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1.

EVOLUTION
So what is life?

"Evolution is an on-going process.

What is IQ?

As such, humanity is a transitional result."

What is sentience?

In many instances, the subject of evolution is often constrained within the idea of Darwinian
natural selection. However, in this section, the idea of evolution is discussed in a much

What are we becoming?
What is real?

wider context, split into 4 sections.


Life



Cognition



Artificial Intelligence



Reality

However, this first part of the discussion of Evolution will focus on biological,
human and extraterrestrial life, although within the scope of the overall topic
list above, the picture is intended to represent the juxtaposition of life in its
biological form and its potential future artificial form. However, the picture is
only really meant to be evocative of a future where the somewhat random
process of natural selection has given way to artificial design. Of course, how
you react to this possibility, as implied by the picture, may well depend on
your current worldview, although in all probability it will not be our worldview
that decides whether this future becomes a reality:.
So when might this future arrive?
From the classical perspective of Darwinian natural selection, we typically
think of evolution as being a very slow, incremental process. However, this will
not necessarily be the case if evolution is driven by artificial design and
therefore this vision of the future may start converging towards reality within
the lifetime of our children. By way of a synopsis of this section as a whole, the Life section starts out by outlining many of the
issues associated with classical Darwinism in the form of biological and human life. However, it also starts to consider
fundamental questions in the form: what is life? and then goes onto consider the evolution of life from single cells through to
self-aware intelligence, e.g. homosapiens and beyond. Of course, if life could emerge here on Earth, and you accept the
Copernican premise that the Earth is not the centre of the universe, then questions concerning extraterrestrial life forms also
needs to be considered. Likewise, the possibility of evolution transcending homosapien may no longer the stuff of science
fiction and it may therefore be more accurately described in terms of our science future.
Having established the scope of life under discussion, the Cognition section, takes a closer look at some of the facets of
cognition that apparently separates humanity from the rest of the animal world. The cognition sub-section focuses on the issue
of intelligence and sentience plus the process by which sensory data is converted into information, then from information into
knowledge and finally from knowledge into what we might like to consider to be 'wisdom' that guides our actions.
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Although the first section also introduces the concept of artificial life, a
separate artificial intelligence (AI) section focuses the discussion on a specific
model of AI evolution called Hybrid AI. In this form, artificial intelligence does
not just magically appear in the laboratory after a freak and accidental
lightning strike, but is described more as an evolutionary process intertwined
with humanity. It is highlighted that many people may not like this vision of
the future, but this will not necessarily prevent it from happening
Finally, one of the consequences of a converged hybrid evolution involving AI
and what we currently think of as humanity is the implication on our
perception of reality. From a classical Darwinian perspective, our senses have
evolved for survival in the 'real' world, but AI technology could augment the
information received by our normal senses to create an augmented reality. If
you accept the premise of this idea, then our very notion of reality could be
subject to as much evolutionary change as our physiology.
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1.1

The Scope of Life

Our search for answers begins with a question that often creates the most inner turmoil. In
a sense, we implicitly feel that we should know the answer for we have our own sense of
being alive. However, when we come to articulate the fundamental essence of what
separates the living from the non-living, we often only succeed in raising further questions

Charlie Brown-Peanuts
"In the book of life, the
answers aren't in the back."

of a theological, philosophical and/or scientific nature.
So what is life?
This is not a rhetorical question, but rather a simple inquiry into the nature of life,
i.e. what is it? Unfortunately, this simple question does not appear to have any
simple answers, but clearly this issue must be confronted if our search for answers
is to consider further important questions that are predicated on our perceptions
as living entities. Therefore, we need to try and make some attempt to answer it
and here is my initial 1-line summation:
Life is defined by self-determined action.
In this context, self-determined action is something that cannot be directly
explained by the laws of nature. For example, a simple cell may only have the
ability to move left or right, which action is selected might be described as selfdetermined by the individual cell. Of course, such decisions in very simple forms of
life may been little more than cause and effect. However, if you pick up a pebble in
your hand, your decision as to when and where to drop the pebble might be seen
as a more tangible example of a self-determined action. In comparison, the sum total of all the complexity associated with
nuclear fusion within a star appears to be determined solely by the laws of physics, not the individual star. However, as we
forward even preliminary answers to such fundamental questions, they will lead to others equally problematic issues, e.g.
What is the nature of intelligence?

Robert Byrne

Does intelligence explain sentience?

The purpose of life is a life of

I think, therefore I am. Why?

purpose.

Somewhere along the path of evolution on Earth, the attributes we call intelligence and sentience started to appear. While
humanity may consider itself the end-result of this process, this is hopefully a premature conclusion.
So how might intelligent life continue to evolve?

Drew Endy

Subsequent subsections will consider this question both in terms of an emerging ability to
alter the blueprint of our own DNA and the continuing exponential growth in computer
power towards the concept of artificial intelligence (AI). On the other hand, the
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development of scientific knowledge is also giving us a greater insight to a universe that
has a scale and complexity that seemingly defies our practical experience and possibly even
our intelligence to comprehend. So, at this point, it may not be unreasonable to ask
another fairly basic, albeit expansive question:

Terry Pratchett
“Most species do their own
evolving, making it up as
they go along, which is the
way Nature intended. And

Is humanity the only intelligence looking at the Universe?

this is all very natural and

Science would seem to suggest that, in an almost infinite universe, the answer to this
question must logically be - NO. But, if this is case, we need to understand why we have not
detected any verifiable signs of extraterrestrial life in the course of humanities search of the
night skies over the last couple of thousand years. If we restrict this search to just the last
100 years, and G-class stars like our own sun, then any technical activity within some 500+
solar systems should now be detectable. Of course, there is still the issue of how life was
created, irrespective of where. At the beginning of the 21st century, there are some who
believe that science may be at the threshold of creating Artificial Intelligence that could

organic and in tune with
mysterious cycles of the
cosmos, which believes that
there’s nothing like millions
of years of really frustrating
trial and error to give a
species moral fiber and, in
some cases, backbone.”

ultimately lead to a form of artificial life. However, in the end, it may be that all these questions will only be answerable after
we have truly faced up to the next question:
Can we really expect to understand the universe without first accepting the limitations of present-day humanity?
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1.2

Biological Life

Cosmology, in partnership with geology, has aged the Earth at approximately 4.5 billion years. During the early formation of the
Earth, its molten hot core would have been too unstable to support life of any kind. Therefore, it might be surprising that
scientific evidence, in the form of the fossil records, suggests that simple biological life appeared on Earth as early as 3.8 billion
years ago. However, many discussions of the evolution of life start and end with Darwinian natural selection. However, this
perspective ignores the equally important issues of how life initially separated itself from inanimate chemistry and how human
life may ultimately come to control its own evolution.
Venter Institute 2006:
The minimum genome
consists of 387 proteincoding and 43 RNA-coding
genes. Yet even this ‘simple’
organism possesses far too
much information to be
expected by time and chance
alone without natural
selection. However, natural
selection cannot help, as this
requires self-replicating
entities, therefore it cannot
be invoked to explain their
origin.
In the context of biological life, 'abiogenesis' is the study of how life on Earth could have been triggered from what might seem
little more than a cause and effect chemical process, which really has nothing to do with evolution by natural selection. In 1924,
a Russian biochemist, Alexander Oparin proposed that living cells may have come into existence through a sequence of
chemical reactions. The basis of Oparin's idea was that lightening may have triggered gases in the atmosphere of a young Earth
to form simple organic compounds. These compounds then subsequently formed increasingly complex molecules, e.g. proteins,
which in-turn organize into living cells. In 1953, Stanley Miller and Harold Urey tested Oparin’s hypothesis by conducting an
experiment that attempted to simulate the atmospheric conditions on the young Earth. Without going into too much detail,
this experiment essentially relied on combining water vapour with ammonia, methane, and hydrogen and the then subjecting
this mixture to a 50,000 volt spark. The resulting residue from this experiment was a tar-like substance that contained a
collection of amino acids, the building blocks of life.
So does the Miller-Urey experiment provide proof for abiogenesis?
Subsequent analysis, based on a more detailed understanding of Earth's primitive atmosphere has now thrown up a number of
problems with the Miller-Urey experiment. For example, it is now known that oxygen must have been presence, but its
presence would have prohibited the development of organic compounds. So while most life has come to require oxygen to
survive, it has also required many evolutionary adaptations that would not have been present in the most primitive cell-like
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structures. Subsequent geological evidence now indicates the presence of substantial quantities of oxygen and if these
quantities are used proportionally in the Miller-Urey experiment, no amino acids are produced.
But surely there might have been some isolated localised environments?

Dean Kenyon
“It is an enormous problem,

Another major difficulty with the Miller-Urey experiment is that it cannot produce the right

how you could get together

kinds of amino acids. The amino acids that comprise living proteins are of a left-handed

in one tiny, sub-microscopic

form, yet in experiments, like Miller-Urey, an equal mixture of left-handed and right-handed

volume of the primitive

amino acids are always produced. In fact, all known natural mechanisms in which amino

ocean, all of the hundreds of

acids are produced, always produce amino acids in roughly the same proportion of right and

different molecular

left-handed forms.

components you would need
in order for a self-replicating

Ok, so we don't understand all the details, but what about the basic principle?

cycle to be established.”

Well, even if we ignore some of the details, we would also have to ignore the fact that a living cell requires hundreds of
specialized proteins that need to be precisely coordinated. We would also have to account for a mechanism in which DNA, RNA,
cell membranes and a host of other chemical compounds could have come into existence, while not overlooking the equally
important issue of how they came to be in the right molecular locations to perform their respective functions.
So what is the conclusion, is abiogenesis wrong?
No, it is simply the case that, at this point in time, abiogenesis is an unproved hypothesis and there is nothing wrong with
hypothesis within scientific methodology providing the degree of conjecture is openly detailed and discussed.
So what are the alternatives to abiogenesis?
In terms of an overview, we might narrow the options to just two: 'panspermia' and 'creationism'. The hypothesis known as
panspermia has forwarded the idea that life might have emerged in one location, then spread between habitable planets.
However, this idea does not necessarily suggest that all life originated just once and then subsequently spread throughout the
entire Universe. While it is entirely possible that life on Earth did start due to a 'migration' of primitive bacteria-like cells, the
question of how this life actually originated remains unanswered. If panspermia and abiogenesis are rejected, you are pretty
much left with only one other alternative, i.e. creationism. In the context of the present discussion, we shall describe
creationism as a belief that the universe, and all life, within it was created by some form of deity for lack of a better word. Note,
this definition of creationism should not be confused with the religious idea of 'intelligent design' that opposes the subsequent
process of evolution by natural selection.
So where to from here?
It would appear that, for the moment, creationism is a belief that sits outside the scope of science. Of course, science might be
better placed to refute this belief if a theory could be developed that described, in detail, how life might have emerge from the
cocktail of inanimate matter known to have existed on the young Earth some 4 billion years ago. Alternatively, future research
might provide solid evidence supporting the idea of panspermia, although in this case, the question of how life was actually
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created is left unresolved. With this said, it seems that we can only proceed on the basis of what evidence currently exists
today, i.e. that life on earth seems to have appeared some 3.8 billion years in the form of primitive cells. Although along the
way we might still conjecture on the nature of the following questions:


What is life?

Dr Isabelle Daniel



How did life start?

Life on earth probably began in the depths of the



How did life evolve?

ocean and not on the planet's surface. If life did



Does life have to die?

emerge at the bottom of the ocean, it is possible it



Will life continue to evolve?

could have begun under similar conditions on other



If so, how?

celestial bodies, such as in the deep oceans of
Jupiter's moon Europa. However, life has erased most

As a point of principle, our starting point for this wider discussion is

traces of its origins, and reinventing life itself would

the current state-of-play of scientific knowledge. In terms of the

simply take too much time and good fortune.

basic building blocks of life, this means a review of molecular and evolutionary biology.

1.2.1

And in The Beginning...

In simple terms, it appears that the Earth formed some 4.5 billion years ago, as a large and
very hot lump of rock and molten iron, which we might reasonable assume could not have
initially supported life. Despite such a hostile initial environment, we know that life did
emerged and so we are left to ponder two basic questions:

Native American Proverb
No river can return to its
source, yet all rivers must
have a beginning.

What is a living system?
How were living systems created?
We may wish to initially turn to a dictionary to see if there is already a suitable definition. In my dictionary, under the
word `life` there are the following eight interpretations:


A quality manifested in functions such as metabolism, growth, response to
stimulation, reproduction by which living organism are distinguished from
dead organisms or inanimate matter



Living organisms collectively, i.e. plant life



A living being



The interval between the birth or inception of an organism and its death



A biography



Human activities and relationships, i.e. everyday life



A manner of living, i.e. country life



Animation, liveliness

Of the eight definitions, only the first goes some way to describing the attributes that
separate the living from the non-living. However, even here there are problems in the
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details, for example, crystals can grow, computer viruses can reproduce. Clearly, we have an intuitive perception of the
difference between living and non-living matter; however, it appears surprisingly difficult to be precise about what the key
differences really are. The following list has been suggested as a possible encapsulation of some of the essential features of a
living system:


Self-organised, non-equilibrium system



Governed by an internal program



Which can reproduce itself

While possibly providing a starting point for discussion, I am not sure that life can be even remotely be analysed in these simple
terms. Any examination of the facts about life, as we know it, immediately tells you one thing, life seems to be a very
complicated process. Although, the following phased process will undoubtedly be yet another simplifications to those already
deeply involved in this subject, it is hopefully still reflective of the issues that have to be taken into considerations:


Phase-1: Physical chemistry



Phase-2: Chemical structure and function



Phase-3: The aggregation of functions



Phase-4: The aggregation of cells



Phase-5: The emergence of intelligence & sentience

1.2.1.1

Phase-1:Physical Chemistry

Phase-1 highlights the dependency of living systems on non-living systems, i.e.
i)

Fundamental physics

ii)

Molecular chemistry

iii)

Active thermodynamic structure

First, we need to understand the establishment of the Earth's earliest ecosystem. This system is inorganic in nature based on
the physics of Earth's position within the solar system and the molecular resources at its disposal. However, the Earth has been
an active thermodynamic system from the start as it absorbs high-frequency energy from the Sun and radiates low-frequency
energy into space. The Earth was never just a lump of rock floating in the empty vacuum of space, in a sense; it was a live birth.
We also need to understand the process by which a single cell might have evolved from the non-living chemistry being
generated by the Earth's active thermodynamic systems. We know that this process must have taken hundreds of millions of
years. However, during this time, in which billions of molecules were created and destroyed, some molecules seem to have
started to develop certain functional characteristics that persisted.
1.2.1.2

Phase-2: Chemical structure and function

Life is complex and possibly alludes to a structure evolved from simpler functions:
i)

Lao-Tzu
A journey of a thousand

Functions start to persist by replication

miles must begin with a
single step.
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ii)

Functions start to adapt to the surrounding

iii)

Functions start to react to stimulus

iv)

Functions start to become capable of `cause & effect` responses

v)

Functions start to retain `memory & recall` of responses

vi)

Functions start to become self-organising and self-perpetuating

At first, the definition of life has to be closer to molecular chemistry, but a process that appears to be thermodynamically active
from the outset. The chemistry of these systems starts to develop different functions that are capable of reacting to the
environment and capable of replicating in the sense that the number of these systems grows. As we introduce increasing levels
of differentiation, we come to a point that functions start reacting to stimulus, albeit in a simple `cause & effect` manner.
Equally, these responses are being incorporated into the self-perpetuating functional make-up of the structure. Note, this is still
molecular chemistry, as we have not as yet even reach the evolutionary level of a single organic cell.
1.2.1.3

Phase-3: The aggregation of functions

The complexity of life requires functions to be co-ordinated and adaptable:
i)

Different functions start to aggregate within symbiotic relationship

ii)

Collective functions start to evolve via a form of natural selection

iii)

Collective functions develop collective purpose

iv)

Collective purpose is greater than the sum of the parts

At some point, molecular chemistry becomes organic chemistry. Individual structural functions combine to create a collective
function of the earliest, most primitive cells. Somehow the spark of life has been ignited and life is on its way. However, the
process from these earliest single-cell organisms to the first multi-cell organism will take another 2-3 billion years:
1.2.1.4
Phase-4: The aggregation of cells
The aggregation of function culminates in a viable self-replication structure called a cell. The criteria of what we identify as a
living system have been met and appears to only require one additional ingredient - time.
i)

Aggregation is accumulative; cells now aggregate in symbiotic relationships

ii)

Clusters of cells taken on higher specialised functions.

iii)

Replication evolves into reproduction

iv)

Higher life forms continue to evolve by natural selection

v)

The taxonomy of life explodes to fill the growing ecosystem

So, once started, the evolution of life continues to expand and diversify. This process will continue in this fashion for the next
billion years or so, with life being driven by the interdependencies of `survive and reproduce`. However, somewhere along the 1
billion years of evolution between Phase-4 and the present-day, a new facet of life starts to emerge.
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1.2.1.5

Phase-5: The Emergence of Sentience

While the process of natural selection is generally understood there are possibly some common misunderstandings. While
supporters of `intelligent design` may disagree, there appears to be no evidence that there was an implicit driving force within
evolution destined to give rise to increased intelligence and sentience. If so, its appearance may be explained purely in terms of
survival benefits, but then again, maybe not.
i)

Cluster of cells evolve as a brain function

ii)

Life has a degree of intelligence to help it survive

Thomas Carlyle

iii)

Spatial awareness is relative to self

In every phenomenon the

iv)

Self awareness allows anticipations of others

beginning remains always

v)

Collective groups can increase survival

the most notable moment.

vi)

Self awareness leads to sentience

Of course, there is also the theological argument that the nature of intelligence and sentience transcends the description of a
physical system. However, we will conclude our speculative process at this point with the statement that scientific observation
suggests that intelligent life did appear to evolve from an inorganic thermodynamic system, although it cannot yet explain how
the 'genesis' of a cell took place.
1.2.2

The Taxonomy of Life

Most of us are probably unaware of the real scope and diversity
of life. In fact, it is true to say that nobody really knows the total
number of different species in the world, current estimates
range from 5 to 50 million. This figure should also be considered
in light of another estimate suggesting that possibly 99.9% of all
species that have ever lived are now extinct. When we think of
life, there is a natural tendency to visualize those species with
which we are most familiar, e.g. plants and animals. However,
these categories only makes up ~20% of all living things, while
vertebrates, i.e. animals, fish, reptiles and birds with backbones,
only accounts for 3% of the species in the world. This
categorization or taxonomy of species was initially based on
shape, but subsequently expanded to include details of
physiology and function. However, taxonomy is not an exact
science and the following diagram is only a simple presentation
of the actual complexity. More recently, taxonomy has changed
due to the ability to analyze genetic make-up, as well as the
discovery of new classes of organisms that live in what were
considered to be sterile environments in the deep oceans.
However, overall we can divide all life into four basic groups:
Viruses, Archaea, Bacteria and Eucarya, although as can be seen, the majority of life stems from the eucarya branch:
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Eucarya are a classification of creatures that have cells that contain nuclei, which is a
specialized area in the cell that holds the genetic material. Eucaryotic cells also have
other specialized cellular areas, called organelles, which act as containers within the
cells and carry out specialized functions, e.g. mitochondria and chloroplasts. The
function of mitochondria is cell respiration, which is the process by which cells use
oxygen to turn `food` into useful energy. In contrast, chloroplasts are organelles
found in plants that capture energy from sunlight. All multi-cellular organisms,
including humans, are Eucarya, as are many single celled organisms, such as yeasts
and paramecia. The classification of Eucaraya is further sub-divided into another
four sub-classes: animals, green plants, fungi and protists. While we will be more
focused on the animal class, which ultimately leads to human intelligence, all of the

Taxonomy
Is the science of
classification, but which
also explores the causes
of relationships and
similarities among all
organisms. As such, the
classification process
helps define the basis and
order of evolution.

other branches continue down many levels. What needs to be highlighted is that all Eucaryotic life forms still, to this
day, share the same basic cell architecture.


Bacteria are single-celled organisms sometimes classed as prokaryotes. The membranes of these cells differ from
those of eucaryotic cells plus they have no nuclei or organelles. The purpose of these cells, like all living things,
appears to be survival and, in contrast, to the ever-upwards school of evolutionary development, bacteria are the
most successful known form of life. As a collective whole, bacteria appear to be virtually indestructible and essentially
survive in almost all environments, inclusive of the human gut. For example, there are more bacteria in just your
stomach than all the people who have ever lived! The bacteria class includes not only germs, but also types of algae
and a wide variety of symbiotic organisms, such as those in the soil and your stomach.



Archaea are the most recently identified class of organism and are unlike both bacteria and eucarya. Archaea have
been found in superheated sulphur vents in the deep oceans, hot acid springs, briney bogs and other seemingly
hostile environments. Their cell membranes are unlike either Bacteria or Eucarya, but although they have no nuclei or
organelles, at a genetic level, they are more like Eucarya than like Bacteria. These organisms are such a recent
discovery that there are few theories about their role in the early evolution of life. However, from the wider
perspective of life in the cosmos, clearly their ability to survive in extremely hostile environments could be significant.



Viruses are also classed as a life form, even although they have no direct means of reproduction. As such, they are
classed as `obligatory parasites`, which means that they depend on the biochemistry of their host cell to survive and
reproduce. A virus consists of a small amount of genetic material surrounded by a protein coat. A virus can have as
few as 5000 elements in its genetic make-up, but is sufficient to infect a host and take over its original function in
order to reproduce more virus cells.

So given the diversity of biological life, it may surprise some that all life has evolved from just two basic types of cells:


Prokaryotic:
These are very small (1 to 10 microns) and comparatively simple cells. These cells have no nucleus and no complex
organelles. They originated some 3.8 billion years ago
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Eukaryotic:
These are relatively large cells (10 to 100 microns) and are very complex. Started to appear about 1.5 billion years
ago.

With these facts in mind, you can only wonder at the extraordinarily diversity of life that has evolved from these two simple
15

types of cells. Organisms exist as single cells, while another have more than 10 cells. Some are capable of surviving in very
acidic, very alkaline or very salty environments, all generally deadly to most organisms. Some survive in extremes of hot or cold,
wet or dry, oxygen-rich or anaerobic, and as a consequence have come to inhabit almost every niche on the planet. However, in
order to adapt to this broad range of environments they have also had to evolve different senses, physiology and reproduction,
essential to their survival. While our understanding of the molecular level of life is still at an early stage, a similar diversity
appears to apply. Proteins of similar shape and functions may have radically different chemical compositions, while organisms
that look similar may have very different genetic blueprints. The genetic material of an organism is called its genome and can
3

11

vary from as little as 10 to more than 10 elements.
1.2.3

The Structure of Life
Groucho Marx

Within the scope of this section, the intention is only to provide a brief introduction to the

Life is a whim of several

following topics:

billion cells to be you for a
while.”



The Structure of Cells



The Structure of DNA



The Life Cycle of Cells



The Nature of Life



The Nature of Death

It has been shown that the taxonomy of life has essentially
been built on two basic types of cells, the prokaryotic and
eukaryotic cells. In the evolution of more complex life forms,
the eukaryotic cells have also successful adopted a multicellular structure. Within this approach, organisms have
evolved both germinal and somatic cells. The 'somatic' cells
meet the demands of physiology, while the 'germinal' cells
have become specialized in the process of reproduction that
leads to the next generation of the species. Somewhere along
the path of eucarya evolution, somatic and germinal cells
entered into a complex symbiotic relationship with various
primitive cell types. This was a fundamental divergence from
the survival of individual cells to the survival of group of cells.
This feature of the eucarya taxonomy is shared by its descendents from mushrooms to people. In fact, a great deal of basic
human biochemistry was already set in place by the time multi-cellular organisms appeared on the Earth.
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The cell is a fundamental structure in biology, equivalent to the atom in physics. However, like particle physicists, molecular
biologists are also discovering that these fundamental units have a myriad of sub-structure. A eukaryotic cell can perform the
functions of respiration, movement, digestion and reproduction, although not every cell has to perform all functions. As we will
see in more detail, the eukaryotic cell contain organelles, or little organs, which perform specialized functions within the
boundary of the cell; defined by its outer membrane. Within the cell, the organelles `float` in cytoplasm that is a jelly-like
substance predominately (90%) made of water and within the organelles are various

Richard Dawkins

enzymes, amino acids and other molecular substances required for cell functions.

For the first half of
geological time our

As indicated, one of the primary advantages of a multi-cellular structure is that not every

ancestors were bacteria.

cell has to perform all functions so; as a consequence, they could start to specialize. Groups

Most creatures still are

of specialized cells are called `tissue` and are described as `differentiated`. There are many

bacteria, and each one of

type of tissue, which includes bone, muscles and cardiovascular tissue plus nerve and

our trillions of cells is a

connective tissue, such as tendons and ligaments. Other tissue types include the digestive,

colony of bacteria.

respiratory, urinary and reproductive systems. Equally, skin and blood are both classed as
types of tissue, as is lymphatic tissue that makes up the immune system. The hormone-producing glands of the endocrine
system are another type of tissue, while epithelium tissue lines the cavities of the body, some capable of absorbing water and
nutrients. Overall, there are more than 200 different types of specialized cells in a typical vertebrate like Homo Sapien. Some
cells are large, others small. Some divide quickly, while others do not. For example, bone marrow cells divide every few hours,
while adult nerve cells can live 100 years without dividing. The mechanism in which cells divide depends on whether they are
germinal or somatic:


Mitosis:

Walter Gilbert

The division of somatic cells ends in the production of two identical daughter

Biology will relate every

cells. While mutation can occur, differences only affect daughter cells, not the

human gene to the genes of

offspring of the organism as a whole.

other animals and bacteria,
to this great chain of being.



Meiosis:
This process relates to germinal cells, which includes both the sperm and egg cells, each having only half the genetic
material to be inherited by the offspring.

Once a group of cells are differentiated, they cannot change from one type to another, even though they all have exactly the
same genetic code. The difference is describes as `gene expression` and is a mechanism that can turn on and off sequence of
genes.
1.2.3.1.1

The Structure of Cells
Dan Millman

Biologists have spent lifetimes in trying to come to understand the inherent complexities

Everything you'll ever need

within the cell structure. However, given the importance of this subject to our overall

to know is within you; the

discussion of life, we need to at least try to review some of the fundamental processes

secrets of the universe are

taking place within the cell before we move to other related topics.

imprinted on the cells of
your body.
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Anthony Robbins
“The quality of your life is
dependent upon the quality
of the life of your cells. If the
bloodstream is filled with
waste products, the resulting
environment does not
promote a strong, vibrant,
healthy cell life-nor a
biochemistry capable of
creating a balanced
emotional life for an
individual.”

Biologists have spent lifetimes in trying to come to understand the inherent complexities within the cell structure. However,
given the importance of this subject to our overall discussion of life, we need to at least try to review some of the fundamental
processes taking place within the cell before we move to other related topics.

1.

Cell Membrane:

As a structure, all present day cells have phospholopid membranes composed of lipid groups, which are hydrophobic, i.e. water
repelling, and phosphate groups that are hydrophilic, water attracting. The outer layer of the membrane is hydrophilic, while
the inner layer is hydrophobic. With reference to picture right, vesicles are sacs that contain various substances, such as
enzymes, which can be secreted at points across the cell membrane. As such, the cell membrane is selectively permeable in
that it can regulate the flow of specific molecules into and out of the cells. Exactly which molecules are allowed through the
membrane depends on its role within the body and the presence of specific receptor proteins. Equally, these receptor proteins
can form connections that bind individual cells together. Therefore, cell types can adopt different shapes, size and lifespan as
necessary to meet its function within the body. For example, neuron cells do not divide, but can connect to other neurons at
points called dendrites and synapses, which allows electrical signals to be propagated. Alternatively, white blood cells have
flexible membranes that allow them to squeeze through the tiny space between capillaries. While muscle cells can change
shape in order to generate a contractile force necessary for movement.
2.

Cell Skeleton:

The internal framework of the cell is called the cytoskeleton consisting of two types of structure referred to as filaments and
microtubules. The former are thought to provide support for the cell, while the latter is thought to aid movement of substances
through the cytoplasm. While microtubules were traditionally considered to be purely structural, recent evidence has
suggested a potentially more complex role involving mechanical, chemical, and electrical signalling functions as a result of

20 of 126

the mysearch.org.uk website
All great truths begin as blasphemies
copyright ©: 2004-2015
_______________________________________________________________________________________________________
interactions with membrane structures. The size of these structures is measured in nanometres and a full understanding of how
these cell substructures operate may transition into the field of quantum mechanics.
3.

Mitochondria:

Are found in all eucaryotic cells and are organelles involved in the production of energy that powers the cell. Through a process
called cellular respiration, which uses oxygen and nutrients in conjunction with enzymes to produce a substance called
Adenosine Tri-Phosphate (ATP). ATP provides the source of energy required by the cell. As indicated earlier, mitochondria is
found in both animal and plant cells, while plant cells also have another organelle call chloroplasts which convert light energy to
chemical energy via the process of photosynthesis. It is believed that both of these organelles originally existed as independent
cells that evolved a symbiotic relationship within the overall structure of the eucaryotic cell.
4.

Lysosomes:

Are another organelle that degrades any material absorbed by the cell that could be dangerous or an unwanted by-product.
The wasted products are expelled at the cell membrane via the vesicle.
5.

Ribosomes:

Start life within the cell nucleus, but are then transferred into the main body of the cell. Ribosomes are composed of several
proteins and RNA molecules and their primary function is to assemble more proteins as required by the cell as determined by
DNA. Given that this process of translating genetic information into proteins is fundamental to all organisms, it will be discussed
further in the next page entitled DNA.
6.

Cell Nucleus:

The cell nucleus is almost a cell within a cell which has its own membrane. The very inner nucleus or `nucleolus` contains RNA
and proteins, while the outer core contains a genetic material called chromatin, which is in-turn composed on Deoxyribonucleic
Acid (DNA). Within this structure, chromosomes encode the blueprint of operation by which all functions within the cell
operate. By analogy, if we liken the cell as the workshop of life, then DNA is a set of instruction manuals. When the cell needs
directions, the DNA makes a copy of the particular pages from the instruction manual in a form called 'messenger RNA', which is
a short, single strand of ribonucleic acid that is small enough to leave the nucleus through tiny 'pores'.
We can see, even in this simple description, that the microscopic structure of the cell is still very complex. However, this
structural complexity is nothing in comparison to its functional complexity.

Jim Ramstad
Mr. Speaker, the scientific evidence
is overwhelming that embryonic
stem cells have great potential to
regenerate specific types of human
tissues, offering hope for millions of
Americans suffering from
debilitating diseases.
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1.2.3.1.2

The Structure of DNA

So far, we have simply introduced some of the major components of the cells, but we now need to also introduce some of the
key functions that take place within the cell. While we may already have a basic understanding of the involvement of DNA
within reproduction, DNA is also instrumental in the formation of proteins, which are the primary component of all living things.
As such, we have liken DNA within the nucleus of the cell to a workshop manual, which contains the instruction of how to make
the many thousands of proteins required by an organism.

Francis Crick
It seems likely that most if
not all the genetic
information in any
organism is carried by
nucleic acid - usually by
DNA, although certain small
viruses use RNA as their
genetic material.

The top left-hand corner of the picture above shows the cell nucleus containing 46 chromosomes made of long coiled
molecules of DNA, which in-turn contain about 100,000 genes. Each gene is a tiny segment of DNA that controls a specific cell
function. These functions govern the production of specific proteins required by the cell. As we follow the diagram towards the
bottom right-hand corner, the coiled thread of DNA unravels into two strands, intertwined in the now famous double-helix
configuration. Each strand of the double-helix configuration is composed of four distinct sub-units called nucleotide bases and
three successive nucleotide bases are called triplets. A triplet carries the code for one of the 20 amino acids required as the
building block of proteins. The sequence of pairs in each DNA segment, i.e. gene, determines which protein is to be synthesised.
The picture below continues the process of unravelling the DNA coil. The double helix nature becoming two strands of paired
nucleotide bases, which are always paired in one of two specific ways, i.e. adenine with thymine and cytosine with guanine.
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Gregory Bateson
In the transmission of
human culture, people
always attempt to replicate,
to pass on to the next
generation the skills and
values of the parents, but
the attempt always fails
because cultural
transmission is geared to
learning, not DNA.

When proteins are needed, the corresponding genes are transcribed into RNA (transcription). The RNA is first processed so that
non-essential parts are removed (processing) and is then passed out of the nucleus (transport). Outside the nucleus, the
proteins are built based upon the code in the RNA (translation). Like DNA, RNA is made up of nucleotides linked together in a
chain. However, there are some key differences:


DNA is a double helix strand, while RNA is single stranded.



In RNA, the nucleotide thymidine is replaced by uracil.



The sugar in DNA is deoxyribose. In RNA it is ribose.

There are also 3 major types of RNA:


messenger-RNA (mRNA) transfers information about amino-acid sequence from DNA into protein synthesis.



ribosomal-RNA (rRNA) build ribosomes along with proteins.



transfer-RNA (tRNA) transfer amino-acids to the ribosome for protein synthesis.

Now let’s examine the 4-stage process in which DNA is used to synthesise proteins in a little more detail:
1.

Transcription:
In eucaryotic cells, DNA never leaves the nucleus and so the genetic (genes) code is copied onto RNA, which is then later
translated into proteins in the cytoplasm. One reason for this 2-stage process is thought to be security, as wider
environment of the cell is a dangerous environment for DNA. As such, RNA is a `working-copy` of DNA.

23 of 126

the mysearch.org.uk website
All great truths begin as blasphemies
copyright ©: 2004-2015
_______________________________________________________________________________________________________
2.

Processing:
Before mRNA can leave the nucleus it must be modified in order that it can be
translated into a protein.

3.

What the public needs to
understand is that these new
technologies, especially in

Transport:
Given that DNA transcription takes place in the nucleus and protein synthesis takes
place in the cytoplasm, the mRNA has to be transported through pores in the
secondary membrane of the nucleus into the cytoplasm of the cell.

4.

Jeremy Rifkin

recombinant DNA
technology, allow scientists
to bypass biological
boundaries altogether.

Translation:
Translation is the process of protein synthesis under the direction of mRNA. During this process the nucleotide sequence
of mRNA is translated into the amino acid sequence of a protein. This process involves a large number of chemical
reactions and the participation of additional nucleic acid and protein components. Ribosome is one of these components,
which acts as the catalyst, converting amino acids into protein as specified by the mRNA. TRNA is the mechanism by which
the amino acids are passed to ribosome.

1.2.3.1.3

Life Cycle of Cells

Cells do not live forever and therefore require mechanisms by which to replicate. While the processes of `meiosis`
and `mitosis` have been introduced, they need to be understood in a wider context of reproduction and replication.

Paul Nurse
A key issue in developmental
biology at that time was the
problem of how cells
underwent differentiation,
with most workers
concentrating on
explanations in terms of
changes in enzyme and gene
regulation.
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The picture above outlines the life cycle of both reproduction and subsequent growth of an organism, such as a mammal.
Broadly, meiosis is only associated with the reproduction of germinal cells and the process by which gamete cells, i.e. haploid
sperm & egg cells, fuse and subsequently become the `zygote` of a new foetus. In contrast, mitosis is a process of cellular
replication by which somatic cells multiply. Most of the cells of the human body, inclusive of the brain, are somatic and
therefore mitosis is a key process within subsequent foetal development. Of course, sexual

Wikipedia

reproduction is still the key process that only occurs in eukaryotic cells. The terms, haploid

The cell cycle, or cell-division

and diploid, refer to the number of sets of chromosomes in a cell. Diploid cells have two

cycle, is the series of events

sets, while haploid cells have only one set. The cells of mammals, except for their gametes,

that takes place in a cell

are diploid. In the process of sexual reproduction, a mammal receives one set of

leading to its division and

chromosomes from each parent. As such, meiosis is a two-stage process in which one set of

duplication (replication). In

chromosomes is first segregated into a new gamete or haploid cell, i.e. male sperm, female

cells without a nucleus

egg; which can then recombined to make a new genetic diploid cell during any subsequent

(prokaryotes), the cell cycle

fertilisation. In contrast, mitosis first doubles the number of chromosomes of the mother

occurs via a process termed

cell and then divides them into two essentially genetically identical daughter cells.

binary fission. In cells with a
nucleus (eukaryotes), the
cell cycle can be divided in
two brief periods interphone: during which
the cell grows,
accumulating nutrients
needed for mitosis and
duplicating its DNA and the
mitosis (M): during which
the cell splits itself into two
distinct cells, often called
"daughter cells".

As illustrated by picture above, mitosis is actually only a component part of a larger life cell cycle of a somatic cell.


Gap-1 (G1)
After the completion of mitosis, two daughter cells enter the G1 phase in which a new cell will grow and carry out
normal metabolic functions. Initially, the daughter cells are quite small and low on ATP, therefore during G1 they
acquire ATP for energy in order to increase in size. However, a cell may also cease to divide within this phase and this
path leads to specific cell differentiation or death.



DNA Synthesis (S)
After acquiring sufficient size and ATP, the cells may then undergo DNA Synthesis in which the cell replicates its own
DNA molecules in readiness for the next mitosis phase.



Gap-2 (G2)
The formation of new DNA is an energy draining process; therefore the cell require the G2 phase for secondary
growth and energy acquisition in final readiness for mitosis.
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It was suggested that within the G1 phase, a cell might break the mitosis cycle by taking another path towards differentiated
development and/or death.
1.2.3.1.3.1

Differentiated Cells

With reference back to the first picture above, we have given a basic description of cell reproduction via meiosis, which leads to
the first zygote cell. Equally, we have suggested that the process of mitosis leads to the growth of all somatic cells within the
foetus without really addressing the diversity of cells that will eventually be required by the physiology of a fully grown adult.
The process of differentiation is central to this development in which cells or groups of cells undergo structural and metabolic
changes required by the physiology of the organism as a whole. In virtually all multi-cellular organisms, the cells of the adult are
descended from a single cell, the zygote. In humans, there are about 200 types of differentiated cells and the instructions for
the development of all these differentiated cells are contained within the DNA of the zygote. The process of activation that
leads to this differentiation of cells is called `gene expression`. The development of the zygote is often described in terms of a
number of overlapping phases:


Cleavage:
Initially, the zygote undergoes a series of rapid cell divisions leading to the formation of the `blastula`, which may
contain some 10,000 cells.



Gastrulation:
After a while, a series of coordinated cell movements results in the formation of a rudimentary gut. These
coordinated `cell migration` start to separate the embryo into distinct layers.



Organogenesis:
Eventually, cells start to differentiate and begin to establish the tissue and organs of a developing embryo.

Clearly, the development of a foetus from zygote to birth is a process of enormous complexity, which in truth we have barely
began to outline. Of course, the process of growth and organ development continues even after birth and so there is also a
need for continuous cell replacement throughout the lifetime of the organism as a whole. In fact, it has been estimated that up
to 25 million mitotic cell divisions may have to occur every second in order to replace cells that have completed their normal
life cycles. While the capacity for cells to grow and divide is one of the key properties of multi-cellular life, this properties needs
to be qualified by differentiated cell types:


Some cells, e.g. nerve cells, have become so structurally specialized that they have lost the ability to replicate. So once
cell differentiation takes place during foetal development, the cells remain in that state until they die.



Other cells, e.g. liver cells, may not normally divide, but retain a latent ability to do so. Given the right stimulus, a cell
may begin DNA synthesis, i.e. enter the S-phase.



Finally, they are some types of cells that need to continuously divide. Both red and white blood cells and the epithelial
cells that line body cavities and body surfaces are subject to a process of constant renewal.
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The actual process of cell renewal is also subject to variation. For example, some cells are simply replaced by division of cells
that are already differentiated. This process can be described as regeneration. However, other cells are renewed through a
process requiring stem cells, which are undifferentiated. Although stem cells are undifferentiated, they are said to
be `determined` in that they are committed to become a specific or small number of differentiated cell types.

1.2.3.1.4

The Nature of Life

Life has functional organisation,
while non-life only has structural

So what is life?

organisation. This does appear to
It is difficult to avoid this question any longer and while we may appear to have an

go some way to encapsulating a

intuitive `feel` for what is alive and what is not, providing a more definitive answer

fundamental difference between

can be surprising difficult. So lets start in the most basic of terms and divide the

life and non-life. Initially, function

universe into two fundamentally different types of matter:

may have been very limited in early
single-celled life; but it had the



Living

inherent ability to evolve towards



Non-Living

greater complexity. It had purpose.
2

We now understand from Einstein’s equation E=mc and particle physics that all matter is energy with an atomic structure, so
we need to go further and try an identify the attributes that separate ‘living’ matter from ‘non-living’ matter:


Complexity:
We may initially assume that life must be more complex,
but there are many examples in which non-life is just as, if
not more complex than non-life, e.g. cellular processes in
bacteria in comparison to the atomic fusion processes
within a galaxy.



Structural:
At the lowest level, everything has atomic structure, which
combines to build larger molecular structures. From these
molecular structures, life builds its cellular structures, which
can grow and multiply, but so do crystalline structures in a
sense. So structure itself does not appear to be the key
attribute in isolation.



Organisation:
Possibly life can be said to have functional organisation,
while non-life only has structural organisation. If so, this
would appear to go some way to encapsulating a
fundamental difference between life and non-life. Initially,
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function may have been very limited in early single-celled life; but it had the inherent ability to evolve towards greater
complexity. It had purpose.
As such, the structural organization of non-living matter can be considered to be the probable outcome of a system that evolves
according to the ordinary laws of physics. In contrast, it can be argued that the key distinguishing attribute of life, is its
`purpose`. This purpose may be constrained by the laws of physics, but is not necessarily defined by these laws. Initially, this
purpose was neither intelligent nor sentient, and possibly little more than a ‘cause and effect’ chemical reaction triggered by
the surrounding environment. However, in evolutionary terms, this purpose appeared to want to survive, which in-turn led to
an adaptation of the functional organisation of life to better meet the challenges of surviving in a changing environment. We
call this process: evolution, which can be described in terms of three component mechanisms:


Inheritance: Allows characteristics to be passed to offspring.



Variation: Allows different characteristics from the parents.



Selection: Determines the survivability of characteristics.

As a general description, inheritance passes on a working blueprint of the structure and function of an organism, to which
variation may make small amendments, which are then tested by selection. Within this basic description, evolution does not
define what life is, but is instrumental as to what it can become, albeit as a slow cumulative process. Lets now try to describe
evolution as a process that can explore a very large space of possible outcomes. Within this conceptual `search space`, every
point in the space is a genotype, i.e. a given genetic makeup, where variation identifies a move in genotype space, while
selection identifies its survivability in phenotype space, i.e. the scope of characteristics. As such, this is a non-deterministic
process that has run for billions of years and traversed trillions of points in both the genotype and phenotype space. As such,
evolution has been responsible for the diverse taxonomy of life. However, in order to support this process, an organism needs a
mechanism to record its inherited characteristics and this has been achieved through a single molecule of deoxyribonucleic
acid, better known as DNA. At this point, lets table a number of open questions:
Is the mechanism of recording the inherited search of genotype space in a four-element code associated with DNA, a critical
separator between living and non-living matter?
Is this `trick` of living matter unique to the biology of Earth?
Is the evolution of intelligent life simply a function of the time required to conduct a large enough search of this variation space?
In sense, we have possibly skipped over the most important aspect of our question: What is Life? While we have made some
general statement about the attributes of living and non-living matter and the subsequent process of evolution, we have not
directly addressed the issue of how the molecular building blocks of life appear to have spontaneously formed some 3.8 billion
years ago in the primitive and hostile ecosystem of the planet earth. In order to construct some sort of answer, we must
consider the concept of entropy in a little more detail.
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1.2.3.1.4.1

The Entropy of Life

The laws of thermodynamics states that energy tends not to remain in high energy levels within an atom, but will eventually
disperse to as many lower energy levels as possible. As a consequence, the 2nd law is closely associated with the concept of
entropy, sometime misleadingly referred to as the `law of disorder`, and would seem to prohibit the formation of order, i.e.
more complex structures will not form by pure chance.

While a watch must have a
watchmaker, the second law of
thermodynamics suggests that it is
inappropriate to compare the
structural complexity of watch with
the structural complexity of
chemical compounds and
elements..

As a result, one might naturally assume that complex molecules cannot spontaneous form from simple ones, i.e.
`A watch must have a watchmaker`
Yet, this is precisely the behaviour of most chemical elements that exist in the cosmos. In order to understand how, we must
look at the dynamics of the energy equation associated with the formation of molecules. The chemical potential energy, i.e. the
enthalpy of formation, which is bound up in most of the 20,000,000 known kinds of molecules is less than that in their
elements. Thus, the second law will allow the majority of compounds known to spontaneously form from their constituent
elements. In contrast, a watch is not in lower thermodynamic energy state than its individual components. Therefore, the
second law suggests that it is inappropriate to compare a watch with the behaviour of chemical compounds and elements.
Typically, atoms in a gas can be moving at a few hundred to several thousand miles an hour at ordinary temperatures.
Therefore, hydrogen and many other atoms behave in a way that is impossible for watch parts. With the increase of kinetic
energy of the atoms due to temperature, atoms can spontaneously `bond` when they collide and, in so doing, form new
arrangements. These new arrangements can be molecules so stable that even temperatures of thousands of degrees cannot
tear them apart again. Molecules are not random arrangements, so when three or more atoms join to form a molecule, they
are arranged in a precise order, normally unchanging over time, and with a relatively fixed geometric relationship. By the same
process, different types of molecules can collide so violently that they produce totally new types of molecules, i.e. other more
complex formations of ordered structure. Amino acids, when simply melted with other amino acids, they can form huge new
compounds, i.e. just adding energy to make the base amino acids move more rapidly is enough to create new compounds.
Although these compounds are not true proteins, they still utilize hundreds to thousands of amino acids using the same kind of
bonds that hold proteins together. Another example of the spontaneous behaviour of elements is the reaction of hydrogen gas

29 of 126

the mysearch.org.uk website
All great truths begin as blasphemies
copyright ©: 2004-2015
_______________________________________________________________________________________________________
with oxygen. Hydrogen atoms have such an inherent tendency to form strong bonds with oxygen that even a small amount of
activation energy cause the two substances to react. This process still obeys the 2nd law, which requires the energy in hydrogen
and oxygen to spread out, when lower energy formations are possible, i.e. water. Yet, water is far more complex formation
than its constituent elements.
As such, there are millions of compounds that have less energy in them than the elements from which they are
composed.
This sentence has been highlighted because it suggests a mechanism in which complexity and order can increase without
violating the 2nd Law of thermodynamic. This would appear to be critical to any
incremental process that ultimately leads to the building blocks of life. In fact, the 2nd

In 1953, Stanley Miller and Harold

law actually favours the formation of the majority of complex chemical compounds

Urey showed that basic amino

directly from their simpler elements. Thus, contrary to a wide spread belief, the 2nd

acids could be formed, when an

law does not dictate a decrease of ordered structure, it only requires that energy

electrical field was applied to a

eventually diffuse when lower energy formations are possible.

certain mixture of gases, similar in
proportion to Earth’s early

In the context of our discussion of life, organisms produce some of the most complex

atmosphere. We will discuss further

substances known. For example, by photosynthesis, plants make sugars, cellulose and

how amino acids act as one of the

chlorophyll plus hundreds of other compounds. They use energy from sunlight to

building blocks of proteins and

synthesize the complex higher energy substances from lower energy compounds like

living matter. However, to be fair

carbon dioxide and water. However, the 2nd law states that higher energy

and agnostic in our analysis, it

compounds cannot spontaneously form from lower energy elements. As such,

should be noted that some have

photosynthesis cannot be a thermodynamically non-spontaneous process. This is

likened this experiment to creating

perfectly true, as photosynthesis derives the additional energy to `swim against

a few words that, by chance,

entropy’s tide` from the sun in the form of high-energy photons. The 2nd law does not

appear in a Shakespeare play.

prevent the entropy of a local system being reversed through the input of external energy, as in the case of heating a gas.
So, to recap at this point, there are both spontaneous and non-spontaneous processes, which can lead to the formation of
more complex compounds. Spontaneous processes can be directly attributed to the 2nd law, where molecules are formed
because they are in a lower energy state. A non-spontaneous process requires external energy to reverse entropy, but can then
form stable molecules. Again, in the context of our wider discussion, there appears to be no reason reasons why these
processes do not place throughout the universe.
Hydrogen and carbon are both prevalent in the universe along with oxygen and nitrogen, albeit in much smaller quantities.
Organic compounds are substances that contain carbon and the simplest organic compounds are called alkanes. Alkanes are
composed of one carbon atom bonded to two or three hydrogen atoms. All alkanes have less energy than their elements and
the 2nd law would suggest they form spontaneously whenever carbon and hydrogen are present. Therefore, it is not so
surprising that there is spectroscopic evidence showing that these alkane compounds do exist naturally in the wider universe.
However, far more complicated types of compounds called `Polycyclic Aromatic Hydrocarbons (PAH)` have also been detected
in space. If oxygen is present in PAH it would have less energy than its elements and could therefore form spontaneously in
accordance to the 2nd law. If PAH is composed only of carbon and hydrogen it will contain more energy than its elements and,
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as a consequence could only form via a non-spontaneous process. However, this type of PAH is also detected in space, having
formed without intervention with the additional energy being provided from stellar sources, i.e. radiation. So while accepting
that we still have much to learn in this area, there does appear to be evidence of processes, based on the laws of chemistry and
thermodynamics, which support the automatic formation of complex compounds.
To conclude this aspect of our discussion, we know that biological life on Earth is based on the element carbon. We also know
that very early in the formation of the Earth, carbon was made available as volcanoes spewed out many key elements into the
Earth's atmosphere. As a consequence, various chemical reactions began to take place, which would have resulted in the
creation of new and more complex compounds. Our discussion within this section suggests that one of these compounds could
have been amino acid. In 1953, Stanley Miller and Harold Urey showed that basic amino acids could be formed, when an
electrical field was applied to a certain mixture of gases, similar in proportion to Earth’s early atmosphere. We will discuss
further how amino acids act as one of the building blocks of proteins and living matter. However, to be fair and agnostic in our
analysis, it should be noted that some have likened this experiment to creating a few words that, by chance, appear in a
Shakespeare play.
1.2.3.1.5

The Nature of Death

In excess of 50 billion cells can die each day in the average human adult. In a year, this amount of cells would equal the body
mass of that adult.
Each life form exists (or existed) in an
environment for which the probability
of death by any external environmental
cause can be calculated. From this, the
average life expectancy can also be
calculated. In practical terms, there may
be no advantage in evolution spending
time and resources on combating the
aging effect, so that programmed death
might be deferred for a 1000 years, if it
is highly probable that the organism
would succumb to an environmental
death within 25 years.
So how and why do cells die?
As with all questions of this nature, the answer is never straightforward, but on the basis of processes already discussed, we
may infer that any overall difference in the rate of mitosis in comparison to cell death would imply a change to the organism as
a whole, i.e.


Growth



Stasis



Decay
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To give an illustration of the need for cell stasis, a single bacterium that divides every 20 minutes, without restriction, would
divide 144 times in 2 days and in so doing produce 2

144

43

(=10 ) bacteria. The weight of this amount of bacteria would exceed

27

that of the Earth (=6*10 g). While somewhat overly dramatic, it is clear that cell death has played role in the evolution of life.
Therefore, it is worth looking at some of the issues in a little more detail. The figure above shows two broad classification of cell
death, which relate to `environment death` and `programmed death`. Environmental death results from conditions outside the
cell, which ultimately disrupt and terminate its normal processes, while programmed death is initiated from within the cell
itself.


Environmental death or `necrosis` can result from many causes, e.g. membrane damage, loss of oxygen supply or ATP
synthesis being blocked.



Programmed death has been sub-divided into two sub-classes, i.e. `apoptosis` and `terminal differentiation`.

In part, we have already started to discussed terminal differentiation in the context of the exit path from the mitosis cell cycle in
G1. Basically, as some cells take up specialized functions, they lose the ability to divide by mitosis and subsequently die. In fact,
each type of cell has a lifespan, which begins when the cell is formed by division of the parent cell and ends when that cell
divides or dies. Some cells have a lifespan in the order of a few hours, while others are in the order of hundreds of days.
Differentiated cells cease to divide once they have reached their differentiated state and must subsequent die. However, the
lifetime these differentiated cells, as in the case of neuron cells, can be the
lifetime of the organism, e.g. 100 years. The other sub-class identified is called

Jacob Bronowski

apoptosis and can be best outlined as consisting of number of steps:

“You will die but the carbon will not; its
career does not end with you. It will

1.

A decision to activate the exit from the cell life cycle.

return to the soil, and there a plant may

2.

The actual programmed death of the cell.

take it up again in time, sending it once

3.

The engulfment of the dying cell by specialized cells.

more on a cycle of plant and animal

4.

The eventual degradation of the engulfed cell.

life.”

In evolutionary terms, there must be some overall advantage to a multi-cellular organism that requires individual cells to
essentially commit suicide. The following are just a few possibilities:


Regulates the stasis of the total number of cells.



Helps sculpture the physiological form of an organism



Defends and remove unwanted/dangerous cells, e.g. tumours.

Research has also shown that apoptosis does not require any additional cellular `transcription` or `translation` processes, as
previously discussed, which suggests that the mechanisms required for this type of cell death lays dormant in the cell and just
requires activation. Again, research is now beginning to suggest a number of possibilities:


External signals:
o

Hormone activity

o

Loss a survival signal
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o


Loss of cell-to-cell contact
Friedrich Nietzsche

Internal signals:

To die proudly when it is no longer possible

o

Ionizing radiation

o

to live proudly. Death of one's own free

Virus infection

o

choice, death at the proper time, with a clear

Damage from free radicals

head and with joyfulness, consummated in
the midst of children and witnesses: so that

Clearly, from a simple `survival-of-the-fittest` evolutionary strategy, there

an actual leave-taking is possible while he

are advantages in the death of individual cells in which the integrity of the

who is leaving is still there.

higher organism is better maintained. However, it needs to be recognized
that survival, in evolutionary terms, appears to be measured only in the efficacy of procreation of the next generation.
Therefore, we should not be too surprised that evolution has made the trade-off in terms of survival of the germinal cells of
sexual reproduction and not the somatic cells of the physiology. We will examine these issues again, when discussing the
implications of death to higher sentient organism, e.g. humans.
1.2.3.1.5.1

Does Life have to Die?

Having examined some of the concepts within cell death, we have an awareness of some of the benefits. However, lets pursue
this issue from a slightly different perspective:
If the fundamental purpose of life is to survive, why did it evolve a process that leads to death?
Before attempting to try to answer this question, let us quickly review some facts. In most multi-cellular organisms there is a
profound division between two principle kinds of cells.


Germinal Cells:
These cells are the egg or sperm-forming cells of the ovary or testis. They are responsible for transmitting genetic
information to the next generation.



Somatic Cells:
These cells make up all the other organs within the body.

In the early stages of life on planet Earth, before the distinction between germinal and somatic cells had evolved, the ability to
replicate was built into every cell. This is not so surprising as initially all organisms were single-celled. However, as
the evolutionary evidence shows us, some 500-600 million years ago, multi-celled organisms started to evolve far more complex
physiology. This step in evolution required some cells to be organised into functional groups. As a result, the somatic cells were
no longer required to directly support procreation and slowly, over time, the somatic cells evolved very specialised functions:


Red blood cells transport oxygen around the body.



White blood cells police the body for intruders and destroy them.



Brain and nerve cells conduct electrical signals.
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The distinction between germinal and somatic cells may have been one of the most significant steps in evolution, but it appears
to have come at the price of `death by aging`. In this model, it is only the germinal cells that are responsible for the underlying
function of life, i.e. reproductive survival. If germinal cells accumulated damage to their DNA sequences, they would rapidly
become extinct. In contrast, damage to the somatic cells does not affect the survival of the next generation, only the individual
organism. So, in this model, only the germinal cells need trace their ancestry back 500 million years to the first multi-celled
organisms. No somatic cells are passed to the offspring and as a result, evolution appears to have no fundamental requirement
for somatic cells to keep their DNA in good shape indefinitely. As a consequence, the mechanism of evolution by natural
selection has determined that somatic cells need only retain sufficient integrity until the organism reaches sexual maturity. As a
result, the primary cause of aging and death is linked to the underlining process of cell death.
In this model, sexual reproduction appears to be an evolutionary step that provides wider genetic permutations, plus the repair
and correction of genetic information. However, this process focuses only on our germinal cells and ignores our somatic cells
that are apparently left to die. From a human perspective, there is an irony in this situation, as the mind that has now evolved
to perceive the concept of immortality, is a construct of the brain that is itself a functional cluster of somatic cells, programmed
to die.
Is there any rationale for this situation?
Is humanity destined to only live three score years and ten?
From a genetic perspective, an individual organism could be considered simply as a containment vehicle for the information
within its genes. As long as the genes survive, the survival of the individual organism is not so important. Therefore, the main
criterion is that the individual organism survives long enough to reproduce and pass on its genes. Of course, there is an
alternative; the organism could live longer, thereby producing more offspring. However, the lifespan of an organism depends
on at least two different factors:



Environmental death can act on cells in any number of ways causing fatal

Will Shriner

injury.

“I want to die in my sleep like my

Programmed death is built into the DNA of a cell and is more analogous

grandfather, not screaming and

to suicide.

yelling like the passengers in his car.”

So the question of approach may have more to do with which is more cost-effective in terms of energy, i.e. quality or quantity?
Each life form exists (or existed) in an environment for which the probability of death by any external environmental cause can
be calculated. From this, the average life expectancy can also be calculated. In practical terms, there may be no advantage in
evolution spending time and resources on combating the aging effect, so that programmed death might be deferred for a 1000
years, if it is highly probable that the organism would succumb to an environmental death within 25 years. Of course, there is
the implication that if the probability of environmental death reduces for a given species, then evolution could respond, albeit
over millions of years, by increasing the age of programmed death for that species; should it survive for that long. To some
extent, the variation of life spans in the animal kingdom might support this notion. So while all life may ultimately succumb to
death in one form or another, it may be possible that the process of programmed death, built into our DNA, can be altered by
genetic engineering. In 2003, scientists identified a generic mutation found in people over 100 years old. A subsequent study
has shown that centenarians are five times more likely to have the same mutation in their mitochondrial DNA.
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1.2.4

The Evolution of Life

It should be noted that the fossil evidence, dating back beyond 3.8 billion years, is almost non-existent and so some of this
evidence is speculative. However, the latest advances in science are pushing the beginnings of life on Earth back beyond 3.8
billion years; although it might be more accurate to describe this type of life as `living matter`, because its existence appears to
be little more than a chemical process. Even so, over eons of time, this living matter appears to have evolved to become ever
more complex and diverse in its nature, although this interpretation of the general
nature of evolution needs to be examined in more detail.

Charles Darwin
All that we can do, is to keep steadily
in mind that each organic being is
striving to increase at a geometrical
ratio; that each at some period of its
life, during some season of the year,
during each generation or at
intervals, has to struggle for life, and
to suffer great destruction. When we
reflect on this struggle, we may
console ourselves with the full belief,
that the war of nature is not
incessant, that no fear is felt, that
death is generally prompt, and that
the vigorous, the healthy, and the
happy survive and multiply.

However, before we can do this, let us try to get some appreciation for the process of evolution as a whole:


Some 4.6 billion years ago, the Earth had started to solidify within the solar system. However, radioactive and
gravitational heating of the Earth was still creating its interior structure, as well as out-gassing lighter molecules, such
as water, methane, ammonia, hydrogen, nitrogen and carbon dioxide.



By some 3.8 billion years ago, the crust of the Earth had solidified and the oldest rocks found on Earth were being
formed. At the same time, condensation of water in the atmosphere was forming the first oceans. Given that there is
some fossil evidence that single-celled prokaryotic organisms existed at this time, it appears that primitive life
appeared very quickly in the primordial oceans, at least, on the timescales being discussed.



This initial type of organisms is called a `heterotroph` and is a class of life that feeds off other forms of life. These
organisms, which inhabited the primitive oceans, are believed to have absorbed organic material, e.g. amino acids.
When they died, the organic material from which they were made, would break down and be returned to the organic
soup. The building blocks of life that were creating these organisms, were also acting as a food source.



Around 3 billion years ago, fossil evidence starts to suggest that a new class of life called `autotrophs` was also
evolving in response to competitive pressure for resources. This adaptation was capable of synthesising energy from
inorganic material, which allowed life to generate energy by absorbing carbon and sunlight. As a result, CO2 started to
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be absorbed and oxygen was released as a by-product. As a consequence, oxygen began to build up, which in-turn
created further environmental changes to which life had to respond.


This symbiotic relationship would suggest that the evolution of Earth's environment was linked to the very life it was
causing to evolve. Over time, organisms continued to evolve in order to take advantage of these new environments,
as they emerged. However, natural resources were always limited and life had to literally fight for survival from the
outset. Pathogens are an example that were capable of killing single cell hosts in order to extract resources required
for their own continued survival, before moving onto the next host after multiplying.



Another significant step in evolution were eukaryotic cell organisms called protocists. These organisms were
significant because they possessed a cell nucleus, which contained the genetic information about the cell and the
organism. Life was starting to evolve a cell structure. Mitochondria are a key element present in both animal and
plant cells, which suggests it evolved before the evolutionary split into plants and animals.



Still, it would take nearly 3 billion years for life to evolve from primitive one-celled organisms, as just outlined, to
become multi-cellular organisms in the form of sponges. At this time, clusters of cells started to take on specific
functions, which simply helped in the survival of the larger organism.



Another milestone in early evolution was the development of sexual reproduction. Previously, the cell division that
produced a new organism was based on cell replication that caused mutations, i.e. errors, to drive evolution. In
contrast, sexual reproduction allowed genetic information to be inherited from both 'parents', which although
different, were both proven blueprints of survival, rather than just random errors. After the evolution of sexual
reproduction, the rate and diversity of genetic variation began to increase to compete for every niche in the
ecosystem.

These initial steps would take nearly four billion years, from the formation of Earth within the solar system to the early
appearance of multi-celled organisms. We have now arrived at the start of what is now called the Cambrian period. At this
point, some 500 million years ago, the stage was set for the diversity of life on Earth to explode. However, before continuing
with the story of evolution, some scientists are now taking issue with the interpretation that process of evolution is geared
towards complexity and that humanity and mammals were the winner in this selective process. However, before returning to
this issue, let continue with the rest of the story of evolution:



Archaezoic Era: 2500-4500 million years ago
Over the totality of this era, microbial life flourished in the primordial oceans. One type of organism, the
cyanobacteria (blue-green algae) started to produce oxygen as a metabolic by-product. The eventual build-up of this
highly reactive gas was to eventually prove fatal to many life forms and was a major catalyst for change.



Proterzoic Era: 545-2500 million years ago
This era saw the atmosphere stabilise to near present-day levels that enabled the rise of aerobic life. The original
anaerobic inhabitants of the Earth had to retreat into more restricted habitats. The more complex eukaryotic cell
organisms benefited from the increase in oxygen. Multi-celled organisms had started to appear between 600-1600
million years ago.
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Paleozoic Era: 245-545 million years ago
This era is sub-divided into a number of distinct periods.

Period

Millions of Years Ago

Cambrian

505-545

Ordovian

438-505

Silurian

408-438

Devonian

360-408

Carboniferous

286-360

Permian

245-286

By the start of this era, the stage was set and life seems to have almost exploded in both complexity and diversity.
Atmospheric oxygen was approaching present-day levels and generating the ozone shield that would screen out
ultraviolet radiation. This change to the ecosystem would allow complex life to live in the shallow seas and finally on
land. By the Cambrian period, trilobites were dominant, with lichen and mosses developing. The Ordovian period saw
primitive vertebrates emerge along with fungi and plants. During the Silurian and Devonian periods, bony fish led to
amphibians that started the colonization of the land along with insects. Later, in the Carboniferous and Permian
period, the first reptiles started to appear. However, the Paleozoic era was brought to an abrupt end by massextinction, perhaps the most severe extinction the planet has seen.



Mesozoic Era: 65-245 million years ago
This era is also sub-divided into a number of distinct periods.

Period

Millions of Years Ago

Triassic

208-245

Jurassic

145-208

Cretaceous

65-145

This era was the dawn of the great age of the dinosaurs. The generalized reptiles of the Triassic gave way to the
dinosaurs and terrestrial fauna, which the Earth has not seen before or since. The dinosaurs ruled the land and a
diversity of sea-reptiles ruled the oceans. In addition, Pterosaurs were taking to the sky, followed by the birds.
Although mammals existed, they were still small and insignificant. During this era, evolution continued to produce
new insects, fishes and finally flowering plants. Again, as with the Paleozoic Era, this era was marked by another mass
extinction, which effectively closes the age of the dinosaurs.

37 of 126

the mysearch.org.uk website
All great truths begin as blasphemies
copyright ©: 2004-2015
_______________________________________________________________________________________________________



Cenozoic Era: 2-65 million years ago
This era is sub-divided into the following periods.
Jacques Monod
When one ponders on the

Period

Millions of Years Ago

Palaeocene

54-65

Eocene

38-54

Oligocene

26-38

effective teleonomic performances of

Miocene

7-26

living beings from bacteria to man,

Pliocene

2

tremendous journey of evolution over
the past three billion years or so, the
prodigious wealth of structures it has
engendered, and the extraordinarily

one may well find oneself beginning
to doubt again whether all this could
conceivably be the product of an

Following the extinction of the dinosaurs at the end of the Mesozoic era, space in

enormous lottery presided over by

the ecosystem emerged that allowed the mammals to evolve. The appearance of

natural selection, blindly picking the

grass gave rise to a broad range of grazing herbivores and hunting carnivores.

rare winners from among numbers

However, possibly more significant to our story, was the emergence of anthropoid

drawn at random. Nevertheless, a

apes that culminated in the hominids of Africa. Finally, after nearly 3.8 billion

detailed review of the accumulated

years, Homo Erectus, Neanderthal and Cro-Magnon had started to learn how to

modern evidence shows that this

use stone tools and make fire. However, the birth of any meaningful civilisations

conception alone is compatible with

would still have to wait for Homo Sapien to appear, possibly only some 200-300

the facts .

thousand years ago, which is virtually no time at all in terms of the geological time
being discussed.
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1.2.5

Charles Darwin: Natural Selection

Through his books 'Origin of Species by Means of Natural Selection (1859)' and 'The Descent of Man (1871)', Darwin created
what was effectively a new paradigm that was to eventually change the way that many people viewed the world. Today,
Darwin's paradigm is considered nature's model for the evolution of the species. However, this was not always the case and
little over a hundred years ago, most people would have believed that all species had existed since the moment of their
creation, which according to some biblical references was around 6000 years ago.

Charles Darwin
It is not the strongest of the species
that survives, nor the most intelligent
that survives. It is the one that is the
most adaptable to change.

Alfred Russel Wallace
Truth is born into this world only with
pangs and tribulations, and every
fresh truth is received unwillingly.

Therefore, Darwin's idea of natural evolution was a very recent and profound paradigm shift based on the following principles:



Biological species do not have a fixed, static existence rather they are in a permanent state of change.



All biological life struggles for existence and to produce the greatest number of offspring.



The struggle for existence culls out those organisms less well adapted to any particular ecology and allows those
better adapted to flourish via a process called 'Natural Selection'.



Natural selection and evolution require enormously long periods of time. So much so that that process is barely
perceptible in terms of human history.



The genetic variations that ultimately produce increased survivability are random and not caused by God or by the
organisms own striving for perfection.

Of course, many people may still dispute the implication within the last bullet, i.e. that God is not involved in evolution; either
by rejecting the very suggestion or by the argument that God was the architect of the very mechanisms by which natural
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selection works. However, putting aside the religious debate for now, the idea of natural selection has become the
predominant principle of evolution. Subsequently, through the process of evolution, science has tried to provide an evergrowing rational explanation for the diversity we see. As such, there is a need to estimate when all the observed diversity took
place. Common sense might tell us that the more two species are related, the more recently they diverged. Originally,
taxonomy used this approach, albeit expressed in slightly more scientific jargon, i.e. the degree of phenotype similarity is
reflective of a similar genotype similarity. However, with the growing knowledge of DNA sequencing, it has become possible to
estimate when genetic diversity started to take place. For the rate of genetic change to be quantified, this change needs to be
measured against some sort of clock; assuming the rate of mutation is fairly constant. To verify the potential of this method, its
results need to be aligned to other methods, such as geology, which provide the base timeline of life on Earth. The oldest
known fossils indicate that life began at some 3.8 billion years ago.
1.2.5.1

Alternative Evolutionary Ideas

Religious Creationism:
The principle idea behind creationism is that the origin of all life, and presumably
every species of life that has ever lived, is a supernatural deity, i.e. some deity that
corresponds to one of the 250 major religions worldwide, ignoring all other
creation myths. By way of example, according to Judo-Christian scriptures, written
some 2000 years ago, the land, sky, plants and animals were all created by a
supernatural being called Yahweh or God in 7 days, although the concept of time
might be a debated issue. However,in order to align to accepted scriptures, some
believe that creation has to have happened within the last 6000 years, which flies

Michael Behe
Biology has progressed tremendously
due to the model that Darwin put
forth. But the black boxes Darwin
accepted are now being opened, and
our view of the world is again being
shaken.

in the face of all geological and archaeological evidence. Of course, with 30,000+ branches of just the Christian church, there
many variants of the basic idea, e.g. some believe that plants and animal species are unchanging, while others believe that
different species can arise from existing species, as long as the 'original' species was created by God.
Inheritance of Acquired Traits:
Jean-Baptiste Lamarck (1744-1829) is usually remembered today mainly in
connection with a theory of heredity called the 'inheritance of acquired
traits', although his theory was never fully accepted. Lamarck's ideas about
evolution were based on the premise that individuals adapt during their own
lifetime and transmit the traits they 'acquire' to their offspring. Offspring then
adapt from where the parents left off, enabling evolution to advance. As a
mechanism for adaptation, Lamarck proposed that individuals developed specific
capabilities by exercising them, while losing others through disuse. While this
concept of evolution did not originate wholly with Lamarck, he has come to
personify both pre & post-Darwinian ideas about evolution, now called

In the future, human evolution may
not only be driven by the the slow
process of natural selection, but
rather the comparatively lightening
speed of technical development. The
scope of the technology in question
could range from genetic engineering
through to artificial intelligence. See
AI Evolution: Beyond Darwin

Lamarckism. While natural selection contradicts the scope of Lamarckism in the'natural' world of evolution, the concept is not
precluded when evolution is driven by design - see Artificial Life
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1.3

Human Life
I say to my child,
I will explain to you as much of life as I can,
but you must remember that there is a part of life
for which you are the explanation.
Robert Braul
David Ormsby Gore
It would indeed be a tragedy if the
history of the human race proved to
be nothing more than the story of an
ape playing with a box of matches on
a petrol dump.

Stephen Jay Gould
Human consciousness arose but a
minute before midnight on the
geological clock. Yet we mayflies try
to bend an ancient world to our
purposes, ignorant perhaps of the
messages buried in its long history.
Let us hope that we are still in the
early morning of our April day.

The human body, as in all mammals, is a biological system, which consists of organs that in-turn consist of tissues that are all
constructed of cells. As such, there is much in evolutionary biology that suggests humanity is just another species within the
much wider taxonomy of life. However, while this is true, at least, within the confines of science, there is still much in the makeup of humanity that also singles it out for some special attention. Therefore, we shall consider the blueprint of human life in
two distinct parts:



Physical Anatomy



Neuro-Physiology

Due to the importance of our sight sense, we have come to identify life through its physical form. Our bodies and facial
expressions help identify our emotions and even lead people make premature assumptions about our personality and our
character, based on our physical appearance only. Of course, our bodies also provide the means through which we interact with
the physical world and its abilities have therefore helped define the nature of our survival, so far. As such, our'shape and form'
has a profound effect on our physical capability and persona.

41 of 126

the mysearch.org.uk website
All great truths begin as blasphemies
copyright ©: 2004-2015
_______________________________________________________________________________________________________
Although the human body is undoubtedly amazing, it would not have much purpose without the spark of intelligence guiding its
actions and it is in this context that humanity appears to stand out from the rest of life on planet Earth. Therefore, some would
say the bigger challenge to understanding the nature of human life lies within human neuro-physiology. In a wider context, the
level of evolution of the human brain may well be unique within the our solar system, and possibly even the entire galaxy,
although both are still speculation. However, unlike any other species before, humanity now stands on the threshold of defining
it own evolutionary path rather than relying of the random nature of natural selection. As such, human evolution is not just
about understanding where we come from, but more importantly, where we heading to.
Human life is driven forward by its dim apprehension
of notions too general for its existing language.
Alfred North Whitehead
1.3.1

Human Physiology

The human body is the result of a large number of anatomical systems that have

Genus

successfully evolved in response to survival needs over a very, very long period of

The study of human evolution

time. Some aspects of our physiology pre-date our Homo Sapien existence,

encompasses the genus 'Homo', but

inherited from our mammalian ancestry and even earlier. As such, the Darwinian

extends to the study other hominids

school of anatomy never starts from a clean sheet, but prefers to adapt from

and hominines, such as

some earlier successful life form.

Australopithecus. However, modern
humans are defined as the 'Homo

1.3.1.1

Sapiens' species.

Physical Anatomy

At a very basic level, our physical anatomy is a transportation system for the brain, which is being carried around perched on
the top of our bodies in the skull. This transportation system has some auxiliary features that allow us to breathe air, gather
food and convert the food into the necessary nutrients to sustain life. We also have a built-in waste disposal system; part of
which is inter-linked to a reproductive system, which some have suggested implies a sense of humour somewhere in the design
process. Of course, this is a miserable and woefully inadequate description of our physical anatomy. It completely overlooks the
complexity of our hand movements, facial expressions and myriad other facets that give us the sense of life and personal
identity.
Bilateral Symmetry
While all physiology must have an
unbroken evolutionary line to the first
eucarya cell, the basic layout of the human
body reflects that of all vertebrate;
consisting of a bilateral symmetry around
the backbone. This layout can be traced
back hundreds of millions of years to the
reptiles and amphibians, which share the a
body plan consisting of a pair of hind limbs
and forelimbs, each with five digits.
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1.3.1.1.1

Skeletal System

The average human is born with over 300 bones, but as we grow to maturity some of these bones begin to fuse together. As a
result, a normal adult is left with 206 bones joined by ligaments and tendons to form a protective and supportive framework for
the attached muscles and the soft tissues. The skeleton also produces red blood
cells from the marrow of certain bones and white cells from the marrow of other

DNA Structure

bones to destroy harmful bacteria as part of the body's wider immune system.

Each humans cell has two sets of 23
chromosomes. By current estimates,

1.3.1.1.2

Muscular System

humans have ~20,000–25,000 genes.

The human body has more than 600 muscles connected via nerves and the spinal
cord to our brain. By control of our muscles we are capable of an incredible number
of complex actions from delicate touch to brute-force survival.
1.3.1.1.3

Like other mammals, humans have an
XY sex-determination system, so that
females have the sex chromosomes
XX and males have XY.

Digestive System

When eating, our body digests food so that our body cells can use it to make energy. Acids and enzymes in stomach and
intestine break down the food into molecules tiny enough for the body cells to use. These molecules are then taken into the
blood and distributed around the body.
1.3.1.1.4

Circulatory System

Our arteries are vessels that carry blood away from the heart. The heart is a pump that pushes the blood around the body. Red
blood cells carry oxygen from the lungs to all the cells of the body. Our veins are vessels that carry blood back to the heart.
Blood circulates around the body in about one or two minutes and also carries
white blood cells that protect the body via a complex immune system.
1.3.1.1.5

Composition
An average 70kg human body
contains in the order of 6.7*1027

Respiratory System

atoms and contains traces of 60

The primary function of the respiratory system is to supply the blood with oxygen in

chemical elements. The composition

order for the blood to deliver oxygen to all parts of the body. When we breathe

of the human body can be quantified

through our lungs, we inhale oxygen and exhale carbon dioxide. This exchange of

either in terms of its mass or atomic

gases is the way the respiratory system gets oxygen into the circulatory system.

composition. For example, the human
body is ~70% water, while water is

1.3.1.1.6

~11% hydrogen by mass, it is ~67% by

Excretory System

atomic percentage. Thus, most of the
The volume of our blood, approximately 8 pints, passes through the kidneys 300

mass of the human body is oxygen,

times a day. Nephrons clean the blood in ~45 minutes and send about six cups of

while most of the atoms are

urine to the bladder every day.

hydrogen atoms.
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1.3.1.2

Summary

The human anatomy has evolved in respect to the specific challenges of a physical world that it has previously survived, as such,
it reflects our evolutionary path from the past up until now. It is now recognised that some basic aspects of human physiology
are a result of evolutionary adaptations laid down hundreds of millions of years ago and shared by almost every life form,
especially mammals. However, within this ever changing process, humans have evolved some physical characteristics that
separate us from our nearest DNA cousins, the apes. The most important possibly being an opposable thumb, in conjunction
with an enlarged brain, which gives humans an extended ability to manipulate tools in a far more effective way than any other
species of mammal.
1.3.2

Neuro-Physiology

The human nervous system is a complex internal network that allows a person to 'sense'its environment. The network includes
sensory components that detect changes in the environment and motor components that help generate physical movement,
contract cardiac muscles and initiate glandular secretions.

Malleability of Mind
The brain is a complex, dynamic, and
integrated system that is constantly
changed by experience. While most of
this change is takes place at a
microscopic level, it still means that
brain you had yesterday differs from
the brain you have today. As a
consequence, the person you are
today will not be the same as the
person you will be tomorrow.

Collectively, the nervous system receives, stores and processes sensory information and then coordinates the appropriate
motor response.. The nervous system comprises of two divisions:



Central Nervous System (CNS)



Peripheral Nervous System (PNS)

The former includes the brain and spinal cord, while the latter includes the sensory receptors, sensory nerves and ganglia. A
further division can also be made between the sensory and motor components of the nervous system. The sensory components
bring information into the nervous system, which is ultimately channelled to the higher levels of the cerebral cortex. In
contrast, the motor components carry information out of the nervous system resulting in muscle contractions or various
glandular secretions. The hemispheres of the brain consist of the cerebral cortex and three nuclei called the basal ganglia,
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hippocampus and amygdala. The functions of the cerebral hemispheres are
perception, higher motor functions, cognition, memory and emotions. The

Human brains are as unique as faces.

cerebral cortex consists of four lobes called:



Frontal Lobes



Parietal Lobes



Temporal Lobes



Occipital Lobes

Uniqueness of Mind
While, the basic structure is similar,
no two are identical. Therefore, it
follows that no two brains are
necessarily equal in their ability to
solve problems. Context and various
mental abilities influence how and
what we learn.

Again, the evidence suggests that the human brain has evolved as an effective
network of cells and nerves with specific functions that helped meet the challenges of survival. Research has shown that many
of the major neural systems present in man are also present in most mammals; therefore it would appear that the basic neural
functions have evolved over a very long period of time, e.g. millions of years.
1.

Senses allow both the sensation and detection of events in the surrounding environment:
i)

Sight

ii) Hearing
iii) Touch
iv) Olfaction (smell)
v) Taste
vi) Pain
2.

Basic instincts and emotions:
i)

Hunger

ii) Love, lust and sex
iii) Anger, hate & fear
iv) Territoriality, possessiveness
v) Dominance, submissiveness
vi) Irritability and serenity.
vii) Social, parenting & family ties
3.

Cognitive capabilities:
i)

Arousal, Attention,

ii)

Thinking, Evaluating, Insight,

iii) Abstraction, Creativity,
iv) Choice, Purpose,
v)

Seeking, Planning, Generalization,

vi) Judgement, Introspection, Programming,
vii) Interest, Preference, Discrimination,
viii) Learning, Memory, Recognition, Retention, Knowledge.
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4.

Basic behavioural repertoire:
i)

Reflexes & Basic Action sequences

ii)

Instincts; integrated action sequences

iii)

Learned action sequences.

iv)

Play & Exploratory behaviour

v)

Goal Directed behaviours

Change of Mind
By way of a footnote to other
discussions, while AI may not need to
slavishly replicate all these functions,
human neuro-physiology is currently
the only known blueprint that has led

The evidence suggests that it has taken life a long time to evolve all the functions
that now help humanity to survive in such a broad and diverse range of
environments. In this context, intelligence and self-awareness may only have been
an accidental by-product of the survival process.
1.3.2.1

to both intelligence and sentience,
although clearly other lifeforms on
planet Earth share some of these
attributes to varying degrees.

The Brain

Over the last 50 years, a large number of neural cell groups, circuits and connections have been identified and named in various
regions of the brain. More importantly, the functions of these different cell groups and circuits are now starting to be identified.
Moreover, the anatomical and chemical mechanisms by which these circuits operate are also being clarified. Although, much
remains to be done, it has been estimated that within the next few decades, modern technology may obtain a considerable
insight into how the circuits of the brain perform many of their central functions.

A Weighty Matter
An adult human brain normally
weighs between 1.0 to 1.5kg (2¼ to
3¼lbs).

1.3.2.1.1

Brainstem

The brainstem is the lower section of the brain and where it connects to the spinal cord. It is described as being comprised of 3
component parts:


Midbrain: the auditory & visual reflex centres



Pons: the respiratory centre



Medulla Oblongata: the cardiac centre
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Neurological functions located in the brainstem include those necessary for

Quantity vs Quality

survival, i.e. breathing, digestion, heart rate, blood pressure and being awake and

Differences in the weight and size of a

alert. Most of the cranial nerves come from the brainstem. The brainstem is the

person's brain do not seem to

pathway for all fibre tracts passing up and down from peripheral nerves and spinal

correlate with differences in mental

cord to the highest parts of the brain.

ability.

1.3.2.1.2

Cerebellum

This portion of the brain helps coordinate and control voluntary movement, i.e. balance and muscle coordination. Damage may
result in ataxia, a problem of muscle coordination, which can interfere with a person's ability to walk, talk, and eat plus other
key functions.
1.3.2.1.3

Frontal Lobe

As the name implies, this part of the brain sits within the front of the skull and is
involved in planning, organizing, problem solving, selective attention, personality
and a variety of higher cognitive functions, including behaviour and emotions.


The front portion of the lobe is called the prefrontal cortex and
considered key to the higher cognitive functions and the determination of
personality and emotional traits.



During foetal development the
foundations of the brain are formed
as billions of neurons interconnect.
The basic wiring plan appears to be
encoded into our genes. Studies have
shown that in developing animals

The back portion of the lobe consists of nerve cells that control various
motor activities.

1.3.2.1.4

The Human Network

embryos, nerve cells are created in
and/or travel to designated regions of
the brain, and once in place, send out
axons along pre-programmed paths

Occipital Lobe

in order to form the basic functions of

This lobe is located at the back of the brain and is the primary processor of visual

brain.

information. Not only is the occipital lobe mainly responsible for visual reception, it also contains associated areas that help in
the visual recognition of shapes and colours. Not surprisingly, damage to this lobe can cause acute visual defects.
1.3.2.1.5

Parietal Lobe

There are two parietal lobes of the brain, each located behind the frontal lobe at the top of the brain.


Right Lobe - Damage to this area can cause spatial defects causing a person to have difficulty finding their way around
new, or even familiar, places.



Left Lobe - Damage to this area may disrupt a person's ability to understand spoken and/or written language.

The parietal lobes contain the primary sensory cortex that controls sensation, such as touch and pressure. Behind the primary
sensory cortex is a large area that controls fine sensation allowing the judgment of texture, weight, size and shape of an object.
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1.3.2.1.6

Temporal Lobe

There are also two temporal lobes, one on each side of the brain located at about the
level of the ears. These lobes allow a person to tell one smell from another and one
sound from another. They also help in sorting new information and are believed to be
responsible for short-term memory.



Use it or Lose it
All physical and mental
functions of the brain depends
on the establishment and
maintenance of neuron

Right Lobe - Mainly involved in visual memory. As such it is a primary centre

networks. However, our

for facial recognition.

emergent identity, in terms of

Left Lobe - Mainly involved in verbal memory and supports the recall of

habits and skills, is the sum of

names and words.

frequently activated clusters of
neurons, i.e. networks of brain

1.3.2.2

The Senses

cells. When the activity stops,

Our senses provide the input information that the brain needs to process a mental
picture of the world and our surroundings. Although, we typically define humans as

specific neural subnets, i.e. brain
functions, may slowly disappear.

only having five senses, as originally defined by Aristotle, medically it is agreed that there are at least nine different senses in
humans. The relative proportion of the motor-sensory cortex, which lies between the frontal and occipital lobes, given over to
our senses is reflected in the diagram called the motor-sensory Homuculus. The word 'homunculus' is derived from the Latin
meaning 'little human' and, in this context, it is attempting to show that if the human body were to be built in proportion to the
amount of sensory and motor brain power needed to control them, the hands and mouth would be proportionally bigger, as
shown. However, it is unclear as to the accuracy of this particular model, as you might
expect the importance of sight to correspond to much bigger eyes. Still, it hopefully
represents the general idea.
1.3.2.2.1

Sight

Stimulus:

Light Waves

Sense Organ:

Eye

Receptor:

Rods and Cones of the Retina

Sensation:

Colours, Patterns, Textures, Motion, Field Depth

The human eye is the organ that helps provide the sense of sight, which allows us to assimilate more about the surrounding
world than any other sense. The eyes help see and interpret the shapes, colours, and dimensions of objects in the world by
processing the light they reflect or emit. The eye is able to see in bright light or in dim light, but it cannot see objects when light
is absent.
The process of vision allows light waves from an object to enter the eye first through the clear cornea and then through the
pupil, the circular opening in the iris. The light waves are converged first by the cornea, and then further by the crystalline lens,
to a point located immediately behind the back surface of the lens. At that point, the image becomes inverted. In the retina,
light impulses are changed into electrical signals and then sent along the optic nerve and back to the occipital lobe of the brain,
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which interprets these electrical signals as visual images. Therefore, we do not 'see' with our
eyes but, rather, with our brains; as our eyes merely assist in the conversion of light into
electrical impulse, which then results in the 'visual picture' formed within the brain.
1.3.2.2.2

Friedrich Nietzsche
All credibility, all good
conscience, all evidence
of truth come only from

Hearing

the senses.

Stimulus:

Sound Waves

Sense Organ:

Ear

Receptor:

Hair Cells of the Inner Ear

Sensation:

Noises, Tones

In human beings, hearing is performed by the ears, which also perform the function of balance, a sense in itself but not one
traditionally listed. This is in common with most mammals. Normal human ears are said to be sensitive in the range of
frequency of 30Hz to 12KHz. Some individuals are able to hear up to 22KHz, and high-quality sound reproduction equipment
often goes up to 16KHz or even beyond. Frequencies within the range of human hearing are called audio. Frequencies higher
than audio are called ultrasonic, while frequencies below audio are called infrasonic. There is some evidence of human ability to
unconsciously detect ultrasound and infrasound. Infrasound has been found to affect the emotions.
1.3.2.2.3

Touch

Stimulus:

External Contact

Sense Organ:

Skin

Receptor:

Nerve Endings in the Skin

Sensation:

Touch, Pain, Warmth, Cold

Tactition is the sense of pressure perception. This definition is the one that differs the most from Aristotle's model, as it
specifically excludes the perception of pain and temperature. Even within the limited field of pressure, there is still
disagreement as to how many distinct senses there actually are. In the skin, for example, there are different receptors
responsible for the detection of light versus heavy pressure, as well as brief versus sustained pressure. Adding to the complexity
is the fact that there are also distinct receptors that detect pressure in the visceral organs, e.g. a full stomach, and endocrinal
receptors that cause the feeling of tension, e.g. anxiety or excessive caffeine
consumption.

Steven Pinker
But the newest research is

Thermoception is the sense by which an organism perceives temperature. In larger
animals, the skin does most thermoception. The details of how temperature receptors
work is still being investigated. Mammals have at least two types of sensor; those that
detect heat, i.e. temperatures above body temperature, and those that detect cold, i.e.
temperatures below body temperature.
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1.3.2.2.4

Smell

Stimulus:

Volatile Substances

Sense Organ:

Nose

Receptor:

Hair Cells of Olfactory Membrane

Sensation:

Odours (musky, flowery, burnt, mint)

Olfaction, the sense of smell, is the detection of chemicals dissolved in air. In vertebrates it is located in the nose. The
importance and sensitivity of smell varies among different organisms; most mammals have a good sense of smell, whereas
most birds do not. Among mammals, it is well developed in the carnivores, who must always be aware of each other, and in
those, such as moles, who smell for their food. It is less well developed in the primates. Mammals generally have about 1000
genes for odour receptors. Each receptor cell in the nose expresses one of these genes. Each gene is expressed by thousands of
cells, whose axons converge in the olfactory bulb. Humans have 347 functional odour receptor
genes; this number was determined by analysing the genome in the Human Genome Project,
although the number may vary among ethnic groups, as well as individuals.
1.3.2.2.5

Leonardo da Vinci
Common Sense is that
which judges the things
given to it by other

Taste

senses.

Stimulus:

Soluble Substances

Sense Organ:

Tongue

Receptor:

Taste Buds of the Tongue

Sensation:

Flavours (sweet, sour, salty, bitter)

Taste is the direct detection of chemical composition, usually through contact with chemoreceptor cells. Taste is very similar to
the sense of smell, in which chemical composition is detected by chemoreceptors. In humans, the sense of taste is conveyed via
three of the twelve cranial nerves.
1.3.2.2.6

Vestibular Sense

Stimulus:

Acceleration and Gravitational Forces

Sense Organ:

Inner Ear

Receptor:

Hair Cells of semicircular canals and vestibule

Sensation:

Spatial Movement, gravitational pull

The vestibular sense interprets cues from gravity and acceleration. In practice, those cues are equivalent, meaning that the
vestibular organ cannot tell them apart, which is not really so surprising given Einstein's equivalence principle. The vestibular
organ is in the inner ear, but it has nothing to do with hearing. It consists of three semicircular canals filled with fluid. That fluid
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moves under acceleration or deceleration, but not under constant velocity. That fluid movement provides the cues for
perceptions about gravity and acceleration.
1.3.2.2.7

Kinesthesis

Stimulus:

Body Movement

Sense Organ:

Muscles, Tendons and Joints

Receptor:

Nerve Fibres in muscles, tendons and joints

Sensation:

Movement and position of body parts

The kinesthetic sense receptors are located in the joints, muscles, and body. The kinesthetic sense allows us to locate parts of
our bodies without having to see them. Adolescents, in the midst of growth spurt, may show clumsiness caused by the fact that
they are growing so fast their kinesthetic sense has not had time to adjust to their new body
dimensions. A more dramatic example of the kinesthetic sense is a phantom limb. Many

Matthew Simpson

amputees report that they can still feel their limbs even though they have been removed.

If we look at the realm of

Typical sensations are itching or burning pains. The limb is gone, but the brain still thinks it is

knowledge, how

there because kinesthetic senses are still being triggered.

exceedingly small and
limited is that part

1.3.2.2.8

acquired through our

Pain

own senses; how wide is
Nociception is the term sometimes used to refer to the perception of physiological pain. Pain in

that we gain from other

this context can be defined as a harmful stimulus that signals tissue damage. So despite its

sources.

unpleasantness, pain is nonetheless an important sense and a vital component of the body's
defence system.
The very unpleasantness of pain encourages an animal to disengage from the action causing the pain. The interpretation of pain
occurs in the brain, primarily in the thalamus. Interestingly, the brain cannot experience pain, thus headache is not pain in the
brain itself. Some evolutionary biologists have speculated that this lack of nociceptive tissue in the brain might be due to the
fact that any injury of sufficient magnitude to cause pain in the brain will incapacitate the organism and prevent it from taking
appropriate action, which is the actual purpose of pain.
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1.3.3

Human Evolution

According to natural selection, the evolution of life, from its earliest single-cell beginnings, some 3.8 billion years ago, right
through to the emergence of modern man, some 140,000 years ago, can be described in terms of small incremental steps.
However, some 10,000 years ago, human civilisation started to develop at a rate that cannot be directly explained by natural
selection. It would appear that humanity had stumbled across another path.

Bertrand Russell
The universe may have a
purpose, but nothing we
know suggests that, if so,
this purpose has any
similarity to ours.

1.3.3.1

Past, Present Future

Today, it is generally accepted that human evolution is part of the story of life on Earth. We can encapsulate this perspective,
without initially getting too lost in the details, by a timeline scaled to a 24-hour day. In terms of the Earth, past and future, our
timeline starts 5 billion years ago, with the formation of the Earth, and ends some 5 billion years into the future, when science
predicts that an expanding Sun will consume the Earth. So the start of our day begins with the creation of the Earth and ends
with its destruction. As such, today, we are halfway through the lifetime of the Earth; it is midday. The following table tries to
illustrate a number of key events in human evolution in terms of time, measured in years, our 24-hour/now clock and the
number of human generations:

Evolutionary Event

Years

24-Hours

Now

Generations

Earliest Hominids

-5,000,000

11:59:17.0

-43seconds

1,000,000

Australopithecus

-2,000,000

11:59:43.0

-17seconds

100,000

Neanderthals

-500,000

11:59:55.0

-5seconds

25,000

Modern Man

-140,000

11:59:59.0

-1second

7,000

Recorded History

-10,000

11:59:59.9

-1/10thsecond

500
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On our 24-hour clock, modern man would have only appeared about 1 second ago and the sum total of all recorded human
history amounts to about 1/10th of a second. While the 24-hour clock analogy can be helpful in gaining some perspective
relative to the lifespan of the Earth, it is also useful to consider the same events in terms of the number of human generations
that have elapsed. This said, we might wish to ask ourselves the following question at this point:
What are we going to do for the rest of our 24-hour day?
However, before we can really start to consider such a question, we need to reflect a little further on the process of evolution,
which has brought us to this point in time and, more importantly, reflect on the processes of evolution that may determine our
future.
1.3.3.1.1

The Past

The very earliest fossils of single cell structures have been dated at some 3.8 billion years old. The evidence suggests that life
existed in this primitive form for over 2 billion years until the earliest multi-cell organisms appeared. It would take another
billion years or so for the diversity of life to explode during the Cambrian period, some 500 million years ago. So, half the 24hour day has ticked by, all but for 1 second, with life centred on only one all-consuming purpose: survival. However, in the
context of the 1-second of human evolution, which separates humanity from the rest of evolutionary history, a new aspect of
life emerged, i.e. sentient intelligence. While natural selection does not suggest that intelligence, or even sentience, is unique
to humanity, it does appear to have taken a path that has separated humanity from all other species on Earth. As indicated, the
emergence of human intelligence is a very recent event on our 24-hour clock and possibly not an obvious one in terms of
natural selection.
The human brain has increased in size dramatically over the course of human evolution, possibly starting off more comparable
to a chimp's brain, at some 500cc. However, by a million years ago it is estimated to have doubled in size to about 1000cc, while
today, a typical brain is estimated to be around 1500cc. Exactly why our ancestors started to develop bigger brains is not
obvious, as natural selection would suggest that there are several disadvantages from a survival perspective. First, there is a
prolonged gestation period, followed by an even longer nurture period, before an infant can even remotely fend for itself. An
enlarged brain also requires more protection, sophisticated temperature control and feeding, before it can offer any additional
survival benefits. It has been estimated that ¼ of our metabolism is required to support our brain function, which only
compounds the survival risks that an overheating brain would have caused in the hot climate of Africa. However, it is thought
that the increase in brain size also caused changes in the human diet, which eventually led to new hunter-gather migrations in
search of higher protein food and more temperate climates. So, on the upside, humanity started to become more adaptable to
a wider range of changeable environments.
While there may have been an initial hominid exodus from Africa around 1.75 million years ago, there is growing genetic
evidence suggesting that modern Homo Sapiens only started to migrate out of Africa around 140,000 years ago. While it is
possible that Homo Sapiens initially co-existed with Homo Neanderthalus and Homo Erectus, these species were eventually
eradicated or assimilated; a lesson we might have to reflect on again in the future. Evidence also suggests that Homo Sapiens
continued to live as a nomadic hunter-gatherer, until about 10,000 years ago, at which point, the advent of farming would
trigger a cultural evolution that would lead to some of the earliest civilisations in recorded human history.
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Under the heading `The Past`, we have only briefly covered a few of the most salient issues of the first 140,000 years of
unrecorded human history, much of which is still open to speculation. For example, while it is often claimed that the human
brain did not evolve over all this time, such a statement should come with a note of caution. The evidence underpinning this
conclusion is predominately based on fossil records, i.e. skull sizes, which provides little to no insight as to the internal
organisation of the brains they once contained. Of course, developments in genetic research might yet throw more light on this
subject. However, while not doubting that natural selection was at work during this time, the majority of the evidence does
appear to suggest the fact that evolution typically works on a much longer timeframe than human history. If so, we must look
for other explanations for how human civilisation progressed from its first tentative steps into farming to its first tentative steps
on the Moon in less than 500 generations, i.e. the 1/10th of a second on our 24-hour clock.
1.3.3.1.2

The Present

Let us simply define the `The Present` as the 10,000 years of recorded history. If we assume that the steps in human evolution
over the last 140,000 years were, at best, small ones, then it is difficult to explain the rapid `evolution` of human civilisation by
natural selection.
So what might account for this apparent quantum leap in evolution?
As a general description, natural selection works via DNA information encoded into `genes`, which is then physically transferred
to future generations by way of direct descendents. However, in higher intelligent life forms, information can also be
communicated through actions or gestures. In 1976, Richard Dawkins introduced the concept of a `meme` as a unit of
transferable information that suggests a mechanism by which a collective group could evolve in much the same way as an
organism, i.e. by passing its memes, and just not genes, from one generation to the next. Dawkins also suggested that some
memes could increase or decrease the probability of survival of a group, thereby invoking a form of natural selection. However,
while the transferring of memes has some parallels to genes, the transfer of information is much faster and not restricted to
direct descendents. In fact, this process of information transfer might be better described in terms of a viral infection. However,
while the spread of memes might be subject to a form of `survival of the fittest`, the rate at which memes spread is linked to
attributes, which today might be better understood if described in terms of 'network communications':


Data Accuracy: If errors occur in transfer, then information may either become damaged or dangerous.



Speed of Transmission: The spread of information depends on speed and range of the distribution mechanisms
available.



Longevity of Storage: Is dependent on the durability of the `media` on which the information is stored, plus the
previous attributes.

If we accept some of these assumptions, then the advent of language, writing and the printing press all represented major
evolutionary milestones by virtue of an associated increase in the amount of information that could be passed from one
generation to the next. These milestones led to ever-faster rates of change and ultimately to two key `evolutions` in human
civilisation:


The Industrial Evolution



The Computer Evolution
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The industrial revolution changed the physiology of human civilisation, while the
computer evolution is changing the neuro-physiology of human civilisation.
Today, industrial processes dwarf the physical capability of earlier civilisations,
while semi-automated computer systems exchange terabytes of information
around the globe every day. These successive evolutions have led to technology
developments, which could now determine the future of humanity, at least, for
the next 1/10th of a second!
1.3.3.1.3

Barry Lopez
How is one to live a moral and
compassionate existence when one is
fully aware of the blood, the horror
inherent in life, when one finds darkness
not only in one's culture but within
oneself? If there is a stage at which an
individual life becomes truly adult, it

The Future

must be when one grasps the irony in its

We defined our 24-hour clock based on the lifetime of the Earth, even though
there need be no explicit link between the fate of humanity and the Earth.
However, the next 5 billion years is more than enough time for us to consider
any further predictions regarding humanity. In this context, maybe we should
consider our predictions concerning the far future as something closer to
astrology, i.e. best kept vague. However, even nearer-term predictions tend to
gloss over the social implications of the `brave new world` just around the
corner. For example, two hundred years ago, the industrial revolution was going
to free mankind from manual slavery and while partly true, it came at a price
that was not initially predicted. Fifty years ago, computers were going to remove

unfolding and accepts responsibility for
a life lived in the midst of such paradox.
One must live in the middle of
contradiction, because if all
contradiction were eliminated at once,
life would collapse. There are simply no
answers to some of the great pressing
questions. You continue to live them
out, making your life a worthy
expression of leaning into the light.

the drudgery of repetitive tasks leading to more leisure-time, but again few predicted the social implications that came along
with this deal. However, with these cautionary tales noted, we might still wish to extrapolate a few possibilities based on some
defined assumptions and then limit these predictions to a nearer future, say the next 1000 years or so. We will begin by
outlining our assumptions:



Evolutionary Mechanisms:
Based on earlier arguments, 'natural' selection will be discounted as an evolutionary mechanism operating on a
future less than 1,000 years. If so, speculation will be orientated towards the idea of evolution-by-design and
although this may not necessarily lead to a better future for humanity, it has the potential to diverge from what we
now define as 'homo-sapiens'.



Social Cohesion:
However, evolution-by-design is still assumed to be predicated on some degree of social cohesion in which
technology can continue to develop. Therefore, we need to reflect on the possibility of a society trying to cope with
evolutionary change, brought about by technology, while natural resources continue to fall due to the onslaught of an
ever increasing population.



Environmental Stability:
In this wider context, the stability of the earth's environment will become an increasingly important factor, at least,
while humanity remains tied to planet Earth. Of course, within the next few centuries, we may see increasing
numbers able to exist outside the Earth's biosphere and although they will be a minority of the population, they may
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become a key factor driving some aspects of evolution-by-design. For the remaining population, we might need to
reflect on two other effects:
1.

Self-inflicted disasters

2.

Natural disasters

For today's generation, the most obvious examples of self-inflicted disasters may be global warming and nuclear winters, while
massive volcanic eruptions or meteor strikes may be more representative of natural disasters.
1.3.3.2

The Scope of Evolution

Today, humanity is formally classified as homo sapiens sapiens, i.e. a sapien variety of the species

Julian Huxley

homo sapiens, which is thought to have appeared some 200,000 years ago. However, it now

"Whether he likes it or

appears that homo sapiens did not come after the neanderthals, but rather were contemporary

not, man is responsible

species, which both descended from homo heidelbergensis.

for all further evolution
of our planet."

1.3.3.2.1

Evolutionary Models

While science often appears to talk with great certainty about events that stretch back millions of years, the fact remains that
there are still many gaps in our knowledge regarding the relatively recent evolution of humanity.

H.G. Wells
"Human history becomes
more and more a race
between education and
catastrophe."

Today, science is still struggling to reconcile fragments of archaeological evidence with an ever-growing database of DNA
evidence, which might we might described in terms of 3 models:



Replacement Model:
The replacement model suggests that homo sapiens evolved from older 'archaic' humans, some 200,000-150,000
years ago in Africa. Subsequently, some of them migrated out of Africa replacing the Neanderthals and other archaic
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humans by around 60,000-40,000 years ago. If correct, all people today must share a relatively modern African
ancestry with all other lines descending from homo erectus, which was doomed to extinction. Again, if correct, all
regional anatomical differences that we see amongst humans today have to be relatively recent developments; with
most taking place within the last 40,000 years.



Regional Continuity Model:
Alternatively, the regional continuity model proposes that modern humans evolved more or less simultaneously in all
major regions of the world from older local 'archaic' humans. To illustrate this model, modern ethnic Chinese may
have evolved from Chinese archaic humans and possibly from a Chinese variant of homo erectus. As such, this model
forwards the idea that the common ancestor of all modern humanity was an early form of Homo erectus, who lived in
Africa some 1.8 million years ago. However, given that we know homo sapien is one genetic species, there must have
existed some limited gene flow between Europe, Africa, and Asia over this entire period that prevented the
subsequent evolution of distinct regional species.



Assimilation Model:
It is generally accepted that both the replacement and the regional continuity models have difficulty accounting for all
of the fossil and genetic data. Therefore, a composite hypothesis has now emerged called the assimilation model,
which is essentially a hybrid of both models. In this model, the first modern humans evolve in Africa, but when they
migrated into other regions they did not simply replace existing human populations, but rather there was a limited
amount of interbreeding with earlier 'archaic' humans already indigenous to the region. For example, in Europe, the
first modern humans appear in the fossil record rather suddenly around 40,000 years ago and it is believed that the
abrupt appearance of the Cro-Magnon people might be best explained by their migration from Africa via Southwest
Asia. Again, fossil records appear to suggest that these groups shared Europe with the Neanderthals for some 12,000
years; during which time some interbreeding might have occurred and led to a
variant of the predominantly Cro-Magnon population ultimately evolving into
modern Europeans. In 2003, a partial skeleton of a young male homo sapien was
found, dating back some 30,000 years, which had a mix of both old and new
anatomical features. Subsequent computer analysis of 10 different groups of human
DNA suggests that there must have been some interbreeding between people living
in Asia, Europe, and Africa for, at least, 600,000 years. This is consistent with a
model of human migration, which repeatedly expanded out of Africa and that these
emigrants interbred with existing populations in Asia and Europe. It is also possible
that these migrations were not restricted to one direction, i.e. people also migrated
back into Africa. However, if this model is correct, interbreeding must have been
limited, as to-date, most skeletons of Neanderthals and Cro-Magnon people do not
show hybrid characteristics.

1.3.3.2.2



John Stewart
"The emergence of
organisms who are
conscious of the direction
of evolution is one of the
most important steps in
the evolution of life on
any planet. Once
organisms discover the
direction of evolution,
they can use it to guide
their own evolution. If
they know where
evolution is going, they

Evolutionary Paths

can work out what will

We now know that the global population of modern homo sapiens began to grow
rapidly some 60,000-40,000 years ago. This was also the time when homo sapiens
began to migrate into regions that did not support any other indigenous groups. For
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example, the migration into northern areas was linked to the retreat of an ice sheet that had existed since the last
major ice age some 75,000 years ago.


Modern humans are thought to have reached Australia from Southeast Asia between 60,000 and 46,000 years ago.
Given that Australia was not connected by land to Southeast Asia, at this time, is reflective of a technical ability to
build simple boats or rafts.



Subsequently, it is believe that people reached the Japanese Islands some 30,000 years ago and there is
archaeological evidence that hunter-gathers also started to move into North-eastern Siberia around the same time.



Later, splitter groups from earlier migrations are thought to have moved into North America via the Bering Plain some
20,000-15,000 years ago. It is highlighted that an intercontinental land bridge appeared between Siberia and Alaska
as a result of sea levels dropping more than 300 feet during the final major cold period of the last ice age. Until that
time, all human evolution had occurred in the 'old world'.



By 11,000 years ago, the human hunters who had entered the 'new world' had expanded into the Americas. Along the
way they has managed to wipe out 135 known species of mammals. These extinctions apparently occurred within a
few hundred years of their arrival, although it is possible that the changing climate at the end of the last ice age was
also a contributing factor.



However, the same cannot be said for the animal extinctions that occurred following the arrival of aboriginal people
in Australia and the Polynesians in New Zealand. In both cases, humans were instrumental in wiping out easily
hunted species. Large vulnerable marsupials were the main victims in Australia. Within 5,000 years following the
arrival of humans, approximately 90% of the marsupial species larger than a domesticated cat had become extinct.



In New Zealand, it was mostly large flightless birds that were driven to extinction by hunters following their arrival in
the 10th-13th centuries CE.



During the last century and a half, the explosion in our global human population and equally rapid technological
developments has allowed humanity to move into, and over-exploit, almost every area of our planet. That
exploitation has usually involved cutting down forests, changing the courses of rivers, pushing wild animals and plants
out of farm and urban areas, polluting wetlands with pesticides and other man-made chemicals, and industrial-scale
hunting of large land animals.



During the early 19th century, there were at least 40,000,000 bison roaming the Great Plains of North America. By
the end of that century, there were only a few hundred remaining. They had been hunted to near extinction with
guns.



The same fate came to the African elephant and rhinoceros during the 20th century.
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Likewise, commercial fishermen have depleted one species of fish after another during the last half century.
Governments have had to step in to try to stem the tide of these human population effects on other species.
However, they have only been marginally successful.



The World Conservation Union has estimated that 7,266 animal species and 8,323 plant and lichen species are now at
risk of extinction primarily due to human caused habitat degradation. The endangered list includes 1/3 of all
amphibian species, nearly 1/2 of the turtles and tortoises, 1/4 of the mammals, 1/5 of the sharks and rays, and 1/8 of
the birds. This list does not include the many millions of species that are still unknown to science. It is likely that
most of them will become extinct before they can be described and studied.

1.3.3.2.3

Evolutionary Brains?

In the past. it was generally accepted that human brains were remarkable because of their size
and from which it was assumed that intelligence was directly proportional. However,
subsequent research is now causing this assumption to be revised. For example, microcephaly
is a disease in which the brain is smaller than normal. However, in primary microcephaly,
where the brain size is smaller, it is still architecturally normal in the sense that it possess all
the normal parts of the brain, albeit scaled down and in different ratios. With this condition, it
is the cerebral cortex that is normally the most reduced in terms of both white matter and
complexity. While microcephaly can be associated with mental retardation, microcephalics
exist on a wide spectrum of cognitive abilities and, in many cases, retardation is only mild,
although some motor and speech development may be delayed, they can often function quite
well.

Peter Russell
"The global crisis we are
now facing is, at its root,
a crisis of consciousness a crisis born of the fact
that we have prodigious
technological powers but
still remain half awake.
We need to awaken to
who we are and what we
really want."

A sample of microcephalics, taken in 2005, reflected a cranial capacity range from 280-591cc with a mean of ~400cc in
comparison to a typical range between 1000-1800cc. We might add to this comparison, bonobos, which have a cranial capacity
ranging from 280-380 cc; while chimps range from 280-450cc; orang-utans between 280-500cc and gorillas at 350-780 cc. Of
course, on this comparative scale, we have to recognise that none of the apes can talk or are capable of fine hand precision and
grip, even though some have larger brains than microcephalics, who can do all of these things.
As such, there is a suggestion that our brains are not special just because they are big. In terms of simple anatomical
repartitioning, human brains are special because of an enlarged and super wrinkly neocortex. The neocortex became larger
while most other parts of the brain either stayed the same or were reduced when scaled for body size. Our brains are also
more spherical, which may reduce the distance that electrical signals need to travel. So while microcephalics generally have a
smaller portion of their brain devoted to the cerebral cortex than other humans, the proportion is still greater than in the apes.
So while paleoanthropologists may be tempted to use brain size as a proportional measure for intelligence, the insight gained
from microcephaly suggests that such comparisons should be used with care.
This said, if we look at the scope of all human cultures today, by geography, we see a huge range in sophistication, which
cannot be explained by an average brain size of 1000-1800cc across all these culture. If we then compare the range of
sophistication of these present-day cultures with the known civilisations over the last 10,000 years, it is difficult to believe that
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any major genetic change with this timeframe could have been the root cause of the rapid rise of human civilizations over this
relatively short period of time. What we do know is that some species can communicate knowledge to the next generation by a
range of methods, which depends on the level of intelligence achieved. In the case of homo sapiens, the ability to talk and
eventually write down information seem to have been the major evolutionary catalyst rather than any major change in genetic
make-up of the brain. However, this aspect will be discussed further in the subsection entitled Neuroscience.
Finally, we might simply wish to reflect on the fact that physical evolution does not start from scratch, but simply adapts what
already exists. As such, the brain structure of all descendent species still, in part, resides within the workings of our own brain.
This simple fact may go a long way to explain why some of our most primitive characteristics still persist to this day.
1.3.3.3

Evolutionary Mechanisms

While the concept of evolution-by-design has been mentioned, we have not really explained what might be encompassed by
this term or the mechanisms by which it may operate. Although the concept of memes has been introduced, this concept
relates more to a process of information transfer, not a specific mechanism of evolution.

The following link expands on this
discussion: Future Paths, Future Choices

While there may be myriads of technologies that may eventually contribute to these mechanisms, we shall outline just three
possibilities:


Genetics



Neuroscience



Artificial Intelligence (AI)

1.3.3.3.1

Genetics

Genetics has the latent ability to accomplish in an afternoon, what natural selection might not
achieve in a million years. At the end of the 20th century, the first mapping of the human
genome was completed, some 3 years ahead of schedule, thanks largely to improvements in
computer processing. Over the next 50 years, increased knowledge of human DNA will also be
accompanied by a similar improvement in our knowledge of the human brain and its many
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functions. Therefore, the option will exist to apply this knowledge to improve our own genome and, in so doing, create a new
strain of humanity, who we might label as `Homo Optimus`. As such, evolution-by-design will have started, based on what might
initially appear to be quite benign biological enhancements to the human genome. None the less, a new evolutionary
mechanism will be at work, which is man-made and millions of times faster than natural selection. However, in practice, any
improvement to our brain capacity and speed of thought may still be limited by its biological design, but we will defer further
discussion of this issue to the next subsection below addressing Neuroscience.
So, over time, Homo Optimus could come to represent a new branch of human evolution, at least, in its biological form. Of
course, many sections of society may resist any meddling with the `natural order`, not because they understand where the
natural order is heading, but because they do not trust the motives of those driving the direction of evolution-by-design. Of
course, this may just be an example of imposing today's prejudices onto tomorrow's children as, in practice, future generations
may come to accept genetic manipulation in the same way as we have come to accept plastic surgery. So, over time, each
generation may gradually accept more fundamental change, especially if it helps them survive in a competitive world. So even
though some people might be suspicious or even horrified by the changes implied by Homo Optimus, humanity may still look
towards such solutions, if not for survival, then to meet its ambition to explore a wider universe beyond the Earth, which in
time may become more of a necessity than an ambition.
1.3.3.3.2

David H. Hubel

Neuroscience

The brain is a tissue. It is

Although human evolution can be discussed in terms of changes to its physiology, it is the
changes that have affected intelligence that appear to be the most influential, especially as we
look to the future. However, our real understanding of effective intelligence is still very limited
and it is difficult to understand how we can address evolution by design without several step
functions in our knowledge. For example, we cited the increases in human brain size over the
last few million years, but have not quantified what this means in terms of effective
intelligence. The following table shows a doubling of brain volume as a function of its diameter

a complicated, intricately
woven tissue, like nothing
else we know of in the
universe, but it is
composed of cells, as any
tissue is. They are, to be
sure, highly specialized
cells, but they function

in centimetres:

according to the laws
that govern any other
Volume

Diameter

cells. Their electrical and

500

9.8

chemical signals can be

1000

12.4

2000

15.6

4000

19.7

detected, recorded and
interpreted and their
chemicals can be
identified; the
connections that

Today, the average brain size is estimated to be approximately 1500cc, with some calculations
suggesting that an effective human brain, based on cell-based neurons, may be limited to
about 20cm in diameter, corresponding to 4000cc. It is believed that this limit is based on a
trade-off between synaptic density, signal transmission speed, processing speed,
interconnectivity and thermal limits. If synaptic processing takes 1-2ms, then larger brains may

constitute the brain’s
woven feltwork can be
mapped. In short, the
brain can be studied, just
as the kidney can.

lead to slower overall processing. In the animal kingdom, the brain of an ant is approximately 1/100th of a gram, while the brain
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of a sperm whale, at 8kg, some 800,000 times larger. On this scale, the human brain weighs in at around 1.5kg, i.e. about 1/6th
the size of the sperm whale, but more surprising, it is possibly smaller than Neanderthal man.
So how do we measure intelligence on this scale?
It would appear that there is no absolute correlation between effective intelligence and brain size. However, there is a
suggested correlation between brain size and body size based on the assumption that bigger bodies needed bigger brains to
handle the increase in `housekeeping`. This correlation is defined by a ratio of 3-to-2, i.e. a 30% increase in body mass would
require a 20% increase in brain mass. However, on this scale, a human brain is some 7 to 8 times larger than the expected ratio
for an equivalent sized mammal.
So does this provide a better measure of intelligence?
While it may be a better indicator, size is only one parameter, as structure appears to be equally important. In humans, the
main location for problem solving is centred in the convoluted outer surface of our brains. However, the brain of a whale also
has a similar structure, which in terms of volume is comparable to the human brain, therefore the more pertinent question may
be:
What caused the brain to evolve?
In many mammals, it is believed that much of the structure of the brain was given over to sensory processing, e.g. sight, sound
and smell. In the case of whales, their sense of hearing has evolved an additional dimension in the form of sonar echolocation
that became increasingly `processor` intensive. Equally, there are other correlations, such as brain size and the social complexity
in which the mammal lived. Therefore, it may be argued that the evolution of brain size, and its internal structure, has always
been driven by survival requirements, which in the case of humanity just happened to have an unexpected spin-off in terms of
general problem solving. We might summarise these arguments as follows:


As the complexity of life increased, so did brain size.



But size was still driven by environmental survival.



As such, bigger is not necessarily smarter.



Structure and function are also key factors.



Therefore, it is not what you have, it is how you use it!

One more point should be raised before we introduce the concept of artificial intelligence. Much hype is often made about
computer processing increasing to a point where it is comparable to, or even exceeds, human intelligence. However, given the
problems highlighted above, it would seem that any comparison between today's computer and the human brain must be the
equivalent to comparing `apples to oranges`. Irrespective of what computers might become, today, they are still essentially just
computational engines, the principle of which does not change just because they go faster and faster. The illusion of human
intelligence that some computer systems may project is a reflection of their software, but this is still simply human reasoning in
a coded form. This is not to say that the `evolution` of today's computers may not eventually replicate some features of sentient
intelligence, but it is felt that it must be predicated on a more detailed understanding of the workings of the human brain, both
as a physical and metaphysical system.
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1.3.3.3.3

Artificial Intelligence (AI)

The idea of AI has been around ever since computers first showed some of the
characteristics we associate with intelligence. If we could turn back the clock to these
pioneering days, many predictions would have suggested that AI should already be a
reality. Forty years ago, Gordon E. Moore published a paper suggesting that processing
power would double, every 18 months. As it turned out, his prediction was more accurate
than most and has been used ever since to extrapolate the power of computing beyond
some perceived threshold where sentience and intelligence might emerge. However,
since these heady days of optimism, a more pragmatic school of thought has developed
based on an ever-growing appreciation of the real complexity of human intelligence and

Alvin Toffler
The next major explosion is
going to be when genetics and
computers come together. I'm
talking about an organic
computer - about biological
substances that can function
like a semiconductor.

has led to a separation of AI into two distinct types:


Weak AI claims that some thinking-like features can be added to computers to make them more useful tools, but
control is still retained by humans.



Strong AI claims that computers can be made to think on a level at least equal to humans.

As a broad generalisation, when people first hear these definitions they often accept weak AI to be just a matter of time and
technology. While, in contrast, strong AI is often considered to be closer to science fiction than science fact. However, it is
possible that both types of AI have the potential to act as evolutionary mechanisms and so alter the course of human evolution.
In the next 50 years or so, weak AI will have the capability to expand into virtually all aspects of human society, supporting the
lives of millions, if not billions, of people at home and at work. As a consequence, a growing percentage of the population may
become increasingly dependent on such systems to the extent that any new technology that helps them remain permanently
connected to these systems will not only be accepted, but thought of as essential. If you think this is far-fetched, just try
persuade the youth of today to give up their mobiles. As such, these developments may signal only the first steps on a path,
which sees the convergence of humanity and technology, which again might be considered as a departure from `homo sapien`.
Today, there are advocates of strong AI who predict `the coming of the Singularity`, a point where AI exceeds the capability of
humanity, which then quickly disappears down a separate path of evolution. While this may indeed be a possibility, we have yet
to reach a point where this future is anything more than speculative. However, even if the singularity never appears, the
probability of a merger between humanity and AI cannot be overlooked. For example, a hybrid form would see the essence of
sentient intelligence residing in a DNA-component evolving in-line with computer technology. By this definition, hybrid AI is not
science fiction, as the very first steps on this path have already been taken. Today, a brain-computer interface is a prototype
technology that allows neurons, via sensory nerve tissue, to be connected to silicon-based processors and although this
technology is still in its infancy, it has the potential for much progress over the next 50 years.
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1.3.3.3.4

Genetics and Eugenics

At this stage, this page is essentially a placeholder for further research into this topic.
However, the following bullets provide an outline of some of the issues being considered:


First, let's quickly outline the negative association of both genetics and
eugenics, which can conjure up many images in people's minds of Frankenstein
creations and the fear of secret racially-biased programs. Scientists will be
quick to point out that, like any technology, there is the potential for its positive
use and negative abuse, and society must put in place the necessary safeguards
to prevent any widespread abuses. Of course, people will still worry that once
Pandora's Box has been opened, it may be virtually impossible for the contents
to be put back under lock and key.

of Defence: There are some
reports, for example, that
some countries have been
trying to construct something
like an Ebola Virus, and that
would be a very dangerous
phenomenon, to say the least.
Alvin Toeffler has written
scientists in their laboratories
trying to devise certain types of

There is the potential for genetics to change human evolution from Darwinian
to Lamarckian evolution. See link to the discussion of Darwinian and
Lamarckian Evolution. There is a fine line between DNA manipulation that could
lead to beneficial enhancements of nature's blueprint and the darker side of
eugenics that could become a major cause of concern. However, in technical
terms, we may have the ability to start to significantly alter the human DNA
blueprint over the next 2-3 generations.

pathogens that would be
ethnic specific so that they
could just eliminate certain
ethnic groups and races; and
others are designing some sort
of engineering, some sort of
insects that can destroy
specific crops. Others are

What are the moral and legal issues associated with making any genetic
changes to either an unborn child or legal minor?


Speaking as the US Secretary

about this in terms of some

However, has the box already been unlocked?


William S. Cohen

engaging even in an eco-type
of terrorism whereby they can
alter the climate, set off

Natural evolution to-date has been driven by the genetics of the parents, plus a
good deal of random chance. At the beginning of the 21st century, we are at a
crossroads in the sense that humanity is now increasingly capable of directing
its own evolution. However, it is not clear that society, let alone individuals, are
particularly well equipped to make such decisions. Therefore, this capability will
raise many moral and legal issues, which need to be addressed. However, there
are already important precedents being made in the area of artificial
fertilisation and genetic manipulation to correct known hereditary defects,
which may affect the life of the unborn child. Clearly, at this time, parents, and
the state, have the right to make many important decisions concerning the
health of a child; therefore:


Will advances in technology only expand the scope of these choices?
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earthquakes, volcanoes
remotely through the use of
electromagnetic waves. So
there are plenty of ingenious
minds out there that are at
work finding ways in which
they can wreak terror upon
other nations. It's real, and
that's the reason why we have
to intensify our efforts, and
that's why this is so important..
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The longevity of life is linked to the durability of the somatic cells that make up all the vital organs of the body,
including the brain. It would appear that natural selection sees little benefit in improving the internal mechanism of
somatic cell replacement in order to survive a 1000 years, if the external environment invariably causes death within
a much shorter timeframe. While, the spread of life spans in the animal kingdom would suggest that natural selection
is capable of altering the life span, encoded into DNA, the process of any natural evolutionary change, which may
allow this to occur may have to be measured in millions of years. In contrast, advances in genetics and molecular
biology may provide a way of altering the longevity encoded within human DNA in a matter of a few decades.
What are the implications of the normal human lifespan being increased significantly?



Technology, in the form of artificial intelligence and genetic manipulation may ultimately have the potential to redesign the human blueprint. While, today, most people may reject this notion, the real question is:
Will all elements within our society ignoring this potential?
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1.4

Extraterrestrial Life

reviously we have considered the issue of biological life in general and then the
more specific case of human life. Based on only the first of these discussions, we
might forward the following general description of life:
A living organism is a system that can interact with its environment,
exchange material with the outside, and is capable of reproducing itself.
On this basis, we might cite bacteria as one of the simplest forms of life on
the evolutionary tree. However, scientists have now come to understand that if
survival is the sole objective of natural selection, then bacteria may actually have to
be put at the top of the tree, not the bottom. Of course, this ignores the important
issue of intelligent life, if seen as the real measure of evolutionary 'success'. The
reason for highlighting this issue from the outset is because it affects how we
reflect on the following question:
Are we alone in the universe?
There is often an inference in the 'are we alone' question suggesting that our isolation in
the universe is not only being measured against whether any life exists elsewhere, but
whether it is intelligent. However, we need to start by first considering the probability of
any form of life existing elsewhere in the universe. Based on this broader condition, it
might be reasonable to assume that life on Earth is only representative of a very small
percentage of life in the universe. We might feel justified in making this assumption on the

Philip Morrison
The probability of success is
difficult to estimate; but if we
never search, the chance of
success is zero.

basis that a visible universe, containing something like 100 billion galaxies each with a 100 billion stars, must have other
'inhabitable' planets that support life in some form.
But what constitutes a habitable planet?
And does extraterrestrial life need to be carbon-based?
If extraterrestrial life started from scratch, then our initial definition of a living organism, as summarised above, does not
mandate carbon even though it is the critical building block of DNA. While astrobiologists have considered many other
possibilities, e.g. silicon, there is a general assumption that if life exists somewhere else in the universe it will most probably
have to be carbon-based because of its ability to build strong molecular chains. Clearly, if this assumption is true, then it places
more specific requirements on the environment in which life is likely to have evolved. However, at this point, let us turn our
attention to different line of questioning:
Has life evolve independently or spread between plants and solar systems?
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One hypothesis, known as 'panspermia' has forwarded the idea that life might have emerged in one location, then spread
between habitable planets. However, this idea is not necessarily suggesting that life originated only once and then
subsequently spread throughout the entire Universe. However, this does raise an interesting question:
If the constituents of life were unique to one planet, might this explain our failure to detect any signs of other intelligent life in
the cosmos?
Clearly, we don't know the answer to this question, as yet, but either the prerequisite
building blocks of life are so unique that life has only emerged once in the entirety
of spacetime of the universe or these prerequisites must exist elsewhere. However, if you
assume the latter, then on the scale of just the 'visible' universe containing some
22

10 potential solar systems, probability would suggest that there must have been many
moments of genesis, at least, in terms of the building blocks of life coming together. Of
course, this perspective does not preclude the distribution of microscopic life within
relatively small regions of space via some sort of panspermia mechanism; in fact, there is
growing understanding of just how resilience bacteria can be:

Jonathan Lunine
'In the search for life elsewhere
in the solar system, we tend to
plan for life as we know it,
even down to the nucleic acid
bases or base sequences used
in organisms elsewhere. What
if they don't use DNA? Or RNA?
Or linear information-bearing
polymers? Do they have to use

The Outer Reaches of Life: John Postgate
When a population of bacteria dries out without a protectant, many of the cells
break open and release their internal contents. Among these contents are
proteins, gums and sugars, all of which are protective. If the population is
sufficiently dense, so that significant amounts of protectant are released, material
released from the majority which died first can protect a few of their surviving
fellows.

liquid water as the universal
biosolvent? The universe has
surprised us before with its
variety, in spite of the
simplicity and small number of
fundamental physical laws'.

Comparable considerations apply to death from freezing. Protective substances such as glycerol are well known and
widely used; they are called cryoprotectants. Bacteria frozen without such chemicals leak internal contents, among
which are many substances that are cryoprotective
If we assume that bacteria could hitch a ride on cosmic debris and are capable of surviving the extreme conditions encountered
along the way, some of their other characteristics might also suggest that colonisation of other worlds is a possibility. For
10

example, a life generation of bacteria can be less than 20 minutes and there can be 10 bacteria per millilitre, therefore low
7

probability events are not so rare when considered as a whole. If we assume a mutation rate of 1 in 10 cells and an initial
10

population size of 10 per millilitre, then 1000 mutations could occur every 20 minutes without any need for diversification
via sexual reproduction. As a result, adaptation to a new environment, at least in terms of basic survival, could be relatively
quick.
OK, so there might be the possibility for microscopic life elsewhere in the universe, but what about intelligent life?
Again, without evidence, we can only speculate. However, we might make an inference based on the axiom that 'what we don't
known must be like what we do know'. What we do know is that life, once in existence here on Earth, evolved from single
cell eucarya, which existed as little more than cause and effect chemistry, to become intelligent, sentience homosapiens, albeit

67 of 126

the mysearch.org.uk website
All great truths begin as blasphemies
copyright ©: 2004-2015
_______________________________________________________________________________________________________
after some 3.8 billion years. So the suggestion seems to be that if life is possible and evolution is a universal law of life, then
intelligent life must also be possible, although not necessarily probable within any given region of space and time. So the
question we are now left to consider is:
How rare is life and why have we not detected any signs of advance civilisations in the cosmos?
Well, we might wish to initially consider this question in terms of the life-cycle of all the
stars in the visible universe, which is defined in terms of the 'stelliferous age'. This phase
14

of the universe may extend to 10 years into the future, such that the present age of
our universe, i.e. 13.7 billion years, is only 0.01% into this era. In this context, it might be
both remarkable and unique that life has already evolved to sentient intelligence here
on earth in what may be a very early stage in the 'life-cycle'of the universe. Therefore,

Bill Watterson
I think the surest sign that there
is intelligent life out there in the
universe is that none of it has
tried to contact us

maybe we need to consider the possibility that humanity might be one of the very first lifeforms ever to reach this stage; for in
the great scheme of things, something has to be first. Given that higher lifeforms require heavier elements that only formed
within supernova, it is possible that the first star systems capable of supporting life of any description may have require, at
least, 1 billion years to stabilise, which is about 10% of the current age of the universe, but only 0.001% of the projected
stelliferous age. If we then consider the number of remarkable conditions that have existed for the last 5 billion years it has
taken for planet Earth to evolve sentient intelligence, then the fact that another intelligent life has not been found to-date is
possibly not so remarkable, even if we are not the very first. However, the scope of the question above is essentialy the subject
of the rest of this section and will start by considering the potential impact
intelligent life may have on the cosmos, but then tries to provide some wider
perspective of the problems associated with finding evidence of life's existence
within the scale of our local solar system and galaxy and then the much bigger
universe beyond.
1.4.1

The Kardashev Scale

It was recognised from the outset that detecting extraterrestrial life in the form
of bacteria on the surface of a planet from a distance of hundreds of light-years
was always going to be problematic.
But what about the activity of advance intelligent civilizations?
In 1964, a Russian scientist called Nikolai Kardashev attempted to address this
question by defining three broad classes of civilizations, which he suggested
could evolve within the universe. In essence, his scale tried to quantify the
measure of a civilization in terms of its energy usage and the implications of how
this energy might be obtained:



Type-1 civilisation controls the energy resources of an entire planet. This civilization would control its weather,
prevent earthquakes, mine its planet and harvest its oceans plus have the capability to explore its local solar system.
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Type-2 civilization controls the power of its local sun. This does not mean
passively harnessing solar energy, but rather the active ability to extract
resources from the sun. The energy needs of this civilization are so large that it
directly consumes the power of the sun to drive the engines of its society. This
civilization will have begun the colonization of other local star systems.



Albert Einstein
“When the number of factors
coming into play in a
phenomenological complex is
too large, scientific method in
most cases fails. One need only

Type-3 civilization controls the power of an entire galaxy. For a power source,

think of the weather, in which

it harnesses the power of billions of star systems and can manipulate space-

case the prediction even for a

time and can therefore travel astronomical distances in an instance.

few days ahead is impossible.”

Just to get a sense of this scale, a type-1 civilization would have an energy requirement in the range approximately to
17

26

~10 watts, a type-2 civilization would require ~10 watts, while type-3 civilization, harnessing the power of an entire galaxy,
36

would require ~10 watts. However, it might be slightly more graphic to express this energy in terms of the largest nuclear
weapon ever detonated. In this context, a type-1 civilization would require the energy of 1 bomb ever 2 second, a type-2
civilisation would require the equivalent of 4 billion bombs every second, while a type-3 civilization would exceed the type-2
figure by another 100 billion. Currently, the sum of all human energy requirements
would score about 0.72 on the Kardashev scale with an estimate of reaching the type-1

Niels Bohr

level in approximate 200-300 years.

“Prediction is very difficult,
especially if it's about the

But what has 50 years of hindsight taught us?

future.”

Well, first and foremost, we might look generally at the accuracy of technology predictions and realise that it is always going to
be difficult to extrapolate technology beyond our own understanding. As Arthur C. Clarke once pointed out
"Any sufficiently advanced technology is indistinguishable from magic"
As such, it is unclear whether the Kardashev scale can really tell us anything about the energy requirements of an advance
civilisation, especially an alien one, without any real understanding of the science or technology required. To be honest, both
type-2 and type-3 civilisations seem to lack any realistic scientific or environmental perspective, such that they may only reflect
an earlier and somewhat naive 20th century mentality here on planet Earth.
So is it possible to describe an advance alien civilization from our own limited perspective?
While the odds are not good, we might initially proceed on the assumption that the laws
of physics are the same throughout the universe. Although this is not an unreasonable
assertion, it is still predicated on humanity already having a sufficiently comprehensive
understanding of these laws to extrapolate the technology underpinning a type-2 or
type-3 civilization. On this more sceptical note, humanity is still some 200-300 years away
from even becoming a type-1 civilization and a more speculative look at science might
suggest that there is still much that we do not really understand. On this basis, it is
suggested that humanity may not only have to alter its perceived strategy for detecting
extraterrestrial civilizations in-line with advances in science, but also in-line with its own
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'Nowhere in space will we rest
our eyes upon the familiar
shapes of trees and plants, or
any of the animals that share
our world. Whatsoever life we
meet will be as strange and
alien as the nightmare
creatures of the ocean abyss, or
of the insect empire whose
horrors are normally hidden
from us by their microscopic
scale.'
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potentially science-led evolution in the centuries to come. However, even if we put such problems to one-side, there is still the
practical issue of the physical distances between us and any potential extraterrestrial life, not only within our local galaxy, but
the much, much wider universe beyond. In this context, one of the biggest problems associated with the Search for
Extraterrestrial Intelligence (SETI), as linked to all observational astronomy, is simply the huge distances involved, which if
constrained to a light-speed upper-limit means that any observation of the wider universe is only collating 'images' of a distant
and past universe.
So what are the chances to 'bravely go where no one has gone before'?
While, in the longer term, the prospect of space travel can now be described as a probable science future, rather than science
fiction, the restriction to any faster-than-light travel would appear to be a major obstacle to the development of any type-3
civilisation. For example, even at light-speed, it would take over 500,000 years to do a round-trip of the circumference
perimeter of our local galaxy and suggest that a type-3 civilisation would probably take billions of years to progress to the
description given. Therefore, within the constraints of known science, e.g. special relativity, the prediction of a type-3
civilisation is possibly not even science fiction, but closer in content to science fantasy. However, in a more more realistic and
shorter term context, advances in artificial intelligence (AI) could see the launch of automated probes to the nearest stars,
assuming that some of the existing problems associated with rocket propulsion can be overcome. Of course, even assuming an
average velocity of 10% of light speed, the round-trip to the nearest stars would still take a century or more. So, within this
more sobering perspective, we shall now try to outline a few
facts and figures concerning the size of our own solar system
and galaxy.
1.4.2

Space: An Overview

It has taken the evolution of life on Earth nearly 4.5 billion
years, since the creation of the solar system, to achieve its
current level of technology. In an even wider context, this
amounts to approximately one-third of the estimated age of the universe. Therefore, in comparison to these time frames, the
actual length of the modern technology era, i.e. ~100 years, is almost insignificantly small:
100 years/13 700 000 000 000 years * 100% < 1 millionth of 1%
For the purpose of this discussion, the minimum size of the 'visible universe' might be described as a sphere defined by the age
of the universe multiplied by the speed of light, i.e. ~13.7
billion light-years. However, we need to multiple this figure
by the distant travelled by the speed of light in one year to
get some notion of the size of the visible universe:
12

13 700 000 000 000 * 5.8 × 10 miles per year = 8 ×
22

10 miles
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Based on these figures, we might start to get some insight of the probability of actually meeting another intelligent sentient
species within our region of space-time, especially if faster than light travel only remains a concept of science fiction. However,
before considering the implications of these figures any further, let us put our position with the the solar systems and its
position in the Milky Way into some better perspective.
1.4.2.1

Our Solar System

Two thousand years ago, the Earth was the centre of a universe enclosed within a firmament across which heavenly bodies, i.e.
sun and stars, traversed. This view of the universe remained essentially unchanged until Copernicus published his revolutionary
paradigm in 1514 and relegated the Earth to being a planet orbiting the Sun and in so doing created the first of a new series
of paradigm shifts by which we have come to understand our universe. The following table provides an initial frame of
reference for the distances between our Sun and its planets within our local solar system:

1.4.2.2

Planet

Light Years

Miles

Mercury

0.000006

36,200,000

Venus

0.000011

67,200,000

Earth

0.000016

93,500,000

Mars

0.000024

142,400,000

Jupiter

0.000084

486,400,000

Saturn

0.000150

892,300,000

Uranus

0.000310

1,793,800,000

Neptune

0.000480

2,799,400,000

Pluto

0.000640

3,687,500,000

Our Galaxy: The Milky Way

As the science of astronomy developed, it was discovered that
our sun was but one of billions of stars within a relatively large
galaxy called the Milky Way, some 100,000 light years in
diameter. At this level, our nearest neighbour is a star called
Alpha Centauri. In comparison to the overall size of our galaxy,
all the stars in the next table can be considered to be within
our local neighbourhood.
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12

Star

LY's

10 Miles

Alpha Centauri

4.3

25.3

Sirius

8.9

52.3

Procyon

11

64.7

Vega

27

158.7

Aldebaran

61

358.7

Antares

127

746.8

Polaris

483

2,840

Canopus

670

3,940

Today, we now know that while galaxies are very large systems of stars and interstellar matter that can contain billions of stars,
they are far from unique. The nearest significant galaxy to the Milky Way is the Andromeda Galaxy at a distance of some 2.3
million light years. However, no matter how large galaxies, and the distances that separate them might appear, they are still
lost within a universe that contains billions of galaxies. Within the last 50 years, a paradigm called the Big Bang has postulated
that the universe has been expanding from a point singularity at the speed of light for
some 13.7 billion years. Whether the assumptions underpinning this assertion is true
is still a matter of some considerable debate - see Cosmic Speculation for a wider
discussion.
1.4.3

A Macroscopic Calculator

In terms of human experience, it is very difficult to get any real appreciation of
the scale of the cosmos as our perception of everyday distances does not really extend
to the abstraction of astronomical units. For example, while the concept of a lightyear
(LY) corresponding to the distance travelled by light in one year is readily
12

12

understandable, the actual distance of 5.8*10 miles or 9.4*10 kilometres is not so
easy to comprehend unless put into some comparative context.
Another measure of distance is called an astronomical unit (AU) that corresponds to the distance between the Earth and the
Sun, which approximates to 92,955,807 miles or 149,597,871 kilometres. The reason for quoting these distances in both the
imperial and metric units is because is it possible to construct a comparative measure that links the size of an astronomical unit
with that of a lightyear.
The default comparative model is based on the coincidence, within the imperial system, that the number of inches in a mile
(63,360) is approximately equal to the number of astronomical units in one lightyear (63,294). As such, if the distance of the
Earth to the Sun is 1 inch, then the distance to the nearest star would be ~4.3 miles away. However, while this coincidence only
exists in the imperial system, the results are only displayed in the metric system for consistency, such that 1 inch is equivalent
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to 0.0254 metres and 4.3 miles is equivalent to 6.91 kilometres. However, the following macroscopic calculator allows you to
devise alternative scales, which then show actual and scaled distances to objects within the wider cosmos. For example,
another comparative model might be linked to the picture above, where the size of sun might be perceived to be comparable
to a football, e.g. 30 centimetres. By using either 'Calculate-1' or 'Calculate-2' you can invoke either of these default models or
alternatively devised your own.
Table-1:
The following table shows the actual and scaled distances of 1 astronomical unit (AU) and 1 lightyear (LY) based on the scale
defined in the input inset right. By default, the scale sets 1 AU equal to 1 inch or 2.54 centimetres.

Actual Metres

Scaled Metres

AU

1.50e11

2.54e-2

LY

9.46e15

1.61e3

Scale
Factor
1.70e-13

Table-2:
The following table shows the actual and scaled size or distance to some of the key
features within the current cosmological model, i.e. the size of the Earth and the Sun
plus the distance to Voyager-I, now said to be on the edge of the solar system, followed
by the distance to the nearest star within our local galaxy, the Milky Way. Finally, these
distances are then put into perspective of the radius of "visible universe" as defined by
the speed of light and the estimated age of the universe being some 13.7 billion years.

Actual

Other Calculators
If you like playing with numbers,
you might be interested in the
'Microscopic Calculator' or the
'Cosmic Calculator'

Scaled

Distance or Size

Lightyears

Metres

Metres

Lightyears

Earth Diameter

1.35e-9

1.27e7

2.16e-6

2.29e-22

Sun Diameter

1.47e-7

1.39e9

2.36e-4

2.50e-20

Scale Factor

Voyager Distance

2.00e-3

1.89e13

3.21

3.39e-16

1.70e-13

Nearest Star

4.30

4.07e16

6.91e3

7.30e-13

Milky Way Diameter

1.00e5

9.46e20

1.61e8

1.70e-8

Visible Universe Radius

1.37e10

1.30e26

2.20e13

2.33e-3

No matter which scaled model is used or devised, it quickly becomes clear that the distances between the stars and galaxies
within the cosmos are enormous, especially when seen in comparsion to the size of a star, e,g. our Sun, let alone in comparision
to planet Earth.



Example-1:
Using the 1AU=1" model, we can see that the size of the Sun would be ~0.2mm in diameter, i.e. smaller than a grain

73 of 126

the mysearch.org.uk website
All great truths begin as blasphemies
copyright ©: 2004-2015
_______________________________________________________________________________________________________
of sand, while its nearest neighbour, another grain of sand, would be 6.91 kilometres away. Within this model, these
grains of sand, i.e. stars, would be rotating within a scaled galaxy that is 161,000 kilometres in diameter and exist
within a scaled visible universe some 22 billion kilometres in radius.



Example-2:
Obviously, switching to the comparative Sun model increases the size of the Sun from a grain of sand to the size of a
football, but now the nearest star would be some 8770 kilometres away and exist within a scaled Milky Way some
204 million kilometres in diameter.



Voyager-I:
Recently it was announced that Voyager-I was on the edge of our solar system about to enter intersellar space on its
onwards journey to the stars. However, examination of the table above would suggest that Voyager-I has cover less
than 1/1000th of the distance to the nearest star in its 36 year journey since its launch in 1977. As such, it would take
Voyager some +36,000 years to travel the distance of nearest star, assuming it survives the journey, which is far
longer than the entire recorded history of humanity.

These scaled model may therefore give us some better insight to the fact that the

Douglas Adams

universe is a 'very, very big place' that appears to consist of an awful lot of empty space,

“All you really need to know for

the nature of which is still debated. On any scale, it would seem that we are but small

the moment is that the universe

microscopic specks of life on another small speck called 'The Earth' orbiting a grain of

is a lot more complicated than

sand called 'The Sun' within one of a 100 billion visible galaxies floating within a vast

you might think, even if you

expanse of space that may have no definable boundaries - see 'Concept of Space-Time'.

start from a position of thinking

By way of one last example of the 'emptiness' of space, consider the volume of a star,

it's pretty damn complicated in

which typically represents about 99% of the mass of a solar system, existing in a volume

the first place.”

of space defined by the distance to the nearest star. The figures suggest that a star only
occupies something like 10

-20

of this volume. However, in turn, it might also be worth highlighting the atomic model suggests

that the star itself is primarily 'empty' space. See microscopic calculator for comparative models. As the links above attempt to
discuss, maybe we need to seriously consider the fundamental nature of 'empty space'
There is no guarantee that the universe will conform to our predispositions. Carl Sagan
1.4.4

Propulsion Systems

To put the vastness of space into human perspective, let us assume a present-day space
rocket can maintain an average speed of 40,000 miles per hour. Even so, the most direct

Terminology

route to Mars would still be in excess of 50 million miles and would therefore take

As a frame of reference, it may

approximately 2-4 months. Pluto at the edge of the solar system would take over 10

be useful to introduce the

years to reach. However, it would take the same rocket, 72,203 years to reach the

concept of 'Total and Specific

nearest star, assuming it could carry or access enough fuel, the descendants of the

Impulse'.

original occupants were still alive and the rocket had not disintegrated with age.

So what developments might act as a game changer?
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It would appear that without the development of radically new systems of propulsion,
space exploration will be limited, either in distance or will have to be planned to last
for decades or even centuries. In distance terms, the asteroid belt may well fulfil the
need for mineral resources for the foreseeable future, while Mars could possibly be
terra-formed in some limited way to provide an alternative place of human habitation.

Total Impulse
This is the product of thrust *
duration produced by any
propulsion system.

If so, then even a modest improvement to existing propulsion technology may satisfy these shorter-term goals. However,
longer journeys to the stars will present an altogether different problem even assuming that near light speed propulsion is
possible. Without addressing the complexity of Einstein's theory of relativity at this point, we can introduce a few key
implications of this theory:
1.

Nothing can travel faster than light

2.

Time dilates or runs slower onboard faster moving spaceships

3.

Space contracts in the direction of motion
Specific Impulse

In isolation bullet-1 above appears to impose a major limitation to the exploration of

This describes the efficiency of a

even our local galaxy, the Milky Way, and implies an almost total barrier to any practical

propulsion system. It represents

exploration of the larger universe.

the force generated by a given
amount of fuel per unit time.

But do bullets 2 & 3 offer a potential escape clause?
The problem with time dilation is that the effects would only become appreciable at speeds approaching light speed, e.g. +95%,
which is far beyond any propulsion technology that exists today. However, as shown in the following diagram, the relativity
index will fall towards zero as an exponential function of velocity as it approaches the speed of light. So, at 95% of lightspeed,
the relativity index would fall to 31%, which would conceptually reduce the onboard time taken to the nearest star, at some 4.3
lightyears, to 1.4 years, although the elapsed time on Earth would be 4.5 years. Of course, a journey to a far more distant star,
even within our local galaxy, might be linked to distances of 100's or 1000's of lightyears, such that the onboard and elapsed
time would still remain problematic.
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Therefore, other approaches may have to be considered. While it does not really
resolve the problem of either the onboard or the elapsed time, suspended
animation might 'fool' the human aging process such that the journey might be
survivable within what we currently understand to be an 'average human life-time'.
Another, and possibly more pragmatic, approach might encompass the idea of a
deep space vessel becoming an 'Ark' in which the spaceship exists as a moving,
space-borne, self-sustaining colony. The Ark would be a place where people lived,
and died, over multiple generations in order to reach their final destination in what
would amount to a one-way migration from Earth to some distant world. Of
course, it might be naive to assume that it will be 'homo sapiens', as understood
today, that will journey to the stars, as the challenge of space exploration might

Thrust of the Matter
Today, chemical rockets can produce
enormous amounts of thrust, but for
only a comparatively small amount of
time. As a frame of reference, the
specific impulse of today's chemical
rocket is approximately 500 seconds,
however it would take a specific
impulse, in the order, of 30,000,000
seconds to achieve near light speed.

favour some other form of intelligent life.
Does this imply that 'humanity' will never go to the stars?
While pure speculation, the idea of space contraction, as tabled in bullet-3 above, may offer a better possibility of 'real-time'
travel to more distant stars, while avoiding the problem of both excessive onboard and elapsed time. For example, the idea of a
'worm-hole' is often described as a way of reducing the normal distant between 2 points in space, such that any travel time
would be reduced proportionally. However, whether this idea is only realised within science fiction remains to be seen, but it is
clear that without some further major developments within the
field of spaceship propulsion, the distances between Earth and
other planets will remain literally astronomical and the distance to
stars, all but impossible. Ultimately, if space exploration is to move
beyond the backyard of our own solar system, propulsion systems
will require a new paradigm that extends well beyond current
science.
1.4.4.1

Ion Drives

The principle behind the ion drive is based on known physics in
which a gas is first ionised to give it an electrical charge, which can
then be accelerated by means of an electrical field. The ions are
then expelled via the engine nozzle, producing a thrust in the
opposite direction. Operating in the near vacuum of space, ions are
expelled much faster than the jet of a chemical rocket.
Although ion engines could deliver about ten times as much thrust
per kilogram of fuel as a conventional rocket engine, they are very
low-thrust devices. As such, ion engines could not be used to takeoff from the surface of a planet. For similar reasons, ion engines would not be able to accelerate very fast, but could sustain
thrust for much longer periods of time and achieve 'specific impulses' from 10,000 seconds up to a theoretical maximum of
400,000 seconds. Unfortunately, these figures are still a good way short of a specific impulse of a million seconds considered
necessary to approach any reasonable percentage of light speed.
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1.4.4.2

Nuclear Pulse

The idea behind this approach has been developed from nuclear-weapons research and works on a surprisingly simple, albeit
disconcerting premise. Every few seconds, a small nuclear bomb would be released from the spacecraft and detonated a short
distance behind it. The vessel would be equipped with an enormous shielding plate attached to the ship into which vaporised
debris from the explosions would slam, thereby propelling the ship forward.
It has been estimated that a refined version of this basic idea could produce an engine with a specific impulse approaching one
million seconds that would convert to an eventual velocity of well over 10% of light speed, i.e. 18,600 miles per second. This is
well over 3000 times faster than today's rocket propulsion systems. In fact, if acceleration and deceleration time is ignored,
such an engine could reduce the one-way time to Alpha Centauri from 72,203 years to 43 years. However, unfortunately even
at this speed, the effects of time dilations would only reduce the on-board time to 42.7 years.
1.4.4.3

Fusion Ram Scoops

One of the key requirements to travelling the vast distances between the stars is fuel-efficiency. Otherwise, the vessel would
simply be a huge fuel supply with a tiny ship bolted onto it. Equally, if space exploration is to aspire to travel to the stars, then
speeds nearing the speed of light will be necessary. The design parameters of propulsion systems such as fusion ram scoops
could potentially meet both of these requirements.
A ram scoop vessel would collect charged particles from interstellar space using a large magnetic scoop and funnel them into an
onboard fusion reactor, where they would be converted to fuel. Calculations suggest that a 1000-ton ship with a high-efficiency
reactor could accelerate almost indefinitely at 1G towards the speed of light. At 1G acceleration, it would take approximately 1
year to approach near light speed. Assuming that 99% of the speed of light could be attained, then time dilation would reduce
to 14%. For every hour passed on Earth, only 9 minutes would pass in the ship. As an example, ignoring the acceleration and
deceleration time just for now, the 127 light years to the star Antares would take 18 years according to the clocks on board the
ship at 99% of the speed of light. Of course, time dilation only affects the moving vessel and over 127 years will still have passed
on Earth. The implication being that it would be unlikely that anybody who saw the ship leave Earth would be alive when it
reached Antares, even though the crew were only 18 years older.
Before getting too carried away with the idea that light speed travel is now just a matter of working out the details, it is
probably worth remembering that there are a few major problems with this proposal. First, while Einstein's Theory of
Relativity seems beneficial in terms of time dilation, the theory also predicts that mass will increase as the craft approaches the
speed of light. Increased mass needs increased energy to move it and, at light speed, infinite energy would be required. Other
major factors are the complexity of the fusion process in deep space, the density of interstellar matter, the drag of the
magnetic field and the braking of the incoming protons, to mention just a few. We have also completely ignored the possibility
and effects of colliding with interstellar debris at these speeds.
1.4.4.4

Warp Drives

Of course, we cannot conclude this discussion without, at least mentioning warp-drives. In principle, a warp drive is a
mechanism that would use exotic matter with a negative energy density to warp space-time, such that an object may appear to
move faster than light. However, the 'wormhole' may better be described as creating a short cut between two points in normal
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space, such that a spaceship could, in theory, enter at one point and effectively appear almost immediately at the other end.
Unlike time dilation, the journey would take the same time as measured within the spacecraft and by a stationary observer.
It is realised that some people might believe we are entering the realm of science fiction rather than science future,
when talking about warp drives. However, it is worth remembering that Sir Isaac Newton could have calculated the
Earth's escape velocity of 25,000 mile per hour back in 1687, even though the fastest transport available to him was still
the horse and cart. The possibility that the escape velocity would be achieved in less
than 300 years would have been considered as nothing other than science fiction,
even to a visionary like Newton. Of course, this said, the warping of the fabric of
space-time to create an advanced propulsion technology is still science fiction, as the
energy required would be astronomical in terms of our current 'horse and cart'
technology.

1.4.5

Space Exploration

There have always been multiple reasons forwarded for space exploration, ranging from
hard-nosed political one-upmanship through to the 'bravely go where no one has gone
before' factor. In some ways, we might describe these extremes in terms of political rivalry
and scientific curiosity. From a historical perspective, space exploration was born out of
political rivalry which started after the 2nd World War, but escalated to new heights in
1957, when Russia launched the first intercontinental ballistic missile (ICBM) followed by the
first satellite, Sputnik. However, the real political catalyst of the space race was again
triggered by Russia, when in 1961, they launched the first manned space flight piloted by
Yuri Gagarin. So, despite some pretence of a 'bravely going where no one has gone before'
sentiment, the space-race between the Americans and Russian was primarily political and
heavily biased towards its military strategy. NASA was therefore formed at the height of the
cold war, in 1958, but along the way it has tried to widen the scope of the original space
race towards space exploration:

NASA Motto:

A Flight of Fantasy?

For the benefit of all

'To bravely go where no one
has gone' ... subject to

NASA Mission Statement:

physical, technical and

To improve life here, to extend life to there, to find life beyond.

financial limitations.

NASA Vision:
To understand and protect our home planet. To explore the Universe and search for life, and to inspire the next
generation of explorers.
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NASA's vision was amended in 2006 with the removal of the first sentence, which might
suggest a more outward looking vision. However, when all is said and done, NASA's vision is
still tied to the political policies of the US government and, as such, we might perceive
political, financial and scientific ambition in the words of President George W Bush, in 2004,
following the Space Shuttle Columbia disaster:

Space Budget
The US 2007 budget was
about $2.784 trillion of
which NASA received just
over $16 billion. This means

Establishing an extended human presence on the moon could vastly reduce the costs
of further space exploration, making possible ever more ambitious missions. Lifting
heavy spacecraft and fuel out of the Earth's gravity is expensive. Spacecraft

that NASA’s allocation was
~0.6% of the total US
budget.

assembled and provisioned on the moon could escape its far lower gravity using far less energy, and thus, far less cost.
Also, the moon is home to abundant resources. Its soil contains raw materials that might be harvested and processed
into rocket fuel or breathable air. We can use our time on the moon to develop and test new approaches and
technologies and systems that will allow us to function in other, more challenging environments.
As part of this vision, the International Space Station was to be completed and the space
shuttle retired by 2010. Its replacement, Orion, would then be developed towards its first
human spaceflight mission in 2014 with the expectation of a return mission to the Moon by
2020. Of course, any subsequent missions to Mars must be predicated on, not only, the

Defence Budget
In 2010, the US Defence
budget was $680 billion.

successful completion of all previous technical goals, but also the stability of the world's political and financial systems. As such,
it stands in stark contrast to Arthur C Clarke's vision of space exploration as captured in his 1968 novel "2001: A Space
Odyssey" written just 4 years after Kardashev Scale was published, which might now be considered an equally outdated
prediction.
Does this mean all attempts to explore the cosmos are doomed to failure?
Of course not, but it might tells us something about overly optimistic predictions. With
hindsight, it comes as no great surprise that we didn't really understand all the technical
issues, nor the scientific research and financial costs required to get into space, let alone
how to survive there for any amount of time as a self-sustaining system. So, a decade after
2001, previous technical optimism might seem even more than a little naive in the face of
subsequent changes the political and financial landscape of our world.

Public Funding
According to NASA figures,
the final cost of the Apollo
program was between $20
and $25.4 billion in 1969
dollars. This translates to
about $145 billion in 2008
dollars.

So what predictions can be made about the future of space exploration?
In light of what has been said, let us initially take a slightly more circumspect and conciliatory stance before throwing caution to
the wind. First and foremost, space exploration should probably proceed on the basis that no other sentient intelligence exists
within the boundaries of practical space exploration, at least, for the foreseeable future. This said, there could still some
considerable 'PR' mileage associated with discovering any form of extraterrestrial life, even if it were 'just alien' bacteria. For
such a discovery might even be seen as the 21st century's corollary to the Copernican revolution in the sense that it would
reiterate that humanity had no unique or privileged position in the universe. However, in the present-day context, it appears
that religion in its many forms is far more 'adaptable' to scientific discovery that would have previous been seen to undermine
its foundations.
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So, is there any upside to all this apparent negativity?

Private Funding

Well, by acknowledging the near zero probability of some super-intelligent benevolent
race of aliens coming to our rescue, it might help humanity to realise that its future
survival, both here on Earth and in the wider universe, depends on ts own decisions and
developments. However, whether such decisions will be a collective preference of all of
humanity might have to be questioned further. Equally, the discovery of any form of
extraterrestrial life might underline the fact that our existence is not unique and more
importantly not guaranteed. If so, it might focus more attention and resources on the fact
that we need to make provision for our own future:

The Google Lunar Prize,
which is attempting to
promote private space
exploration, is offering a
prize of $20 million for the
first privately funded
company to land a robotic
rover on the moon.

"Since, in the long run, every planetary civilization will be endangered by impacts from space, every surviving civilization
is obliged to become spacefaring, not because of exploratory or romantic zeal, but for the most practical reason
imaginable: staying alive. If our long-term survival is at stake, we have a basic responsibility to our species to venture to
other worlds." Carl Sagan
However, rhetoric alone will not overcome the many practical problems that currently prevent humanity from leaving the
crèche of it childhood. While the Moon, at just some 250,000 miles from the Earth, has proved to be a reachable goal within the
early days of space travel, its sustainable and longer-term habitation has proved to be far more difficult than initially imagined,
both technically and politically. In many respects, the universe at large appears positively hostile to human physiology. As a
consequence, the problems of cost and logistics of sending large numbers of people into space has, and may, remain
prohibitive for the immediate future. So while it may be possible to travel to Mars by the mid 21st century, the trip may take
years to complete and incur incredible costs with possibly little to offer in the way of an immediate return on humanity's
investment. Therefore, the prospect of a manned space flight to the edge of the solar system at some 4000 million miles and
onwards to the nearest star, Proxima Centuri at 4.3 light-years may be considered impractical in terms of its political and
economic rationale for some considerable time to come.
Is the previous position really reflective of an 'upside'?
Again, it is argued that the injection of realism does not mean that the various space agencies and research centres around the
world should not continue to work on new forms of propulsion. However, even attaining 10% light-speed drives, i.e. 67 million
miles per hour, the round trip to the nearest star could still extend beyond the current range of human life expectancy.
Therefore, based on what might now be seen as a perilously futuristic prediction, more research may ultimately have to focus
on the use of AI robotics and the even longer-term use of 'cyborg' life forms that could survive very long periods of high-G
acceleration and deceleration plus require little energy expenditure in the way of their life support systems. There is a clear
analogy of this position to that currently being argued in military circles concerning UAVs. Therefore, over a period of time,
possibly measured in hundreds of years, deep space probes could evolve as autonomous intelligent cyborg-systems. The central
system may still be centred on a biological brain of sorts, but now enhanced with specific computer sub-systems operating the
ship's hardware. In essence, the ship would be the body and nervous system of an embedded intelligence. As such, the motto
of science fiction may be changed in a very profound way:
'To bravely go where no 'human' has gone or is physically capable of going'
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Finally, throwing all caution to the wind, it maybe possible that the design of these ships might comprise of a central space-born
mothership containing an intelligent cyborg-system with the capability of supporting many semi-autonomous robot drones that
would be capable of both landing and taking off from a planetary body, many of which will be very hostile to biological life.
Obviously, the cost of such systems would be enormous and would require more than just idle curiosity to fund its
development. However, in the future, our world may not only be facing dangers from a stray asteroid, but the more probable
'real and present danger' arising from chronic population problems compounded by ever dwindling natural resources.
Therefore, the need for physical expansion beyond planet Earth may become essential for the long-term survival of 'intelligent
life' rather than being a focus of just scientific curiosity. As a consequence, mining and transportation within the solar system
may become not only a matter of economic necessity, but one of survival to even the rich and the powerful. As such, we might
cynically rewrite Matthew 5:5 and simply hope this is one prediction that doesn't come true:

Blessed are the meek: for they shall inherit the earth,
....but only after the rich and powerful have left.
1.4.6

SETI

In November 20, 1984, the Search for ExtraTerrestrial Institute (SETI) was
founded as a non-profit corporation. The purpose of the Institute, at that
time, was to conduct scientific research relevant to the origin, nature,
prevalence, and distribution of life in the universe. This work included two
primary research areas:



The Search for Extraterrestrial Intelligence



Life in the Universe.

Over its ~25 year history, the Institute has administered over $150 million of
funded research. During this time, it has conducted over one hundred
separate research projects. Many of these projects received public funding
from NASA and the National Science Foundation, along with significant
philanthropic support.
So what is the status of SETI?
The following status has been compiled from the FAQ web page supported by `The Planetary Society` and hopefully provides a
reasonable summary of the activities and the current state-of-play:
1) Who is doing SETI?
SETI projects are being set up around the world, run by both professionals and amateurs.



Project Phoenix is a highly sensitive search targeting sun-like stars, using the Arecibo Radio Telescope in Puerto Rico.
Millions of users around the world are processing the radio data collected on their own personal computers.
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Optical SETI consists of four projects searching for optical signals from alien civilizations.



Project BETA is a survey using an 84-foot radio telescope.



Project SERENDIP collects and analyses data from a receiver permanently perched on the Arecibo radio telescope.



Project META-II surveys the Southern skies for an intelligent signal.


2) Why conduct SETI?
The detection of another civilization would be one of the most important

Paul Shuch

discoveries in human history. It will permanently change humanity's view of its

"We seek to answer a fundamental

place in the universe, making it just one member of a universal community of

question that has haunted

intelligent species. Even the mere knowledge that we are not alone in the universe

humankind: Are we alone? What we

will transform our understanding of the history and evolution of our species and

seek is existence proof, not contact,

our planet. Some hope that the mere knowledge that we are not alone in the

simply to know if they are there.

universe will increase human solidarity by making seemingly insoluble disputes

Because the knowledge of existence

seem trivial when measured against all that humanity holds in common. If we

of any other civilization will

actually manage to communicate with an extraterrestrial civilization, the benefits

profoundly change our view of our

could be immeasurable: An advanced alien civilization may have solved many of the

place in the cosmos."

problems that face us now, such as war, disease, poverty, and environmental
destruction. We could learn from their experience.
Note: This sentiment could be considered as highly optimistic, so many ways, given the fact that we have no idea of the
cultural norms of any other intelligent life-form, especially one more intelligent. Certainly, more intelligence does not
necessarily mean benign or even nice. It is also worth noting that the round-trip delay in any two-way communication
with an extraterrestrial intelligence within galactic touching distance, e.g. 100 lightyears, would be 200 years.
3) What kind of signals should we look for?
Most scientists who have studied the problem believe that radio signals are the most viable way to communicate across the
enormous distances that separate the stars. Radio signals travel at the speed of light, and pass through most of our Milky Way
galaxy with very little interference. They even pass through thick clouds of dust that prevent us from seeing many stars. Other
researchers believe that light waves are at least as likely to be used to communicate between worlds. As a result, in recent
years a growing number of Optical SETI ventures are looking for amplified laser signals from the stars.
Note: Assuming an upper lightspeed limit, any broadcast into our local galaxy, the Milky Way, could be delayed by up to
100,000 years. Such a delay in two-way communication cannot really be described as a transmission latency, but
possibly more of a complete disconnection between two different timelines of technical development and species
evolution.
4) Wouldn't an extraterrestrial civilization use something far more advanced than radio with which to communicate?
It's entirely possible that there is some unknown method of communicating, and that radio may seem as primitive to aliens as
smoke signals do to us today. However, we can only use the technology we know. Even if a more advanced method of
intergalactic communication exists, an extraterrestrial civilization might choose to use radio because it is the most primitive
method able to communicate across the galaxy, perhaps increasing their chances of contacting other civilizations.
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5) Is there any evidence for life on other worlds?
As of yet, there is no convincing evidence that life, as we know it, exists anywhere
other than on Earth. Nor have radio signals ever been detected from planets
around other stars. There is, however, an increasing body of evidence that
suggests that life may be prevalent in the universe. Recent studies show that life
on Earth originated some 4 billion years ago, almost immediately after conditions
became tolerable for life. This seems to suggest that life could originate on other
planets just as easily.

Robert Hawke
"I believe that the most important
thing that will happen in the new
millennium ... will be the proof of
extraterrestrial intelligence. While
this will have many aspects of
profound significance, nothing is

Note: There needs to be a clear distinction between life, which cannot
broadcast electromagnetic signals, and intelligent life, which might choose
to do so. However, the probability of intelligent life being extended into the
wider universe only exacerbates the disconnect between the time any
signal is sent and it being received. For example, a signal received from our
nearest galaxy, Andromeda , would have had to of been broadcast over 2

more important in my estimation
than the hope that this event will
serve to bind together the peoples of
planet earth and serve to emphasize
the total futility of human conflict
between groups and nations."

million years ago.
6) Is NASA conducting SETI searches?
On September 22, 1993, Nevada Senator Richard Bryan introduced an amendment to the fiscal year 1994 appropriations bill for
NASA. The amendment proposed eliminating funding for NASA's SETI program. However, SETI continues to this day, but based
on philanthropic funding.

In truth, ~25 years of relatively sophisticated scientific searching has not produced any evidence of extraterrestrial
intelligence. Of course, there are many theories as to why this is the case and while certainly not rejecting the possibility
of extraterrestrial intelligence, it is important that we retain objectivity of the evidence to-date.
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1.4.7

Drake's Equation

The `Drake Equation` was developed in 1961 by Frank Drake, a founder of the SETI

Dr. Frank Drake

Institute, as a way to focus on the factors that could determine how many intelligent,

Was born May 28, 1930 in

communicating civilizations there are in our galaxy. The Drake Equation defines as:

Chicago, USA. Drake trained
as an astronomer and

N = Ns * fs * fp * ne * fl * fi * fc * fL

astrophysicist. He is most
famous for founding SETI

In the following table, columns 1 & 5 define each factor in the equation, while columns 2,

and creating the Drake

3, 4 specify three broad classes of the value of N, i.e. the total number of intelligent

equation and Arecibo

civilisation in the galaxy, which might be considered to range from optimistic through to

Message.

pessimistic, but are only intended to allow some comparative discussion of the various
factors within this equation:

Factor

N>1

N=1

N<1

Description

Ns

100*10

100*10

100*10

Ns represents the number of stars in the Milky Way Galaxy.
Current estimates are 100 billion.

fs

50.0%

50.0%

10.0%

fs is fraction of suitable stars. Estimates between 10-50%

fp

50.0%

30.0%

20.0%

fp is the fraction of stars that have planets around them.
Current estimates range from 20% to 50%.

ne

5

5

1

ne is the number of planets per star that are capable of
sustaining life. Current estimates range from 1 to 5.

fl

50.0%

5.0%

1.0%

fl is the fraction of planets in ne where life evolves. Current
estimates range from 100% down to close to 0%.

fi

990.0%

5.0%

1.0%

fi is the fraction of fl where intelligent life evolves. Estimates
range from 100% down to near 0%.

fc

20.0%

5.0%

1.0%

fc is the fraction of fi that communicate. Estimate range
10% to 20%

fL=L/Lp

0.000100%

0.000010%

0.000001%

fL is the fraction of the planet's life (Lp) during which the
communicating civilizations live fL=L/Lp.

L

10,000

1,000

100

The 'lifetime' of communicating civilizations, e.g. Earth's
technology era ~100-10,000 years

Lp

10*10

12

12

N

6250

12

12

10*10
1

12

12

10*10
0

Earth lifetime ~10 billion years.
number of communicating civilizations

T.J. Nelson
The Drake equation consists of a large number of probabilities multiplied together. Since each factor is guaranteed to be
somewhere between 0 and 1, the result is also guaranteed to be a reasonable-looking number between 0 and 1.
Unfortunately, all the probabilities are completely unknown, making the result worse than useless.
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So it would appear that Drake's equation can provide you with any answer you like, especially in the absence of any real
accurate data on several of the key factors. For example, while we can make reasonable estimates regarding those factors
subject to the laws of physics and observation, e.g. the numbers of stars in the galaxy, other factors, such as those associated
with life, are purely guesswork. As a result, any of the following factors, i.e. fl, fi, fc, fL, could be zero in the absence of any
evidence to suggest otherwise.
The Arecibo Message
Was a message beamed into space via the Arecibo
radio telescope on 16 November 1974 in the direction
of the M13 star cluster, some 25,000 light years away.
The message consisted of 1679 binary digits,
approximately 210 bytes, transmitted at a frequency of
2380 MHz and modulated by shifting the frequency by
10 Hz, with a power of 1000 kW. The total broadcast
was less than three minutes.
From current observations, we might reasonably conclude that the probability of a Type-3 Kardashev civilisation within our local
galaxy, the Milky Way, must be effectively zero, as the presence of a civilization that controls the power of our entire galaxy
would presumably be detectable. Of course, given that the Milky Way is some 100,000 light-years across and we are some
30,000 light years from the centre, information indicating the emergence of such a civilisation might still be travelling towards
us and arrive tomorrow about events that actually took place thousands years ago. However, the emergence of type-1 or type2 civilisation within the confines of just one of a 100 billion
stars might easily get lost, although you might still think that

Michael Crichton

these civilizations would be producing some form of

The problem, of course, is that none of the terms can be

detectable electromagnetic radiation. However, yet again, the

known, and most cannot even be estimated. The only

issue of distance and time could easily imply that these

way to work the equation is to fill in with guesses. As a

civilizations have only emerged, like us, within the last few

result, the Drake equation can have any value from

thousand years and the tell-tell signs are still speeding their

"billions and billions" to zero. An expression that can

way towards us.

mean anything means nothing. Speaking precisely, the
Drake equation is literally meaningless.

Finally, it is worth pointing out, that Drake's equation has only
been scoped to predict the number of communicating civilisations within a single galaxy. In contrast, it has been estimated that
the visible universe may contain some 100 billion galaxies. Of course, evidence of even a type-3 civilisation, in some remote
galaxy, could now take million or even billions of years to reach us. So, in the absence of any firm evidence to support
extraterrestrial life, but with the assumption that this life must exist somewhere, the more significant question we might have
to consider is:
How does intelligent life evolve to meet the long-term challenges of the universe?
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1.4.8

Fermi's Paradox

Given the lack of success in the 'Search for Extraterrestrial Intelligence (SETI)', to-date, many have started to revise the
probability of finding other sentient beings within any meaningful space-time frame. As such, this final discussion will simply
attempt to put our position in space-time into some wider perspective.

Fermi's Paradox
Encapsulates the apparent
contradiction between the
expectation of
extraterrestrial civilizations'
existing and the lack of
evidence of their existence.

According to the story, in the 1940's, a group of atomic scientists, which included Enrico Fermi, were discussing the subject of
extraterrestrial life. At some point, Fermi is said to have posed the question:
So, where is everybody?
Fermi was alluding to the fact that if there are billions of planets in the universe that might be capable of supporting life, and
we assume a reasonable probability of intelligent life subsequently evolving, then why have none visited Earth? This question
has come to be known as the `Fermi's Paradox`. Of course, it should be recognised that when Fermi's paradox was first raised,
humanity was still a decade away from entering the `space age` and two decades away from landing a man on the Moon.
Therefore, it is probably fair to say that when originally discussed, there was little real understanding of the problems raised
by Drake's equation and possibly little appetite to speculate too much in public. So with the benefit of hindsight, and bearing in
mind some of the issues being raised in this section as a whole, let us consider Fermi's paradox via a series of questions:
Do extraterrestrials exist and are they already here?
Let us broadly segregate the scope of speculation into two broad groups, which we might called the 'conspiracy theory' and the
'zoo theory'. The conspiracy theory is based on the belief that our government(s) already have evidence of extraterrestrial
activity, but have decided, for a variety of reasons, to hide the truth from us. In contrast, the zoo theory is based on the belief
that the aliens are so advanced they are observing us as we do zoo animals, possibly in line with an even more speculative
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intergalactic treaty that restricts contact with technically 'primitive' races. The first problem associated with these ideas is that
there appears to be no substantiated evidence for either one. As such, we are left with only speculation that simply draws
attention away from the need for humanity to take control of its own destiny. For this reason, it might be argued that these
ideas should to be put on the shelf until such time as hard evidence can be produced.
But what is the probability of any form of extraterrestrial life?
In essence this is a subset of Drake's equation, but it allows us to work from the basis of
Earth bound biology, i.e. we can restrict all possibilities to the probability of carbonbased life and the requirements for water and some sort of sustainable environment. In
this context, we might cite the ideas of 'abiogenesis' and the 'rare earth hypothesis' that
draws our attention to a long list of conditions needed as a prerequisite of life, which
then has to be sustained for billions of years in order for more complex life to evolve.
Abiogenesis is the study of how life on Earth could have been triggered as a chemical
process from what was initially inanimate matter. As such, this has nothing to do with
evolution, which is a subsequent process driven by natural selection. Abiogenesis
requires a 'soup' of organic chemicals, which typically depends on a large body of water
being present. In this respect, we now know that Earth may be a relatively rare
environment, not only within our solar system, but also the cosmos at large. This rarity
is based not only on the presence of H20, but the long term temperature stability which
has maintained water in its liquid form. However, even after the process of life has been
triggered, it evolution towards complexity requires an environment that protects it from

Carl Sagan
"An extraterrestrial being, newly
arrived on Earth - scrutinizing
what we mainly present to our
children in television, radio,
movies, newspapers, magazines,
the comics, and many books might easily conclude that we
are intent on teaching them
murder, rape, cruelty,
superstition, credulity, and
consumerism. We keep at it, and
through constant repetition
many of them finally get it."

hazards, such as cosmic radiation, extreme weather conditions, and asteroid impacts. According to the 'rare earth
hypothesis' some of the conditions maintained within the Earth's environment for most of its 4.5 billion year existence may defy
probability, if it were not for the evidence of our own existence. For example:



The outer planet Jupiter has a sufficiently strong gravitational field so as to bend the paths of many comets headed
towards the inner solar system and Earth.



The Moon's size is unusually large, but a key factor in stability of the Earth's axis and its climate.



The Earth's geology gives rise to a strong magnetic field, which helps to deflect high-energy protons and other
charged cosmic radiation.

So the argument behind the hypothesis is that while other planets may have liquid water, the presence of all these protection
mechanisms may well be a very rare occurrence, especially for the 3.8 billion years it took single cell life forms to evolve toward
sentient intelligence. i.e. humanity.
What is the probability of intelligent extraterrestrial life?
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If we initially consider this question in its largest context, we might wish to consider what science tells us about the age of the
universe, i.e. 13.7 billion years. Based on our present understanding of the life cycle of stars, it would appear that our galaxy,
the Milky Way, must have been around from almost the start of the
universe. However, it probably took a couple of star life cycles to
produce the necessary heavy elements considered necessary for
life, e.g. carbon. Therefore, we might speculate that some parts of
the universe, inclusive of our own galaxy, may have been able to
support life for, at least, the last 10 billion years, i.e. twice the age
of the Earth. Therefore, in theory, life in other parts of our galaxy
could have quite a head start on humanity. Of course, this raises a
more focused paradox:
Where are the Kardashev civilisations?
Well, we might return to the speculation of the conspiracy and/or
zoo theories, but it is difficult to see how a type-3 galactic
civilisation within the Milky Way could be missed by all the presentday astronomers staring up into the night sky. For if this civilisation had been around for only the last 100,000 years, out of a
possible 10 billion years, then there would have been enough time for any major activity in the electromagnetic spectrum to
spread across the 100,000 light years of our galaxy.
So what is the probability of any communication with any extraterrestrial life?
This is essentially the question that the Drake Equation cannot really answer, as we simply have no way to estimate all the
probabilities involved. Certainly, we only have to look at the number of catastrophic events that nearly wipe out all life on
planet Earth to appreciate that the road to intelligent life is a long and dangerous one. However, even if we assume that a large
number of planets do support intelligent life, there are still multiple probabilities to consider. For example, the Arecibo message
transmitted towards the M13 star cluster in 1974 has hardly begun its 25,000 year
journey, as such there is no certainty that humanity will still be around when it get there,

New Intelligent Life

let alone on the off-chance we get a reply some 50,000 years in the future.

In many respects, this section is
about evolution in its widest

What is the probability of faster than light communication or travel?

context. As such, the evolution of
intelligent life here on Earth may

Currently, science has set a limit, which can only be exceeded in science fiction. So while

have only just begun and could

the theory of relativity might support the idea of travelling to the stars within the dilated

well be about to undergo a

time onboard a near light speed spaceships, this would not affect the perceived time

period of change that would

taken back on Earth. Therefore, without some radical shift in applied, as opposed to

have been unimaginable only 50

theoretical, science, the distance between us and the stars may only allow one-way

years ago. If this turns out to be

broadcast for the foreseeable future.

the case, the 'alien' life form that
so many are searching to find,

So where to next?

may simply be waiting down the
road of our own evolution.
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In many respects, this section is about evolution in its widest context. As such, the evolution of intelligent life here on Earth may
have only just begun and could well be about to undergo a period of change that would have been unimaginable only 50 years
ago. If this turns out to be the case, the 'alien' life form that so many are searching to find, may simply be waiting down the
road of our own evolution.
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1.5

The Process of Cognition

Within the separation of the discussion of evolution into two parts, this first section has so far covered three aspects, biological,
human and extraterrestrial life, while the second part will cover the possible evolution of artificial life, artificial intelligence and
the scope of reality. In this context, there is a suggestion that the process of evolution progresses towards increased structural
complexity, both in terms of the physical universe and ability of life to comprehend this complexity. Whether this evolutionary
complexity is by design, chance or simply a ‘by-product’ of the laws of physics may be debated, but no matter which, this
debate is predicated on the evolutionary development of our cognitive ability to comprehend the universe around us.

Marcus Aurelius
"Keep constantly in mind in
how many things you
yourself have witnessed
change already. The
universe is change, life is
understanding.

Cognition is often thought to be synonymous with thinking, but the word cognition has its roots in Latin, meaning to know.
Therefore, we have to expand our basic notion of thinking to include some form of process through which knowledge is learnt
and evaluated. Of course, such concepts might cause us to jump to the conclusion that such a process has to be intelligent, and
possibly even sentient, and therefore restricted to humans or, at least, higher life forms. However, in the context of a wider
discussion addressing biological life, and the possibility of artificial life, this assumption
might be too restrictive. In many ways, our initial definition of cognition might parallel the
problem of articulating what separates the simplest living cells from the cause and effect of
non-living matter. The reason for highlighting the issue in this way is two-fold:


It requires us to reflect on what is, and is not, cognitive.



It then requires us to consider the cognitive process itself.

While we might accept that a degree of cognitive ability could exist at all levels of biological

Arnold Bennett
There can be no knowledge
without emotion. We may
be aware of a truth, yet until
we have felt its force, it is
not ours. To the cognition of
the brain must be added the
experience of the soul.

life, what about artificial life? Let us start with a somewhat `black-white` statement that artificial intelligence (AI) cannot be
cognitive, because it remains dependent on coded human reasoning, i.e. it does not know, it simply follows instruction as
argued by John Searle in `The Chinese Room`. While the debate on what is and is not cognitive can be problematic it is nothing
to the problems of actually trying to describe the cognitive process, but we shall, at least, try to make an initial attempt:


The Nature of Intelligence



The Path to Understanding
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Although the issue of artificial life will raise some of the wider issues associated with Artificial
Intelligence (AI), this will also be the subject of a later section and therefore this section be
more focused on the somewhat abstract concepts of cognition in terms of our own human
intelligence. Surprisingly, this restriction does not necessarily make the answers any more
obvious, as the notion of intelligence can still be expanded into a multitude of facets.
However, when we talk about `understanding` something, we are possibly on more solid
ground that lends itself to a more analytical approach, which we might sub-divided into four
stages:

Albert Einstein
He who joyfully marches to
music in rank and file has
already earned my
contempt. He has been
given a large brain by
mistake, since for him the
spinal cord would surely
suffice.



Data Acquisition



Information Structure



Contextual Knowledge



Interpretative Wisdom
Mark Twain

In the case of humans, this is a hierarchical process that starts with data acquisition

"It is wiser to find out than

through our senses, e.g. eyes and ears, and ends up in some form of interpretive judgement of

to suppose”

what to do next. In the wider context of human evolution and natural selection, the effectiveness of intelligence would have
been judged in terms of survival, which obviously depended on much more than today's one-dimensional concept of IQ.
1.5.1

Sentience & Self-Awareness

While the richness of life encompasses both mind and body, it is the mind that
is the centre point of our perceptions. Somewhere within the physical
structure of our brains, we are capable of creating a mental picture of the
world and the wider universe in which we live. The use of the word 'picture' is
deliberate, as our perception of a setting sun could be described only in terms
of electro-magnetic waves in the visible spectrum of light. Thankfully, we do
not see things in just this one-dimensional way, as ultimately the world is
perceived through the collective resolutions of all five, or is it nine, senses.
While we might say that 'seeing is believing', if we 'saw' what our eyes actually
projected onto our retinas we would be left with a crude image that was flat,
inverted and interrupted by two large blind spots caused by the optic nerve exiting the back of the eye. Again, what we see is
only a construct of our mind and is not, in any sense, the only 'picture' of physical reality. In fact, the 'reality' of our mental
processes is often described in what can seem to be an overwhelming variance of semantics, e.g.


Consciousness, Cognition, Self, Me, I



Sentience, Senses, Sensations



Intelligence, Creativity, Imagination

Oscar Wilde



Motivations, Needs, Perceptions

“The final mystery is oneself.”



Knowledge, Understanding, Memories



Experience, Emotions, Expressions
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Clearly, the list above, while reflecting a range of different features that we might commonly understand to be related to the
general idea of sentience and self-awareness, doesn't really help clarify the situation overall:
So how might we better describe sentient, self-aware, intelligent life?
Biological life does not have to be very intelligent or even sentient and therefore, in
isolation, life itself does not infer implicit self-awareness. While intelligence alludes to an

Anwar el-Sadat
I was brought up to believe
that how I saw myself was
more important than how
others saw me.

ability to learn, understand and solve problems, it does not necessarily infer any ability to feel emotion. On the other hand,
while sentience may infer emotions that are linked to some level of self-awareness, it is unlikely that self-awareness could exist
independently of some basic level of intelligence. The following diagram attempts to try to clarify this seemingly confusing and
circular relationship.

Lao Tzu
“He who knows others is
wise. He who knows
himself is enlightened.”

The diagram above is attempting to outline the idea of some relatively arbitrary thresholds that exist between intelligence and
sentience against which we might infer some relationships:


For example, the lower threshold reflects a line between sentience and intelligence based on emotions and intelligent
logic. Some life forms below this threshold may survive on instincts that are little more than cause and effect.



In contrast, the region between the upper and the lower threshold represents many animals may have degrees of
self-awareness, e.g. cats, dogs, dolphins, whales and primates.



Finally, above the upper threshold, full self-aware, conscious thought exists and is motivated by higher goals requiring
both the logic of science and the emotional expression of art.

Based on evolutionary evidence, Homosapiens were the first, and only, known species to have significantly crossed the upper
threshold. Therefore, on this basis, it would seem reasonable to use Homo Sapiens as the model for any subsequent discussion
concerning intelligent, sentient life.
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1.5.1.1

Consciousness & Cognition

While progress is being made in the study of cognition, consciousness itself is often more a matter of philosophical debate than
science. One of the most fundamental problems is that 'consciousness' does not appear to be a single mechanism or function.
Truly, it is a case where the whole appears to be greater than the sum of its parts. So while the focus of this subsection is
primarily on human cognition, rather than artificial intelligence (AI), the issue of consciousness has been the focus of much
research within the field of AI. Therefore, this research may yet help us to describe the inner workings of our own minds.
Mainly to give a feel for the debate rather than add to it, the study of consciousness has been characterised by two basic
approaches:
Carl Gustav Jung


First-Person

"There is no coming to



Third-Person

consciousness without pain".

In essence, the third-person approach treats consciousness as a physical problem, while the first-person approach treats it as a
metaphysical problem. In practise, it might eventually require both approaches to understand the key issues.
1.5.1.1.1

Third-person Approach

In the third-person approach, consciousness is viewed as a scientific problem in which raw data is gathered by observation.
Observations can be based on the examination of behaviour and the physical structure of the brain and its functions. However,
potentially one of the most useful methods, especially in the context of AI, is based on cognitive modelling of the mind as a
complex system. As such, cognitive modelling is beginning to significantly increase our understanding of the diverse aspects of
cognition, such as vision, memory and language
comprehension. Therefore, it is hoped that such an
approach might be extremely useful in developing our
understanding of consciousness.
1.5.1.1.2

First-person Approach

While the third-person approach appears to offer the
potential of scientific progress, some argue that it does so
by avoiding the more problematic subjective issues. For
example:
Why do I need a sense of consciousness?
Could I survive without it?
Without answers to these questions, the issue of
consciousness may remain either a mystery or just a
matter of subjective philosophical debate. In fact, this approach could be described as an attempt to rationalise our subjective
states by considering the effects of sensory input on our state of consciousness. For example, what effect would the following
sensory inputs have on your state of mind?
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The taste of a chocolate



The smell of manure

Clearly, sensory input can lead to changes in our mental states, but the more fundamental question is why does the pattern of
neurons firing in our brains cause such a rich array of subjective sensations. In part, first-person proponents argue that the
third-person approach is like asking a blind man to describe a sunset. Of course, there are many other issues concerning the
nature of our subjective states, e.g.
Somerset Maugham
What is the purpose of subjective states?

"The highest activities of consciousness have

Why are they like they are?

their origins in physical occurrences of the
brain just as the loveliest melodies are not too

From another and possibly more pragmatic perspective, some have

sublime to be expressed by notes."

argued that self-awareness simply developed in response to the
evolutionary escalation of the 'hunter' and 'hunted'. Within this battle for survival, both needed to be aware of their own
'self' as opposed and relative to the other. Over time, natural selection just continued to refine what was originally a very basic
mechanism into what we come to perceive as conscious self-awareness in humans.
1.5.1.1.3

Combined Approach

It is possible that a combination of both the 1st and 3rd person approaches may eventually start to form a better overall
understanding of consciousness and begin to address the many fundamental questions raised:
What is consciousness?
What is self-awareness?
What is personal identity?
Within the debate concerning our own self-awareness and personal
identity, we not only have to consider the physical mechanisms, but also
the development of our moral conscious and rationale for life. Somewhere
along the path of Darwinian evolution, consciousness and cognition started
to break the cycle of mindless survival. While our animal instincts still
survive in our DNA, and possibly in much of our behaviour, we are
'occasionally' motivated by higher ideals that include compassion and
morality. Initially, it appears that the third-person approach could be used
to model human behaviour; and if our behaviour is only a physical
phenomenon, then it may only have a physical explanation. In some
respects, this approach may be analogous to Newton's Universal Law of
Gravitation in the sense that practical laws can be developed without a full
understanding of the actual phenomena.
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Albert Einstein
A human being is part of a whole, called by us
the Universe, a part limited in time and space.
He experiences himself, his thoughts and
feelings, as something separated from the
rest, a kind of optical delusion of his
consciousness. This delusion is a kind of
prison for us, restricting us to our personal
desires, and to affection, for a few persons
nearest us. Our task must be to free ourselves
from this prison by widening our circles of
compassion to embrace all living creatures
and the whole of nature in its beauty.
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1.5.1.2

Logic, Emotions & Personality

Basically, we all like to believe that our personality is driven by intellect and that there is logic in what we do and say. If so,
when faced with a difficult situation, we should make a logical assessment and determine the best course of action.
Unfortunately, as much as we would like this to be the case, there are times when logic flies out the window and our response
can be almost entirely driven by emotion, i.e. anger, fear and even love. At times, emotions appear to be both a blessing and a
curse, because for every emotion, there seems to be an equal an opposite one, a bit like Newton's 3rd law of (e)motion:
Clearly, it is possible to list hundreds of emotions, but what is their purpose and how do they work?

William James
“The emotions aren't always
immediately subject to
reason, but they are always
immediately subject to action.

Well, while life based only on logic may be much more calm and ordered, it is very difficult for humans to imagine life without
emotions. Our personality, for better or worse, often reflect of our inner emotions and we would probably consider anybody
without any emotions to be boring or cold. As to their purpose, at one level, our emotions probably, along with everything else,
evolved to help survival and even with a superficial review, it is possible to see some benefits in most emotion, e.g.


Fear and anger are very much associated with the flight or fight strategy of survival. Fear is an emotion that wants to
avoid conflict, while anger can emerge when the option for flight has been lost.



Love and nurture help provide stability within a social unit, increasing the survival chances of the offspring. As Homo
Sapien brains evolved, so did the need for these emotions to bond family units for a longer period of time to allow
children to reach maturity.

The actual mechanisms through which emotions work may be very complex and involve a combination of our senses, brain and
the natural (or unnatural) levels of key chemicals within our body. For it would appear that the depth of an emotion can be
triggered, not only by external stimuli, but also by specific chemicals in our brain. While many of these chemicals are produced
as part of a natural process within the body, others are essentially drugs that induce an emotional effect:


Dopamine makes us feel good.



Norepinephrine stimulates the production of adrenaline, which in-turn causes our hearts to pound.



Phenylethylamine, found in chocolate, can create a feeling of bliss.



A person in love may experience flushed skin, heavy breathing, and sweaty palms, due to the rush of dopamine,
norepinephrine and phenylethylamine, the chemical cousins of amphetamines.
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Irrational romantic sentiments can be caused by oxytocin, a primary sexual arousal hormone.



Stress can lead to low levels of serotonin and high levels of norepinephrine.



Low levels of serotonin can create aggression, because serotonin acts as an
inhibitor and low levels make it hard to retain control.

Nathaniel Branden
An emotion is both a mental

Emotions also play an important role when memories are being established. The strength

and a physical event.

of the synaptic connection formed when a memory is created is directly proportional to the strength of the emotions at the
time. This is why trivial events are so easily forgotten and why traumatic emotional events are even harder to forget. The
relationship between emotions, logic and chemical stimulant raises some interesting questions regarding the nature of our
personality:
Is the stability of our personality dependent on the natural balance of chemical stimulants in our brains?
Certainly, if the natural balance of key chemicals in our body is changed, a person could act either illogically, e.g. drunk, or
totally deranged, e.g. psychedelic drugs.
Carl Sagan
If the natural balance is changed, do we in effect become a different person?

Where we have strong
emotions, we're liable to fool

The process of maturing to adulthood, especially puberty, is a natural process in which

ourselves.

the chemical balance in the body change. Of course, the balance of certain key chemicals
changes throughout our life, giving rise to exuberance of youth through to the grumpiness of old age. Undoubtedly, personality
can be changed so dramatically that a person may be barely recognisable.
So what do we really mean by personal identity or sense of self?
Observation has shown that the meta-physical states of the mind are altered by the physical chemistry of the body and brain.
Therefore, if the physical structure of the body and brain is constantly changing at the atomic, molecular and cellular levels, we
should not be surprised that higher meta-physical functions are in a similar state of flux. Possibly we should be more surprised
that we have any sense of continuity of self or personality, if in reality, we are always constantly changing, at least physically. It
is difficult to imagine that logic alone will be sufficient in itself to replicate life, certainly as we know it. Human life appears to be
a cocktail of intelligence and emotions that provides us with the apparent awareness of being, in which logic analyses the
problems of everyday life, while emotions provide us with the ability to laugh or cry at the results.
1.5.2

The Nature of Intelligence

We began the discussion about 'Life' with the question `So what is life?` suggesting that the question was vexing because we
feel we should, in some implicit way, know the answer for the simple reason that we sense that we, ourselves, are alive. In
some ways, the following question can invoke a similar sort of reaction:
Jean Piaget
What is intelligence?

Intelligence is what you use when
you don't know what to do.
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In the wider context of artificial life, human intelligence is discussed as a model for
artificial intelligence (AI). However, let us begin in this section with some possible general
observations. As we worked our way through our formative school years, we gained a
relative perception of intelligence in terms of how some pupils are judged smarter than
others. However, even at this level, we recognised that intelligence can be selective in the

Rene Descartes
It is not enough to have a
good mind; the main thing is
to use it well.”

sense that pupils can be `smart` at some subjects, while `not-so-smart` at others. For example, an ability to spell does not
necessarily imply an ability to write a beautiful poem or book. Later in life, we also recognise that some people, who are
acknowledged to be very smart, can lack the ability to doing anything of a practical nature. Even at this common-sense level, it
would appear that intelligence is composed of a range of differing abilities. However, on a more formal level, a cognitive or
behavioural psychologist might wish to breakdown the notion of intelligence
into the following attributes, e.g.


Perception Skills



Comprehension



Conceptualisation



Problem Solving



Memory Retention etc

In contrast, neuro-scientist might possibly prefer to describe these attributes
in terms of the different areas of brain function.


Brainstem: controls visual & audio reflexes important to perception
& coordination skills



Frontal Lobe: The front portion is known to handle higher cognitive functions that determine personality and
emotional traits, while the back portion controls a range of motor functions.



Occipital Lobe: Associated with functions that underpin our visual recognition inclusive of shapes and colours.



Parietal Lobe: the right lobe appears to handle our spatial awareness, while our left lobe handles language and
speech.



Temporal Lobe: The right lobe appears to be instrumental in visual memory,
while the left lobes handles verbal memory

Carl Sagan
Knowing a great deal is not

However, within the context of our discussion, the more salient point being raised is that
while intelligence is derived from the functioning of physical areas of the brain, there
appears to be another level associated with the mind, which transcends its physical
description. By way of clarification, this statement is making no inference to
metaphysical concepts, such as immortal souls, simply an analogous separation of

the same as being smart;
intelligence is not information
alone but also judgment, the
manner in which information
is collected and used”

`brain` and `mind` functions into 'hardware` and 'software` functions as found in today's computer systems. The reason for
raising this analogy is that in the same way that the development of AI can gain perspective by comparison to human
intelligence, some complementary perspective about human intelligence may also be gained by considering the developments
in artificial intelligence.
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1.5.2.1

The Attributes of Intelligence

Humanity has long been fascinated with the creation of devices that appear to act in a
human or intelligent way. Long before robots and computers had even been conceived,
people built toys and mechanisms that gave the illusion of intelligence. However, the
birth of AI really had to wait for the development of the computer in mid 20th century.
Shortly after, it was argued that computer programs would soon start to exhibit some of

Albert Einstein
The true sign of intelligence is
not knowledge but
imagination.

the attributes of intelligence and so subsequent AI research began to focus on what were considered to be three important
attributes underpinning human intelligence:


Language
Although there were some initial breakthroughs in simple language translation, the complexity of human syntax and
semantics was under-estimated. One of the key problems was that humans sometimes appeared to resolve as much
meaning from the context in which language was used, as from
the words themselves.



General Problem Solving
After some initial progress, this area of research also ran into
problems. Again, the issue appeared to be linked to the way
humans are able to transfer knowledge and skills to solve
problems in another domain. In contrast, a chess program has
little or no ability to solve any problems outside the local domain
of a chess game.



Pattern Recognition
This area of research fared no better than the other two. Only in
the most controlled environments were any meaningful results
obtained. The ability to decipher handwriting appeared to require the ability to interpret an almost unlimited
variation in the writing of each letter of the alphabet, let alone collective sequences of words.

Although computer programs were able to apply general logic to the problem at hand, it
appeared that brute force computational power was still only creating the illusion of

Solomon Short

intelligence, as in the case of earlier automatons. While this was to have a negative effect

Half of being smart is knowing

on AI research, in a wider context, it also illustrated how little we really understood about

what you are dumb about.

the functions supporting intelligence and possibly more importantly, how intelligence is
acquired and developed. While a human baby may be born with a latent intellectual
ability, it is highly unlikely that this child will realise its full potential without interaction
with other people and the wider world. As such, data and information are essentially
without meaning until contextualised against experience and knowledge, which then

Woody Allen
I've never been an intellectual
but I have his look.

needs to be evaluated against the overall understanding of our worldview before it can be effectively used.
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1.5.2.2

IQ Tests

The basis of the Intelligence or IQ test was developed, in 1904, by the French psychologist
Alfred Binet. The original purpose being to find a method of evaluating children who
required, and would benefits from, special tutoring. This work was to lead to the Binet
Scale, which only later became known as the `intelligence quotient` or IQ test. As a general

Salvador Dalí
“Intelligence without ambition
is a bird without wings.”

description, IQ is the ratio of a person's `mental age` in comparison to their `chronological age`, so an 8 year old who passes the
10-year-old’s test would have an IQ of 10/8 x 100, or 125, where a score of 100 represents the average.

Over the last 100 years, the implications of trying to measure and interpret meaning from the IQ score have raise much debate.
In fairness to Binet, he was one of the first to caution against reading too much into the score in isolation and highlighted that
the scale was only designed to serve as a guide that helped identify children who could benefit from additional tutoring. Even
so, Binet's scale has had a profound impact on educational development around the world and many interpretations have
failed to heed Binet's concerns about its limitations. In particular, its potential use in the emotive area of eugenics has been the
source of much argument.
George Bernard Shaw
1.5.2.2.1

The Flynn Effect

“I would like to take you

In the 1980's , a political scientist named James Flynn observed that the IQ scores
appeared to be rising at an approximate rate of 3 points per decade. In his study of IQ test
scores for different populations over a period of sixty years, Flynn discovered that IQ

seriously, but to do so would
be an affront to your
intelligence.”

scores were increasing from one generation to the next across all geographies for which data existed. This phenomenon has
been called `the Flynn Effect`. As yet, there is not any accepted consensus as to underlying cause, although there are a number
of theories. Naturally, this effect has raised many questions:
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What do intelligence tests really measure?
To what extent do they measure learning rather than intelligence?
Are there other factors which might be correlated with intelligence?
Flynn himself believed that IQ tests do not measure intelligence, but reflect more of causal link to intelligence. He apparently
based this conclusion on the fact that non-verbal tests indicated an increase in abstract problem solving rather than intelligence
and therefore he favoured an environmental explanation for the increase in IQ scores. However, it should be noted that there is
a correlation in IQ scores to the level of education which has increased in almost all countries. Equally, an increasing majority of
people now spend a much larger amount of their formative years in structured education. Other hypotheses are based on the
beneficial changes in society and/or quality and quantity of nutrition. While speculation on my part, the following ideas are
currently being considered:


Anatomy and genetics suggests that there has been no appreciable change in human brain capacity for, at least, the
last 10,000 years



However, we known that the underlying physical structure of the brain is analogous to a neural network.



As such, the brain is malleable, especially in its early development, and capable of creating new connectivity in
response to stimulus.



This potential adaptability of the brain could possibly be described as a 'use it or lose it' mechanism.



When Maslow's hierarchy of needs are met, it leads to an environment more conducive to learning.



Education and nutrition are natural side-effects of a society better able to meet Maslow's hierarchy of human needs.



Overall, average IQ scores are raising because the needs of a larger % of the
population is being met.

Terry Pratchett
“The intelligence of the

If this were the case, then there is no contradiction between the statement that the basic
capacity of the brain is unchanged over the period of recorded history, but that on
average, its potential is now being better realised. However, it is important to realise that

creature known as a crowd, is
the square root of the number
of people in it.”

an increase in the average IQ does not imply an overall increase in human intelligence. This point is highlighted because, if true,
humans are not becoming smarter and the problems facing humanity will not become easier for future generations to solve. If
this is the case, it raises a question central to this discussion.
If information is growing in breadth and depth at a rate that is outpacing human intelligence by orders of magnitude, how is
humanity to process this information into knowledge and wisdom?
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1.5.2.3

Learning by Interaction

As a result of the earlier failures within AI to mimic even the fundamental attributes associated with language, common sense
and pattern recognition, AI researchers began to turn their attention to how human children develop their intellectual ability.
Today we often think of intelligence in connection with academic pursuits. However, from the perspective
of evolutionary natural selection, there had to be a more fundamental cause driving intelligence.

The diagram above tries to give some impression of the total complexity, which we shall reduce to just 4 basic classes..Clearly,
when a child is born, it is far from the finish product, at least, in terms of its intellectual ability. Although not intended as a
rigorous definition, the following areas have been identified as key methods of interest:


Learning by Increments



Social Interaction



Physical Interaction



Sensory Integration
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1.5.2.3.1

Learning by Increments

Humans are not born complete and our reasoning, motor and sensory systems all have to
undergo a considerable learning process, as we develop towards adulthood. Development
involves incrementally mastering ever more difficult tasks in ever more complex
environments. So development is an incremental process with learned skills laying the
foundations for the further acquisition of more advanced skills. Newborn infants do not have
full control over their limbs, but through a gradual process of learning, their motor control
develops and eventually allows extremely complex movements of their bodies to be
coordinated. A process, in which the control of both the sensory and motor systems is
gradually increased, is believed to significantly reduce the difficulty of learning such
complexity in one step. In turn, this process increases our ability to solve more complex
problems. In effect, humans are adaptive, self-learning systems rather than pre-programmed
mechanisms.
1.5.2.3.2

When considering the
implications of the Flynn
Effect on IQ tests it is
worth remembering that
anatomical and genetic
research suggests that the
brain capacity of modern
humans has remained
unchanged for, at least, the
last 10,000 years. If so,
every major development
associated with human
civilisations has been

Social Interaction

achieved with essentially

Of course, while the human brain is capable of incredible learning and development after its

the same brain capacity of

birth, this takes time, during which the infant is extremely vulnerable. As a consequence,

our ancestors, who were

humans have evolved complex social environments, not only to protect their young, but also

initially living caves with

to provide for their long-term intellectual development. However, without the ability to

only the most rudimentary

interact socially, an infant may be severely limited in the range of new skills it can learn from

tools.

its social environment. Many of the basic physical coordination skills are learnt from the social environment through play,
involving both mimicry and imitation. The quality of play is often dependent on the level of social interaction with other
children. However, the mastering of a language skill (vocal and visual) is the critical development to deeper social interaction
and knowledge acquisition skills. As adults, entering a pre-school playgroup, we are not struck by structured social interactions
and learning, but rather something closer to chaos. However, in emotional terms of the child, this chaos is actually learning
being motivated through the emotions associated with play. Through such means it is said that children reach half their IQ
levels by the age of four. Of course, as development continues, other more sophisticated emotions are required to provide the
additional motivation to learn and develop new skills.
1.5.2.3.3

Physical Interaction

Although it was not directly addressed, social interaction also requires physical interaction. However, this aspect of the
development of human intelligence is often overlooked. The physical embodiment of the human brain provides the ability to
move and sense its surroundings. This ability appears to be directly linked to the way the human brain then comprehends its
surroundings. For example, the human brain does not form a complete picture of it surroundings, but rather continuously
monitors for important changes through its physical senses.
By way of another cross-reference to AI, this differential approach to real-time data processing is very efficient and is
emulated in many computer systems. Differential systems are based on building larger models from small pieces of
incremental data. Most computer systems have a hierarchy of interrupt signals with each signal having a priority with
respect to another. Low-priority actions can either be deferred or handed off to sub-system processors, while high-
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priority signals demand immediate attention by the central management system. Many of these mechanisms can be
found in the functioning of the human brain.
1.5.2.3.4

Sensory Integration

Humans receive an enormous amount of information from the world via their senses.
These senses are processed to provide us with a view of the surrounding world. It may not

In the case of sensory

be too surprising that many of the sensory inputs are integrated together to provide a

integration, objects that make

more coherent perception of our surrounding reality. Sensory integration can also simplify

a noise often move.

the computation of any given task. Attempting to perform the task using only one sense

Therefore, the speed in which

may be either awkward or impossible and invariably requires more concentration, i.e.

the brain can make this

processing power. As in the case of differential processes, the integration of smaller bits of

perceptual connection could

individual sensory information can allow a more complex perception model to be

have been critical in the

efficiently created. This multi-sensory model can also facilitate new types of associative

struggle for survival.

learning that may otherwise not occur.
1.5.2.4

The Theory of Multiple Intelligence (MI)

In 1983, Howard Gardner proposed a new theory and definition of intelligence, which has become known as the theory of
multiple intelligence. This theory is cited because it tries to address some of the fundamental issues associated with the nature
of intelligence:
Is intelligence a single faculty or multiple, independent faculties?
Certainly, what neuroscience is beginning to learn about the structure of the physical brain, in conjunction with its evolutionary
staged development, might well turn out to support aspects of MI theory, but such conclusions still need further research.
However, the MI theory gives us a starting point for discussion.

The theory of multiple intelligence (MI)
defines 7 distinct intelligence faculties:
logic, linquistic, spatial, music, body,
interpersonal and intrapersonal.
However, IQ tests are essentially biased
to only the first two.

103 of 126

the mysearch.org.uk website
All great truths begin as blasphemies
copyright ©: 2004-2015
_______________________________________________________________________________________________________

1.5.2.4.1

Outline of the Theory

To qualify as an `intelligence faculty`, a series of criteria were established, drawn from the biological sciences, logical analysis,
developmental psychology, experimental psychology and psychometric:


Isolation by brain damage
This means that a faculty can be isolated from another. This criterion comes from work in neuropsychology in which
stroke patients retain an intelligence faculty despite damage to other cognitive abilities, such as speech.



A place in evolutionary history
An intelligence faculty has to have played a role in our evolutionary survival. For example, early humans had to be
able to navigate their environment using a spatial ability. Therefore, the environment created a selection criteria for
this ability.



The presence of core operations
As an example, linguistic intelligence consists of core operations, such as recognition and discrimination of phonemes,
command of syntax and acquisition of word meanings. Whereas, in musical intelligence, the core operations are
pitch, rhythm, timbre, and harmony.



The susceptibility to encoding
These encoding systems are developed as a function of an intelligence faculty,

Physical examination of the

e.g. written and spoken language, mathematical systems, logical equations,

brains of some savants

maps, charts and drawings etc.

suggest that their brains can
be 'wired' in an unusual way.



The existence of savants, prodigies and other exceptional people

While this can lead to some

The existence of these people allows researchers to observe the nature of a

amazing abilities, it often has

particular intelligence in contrast to other average or impaired abilities. One

other unfortunate side-

example of this type of highlighted intelligence is the autistic person who excels

effects. However, it does

at numerical calculations or musical performance.

suggest that fundamentally
different types of intelligence



Support from experimental psychology and psychometric findings

can be created, which in the

Observing subjects who are asked to carry out two activities simultaneously can

field of AI may yet have some

help determine if those activities rely on the same mental capacities or different

far reaching implications.

ones. For example, a person engaged in a crossword puzzle is unlikely to be able
to carry on a conversation effectively, because both tasks demand the attention of linguistic intelligence, which
creates interference. Whereas, when this conflict is absent, a person is able to walk and converse at the same time
suggesting that two different and independent intelligence faculties are engaged.
From the preceding criteria, MI theory provides a rationale for seven intelligence faculties:


Logical-mathematical intelligence is the ability to detect patterns, think logically, reason deductively and carry out
mathematical operations.
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Linguistic intelligence involves the mastery of spoken and written language to express oneself or remember things.

These first two forms of intelligence are typical of the abilities that contribute to strong performance in traditional school
environments and underpin high scores on most IQ measures or tests of achievement.


Spatial intelligence involves the potential for recognising and manipulating the patterns of both wide spaces such as
those negotiated by pilots or navigators, and confined spaces such as those encountered by sculptors, architects or
championship chess players.



Musical intelligence consists of the capacity to recognise and compose musical pitches, tones, rhythms, and patterns
and to use them for performance or composition.



Bodily-Kinesthetic intelligence involves the use of parts of the body or the whole body to solve problems or create
products. Athletes, dancers, surgeons and craftspeople are likely to have highly developed capacity in this area.

The last two intelligences are the personal intelligences:


Interpersonal intelligence indicates a person's ability to recognise the intentions, feelings and motivations of others.
People who possess and develop this quality are likely to work well with others and may choose fields like sales,
teaching, counselling or politics in order to use them.



Stanley Garn
Intrapersonal intelligence is described as the ability to understand oneself and use

If the Aborigine drafted an

that information to regulate one's own life.

I.Q. test, all of Western
civilization would

According to MI theory each of these intelligence faculties has a specific set of abilities that

presumably flunk it.

can be observed and measured.

1.5.2.5

Summary of Intelligence

Early attempts in the development of AI to mimic some of the basic attributes of human intelligence really only proved how
little was understood about the processes at work. As a consequence, further research in the field of AI started to focus on how
intelligence was acquired through interaction with its surrounding environment. At the same time, other fields of research were
attempting to quantify the levels and scope of human intelligence in terms of an IQ score.
Collectively, this work was all pointing towards a model of human intelligence that was far

Laurence J. Peter

more complex than initialised realised and, in part, this is reflected in the MI theory. The first

An intelligence test

of the following diagrams could be taken as being representative of one of the earlier

sometimes shows a man

operational model of the brain. As such, it reflects our basic notion of 5 input senses feeding

how smart he would have

information into a 'central' process within the brain, which then determine what motor

been not to have taken it.

response is appropriate.
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Marcel Proust
Like many 'so-called'
intellectuals, he was
incapable of saying a simple
thing in a simple way

As a simple overview, there is nothing intrinsically wrong with this model, but clearly it does not represent the real complexity
that underpins human intelligence. While, in real terms, the next diagram may still be very simplistic, it does try to reflex some
of the additional complexity we now know must be associated with a brain structure constructed from some 100 billion
neurons with potentially a 100 trillion interconnections.

Maya Angelou
Some people unable to go
to school were more
educated and even more
intelligent than college
professors.
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Here we see the original 5 senses have been extended to include the vestibular,
kinesthesis and pain senses. Equally, the original central block structure has now
disappeared, replaced by a distribution of millions of interconnected neuron clusters,
albeit that only a few are shown, which each perform a finite process. Although sensory
signals may still proceed in a sequential manner from start to finish, each neuron is

John Ciardi
Intelligence recognizes what has
happened. Genius recognizes
what will happen.

essentially a microscopic parallel process. As such, any concept of an intelligence faculty cannot exist at this level. Of course,
neuroscience in connection with improvements in brain scanners has shown us that distinct areas of the brain do appear to be
responsible for specific functions, e.g. the right temporal lobe is associated with visual memory. However, there is no evidence
that any specific area can be directly associated with an `intelligence faculty` as suggested by the MI theory. This observation is
not implying that MI theory is wrong, only that intelligence faculties may have be distributed across the physical brain as a
network of inter-related low (L) and high (H) level functions. Possibly, all we can say for
certain, at this stage, is that there is still much to learn. Click on the following link to see

Timothy Leary

a comparable AI model based on neural network. The relative size of today's neural nets

The universe is an intelligence

in comparison to the human brain also helps puts the complexity of human intelligence

test

into some better perspective.
1.5.3

The Path to Understanding

Before discussing the scope of the problems and potential solutions
associated with today's `information age` it is probably worth providing
some definition of our terms of reference. It has been suggested that
there is a process by which data is transformed into wisdom for lack of a
better word. While the following page is not a rigorous treatment of this
subject, it hopefully provides an initial outline of the issues that are
associated with this topic. So let us begin with the basic elements:


Data



Information



Knowledge



Wisdom

We shall also refer to this process of transformation as `the path to understanding`.
1.5.3.1

Data

Data in isolation infers virtually nothing and might be best described as simply a process of acquisition. While this process itself
might be complex and require skill, we shall assume that no analysis of the data is carried out at this stage:


Research

Marie E. Eschenbach



Gather

In youth we learn; in age we



Discovery

understand.
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1.5.3.2

Information

In contrast, information has context by which we mean that it is organised in some way. As we might expect, there can be many
different ways to organise data and the following list simply highlights some of the possibilities by which we could structure our
data:


Location



Time/Date



Name



Subject



Hierarchy

Of course, we might also wish to organise data by its source
or category. Again, here are but a few examples:


Conversational



Reference



News



Cultural

Finally, we could also assign attributes to the data gathered. `Shareability` of data could be described as an attribute because it
possibly tells us something about the underlying source of the data, e.g.


Distribution: If data is shared it has to have been distributed and the spread of information will depend on speed and
size of the distribution mechanisms in use.



Accuracy: If distributed, then errors may have occurred in transfer which could lead to information becoming
damaged or taken out of context.



Longevity: Can be a function of accuracy and distribution plus the durability and reliability of the source.

We could consider `patterns of data` as an attribute; but a pattern is also an attribute of information and knowledge. For
example, the prerequisite of a pattern is structure and the recognition of this pattern must be based on experience. Therefore,
a pattern of data is also part of the process of converting data into information and information into knowledge.
1.5.3.3

Knowledge

In turn, we might define knowledge as structured information complemented by the perspective of experience. Volumes have
been written on this subject, not least being Immanuel Kant's philosophical work called `Critique of Pure Reason`, in which he
examined the basis of human knowledge and detailed his own definition. Kant separates modes of thinking into two types of
proposition, i.e. analytic and synthetic.
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Analytic, e.g. white houses are houses. The proposition appears evident, because to state the reverse would be to
make the proposition self-contradictory.



Synthetic, e.g. the house is white. Generally, propositions resulting from experience of the world are synthetic.

While Kant's ideas will be explored in more detail in an appropriate section, we will initially try not to make this subject any
more complex than necessary. Therefore, let's simplify Kant's two propositions by describing them in terms of `explicit`
and `implicit` knowledge that correspond to `content` and `context` and use the following example as an overall illustration of
how complex human interpretation can be:
Marcus Aurelius
Napoleon died on St. Helena.

The universe is change, life is

Wellington was greatly saddened.

understanding.

Humans infer meaning from these sentences by using both explicit and implicit knowledge associated with concepts such as
time, space, politics, history, mortality and the complexities of human motivation to understand why Wellington, Napoleon's
enemy, mourned his death. By the sum total of this implied process, knowledge based on our experience can lead to wisdom.
While I will offer no definition of wisdom, at this stage, the following two quotes probably do a better job in fewer words:
The best-informed man is not necessarily the wisest. Indeed there is a danger that precisely in the multiplicity of his
knowledge he will lose sight of what is essential. But on the other hand, knowledge of an apparently trivial detail quite
often makes it possible to see into the depth of things. And so the wise man will seek to acquire the best possible
knowledge about events, but always without becoming dependent upon this knowledge. To recognise the significant in
the `factual` is wisdom - Dietrich Bonhoeffer
Stephen R. Covey
However, while the quote above may help us to understand the process, the next

Seek first to understand and

quote is, by far, the better example of wisdom itself:

then to be understood.

I do not want the peace that passeth understanding.
I want the understanding which bringeth peace.
- Helen Keller
1.5.4

A Flood of Information

The world is facing a potential crisis in its ability to process information. The sheer
volume of information, generated by the speed and variety of today's media, appears
to be exceeding our ability to process intelligently. For example, the Internet causes
problems, not just by its speed of availability and scope of distribution, but also
because much of its contents cannot be traced or verified. As a result, modern society
is facing a situation where many of its decision-makers are being overwhelmed by huge
amounts of information, such that the 'effective wisdom' of many of their decisions
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seems suspect to the public at large, so much so, that many political systems may simply be ineffectual in their attempts to
address the major problems facing the world in the 21st century.

William Pollard
“Information is a source of
learning. But unless it is
organized, processed, and
available to the right people in a
format for decision making, it is
a burden, not a benefit.”

So what information is proliferating?
In 1976, Professor Richard Dawkins introduced an idea called `memetics` that went some way to explaining how information
might proliferate. In biology, DNA information is encoded into 'genes'
which are physically transferred to future generations by way of direct
descendents. However, in higher life forms, information can also be
communicated through actions and words:

Carlos Slim Helu
The Internet is the heart of this new civilization,
and telecommunications are the nervous
system, or circulatory system.



A 'meme' is the name given to a unit of transferable information.



A cultures can evolve in much the same way as organisms, e.g.
o

Information is passed from one generation to the next.

o

Some information can increase or reduce the probability of its survival

o

Natural selection filters some of the ideas that gets passed on to future generations.

However, while the replication process of memes has some parallels to genes, the transfer of information is much faster and
not restricted to direct descendents and, in fact, Dawkin's described this process of information transfer as being more
analogous to a viral infection.
Could we could possibly expand this analogy and suggest that modern society now has a
viral infection, which is life threatening to its collective societies and for which we
currently have no antibiotics?

110 of 126

Albert Einstein
“Information is not knowledge.”

the mysearch.org.uk website
All great truths begin as blasphemies
copyright ©: 2004-2015
_______________________________________________________________________________________________________
However, it is possible that we not only have to find an antibiotic to counter the immediate effects of a range of information
viruses, but we also need to consider the wider implications as to whether the process of natural selection, as it pertains to
information, is leading us towards social evolution or mass extinction.
1.5.4.1

The DIKW Process

Historically, the computer industry has talked about data and information processing,
for many years, with the goal of eventually creating knowledge management systems.
Initially, these systems were confined to managing data already formatted into the file
system of the computer, but increasing these systems are attempting to expand everfurther into the 'real' world as automated control systems. As such, these systems have
to acquire real-time data, process it and, to some extent, make instant decisions about
what to do; without necessarily 'consulting' a human operator. These systems are
evolving

towards

what

we

might

call 'Data-Information-Knowledge-Wisdom

(DIKW)' management systems, although the knowledge may be limited and the

John W. Thompson
So you will see us continue to
advance the state of the art or
take information that we have in
our response data bases and
have that drive automation or an
automated response by some of
our products.

wisdom still suspect. Today, computers do not think independently and, as such, are constrained to what we might described
as `human coded reasoning`. All that is meant by this is that today's computers essential just follow a sequence of human
reasoning in a code or program format. Of course, as the complexity of these systems continues to increase exponentially,
some have speculated that ultimately computers will start to program themselves, albeit at first, in a very limited way.

Steps

Process

Data

Collection

Information

Structure

Knowledge

Experience

Wisdom

?

So, in part, we are loosely characterising a process through which raw data
can hopefully be transposed into wise action in an automated fashion.
However, it is clear that the process above cannot end in some nebulous
concept of 'wisdom', as wisdom of itself affects no change on the world
without action. Therefore, we must add an additional step to the table
above, which is the 'application of wisdom' based on the previous
acquisition of data and information and its subsequent processing into
knowledge, which we might hope guides the 'wisest action' possible at any
given point in time.
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If you think this description is just some flight of fancy of science fiction, you
might be interested to know that that latest generation of fly-by-wire
commercial planes would probably crash within minutes if the computerized
systems onboard failed and left the stability of the plane to its human pilots.

John Tudor
“Pessimists have already begun
to worry about what is going to
replace automation”

It is suggested that if many of the challenges of the modern world are to be addressed, we need to consider ways in which the
processing of data can be improved in terms of approach, i.e. speed and intelligence.
1.5.4.2

Cybernetics

Before discussing cybernetics, it is worth just introducing the concept of `information

Merle L. Meacham

theory`, as in some ways its development was also a catalyst that paralleled cybernetics,

In a few minutes a computer can

because it foretold the `coming` of the information age. In 1948, Claude Shannon

make a mistake so great that it

outlined his concept of information theory as a discipline in applied mathematics;

would take many people many

involving the quantification of data with the goal of enabling as much data as possible

months to equal it.

to be reliably stored on a medium and/or communicated over a channel. At the time,
the largest communications cable, thicker than a man's arm, could carry about 1,800 voice conversations. Twenty-five years
later, the highest capacity cable was carrying 230,000 simultaneous conversations. Today a single strand of optical fibre, as thin
as a human hair, can carry more than 6.4 million conversations.
Cybernetics was also formalised in 1948 as a science covering the control and
communication in animals, men and machines. As such, cybernetics can still be
considered as a relatively new science and one that crosses the boundaries of many
traditional sciences, e.g. physics, chemistry, biology, etc. In some ways, cybernetics
is the science of how systems organise themselves, especially dynamic systems. A
system that is both dynamic and organised can be both physical and meta-physical
in structure. For example, the human brain is a complex organisation of
communicating neurons, which qualifies it as a physical cybernetic system, but
metaphysical systems such as a business corporation can also be described as an
information processing and control system. However, in the context of this
discussion, the question being raised is:
Can cybernetics can be applied to the organisation of society as a whole?
Ironically, in a world becoming overloaded with information, one of the roots of bad
decisions is a lack of information. However, this is an issue of quality not quantity, especially if the scope of information has to
encompass multiple domains of expertise. With the development of AI knowledge systems, one strategy could be the use of
more sophisticated information and control models. The goal of the model would be to reflect the complexity of
communicating and controlling information that influences decision-making. This framework could also help to highlight the
need for new policies and technologies required to tackle the fragmentation of knowledge and information overload, whilst
promoting a more open and accountable society. While possibly contentious, this goal seems generally compatible with those
of cybernetics, which have been grossly simplified as follows:
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To develop a theory, preferably using a working model, by which the

Rick Falkvinge

behaviour of that system can be simulated.

“On the one side, there is the

The theory and model should derive the behaviour of the system in a way

public. Every human with access

that is representative of how the original system really works.

to the Internet has received
fingertip round-the-clock access

Although this is true of many system approaches, cybernetics focuses more on how

to all of humanity’s collective

systems function, how actions are controlled and how systems communicate with

knowledge and culture. This is a

other systems rather than necessarily focussing on its structural architecture. However,

fantastic leap ahead for mankind

structure and function cannot be understood in isolation, therefore cybernetics and

– much larger than when public

systems theory can be viewed as two facets of a single approach.

libraries arrived 160 years ago,
and comparable to how society

But have cybernetic solutions ever been applied in the real world?

changed with the arrival of the
printing press. On the other side,

Even as far back as the 1970s, cybernetic principles were used to try to help redesign

there are the current people in

the social economy in a few countries. One system was based on eleven levels of

power, who would like to

recursion ranging from the head of state down to villages and enterprises. The system

harness this power to build a

was designed to operate in real-time and no management information was to be more

surveillance machine – collecting

than 24 hours out of date at any level and each level was to be regulated. The system

information about regular Joes,

apparently used statistical theory, so that large amounts of data could not only be

and actively preventing the free

processed, but presented daily to the appropriate level of management in a useful and

exchange of ideas – that would

appropriate format. The system recognised the problem of overloading management

make George Orwell look like a

with trivia, but strove not to allow any level of management to act in isolation or

cheery, skipping optimist. Many

ignorance. However, many of these early systems were destined to failure due to

powerful institutions are pulling

political instability, lack of sufficient processing power and any real concept of AI

in this direction.”

automation.
Is the time right to try again?
By themselves, computers and telecommunications have led to an explosion of information without necessarily providing an
effective means to control it. However, cybernetics in conjunction with a new generation of AI systems could dramatically help
manage the control of information. AI systems offer the potential to automate the
collection of information and then intelligently filter and organise that information into
an appropriate knowledge base. In addition, new ways of presenting and interacting
with information are emerging in the form of virtual reality, which may facilitate more
creativity and eliminate many errors. In part, this is not a prediction, but simply an
extrapolation of what is already happening.
1.5.4.3

It is recognised that many people
will not like the idea of smarter
machines making decisions for
'us'. However, humanity seems
to be hurtling towards some
fairly major problems that may
require 'us' to consider a much

Smart Machines

wider range of possibilities than

In our discussion, we have highlighted the need for additional processing capacity and

normal, even if unpalatable to

intelligence in order to more efficiently convert structured information into useful

our current worldview.
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knowledge. While faster and smarter information processing is on the technology horizon, the prospect of fully autonomous
intelligent systems are probably not yet in sight. While we have reflected on the nature of human intelligence, we may now
want to speculate on its evolution. As mentioned several times, anatomy and genetics suggest that human intelligence has not
changed in any significant way in the last 10,000 years, but clearly human civilisation has changed in its complexity beyond all
recognition. The process of natural selection may suggest that any major changes in human intelligence would have to be
measured in millions, and not thousands, of years. However, it is already clear that the pressure on, and within, our present-day
global society demands new and smarter thinking today.
Today, many problems are caused, either directly or
indirectly, by the demands of a growing world
population, all competing for evermore resources. In
the process of acquiring the resources, to sustain or
enhance our collective lifestyle, we are destroying the
natural environment, decimating entire species of
wildlife and, in an ultimate irony, threatening our
own long-term survival as a species. If this is the case,
then one obvious solution is to reduce the human
population dramatically and quickly.

Even if we ignore the problems associated with evolutionary timescales, another worrying aspect is that the physiology of the
human brain may limit how much our intelligence can be increased. Calculations suggest that a brain, based on neuron cells, is
limited to about 20cm in diameter. As such, its maximum effective intelligence may only be 20-50% greater than we currently
possess. If we look at this problem in a dispassionate and strategic way, there may only be a finite number of solutions to our
current problems:
1.

Stop the technology process

2.

Revert to a simpler society

3.

Develop new technology solutions

As outlined in a discussion of strategy, there are two aspects referred to as `strategic thinking` and `strategic planning`. While
all options above are valid within strategic thinking, it is not clear that all are equally valid within strategic planning for the
future. For example:

While people often take comfort

How can you stop technology progressing or revert to a simpler society without
condemning billions to starvation and a life impoverished of the technology benefits
gained over the last 100 years?

in the term 'natural', as opposed
to 'artificial' selection, the truth
is that the former is brutal and
will proceed indiscriminately

It is unclear how either option-1 or option-2 can be taken without a rapid and

through famine and wars.

worldwide reduction in the world's population, although this may yet be the outcome of famine and global nuclear wars. As
such, human morality alone may suggest that many societies may see option-3 as the only viable path, while this option exists.
As such, option-3 would see advanced countries embracing all forms of technologies, which may not be acceptable today, in the
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hope that it may help advert the on-rush of successive potential disasters. One of these technology-led options could be the
development of ever-smarter machines in the hope that they might facilitate more intelligent and rationale use of resources,
e.g. maximising production, while trying to avoid irreversible environmental destruction. Today, we can envisage the possibility
that future technology may encompass ideas, as described in the outline of `cybernetics`, that would begin to automate the
collation and structuring of data. However, it still seems that there comes a point where speed of processing needs to be
complemented by a comparable increase in automated intelligence. While human processing capacity can be increased in
quantity by getting more people to think about the same problem, analogous to a parallel computer, this raises additional
problems associated with coordination and overall decision-making. At some point, we
may need to consider whether the solution demands an increase in the quality of

One way artificial selection, or

intelligence. As such, we have arrived back to some of the reasoning behind the `Hybrid

evolution by design, might be

AI` paradigm.

realised is in the form of the
Hybrid AI paradigm to be

"It is highlighted that many people might not like some of the implications

discussed. As such, the smart

drawn, not because they are necessarily that wide of the mark, but because the

machines are not just robotic

implications for mankind in such a future may not appear promising from our

automatons, but rather the

present perspective. Unfortunately, just because we do not like the

evolutionary integration of

consequences does not necessarily make the conclusions wrong."

humanity and technology.

In this context, artificial intelligence includes the evolution of some sections of present-day humanity by artificial, as opposed to
natural, selection. i.e. it encompasses evolution by design. In many respect, hybrid AI may be a case of `Hobson's Choice`, in that
it is no choice at all; for some.
1.5.4.4

Future Possibilities

While we have introduced the general concept of DIKW processes, i.e. data, information, knowledge and wisdom, we have not
really had any focus as to the type of problem we would like this process to be capable of solving. Today, we are struggling to
understand whether the solution to `global warming` is a goal or a wish; in the sense that only a goal has attached to it, a
series of steps to address the problem. Therefore, global warming is a good example of the sort of complex problem that
humanity needs to solve but, as yet, is still struggled to even fully defined.

Survival of the Fittest
To be perfectly clear on the
implications of this form of
natural selection, some of the
arguments will be reiterated.
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But surely the problem is simple enough, the world is getting warmer?
While this may be true, 'getting warmer' is the effect and not the cause, which some might argue is not an effect, but rather an
assumption still to be proved. However, even if we ignore this debate, part of the complexity of global warming is that it creates
a range of secondary problems, as do most of the proposed solutions. For example, if we take, at face value, the argument that
man-made green-house gases are the main contributor to global warming, an immediate reduction may not be economically
viable for even the richest developed countries, let alone developing countries with massive populations like China and India.
However, we are not attempting to solve this problem, merely using it as an example of the sort of complexity humanity is
struggling to address. In many respects, one of the most difficult aspects of problems of this nature is that they involve human
survival instincts and the inherent desire to satisfy a hierarchy of needs as originally defined by `Abraham Maslow`:


Physiology



Safety



Social



Esteem



Self-Actualisation

We intuitively understand the power of these needs, not always through logic, but through our emotional experience, which
can also underpin the 'wisdom' of our action, such as it may be. At this point in the discussion, let us not hide behind political
correctness or simply adopt what we think it is acceptable to say, but rather paraphrase what often hides quietly, unsaid, in the
back of our minds:
"Even if I accept that the actions of humanity are the root cause of a potentially

If we refuse to intelligently

disastrous sequence of events, which will eventually damage the long-term

manage our resources and world

future of the planet; am I really willing to sacrifice the hard-won needs, which

population, the net result will be

underpin the quality of my own life, to solve a problem I don't necessarily

that there will be too many

understand, so that the growth of future generations in far-away lands, not yet

fighting for too few resources

born, can have a better quality of life."

-see Population & Resources

Of course, our morality and logical intelligence may well tell us this is exactly what has to be done, but not necessarily our deepdown emotional gut-feel, which has some influence on what we are all actually prepared to sacrifice right here, right now.
Hence, we have seen, and continue to witness, the prevarication over whether the effects of global warming are real and
whether they can be attributed to human activity. Ultimately, it is this lack of will to really impact our own lifestyles that has
created the political paralysis, which logic might also tell us is equivalent to burying our heads in the sand in the hope that the
problem will go away or not affect us personally, at least. within our remaining lifetime. So, on this somewhat pessimistic,
although not necessarily unrealistic assessment of human nature, let us return to the issues of information processing, but with
this wider scope in mind. It is recognised that the following subsection is simplistic in its treatment of the overall complexity,
not only of the global warming problem, but the potential future of information processing. However, the intention is only
to provide an outline of possible future developments, not an actual description of technology that does not yet exist.

116 of 126

the mysearch.org.uk website
All great truths begin as blasphemies
copyright ©: 2004-2015
_______________________________________________________________________________________________________
1.5.4.4.1

Data:

In the context of our problem, we may wish to collate all the data that might help prove, one way or the other, whether the
effects of global warming are real. We might also require sufficient data that would allow an accurate timetable to be produced
of when and where specific effects of this problem would be felt. On a more emotive level, we may need data that would allow
us to estimate the number of people who might die or be displaced as a result of global warming and the net effects, i.e. cost,
on the world economy in each geographical region. From a technology perspective, the acquisition of this sort of data does not
seem insurmountable, although some may cite the rate of data acquisition as being part of the overall problem space.
However, the acquisition rate is only a problem if the downstream processes are inadequate to handle it. While there are issues
that can be raised in respect to verifying data sources and format integrity, this aspect will be addressed by the next process.
Conclusion: while individual sets of data may be generated by people, the global collation and maintenance of such a
large amount of data is perceived as problematic, if not integrated by automated processes. Today, web search engines
are only a reflection of where this technology is heading, but not a solution.
1.5.4.4.2

Formatted Data:

This intermediate processing step has not been identified up until now. It is introduced to simply highlight that most data is
formatted into some form of preliminary information structure, prior to distribution. Subsequently, this information format
may be assimilated into other structures, more applicable to the problem in hand. If this is the case, then the issue of data
authorisation and authentication needs to be raised at this level:


Authorisation allows data to be both distributed and received.



Authentication ensures the integrity of the data before, during and after distribution.

These concepts have been subject to much development in the last few years, as commercial interests have turned their
attention towards the Internet. Therefore, additional information on these topics is readily available, such as digital signatures
and public-key encryption. Given the continued increase of processing power, the injection of these procedures into the
process should not unduly affect data rates. However, standardisation and access control could impose some restrictions to the
free flow of information, although this in itself may be a benefit, as the chaotic distribution of data at this level may be a root
cause of some problems. However, in the context of the problem at hand, it could lead to powerful groups imposing a level of
censorship by denying or restricting authorisation access to selected data on political grounds. Of course, within almost any
political system, there is a premium on information, but in the case of global warming it is suggested that there is a huge
amount of data in the public domain that would benefit from being integrated into a collective system.
Conclusion: while aspects of authority and authentication will require human intervention, the system as a whole may
have to evolve toward being AI automated.
1.5.4.4.3

Information: Stage-1

Normally, data is structured to meet the requirements of the problem under consideration. While each structure could be
individually designed, this approach does not appear to align to the requirements of collating an ever increasing number and
variety of data sources. If so, information structuring may also need to become an AI automated process. The scope of this

117 of 126

the mysearch.org.uk website
All great truths begin as blasphemies
copyright ©: 2004-2015
_______________________________________________________________________________________________________
issue is beyond the ability of even today's leading edge of data processing, therefore we will focus our initial discussion on a
generalised approach that is characteristic of today's relational databases. The important characteristics of this type of
database are:


Data is structured via records and fields into datasets.



Datasets are optimised for efficient selection and retrieval of information.



Each record has one or more identification/sort keys.



Data duplication within the overall information structure is avoided.

While this is hardly a master class in database design, it tries to outline the possibility to automate data into a first-stage data
structure, which can then be used to generate other information structures. However, there are a number of problems even at
this conceptual level:


Today, database design is closer to an art form than a science. It will not be easy to quantify all the rules of good
database design into an expert system. Of course, continued advances in the field of AI may make this difficult task a
possibility in an increasing number of cases.



While a database can handle a range of multimedia data, this data is generally static in format. The ability to handle
dynamic data will require additional `intelligence` in terms of an ability to self-learn or, at least, adapt within a more
expansive set of general rules.
Conclusion: Even at this initial stage of data processing, we appear to be hitting problems that cannot be handled in an
automated way. Of course, even today, this problem can be partially addressed by drafting in more people, but this is
often not viable for economic reasons.

1.5.4.4.4

Information: Stage-2

We will assume that stage-1 has created a large relational database of information from all sources considered pertinent to our
problem. However, this information has not necessarily been prioritised or weighted for importance or even checked for
accuracy. An additional level of intelligent processing is required to both check and correlate the information being created.
Today, people are responsible for this type of processing, albeit aided by computers. However, in the field of AI, there are many
ideas currently in development that may prove helpful in this process, although far from the finish article at this stage, e.g.


Neural nets



Rule base encyclopaedias



Knowledge trees



Expert systems



Fuzzy logic



Belief nets etc.
Conclusion: While not possible today, there is the possibility of considerable advancement in the field of `weak AI` over
the next few decades that may start to assist in the automated processing of information at this level.
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1.5.4.4.5

Knowledge:

If the previous stage has pre-processed the information base for accuracy and prioritised its importance into a revised weighted
structure, then knowledge requires that we bring experience to bear on this information. Of course, experience is subjective
and an attribute that we only normally associate with people, not machines. Therefore, it is suggested that the first stage in
automating this process might focus on processing the information into formats that are the most applicable and readily
understood by the technical people in-charge of analysing the information or for presentation to a wider audience of nontechnical decision-makers or even the general public at large, e.g.


Trend analysis



Simulations



Reports



Recommendations



Visual Presentations



Virtual Reality etc.
Conclusion: On the basis of Pareto's (80/20) Law, considerable benefits could be accrued from weak AI` developments
that are technically feasible within the next 10-20 years.

1.5.4.4.6

Wisdom:

As yet, the concept of `strong AI` is just that - a concept. If this remains the case, then AI must remain a subservient tool to
humanity, which many may be relieved to hear. However, we should not under-estimate the impact of `weak AI`. Should weak
AI ever become capable of performing some of the processes previously described, which may be more a question of when,
rather than if, it may help humanity face up to some of its responsibility by leaving less room for political machinations and
denial.
Conclusion: even if AI never becomes an independent intelligence, there is still the possibility of a concept called `hybrid
AI`. Within this concept, humanity extends its own effective intelligence through the adoption of neural implants.
1.5.4.4.7

Overall Conclusion

But what about the problem of global warming?

Natural selection in the form of
`survival of the fittest` is not an



As outlined at the beginning of this page, aspects of this problem may

intelligent or compassionate

transcend logic because it is an emotional issue related to our psychological

solution, but it does gravitate to

needs for survival. These needs are also wrapped up in another layer

a solution of sorts by the simple

represented by our cultural worldviews. This is an aspect of human

process of people dying in large

intelligence that AI automation will not be addressing any time soon.

numbers.
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On the upside, a system capable of AI automated data processing, as outlined, could provide a baseline of impartial
information preparation and analysis, and might just be enough to alert and educate people, hopefully without
political bias, to the real dangers associated with a no-action policy.



On the downside, these systems will not be cheap, therefore, the
development of such systems will undoubtedly take place in technically
advanced countries and possibly owned by `organisations` with the most to
protect. See `Strategic Thinking` for an in-sight to the problems associated
with corporate thinking.



Along the way, we will probably
end up destroying much of the
natural environment, decimating
an unacceptable number of
species of wildlife and, in the

As a consequence, it is possible that these systems may only
be `programmed` to produce an answer that its benefactor wants to hear. If
this is the case, the problem of global warming may still ultimately be
answered by a world ruled by the law of `survival of the fittest` in which the

ultimate irony, undermine the
long-term prospects for the
further evolution of intelligent
life on planet Earth.

strong minority continues to take what few resources remain with little scope or any real compassion for the weaker
majority.
1.5.5

James Allen

Thinking Processes

You are today where your

Really, this whole site is about thinking. How we have come to think about the world

thoughts have brought you; you

and how technology may change the way we think about the world. In order to address

will be tomorrow where your

these sorts of questions, we also have to consider how we think, as individuals and

thoughts take you."

collectively. Many years ago, in the context of my work, I wrote a paper outlining the need for strategic thinking in business.
Although I didn't realise it, at the time, this work was to become a catalyst that was to ultimately lead towards some of the
ideas being developed in this web site. The paper was based on a number of books that I had read dealing with the way we
think about problems. The following references were some of the more useful:


Developing Strategic Thought: Bob Garratt



Only the Paranoid Survive: Andy Grove



The Tom Peters Seminar: Tom Peters

However, this web site is not about getting an `edge` in the business world, it is about
the process by which we come to understand the world around us. Clearly, this process
must consider how we think and assimilate information, but recognises that how we
think isn't just about how smart we are or, more importantly, how smart we think we
are, as this process must also reflect who we are. In total, how we look at the world
can be described as our 'worldview`, where this worldview represents the summation
of our beliefs, ideas and knowledge. Therefore, it is important that we try to
understand how we acquired our worldview and how our thinking processes work on
this information.
Johann Wolfgang von Goethe

Why is it important?

“Thinking is easy, acting is
difficult, and to put one's
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It is important because we need to understand that our worldviews are not a full or even truthful representation of the world.
Equally, there must be a recognition that the process by which we act on our worldview can be as much driven by emotion as
intellectual logic. In essence, our humanity is intrinsically fallible. As a result, we live in an imperfect world in which people
appear to be increasingly polarised and intransigent within their own limited worldview. This is not a good sign for the future.
Our ability to accept the limitation of our own worldview is crucial to remaining open-minded to other deeper truths about the
nature of the world and universe around us. People do not live or think in a vacuum and are influenced by both cultural and
social peer pressure to conform to the accepted worldview that surrounds them. Equally, it is important to realise that
people can 'think' in fundamentally different ways. The following list introduces some possible modes of thinking:

The Idealist:

Welcomes a broad range of views and seeks the ideal solution

The Pragmatist:

Supports whatever works and seeks the short route to the pay-off.

The Analyst:

Uses formal logic and deduction and seeks the one best solution.

The Realist:

Relies on facts & expert opinions and seeks a solution that meets the current needs.

We often recognise these modes of thinking as traits in different people and, in many

Anthony de Mello

cases, these traits will be influential in the success of an individual's chosen career path.

“People mistakenly assume that

As such, a certain type of thinking becomes more valued in certain professions, as like-

their thinking is done by their

minded thinking tends to gravitate towards a consensus, which can also mean that

head; it is actually done by the

modes of thinking can become polarised within groups. Clearly, how a person thinks,

heart which first dictates the

along with their current worldview, will be key in how that person addresses problems

conclusion, then commands the

and issues. Therefore, this opening section tries to initially explore some ideas behind

head to provide the reasoning

the process of structured thinking within organisations and institutions that ultimately

that will defend it.”

make decisions that affect all our lives and the future direction of our societies.
1.5.5.1

Strategic Thinking

One of the axioms of strategic thinking can be expressed in the saying "the urgent
drives out the important". This axiom simply highlights that we often become so preoccupied with solving the effects of a problem that we never get around to solving the
root cause of a problem. In terms of a business organisation, operational management
is the order of the day with little time given to strategic management. In fact, most

Yogi Bera
If you don't know where you are
going, you will wind up
somewhere else.

business organisations have little understanding of strategic management that is distinct and separated from operational
management. Normally, a manager progresses through a career path in operational management until one day, he or she, finds
themselves at the top of the tree and, by default, become responsible for the strategic management of an organisation, even
though they may have little training or aptitude for strategic thinking. Unfortunately,
this problem is not unique to business organisation and extends to most organisations,
including of our political organisations. It is also important to note that there is a
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distinction between strategic thinking and strategic planning, which should also seen as separate skills.


Strategic Thinking:
Is a process by which all possibilities of what to do and what not to do are reviewed



Strategic Planning:
Is a process of defining a series of steps by which the strategic vision can be achieved.

If this secondary stage of planning cannot define a practical set of steps towards the strategic goal, it is not a goal - only a wish.
Although, initial practicalities should not limit strategic thought; there must clearly be a feedback process that separates a
strategic goal from simply an unachievable wish. In part, there is a dichotomy between the need to allow freedom of strategic
thinking and the practical constraint of planning. A quote from a sixth century military strategist encapsulates this dilemma:
"Many men can see how a battle is won by tactics, however few can see the strategy by which victory is achieved."
To summarise these points, the running of the day-to-day world is normally an issue of
operational management, but the running of tomorrow's world is an issue of strategic
thinking linked to strategic planning. Strategic thinking reflects an ability to first foresee
the impending changes in our world, while strategic planning reflects the ability to
either avoid the change or prepare for it. In Andy Grove's book "Only the Paranoid
Survive" he also introduces a concept that he calls a `strategic inflection point`` that
describes a similar situation, i.e. while some changes can be handled on a tactical basis,
other changes can be so profound that a new strategic vision is required. In the wider
context of our discussion, the following questions need to be considered:

Alice in Wonderland
"Cheshire Puss, would you tell
me, please, which way I ought to
go from here?" "That depends a
good deal on where you want to
get to," said the Cat. "I don't
much care where" said Alice.
"Then it doesn't matter which
way you go," said the Cat. "so
long as I get SOMEWHERE," Alice

Is the world about to hit a strategic inflection point?
If so, what levels of strategic thinking and planning exists to address it?
While, as individuals, we may all be capable of some level of strategic thinking, it is clear
that as individuals, our ability to do any effective strategic planning is limited. The latter

added as an explanation. "Oh,
you're sure to do that," said the
Cat, "if you only walk long
enough."

normally requires an organisation with power, money and/or influence. The problem, as outlined earlier, is that most
organisations are primarily focused on operational management of the `here-and-now`. Equally, even if some level of strategic
thinking exists, those in a position to affect a new strategy probably have limited training and aptitude, and worst still, may
have little interest in prioritising costly solutions that will not be required until after their term of office. As such, it is quite
possible that our present systems of democracy are a root cause of what may prove to be a fatal level of ineffective strategic
thinking and planning on behalf of future generations.
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1.5.5.2

Strategy Methods of Thinking

Even if the need for strategic thinking is well understood, there is no guarantee that success will follow, if the methodology of
strategic thinking is weak. Strategic and operational thinking represent different, albeit complementary skills. The following
table illustrates these differences:

Strategic Thinking

Operational Thinking

Longer Term

Immediate Term

Conceptual

Concrete

Reflective/Learning

Action/Doing

Identification of Key Issues

Resolution of Existing Problems

Breaking New Ground

Routine/On-going

Effectiveness

Efficiency

'Hands-off' approach

'Hands-on' approach

20,000ft perspective

Ground zero perspective

There is no implication that one set of skills is better than the other and normally a successful organisation will require both
skills, if it is to secure a long-term future. With reference to business organisations, a survey comparing companies in the
Fortune 500 over a 10-year period showed that one third of the companies had 'vanished'. While there may been many reasons
behind the disappearance, one assumes that the demise of the company was not planned and therefore not foreseen in any
strategic planning. It has been suggested that this situation is often the side effect of strategic responsibility being placed on
people who have spent most of their working lives learning how to deal with
operational issues before being promoted or voted into a position, which then requires

"The urgent drives out the

strategic skills. In many cases these people may lack:

important" can be translated to
today takes precedence over



Training



Aptitude



Interest beyond term of office

tomorrow. Unfortunately, this is
an axiom that monopolises
virtually all governments

The essential difference between operational management and strategic management can be characterised in the following
manner.


An operational manager is responsible for efficiency and problem solving. In this context, efficiency is about keeping
the cart on the road, while problem solving is about getting the cart back on the road after an accident.



In contrast, strategic thinking questions why we have a cart in the first place, what purpose does it serve; does it have
to run on a road?
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So while most corporations recognise the need for a strategic process, the skills and priority in contrast to tactical issues is often
lacking. As stated, this bias towards day-to-day operation is characterised by the saying "the urgent driving out the important".
In most large organisations, strategic thinking has to be a synergy involving more than one person and because people think in
different ways, i.e. subject to different worldviews, they will invariably address the same problem in a different way. If people
participating in a strategic process do not perceive these differences and there are no ground rules in which the strategic
thinking is to be carried out, the net result will be a reduced effectiveness, which may approach ineffectiveness. Therefore, any
mechanism that provides some of the necessary 'ground-rules' for such a strategic process would be beneficial.
1.5.5.2.1

Thunks : Ground Rules

A 'thunk' is a made-up name given to 25 think-intentions that have been identified as
the driving force behind our thinking processes. This concept has been based on many
years of research and has been used to profile the preferred thinking of individuals,
groups and even corporations. However, in this simple overview, the focus will be on
how 'thunks' can be used as a tool to profile or map a problem. Before even starting on
the problem for which the organisation is trying to find a strategic solution, the
problem of working effectively as a team has to be solved. Often, by definition, senior

While the methodology was
originally intended for teams of
people, its structure might also
be an applicable methodology
for weak AI systems to follow maybe tomorrow!

managers are strong-minded individuals who often like to accentuate their individualism and, in many cases, prefer to work in a
autocratic style. A system called concept-mapping uses 'thunks' to signal to the participants the context in which a specific issue
is being discussed. As a first step, the left hand column of the following table presents some of the questions which could be
raised within a strategic session. Without some sense of process in tackling this list, the likelihood of success is reduced,
especially if it involves a group of strong-minded 'individuals'.

The Questions ?

Thinking Map

What is the nature and mission of the organisation ?

Strategy

Where are we now, in relation to the situation facing us ?

Orientation

Which are the priorities?

Decision

Which is the best choice?
How should we design this ?
How does what we know help us ?

Information Gathering

How should this information be conveyed ?
Do we need some new or unusual ideas ?

Creativeness

How do we bring some new ideas into the process ?

Innovation

What explains or accounts for what is happening ?

Find cause

Why have things gone differently to expectations ?
How and what do we need to get done ?
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How do we convey what needs to be done ?
How do we distribute responsibility for implementation ?
What contingency plans are required ?
What else can be learnt from the process ?

Learning

The column on the right complements the questions being tabled with a corresponding position in a thinking map. Even this
example starts to put structure or order into the process of how the questions should be addressed. However, there are other
processes that develop the concept of 'thinking maps' to the next level of sophistication and can become powerful tools in the
thinking process. Before outlining the process called 'thunk's', it is important to remember that their purpose is to identify the
thinking intention of the participant within the discussion. The key to a person's thinking is the intention behind the thinking,
which acts as the motivation or objectives.

There are 3 generic objectives that strategic thinking should seeks to satisfy:


Realise what is new



Describe what is true



Judge what is right
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By understanding the single objective behind the thinking in question, you can exclude the other two because they are not
relevant to the aims of the discussion. There is one other additional concept associated with the definition of 'thunks' that is
described as either 'hard', which is likened to objective science, or 'soft', which is likened to subjective art. In the diagram
above, the central objective is 'do something' which is then sub-divided into its 3 primary thinking-intentions, i.e. realise, judge
& describe, each of which has a hard & soft component. The diagram also illustrates a concept map which can be used as a tool
or the ground rules in which strategic discussions can take place more effectively. Without having yet described the individual
'thunks', the general concept provides a framework for raising the necessary questions and can help organise the diversity of
individual talent to think about the same objective. The following table provides a description of the entire 'thunk' vocabulary.
However, thunks are really high level concepts which can be used in any sequence provided that the participants all realise in
what area of the map the discussion is taking place.

Challenge: established wisdom and
normal common-sense assumptions
and premises
Escape: the probabilities, surprise
the competition.

Specify: with thorough & accurate
detailed investigation

Distinguish: the characteristics of
the organisation and its purpose

Re-describe: using other angles of
perception to exploit ingenuity and
resourcefulness.

Categorise: efficient organisations,
logistics and available orderly
information

Compare: with
organisations

Pursue: curiosity faster & farther
about anything new in any country
or industry.

Look in/out: internal aims and
resources and external changes and
opportunities

Test: for logical soundness of
conclusions before committing
resources to action

Realise what is new

Describe what is true

Judge what is right

Unform: and
release
rigid
constraints so as to open up all
possibilities.

Observe: and be alert to all the
sources of experience

Value: what matters to you with
passion, vision, goals & sacrifice

Pretend: what
would
happen
if….;and develop diverse scenarios

Code: convey your strategic vision
in ways to suit different audiences
inside & outside.

Interpret: the meaning of events
via personal perception of causeeffect.

Symbolise: your highest aspirations
and reach up for your vision

Set Level: of scope and range of
your approach to each big issue.

Predict: what will happen via
probability forecasts, hopes &
fears.

similar

Commit: to maintain or change,
decisive in taking or stopping
initiatives

Feel: the in-sights and listen for
intuition without needing evidence

The adoption of the map requires an agreement to more or less move around the map as a group. However, the application of
the map is not intended to remove spontaneity from the discussion, but requires the individual to indicate that he/she is
discussing an issue in the context of a different area of the map. The map is not a solution in itself, but simply a tool that can
help focus thinking within a group to a common objective or re-energise a discussion that has started to go around in circles.
End of Evolution: Part-1
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