quite
true that caffeine is excitatory, it doesn't exactly speed you up,
it  does preempt the inhibitory effects of adenosine, and this
allows  other  chemicals  like  dopamine  and  glutamate  to
continue to flow when they might otherwise be shut off.

The  most  significant  factor  that  dictates  whether  one
molecule or the other binds to a receptor is its concentration in
the  bloodstream,  so  that  while  there  is  a  high  amount  of
caffeine the receptors  are more likely to bind to it  than the
adenosine, and vice versa.  For as long as the caffeine levels
remain  high,  then,  the  body's  usual  shutdown  process  is
staved off and you can stay awake.
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From this example we can see one of the main ways in
which  the  conditions  and  operations  of  the  brain  are
influenced  by  variations  in  chemical  activity,  and  we  must
now look at how they are influenced by electrical activity.  To
discuss  this,  we  need  to  begin  by  describing  how  neurons
respond to a given stimulus.

If  you were to slowly extend one of your hands in the
direction of  a strong heat source,  your skin would begin to
absorb  and  conduct  more  and  more  of  the  heat  as  you
approached  it,  and  as  the  temperature  reached  a  certain
threshold the neurons would begin sending signals toward the
brain, slowly and periodically at first, and then speeding up as
you got closer and closer:

! … … ! … … ! … … 

! … ! … ! … ! … ! … ! … 

...and if you were to touch something that was very hot,
something that would burn you, the neuron would fire rapidly
and intensely:

 
!!!-!!!-!!!-!!!-!!! …

In  this  way  neurons  communicate  emphasis  and
intensity,  through repetition and through an increase in  the
frequency of their transmissions, and this pattern is true of all
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kinds  of  tactile  factors,  such  as  coldness,  sharpness,
pointyness, roughness, and so on, as well as broader kinds of
sensations and other functions.  In chapter 4, I will discuss the
informational impact and some of the resulting effects of this
process in depth.

This whole sophisticated, highly coordinated business of
transmitting,  interpreting,  and  acting  upon  incoming
information is centered around the needs and circumstances of
the rest of the organism.  It is an adaptation, like any other,
which expends chemical energy and monopolizes resources in
order to aid the survival and prosperity of its host, the body, as
well as its circumstances as a whole.

It is impossible to discuss this tendency, or any property
or  function  of  an organism without  first  understanding the
way  that  any  such  property  or  function  arises  within  an
organism or species in the first place.

The  first  scientific  description  of  this  process  was
elegantly  put  forth  in  1859  by  an  English  naturalist  called
Charles Darwin, in his book On the Origin of Species.  

By  that  time,  it  was  already  clear  to  observers  of  the
natural world, including horticulturalists, entomologists, and
breeders of everything from dogs to cabbages, that different
species  of  plants  and animals  had a  way of  changing their
appearances  and attributes  over  time.   But  Darwin realized
that this change is not governed by an intervening intelligence
as it is in the case of animal breeds or domestic plant varieties,
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nor is the change random or incoherent.
Instead, the physical properties of individual organisms

vary,  and with  this  variation  comes  a  differential  ability  to
contend  with  pressures  within  a  given  individual's
environment.

These variations may enable an organism to run faster,
giving it an advantage in catching prey or evading predators,
or to metabolize nutrients better, giving it the ability to make
better use of its resources and to better endure scarcity, or to
blend in better with its surroundings, or to better cope with
illness or damage, and so on.  

From this  vantage point,  it  became clear  that  all  the
different forms of life on earth share a common ancestry which
goes  back  many  hundreds  of  millions  of  years,  that  every
organism  is  ultimately  a  particular  compendium  of  these
variations, and that its chances of survival are dictated by the
abilities conferred by their particular arrangement.

If we stretched out the
ancestors  of  any  modern
organism in a line going all
the  way  back  to  that  first
form  of  life,  we  would  see
before  us  a  seamless  and
imperceptible  transition
between related individuals.

We  could  then  work
our  way  from  that  farthest
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ancestor towards the present and we would see various traits
being  sculpted  into  existence,  and  then  perhaps  back  out
again.   Tiny  stumps  would  grow  into  limbs  or  tails,  small
protrusions of bone would become teeth, and we would see
the gradual extension of a giraffe's neck or an elephant's trunk.

Darwin could see that this process must be governed by
some sort of physical mechanics of heredity,  and though he
wouldn't  have  known  what  to  call  them  at  the  time,  he
described  the  way  that  traits  must  be  passed  down  from
generation to generation.

Nearly  a  hundred  years  later,  in  1953,  two
microbiologists called James Watson and Francis Crick would
determine the mechanism by which this process is carried out:
a series of self-replicating protein-encoding instructions called
deoxyribonucleic acid, or DNA.

As the body's tissues are generated and regenerated, the
physical language of this biological code is what dictates how
those tissues will be built and what components those tissues
will form in more complex structures like organs and systems
of organs.

Identifiable  strings  of  information  within  this  DNA,
called genes, are copied within each of an organism's cells as
they undergo their division process, tightly wound up within
the cell's nucleus in a substance called chromatin.

Sometimes during this  copying process  there will  be a
random mutation in the physical language of this code, and as
this  small  difference  is  reiterated  variations  arise  and traits
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emerge in the species.
Darwin knew that an organism's survival gave it greater

chances of reproducing, thereby allowing its traits to be more
present  in  that  environment.   We  would  now  say  that  the
successful reproduction of an organism serves to replicate the
organism's genes, and the prodigious reproduction of one, or
two, or several individuals allows that certain genes come to
outnumber  others  in  the  “gene  pool”,  and  would  be  more
likely to be replicated again in the future.

So here we have the idea's central thrust, that there is, to
quote the evolutionary biologist  Richard Dawkins,  “random
genetic variation followed by non-random natural selection”.

Evolution however, while a powerful and essential tool
for understanding how the structure of the brain emerged and
came to be constructed, is not quite sufficient on its own to
account  for  the  whole  of  the  means  from  which  each
individual  mind comes to  operate.   There  are  a  number  of
peripheral  facts  about  the  individual's  development  which
also must be taken into account.

One of the most central of these considerations is that of
the  epigenetic  influences  on  fetal  development  during  the
individual's gestation.  A salient example of this influence can
be  found  in  the  case  of  a  famine  that  occurred during  the
winter  of  1944  which  has  come to  be  known as  the  Dutch
Hunger Winter.

During this winter, the German-occupied section of the
Netherlands  was  blockaded  as  a  punishment  for  their
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resistance to Nazism, and all shipments of food and fuel were
cut off from the rural areas and shipping centers.  By the time
that the famine had ended nearly 22,000 people had died, and
many others were starved into deep malnutrition and illness.

Many of the nearly 4.5 million people who were affected
by  this  disastrous  ordeal  were  pregnant  women,  and  apart
from the predictable consequences of the prematurity and low
birth weights of the children who were born shortly after, it
has been found that all of those children share a much greater
than average risk for obesity and types I and II diabetes when
compared with the rates of the general population.

What  we  can  draw  from  these  facts  is  that  the  direct
biochemical  signals  that  were  present  in  the  mother's
bloodstream as a result of her experience of scarcity and want
permeated the amniotic sac which surrounds the developing
fetus,  and  once  these  began  to  indicate  consistently  that
resources outside of the womb were in limited and infrequent
supply  the  child's  body would forever  interact  with  sugars
and fats  in its  diet  in  a very different way,  scrounging and
hoarding every spare lipid and carbohydrate.

This  demonstrates  that  the  individual's  environment
begins to operate upon not only its circumstances but also on
the  methods  and  rules  by  which  it  conducts  its  operations
from a very early point, and this influence remains profound
throughout its development.

* * * 
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From all of this it may seem that the brain itself is just as
confusing as the outside world, and we return to a modified
version of the closing question from the last chapter:  How is it
that all of this eventually produces the world in which we live
from day to day, and how is it that between the complexities of
nature around us and the complexity of its product within us,
there is the comparative simplicity in which we live our lives? 
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The Mind

IN WHATEVER COURSE THAT one should take in the construction
of an answer to these questions, it must at the root be said that
this phenomenon is a function of the selective processing of
information; that not of all the world's information is available
to the brain, and not all of the brain's information is available
to the mind.  And indeed, not all of what is available to either
is necessarily guaranteed to be processed.  At any given time,
and in any given situation, there are things which come to our
attention, and things of which, for one reason or another, we
remain totally unaware. 

We can assert, too, that this process is dynamic; that it is
subject to certain rather insistent conditions and because there
is  variation  within  these  a  body  of  information  can  be
regarded  more  than  once  and  can  be,  perhaps  must  be,
interpreted in an at least slightly different way each time.

We can assert that its resources are finite; that because the
mind  arises  from  the  behaviors  of  cells,  which  require
biological fuel in order to perform their operations, which is
extracted at cost from the food that is eaten by its host, which
is obtained at cost by the host from its environment, and so on,
its powers cannot be unlimited.

And we can assert that this process is bound by its duties
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to its host; that it has been bred and honed by natural selection
in order to steward its resources and perform its operations in
a  way  that  provides  a  net  benefit  to  the  state  and
circumstances of the body.

From  these  concessions  of  fact  we  can  ask  a  series  of
interesting  questions:  What  must  necessarily  be  involved in
that system of processing?  Upon what must it rely?  What are
the relationships between its elements?  How does variation in
one  part  of  the  system  affect  the  rest  of  it?   How  do  its
operations fulfill  their evolutionary duties?  What are we to
make of circumstances in which these go awry?

We can begin by taking these four assertions in reverse
order and parsing them out a bit further in order to establish
the context within which the mind operates.

First, we should recognize that the mind is not thought,
as it once was, to be the autocratic ruler of the body and its
behaviors, simply pursuing its own dubious ends to its own
despotic satisfaction.

Instead,  the  mind  is  best  viewed  today  as  a  natural
adaptation,  like  eyes or  a  digestive  system,  which has been
developed to assess the world outside of it and to aid in its
negotiation.

We should be careful not to let this perspective distort
our analysis by coming to assume that the operations of this
adaptation  can  only  be  interpreted  in  the  context  of  their
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original use; while it's true that the human eye evolved to see
the  full  spectrum  of  visible  light,  with  the  conspicuous
inclusion of  the  color  red,  ostensibly in  order to  aid in  the
search  for  reddish  berries  against  a  green  background  of
similar color saturation, this evolutionarily salient advantage
has little to do with the appreciation of a sunset or the creative
process of an artist in a visual medium, or for that matter with
the way we respond to color emotionally or interpretively as
we view the end product of that creative process.

Nor should we be drawn into the adaptationist fallacy,
and  come  to  view  every  behavior  or  operation,  however
apparently  disadvantageous  or  even  harmful,  as  inherently
adaptive.

There  are  two  prongs  to  the  dismantling  of  this
misunderstanding.   The  first  was  put  forth  in  1979  by  two
American  scientists,  a  paleontologist  named  Stephen  Jay
Gould and a geneticist named Richard Lewontin, who invoked
a concept from architecture in order to clarify this point.

Gould  and  Lewontin  raised  the  idea  of  biological
“spandrels”, which are the equivalent in biological life of the

material  installed  by  a
builder between an arch
and a ceiling, or between
an  arch  and  another
arch.  This is a physical
necessity  of  what  is
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being built, and it aids in the weight distribution of the load on
top; put simply, if you want to have an arch that has a roof or a
second  level  over  it,  or  if  you  want  it  to  be  supported  by
another arch, you have to have spandrels between them.

In the same way there are parts of the biological makeup
of organisms which may simply be artifacts of the process of
building others, and these can include things which are either
outrightly superfluous and serve no direct adaptive purpose
or which could even be maladaptive, so long as they somehow
are concordant with or supportive of a particular adaptation.

The  second  critique  of  the  adaptationist  fallacy  comes
from two related examples of emergent traits from Russia, the
case of the domesticated Siberian silver fox, and the so-called
“wolf dogs” of the Moscow Underground.

In 1959, a Soviet scientist named Dmitri Belyaev began a
selective breeding program of silver foxes, a covert means of
continuing  his  studies  of  genetics  despite  the  USSR's  state-
sanctioned  dogmatization  of  the  botched  pseudoscience
known as Lysenkoism.

In this program, Belyaev conducted a process of artificial
selection,  the  same  as  breeders  of  rosebushes  or  pigeon
varieties, where a trait is identified and then individuals with
that trait are bred together to increase the prevalence of that
trait in the population.

The trait that Belyaev was selecting for was tameness, or
tameability,  only  breeding  those  foxes  that  were  the  least
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aggressive  and  the  most  agreeable  to  being  handled,  and
surprisingly,  by  the  tenth  generation  all  sorts  of  other
phenotypic, or morphological, changes had occurred as well.

The  newly  bred  foxes  were,  in  effect,  puppies,  with
dappled and lightly colored fur instead of consistent silver on
black, floppy ears instead of pointy ones, and wagging tails.
They  were  also  affectionate,  produced  lower  amounts  of
adrenaline, and even had altered reproductive cycles, coming
into estrus, or “heat”, twice a year instead of once.

The program was continued through the fall of the Soviet
Union  and  still  exists  on  a  smaller  scale  today,  and  these
changes  were  shown  to  be  remarkably  consistent  as  they
became prevalent  in  greater  and greater  proportions  of  the
population.

An elegant and unplanned parallel to this experiment has
occurred  over  a  roughly  similar  timeline,  this  time  on  the
streets of Moscow, and among its population of feral dogs.

According to the latest estimates, there are some 35,000
wild dogs that roam the city and particularly the tunnels and
stations  of  its  subway system, and these have been studied
over  a  period  of  30  years  by  an  ecologist  named  Andrei
Poyarkov.

During this time, Poyarkov observed the exact opposite
of the process observed by Belyaev; these dogs have evolved
thicker, mangier coats of darker fur, a greater tendency toward
pointy ears and wedge-shaped heads, and considerably saltier
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dispositions.
Together,  these  two  examples  illustrate  at  least  one

version of traits emerging in tandem, and this process exposes
the  silliness  of  trying,  for  example,  to  discern  the  natural
evolutionary advantages of floppy ears.

In considering the mind as a biological  adaptation,  we
should also consider the broad sense in which it is related to
other similar adaptations within the animal kingdom.

Essentially, we can compare the most general sense of the
word “mind”, or even “consciousness”, with the most general
sense  of  the  word “eye”;  there  are  many different  types  of
eyes, from the compound eyes of many kinds of insects, to the
eyes of dogs which see the world in mostly blues and yellows,
to the eyes of various birds of prey which can spot tiny mice
on the ground from hundreds of feet in the air, and even to
organisms that have only a small cluster of light-sensitive cells
which could detect, at most, a shadow which arises from an
obstruction between the organism and a light source.

What all of these have in common is their role, which is
to record and respond to information about light within the
organism's environment and to pass these transcriptions on to
the organism's central nervous system.

This  basic  sense  of  transcription  and  transmission  is
essential  to  the  formation  of  any  kind  of  mental  construct,
because  if  there  is  going  to  be  thought  there  must  be
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something  that  can  be  thought  about,  and  a  system  of
cognitive reverie and emotional and philosophical significance
like the one we have must have originated in a basic ability to
abstract information and respond to it internally rather than
by simple automatic reaction.

We  can  define  the  mind  broadly  as  an  arena  for  this
metainformational  processing,  and  define  its  role  as  the
coordination  both  of  information  arriving  from  multiple
avenues from the outside world and also of the various actions
which it might attempt to affect within that world.

We can see, under this definition, that any organism in
which the chain that links sensory information and action is
anything less than instantaneous and unbroken can be said to
have a form of mind, and it is possible that the nature of this
adaptation is defined by its ability to process a greater amount
of  information  than  can  be  accommodated  by  a  simple
sensation-to-action loop.

Within any mind there is  also an element of flexibility,
and even if there are only two possible actions and one kind of
sensory information at its disposal, there is the potential for
the  selection  of  one  course  or  the  other  in  response  to
gradations  in  that  stimulus  to  affect  the  survival  and/or
circumstances of its host.

This we can see as parallel to the proto-eyed organism we
discussed a moment ago, and the spectrum of ability for this
adaptation  is  similar  too.   Human  beings,  naturally,  are
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superlative amongst the earth's creatures in the sophistication
and  flexibility  of  their  iteration,  and  this  sophistication  is
typified by their range of experience,  their range of actions,
and the density of the process that goes on between the two.
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The  diagram  shown  on  the  page  opposite  represents
what I believe to be an accurate depiction of that process.

The diagram begins, as it will end, with the environment,
which I have here termed the Ordinate External World (shown
at top left and top right).  This refers to the world that we met
in chapter 1, in all of its wondrous complexity.

It includes the billions of neutrinos flowing through each
of  us  at  any  given  moment,  it  includes  all  the  forms  of
electromagnetic radiation (X-rays, radio waves, infrared, etc.),
most  of  which  we  can't  see,  it  includes  substances  and
organisms from their macro forms all the way down to their
subatomic particles and all  the way up again until  they are
invisible specks on the surface of the earth viewed from space,
it includes radiolarians and DNA, it includes all of the words
on all of the pages in all of the books in all of the libraries in all
of the world, and all of the things that have ever been found or
ever could be found to exist.

It  is  the  abstract,  capital  W,  “World”,  as  it  really  is,
inclusive  of  all  its  properties,  regardless  of  whether  or  not
those  properties  are  available  to  a  human  being's  direct
conscious perception, and it is the sum total of all of the ways
in which that world could possibly be experienced.

Just as all  of life diverged from a single life form, and
every  organism  shares  a  common  ancestry,  so  too  do  they
share this single common bank of information.  Any organism
that  can  be  said  to  have  a  mind  as  we  have  defined  it  is
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plugged  into  a  section  of  this  World,  and  it  is  here  that
information undergoes its first sequestration; it is contained,
limited by,  and subject  to specific  and discrete bundles and
packets contained in within a specific informational area.

Then  begins  a  process  of  various  selections  and
transformations, as information is passed down along a chain
of various informational operators, beginning with sensation
and looping it's way through the system before coming back to
the Ordinate External World as actions, or as I  have termed
them here, participations.

 Within this chain, information processing is divided into
8 categories.  They are, in sequence: 

S – the sensory
E – the experiential
A – the assessive
V – the evaluational
X – the exclusionary
O – the objectional
D – the directional
P – the participatory

Each category is  further  subdivided into four levels  of
operators which carry out the type of processing in question--
(1)  primary,  (2)  secondary,  (3)  tertiary,  and  (4)  quaternary.
Thus  we  have  32  major  operator  groups,  each  of  which  is

38



NEUROECONOMICS

comprised of varying numbers of individual operators.
Each operator has two extrinsic functions, both of which

govern  their  interactions  with  a  series  of  adjacent  banks.
These are the solicitative function (shown beginning on the left
side of the chain), in which it requests  information from the
the  previous  operator,  and  a  depositional  function  (shown
beginning on the right), in which it submits information to the
next.   Together  these  functions  can  be  called  the  transitive
function.  

The intrinsic functions of the operators vary,  of course,
but all  of  these can be described generally as  transmutative
functions, in which the operator interprets and responds to the
information on which it is adapted to act.

In short, it is the duty of each operator, regardless of its
function, to pass information from one point to the next and to
modify this information according to its capabilities along the
way, ensuring that I produces the most accurate representation
available at that stage.

These  operators  are  punctuated  by  a  series  of  banks,
which  are  not  exactly  stores  of  information,  but  rather
circumstantial bodies of information as they exist during the
exchange process between adjacent operators.  On the diagram
these are numbered in sequence, 1-36.

Four of these banks are distinct in that each is supported
by its own interrelated mechanics, and consequently involves
greater volumes of information than the others.  These are the
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Ordinate  External  World  (OEW -  1),  the  Memorial  World
(MEM - 10), the Subordinate External World (SEW - 19), and
the Mitigational World (MIT - 28).  Together we will call these
the Conglomerate Operational Realm, and the latter three of
these  account  for  the  familiar  processes  of  memory,  higher
reasoning, and decision making.

Each section of this chain is composed of operators which
are  designated  and  arranged  according  to  the  sequence  in
which they perform their operations.

We can look at this more closely within both the sensory
and the participatory tracks, as these are the operations which
are performed in and beyond the peripheral nervous system.
As such, these have had a longer time being studied in detail
by  anatomists  and physiologists,  and we can describe  their
categorization with some confidence.

The so-called “sense organs” themselves, the eye, the
ear, the nose, the mouth, the skin and other innervated tissues,
and  so  on,  which  are  the  operators  that  are  the  closest  to
sensory  stimuli  in  the  Ordinate  External  World,  are  the
Primary Sensory Operators (S1), and these are the first means
of filtration and selection of incoming external information.

Because  these  are  categorized  on  the  basis  of  their
operations, all subdivisions of these apparatuses remain in the
S1 category--  their  constituent  parts,  to whatever degree  we
wish  to  examine  them  (the  eye's  iris,  pupil,  and  lens,  the
auditory canal and ear drum, etc.), all remain S1 operators.
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The tissues within those sense organs which are the most
essential to the transmission of sensory stimuli, however, (the
retina,  the  eardrum  and  cilia  of  the  inner  ear,  etc.)  are  the
second  means  of  filtration  because  they  are  the  primary
connection  between  the  sense  organs  and  the  peripheral
nervous system, and it must be taken for granted that not all
information  received  by  these  organs  is  necessarily  passed
along.  These are the Secondary Sensory Operators (S2).

The  tissues  which  transport  the  information  of  the
previous stages from the peripheral nervous system into the
central nervous system are the Tertiary Sensory Operators (S3).
Specifically,  these  are  the  sensory  cranial  nerves  as  well  as
their  corresponding  functions  in  the  thalamus  and,  in
incidental cases,  specialized regions of the brain which may
act upon particular kinds of information before it arrives in the
cerebral cortex.

With the Quaternary Sensory Operators (S4) we reach the
brain itself, and these are the primary cortical regions which
are devoted to particular types of  sensory information (e.g.,
the visual, auditory, and somatosensory cortices).

Because  the  direction  of  the  information  flow  has
reversed (for the third time) by the time it  has reached the
participatory  operators  in  the  fourth  column,  the  process
extends  in  the  opposite  direction,  from  cerebral  cortex,  out
through the peripheral nervous system, and into the rest of the
body.

Thus, the Primary Participatory Operators (P1) are the 
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regions of the cerebellum which regulate and coordinate the
directives  from  the  motor  cortex  via  the  basal  ganglia,  the
Secondary Participatory Operators (P2), are its connections to
the upper motor neurons,  as  well  as  the  superior  colliculus
and  the  brain  stem,  which  in  turn  pass  information  to  the
lower motor neurons, the Tertiary Participatory Operators (P3),
which in turn stimulate movements, vocalizations, and so on,
through the arms and legs, the hands and feet, the face, eyes,
mouth, and tongue (P4).

We can see that within these tracks, the operators within
specific  operator  groups share  related functions and related
behaviors.

These  eight  operator  categories  can  be  grouped  in
different ways to show further relationships between the types
of information upon which they act.

We can group them into four pairs, or dyads, based on
their  relationship  to  the  sequence  of  major  banks:  1)  S/E  –
sensory/experiential, 2) A/V – assessive/evaluational, 3) X/O –
exclusionary/objectional,  4)  D/P  –  directive/participatory.
These  groups  show  the  existence  of  four  broad  tracks  of
processing, each divided into two distinct parts.

We can also consider this to be representative of the usual
or unimpeded order of processing; that one experiences one's
sensations, assesses that experience, evaluates that assessment,
excludes  suggested  possibilities  from  that  evaluation,  raises
objections to those exclusions, directs behavior in response to
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those objections, and performs those directives accordingly.
As  such  we  may  also  consider  this  to  be  the  most

optimistic  of  possible  processing  structures,  performed  this
way  when  there  are  no  unusual  burdens  upon  the
information, when there is no unusual hurry to perform one's
operations, and when there is sufficient information to sustain
each track of processing.

The alternate set of dyads (E/A – experiential/assessive,
V/X –  evaluational/exclusionary,  O/D  –  objectional/directive,
and P/S – participatory/sensory) demonstrates the relationship
between  operative  tracks  and  the  four  major  banks  of  the
Conglomerate Operational Realm, as well as the relationship
between the two operative tracks that act upon any of those
banks.   The E/A dyad is most connected with the Memorial
World, the V/X with the SEW, the O/D with the Mitigational
World, and the P/S, as we have seen, with the OEW.
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These  relationships  are  responsible  for  the  ability  to
analyze and interpret one's experience, to reason logically, to
form  suitable  reactions  to  one's  situation,  and  to  view and
witness one's own actions.

In addition to the eight major operator groups, there is a
set  of  four interstitial  operator  groups,  each of  which has a
secondary transitive function, and if this secondary transitive
function  of  an  interstitial  operator  is  active,  the  flow  of
information  is  diverted  from  operations  in  the  usually
subsequent  track  and  is  transferred  instead  to  the  next
interstitial  operator,  whereafter  it  continues  through  the
system as usual even if as usual means being diverted through
the secondary transitive function of that operator.

  As you can see, the secondary transitive function of the
fourth interstitial operator feeds information back to the first,
and together these four operator groups are referred to as the
interstitial ring.

It is the activity of this track which accounts for a number
of  interesting  psychological  phenomenon:  the  experience  of
non-sensory information (experiencing one's own mind and its
contents),  the  non-experiential  evaluation  of  sensory
information (autonomic internal responses), the non-exclusive
objection to information (irrational fear or distress), and non-
directive participation (involuntary movements or acts).

This system in action is consistent with a good deal of
otherwise perplexing neural connectivity and behavior, such
as  the  innervation  of  the  cerebellum  by  certain  sensory
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systems.  We know that this connection is inherent in assuring
that intended actions match up with performed actions and
ensuring  error  correction,  and  in  neuroeconomic  terms  the
flow of this information is representative of a move through
the participatory track,  out through the OEW, back through
the  sensory  track,  diverted  at  I1,  passing  through  the
evaluational and exclusionary tracks before hitting the basal
ganglia  (I4),  and  slight  adjustments  are  made  before  this
information is redirected back through the participatory track.

We can also see the basal ganglia's role as an interstitial
operator as it suppresses actions or movements that arise but
are unwanted, and it is due to this function that information
gets rerouted from I4  back to  I1 and continues on through the
experiential track, accounting for forms of mental talk and the
general awareness of one's own urges and desires.

We can see the adaptive ability which this affords to the
system, and by extension to the organism; if time in particular
is of the essence, and one is in a situation in which survival
comes  down  to  split  seconds  of  advantage  and  razor  thin
margins for decision making and for action, then a variable
but reliable system, which will process information with the
greatest  efficiency  when  necessary  and  with  the  greatest
productivity when possible, is of considerable benefit.

If we return to our dyad sets, we can see as well that the
second of these demonstrates the group of operations which
are not performed if any such bypass should occur due to the
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activation of  this  secondary transitive  function,  and we can
further see that in such a case the amount of energy which
would have been demanded by these is conserved. 

This  leads  us  at  once  to  the  second  and  third  of  our
assertions from the beginning of this chapter, the finite quality
of energy and the dynamism of the system, and we can see
how the two compliment and are balanced by one another.

It is important to remember that neural activity is based
on the use of chemical energy, as we discussed in the previous
chapter, and that stores of this energy are necessarily limited.
One can only eat so much food at a time, from this food the
body can only extract so much energy, the body can only store
so much of what is extracted, and it is the same energy that
fuels not only neurons, but muscle cells, blood cells, skin cells,
liver cells, and so on, and so there are many different claims
upon this general resource.

Even if this fact does not quite contribute to an exact sort
of  competition,  in  the  way  we're  used  to  considering  it  in
Darwinian terms, there is a sense in which these simple factors
converge  to  put  the  costs  of  doing  any  kind  of  cellular
business relatively high, a cost which rises sharply when the
organism is under duress, being that any command to the legs
to run faster or the heart to beat harder carries with it the tacit
commandeering of the resources required to carry it out.

Perhaps  as  a  consequence  of  this,  there  is  a  distinct
parsimony  with  which  the  brain  administers  its
responsibilities, and yet, by adapting its behaviors according
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to its own needs, the brain discovers ways to do more with
less,  and  can  often  maintain  a  fairly  rudimentary  level  of
internal  communication  while  achieving  fairly  sophisticated
results.

To  look  at  this  more  closely,  we  need  to  begin  by
examining  information  itself  in  greater  detail,  and  by
reconsidering its composition and some of the ways in which
it is selected, as well as the precept with which we began this
chapter; that not of all the world's information is available to
the brain, and not all of the brain's information is available to
the mind.
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Information

INFORMATION IS THE SINGLE MOST fundamental substance in our
entire  universe.   It  is  more  fundamental  than energy,  more
fundamental  than  matter,  more  fundamental  even  than
mathematics, which is sometimes referred to as “the language
of  God”  because  mathematics  is  the  only  thing  that  is
guaranteed to be the same no matter where in the universe
you are and no matter what circumstances you may encounter.

We tend to think of this substance in relateable, prosaic
terms.   We  think  of  it  as  something  to  be  discovered  or
acquired, to be divulged or to be withheld, to be transmitted
from one place to another.  In other words, we tend to think in
terms of strings of information such as, “186,000 m/s”, or, “My
name is Buster.”

But there is more to any given piece of information than
the  organized,  transmissible,  coherent  strings  which  come
readily to mind, and any single piece which we could discern
is  composed  of  a  great  deal  more  than  is  apparent  on  the
surface.

A single  word  in  any  language  contains  information
about  that  language;  if  the  word  is  spoken,  it  contains
information about how that language sounds, approximations
of  how  that  word  is  pronounced,  information  about  the
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phonemes and vocalizations required to produce the sounds,
and if it is written it contains information about what symbols
are  used  to  communicate  different  sounds  and  how  those
symbols can be written.

Each  word  also  has  an  etymological  history,  which
describes  where  it  came from and when,  and  this  contains
information  about  the  people  who speak a  given language,
about time periods, about proximity of cultures, about transfer
of language those between cultures,  and about relationships
between different languages. 

Words in sequence are understood within their context,
and they continually reference elements that are not contained
within the words themselves.  Every noun for example can be
considered as a representation of the thing that corresponds to
its dictionary definition or its encyclopedia entry, every verb is
connected with ideas about how and for what purpose those
actions are performed, every adjective references connotations
to do with those adjectives, and so on.

All  materials  contain  and  relate  to  information  about
their  properties;  about  transparency,  about  density,  about
permeability,  about  conductivity,  about  malleability,  even
about the physical laws that hold them together, and so on.  A
single water molecule or a grain of sand contains information
about  quantity,  about  composition,  about  structure,  about
location, about position, about orientation, about size, about
shape, about texture, and on and on and on.
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Any individual thing has properties such as these, and it
isn't difficult to imagine these properties being listed in one
continuous  sentence,  compounding  and  compounding  with
reference  after  reference  to  various  attributes,  always  being
able  to  continue  the  sentence  with  information  about  the
thing's  position  in  the  universe  and  the  time  at  which  its
attributes  form  a  particular  configuration,  as  well  as  its
proximity to its neighbors, however distant they may be, each
of which can be identified by their own particular attributes,
and so on.

In fact, I contend that the existence of a particular thing
alone spontaneously generates, in this manner, an infinite and
compounding  chain  of  demonstrable,  objective  information,
which  if  transcribed  would  be  something  equivalent  to  the
world's most epic version of “There's a Hole in the Bottom of
the Sea”.

As  impressive  and  perplexing,  however,  as  this
consideration  may be,  if  you are  a  small  creature  trying  to
sustain yourself through chemical means and are investigating
a  particular  bush  and  its  berries,  a  particular  berry's  Latin
name or its distance from the planet Jupiter is of no use to you
whatsoever.  What you want to know is whether this object
which you are regarding is food, and if it is food, is it safe to
eat?

So again we come to the central question, of how it is that
the brain reduces information into a usable form, and we can
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ask it  this  time in  a  different  way:  how is  it  that  the brain
selects  relevant information  from  the  massive  quantities  to
which it is privy?

We should  begin  by making a  distinction between the
complex composites of information in the Ordinate External
World  and  the  discrete  representations  of  those  composites
which reside in the human brain and mind.

A very fine term was coined for the latter in 1976 by the
English  biologist  Richard  Dawkins,  who  referred  to  any
discrete  replicating  unit  of  information  as  a  “meme”.
Borrowing  from  this  well-established  entry  in  the  scientific
lexicon,  and  from  that  of  “molecule”  to  describe  a  distinct
cluster  of  chemical  information  comprised  of  identifiable
constituent  parts  which  relate  to  and  combine  with  one
another  in  a  particular  way,  I  will  refer  to  the  former  as
“memecules”.

We  can  take  this  distinction  to  refer  to  the  distance
between a full symphonic composition, played by 50 to 100 or
more instruments all with their own scores and parts, and the
melody of its theme, which can be produced on command by a
single voice.

The information contained within the composition itself
is  deeply  complex,  deeper  even than can  be  seen  from the
score, because in any performance you have variations in how
each conductor will conduct each orchestra, tiny variations in
how  each  musician  will  play  each  slightly  different
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instrument,  and  there  are  variations  from  performance  to
performance  even  within  the  same  group  using  the  same
instruments.

Even this is already a step down the line from how the
composer themselves may have considered the construction of
the piece, and we can begin to see the nature of this reduction
to  central,  common,  denominating  factors;  if  there  are
thousands  of  violins  which  will  be  played  to  the  best  of
hundreds of thousands of violinists' ability, at least they are all
playing  the  notes  which  they  are  meant  to  be  playing,  at
proportionally  the  appropriate  time,  at  proportionally  the
appropriate volume, and so on.

A prime  example  of  this  reduction  at  the  far  end  is
Beethoven's  5th  Symphony,  one  of  the  most  popular  and
recognizable pieces of classical music  in the world.   On the
score it is composed of four movements, for no fewer than 22
instruments, and it takes in the neighborhood of 30 minutes to
perform.

But if I want to discuss it with someone, and it happens
that they don't recognize it from its unhelpfully numeric title, I
might say, “Oh, you know, it's the one that goes

Ba-da -da | duuuum | ba-da-da | duuuuuuum...”
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And within a few seconds, I can tell whether they know
the piece, and we can continue, or whether it must be played
for them immediately.

We  can  see  under  this  definition  that  any  object  or
other  identifiable  cluster  of  information  is  reduced  in  its
density,  first  in  this  case  through  what  sounds  are  being
played at a particular time, then through what elements of the
sound can be discerned by the listener, then again throughout
the  system  with  an  eye  to  practicality  as  it  is  selected  for
exchange with another person.

The first of these filters leads us to one important point
about  how  sound  is  processed  into  experience  in  the  first
place.  Because  information  comes  from  many  sources,
variations  within  that  complex  body  must  be  weighed  and
balanced into coherence by the brain, not only in terms of the
responses or actions which it generates to accommodate these,
but simply in terms of the representations which are afforded
to one's experience.

If  we  stay  for  a  moment  just  within  the  auditory
experience,  we  can  all  relate  to  some  process  of  having  to
parse out something upon which one has been trying to focus
from a range of  background noise.   We disregard repetitive
hums, other peoples'  conversations,  the sound of  one's  own
breathing, and so on, from our immediate experience in order
to focus our attention.

A version of this same process is involved in parsing out
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the significant bits of whatever it is we're paying attention to
as we assess and analyze those pieces and depending on the
attention that is paid to potential directives or participations
this process' fidelity can vary fairly widely.

A famous experiment which was conducted in 1999 by
two  American  psychologists  named  Daniel  Simons  and
Christopher  Chabris  provides  a  surprising  example  of  this
influence.

Chabris and Simons produced a short video in which a
number of people wearing either black or white passed a pair
of  basketballs  between  each  other,  and  subjects  in  this
experiment  were  asked to  watch  the  video  and  count  how
many times the players in white passed the ball.

The  task  was  easy  enough,  and  in  the  notes  for  this
chapter there is  a link where you can try it  yourself,  but,  if
you're  like  approximately  50  percent  of  the  subjects  they
surveyed, you too will be unable to spot the man in a gorilla
suit who takes a casual ten seconds to walk across the frame,
pausing to beat his chest for a moment in the middle of the
action as he does it.

If you watch the video a second time without focusing on
the  red  herring  task  from  the  instructions,  the  gorilla's
presence is almost impossible to miss, but because of the goal-
directed focusing, it's pretty hard not to miss it the first time
around.

In neuroeconomic terms we can see this to be the result of
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the  brain's  partitioning  of  its  cognitive  resources,  directing
most of them toward the businesses of counting and priming
the directive track to provide a number in order to complete
the  task.   Because  of  this,  information  coming  out  of  the
experiential  track  was  categorized  by  the  assessive  track,
sorted according to the task by the objectional track, bypassing
the V/X dyad in the middle, the count began ticking through
the directive track out to the experiential (“1... 2... 3...”), and
this process was continued until the task was over.

In line with the old “fool me once” adage, however, when
the  task  is  repeated we  can  imagine  greater  mental  energy
being put into the observational elements of the process, and
the outcome turns out to be different.

I contend that the difference between the two scenarios is
that  in  the  second  information  travels  up  through  the
evaluational and exclusionary tracks before coming down the
the objectional  and directive tracks,  and that as a result  the
information about sensory information beyond the aims of the
task is  no longer  objected to  and dismissed later  on  in  the
process.

Another example of this can be seen in the case of certain
kinds of abstract art, or of various optical illusions such as the
one  seen  on  the  page  opposite.   Initially,  the  information
within this  image may be  processed as   either  a  duck or  a
rabbit  until  it  is  routed through this  higher cognitive set  of
processes.  The difference in subjective experience between the
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two successive viewings can easily be confirmed by someone
who sees an illusion like this for the first time, and once one
has seen the two, it is very difficult to see one and only one
again.

The  negotiation  of  this  ambiguity  necessitates  the
enlistment of extra brain regions to share the workload that
comes with experiencing that ambiguity, and the work of these
extra regions is dispersed into more complex evaluations; “an
illusion which can flip back and forth between a rabbit and a
duck”, as opposed to just “a rabbit”, or “a duck”.

As we return to physical objects in the real world, we can
see that any identifiable group of information can be said to
have  a  particular  memetic  organization  or  memecular
structure, which is interpreted and used by the brain in a way
that  is  similar  to  the  way the  digestive  tract  interacts  with
chemical structures in our diet.

A particular  car  for  example  can  be  referred  to  as  a
particular make, model, and year-model (all three of which are

59



DANIEL THORNE

shorthands for particular organizations of matter on a fairly
large  scale),  of  a  certain  color  (itself  another  reference  to  a
certain  wavelength  of  light),  that  has  certain  distinguishing
properties;  a  particular  license  plate  number,  a  dent  in  the
bumper  or  a  scratch on the  door,  a  missing or  burned out
headlight, and so on.

Each of these compound into a meme for a particular car,
and these  factors  help  to  distinguish  one  car  from another.
Broader categorizations of these factors can distinguish a car
from a truck, a car produced in the United States from a car
produced  in  India,  and  even  broader  categorizations  can
group distinguish cars from other means of transportation, or
man-made objects from natural objects, and so on.

By an extension of this line of thinking, we can see that
there  is  a  hierarchical  system  of  status  which  governs  the
selection  of  variants  between  memes  that  share  a  common
relationship.

If I ask you to think of an apple, for instance, and you
should imagine a cartoonish red one, shiny and bright with a
typical  stem  and  single  green  leaf,  that  particular
conglomeration of information is representative of a particular
memecule  which  corresponds  to  “apple”,  a  loose  memetic
approximation  of  which will  be  referred to  by the  brain in
order to represent that thing.

Now  naturally  there  are  dozens  kinds  of  real  apples,
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Honeycrisp,  Red  Delicious,  Granny  Smith,  Pink  Lady,  Fuji,
Gala, and so on, but because of their complexity and variation
none of these is rendered as primarily correspondent with the
meme of “apple” in the case above.

As  you  read  over  each  of  those  varieties,  whatever
representation of each of those kinds of apples flashes in your
mind is primarily correspondent with each of those memes.
The  ready selection  of  those  images  represents  that  each  is
what  I  will  call  here  the  “primeme” that  corresponds  most
directly to each given set of memecules.

Simply put, a primeme is a representation of information
that is ear-marked as related to a consistently observed group
of  information  and  pre-approved,  or  pre-selected,  for
expedited travel  throughout  this  system; it  is  the thing that
one thinks of so that one does not have to expend the mental
energy  required  to  review  the  hundreds  or  thousands  of
apples  you  have  previously  seen  in  order  to  represent  “an
apple” in the abstract.

These  primemes  can  be  said  to  be  selected  for  their
memodynamic  efficiency,  which  is  a  measure  of  both  their
contextual  suitability,  as  described  above,  and  of  their
operational suitability, as will follow.  This status is assigned to
a given memetic  representation by the brain in response to
repeated  encounters  with  similar  but  slightly  disparate
information, and by deducing and observing the consequences
of those encounters.
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The  brain  synthesizes  the  common  elements  of  all  of
these  encounters  and  isolates  that  synthesis  into  a  discrete
packet which is then associated with certain of the attributes
that  comprised  those  encounters.   We  can  think  of  these
representations being scrutinized by the brain with an eye to
the probability of each matching a hypothetical immediately
corresponding memecule in the Ordinate External World.

For example, the apple that you thought of in the above
case was highly unlikely to have been blue and this is because
it seems that blue apples are unlikely to arise before you being
that the staggering majority of apples that you have ever seen
would have been at least reddish, and each encounter with a
red  apple  slightly  tips  the  average  probability  of  this
hypothetical apple being red.

Regardless of the actual frequency of blue apples out in
the Ordinate External World itself,  the brain's self-correcting
system focuses centrally on making sure that the “an” apple
that we represent is consistent with our experience of apples in
general and thus more likely to be an “an” apple that we could
be  dealing  with,  in  the  near  future,  within  one's  usual
environment, based on one's experience of that environment.

Similarly,  if  one  should  come  up  with  a  light  green
representation of a Granny Smith apple it is because one has
seen several Granny Smith apples and almost all of them have
been green, but it is interesting to note that in this example,
“green” does not go along with “apple” except in the event
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that “apple” comes bundled along with the “Granny Smith”
modifier.   This  modifier  indicates  a certain group of  apples
which is distinct from “apples” in general.

Similarly,  “Granny Smith”  has  a  reputation  for  having
had  a  consistent  relationship  to  “apple”,  and  therefore  one
tends to think of “Granny Smith” as an apple rather than a
person,  particularly  if  one  does  not  have a  grandmother  of
their own called Granny Smith and if one has been primed by
recent experience to think of that compound meme within the
apple context.

Here again we can see the way in which the brain alters
its information processing to fit the needs of the situation at
hand and again, all of these probabilities are calculated with
an eye to a hypothetical example that one might have to deal
with  within  the  coming  moments,  even  if  that  example  is
abstract and solely, as it were, for the sake of argument.

One's ability to deal with such a representation in a way
that  demands  a  certain  level  of  logical  concession  or
consistency, to do so in a way that makes sense, reinforces its
legitimacy  and  allows  for  it  to  be  reused  with  greater
efficiency and ease in the event that such an encounter does
take place.

These links also allow for a certain interchangeability
between certain kinds of memes.  Try for a moment to think of
any particular  word in  more  than one language,  perhaps  a
color, or an animal.
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“Oeuf”, for example, is the same in French as “egg” is in
English.  Both of these are certainly simpler than:

egg1 – noun /eg/ 

an  oval  or  round  object  laid  by  a
female  bird,  reptile,  fish,  or
invertebrate,  usually  containing  a
developing embryo...

– Oxford English Dictionary

That common definition of those words represents as a
similar  computation  of  the  information  within  a  common
memecular  entity  which  yields  a  disparate  linguistic
representation.   This  shows  that  words  themselves  are  an
extension  of  the  primeme  function.   A  word  becomes  a
primeme for a concept,  and that word then has a primarily
correspondent representation of the most probably referenced
iteration of that concept.

This small fact reveals the true complexity of language
and  discourse,  and  as  well  as  the  necessity  of  a  common
language if discourse is to occur.

Think of yourself around a group of people who speak a
language that you do not.  Your time in discussion with them
presumably consists largely of nodding and a bit  of general
confusion before your mind wanders off to make better use of
its time.  

Even  if  the  subject  being  discussed  is  one  that  you
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happen to know something about, and even if you have a lot
of your own information regarding whatever it is that they are
saying,  without  knowing  what  words  are  associated  with
those  things  there  is  no  way  to  exchange  that  information
without having helpful objects to point to and grunt about.  

The other people in the group will have an easier go of
the  entire  exchange  process  because  each  has  conceivably
heard and used each word many thousands or even millions
of times, and thus their associations with those words are that
much stronger, and the group therefore possesses a common
set of eligible and exchangeable primemes.

This process, when seen in aggregate, and in the context
of  continual  reiteration  and  representational  modification,
establishes  and  modifies  one's  perspective  on  the  natural
world and allows for cognizance thereof.  If one were not able
to store and compute one's experience in this way, one's entire
life would take on that basic sense of having no idea what is
going on.

All of the human being's methods of discerning not only
what is going on based on large quantities of information but
also to construct  what  has gone on,  either in a hypothetical
scenario or as regards the immediate or distant past, and also
to  predict  what  may or  will go  on  in  the  future  based  on
limited  quantities  of  information  stem  from  and  revolve
around this  process,  but  there  are  other  factors  which bear
upon the selection of information.
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We  have  already  discussed  the  functional  selection  of
information, and the fact that there is a kind of bandwidth in
terms of how much information can be processed at a given
time.   This,  however,  is  only  the  first  of  two  operational
bandwidths.

Once one has transmuted incoming information into an
object or event, recognized the implications thereof, and then
formed a response, there is still a limited window of time in
which that  information  will  be  useful  back  in  the  Ordinate
External World.

A conversation may wander in the direction of another
topic before one has been able to think of something to say, a
mechanical process may stall while waiting for one's input, or
to put it in sharp evolutionary relief, if an individual should
see  a  predator,  recognize  that  animal  as  a  predator,
understand  that  they  are  under  threat  from  that  predator,
recognize that they object to the harm that may come without
acting,  elect  to  run  away,  and  then  begin  to  run,  and  that
whole process  has taken longer than the time it  takes for a
similar, converse process to go on in the mind of the predator,
the point is lost, and the individual is still dead and eaten.

In  light  of  these  considerations  we  can  see  how  the
system is optimized for speed, and we can see the advantages
that are inherent in a system such as this,  both those that a
given primeme has within the information processing system
at  large  and  those  that  a  primeme-generating  information

66



NEUROECONOMICS

processing system affords to the organism which is its host.
We  can  see  the  burden  from  which  the  subsequent

operators  are  relieved  by  the  reception  of  a  recognizable
primeme rather  than a convoluted and redundant  group of
information and, as a result of this, the way that a primeme's
successful  traffic  through this  system expedites  information
flow.

And in as much as it is beneficial to optimize the business
of one's experience, analysis, and perception, the same is true
of one's directives and participations.

In the next chapter, we will look at the ways in which
this  process  shapes  and  underlies  a  large  proportion  of
behavior,  as  well  as  some  of  the  ways  in  which  the  brain
adapts  its  functions  in  order  to  deal  with  the  scarcity  and
limitations of information.
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Neuroeconomics

FROM THIS POINT, WE can address the last part of the information
processing chain, the objectional/directive (O/D) dyad set, and
we revisit yet another version of the same question we've been
asking throughout this book: How is it that the brain selects
beneficial information  from  the  range  of  behaviors  and
experiences available to it?

We have seen that external information is received and
interpreted  in  terms  of  its  relative  emphasis  within  the
environment, and things which have this kind of significant
impact on the world become neuroeconomically emphatic as
well, both in terms of the energy that is available to the system
and in terms of the level of information which that elevated
level of energy represents.

In the case of an intense source of heat, such as the one
we saw in the example from chapter 2, the brain can be said
generally to respond to intense stimuli with intense repetition
and reiteration,  and we can consider that  there is  a  way in
which this response induces the production of its own energy
as its corresponding information travels through the system.

Even  the  energy  required  to  render  a  hot  stove  as
particularly  hot  rather  than  neutral  to  any  form  of
consciousness  must  come  from  somewhere,  and  I  think  it
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follows with a fair appreciation of reason that the greater the
intensity  of  the  initial  stimulus,  the  more  energy  and
information there is to go around throughout the rest of the
process.

I  contend  further  though  that  these  events  tend  to
generate  a  level  of  energy  that  is  surplus  to  this  simple
representational  requirement  and  that  mitigating  behaviors,
for instance the ability to pull one's hand back very quickly
from that heat source after realizing how hot it is, are at least
partially funded in the immediate term by the excess of energy
which  was  spawned  to  account  for  and  contend  with  the
experience of the stressor.

In general then we can see that this kind of surplus is
desirable because of the way that it can be converted quickly
into beneficial action, but if this is so then why aren't we all
continually  burning  ourselves  to  acquire  it?   The  obvious
answer to this ridiculous question will be clear to anyone who
has ever been burned, but from a neuroeconomic perspective
we can examine that answer a bit more closely.

The pain associated with damage to one's body can be
understood in terms of the liberties that are destroyed by the
damage  incurred;  the  opportunity  costs  associated with the
lack of a functional hand in addition to the physiological costs
of repairing the tissues.  Any neuroeconomic benefit accrued
from the experience is  quickly canceled out when these are
accounted for, except to the extent that this quick action has
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either averted disaster just ahead of time or that it has reduced
the severity of the damage.  Thus, one pulls one's hand back as
quickly  as  possible  in  order  to  reduce  the  severity  of  the
damage so that one can spend less time recovering, less effort
adapting  one's  necessary  actions  while  they  favor  their
damaged hand during the healing process, and so on.

By extension we can see that using this method to acquire
energy is completely unsustainable; these costs compound and
the cost-benefit analysis becomes more and more stark as this
action  is  repeated  or  maintained.  In  contrast,  pleasure
responses tend to accompany things like the development of
one's  relationships  and  the  success  of  one's  endeavors,  the
eating of  a good meal,  having intimate personal  exchanges,
and so on, and all of these are consistent with overt benefits
that produce net energy gains and increase the likelihood of
future  benefits,  and  their  benefits  compound  as  they  are
reiterated over time.

On this micro level, one can be said to negotiate one's self
in  a  manner  that  shifts  to  accommodate  these  changes  in
immediately  accessible  values;  one  acts  in  one  way,  says  a
word or commences a gesture, so that in a few fractions of a
second one can act in a slightly different way.

The  majority  of  behavior  can  be  seen  as  a  continual
balancing of these snapshots of circumstance;  if you should be
mid-sentence and a large object should come crashing through
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an nearby window, the chances are good that your attention
will be diverted to that thing because it makes more sense to
the economy of your immediate environment.

This  pressure  flows  in  both  directions,  however,
influencing both the execution of one's participations and the
experience and interpretation of one's environment in the first
place.   Someone with an acute fear of heights,  for example,
who  is  standing  on  a  flat  piece  of  ground  in  a  craggy
outcropping of rocks where there are a clear number of visible
levels  down  to  the  bottom  will  feel  more  comfortable  and
perceive  this  situation  as  less  threatening  than  they  will
standing on an incline at the top of a sheer drop, even if the
distance between their point and the bottom remains the same.

I contend that this represents a system of built-in notions
about what I  will  call  here memeotemporal  proximity.   The
calculation  of  this  proximity  is  an  intuitive  balancing  of
information, time, and sequence, and running the calculation
is  a  way  of  forecasting  the  potential  changes  in  one's
circumstances  as  they  could  be  carried  out  during  nearby
segments of time.  Put simply, if there are x number of things
that have to happen before a given thing can occur, then as that
number drops the moment at which it must occur seems more
and more imminent. 

In this  case it  is  proximity to the moment of falling to
one's death, but the same could be said of other acute fears,
such  as  the  anxiety  some  people  feel  when  flying  in  an
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airplane.   A person who is nervous about that sort of thing
presumably feels more anxious as the plane is taking off, in the
air, or landing than they might the week before or certainly the
week after they are on the plane.   Essentially,  the person is
memeotemporally closer to the event of a plane crash when
they are in the airport or on a plane than when they are on the
ground, or on a boat, even if statistically this adjustment is a
narrow one, and so the anxieties involved in that experience
are more likely to be activated at that point.

Similarly, one's thoughts might turn to the comparative
delights of various forms of Italian food just as one sits down
at a particular restaurant, principally because the moment of
having to make a selection and the moment of enjoying it are
memeotemporally closer as well.

Other  more  minor  behaviors  can  be  seen  from  this
perspective too. We can understand the maintenance of one's
ambient  air  temperature  or  the  manipulation of  one's  radio
stations in a car to be minor examples of the shifting of one's
environment into a way which is slightly of greater benefit.

This, we can see to be undercut by, and in an exquisitely
balanced form of competition with, the need to behave within
these  circumstances  in  order  to  affect  positive  change.   As
these  processes  are  carried  out  we  can  see  resources  being
divided  fairly  evenly  between  conducting  behaviors  and
participations  and  to  evaluating  the  change  which  those
participations effect.
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With these two underlying forces in mind,  we can see
that these occupy a significant chunk of the processes which
support and direct most behavior, and we should look here at
the  motivations  and  goals  of  these  processes  in  order  to
establish some general propositions that describe the nature of
behavior at large.

For any given piece of information, in any given bank,
there are two significant preoperational designations: either it
is available, meaning both that it exists and that it is in a form
that can be processed by an operator in the next part of the
chain (+),  or it is not (–), and either it is selectable, meaning
that the operators are in ready form to process it (+), or they
not (–). 

Therefore,  any  particular  meme  has  one  of  the  four
following designations with regard to a particular operator:

SELECTABLE

AVAILABLE
+ / + – / +

+ / – – / –

The  informational  availability  of  a  given  piece  of
information is simply a property of its existence.  For general
purposes, and for objects, events, and constituent information
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this  is  a  fairly  simple  consideration.   The  selectability  of
information however is subject to the considerable variations
available to the adjacent operators.

As with any system we can see the importance of a given
component most clearly when we observe the consequences of
its  failure.   Consider  some  of  the  pathologies  of  visual
processing--

 cataracts } S1

 corneal opacity } S1

 trachoma } S1

 onchocerciasis (Robles' disease)  } S1

 macular degeneration } S2

 glaucoma } S2

 diabetic retinopathy } S2

 glaucoma } S3

All of these are what I  will  call  functional pathologies,
which are indicative of a breakdown in components necessary
for processing, and these all happen to be pathologies of the
Sensory  track.   For  all  of  the  variation in  these  pathologies
however  they  share  a  common informational  pathology:  an
obstruction of visual information processing.  This obstruction
generates an experiential deprivation in bank 5, which means
that regardless of the condition of the experiential operators,
the information will  not arrive in the experiential  banks for
them to process.

This  refers  to a condition referred to by the southwest
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quadrant of the Punnet square on the previous page, in which
the information is available to the person's operators,  but is
not  selectable  because  of  an  organic  impairment  to  those
operators (+ / –).  The conditions are  illustrated as follows:

+ / +  = lit room, sighted person
+ / –  = lit room, blind person
– / +  = dark room, sighted person
– / –  = dark room, blind person

As  you will  notice,  the  information,  at  least  in  the
closest  possible  approximation  to  its  original  form,  is  only
transmitted in the case of dual confirmation of availability and
selectability.  From any of the other three perspectives one can
discern  that  the  lack  of  visual  information  naturally
contributes to further deprivations; more than just the light is
missing  from  the  person's  experience.   The  lack  of  light
prevents  the  recognition  of  objects,  the  lack  of  recognition
forbids the acknowledgment of those objects, and this lack of
acknowledgment  eventually  precludes  the  appropriate
negotiation of one's movements with regard to those objects.  

A person who is blind may therefore employ the use of a
cane  or  the  assistance  of  a  guide  in  order  to  assure  the
presence of this information in their experiential track and as
an eventual consequence their Subordinate External World.

This is indicative of what I will here term an integrated
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participation, in which the available/non-selectable condition
(+/–) is satisfied by the supplication of the means to translate
information from an available but unselectable form into an
available and selectable form.

The  nature  of  these  integrated  participations  is
observable too in broader, more indirect cases.  The patterns
on a flower or leaf, for example, perhaps the guiding light for
a small bee and essential information for its survival, would be
a  complete  mystery  any  human  looking  straight  at  them,
unless of course they were looking at them under ultraviolet
light.  An ultraviolet viewing apparatus then, whether in the
form of a high-tech camera which can render these patterns in
the visible spectrum or a simple viewing box fitted with an
ultraviolet  lamp,  is  the  technology  invoked  to  convert  the
information  and is  therefore  representative  of  an integrated
participation.

In contrast to the functional pathologies described above,
there are procedural pathologies, in which the operators are
mechanically sound but lack specific information necessary for
the completion of certain subordinate processes. This describes
the non-available/selectable (– / +) condition.

This  condition  is  typically  satisfied  by  means  of  an
organic  participation,  which involves  the  repurposing of  an
existing  adaptation  to  provide  the  available  and  selectable
information.  This is illustrated by the case of echolocation in
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bats and certain other mammals.
A bat, who wants to create a diagram of the layout of its

cave but cannot use its functional eyes because there is a lack
of light, shrieks off into the darkness and interprets the rate at
which the sound bounces back to it.

Similarly, you may feel along the wall of a dark room for
a light switch as an organic participation which aids, and once
you  have  located  it  the  act  of  switching  it  on  would  be  a
integrated participation.  In the former case you have altered
your behavior strategically in order to introduce information,
and in the latter case you have altered the conditions of the
information itself in order to do the same.

We  should  recognize  that  this  indirect  generation  of
information is used in either case as an alternative means of
modifying  and  producing  information;  this  compensatory
method monopolizes the resources necessary to perform said
participations, and importantly it does so in a way which has
not  been  evolutionarily  or  experientially  optimized,  and
therefore  said  resources  are  likely  to  be  more  profitably
applied toward other endeavors.

Compare,  for example,  the amount of time and energy
that it takes for your eyes to glance around the room you are
sitting  in  now  with  the  amount  that  a  non-sighted  person
would  have  to  invest  in  order  to  get  a  comparable  mental
diagram of the layout of the same room. 
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Consider, too, a reversal of the same capabilities; suppose
you were unable to sense touch, but had perfect vision.  You
could  know  the  temperature  by  means  of  an  integrated
participation  if  you  had  access  to  a  thermometer,  but  you
would be unable to discern it as easily or as readily as you
would  if  you  could  receive  this  information  from  the
thermoceptive operators inside your skin, you would have the
further  cognitive  burden  of  translating  those  numbers  into
spectra  of  danger  and  safety,  and  you  would  only  have  a
conversant access to the source of that information while you
were in front of the thermometer itself.  A far cry indeed from
the traditional means.

It is perfectly regular to assert that the eye is adapted to
process light, the ear for sound, and so on, but looking at it in
this  way it  seems  that  we have evolved so  that  visual  and
auditory and other kinds of information are readily available
to us through these certain specialized means.

Along these  lines,  we  can  begin to  discern  the  role  of
memory  as  a  system  of  organic  participation;  the
reorganization  of  mental  activity  to  a  produce  previously
encountered information,  recalled in  the  form of  condensed
and  well-traveling  primemes,  provides  some  of  the  most
relevant features of that encounter and its products for use in a
temporally  inconsistent  but  informationally  compatible
scenario.
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One may be “blind” in a way to the object or event that
one considers in the abstract but one can nonetheless develop
a workable comparison to aid in the immediate task.

We  should  notice  too  that  in  any  case  only  a  certain
portion  of  the  information  available  from  the  information
source  in  question  is  obtained  by  either  of  these  means  of
compensatory participation.  In the case of bats, echolocation
may only provide an object's location, position, and perhaps
some suggestions as to its density or weight.

It is obvious that the object itself is comprised of many
attributes  in  addition  to  these,  and  the  same  is  true  of
information  presented  by  any  compensatory  means.   With
memory in particular, in the recollection of events that once
took  place  within  the  cognizance  of  an  organism,  the
information  set  forth  to  describe  those  events  is  limited  by
what the organism happened to remember, what the organism
registered on any level at all, and what it was possible for the
organism to register and remember in the first place.

Having  addressed  the  self-correcting  nature  of  this
system  and  its  tendency  to  reward  efficiently  processed
information, we can observe a strong Darwinian competition
among variations in information, with some being rewarded
for  being  processed  in  the  same way  that  natural  selection
“rewards” certain variations in nature for being well adapted
to survival and reproduction.
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We  can  think  of  each  operator  as  continually  seeking
information of the type which it is most specialized to process.
We  can  describe  this  as  a  metaphorical  transaction,  or
exchange,  wherein  each  mechanically  sound  operator  is  in
constant  readiness  to  supply  its  processing  capabilities  if  it
should be  activated,  and it  will  trade these  services  for  the
energy required to perform that processing and the attention
which the subsequent operators will pay to the products of its
labors. 

Thinking  from  the  perspective  of  the  available
information, we can imagine each meme as a competitor and
imagine each of  them wanting to be replicated in the same
metaphorical way that a gene does.  Consider then how well a
meme  for  “red”  does  when  it  is  part  of  the  memecule
representing  the  red  apple  from  the  example  described  in
chapter 4.  Every time “apple” gets copied “red” does too, and
in the process “red” earns a greater saturation of the meme
pool  and bolsters  its  candidacy  for  a  primeme status  of  its
own.
 Certain kinds of information also lend themselves readily
to processing from the perspective of the organism.  This is
akin  to  a  seemingly  paradoxical  observation  made  by  the
American philosopher  Daniel  Dennett,  who recognized that
sweet  things  taste  sweet  to  us  not  because  of  any  inherent
sweetness of the thing itself, but because we are mammals that
evolved with a digestive system to which glucose and other
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saccharides  are  highly  valuable  because  of  their  energy
efficiency and consequently we developed a system of taste
that attracted us to foods high in those sugars.

If we consider molecules of a certain type such as those
described above  to  be  competing for  digestion,  a  symbiotic
relationship between nutrient and processor can be described;
the saccharides continue to get eaten and the body continues
to be nourished.

Think  now  of  this  same  mutual,  co-adaptive  meta-
relationship in the context of informational popularity.  While
it  does  sugar  rich  food little  good to  be  eaten,  information
benefits significantly from being popular within the mind of
an  information  processing  being.   Social  creatures  such  as
humans  receive  an  enormous  range  of  benefits  from
informational  exchange  between  individuals  in  addition  to
each individual's internal exchanges.

A large  proportion  of  these  benefits  are  derived  in  a
simple  sociobiological  sense,  in  which  the  better  your
transactions, the more other people will want to interact with
you,  the  mere  presence  and exposure  concordant  therewith
increases  the  likelihood  of  prosocial  interactions;  grooming,
mating, the formation of alliances, and so on.

So in this way the popularity of one's information serves
to  increase  the  popularity  of  the  one  among  groups  and
thereby doubly enhances one's evolutionary viability, and the
ability for  information to become popular in a group stems
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directly  from the  ability  for  information to become popular
within the mind of an individual.

As  an  extension  of  this,  the  following  chapter  will
examine some of the forms of social economy, and will look at
some  of  the  ways  in  which  neuroeconomically  popular
information  comes to  be  exchanged from person to  person,
and  how  these  exchanges  contribute  to  various  kinds  of
interpersonal relationships.
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Cooperation & Exchange

WE CAN CONSIDER INFORMATION that is neuroeconomically viable
to be a peculiar kind of commodity and, while most of this is
valuable  to  the  individual  in  the  way  we  have  described,
among  individuals  in  a  group  there  are  certain  kinds  of
information which are selected for exchange.

This  chapter  will  focus  mostly  on  the  kind of  elective
interpersonal  exchanges  that  occur  within  small  groups  of
friends, colleagues, and those with whom we feel comfortable
enough to speak freely, as opposed to exchanges that occur in
support of an agenda or which take place within a particular
expectational architecture; those that take place at the grocery
store checkout line, or at the DMV, for example.

Naturally, the selection criteria for these exchanges varies
significantly depending on a wide range of  factors;  the size
and  constituency  of  the  group  in  question,  the  level  of
familiarity and compatibility between its members, and so on,
and consequently, there is a wide variety in what constitutes
exchangeable information.

Most  generally  then,  we  can  see  that  this  designation
rests  first  on  the  arbitrarily  communicable,  what  things  a
person  can communicate  using  the  tools  available  to  them,
whether through language, gesture, or by integrated means,
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and  subsequently  on  the  circumstantially  permissible,  what
things a person  might communicate based on the topic(s)  at
hand and the person(s) with whom they are conducting their
exchanges.

In a way, this is an extension of our available/selectable
designations from the previous chapter, and we have a similar
set of four circumstances which govern the transmissibility of
information within this context:

PERMISSIBLE

COMMUNICABLE
+ / + – / +

+ / – – / –

Here  again,  a  piece  of  information  is  eligible  to  be
transmitted  only  if  it  generates  the  double  affirmative  (+/+)
condition, and it is within this broad category that one begins
the  selection  of  appropriate  information,  what  things  one
ultimately chooses to communicate.

Leaving  aside,  for  simplicity's  sake,  the  potential
differences in how a given piece might be transmitted to one
person rather  than another,  the  phrasing and emphasis  one
might  select  to  communicate  different  things  about  that
information, and focusing solely on whether that information
is  communicated  at  all,  we  can  begin  to  describe  the
neuroeconomic  upshot  of  various  kinds  of  cooperative
exchange.
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We can see that any interaction between two individuals
requires that they in some way, whether ordinarily or through
some technologically  enhanced means  like  the  telephone or
the internet, share a common section of the Ordinate External
World;  there  is  some  common  arena  of  sensation  and
participation between them.

Thus,  information  within  that  environment  can  be
processed redundantly  by two different sets  of  sensory and
experiential operators, increasing the chances that any given
piece will be processed either of the two people, whereupon it
could easily be exchanged with the other in the usual way.

In its original pre- and early human forms, this dynamic
would have served to increase one's own chances of survival
by doubling the chances that, for any snapping branch in the
woods or rustle of grass on the Savannah, one or both in a
group of two would hear, register, recognize, understand, and
then move to contend with the predator that might be bearing
down upon them.
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Similarly,  one  can  compare  analyses  and  suppositions
about  one's  experiences,  share  and  modify  ideas,  exchange
strategies for various tasks and objectives, share goals and the
workload of  achieving them,  all  thanks to  the fact  that  this
information is processed dually and, importantly, variably by
any two parties.

In  this  way we can see  that  one's  Ordinate  External
World  is  made  more  rich  as  a  bank  by  the  presence  of  a
potential  exchange  participant;  not  only  can  one  access  the
information of one's environment directly, as usual, but one is
also afforded opportunities to investigate the other's syntheses
of that environment, and to incorporate these considerations
in their own environmental and behavioral calculus.

A lot of this type of human interpersonal communication
tends strongly to revolve around the selective display of one
individual's stores of information within a particular category
as  well  as  the  selective  inventory  of  another's,  and  these
considerations flow the same way within the system as any
other type of information, albeit through different operational
channels.

Consequently,  as  we  have  described,  primemetic
representations  of  the  other  person's  tastes  and  interests
emerge  and  these  are  correlated  with  pieces  of  one's  own
information, which then can be chosen from and exchanged to
greatest effect.
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It emerges here that there is a passive, generalized, and
distal  force  that  drives  this  kind  of  relaxed,  casual  social
interaction: the intention of each participant to even out the
differences between the two bodies of information in order to
collaborate more effectively from the same informational basis
in the future.

Bits of news, whether about the world at large or one's
own  extended  social  circle,  personal  stories  and  anecdotes,
and  so  on  are  exchanged,  in  part  so  that  each  person  can
operate  can operate  among the  elements  involved from the
best  possible  standpoint  that  the  two  can  come  up  with
between them.

Often, however, this process is not as dry and cynical as it
seems  from  this  description,  and  information  may  be
exchanged simply because of beneficial factors inherent in the
exchange, as evidenced by most  kinds of  humor.  A person
might  say  something  ridiculous  that  doesn't  necessarily
conform to their own belief systems, or something nonsensical
that isn't intended to inform or to modify the other person's
information or use thereof, simply to make the other person
laugh.

Even within this context though, a version of the same
form of information traffic still exists because the person may
remember the joke and be able to tell it to someone else, or
may laugh about it in the future, or may be able to exchange
the funny story that can be derived from the interaction, and
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so on.
In  cases  like  these,  the  more  proximate  aim  of  social

interaction can be observed: simply to enjoy one's self and to
promote the enjoyment of others,  and I think it  no accident
that, generally speaking, the more pleasurable and gratifying
we find our exchanges, the more likely they are to benefit the
state of our information.

Even altruistic behavior can be seen within this context.
Not only does it simply feel good to help other people, and it
may often indeed be true that there is no ulterior motive, but
arguably it does feel good in the moment in part because of
the  way  that  positive  and  beneficial  exchanges  typically
influence  and  forecast  further  beneficial  exchanges  in  the
future.

And, too, even without this consideration there is a level
at  which  it  makes  great  sense  in  terms  to  preserve  and
promote  the  welfare  of  another's  neural  economy  because
potential exchanges with that healthy economy will enhance
one's own, in the ways we have just seen. 

Within all of these types of exchange there is a fairly wide
range of exchange behaviors, which are those behaviors that
regulate  the  manner  of  one's  exchanges.   The  fluidity  of
information, the willingness to exchange or withhold certain
types  of  information,  the  duration  of  the  exchange,  one's
receptivity and willingness to exchange in good faith, and so

90



NEUROECONOMICS

on  are  all  subject  to  the  exchange  behaviors  of  each
participant.

Some comparability  of  experience  is  essential  for these
types  of  exchange,  but  these  requirements  can  be  fairly
flexible.   Information  of  all  kinds  can  be  exchanged  and
introduced providing there is at least a common experience of
language, and information in more limited forms is available
without this provision.  In all cases however, these exchanges
are  characterized  by  the  periodic  display  of  one's  own
information  punctuated by the  entertainment  of  the  related
information of the other.

Over  time  these  factors  and  characteristics,  and  the
variations within them, shape the way we bond with certain
people  rather  than  others,  choose  to  interact  with  certain
people  rather  than  others,  and  over  time  the  exchanges
between two parties over time are weighed and amalgamated
into  primemetic  representations  of  that  viability  within  the
Memorial and Subordinate External Worlds of each, and these
govern  both  the  light  in  which  one  regards  previous
interactions and the climate in which they will conduct those
in the future.

If  we think of some of the differences between various
people in our lives, we find that we think of some of them as
funny, we think of some of them as intelligent,  we think of
some of them as friendly, we think of some of them as fun, we
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think of some of them as particularly capable in one way or
another, and we can see that these perceptions are built out of
a reliable series of observations and experiences having to do
with those individuals.

We tell certain kinds of jokes to certain people who we
think will find them funny, we tell certain stories or share facts
and knowledge with certain people who we think will  find
them  interesting,  and  we  seek  certain  people's  advice  in
certain situations.

These  networks  and  their  fidelity  can  be  seen  as
extensions of one's informational economic viability, similar in
purpose or function to a limb or an organ.

In fact,  these relationships are even more essential and
versatile  than  they  initially  appear,  because  once  one  has
developed a relationship one comes to value not just the past
exchanges  between  two  parties,  but  the  fidelity  of  the
exchange participant in general so that one trusts the other's
ongoing evaluations and experiences of their environments.

Because  each  of  us  lives  our  lives  in  variously
overlapping territories of information, the exchanges between
to parties constitute links between these spheres of experience,
and information gleaned in one area can be contributed to a
person who acts within another.

Consider  the  parallels  between  remarking  to  a  friend
about a great new restaurant you found, a great movie you
saw,  or  an idea you had,  a recipe  you tried or  a technique
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you've developed for something, and more primitive hunter-
gatherer-style social exchanges about sources of water,  fresh
kills, etc.

From the perspective of neuroeconomics, there isn't very
much  separating  one  of  these  types  of  exchange  from  the
other;  all  of  these  are  just  the  common exchange of  useful,
entertaining, or beneficial packets of information.  

Things that we like about other people, things that make
us laugh and think, things that make us happy and things that
make  us  enjoy  the  company  of  others,  all  of  these  things
ultimately,  while  perhaps  not  exactly  built  from  these
beneficial exchanges are certainly scaffolded and supported by
them. These  exchanges  provide  the  space  in  which
interpersonal relationships develop, and over time we weave
together reliable social networks from these banks of common
shared experience.

Personal loss, then, such as that of a close friend or loved
one,  can  be  seen  to  be  disruptive  from  a  number  of
standpoints  on  a  purely  informational  basis,  and  the
monopolization  of  resources  which  is  necessary  to  replace
these networks and to make it back to a level of security in
which one can function optimally can be overwhelming to the
system as a whole.

We  will  view  this  and  some  similar  types  of  mental
breakdown  and  distress  in  greater  detail  in  the  following
chapter.
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Breakdowns

FROM THE NEUROECONOMIC PERSPECTIVE, we can see that trauma,
both  the  physical  and  the  solely  mental  or  emotional,  is
consistent with what I will here call a Catastrophic Exchange
Disruption  (CED),  in  which  a  massive  percentage  of  one's
routine and reliable exchanges are dismissed over a very short
period of time; the death or loss of a loved one, a rapid change
of  environment  or  culture,  physical  trauma  such  as  severe
injury  or  the  loss  of  a  faculty,  or  several  other  kinds  of
significantly disruptive events.

We  can  understand  the  aversion  that  precedes  a
reorganization of  this  type,  as  well  as  the emotional  rancor
that follows to be illustrative of and to be loosely proportional
to the massive amount of reconfiguration of resources that will
have to be undertaken by a recently stable neural economy.

Consider the devastation that your life would suffer from
a  purely  financial  perspective  if  your  house  burned  to  the
ground,  or  if  you  were  forced  to  leave  your  home  due  to
famine or war.  Whether or not this event would represent a
direct  pressure  on  your  survival  (if,  for  example,  you  had
friends who could shelter you and you could still obtain food
and water), you would still be damaged economically by the
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loss  of  your  personal  effects,  your  clothes,  your  appliances,
your furniture,  your books and other media,  your electronic
devices, the things you have of sentimental value, and so on.

Similarly,  in  a  catastrophic  exchange  disruption,  the
needs which were once satisfied by the structured network of
safe zones and reliable exchange relationships that  you had
established are now once again at your door and in demand of
your  attention,  and  the  processing  load  at  large  becomes
enormous over a very short period of time.

As  a  representative  example,  we  can  examine  two
specific and oddly acute forms culture shock. The first of these
is called the Paris Syndrome, and out of the six million annual
visitors to the City of Light, this affliction exclusively affects a
narrow population of Japanese tourists, about 20 per year.

Essentially,  these  particular  individuals  are  raised with
the  belief  that  Paris  is  the  world  capitol  of  grace,
sophistication,  etiquette,  and  culture,  and  they  ultimately
arrive to find that it is a modern 21st century city, a real place,
with all the real problems and real issues that affect a global
metropolis.

There  is  crime,  there  is  traffic,  there  are  homeless
beggars,  waiters  are  rude to  them and sometimes  refuse  to
serve them, there is drug abuse, there are dangerous areas, the
subways are crowded and frantic, and for some reason, in this
author's  own  personal  observation,  there  is  an  inexplicable
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amount of dog feces littering the ground.
Take this shock, combined with the exhaustion of the trip

and  a  language  barrier  beyond  which  they  are  unable  to
communicate,  and  these  people  have  complete  and  total
nervous  breakdowns.   They  have  hallucinations,  dizziness,
depression and anxiety, elevated heart rate, and delusions, and
the Japanese embassy in Paris actually has a dedicated hotline
for the assistance and repatriation of sufferers of this peculiar
malady.

Even  more  surprising,  this  phenomenon  is  not  only
found  in  Paris;  there  is a  parallel  and  somewhat  more
theatrical  version  of  this  breakdown  called  the  Jerusalem
Syndrome.

Jerusalem  Syndrome  affects  a  similarly  narrow
population,  American  tourists  this  time,  usually  from  the
South, usually from heavily religious Christian backgrounds,
usually a part of a tour group who have saved up their money
to travel to Jerusalem, thinking of it as the Holy City, where
Jesus Christ walked and lived, and thinking that it will be a
place of reverence and meditation.  Again, they arrive to find
that Jerusalem is a modern 21st century city, a real place, with
all  the  real  problems  and  real  issues  that  affect  a  global
metropolis.

And  again,  these  people  just  completely  lose  it,  and
before you know it they have wandered off alone for a while,
stripped naked, ripped the bedsheets off of the hotel bed and
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wrapped themselves in a toga, and before you know it again
they  are  out  on  the  street  corner  waving  the  Bible  and
shouting at  the people of  that  city that they must return to
more solemn, holy, and respectful ways, that they have all lost
track of the holy path, and so on, sometimes even claiming to
be the Second Coming of Christ himself.

It sounds ludicrous, of course, but they get 100 cases of
this per year!  There are actually specially trained facilities for
dealing  with  sufferers  of  this  particular  form  of  mental
breakdown, and in the thirteen years between 1980 and 1993
more than 1,200 people were referred for treatment.

These fairly odd, fairly uncommon versions of nervous
breakdown may certainly be out at one end of a spectrum of
the mechanics mental and emotional failure, but consider the
relationship  between  this  form  of  abrupt,  disruptive  shock,
and  the  similar  shock  that  might  accompany  a  more  usual
kind of trauma.

In both cases there is a profound restructuring of one's
environment at a very rapid rate, both in terms of the factors
and conditions of the Ordinate External World, and in terms of
the economic environment within which one conducts one's
activities,  and  the  overt  characteristics  of  the  one  case  are
representative of the second as well.

Consider  the  business  one  has  to  take  care  of  on  a
supporting level  as  one walks down a new street  or a new
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neighborhood  of  a  new  city.   Simply  negotiating  one's  self
from  point  to  point  and  constructing  spatial  organization
maps of where things are,  finding new places and deciding
which ones are worth visiting again, learning the intersections
or subway stops, and so on, is a considerable process for the
brain to undertake, and when it goes smoothly this process is
seamless and goes largely unnoticed.

If we imagine this, plus a similar work load being asked
for in order to restructure the metaphorical and philosophical
and historical ramifications of the deeper existential quality of
a 4,000 or 5,000 year old global and civilizational capitol, and
we can see that the system comes under something of a strain.

If  at  the  same  time  one  is  also  trying  to  take  on  the
business of sorting out one's purpose or one's “mission” in life
and confronting all  manner of inconsistencies in the way in
which one is currently living it  in the face of shocking new
information,  and  perhaps  dealing  additionally  with  the
irregularities  of  sleeping  in  a  new  time  zone  and  troubles
finding food and the general stresses of travel, it won't be long
before  this  particular  person is  heading  for  a  fully  fledged
meltdown.

We can imagine a very similar person, or indeed the same
person, reacting to the news and realities of these places very
differently, say, if they were surrounded by friends and loved
ones,  all  of whom could be reasonably assured either to be
having a similar experience or at least to understand and be
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sympathetic to this experience, or if these were couched within
the normal routines of their experience, or if they had not been
so heavily invested in the idea of how it should have been in
the first place, and so on.

Put  simply,  a few  factors  being  otherwise  and  maybe
Paris or Jerusalem might not be such hyperventilating, toga-
wrapping let downs.

Now, however, consider a world where the exact inverse
has occurred.   Most  everything is  normal,  everything is  the
same,  everything  is  usual,  but  all  of  the  support  structures
within it have been removed, and as this world implodes upon
itself we can begin to see that the amount of alienation that
one  confronts  is  proportional  to  the  amount  of  information
and strategies which one has that are no longer usable in this
new context.

One goes through one's own normally recognizable life
as  though they were a stranger to it,  and life  takes on that
same quality of having to sort through one's business in the
wake of everything else one has to attend to in the meantime.

In  this  second  case,  the  problem  is  somewhat
compounded by having a harsh reality that conflicts not with
diffused, abstract concepts which one has imagined and held
dear at this particular kind of distance, but with an immediate
reality  that  is  inconsistent  with  a  reality  that  one  can
remember with devastating clarity.
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The sense  of  jamais  vu and the  hollow,  muffled  gloom
associated with once familiar and bright places and things can
be a shock to the system on its own, and at a very nuts-and-
bolts,  physiological  level  this  renegotiation  process  is  an
enormously taxing one.

This essential manner of this form of breakdown, then,
can be seen as the result of a massive strain on an individual's
neural economy, which has been exacerbated to the point at
which this crisis overwhelms the activities of the system.

Consider  that  as  one  comes  to  embrace  goals  and
ambitions, as one develops relationships and makes plans, and
even as one accepts the simple hedonistic realism of our daily
lives and tries to make the best of their own experience, the
breadth of that optimism is supported and maintained by the
tangibility and accessibility of one's aspirations, and if one is
suddenly  having  to  confront  a  great  number  of  unrelated,
more  pedestrian considerations,  aspiration becomes a rather
lower and lower priority, and the thrust of these becomes one
of a much more prosaic quality as the neuroeconomic cost and
the associated pain of that process continues to rise.

This is true of very basic biological functions as well.  In
cases  of  acute  stress,  as  well  as  as  more  chronic  forms  of
depression and anxiety, most of the functions that are out of
sorts can be described in general as “optimistic functions”.  In
crisis situations the appetite diminishes, sexual functions are
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scaled back, digestion slows to a halt, and a number of other
long-term, future-oriented endeavors are cut off so that more
can be done in the moment.

And,  of  course,  as  the  confusion  of  this  process
compounds,  a  similarly  catastrophic  buildup  occurs,  and
before long, the person can turn out to be in really bad shape
as they repeat this cycle.

The neuroeconomic pressure on the system in general is
one thing, but this instability can be broken down further by
track.

Perhaps  we  can  assert  that,  in  the  way  that  complex
information  diverts  information  flow  through  the
evaluational/exclusive  (V/X)  dyad with  larger  packets  being
moved through the system by that network's implementation,
a similar process occurs as certain packets are diverted by the
Second  Interstitial  Operators  (I2) out  to  the  objectional  and
directive tracks in order to prepare and reinforce action in the
participatory track either because of a kind of informational
poverty  or  because  of  some  distinct  factor  within  the
information itself.

Thus, track by track, we can discern a condition in which
intense experience in track E is rendered categorically by the
A-track operators,  this  intensifies  the action on the O track,
and the pressure is greater not only on the D-track operators,
but especially on the sensory feedback loop we discussed at
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the  end of  chapter  3  as  we  come back  through the  system
again; it is important that whatever participation this process
has come up with is influencing one's circumstances in a way
that supports the  restabilizing of the system.

If  that  effect  is  not  achieved  and  this  stress  becomes
habituated, the resulting patterns of information flow parallel
features of paranoia,  of obsessive and irrational thinking, of
panic disorders, and several other noncognitive or cognitively
dissonant phenomena.

As an inherent consequence of this bypass however, this
condition can be perpetuated precisely because of the fact that
the  fidelity  of  the  information  is  not  maintained  and
investigated by the more highly analytical operators in the V/X
tract.

We may all at some point have experienced twinges of
what the French call  l'esprit  d'escalier and have thought of a
perfect  response  on  our  way  down  the  staircase  to  a
conversation which we were having back at the top of it, we
may come out of a difficult or stressful situation wondering
why on earth we didn't see the obvious solution, we may even
convince  ourselves  that  if  we  could  travel  back  in  time  we
would know exactly what to do to avert disaster, and this is all
representative of a larger fact: that there has been greater time
for the information you had to be drawn through the channels
of the evaluative and exclusionary tracks.
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We  are  used  to  seeing  the  gap  left  by  this  network's
malfunctions, but its advantages can be seen from an abstract,
evolutionary perspective.

Consider  that  there  are  a  number  of  things  which  are
crucial  to  your  survival  and  yet  over  which  you  have  no
control.  One's heart rate, blood pressure, breathing rate, the
dilation of one's pupils, and so on, all fall within this category,
a group of functions which neuroscientists call “autonomic”
functions.

These  are  things  that  don't  require  cognitive  input  for
two reasons: 1) because it is likely that the mechanics for these
functions  were  in  place  long  before  the  mechanics  of
consciousness, and thus these functions are not predicated on
conscious activity,  and 2)  because even if  it  could be,  these
things are elaborate and delicately balanced enough so that it
does little good to have consciousness in charge of them.

Essentially, it seems, there are some calls that are just too
important for you to be able to make, and so your brain does it
on your behalf.

And whether it is ultimately that a hyperactivity in these
autonomic functions impacts the brain's overall energy levels
and there is  less to go around to the V/X operators,  or that
there this is due to conditions within the information itself, or
that there is some function that directs information away from
them,  the  net  result  is  that  less  time  is  spent  in  rational
decision making as one's situation becomes more imperative,
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and more and more of one's functions become more and more
automatic.

Still,  through  the  entire  process,  the  brain  remains
concerned with one thing--  information.   Over time it  sorts
through  our  experiences  and  distinguishes  links  between
them,  tries  to  integrate  them into  a  coherent  structure,  and
estimates one's ability to contend with similar circumstances
in the future.

Which, I concede, if you are a plains-dwelling, humanoid
hunter-gatherer creature who interacts with a group of  maybe
up to 100 and rarely if ever gets beyond 3 miles of the place
where you were born, is a fairly reasonable thing to do.

If, however, you are a modern human being living in the
21st century, this process can get somewhat complicated.

There are bound to be a great number of inconsistencies
and even outright incompatibilities in the wide and complex
body of information one is likely to build over the years, and
in some cases the dissonance to which this can contribute can
become overwhelming in and of itself.

The next chapter will look at some ways of unraveling
some of these complications, and will introduce a new method
for intervention in a number of usual cases.
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Recovery & Therapy

THIS CHAPTER WILL BE the most speculative of this book, as the
ideas put forth here are the most essentially conjectural and
none  of  them  have  been  formally  tested,  but  with  these
problems in a  new and broader relief  as  we have analyzed
them here there are a few compelling things to be said about
some of these processes.

It  can  be  said  first  that  the  current  pharmacological
approaches to these problems, despite problems of their own,
often contribute a great deal to the treatment of many mental
conditions,  and  depending  on  the  circumstances  and  the
nature of the case these can be essential tools for any therapist.

This  fact  cannot  be  understated,  because  for  a  wide
number of cases there are these simple, maladaptive functions
which, if left unaddressed, undermine any other attempts to
sort out the ostensible problems of the system and continually
generate further confusion and noise.

It  is  true  that  there  are  a  number  of  problems  which,
because of their inherent natures, must be addressed by these
integrated means;  it  seems,  for  now at  least,  that  there  are
things  for  which  organic  participations  that  will  satisfy  the
issues within the system simply do not exist.

For  the  time  being,  however,  I  will  dispense  with  the
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discussion  of  these  kinds  of  organic  impairments,  mostly
because  their  solutions  must  be  discerned  from  complex
experimental and pharmacological research and as such these
are beyond my current capacities to deliver.

Briefly  though,  we  can  revisit  the  way  that  we
understand  the  effects  of  these  medicines  by  looking  more
closely at some of their informational repercussions.

If  we assume that a particular operator,  say one of the
tertiary exclusionary operators, performs optimally if supplied
with  a  certain  level  of  a  given  neurotransmitter,  that  its
operations  are  heavily  dependent  upon  the  use  of  this
chemical, and that this chemical is below optimal levels, then
we  can  see  how  this  functional  pathology  might  generate
distortions in the information which it deposits in bank 22.

We can see here that the system encounters a version of
the  problems  of  the  visual  system  which  we  identified  in
chapter  5;  even if  these subsequent  operators  are in perfect
working  order,  these  distortions  populate  the  bank  from
which  they  will  draw,  and  as  such  there  will  be  distinct
variation in the behaviors of the objectional operators, down
through the directive, and so on.

A person may rightly object to a possibility that has been
improperly  left  for  consideration  by  the  exclusionary
operators,  and  may  reasonably  act  to  contend  with  that
possibility despite this behavior's ultimate irrationality.
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If the level of the necessary chemical is corrected then so
are  the  distortions,  consequently  so  are  the  informational
pathologies produced by those distortions, and possibly, so are
some behaviors which depend on the distorted information.

If,  for  example,  one  has  a  particular  genetic  variation
which dictates that one's neurons reuptake a neurotransmitter
called serotonin too aggressively, there will be a pronounced
effect  on  the  functions  which  require  serotonin  to  be
performed, and a selective serotonin reuptake inhibitor (SSRI),
which scales this process back in some neurons, can be seen to
be in the business of operation maintenance.

With  this  dynamic  off  to  one  side,  we  can  begin  to
address more purely informational kinds of breakdowns.

As we discussed in chapter 5, each of us is continually
involved in  some form of  maintenance  over  our  experience
and  our  exchanges,  and  in  addition  to  this  type  of
circumstantial maintenance there is a similar maintenance of
the fidelity and the immediate viability of our information.

We modern humans have the strange privilege of using
the  internet  and  other  technologies  to  perform  this
maintenance in an unprecedentedly immediate way; we can
look at a watch or a clock when we need the time, we can
search  for  information  we  can't  remember,  we  can  consult
books  and other  materials  on a  whim.  This  is  of  course an
extremely recent development,  however,  and the original  of
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these technologies is our own system of memory.
Memory  can  be  described  from  our  perspective  as  an

emergent record of patterns within previous experience, some
of  which  are  correlated  with  patterns  within  immediate
experience in order to inform and to enhance the efficacy of
one's behavior within the present situation.

Why,  then,  do  we  remember  things  which  seem to  be
blatantly unhelpful and disruptive to our daily lives?  Why do
we  have  painful  or  even  traumatic  memories?   And,  more
importantly, how can these be resolved into a form which is, if
not  more  helpful,  then  certainly  less  demanding  of  one's
attention and one's emotions?

The  most  current  generally  accepted understanding  of
memory is that memory itself is not a broad kind of library,
where all of the information one has acquired is warehoused
and mothballed until some of it is needed, nor is it governed
by a single brain region or group of regions.

Instead  it  is  a  creative,  integrative,  and  information-
specific process which is the result of particular connections
and networks between individual neurons, and as one of these
networks is activated the familiarity of the activity between a
related chain helps constitute specific memories.

We know this process to be dynamic and flexible, and it
parallels what we discussed in chapter 4;  that commonalities
in information sculpt  out  an average of  neural  activity,  and
then, as these same pathways are used more, commonalities in
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activity contribute again to commonalities in information flow.
As we have shown, the reverse is also true, and we can

see here that the system provides an excellent opportunity for
intervention,  which  must  naturally  take  place  where  the
system  receives  input  from  the  natural  world,  the  Primary
Sensory Operators.

We  can  begin  by  considering  this  process  in  a  more
mundane form.  Suppose there was a shop to which you were
used to going for your week's groceries, and that this shop had
moved  so  that  it  was  two  doors  down  from  its  previous
location, where it  had been for years.   It  seems like a fairly
ridiculous  question,  certainly,  but  when  you  make  your
weekly rounds, do you try to visit them at their old location?

Of course you don't, but knowing that some change must
have occurred in your own body of information in order to
match the information of the outside world, it is reasonable to
ask, why don't you?

It  goes  without  saying  that  at  their  old  location  you
would have no access to their goods and services and you may
even be unable to enter the building, and that the source of
whatever  beneficial  exchanges  you  might  conduct  in  this
regard is of course at the new location, but it's not as if the
information you once had is  deleted or thrown away.   It  is
simply recycled and recategorized.

The old entrance and address is now where the store used
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to  be,  and  this  memorial  information  can  be  used  to  make
comparisons between one and the other.  The new location can
be  pinpointed  and  this  information  can  be  relayed  by
piggybacking off  of  the  old information.   “Oh,  it's  just  two
doors down from where it used to be.”

We can refer to this process generally as the reintegration
of  information,  and  it  is  representative  of  the  system  of
repeated  interrogative  assessment  and  modification
continually performed by the interior tracks of the system we
have described.

From realizing that  the lyrics  to a certain song go one
way  rather  than  another,  to  correcting  one's  general
misunderstandings  and  misapprehensions  of  fact,  to
understanding various kinds of  jokes,  to even our narrative
experience of a movie or novel or play, all of these phenomena
and more are underwritten by these reintegrative processes.

In a broader sense too, much of what it takes to make our
way  through  the  day  itself  in  the  context  of  what  has
happened previously requires some level of conversation with
this process.  The transition between an action needing to be
performed  and  an  action  having  been  performed  alone
requires the interpretation of information passing within the
moments  between  those  states,  and  this  active,  immediate
form of integration is closely related to the reactive system of I
am describing here.

Essentially,  the  brain  reasons  and  remembers  in  the
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present tense,  with a  view to the apparent  possibilities  and
circumstances of the here and now, and we can view memory
as refreshing the accounts of the way things are in accordance
with how they used to be.

It is not so much that we are told a story by our brains,
such as, “hey, remember when x, y, and z happened?”, but that
we are reminded implicitly that we live in a world in which x,
y,  and  z have happened, and when we encounter things that
are related to those elements the brain produces our closest
approximations  of  them because  our  experience  with  those
things happening as they did convinces us that they are likely
to happen the same way again.

The  relatedness  of  certain  factors  within  a  memorial
network  will  be  key  to  their  effective  rearrangement  and
appropriation,  but  first  we  should  look  at  some  of  the
relationships between information flow and memory.

As we saw in chapter 2, the mind and brain have been
sensitized  by  evolution  toward  certain  aspects  of  their
environment, and if we consider our example of touching a
heat  source,  we  can  see  that  there  is  a  direct  relationship
between the intensity of a stimulus and one's impetus toward
its consideration.

Similarly,  in  chapter  5  we  examined  the  relationship
between the consistency of one's experience and the way in
which  one  comes  to  define  that  experience  through  the
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generation and maintenance of representative primemes.
Here we can see that these principles apply also to bodies

and arrangements of action or protocols. These are primemetic
representations of behavior and event patterns, both those that
one expects to occur within the environment and also those
which  one's  self  is  likely  to  attempt  as  well  as  rough
approximations of these patterns' expected outcomes.

By looking at these two dynamics in congress we can see
that events and behaviors which affect the circumstances and
environment of a particular individual with a certain intensity
are rendered in a particularly high resolution.

This  is  easy  to  see  in  practice:  you  might  quite  easily
remember  someone  saying  something  to  you,  but  might
equally struggle to account with any particular clarity for the
extended moments when they may have sat there doing not
much at all for several seconds at a time.

Similarly, within any certain period of time one discerns,
extracts,  and  compresses  particular  events  and  their
repercussions based around the informational impact of these.
Thus the density and weight  of  remembered information is
consistent with the level of that impact.

Every event,  like every object,  is  built  from encounters
with  its  elements  and  attributes,  and  each  of  these  has  a
discrete and distinct representation in the brain and as these
areas  are  stimulated  by  something  in  the  environment,
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associated  connections  with  past  events  have  a  higher
likelihood of being stimulated as well.

The reason that one is compelled to think of one thing
after  having  experienced  another  is  captured  in  another
common adage of  modern  neuroscience,  that  “neurons  that
wire together fire together”.

And yet  this  wiring,  as  we have seen,  is  not  firm and
rigid but is instead flexible, malleable, and responsive to new
experience.   Up until  a  certain  point  it  was  fairly  common
stock to say that one either was born with or developed by a
certain point all of the neurons and connections that one was
ever going to have and that these formed into very concrete
structures,  but  as  our  technologies  and  our  methods  have
developed over the last century we have been able to see that
this  is  not  the  case,  and in  fact  the  brain  retains  an  active,
dynamic, plastic quality, a high degree of neuroplasticity, well
into adulthood and in many cases on into old age.

So it appears, even at this level, that these networks are
subject  to  variation  and  reintegration,  and we  can  begin  to
look  at  how  these  facts  might  be  used  to  ease  the  pain  of
difficult memories and associations.

We  already  know  that  effective  cognitive  behavioral
treatment  revolves  around  reorganization  of  thoughts  and
ideas,  and  around  the  editing  of  the  means  by  which  we
classify, store, and access certain packets of information, and
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we  know  that  this  is  important  not  only  in  the  context  of
memorial  events  but  also  in  the  context  of  one's  outlook
regarding the present and the future.

I contend further however, at a more basic level, that this
is  true  even  of  the  information  that  is  involved  in  our
constructions  of  the  past,  and  about  the  associations  and
experience upon which our memories themselves are based.

Consider  that  any  specific  memory  is  comprised  of  a
number  of  attributes,  each  of  which  has  some  certain
frequency within your experience.  A memory may stand out
because it contains elements of a certain rarity, so that one can
remember “that time when...”, because there was exactly  one
particular instance when  all of those factors were present in
exactly those particular proportions.

For certain of these attributes certain memories can claim
an informational and associational monopoly, and these can be
seen as somewhat isolated connections; “every time that I have
done x, y and z have occurred as well”.

For whatever x should be, y and z will be indicative of
your  own  experiences  in  those  situations,  and  will
categorically come to inform your perceptions of possible and
probable experiences within similar situations involving that
particular attribute.

So  part  of  addressing  painful  associations  which  are
isolated in this way is to break the associational monopoly; to
experience the neutral attribute in an alternate context, and to
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spread the weight  of  the association across  a  wider area of
representation.

If  the  memories  revolve  around  or  are  triggered  by  a
particular  song,  or  person,  or  a  particular  place,  or  other
distinct factor, to the point that the mere mention of these is
enough to set off a cascade of images and moments, or at least
dim pangs of unease in the background, then the experiential
solution is to create new memories which involve those same
things but which are otherwise unconnected with the source
of the trauma.

This is already seen indirectly in exposure therapy, where
someone who might have a distinct fear of dogs, for example,
in connection with being attacked as a small child might have
an experience with a puppy in order to break them out of that
blind associative fear, and I argue that this is the result of a
diffusion of neurocognitive resources across multiple channels
of experience.

To put it more directly, if one should have a primemetic
association with a certain event in connection with an isolated
factor,  one  can  introduce  an  element  of  informational
competition in order to undermine that primemetic status.

We should  look at  this  dynamic  again in  terms of  the
projected neuroeconomic cost of dealing with that particular
factor.  In the hypothetical case above, one might begin with a
situation in which the single experience of an encounter with a
dog  is  strongly  connected  with  significant  pain  and  fear,
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confusion, suddenly having to attend to one's wounds instead
of  whatever  else  one  was  up  to,  of  having  to  adapt  one's
behavior within all future encounters with a dog, and so on,
and by the end of the exposure session this massive cost  is
being averaged against the cost of having had to touch a soft,
furry thing for a little while, which may have wagged its tail at
you and slobbered charmingly on your hand.

Eventually, perhaps, if one were to see a random dog in
the park one's mind might be more drawn to the consideration
of the petting and slobbering possibility than of the attacking
and mauling possibility.

When the  stressors  are  less  acute  than this,  and  more
generalized as in the case of the loss of a loved one or having
been  displaced  violently  from  one's  home,  in  which  many
things may remind one of the same loss and pain, this process
is more generalized too,  and this global reorganization may
take much longer and may be considerably more complex.

Indeed it's often said of complex traumas such as these
that they “will  only get better with time,” and it's  true that
many if not most of these situations require a period of grief
and reflection, during which I contend that there is an ongoing
form of passive reintegration.

When these problems become systemic however,  when
they become perpetuated and their development stagnates, or
to put it another way, when time fails to do its job, there must
be  an  appropriate  means  of  activating  and  expediting  this
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process so that the person can transition into a healthier and
more beneficial situation.

If the pain of the past cannot quite be erased, then in this
way perhaps it  can at least be diluted, made less insistently
demanding of one's time and attention, and made less likely to
disrupt one's necessary exchanges.

Mental pathology must at its  root  be equated with the
subjugation of a person's ability to conduct beneficial elective
operations, its severity must represent the extent to which a
person is tyrannized in this way, and thus, we can gauge the
effectiveness of reintegration or any other method of treatment
by the degree to which they are able to increase the person's
liberty to reason.
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NINE

Free Will

THE COMPLEXITY OF THE brain's functions, the means by which
they are conducted, and even the concession to materialism on
its  own  have  lead  some  people  to  believe  that  these
considerations  make  the  human  experience  somewhat
deterministic.  Indeed, some go so far as to say that the best
that  our  conscious  experience  can  provide  is  a  compelling
series  of  post  hoc,  or  after  the  fact,  rationalizations  for
emotions and behaviors that ultimately we have nothing to do
with.

I think, in light of what we have seen so far throughout
this book, that this should rank among the more preposterous
notions in modern psychological analysis and I think we have
seen  the  vitality  and  complexity  of  what  we  refer  to  as
cognitive decision making.  In this chapter I want to examine
the flexibility of that decision making and to examine both its
limitations and its range.

It is certainly fair to say that many of the brain's internal
mechanics take place beyond the perception and the discretion
of our consciousness, and that ultimately we find ourselves in
a  world  within  a  world.   The  environment  around  us,  the
Ordinate External World, and the environment within us, the
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Subordinate External World, are significant things with which
to contend.

Any  of  us  might  be  willing  to  call  our  internal
environments  persuasive,  and  acknowledge  with  reluctance
that  they  are  effective  at  commanding  our  attention  when
need be.  But perhaps we should ask someone in the throws of
heroin withdrawal, or who is under duress of torture, or who
is  committing  suicide.   These  people,  surely,  would  have  a
somewhat more pointed assessment of the conditions under
which they behave and the extent to which those conditions
promote a given course of action.

The distance between these states and any process that
could be considered rational decision making is vast indeed,
and it is within this context that we will determine what an
earnest and genuine absence of free will actually looks like.

To  do  this,  we  will  begin  by  looking  at  a  horseshoe-
shaped  network  of  regions  which  runs  through  the  central
brain called the limbic system.

An assessment of this fascinating structure with sufficient
depth is somewhat beyond the scope of this book, but we can
consider a few generalizations about the way the components
of this system interact.

Broadly speaking, this group of regions, which includes
such  neuroscientific  darlings  as  the  amygdala  and  the
hippocampus, can be viewed as a mediator between the higher
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cognitive functions taking place in the brain's frontal lobe and
the  primal,  autonomic  functions  which  occur  in  the
evolutionarily older lower brain.

It can be loosely described as the brain's emotional center,
and some portion of the limbic system is involved in nearly
every  complex  neurological  process  that  there  is,  including
creativity,  memory,  the  stress  response,  and  anything
involving reward systems, like gambling or certain drugs.

It is often thought, as referred to at the beginning of this
chapter, that we simply interpret and respond to the will of
these  lower functions,  and that  we are at  the  mercy of  our
animal instincts.

This  point  of  view has been reflected in all  manner of
philosophical and political discourse, and it is represented in a
number  of  popular  assumptions  about  avarice  and  sloth,
about  the  essential  nature  of  crime  and punishment,  about
people's deepest and most principal wishes and desires, about
addiction  and  poverty,  about  how  we  should  be  educated,
about  how  business  and  international  relations  should  be
conducted,  about  the  role  of  government  and  of  parental
influence, and so on.

Certain  brands  of  thinking  thrive  and  rely  on  these
assumptions,  and  they  paint  a  picture  of  human  life  that
considers  us  to  be  an only loosely contained consortium of
chaos,  which  is  always  but  steps  away  from  ultimate  self-
destruction  and  which  must  be  wrangled  and  maintained
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ruthlessly for its own sordid good.
Legitimately however, influence within this system runs

in  both  directions;  impulses  in  this  system  and  chemicals
released by  it  influence  the  higher  cognitive  functions,  and
there  are  higher  cortical  processes  which  release  chemicals
that influence the behavior of the system.

Corticotropin-releasing  factor  (CRF),  for  instance,  is  an
example of the latter.  When neurons in the cortex secrete this
chemical  in  response  to  a  stressor,  its  presence  orders  the
pituitary gland to call for the secretion of stress hormones by
glands located above the kidneys, and this kicks off the stress
response during which the organism will begin analyzing and
responding to its environment and its conditions differently.

Similarly,  when  an  area  called  the  nucleus  accumbens
begins  receiving  a  chemical  called  dopamine  the  brain
becomes primed for a reward, and the way that one negotiates
one's actions in relation to that reward begin to change as well.

With this in mind, let us consider the three cases from the
chapter's introduction in order.  We will begin with someone
who is addicted to heroin, and we can visit the case at three
points; first, at the onset of their addiction, once during, at the
point when they decide to quit, and again at a point just before
its conclusion.

At the onset, we can imagine the total effort required to
induce heroin's intense euphoria to be of a low order.  Leaving
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aside whatever it may take to elect, procure, and prepare such
an injection, the point of effort required to induce the high is
quite small; the small pain of insertion into the vein and the
small amount of energy required to depress the plunger on the
syringe.

To say that the brain receives a large reward for this small
expenditure is quite an understatement.  Within seconds one
becomes  intensely  euphoric  as  the  brain's  opioid  receptors
react  to  the  opiate  compounds,  massive  amounts  of
neurotransmitters which relate to happiness and pleasure are
released, and this lasts for in the neighborhood of 4 or 5 hours.

Now,  without  knowing  about  or  simply  without
appreciating the emergent costs which will accrue from this
behavior's habituation, the answer to the following question is
incredibly simple and probabilistically all but assured: will the
behavior be repeated?

From this  first  transaction,  a  relationship  is  developed
between “what it costs to inject a hit” and “what results from
injecting  a  hit”,  and because  this  is  the  singular  interaction
between  the  two  the  probability  of  the  same  transaction
producing the same payoff appears to the brain to be close to
100 percent.

Over time this probability tails off somewhat as the brain
learns  to  tolerate  this  experience  in  order  to  make  it  more
manageable  and  to  narrow  it  because,  despite  the
overwhelming  pleasure  experienced  by  the  mind,  from  the
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standpoint of the brain this experience is also, in its own way,
debilitating.

In the mean time, complications may (and as the timeline
gets longer, must) have emerged within the person's life, and
the  balance  of  the  transaction  has  shifted  drastically  when
compared with that original ≈100%.  The drug itself may have,
for any number of reasons, become more difficult to acquire,
its  monetary  cost  may  have  risen  prohibitively,  one's
relationships and situation may have reached a catastrophic
point of instability, the consequences to one's health will have
compounded,  perhaps  even  with  the  addition  of  a  truly
unenviable biological malady, (they may have overdosed and
come close to death), etc.

Anyone who has experience with this kind of addiction
will tell you that for a long time these profound considerations
will be of a markedly low priority for an addict, at least until
one hits one's “rock bottom”, when their tolerance has risen to
the  point  where  a  sufficient  high  is  unachievable  and  their
situation has deteriorated to the point where their conditions
have  become  unacceptable,  and  it  is  at  this  point  that  the
transaction is deemed no longer viable.
 From this point we can look ahead to the experience of
quitting, and whether this particular person finds themselves
alone, locked in their own familiar rooms, or in a prison, or in
a  hospital  or  a  rehab  facility,  they  will  be  going  through
approximately  the  same  thing;  they  will  have  fever,  chills,
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achy bones and muscles, terrible cramps and spasms, nausea,
vomiting  and  diarrhea,  a  complete  inability  to  stay  still,  a
possible variety of other distinctly unpleasant symptoms, and,
what  I  think  should  be  obvious,  an  additional  inability  to
sleep.

We can see this  as the diametric  opposite  of  the initial
ratio of “do” to “reward”; a relationship between “don't” and
“suffer”.  In this case the pressure to do the “do”-ing in order
to receive any high at all and escape from this extreme pain
and pressure  is  enormous,  and it's  not  difficult  to  see  why
relapse at some point during this stage is extremely common.

Returning to the theme of this chapter, the question is: at
this point, to what extent can the person choose whether or
not they take a hit if it were available to them?

We can see an answer if we look briefly at our second
case, that of someone being subjected to torture as part of an
interrogation.  If we ignore the circumstances and method, and
consider  simply  someone  in  enormous  pain  and  doing
everything  they  can  to  keep  from  divulging  an  important
piece of information to their captors, even if they are able to
endure  enormous amounts of  pain,  they are up against  the
idea that  their captors'  tactics  will  escalate  until  either  they
have  suffered  irreversible  and  unacceptable  catastrophe,  or
until they are dead.

This  duress  is  almost  entirely  insurmountable,  and  I
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would  contend that  the  addict's  predicament  is  remarkably
similar in terms of the pressures on one's decisions, and their
ability to withstand these pressures will last only as long as
they  are  able  to  keep clear  in  their  minds  that,  apart  from
taking  the  hit,  there  is  a  second  means  of  causing  their
suffering to come to an end; that it will escalate until a certain
point, after which it will level off of its own accord with no
input from them whatsoever, and then subside.

If  they are able to understand and take to heart that if
they take that hit everything that they have already suffered in
this linear process will be for naught and they will have to do
the  same and  more  again  in  the  future,  their  odds  will  be
better still.

It seems that the difference between quitting the drug at
this point and quitting the quitting hinges on the belief that
“taking  a  hit”  remains  a  viable  option,  and  it  is  therefore
possible for the reasoning to be based around “quitting” and
“not quitting” rather than around “quitting now” and “failing
to  quit  now  and  having  to  relive  this  whole  nightmare  a
second time when I try to quit again”.

We can view however, that the determination inherent in
this latter method also has a sinister application, one towards
detriment  rather  than benefit;  that  of  our final  introductory
case, someone committing suicide.

In each of these three cases one experiences a situation in

128



NEUROECONOMICS

which the brain reasons chemically, emotionally, in response to
the  factors  in  its  world,  on  one's  behalf  and  without  one's
input, and this provides a strong and acute pressure on one's
behaviors.

Suicide is the most overt of these cases, because it selects
the end which achieves the greatest possible level of damage
to one's neuroeconomic circumstances, a complete deprivation
of  all  information  and  a  total  cessation  of  all  possible
transactions. 

This is the one circumstance that any living creature has
been trained by evolution to avoid at all costs, and to put it
simply,  it  is  a  choice  that  no  reasonable  person,  operating
without  interference  or  pressure,  would  make  under  any
circumstances.

To  this  mind  the  behaviors  in  the  first  two  cases  are
clearly intelligible, and there is an obvious benefit to each; in
the first one receives a large neurological reward in the place
of significant pain and in the second one receives remittance
from pain and secures future transactions.  In the suicide case
however, one receives remittance from pain at the expense of
all future transactions, and for this exchange to be considered
neuroeconomically viable, the situation as it is rendered by the
A/V track must be very grave indeed.

In  a  novel,  the  American  author  David  Foster  Wallace
rightly  compared  someone  committing  suicide  to  someone
leaping to their death from a burning building, the idea being
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that this choice might be frightening and upsetting but it  is
considerably better than the alternative, which is to meet the
same end by undoubtedly nastier means.

I find this analogy compelling, but we have to examine
the situation in a slightly modified way in order to contend
with  this  phenomenon  from  a  neurological  and
neuroeconomic perspective, and we will find that this allows
for  a  more  attractive  set  of  options  than  a  choice  between
flavors of doom.

Let us concede the impoverished nature of the person's
situation, the legitimacy of the flames and fire, let us concede
its remoteness, that the alternative is to jump to one's death
rather than to step down from a first floor window and walk
away, let us even concede the analogy's main assertion, that it
is indeed obvious which of the two is the better option.  The
question  that  this  leaves  us  with  is  that  of  one's  ability  to
control the fire.

Now obviously, the “fire” in this case is burning within
the Subordinate External World, which is less easily affected
by simple participations and less subject to easy modification
than is the ordinate, and I want to make it very clear that this
section is  not  meant  to  bear  the  cajole  frivolity  with which
some people imagine the depressed condition, thinking that it
can be shrugged off or snapped out of, as if someone's life is
on fire simply by choice.

I am talking about the ability within one's own belabored
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volition  to  discern  and  affect  mitigating  change  that  will
improve their situation, and about the variations within that
situation.

While  it's  true  that  there  is  indeed  such  a  thing  as
unipolar depression,  in which there is no uplifting mania like
in bipolar disorder, and such a thing as dysphoria, in which it
is  difficult  or  nearly  impossible  for  people  to  feel  happy
feelings  even  under  the  best  circumstances,  the  abject,
sustained  kind  of  depression  that  people  who  have  never
experienced it usually think of, and that most people think of
when they think  of  this  analogy,  in  which we imagine  this
“fire”  as  continuous and of  superlative  intensity,  is  a  major
oversimplification.

Most depression is at least partly cyclical, and almost all
of  it  is  intermittent,  whether  in  terms  of  presence  or  of
intensity, and to reflect this, let us try on a slightly different
analogy.

Let us imagine someone dealing with major depression
as someone stranded out in the wilderness, and let us imagine
the  irreconcilable  pressures  of  one's  life  as  a  massive,  wild,
1,500-pound Kodiak grizzly that occupies the same territory as
our hypothetical sufferer.

The  bear  comes  and  goes,  sometimes  it  picks  a  fight,
sometimes  it  doesn't,  sometimes  it  menaces,  sometimes  it
doesn't,  sometimes  it  snoops  in  one's  things,  sometimes  it
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steals from one's traps or fishing lines, it's sometimes hungry,
sometimes  docile,  but  at  all  times  its  motivation  is  quite
separate from that of Our Hero and it always, even if only by
competing for similar resources, affects the circumstances of
their environment.

It is true that at the climax of these situations, when the
situation  is  stacked acutely against  the  person at  hand,  the
person's  behavior  is  very  strongly  influenced  and  their
liberties  are  severely  curtailed,  which  is  to  say  that  if  this
hypothetical bear should attack and one should decide to go
mano-a-garra with it, they have few options and their chances
are decidedly gloomy.

In fact, it's easy to see in this example that if it's all going
that way anyway, a well-placed bullet pointed in one's own
direction would expedite the process greatly and, within this
context, that bargain is one which you would be hard pressed
to find a reason not to take.

Less  assured  than  this  eventuality  by  far,  however,  is
whether this ultimate confrontation will be reached at all, and
the chances of this bargain being waged and conducted in this
manner correspond to the presence and the effectiveness of the
means by which it  is  promoted.  It  is  influence upon these,
therefore, which is the order of the day, and it is within this
context that we can see the more general form of legitimate
free will.

Can someone simply wish themselves to victory over a
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1,500-pound grizzly in a direct conflict?  Of course they can't.
Can they, through smiles and positive thinking, convince the
bear not to attack?  Of course not.  But can they act in other
ways  to  ensure  their  own  safety  and  to  keep  a  distance
between themselves and this extreme conflict?  Yes.

If  this  were  a  real  situation,  one's  efforts  might  be
directed toward securing a place where they could take shelter
while the bear was around, toward keeping one's food away
from their camp and beyond the bear's reach, toward knowing
the  bear's  location  and  monitoring  its  movements,  perhaps
toward caging or killing it, and ultimately, of course, toward
getting out of the wilderness.

The parallels between these courses of action, particularly
that last one, and anything that would achieve similar effects
in the pertinent case are hazier than I would like, and from a a
neuroeconomic  standpoint  these  have  yet  to  be  determined
with precision and confidence.  Still,  the metaphor is  sound;
time and energy spent on things which increase the balance of
one's neuroeconomic resources is much better rewarded than
is  that  same energy and more  when funneled into  a  direct
confrontation.

And so we arrive at our modified version of the classical
idea of “free will”.  We can think of this quality, this power, as
a measure of our ability to guide and direct our own attention
and to maintain the body of information from which we will
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act in the future.
We maintain,  to  the  best  of  our  ability,  the  conditions

within which we operate, we choose, where choice is available,
how  to  act  and  what  to  do  in  a  given  situation,  but  more
importantly  we  choose,  where  choice  is  available,  how  to
dispense our neurocognitive resources.

If  we  can't  rightly  view  ourselves  as  the  ultimate,
indomitable  masters  of  our  domain,  we  can  still  view
ourselves  as  the  cleverest  things  involved  in  our  problems.
Painful emotions, unenviable situations, and internal strife are
strong  and  powerful  forces,  but  even  if  they  can't  be
outmatched they can be outsmarted.

Individually,  we can rely  for  our own well-being most
primarily  on  our  ingenuity,  on  our  creativity,  and  on  the
freedoms which we do retain; the freedom to think, consider,
and  reflect,  the  freedom  to  act  thoughtfully  instead  of
automatically  when  we  can,  the  freedom  to  influence  the
conditions within which we will operate in the future, and the
freedom to look at the situation from different perspectives to
find real solutions.

Societally  speaking,  finding  the  solutions  to  the  vexed
problems  of  major  depression,  or  of  drug  addiction,  or  of
behavioral disorders, or anything else also requires and relies
on this kind of dynamism and flexibility, on reevaluation and
reconsideration, and there are many like these that still await
us.
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Discovery

WHAT I HAVE TRIED to do in this book is to use the discoveries of
the  last  several  decades  to  introduce  a  new  language  for
discussing mental activity and the way that it is influenced by
circumstances  and events.   A language,  hopefully,  in  which
new things can be said about that activity.

Almost any psychological process or phenomenon can be
revisited in this language and, though I have been careful up
to this point not to write beyond what I can prove, I will take
these  last  pages  to  indicate  some  of  my  thinking  for  new
directions in which these ideas can be taken.

So far,  I  have said almost  nothing about  development,
nothing at all about various gender differences (whatever they
may be), nothing about most mental illnesses beyond general
trauma  and  specific  kinds  of  breakdown,  nothing  about
relationships,  nothing  about  sex,  not  enough about  art  and
music,  nothing  about  sleep  and  dreaming,  nothing  about
education,  nothing  about  politics,  nothing  about  humor,
nothing about crime or the justice system, nothing about most
forms of social interaction, nothing about war, nothing about
religion, very little about clinical applications, very little about
drugs (whether recreational or pharmaceutical), nothing about
cultural  variation  (if  any),  nothing  about  nutrition,  nothing
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about societal influence, nothing about media, nothing about
native  and  foreign  language  acquisition,  and  nothing
comparative about different kinds of animals.   For the most
part, I haven't said because I simply don't know.  

Within all of these subjects, and more, there are a wide
variety of interesting and highly uncertain questions raised by
this  material,  and  each  requires  a  careful  and  considered
investigation.  There is much that I would like to contribute
and much that I think neuroeconomics can contribute to these
matters but I am weary of doing so here without surer footing
in fact, before more research can be done.

First and foremost, the operational classification of each
part of the brain should be determined and justified.  Beyond
that,  there  are  many operations  and many well  understood
processes that should be translated into the language I have
introduced,  many  classic  experiments  that  might  have
neuroeconomic explanations and many current explanations
that might have neuroeconomic parallels.

Once  observed,  these  and  their  variations  could  be
explained  and  codified,  new  ones  could  be  discovered  by
looking for them within this context, and elements which our
current thinking dismisses could be brought within the scope
of our study.

I think that this research could help us understand what
we understand, and could hold the key to many psychological
and social issues, for most of which there are now very limited
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means of recourse.
What  are  the  common  relationships  between  various

types of  informational  experience?  What repercussions and
results can events with a known informational architecture be
sure  to  have?   What  types  of  that  architecture  can  be
determined and accounted for?

What  sort  of  tests  could we develop and what  sort  of
diagnostic  criteria could we determine if  it  were found that
certain  operators  or  operator  groups  were  common  to
different  processes,  and  visible,  observable  failures  in  one
arena  were  able  to  give  us  a  glimpse  into  the  workings  of
harder to ascertain functions?

What sort of remedies could we develop for the garden
variety of mental strife, and what sort of treatments could we
determine for the rare and the unenviable versions?  How can
we make present methods more effective?

What crises and disasters could be averted by being able
to  intervene  earlier,  more  effectively,  in  more  cases?  What
discoveries  and innovations  could  be  made  by  people  who
were  educated in  the  healthiest  and most  effective  possible
way?  What benefits could we all derive from the knowledge
these inquiries would bring?

Indeed, these are questions that only further study can
answer.

Many people wonder if the kind of understanding of the
mind and of human experience that I am talking about is even
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possible,  because  our  lives  are  so  varied  and  because  our
thoughts  and  our  feelings  are  so  specific  to  our  own
experience.  And I do see the problem.

But the simple fact is that if you eat a cheeseburger, or if
you  get  bitten  by  a  snake,  or  if  you  breathe  in  carbon
monoxide,  we  know  what  is  going  on  in  your  body,
physiologically  and systematically,  and the  same can't  yet  be
said of the most basic thoughts and experience.

Regardless of our cultural differences or the differences
in  our  beliefs  or  our  tastes  or  our  ideas,  every  human
processes information, and we should know more about the
system  that  carries  out  that  processing,  beyond  the  fuzzy,
sentimental level of our subjective experience of it and beyond
the crisp, mechanical level of the neural processing by which it
is underlain.

I  hope  that  what  I  have put  down here  has  offered a
glimpse  into  that  middle  ground,  and  if  these  ideas  go
anywhere I will feel privileged to be along for the ride.
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Afterword
NOT ENOUGH AN ART, NOT ENOUGH A SCIENCE

THE STATE OF PSYCHOLOGY today  is,  to  put  it  lightly,  an
embarrassment and a disgrace  to everything that  we in  the
21st century know to be true about the way that people work,
and is, or rather I suppose should be, a further embarrassment
to the standards and values of our academic and educational
endeavors as a civilization.

I must concede from the start that there is a great deal of
truly marvelous work being done by research psychologists at
various  institutions,  and  that  the  pursuit  of  therapeutic
psychologists and social workers to mitigate the problems of
their fellow human beings and to assist in their amelioration is
indeed  a  noble  one,  but  the  state  of  the  psychological
understanding from which these professionals operate, as well
as the methodology available to them, is  one of truly grave
misapprehension of fact and circumstance.

Dated  and  vexed  theories  such  as  behaviorism  and
Freudian psychoanalysis, which could not possibly be taken
seriously in the context of the known facts of today, are widely
taught in the university level psychology curriculum, not as
history of psychology or as background for the currently held
scientific consensus, but are offered up selon votre choix as the
best that modern academia has to offer on the subject.
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And the unfortunate fact is that that is exactly what it is. 
In  modern  undergraduate  psychology,  the  modus

operandi tends to be that one is shown various phenomena
and  studies,  some  of  which  genuinely  remarkable  and
revealing,  whereupon  one  is  usually  given  around  four
separate  and  incompatible  explanations,  some  of  which
manage to glance at the truth of the matter, and some of which
miss  it  so  blatantly  as  to  obfuscate  the  very  pursuit  of
understanding.

I cannot tell the reader how many times I was presented
confounds such as these in lessons, and after pressing with too
many questions and witnessing an extremely brief moment of
professorial panic, I was asked, as something of a statement,
“Well, what do you think?”

Now  I  am  sorry,  but  that  is  not  the  way  that  things
should  go  in  a  scientific  classroom.   The  question  is,  “has
modern science investigated these things or has it not?”  “Is
there  a  scientific  consensus  on  the  subject  or  isn't  there?”
“What, with the information available to us, can we discern to
be going on here?”

And, at least according to my experience, not only does
our  current  understanding  break  down  under  this  kind  of
scrutiny,  these  are  questions  which  modern  psychological
understanding itself is incapable of answering, and their thrust
is  not  one which is  representative  of  modern  psychological
thinking.
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If I were asking similar questions of a biology professor,
most often I could presume to be answered either one way or
another,  or  a  different  way entirely,  or  I  could be  told that
either the professor themselves or the world at large simply
doesn't know, and I would come away with some form of a
concrete, bankable piece of information.

Already,  of  course,  I  can  hear  critics  of  this  critique
diagnosing me with so-called “physics envy”, asserting that I
am jealous of the “harder” science's clear-cut results, models,
and experiments,  and I  concede that there must be a small,
latent element of this in anyone who deals in the messy and
complicated  business  of  the  other  sciences.   And  true,
psychology is quite often referred to, somewhat defeatedly, as
a  “soft”  science.   But  I  contend that  psychology is  soft  not
because of its subject matter but because of its methods, and
particularly because of its methods of analysis and reasoning.

At the classroom level we have refused to decide what
constitutes an explanation and which of our predecessors have
contributed such a thing as it concerns the topic at hand.  We
treat Freud and Jung and Eriksson and Maslow as lawgivers
who have unraveled the  mysteries  of  the  universe,  and yet
they have knitted these back into incomprehensible messes of
their own, and I for one think that a smug little pyramid of
needs, or a trifecta of id, ego, and superego, are useless if they
cannot be interrogated to the full satisfaction of the facts which
they seek to explain.
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I  do not envy the elegance and simplicity of the prism
and the rainbow, or that distance = rate x time, so much as I
envy  the  Krebs'  cycle,  or  the  process  of  ontogenesis,   for
example.  Yes, the explanation at which we finally arrive may
be complicated, with lots of different parts each of which may
take  a  long  while  to  explain,  and there  may be  parts  of  it
which  are  wrong  (or,  as  it  is  said  in  science,  “subject  to
revision”),  but we must raise the bar for what it  is  that we
consider an explanation at all, if only for our own self respect.

The four approaches that we have for any given analysis,
apart from four solutions to one problem being absurd, barely
make one answer between them, and this is representative of
the void that exists at the heart of our study-- the lack of a
single,  unifying  means  of  understanding  the  mechanics  of
human thought  and experience,  and to  me this  omission is
nothing short of glaring. 

The state of the pubic understanding is even worse.  One
can scarcely read an article or turn on the radio without being
invited  to  entertain  the  most  pedantic,  ham-fisted,  pseudo-
psychological  nonsense,  confidently  propped  up  as
enlightened  and  educated  perspectives,  which  basically
consist of “getting inside [someone's] head”, finding shadows
of something vaguely nasty and creepy, or vaguely tortured,
or perhaps even vaguely warm and fuzzy depending on the
program, and then calling it a day.

Now, of course, I might never have a moment's peace if I
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used  a  survey  of  the  national  media  as  the  barometer  of
human knowledge and understanding, after all there are some
publications which will  never stop printing horoscopes,  but
the  simple  fact  is  that  even  at  the  highest  levels  of  our
endeavor there is no clear alternative to these ideas.

It saddens me to think that even if there was undertaken
the most wonderful campaign for the public understanding of
psychological science this public would be no better off at the
end of it, unless some friends were invited along to speak from
the human biology department.

Many of my psychology classes have threatened, and not
emptily, to go the entire semester without even mentioning the
brain or how it arose, except of course for the token nods it
demands when development comes up or for the attribution
some complex function to a particular region, and so on.

This magnificent organ, far from being seen as the fabric
of and basis for our entire lives and experience, is employed
only  as  the  deus  ex  machina  which  fills  the  gaps  left  in
psychological  theory.   In  fact,  with  one  small  and  nearly
dispensed with exception, every single thing that I have laid
out as the foundation for the theory I have put forward in this
book  is  material  that  was  covered  in  exactly  none  of  my
psychology classes.

Psychology contends itself instead with philosophical life
events and with their patently assumed consequences.  These
are  loosely  and  vaguely  defined,  they  are  informed by  the
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sociocultural  milieu of the day, and they bring with them a
scientifically  unpardonable  amount  of  bias,  confusion,
platitude, and truism.

It  too often seems that  the goal of much psychological
discussion is to reduce a situation of infinite complexity to a
handful  of  tired  clichés,  or  to  use  some  opportunistic
experimental  data  to  prop  up  some  inadequate  existing
concept, or at least to confirm the folk wisdom and biases with
which everyone already views the situation.

This, put simply, is not the way that science works.  The
problems in our ideas that this way of thinking has bred could
fill a book on their own, and before I decided that that on its
own wasn't good enough, that was the book I was originally
going to write.

There  are  so  many  things  which  people  tacitly
acknowledge as true without evidence, so many holes in the
plot that so few people seem to notice, so many nods to social
convention  and inherited  ideas,  and far,  far  too many easy
answers.

Even  if  I'm  ultimately  wrong  about  what  I  have  put
forward here, I hope to have taken a step in the right direction.

Thank you.
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Glossary

Action  potential –  An  electrical  charge  which  travels  down  the
length of a neuron.

Axon –  The  first  part  of  a  neuron,  on  the  proximate  end  of  the
nucleus of the cell,where action potentials originate. 

Banks – Areas between two operators where information exists after
the operations of one and before the operations of the next. 

Catastrophic Exchange Disruption – An event which is massively
disruptive  to a  person's  exchanges so that  large  numbers  of  their
exchange  protocols,  particularly  those  separate  from  elements
involved in the disruption, will have to be revised and reestablished.

Dendrite – The last part of a neuron, on the distal end of the nucleus
of  the  cell;  a  set  of  tendrils  which  connect  to  other  neurons  and
where action potentials are dispersed.

Depositional function – The sum of an operator's connections to the
next  operator  in  sequence;  the  means  by  which  it  transmits
information to that operator.

Functional pathology –  A breakdown in the tissues  or  mechanics
that support a particular function.

Informational availability – A binary measure of a given piece of
information's  existence  within  the  presence  of  an  individual
organism.

Informational  selectability –  A binary  measure  of  an  individual
organism's ability to process a given piece of information.
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Integrated participation – An action or behavior that relies on the
use of some tool or technology beyond the body to be completed.

Interstitial ring – A set of four operator groups that lie on the border
between the two parts of each of the four tracks of processing, have a
“choice” of depositional functions, and can divert information from
one track to another.

Limbic  system –  A network  of  regions  in  the  midbrain  which
primarily  contends  with  emotion  and  which  connects  the  higher
centers  of  rational  cognitive  processing  to  the  automatic  and
hormonally regulated processes in the lower brain.

Meme – A discrete unit of information. 

Memecule –  A complex  unit  of  information  which  is  made  from
distinct,  identifiable  parts  which  interact  with  each  other  in  a
particular way.

Memeotemporal proximity – A measure of the distance in time and
in  necessary  sequence  that  it  must  take  for  a  given  piece  of
information to be manifested in the presence of a given individual.

Memodynamic  efficiency –  A measure  of  the  ease  with  which  a
given  piece  of  information  travels  through  the  information
processing  system,  as  gauged  by  the  energy  which  must  be
expended to modify it along the way.

Myelin – A membranous substance that coats the axon of a neuron
and provides electrical insulation, helping electrical signals to travels
faster.

Neuron – A nerve cell; the basic unit of the nervous system.

Neurotransmitter – A chemical which the brain uses to communicate
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between its different parts.

Operator – A basic unit of information processing; a neuron or group
of neurons that perform a particular function in a particular network.

Ordinate External World – The ultimate external world, consisting
of  the  sum total  of  all  the  information present  in  the  universe,  a
certain portion of which is responded to and acted within by a given
individual.

Organic  participation –  An  action  or  behavior  that  requires  no
external tool or technology to be completed.

Primeme – A complex meme that corresponds to and is considered
representative of a smaller, less complex meme.

Procedural pathology – An informational breakdown in the ability
of operators to perform their operations.

Solicitative function – The sum of an operator's connections to the
previous  operator  in  sequence;  the  means  by  which  it  receives
information from that operator.

Subordinate External World – An arena in which decision making
takes  place  and  which  involves  information  that  has  been
experienced and assessed by earlier operators in the chain.

Synapse –  A space  between  two  neurons  in  which  chemical  and
electrical signaling takes place.

Transitive function – The combination of an operator's solicitative
and depositional functions; the means by which an operator receives
information from the previous operator and transmits information to
the next operator. 
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Notes and References

CHAPTER ONE: Complexity

2. “...Micrographia”  -  A  marvelous  high-resolution,  interactive
version  of  Hooke's  masterpiece  can  be  found  online,
courtesy of the National Library of Medicine,  at
http://archive.nlm.nih.gov/proj/ttp/flash/hooke/hooke.html

4. “...Ernst  Haeckel”  -  Prestel  Publishing  has  produced  two
beautiful  volumes  of  Haeckel's  work,  Art  Forms  in  Nature
and Art Forms from the Ocean, which include the radiolarian
prints as well  as drawings of jellyfish,  trilobites,  sea stars,
and  dozens  of  other  life  forms.   There  is  also  a  superb
documentary  on  Haeckel's  life  and  work  called  Proteus
(directed by David Lebrun, 2004), and the three of these are
highly recommended.
“...protists” - Single-celled organisms.

5. “...Benoit Mandelbrot” - For a more in-depth analysis of this and
other fractals, as well as a description of their discovery, see
chapter  4  (A  Geometry  of  Nature)  in  James  Gleick's
remarkable book Chaos: Making a New Science.

CHAPTER TWO: Mind and Brain

10. “Edwin  Smith  Surgical  Papyrus”  -  An  annotated,  interactive
reconstruction of this scroll is available, also courtesy of the
National  Institutes  of  Health,  at  http://archive.nlm.nih.gov
/proj/ttp/flash/smith/smith.html.
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11. “...trepanation” - In fact this somewhat gruesome and unsavory-
sounding practice is thought to be one of the world's oldest
surgical methods, as well as one of the earliest treatments for
mental illness.  It dates to at least 6500 BCE, and was fairly
common practice right up through the early 20th century.  A
version of it  is  still  used by modern neurosurgeons today,
although  it  is  much  rarer  now,  only  being  used  to  treat
certain kinds of hematoma or to allow access to the brain for
other treatments, and generally the piece of bone is replaced
as quickly as possible.

12. “...gave  a  massive  kick” -  Interestingly,  a  similar  effect  can be
achieved  by  chemical  means.   The  same  preparation,
followed by the addition of salt rather than electricity, will
produce a mild to pronounced twitching.  This effect is used
with some theatricality in a certain dish in Japanese cuisine,
wherein  a  squid  is  served  sashimi  style  and  begins  to
“dance” when covered with soy sauce. To see this in action,
visit http://www.youtube.com/watch?v=dxQmOR_QLfQ.

15. “...100 BILLION” - There are many different estimates of these
figures,  and  I  have  used  the  most  recent,  produced  by
Stanford University's Smith Laboratory using the process of
array tomography.  A genuinely awe-inspiring flythrough of
a section of the somatosensory cortex of a mouse constructed
from data  collected  using  this  process,  can  be  found at  -
http://www.youtube.com/watch?v=-YIYPSAyySg.  (To  be  blunt,
if  this video does not  amaze you,  either you haven't  fully
understood exactly what it is you are looking at, or worse,
you do not have the capacity for awe.)

16. “one hundred quintillion” - This impressive number is roughly
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equal  to  the estimated number of transistors on all  of  the
computer chips in all of the computers in all of the world,
and the number of possible states and variations within this
massive system actually exceeds the number of elementary
particles in the universe. 

21. “...touch something very hot” - I feel like I would emphasize here
that  this  is  only a  thought  experiment,  and  that  I  do  not
recommend actually doing this,  except that I  don't  think I
should presume to insult the reader's intelligence.

24. “...and then perhaps back out again.” - As we see in the case of
whales and dolphins, two examples of mammals who had
emerged  from  the  fertile  oceans  onto  land  to  become
something  like  a  modern  cow,  before  slowly  descending
back  into  them.   This  remarkable  transition  having  taken
place is evidenced in particular by the vestigial bones in the
hind flippers of each.  See an analysis of this on pg.s 169-170
of Richard Dawkins'  extraordinary book  The Greatest Show
on Earth (section “I Must Go Down to the Sea Again”).

27. “... produces the world in which we live” - The biological aspect of
this,  as  well  as  the  circumstances  of  its  emergence,  while
quite interesting in its own right, is both highly technical and
hardly the model of scientific consensus.  In order to avoid
confusion, and since this particular aspect of the discussion
is not central to the aims of this book, I will leave it aside for
the time being.

CHAPTER THREE: The Mind

32. “...Lysenkoism” - Through most of their reign in the early part of
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the  20th  century  the  Soviets  adopted  the  inaccurate
biological  views  of  one  Trofim  Lysenko,  who  rejected
genetics  and  falsely  believed  that  the  experience  of  the
organism itself controlled what within its make-up would be
passed  down from generation  to  generation.   Apart  from
being completely wrong, these views were very hostile to the
study  of  genetics  itself,  and  during  this  period  the  state
executed  or  imprisoned  several  prominent  scientists  and
researchers.

35. “...arriving  from  multiple  avenues” -  Even  binocular  rivalry,
which  is  to  say  the  competition  between  the  version  of
events  coming  from each  of  your  two  individual  eyes,  is
sufficient to necessitate this kind of balancing.

40. “...memory, higher reasoning, and decision making” -  It should be
noted here that each of these are their own set of complex
interactions,  and  though  these  are  carried  out  through
elaborate processes of relayed information I have simplified
them into single categorical operation sets for the time being.

47. “...match up with performed actions” - For more on this process,
and on the consequences of its failure, see chapters 1 and 2
of Vilyanur S. Ramachandran's book  Phantoms in the  Brain
regarding his ingenious treatment of phantom limbs.

CHAPTER FOUR: Information

53. “...Any individual thing” - Obviously, while it can't be said that
entire transcriptions of all the laws of physics and chemistry
are bound within each material on earth, each material and
substance  does  contain  representative  examples  of
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interactions with these,  and though I  think it  would be  a
mistake  to  assert  from  these  propositions  that  all  the
information  in  the  universe  is  involved  in  any  particular
string,  these  examples  do  form  the  body  from  which
descriptions of those laws may be deduced.  The Mandelbrot
Set, which we discussed in the first chapter, helps to explain
this peculiar feature of the natural world.  You may easily
wonder, “Well if the set is truly infinite, how is it that it came
to exist and be created at all?”  In fact, the object is produced
by a few simple lines of code, which build the set based on
continuous iterations of a few simple, local,  self-governing
rules.

54. “...unit  of  information  as  a  'meme'” -  For  Dawkins'  full
description, and his discussion of this unit's relationship to
genes, see chapter 11 (Memes:  the new replicators)  in  The
Selfish Gene.

55. “...the notes which they are meant to be playing” - Sound engineers
might scoff at that in fact, because even here there is room
for  slight  variation,  as  each  pitch  falls  on  a  specific
wavelength of sound, and the tuning of any instrument to
play that sound can only approximate that exact wavelength.

56. “...can  be  discerned  by  the  listener” -  I  knew of  a  french  horn
player in high school who once deliberately played the Lord
of the Rings theme during a performance of a different piece
just so he could prove that no one could hear him.

57. “...produced a short video” - The original version of this video is
available at http://www.youtube.com/watch?v=vJG698U2Mvo.

59. “...one and only one again” - This is also true of some other kinds
of illusions and visual oddities.  Others, such as the Magic
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Eye series of images make it easy to see the second image if
one  focuses  on  adapting  their  participations  to  fit  the
required technique.
“...more complex evaluations” - Another example of this effect
is  demonstrated  by  a  famous  drawing  from  the  Belgian
surrealist  René Magritte,  which  due  to  the  unfortunate
realities of copyright law I am unable to include in this book.
You may know it though, if I say that the drawing depicts a
flat, brown and black tobacco pipe in profile, with the words
“Ceci n'est pas une pipe” (“This is not a pipe”) underneath.

CHAPTER FIVE: Neuroeconomics

81. “...primeme status of its own” -  Note too that in discussion of a
meme for “red” there is still the question of which red we
are referring to.  The meme prime “Red” is more likely the
color of apples and fire engines than it is a kind of red which
is  closer to pink or orange.  In fact, it is only because we as a
society now have so many kinds and versions of “orange”
that we even use that color as a concept; there was a time
when distinctly orange things were called “red” (robin red-
breast,  redheaded,  etc.),  and there  was  no  real  distinction
between the two.
“...[Dennett] recognized that” - Dennett gave a remarkable talk
on the subject at a TED conference in 2009, which included
similar  analyses  of  how  we  have  evolved  to  find  certain
things  cute,  sexy,  and  funny.   This  video,  along  with  a
transcript, can be found at http://www.ted.com/

82. “... little good to be eaten” - Actually, this in itself should not be
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so quickly dismissed; if a piece of fruit such as a guava for
instance is sweeter to the taste to a hungry primate, its seeds
are more likely to have the chance to stow away throughout
the digestive process and be sewn over a wider area in the
animal's leavings than it would by simply falling from the
tree upon which it  was produced.  This I think must be a
fairly clear extension of the metaphor.

CHAPTER SIX: Cooperation and Exchange

86. “...leaving  aside”  -  I  have  dispensed  with  this  consideration
partly because most  of  this variation is  both subconscious
and difficult to study comprehensively

87. “...interaction  between  two  individuals”  -  The  diagram  on  this
page slightly belies the complexity of the interaction, if only
by understating it.  This is because the diagram shows two
generalized  individuals  and  their  operator  groups,  rather
than  showing  two  specific  individuals  and  their  specific
operators,  within  which  there  is  likely  to  be  significant
variation.

91. “...certain people” -  It is true that one also forms rudimentary
exchange  relationships  with  the  inanimate,  such  as  one's
computer or one's car keys or one's grocery store, being that
there  is  an  established  reliability  with  regard  to  certain
endeavors  involving  these  things,  and  with  our  fellow
animals, to a certain extent, but these are more limited than
human interpersonal exchanges because of the significantly
greater exchange potential that there is in interacting with a
being of similar complexity and dynamism.
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CHAPTER EIGHT: Recovery and Therapy

107. “...simply  do  not  exist”  -  At  least  for  the  time  being.   What
solutions  there  are  are  undefined  with  any  clarity  and
largely unsustainable.

109. “...selective serotonin reuptake inhibitor (SSRI)” - Naturally, SSRIs
and other antidepressant medications have their own set of
problems, and they are by no means perfect drugs.  Such as
they apply and are helpful in particular cases, however, they
are one of the few means of affecting real change in the lives
and  experiences  of  those  who  use  them.   It  is  up  to  the
development  of  medical  technology  and  theory  to  find
something that works even better.
“...the internet and other technologies” - At present I can neither
attack  nor  defend  with  particular  confidence  the  often
contended  notion  that  the  use  of  these  technologies  has
detrimentally  affected  our  internal  capacities  to  conduct
these processes unaided, nor can I comment on whether it is
even possible for them to do so.  In any case I should say that
for  a  number  of  reasons  I  find  these  worries  distinctly
overstated.

110. “...generally accepted understanding of  memory” -  The details  of
this process from the biological side are still something of a
scientific  puzzle,  but  by  looking  at  memory  as  site-  and
condition-specific forms of information recall, we can begin
to  examine  the  connection  between  remembered  and
incoming information.  We do know that two things happen
as  things  are  experienced  and  re-experienced;  the
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connections  between  the  neurons  that  underlie  this
experience  become  stronger  and,  consistent  with  the
myelination  process  described  in  chapter  2,  these
transmissions become faster, allowing similar transmissions
to  travel  more  easily,  along  a  cleaner  path,  as  they  are
experienced in the future.

111. “...which must naturally take place” - Traditionally, that is; short
of  transcranial  magnetic  stimulation  and  other  elaborate
technological means of influence.

114. “...stimulated by something in the  environment” -  This  refers  to
what  one  might  call  Proustian  connections  with  one's
environment, after the French writer Marcel Proust, whose
novels  frequently  contained  flashback  sequences  to  the
characters'  childhoods  which  had  been  sparked  by
interactions with things around them.

115. “...neuroplasticity” - Applications of this knowledge have been
wide, including a wave of “brain training” games and all the
way up to therapeutic methods which promote significant
recovery of function following a stroke or traumatic  brain
injury.

CHAPTER NINE: Free Will

122. “...the limbic system” - The limbic system is one of the human
brain's most crucial networks and, despite the fact that it is
also  among  the  most  heavily  researched  and  well
understood, the complexity of its interactions and the wide
range  of  behaviors  in  which  it  is  involved  make  it  the
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network to which I am most reluctant to apply sequential
operational  designations without further  study.   I  can say
with  only  modest  fear  of  contradiction,  however,  that  its
exchanges lie comfortably within the central two columns of
the diagram and portions of the interstitial ring.
“...between  higher  cognitive  functions”  -  An  area  called  the
prefrontal cortex lies at the cortical end of the limbic system,
towards the top, and at the far end lie a pair of areas called
the hypothalamus and the pituitary gland, which control the
body's endocrine, or hormonal, functions.

124. “...Corticotropin-releasing  factor”  -  Also  called  corticotropin-
releasing hormone.
“...stress response” -  The best book, by far, that I have read on
the stress  response is  Robert  Sapolsky's  Why Zebras  Don't
Get Ulcers, and it is highly recommended for those who want
to  understand  this  phenomenon  from  a  biochemical
perspective.

125. “...insertion  into  the  vein”  -  I  am  aware  that  this,  despite  its
popularity, is not the exclusive means of using this drug.  For
our purposes however it is clearer and simpler to think of it
this way because it reduces the behavior to a single action.
“...within seconds” - A good neurobiological view of this and
other  pleasure  systems can be  found in David J.  Linden's
book The Pleasure Compass.

129. “...In a novel” - The novel was Infinite Jest (1996).

135. “...things that increase the balance” - Unfortunately, when this is
viewed solely in the very short term, when the gap between
the very high and the very low is fairly steep,  in keeping
with  what  we  saw  in  the  early  part  of  this  chapter,  this
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begins to hint at what lies behind the comorbidity of suicidal
ideation and drug and alcohol addiction.
“...our modified version of... free will” - This particular concept
is not my own, nor is it particularly new.  An abstract version
of  this  modified,  indirect  form  of  free  will  is  the  central
theme of Daniel Dennett's book  Freedom Evolves.  I decided
not to cite it directly in the text however because I wanted to
maintain the chapter's focus on the neuroeconomic process
within that type of freedom.
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